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Abstract

Objectives: To evaluate the immunogenicity of ‘prime-boost’ schedules of immunisation of MF59-adjuvanted influenza A/Vietnam/1194/04 (A/VN/1194) (H5N1) clade 1 vaccine (prepared from NIBRG14 virus), and plain and MF59-adjuvanted influenza A/turkey/Turkey/1/05 (A/t/T/1) (H5N1) clade 2.2 vaccine (prepared from NIBRG23 virus) with respect to the EU Committee for Medicinal Products for Human Use (CHMP) and US Food and Drugs Administration (FDA) licensing criteria.
Design: An age stratified, randomized, observer-blind, controlled trial was carried out in ‘adults’ aged ≥18–59 years, and ‘elderly’ people aged ≥60 years.
Setting: A teaching hospital in the UK (Leicester Royal Infirmary, Leicester).
Participants: Five hundred and fifty-seven subjects were identified and randomised to receive one or two priming doses of MF59-adjuvanted subunit influenza A/VN/1194 vaccine in age groups ≥8–59 years (adults) (n=435), and ≥60 years (elderly) (n=122). Fifteen months later, 440 subjects were re-randomised to receive plain or MF59-adjuvanted subunit influenza A/t/T/1 vaccine in adults (n=358), and the elderly (n=82); 49 unprimed adults subjects served as controls. 
Interventions: Vaccine was administered by intramuscular injection into the deltoid muscle of the non-dominant arm. Five hundred and fifty-seven subjects were given one priming dose (7.5μg HA) of MF59-adjuvanted A/VN/1194 (NIBRG14) vaccine; of these, 264 received a second priming dose of the same vaccine (7.5μg HA) 21 days later. Fifteen months after the first injection, 218 ‘primed’ subjects were boosted with 3.75μg HA or 7.5μg HA of plain A/t/T/1 vaccine and 222 were boosted the same A/t/T/1 vaccines adjuvanted with MF59; 49 ‘unprimed’ controls received 7.5μg HA of A/t/T/1 vaccine containing MF59. Serum samples for antibody measurements were collected on days 0 (before the first vaccination), 21, 42, 182, 365, and 456 (before the booster vaccination), and 7, 14, 21, 182 and 274 days later. Subjects were observed for local and systemic reactions for 30 minutes after each injection; over the next 7 days, they recorded, in self-completed diaries, the severity of solicited local (pain, bruising, erythema and swelling) and systemic symptoms (chills, malaise, muscle aches, nausea and headache), oral temperature and use of analgesic medications.
Main outcome measures: Vaccine immunogenicity using the CHMP and FDA licensing criteria. Antibody titres against NIBRG14, NIBRG23, and A/Hubei/1/2010 (IDCDC-RG30)(H5N1) clade 2.3.2.1 viruses were measured by haemagglutination inhibition (HI). The three CHMP immunogenicity criteria end points were the seroprotection (SP) rate, the seroconversion (SC) rate, and the mean-fold titre elevation (GMR); the two FDA criteria were the SP and SC rates.
Results: One or two doses of MF59-adjuvanted A/VN/1194 vaccine were given to 557 subjects. Of these, 440 (79.0%) received one 3.75μg HA or 7.5μg HA booster dose of plain (n=112, and n=106, respectively) or MF59-adjuvanted subunit influenza A/t/T/1 vaccine (n=110, and n=112, respectively). Data were obtained from 814 (99.1%) of 821 diary cards issued after priming and from 485 (99.2%) of 489 issued after boosting. Sera were evaluated from 545 (97.8%), 537 (96.4%), 532 (95.5%), 509 (91.4%), and 488 (87.6%) subjects on days 21, 42, 182, 365, and 456, respectively. Five hundred and fifty-seven and 551 subjects were included in the safety and immunogenicity analyses, respectively, after ‘priming’, and 489 (440 ‘primed’ subjects, 49 unprimed controls) and 484 subjects were included in the same analyses, respectively after ‘boosting’. Five (0.9%) participants and one control (2.0%) had prevaccination HI antibodies to NIBRG14 and/or NIBRG23. One priming dose of A/VN/1194 vaccine failed to meet any CHMP or FDA criteria against NIBRG14 or NIBRG23 virus in adults or the elderly. Two priming doses of A/VN/1194 vaccine met all three CHMP criteria in adults when assessed with homologous NIBRG14 virus; two CHMP criteria (SC and GMR) were met in the elderly; one FDA criterion (GMR) was met in adults and the elderly; no CHMP or FDA criteria were met in adults or the elderly against heterologous NIBRG23 virus. Seroprotection was achieved 21 days after one dose of A/VN/1194 vaccine against NIBRG14 and NIBRG23 viruses in 24.5%, and 7.5%, respectively, of adults, and 19.8%, and 5.8% of the elderly. Seroprotection was achieved 21 days after two doses of A/VN/1194 vaccine against NIBRG14, NIBRG23, and IDCDC-RG30 viruses in 72.5%, 24.9%, and 31.4%, respectively, of adults, and 49.1%, 7.0%, and 21.1% of the elderly. By day 365, seroprotection after two doses of A/VN/1194 vaccine against NIBRG14, NIBRG23, and IDCDC-RG30 viruses fell to 16.1%, 5.7%, and 5.2%, respectively, of adults, and 9.3%, 3.7%, and 5.7% of the elderly. 
Sera were evaluated from 468 (95.9%), 456 (93.4%), 446 (91.4%), 466 (95.5%), and 474 (97.1%) of 488 eligible subjects on days 7, 14, 21, 182, and 274, respectively, after ‘boosting’. Among the controls, 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine met one CHMP criterion (GMR); no CHMP or FDA criteria were met against NIBRG14 or IDCDC-RG30 virus; seroprotection was achieved against NIBRG14, NIBRG23, and IDCDC-RG30 viruses on day 21 in 15.9%, 27.3%, and 11.4% of controls, respectively. Among adults primed with either one or two doses of A/VN/1194 vaccine, all three CHMP criteria were met against NIBRG14, NIBRG23, and IDCDC-RG30 viruses as early as day 7 after boosting with 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine; both FDA criteria were met against each virus as early as day 7 after boosting with 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine after two-dose priming.  Ranking of prime-boost regimens according to the total number of regulatory criteria met against each test antigen throughout the study identified 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine after two-dose priming, followed by 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine after one-dose priming, and 3.75μg HA of MF59-adjuvanted A/t/T/1 vaccine after two-dose priming as the most immunogenic, meeting a total of 100, 90, and 73 criteria respectively.  Maximum seroprotection was achieved 14-21 days after boosting with 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine against NIBRG14, NIBRG23, and IDCDC-RG30 viruses in 84.4%, 86.7%, and 73.3%, respectively, of adults, and 81.8%, 72.7%, and 63.6% of the elderly after one-dose priming, and in 95.0%, 97.5%, and 87.5%, respectively, of adults, and 87.5%, 87.5%, and 73.3% of the elderly after two-dose priming. By day 182, seroprotection after boosting with 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine against NIBRG14, NIBRG23, and IDCDC-RG30 fell to 58.7%, 58.7%, and 47.8%, respectively, of adults, and 54.5%, 54.5%, and 36.4% of the elderly after one-dose priming, and 71.1%, 68.4%, and 55.3%, respectively, of adults, and 40.0%, 40.0%, and 30.0% of the elderly after two-dose priming. 
Exploratory multiple regression analyses showed that for each test antigen and on each assessment day after boosting: (a) the GMTs, SCRs, and SPRs all increased with an increase in antigen content (from 3.75μg HA to 7.5μg HA), and presence of MF59; (b) the GMTs, SCRs, and SPRs all decreased in anytime recipients of seasonal influenza vaccine; (c) GMTs and SPRs were higher when NIBRG14 antibody was detectable at boosting; (d) GMTs decreased with increasing age of vaccinees; and (e) SCRs were higher after two priming doses than one dose.  The predicted effect size of variables on day 21 SPRs against heterologous A/Hubei/1/2000 (IDCDC-RG30) was 24-36% for detectable NIBRG14 antibody at boosting; 23-39% for the addition of MF59; 15% for the increase in antigen content; ~15% for anytime receipt of seasonal vaccine; and 10% for the increase in age between 25 and 85 years. The model predicted that MF59 adjuvant could compensate for the effects of age and prior receipt of seasonal vaccine, and could partially compensate for the effects of age and absence of detectable H5 antibody at boosting.
Both vaccines were well tolerated. Self-reported reactions were mostly reported as mild or moderate and generally resolved within 72 hours. Multiple regression analysis showed that certain solicited reactions were reported more frequently after boosting with MF59-adjuvanted vaccine than plain vaccine (localised pain and myalgia, both p<0.0001; local erythema (p=0.0031); local swelling, p=0.0004); localised pain (p<0.0001) and local swelling (p=0.014) were more prominent with dose of 7.5μg HA; and localised pain decreased with increasing age (p<0.0001).  Altogether 42 participants developed 43 SAEs throughout the study; none were causally related to vaccination.  
Conclusions:  Priming subjects with H5 antigen induces a rapidly mobilised long-lasting immune memory after the administration of low-dose, antigenically distinct vaccine.  Boosters containing MF59 adjuvant are substantially more immunogenic than plain vaccine. MF59-adjuvanted boosters that contain 3.75μg HA of H5 antigen offer heterologous seroprotection to more people than 7.5μg HA doses given to half as many people. Prior immunization with seasonal vaccine reduces seroprotection against H5 strains, but the effect can be overcome with MF59. 
Trial registration: Eudract 2007-005233-11
Research Ethics number: 08/HO403/6
UHL Research number: 10492
Novartis Study number: C87P2
Funding: This project was funded by the Medical Research Council, grant number G0600846
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Chapter 1
Background



Introduction 
The existence of the highly infectious acute respiratory illness known as influenza has been recognized for over two millennia. Unlike many infectious diseases, influenza has no pathognomonic features, so a precise picture of its impact did not emerge until after the isolation of type A influenza in 1933, type B influenza in 1940, and type C influenza in 1947.  The discovery of the haemagglutinating properties of influenza in 1941 led to diagnostic tests and the means to monitor the spread and impact of influenza in man. Diagnostic tools confirmed that influenza viruses circulate worldwide causing annual epidemics and that antigenically novel influenza A viruses occasionally sweep the world, triggering pandemics. Laboratory tests established the wide host range of influenza A and the potential for cross species transmission. 


Host range of influenza A virus
Influenza A viruses belong to the genus Orthomyxoviridae. Influenza A viruses are classified by subtype on the basis of their two main surface antigens, the haemagglutinin (HA) and neuraminidase (NA). Altogether 18 different HAs (H1 to H18) and 11 different NAs (N1 to N11) for influenza A have been discovered. Until recently, all known HA’s (H1 to H16) and NA’s (N1 to N9) of influenza A had been found in aquatic birds, which represent the major reservoir of infection.  Two additional HA and NA subtypes, H17N10 and H18N11, were discovered in fruit bats in Guatemala in 2012,1 and in Peru in 2013.2 

Stable lineages of influenza A have been found in man (subtypes H1N1, H2N2, H3N2), pigs (H1N1, H3N2), horses (H7N7, H3N8), and dogs (H3N8).  Most subtypes of influenza A HA (H1 to H16) and NA (N1 to N9), in most combinations, have been isolated from birds.  Various subtypes of influenza A have been detected in domestic cats (pandemic 2009 H1N1, ‘canine’ H3N2);3-6 dogs (human H3N2 and pandemic H1N1 2009, equine H3N8, avian H3N2 & H5N1);7-13 commercial mink (avian H9N2 & H10N4);14,15 captive skunks, pandas (both pandemic H1N1 2009), tigers and leopards (both H5N1));16-19 and free-living marine mammals (pandemic H1N1 2009, avian subtypes H3N3, H3N8, H4N5, H7N7, H13N2, H13N9).20-26 A high prevalence of antibodies to human and avian influenza A has been reported in domestic dogs (pandemic H1N1 2009), cats (pandemic H1N1 2009, seasonal H1N1, and H3N2), sea otters (pandemic H1N1 2009), and wild raccoons (avian H10N7, H4N6, and H4N2).27-31 


Antigenic ‘drift’ and ‘shift’
Influenza viruses are unique among respiratory viruses in their segmented genome and great antigenic diversity. Influenza A viruses evolve by antigenic ‘drift’ and ‘shift’.  Antigenic drift occurs as a result of gene mutations encoding the HA and NA that are selected in response to immune pressure. Antigenic drift leads to evolution of the antigenic properties of influenza type A and type B viruses and the need to update influenza vaccine for use in man virtually every year.  

Antigenic ‘shift’ reflects a major change in the HA and possibly NA antigens and occurs only with influenza type A virus. In humans antigenic shift represents the emergence of a new subtype of influenza A virus that is serologically distinct from strains that circulated recently in humans and could not have arisen by mutation.  ‘Antigenic shift’ may occur when two different subtypes of influenza A co-infect a host, such as a pig and possibly man, serving as a ‘mixing vessel’ for genetic reassortment. Because influenza virus possesses a genome with eight separate segments, gene reassortment with 256 possible gene combinations may occur during co-infection resulting in a novel virus with ‘new’ surface antigens.  


Pandemic influenza – definition 
The Oxford English Dictionary defines the word ‘pandemic’ (from the Greek pan meaning ‘all’ and demos meaning ‘people’) as ‘an epidemic prevalent over the whole of a country or continent, or over the whole world’. The Oxford Dictionary of Epidemiology defines ‘pandemic’ as ‘an epidemic occurring worldwide or over a very wide area, crossing international boundaries, and usually affecting large numbers of people’.32 Neither definition is helpful in distinguishing between ‘seasonal’ and ‘pandemic’ influenza, as seasonal influenza crosses international boundaries.   

Prior to virological testing, identification of pandemics was based on observations of rapid worldwide spread together with morbidity and mortality data – which are insecure without laboratory testing. Potter chronicled ‘pandemics’ of influenza from 1700 onwards,33 but as a condition he considered evidence for a pandemic only where two or more authors reviewing source material separately agreed on a possible pandemic occurring in a particular year. With this proviso, Potter identified the occurrence of nine influenza pandemics over three centuries at intervals of 11-52 years from 1700 onwards.33  

It is widely acknowledged that two conditions must be satisfied for an outbreak to be considered a pandemic:33
…. “Firstly, the outbreak of infection, arising in a specific geographic area, spreads throughout the world; a high percentage of individuals are infected resulting in increased mortality rates. Secondly, a pandemic is caused by a new influenza A virus subtype, the HA of which is not related to that of influenza viruses circulating immediately before the outbreak, and could not have arisen from those viruses by mutation”.

Following remarks by the International Health Regulations (IHR) Review Committee that evaluated WHO’s response to H1N1 influenza in 2009,34 WHO recently published the following description of pandemic influenza:35 
…. “A pandemic occurs when an influenza virus which was not previously circulating among humans and to which most people don’t have immunity emerges and transmits among humans. These viruses may emerge, circulate and cause large outbreaks outside the normal influenza season. As the majority of the population has no immunity to these viruses, the proportion of persons in a population getting infected may be quite large. Some pandemics may result in large numbers of severe infections while others will result in large numbers of milder infections, but the reasons behind these differences are not completely understood.”


Features of pandemic influenza
1. Antigenic shift 
During the past century, pandemics featured antigenic shift, either from one subtype to another, or from one antigenic variant of H1N1 virus to another, as in 2009:- 

1918-19 pandemic The ancestry of the 1918-1920 pandemic virus is obscure with hypotheses including: (a) the introduction of all eight gene segments from an avian source shortly before 1918 (i.e., the 1918 virus was not a reassortant virus, but was more likely an entirely avian-like virus that adapted to humans);36,37 b) the genetic components of the 1918 H1N1 pandemic virus circulated in mammalian hosts (i.e., swine and humans) as early as 1911 and was unlikely to be a recently introduced avian virus;38 and (c) the pandemic virus was generated by reassortment shortly before 1918 between a human H1 virus, which emerged around 1901, and an avian donor of gene segments encoding the N1 NA and internal proteins.39  

1957-58 pandemic The previously circulating influenza A/H1N1 lineage was replaced by a reassortant subtype H2N2 virus, in which the HA, NA and PB1 gene segments of the H1N1 virus were substituted by segments related closely to avian strains. The 1957 Asian pandemic virus retained five other gene segments from the previously circulating H1N1 human strain. 

1968 pandemic During the 1968 pandemic, the H2 HA and PB1 gene segments of previously circulating H2N2 lineage were replaced with an avian-derived H3 HA and PB1 gene segments.  

1977-78 pandemic Antigenic shift occurred during 1977-1978 when an H1N1 subtype re-emerged – the influenza A/USSR/90/1977 H1N1 virus was similar genetically and antigenically to virus that had circulated in humans during the late 1940’s/early 1950’s,40,41 and primarily affected people younger than 25 years of age. Two subtypes of influenza A (H1N1 and H3N2) have co-circulated in humans since 1977.  

2009 pandemic An H1N1 subtype virus emerged in humans in Mexico during 2009, triggering the first pandemic of the 21st Century. The virus was composed of the NA and M gene segments originating from the Eurasian swine lineage with the other six gene segments from triple-reassorted North American swine lineage, i.e., 2009 pandemic influenza A H1N1 virus was a descendant of virus circulating in 1918.42,43 

2. A high proportion of the population lacks immunity to the new virus 
1957-58 pandemic Sera collected before the 1957 A/Asian H2N2 pandemic from persons of all ages showed no antibodies to the H2 HA – with the exception of elderly people in whom as many as 30% of 75 to 85-year-olds had HI antibodies to the H2N2 virus.44-46 

1968 pandemic Sera collected in England before the 1968 A/Hong Kong/1/68 H3N2 pandemic showed that low-titered HI antibodies were present in under 20% of persons in 10-year age-bands up to age 70-79.47 In the US, HI tests of sera collected from elderly persons during 1958 and 1966 revealed GMTs of under 1:10 in people born after 1893.48 In the Netherlands, HI tests of sera collected in 1957 revealed HI antibodies to A/Hong Kong/1/68 in approximately 10% of under 60 year-olds and >60% of persons aged ≥65 years of age.49 

1977-78 pandemic Circulating HI antibody to A/USSR/77 (H1N1) virus was found in 9% of under 20-year-olds, 8% of 21-25-year-olds, but in almost 50% of persons aged ≥26 years.50 

2009 pandemic The presence of pre-pandemic antibodies that cross-reacted with pandemic A (H1N1) 2009 influenza virus increased with age.51 In England, for example, HI titres of ≥1:32 to influenza A/H1N1 2009 virus in sera collected during 2008 increased from ~2% in children aged 0-4 years to ~30% of persons aged ≥80 years.52 Similarly, in Finland, stored sera collected during 2004 and 2005 contained detectable HI antibody titres to influenza A/H1N1 2009 virus in none of 420 under 20-year-olds, and detectable cross-reactive antibody in ≤3.4% of 20-59 year-olds and in 9.5%, 13.6%, 56.7% and 96.3% in successive 10-year age bands.53  
3. The new virus spreads from person to person, causing disease 
Pandemic influenza may be imminent or already exists if a ‘new’ influenza virus spreads from person-to-person, causing disease.  Avian viruses that are not genetic reassortants with human lineages of influenza A have caused illness in more than a thousand people (see below) but are poorly transmissible. Little is known of the specific adaptions that avian influenza virus must undergo to spread efficiently from person-to-person. 

4. Rapid spread beyond the community in which the new virus was first identified 
1889 pandemic The 1889 pandemic was first recognized in Central Asia in Bokhara in the Russian Republic during May 1889.54 First accounts of the epidemic reached the UK from St Petersburg, where it occurred during September 1889.54 Subsequently, it took only four months to circumvent the globe and peaked in the United States 70 days after the original peak in St. Petersburg.55 

1918-20 pandemic The origin of the 1918-1920 pandemic is not known with certainty. Two pandemic waves circumvented the world within six months. The first spring wave began in the mid-western United States in March 1918, reached Europe during April, and spread throughout western Europe during May, June and July; the first wave reached the Far East during April-May, the Caribbean and South America by June, and Australasia by July.33,56  The first wave led to relatively low mortality during the spring wave that was comparable with previous pandemics. Many countries experienced more lethal second and third waves during autumn 1918 and 1920. The second wave evidently began in western France during August 1918. It spread throughout much of Europe within weeks and throughout the rest of the world within three months, killing an estimated 50-100 million people.57

1957-58 pandemic The 1957-58 ‘Asian’ pandemic was the occasion that pandemic spread could be tracked by laboratory tests.  It began in Yunnan Province, China during February 1957; it was not reported to WHO until after its arrival in Singapore on May 4 1957, evidently from Hong Kong where it arrived in the third week of April.33,58,59 In May it involved extensive areas of south-east Asia, the Philippines and Japan, and was introduced into Australia. By June 1957, more than 20 countries, including the U.S., had experienced their first cases.60 By July practically the whole world had been seeded or affected. The period mid-June to mid-August saw numerous localised outbreaks in England and Wales, and the population in general was affected during mid-August.61 Second waves of infection were experienced during October-November in Japan, the USSR and Czechoslovakia. Major epidemics were ending in almost all countries towards the end of November and during December.58  

1968-70 pandemic The origin of the 1968-70 H3N2 ‘Hong Kong’ pandemic is obscure but it probably spread from southeastern China to Hong Kong during July 1968.62 The outbreak in Hong Kong began on 13 July and reached its maximum intensity within a fortnight.63 The causative strain was isolated in Hong Kong on 17 July and its identity as a novel H3N2 virus was established at the World Influenza Centre in London and the International Influenza Center for the Americas in Atlanta. WHO warned of its potential worldwide spread on 16 August.63 During August 1968, outbreaks were reported in Singapore, the Philippines, Taiwan, Vietnam, and Malaysia. By September, the virus had spread to Thailand, India, the Northern Territory of Australia, and Iran. Despite seeding into Japan during August and September, a significant epidemic didn’t occur until mid-January.  The virus arrived in California in September 1968 and spread eastwards involving nearly all of the United States by the end of the year.  In the UK, progress of the pandemic was slow after seeding in August 1968; spread in the general community did not occur until the last week of December.64 Cases appeared in Poland in December 1968 and in Czechoslovakia during mid January 1969.65 The virus seeded in the USSR in mid-December 1968 and extended throughout the USSR during January-March 1969. Activity in Africa lagged behind Europe. The first wave peaked in Egypt in December 1968; cases occurred in Gambia from November 1968 to March 1969; the Sudan experienced activity between February and June 1969; Kenya, Uganda, and Tanzania experienced activity from April 1969 to August 1969, while in South Africa, activity occurred between May and June 1969.66 

1977-78 pandemic From the end of May 1977 outbreaks of influenza caused by a ‘new’ H1N1 virus were detected in China, mainly in schools. The epidemic spread slowly southwards until the end of 1977 with many mild and subclinical infections and wide variation in attack rates.67 In November 1977, a marked increase in school absenteeism in Hong Kong was associated with isolation of H1N1 virus. HI tests showed that the isolate, A/Tientsin/78/77, was antigenically similar to strains that were prevalent from 1947 to 1957. H1N1 virus spread westwards reaching the Asian region of the USSR by early November 1977 and the European part of the USSR by December.68 It reached epidemic proportions in Moscow in mid December. Influenza activity began in Malaysia during December 1977. Sporadic cases and/or outbreaks with H1N1 virus occurred in Bulgaria, Czechoslovakia, France, Finland, Germany, Hungary, Ireland, Italy, Norway, Romania, the UK, the United States, Canada, Israel, Egypt, Indonesia, India, Pakistan, Hong Kong, Singapore, and Korea between November and March 1978.69-73 The epidemic began during early April 1978 in Argentina (earliest epidemic since 1965) and early May in Chile. In Fiji, the epidemic began in early April and peaked 2-3 weeks later. In New Zealand, an outbreak occurred during July and August with an attack rate of 96% in 15-24-year-olds. The virus reached Malaya, Australia and Tasmania during September and October 1978. Further isolates of influenza A H1N1 were recovered in the United States, France, Hungary, Israel and the United Kingdom during October and November 1978 and in Canada and Jamaica during December 1978. In the United States and Puerto Rico the isolates showed evidence of antigenic drift. 

2009-10 pandemic In mid-March 2009, the Ministry of Health of Mexico identified an unusual increase in the number of cases of influenza-like illness at a time when seasonal influenza activity is typically declining.74 In mid-April nasopharyngeal swabs from two children in San Diego, California, with no known exposure to pigs, tested positive for a novel swine influenza virus.75 On 23 April, tests in Canada found that samples sent from Mexico were genetically identical to the influenza A (H1N1) viruses from California. By 24 April 2009, six additional cases had been reported from California and Texas (USA). By 12 May, 5251 laboratory-confirmed cases and 61 deaths were reported to WHO from 30 countries in the Americas (Canada, the United States, Guatemala, El Salvador, Costa Rica, Panama, Colombia, Brazil, and Argentina), Europe (UK, Ireland, France, Portugal, Spain, the Netherlands, Switzerland, Germany, Austria, Poland, Norway, Sweden, and Denmark), and elsewhere (Israel, China, Japan, Korea, Australia, and New Zealand); transmission was widespread in the United States and Mexico. By 29 May, the virus reached 16 additional countries. By 11 June 2009, 28 119 laboratory-confirmed cases had been reported by 74 countries and WHO declared the first pandemic in 41 years.76 Outside of North America, most cases were reported by Chile, Australia, the United Kingdom, Japan, Spain, and Panama. Outbreaks subsequently occurred in all regions of the world, and by 15 July 2009, more than 100,000 laboratory-confirmed cases had been notified to WHO from 124 countries. Following a decline in cases in some countries during July and August, some countries in Europe and the Americas experienced resurgence in cases in September. From August, rapid increases in activity were reported in Africa and Asia.77  

5. Successive pandemic waves
Influenza pandemics typically feature second or third waves of infection that may be more severe than the first.  During the 1889-92 pandemic the number of deaths from ‘influenza’ in London increased from 600 during the first wave to 2200 during the second wave in 1891 and 2170 during the third wave in 1892 (by 3.7-fold and 3.6-fold respectively).78 ‘Influenza-related deaths’ also increased from 2800 during the outbreak of 1889 to 5800 during the second wave and 8000 during the third (by 2.1-fold and 2.9-fold respectively). Many countries experienced second and third waves during the 1918-19 pandemic that were more virulent than the first.33 In London, mortality peaked at ~250 influenza deaths/week during first wave in summer 1918; it peaked at ~2600 deaths/week during the second wave in autumn 1918 and at ~800 deaths/week during the third wave, beginning in February1919.79 The ‘Asian’ H2N2 pandemic of 1957-58 also saw two discernible waves in some countries including the United States80 and Britain, the latter experiencing its first wave during early October 1957 and a second wave during early January 1958.55,81 The ‘Hong Kong’ pandemic of 1968-70 likewise occurred in two waves, the second being more severe than the first in various settings.82-84 In England, the first wave was prolonged with low morbidity and mortality rates, while the second, which occurred during winter 1969-70, was intense83  – and in England, France, Japan, and Australia, its burden was greater during 1969-70 than during 1968-69.84 In many countries, the first wave of 2009 H1N1 pandemic influenza peaked in June and July and a second larger wave peaked in the autumn. A substantial third wave also occurred in the UK during winter 2010/2011, despite no significant antigenic drift of the pandemic virus.85    

6. One or more of the waves may occur out of season
During the pandemics of 1918-19, 1957-58, and 2009-10, one or more waves occurred out of the normal influenza season for the northern hemisphere.

7. Excess mortality
Mortality associated with pandemic influenza is unpredictable. The recorded statistics on influenza mortality are likely to be understated because many influenza-related deaths are caused by complications, e.g., exacerbation of pre-existing chronic conditions, which may not be recorded as related to influenza. The severity of pandemics have ranged in severity from ‘mild’, having a case-fatality ratio between 0.01% and 0.08%, as during the 2009 pandemic, to severe, having an estimated case-fatality ratio between 0.74% and 1.8%, as during the 1918-19 pandemic.86 Estimates of the global mortality of the 1918-19 pandemic have been revised upwards over time.87 The attributable excess mortality worldwide for the 1918-19 pandemic was estimated to be ~50 million in 2002.87 More recently, based on the global population in 2004, it was estimated that 51-81 million people would die were a strain of influenza to occur much the same as that which caused the 1918-19 pandemic.88 The attributable excess mortality worldwide for each of the pandemics during 1957-58 and 1968-69 was estimated to be 1-4 million.89 Infection with 2009 pandemic H1N1virus was generally mild – only 18,632 laboratory-confirmed deaths were reported worldwide by 10 August 2010 when WHO declared that the pandemic was over.  However, recent estimates indicate that there were 123,000–203,000 pandemic respiratory deaths during the last 9 months of 2009,90 and 201,200 respiratory deaths and 83,300 cardiovascular deaths during the first 12 months of virus circulation.91 

8. Vaccines are unavailable to confront the first pandemic wave
Vaccination is considered to be among the key interventions in limiting the public health impact of an influenza pandemic, but vaccine availability is limited by (a) the time required to develop reagents and candidate vaccine strains, (b) manufacturing capacity, (c) legal and regulatory matters, (d) vaccine deployment, and the (e) likely requirement for vaccine adjuvants and two vaccine doses in immunologically naïve people. During the 1957 and 1968 influenza pandemics, vaccines became available too late and in insufficient quantities to mitigate the first pandemic wave.92 With existing vaccine technology, it takes approximately 5 to 6 months for the first supplies of approved vaccine to become available once a new strain of influenza virus with pandemic potential is identified and isolated.93 Altogether 534 million doses of the influenza A H1N1 2009 pandemic vaccine were produced by 1 December 2009, 6 months after the identification of a vaccine candidate.94 The number of doses produced was <8.0% of the world’s population of 6.8 billion people, and represented <27% of the WHO target of 2 billion doses. Within the WHO European region, vaccine distribution was highly inequitable with vaccine availability ranging from 2 months before peak virus transmission to 10 months after peak transmission.95


Avian influenza in humans 
Seroprevalence studies have linked the H3 subtype of influenza A to the pandemic of 1889–91 and likely circulation of the H2 subtype during the late nineteenth century96 giving rise to the theory of virus recycling, whereby only a finite number of haemagglutinins infect man97,98 causing pandemics. However, there is now abundant evidence that both porcine and avian influenza viruses (with H5, H6, H7, H9, and H10 subtypes of HA, and N3, N6, N7, N8, N9 subtypes of NA) can jump species barriers into humans, thereby removing the need for an intermediate host, such as pigs, to serve as a ‘mixing vessel’ for the generation of virus with pandemic potential. 

Avian influenza A viruses are termed high pathogenicity avian influenza (HPAI) or low pathogenicity avian influenza (LPAI) based on molecular characteristics of the virus and the ability of the virus to cause disease and mortality in birds. To date, only influenza A (H5) and (H7) subtypes have been described as HPAI.  The fact that an avian influenza virus is highly pathogenic for birds does not necessarily mean it is pathogenic for humans. Conversely, as outlined below, the mortality rates in humans for some low pathogenicity viruses (H7N9 and H10N8) exceed 25%. 

H5N1
HPAI H5N1 virus was first documented to cause human infections in Hong Kong In 1997; this was the first occasion that avian influenza transmitted directly from poultry to humans causing respiratory illness. Eighteen people were hospitalised with H5N1 infection and six died. It re-appeared again in 2003 in Hong Kong, China and Vietnam. As of 3 March 2015, 16 of 53 countries in Europe, Asia, and Africa with outbreaks of (HPAI) H5N1virus in poultry have notified WHO of 429 deaths among 784 sporadic human infections of H5N1 influenza (i.e., 55% mortality).99 HPAI H5N1 viruses have diversified genetically and antigenically since 2003 and other high pathogenic H5 subtypes (with N2, N3, N6, and N8 genes substituting for the N1 gene) have been detected in birds in Asia, Europe, and North America. Historically, clade 0 H5N1 virus caused human cases in Hong Kong in 1997; clade 1 viruses caused human infections in Cambodia, Thailand, and Viet Nam during 2004–2005; clade 2 viruses circulated in birds in Indonesia and China during 2003–2004 and subsequently spread westwards during 2005–2006. Clade 2 (subclades 1, 2, and 3) viruses were responsible for human cases in Indonesia, in countries in the Middle East, Eurasia, and Africa, and in China, respectively.100 More recent101,102  HPAI H5N1 isolates include clade 1.1.2 viruses in poultry in Viet Nam and in poultry and humans in Cambodia; clade 2.2.1 in poultry and humans in Egypt (a sharp increase in the number of human cases has been reported in Egypt); clade 2.1.3.2a in birds in Bangladesh and in poultry and humans in Indonesia; clade 2.3.2.1c virus in birds in Bulgaria, India, China, Indonesia,  Nigeria, Vietnam and in humans in Canada (a traveller from China) and Vietnam;  clade 2.3.4.4 viruses in birds in Canada, Germany, Italy, Japan, the Netherlands, Republic of Korea, Russian Federation, United Kingdom, USA, and Vietnam, and environmental samples and a human in China; and clade 7.2 virus from environmental samples in China.103  The pattern of spread of H5N1 in humans and birds around the world is consistent with spread through wild bird migration and poultry trade activities.104


H5N6
H5 viruses belonging to clade 2.3.4.4 have been detected in bird and/or environmental samples in China, Japan, Lao People’s Democratic Republic, Republic of Korea and Viet Nam, and in three patients in China.105 The NA’s of clade 2.3.4.4 isolates belonged to the N1, N6, or N8 subtypes. HPAI H5N6 virus, which is newly designated a clade 2.3.4.4 virus,106 was first recovered from two patients during 2014.  In May 2014, a 49-year-old man with history of exposure to sick and dead poultry from Nanbu County, in the southwest province of Sichuan, became the first human case and fatality. The second patient, who recovered, was notified to WHO on 23 Dec 2014. He was a 58-year-old man with history of exposure to live poultry from Guangzhou city, Guangdong province. The third human case and the second fatality was a 44-year-old man with a history of poultry exposure from Yunnan province. He had developed fever, cough and chills during January 2015 and was admitted to a local hospital on the same day and died 10 days later.

H6N1
A 20-year-old woman with an influenza-like illness presented to a hospital in central Taiwan with influenza-like illness and shortness of breath during May, 2013. Her chest X-ray showed mild pneumonia. An ‘unsubtypable’ influenza A virus recovered from respiratory specimen was later confirmed as influenza A/H6N1 virus by whole genome sequencing.107,108  The woman had no exposure to poultry or birds. She was treated with oseltamivir and recovered. 

H7N2 
During an outbreak of LPAI (H7N2) infection among poultry in Virginia in 2002, one person developed an uncomplicated influenza-like illness and developed serologic evidence of infection with H7N2 virus.109 During November 2003, infection with LPAI (H7N2) virus was identified in an immunocompromised man with fever and community-acquired pneumonia in New York, USA. The source of the infection is unknown and patient recovered.110 During May 2007, influenza A/H7N2 infection occurred on a chicken farm in northern Wales. Four people (2 in Wales and 2 in north west England) exposed to infected  poultry at the smallholding in Conwy, Wales, tested positive for the virus.111,112  

H7N3
In 2004, During an outbreak of LPAI and HPAI H7N3 in poultry in British Columbia, Canada, surveillance identified two persons with confirmed H7N3 infection.113 Both men had mild illness with conjunctivitis, and neither mounted an HI or neutralizing antibody response. The nasal isolate from the first case was characterized as LPAI, and the conjunctival isolate from the second case was characterized as HPAI.114 During April 2006, LPAI H7N3 virus was identified during an outbreak involving three farms in Dereham, northeast of London. One poultry worker in close contact with birds at one of the facilities developed conjunctivitis. PCR of eye and throat specimens confirmed infection with LPAI H7N3 virus.115 During June–August 2012, outbreaks of HPAI (H7N3) virus in poultry occurred throughout the state of Jalisco in Mexico. Two human cases of HPAI (H7N3) conjunctivitis were confirmed by molecular diagnostic tests of ocular swabs.116 Neither case developed respiratory tract symptoms and both recovered without sequelae.

H7N7
In 1959, a 46-year old man was hospitalised with hepatitis more than a month after extensive travel in parts of Asia, Africa, the Near East, and Europe, including areas from which fowl plague virus had been reported.117 Fowl plague virus was isolated and reisolated from blood clot material from the man, and the possibility of cross-contamination was excluded.118 More than ten years later, a case of human fowl plague keratoconjunctivitis occurred after accidental laboratory exposure.119 In 1981, Webster et al120 reported the accidental transmission of an H7N7 virus to a laboratory worker when an infected seal sneezed into the mans face causing conjunctivitis; the virus was cultured from a conjunctival swab.  In 1996, Kurtz et al121reported the recovery of influenza A/England/268/96 (shown subsequently to be an H7N7 virus) from a 43-year-old housewife with a one-day history of conjunctivitis. She kept 26 ducks of various breeds that mixed freely with feral waterfowl on a small lake in Oxfordshire and was probably infected when a piece of straw contacted her eye while cleaning out the duck house. During February, 2003, a veterinarian developed conjunctivitis, fever, and headaches and was subsequently hospitalised with fulminating pneumonia 9 days after contact with infected poultry during an outbreak of HPAI A(H7N7) virus in the Netherlands. Lung tissue collected postmortem tested positive for influenza A(H7) virus.122 The same virus was detected subsequently in 86 humans who handled affected poultry and in three of their family members. Of the 89 patients, 78 presented with conjunctivitis, 5 presented with conjunctivitis and influenza-like illness, two had influenza-like illness, and four did not fit the case definitions. While most virus isolates obtained from humans, including probable secondary cases, had not accumulated significant mutations, the virus isolated from the fatal case displayed 14 amino acid substitutions.123 During an influenza A(H7N7) virus outbreak among poultry in Italy during August–September 2013, infection with HPAI (H7N7) virus was confirmed by two PCR assays in samples from three poultry workers with conjunctivitis but no respiratory symptoms.124 

H7N9
Since the notification of a novel reassortant of LPAI A(H7N9) virus on 31 March 2013,125,126 a total of 602 laboratory-confirmed cases of human infection with avian influenza A(H7N9), including 227 deaths, have been reported to WHO.99 As of 5 Aril 2015, the health authorities in mainland China have reported a total of 619 human cases.127 Four additional cases have been reported by the Taipei Centers for Disease Control, 13 cases by the Centre for Health Protection, Hong Kong SAR, one case in a Chinese traveller reported from Malaysia, and two cases in Chinese travellers reported in Canada.127,128 Most cases are associated with exposure to infected live poultry or contaminated environments including markets where live poultry are sold. Although family clusters have been reported,129 evidence suggests that influenza A(H7N9) virus does not readily transmit from human-to-human and sustained human-to-human transmission has not occurred.130 Unlike H5N1 virus, H7N9 virus is not pathogenic in poultry, and human cases of H7N9 and isolations of H7N9 in birds and the environment have largely occurred in a number of contiguous provinces in south-eastern China.104  For reasons that are unclear, human H5N1 and H7N9 infections show a very different age-specific epidemiology with the median age of H5N1 cases ranging from 18 to 26 years, while that of H7N9 cases is approximately 62 years.104 

H9N2
Two lineages of influenza A/H9N2 virus have become established in domestic poultry in southern China, Duck/HK/Y280/97 (Y280-like) and Quail/HK/G1/97 (G1-like) viruses that are predominantly found in chickens and quail, respectively. Since 1998, sporadic infection with H9N2 virus has been confirmed in 13 people with generally mild respiratory tract infection in mainland China and Hong Kong. During July and August 1998, infection with H9N2 virus was first diagnosed in five adults in Guandong province in China.131 In March 1999, G1-like (H9N2) virus was recovered from two children with self-limiting febrile illness in Hong Kong.132,133 Both girls lived in geographically different areas of Hong Kong. During November 1999, influenza H9N2 infection was confirmed in a 2-year-old girl in Guandong.134 During November 2003, a Y280-like H9N2 virus was recovered from the nasopharyngeal aspirate of a 5-year-old child who was hospitalised in Hong Kong with an uncomplicated influenza-like illness.135 In Hong Kong during December 2008, H9N2 infection was confirmed in a 3-month old girl with leukaemia and uncomplicated acute respiratory illness.136 During October 2009, a 47-year-old immunocompromised woman was hospitalised in Hong Kong with influenza-like illness, dyspnoea and a chest radiograph showing bilateral interstitial infiltrates.136   An 86-year-old man from the southern Chinese city of Shenzhen [Guangdong province] bordering Hong Kong, was diagnosed with influenza A/H9N2 infection in Hong Kong late December 2013. He presented with febrile acute respiratory illness and had no known exposure to poultry or consumption of undercooked poultry.137 A 7-year-old boy fell ill with influenza A/H9N2 infection during November 2013 in Hunan, mainland China and recovered after receiving treatment at a local hospital. He had been in contact with poultry.138 Two laboratory confirmed cases of human infection with influenza A/H9N2 virus from Sichuan and Guandong provinces were detected in China in late 2014. Bothe cases experienced mild illness.99 One case of influenza A/H9N2 virus infection was reported by Egypt in a 3-year-old boy who was hospitalised on 16 January 2015 and discharged on 21 January. He had a history of exposure to healthy backyard poultry.99 

H10N7
In 2004, the National Influenza Center (NIC) in Egypt and the WHO Influenza Collaborating Centre in the UK reported the isolation of avian influenza A (H10N7) from two infants from Ismailia in Egypt with fever and cough.139 The father on one of the children was a poultry merchant. In March 2010, an outbreak of avian influenza A/H10N7 occurred on a chicken farm in Australia. Seven abattoir workers who processed clinically normal birds from the farm reported conjunctivitis and minor upper respiratory tract symptoms; infection with an H10 virus was confirmed by PCR in two workers.140  

H10N8
In December 2013, Chen and colleagues reported the first isolation of LPAI A(H10N8) virus from an immunosuppressed 73-year-old woman with chronic comorbidity who died with multiple organ failure after visiting a live poultry market in Jiangxi Province, China.141 Two further human cases followed – a 55-year-old woman who became critically ill in Nanchang, capital of Jiangxi, during January 2014, and a 75-year-old man in Nanchang, who was admitted to hospital on 4 Feb 2014 and died four days later.142-144 All three cases had histories of exposure to live poultry or related markets.145 Only two H10N8 isolates were reported in China prior to the first human detection – one from an environmental sample in Hunan Province in 2007, and the second from a duck in a live poultry market in Guandong Province in 2012.146  

Heterogeneity of avian influenza in humans
Avian influenza viruses of H5N1 and H7N9 subtypes have caused the greatest number of infections and deaths in humans (see above). Since their re-emergence in 2003, HPAI viruses of H5N1 subtype have become highly enzootic and evolved to form multiple H5 HA clades, particularly in China, Vietnam, Indonesia, Egypt, Cambodia, and Bangladesh.  The antigenic and genetic characteristics of influenza A(H5) viruses in samples collected from poultry, wild birds, environmental samples, and sporadic infections in humans are constantly scrutinized as part of pandemic preparedness  measures by WHO, the Food and Agriculture Organization of the United Nations, (FAO), the World Organization for Animal Health (OIE), and academic institutions. Based on the available antigenic, genetic, and epidemiologic data, as of 26 February 2015, a total of 27 influenza A(H5) candidate influenza vaccine viruses (CVVs) have been developed in the USA, India, Hong Kong, the United Kingdom, and Japan, and five other CVVs are pending.102 These CVVs were prepared for pilot lot vaccine production, clinical trials, and other pandemic preparedness purposes. As a measure of the dynamic antigenic evolution and heterogeneity of HPAI A/H5N1, CVVs belonging to Clades 1, 1.1, 1.1.2, 2.11, 2.1.3.2, 2.1.3.2a, 2.2, 2.2.1, 2.2.1.1, 2.3.2.1, 2.3.2.1a, 2.3.2.1b, 2.3.4, 2.3.4.2, 4, and 7.1 are available.102 Some of these clades are no longer found in their natural hosts or the environment. Viruses circulating and characterized since 24 September 2014 belonged to the following clades: 2.2.1, 2.3.2.1, 2.3.2.1a, 2.3.2.1c, and 2.3.4.4. 

In contrast to HPAI A/H5N1, comparison of H7N9 viruses isolated from humans, and poultry, and environmental samples by HI tests reveal limited antigenic diversity among this group of viruses, and the majority remain antigenically similar to the CVV derived from the influenza A/Anhui/2013-like viruses.102 Altogether, eight H7N9 CVVs have been prepared from two virus strains that were first isolated in 2013, and no new H7N9 CVVs are in preparation.102

Isolation of H9N2 viruses from humans has been reported infrequently. Based on antigenic, genetic, and epidemiologic data five H9N2 CVVs have been produced belonging to the A/quail/Hong Kong/G1/97 G1 clade, and the A/chicken/Beijing/1/94 (Y280/G9) clade. Some antigenic heterogeneity exists between viruses belonging to the Y280 lineage and a new Y280 CVV is pending.102   


Current pandemic threat level
Despite considerable recent developments in global surveillance, molecular diagnostics, phylogenetics, and knowledge of immune mechanisms and virulence factors for influenza, the exact events that lead to the emergence of a pandemic strain remain illusive – as illustrated by the surprising emergence of pandemic H1N1 virus in 2009. WHO considers that the current likelihood of community level spread and public health impact of influenza A H5N1, H7N9, and H9N2 viruses is low based on observations that these viruses do not transmit readily between humans.99 Nevertheless, recent reports indicate that natural or laboratory infections with H5N1 HPAI virus occur in a broad range of wild and domesticated mammalian species,147 and that HAs from circulating clades of HPAI H5N1 virus may require as few as a single base pair mutation to quantitatively switch their binding to human receptors.148  In addition, two studies have shown that HPAI H5N1 strains can evolve to be transmissible in ferrets,149,150 which are thought to most accurately represent human influenza disease,151 – implying that a similar event in humans could trigger a pandemic with high rates of illness and death worldwide without an intermediate ‘mixing vessel. 152 The 143 human cases of H5N1 infection that were reported in Egypt during January through April 2015  - representing three times more than Egypt has ever reported and more than double the number reported by any country in a single year153  - remind us of the continuing threat posed by HPAI H5N1.


Pandemic mitigation 
Strategies to mitigate the impact of pandemic influenza include pharmaceutical interventions, notably vaccines and antivirals, and non-pharmaceutical interventions, including social distancing, quarantine, isolation, and infection control.. Mathematical modeling has been used extensively to assess the most effective use of available therapeutic and social measures to minimize the impact of pandemic influenza. Before the 2009 H1N1 pandemic, modeling indicated that, to have a significant impact, pandemic-specific vaccines would need to be produced and delivered much faster than is possible using current vaccine technologies, particularly, if two doses of vaccine were required to achieve protection.154 Modeling further suggested that the rapid production and distribution of a vaccine, even if poorly matched to the pandemic strain, could significantly slow disease spread and cut attack rates.154-156 Unfortunately, a two-dose schedule of vaccination for plain157-165 or adjuvanted avian vaccines157,159-163,166-169 is generally required to meet CHMP (and FDA) immunogenicity criteria in unprimed subjects, thereby adding to the logistic problems of vaccine delivery and delaying seroprotection. During the 2009 H1N1 pandemic, pandemic-specific vaccines only became available in significant quantities following the peak of the first pandemic wave and only in high income countries.95,170 


Pre-pandemic vaccines
The development of representative candidate influenza vaccine viruses (CVV) and reagents to formulate and release a novel virus vaccine, coordinated by WHO, is an essential component of the overall global strategy for pandemic preparedness. Due to the substantial antigenic and phylogenetic diversity of HPAI H5 HA’s that have infected humans, a bank of 27 H5 CVVs has been prepared – more than for other avian HA subtypes.  The threat posed by epizootic avian influenza has led to studies of ‘pre-pandemic vaccines’ that could be deployed much faster than pandemic-specific vaccines produced using existing technologies.  

The concept of pre-pandemic vaccination to confront an emerging pandemic was first considered during clinical trials of H5 vaccines in human subjects in Leicester,171-175 and in laboratory models of infection in the United States.176,177 Priming human subjects with H5 antigen induced a rapidly-mobilised, long lasting immune memory that provided high-titres of cross-clade serum antibodies on boosting to all H5 virus variants tested.173,174 Antibody response were higher after MF59 adjuvanted vaccine compared to nonadjuvanted vaccine and subjects primed with MF59-adjuvanted vaccine displayed a higher frequency of H5N1 specific memory B cells than plain-primed or unprimed subjects.175 While traditional inactivated H1N1 and H3N2 vaccines evoke relatively strain specific serum antibody in humans and are ineffective against drifted viruses and unrelated strains,178  high rates of protection were found in mice and ferret models after lethal challenge with heterologous H5 variants following immunization with H5 vaccines.176,177  

The availability of H5 CVVs that have been prepared from different clades provide the opportunity to evaluate the degree and extent of cross-protection afforded by pre-pandemic H5 vaccine containing ancestral antigen, assess the added value of an adjuvant, and identify the number of doses and amount of antigen required for priming and boosting – with the overall goal of identifying optimal strategies for pre-pandemic vaccines and the likely risks, costs, cost-benefits, and logistics of vaccine delivery. 


Purpose of the study
The purpose of this study is to examine the height, breadth, and persistence of cross-clade antibody responses to a prime-boost vaccination schedule using two H5 CVVs and evaluate the extent to which the response to booster vaccination depends on whether the it is adjuvanted or not. We also explore the role of two baseline characteristics – age and prior immunization history, and the impact of one versus two priming doses and the antigenic content of the booster on the HI antibody titres after vaccination. Specifically this study evaluates how scarce vaccine antigen can be used sparingly to protect to people as quickly as possible during one or more waves of pandemic influenza.







Chapter 2
Study objectives and methods 



Study design
This phase II, partially observer-blind, age-stratified, single centre, exploratory, parallel group, randomised controlled trial (RCT) compared the immunogenicity and short term reactogenicity of one or two priming doses of A/Vietnam/1194 (H5N1) (A/VN/1194) clade 1 influenza vaccine followed 15 months later by a single dose of plain or MF59-adjuvanted influenza A/turkey/Turkey/1/05 (H5N1) (A/t/T/1) clade 2.2 vaccine. Figure 1 summarises the study method, and Table 1 shows the time and event schedule.


	Primary vaccination 
with A/VN/1194 vaccine
	
	Booster vaccination with A/t/T/1 vaccine
	
	Subjects/
group [n]
	
	Antibody measurements

	
	
	
	
	
	
	
‘Primary’ response:
· Days 0, 21, 42.

· Days 182 & 365 (Months 6 & 12)

‘Booster’ response:
Kinetics: 
· 7, 14 & 21 days after boosting


Antibody persistence:
· Days   638 and 730 (6 & 9 months) after boosting



‘Booster’ response, as above

	
	
	3.75μg plain
	
	60 [30]
	
	

	
	
	
	
	
	
	

	
	
	3.75μg adjuvanted
	
	60 [30]
	
	

	One 7.5μg dose of adjuvanted vaccine on Day 0.
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	7.5μg adjuvanted
	
	60 [30]
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	60 [30]
	
	

	
	
	
	
	
	
	

	
	
	3.75μg adjuvanted
	
	60 [30]
	
	

	Two 7.5μg doses of adjuvanted vaccine on Days 0 & 21.
	
	
	
	
	
	

	
	
	7.5μg plain
	
	60 [30]
	
	

	
	
	
	
	
	
	

	
	
	7.5μg adjuvanted
	
	60 [30]
	
	

	
	
	
	
	
	
	

	NO primary vaccination (controls)
	
	7.5μg adjuvanted
	
	60 [30]
	
	



FIGURE 1 Study method (Age 18-59 years, 60 subjects per group; Age ≥60 years, 30 subjects/group) 












TABLE 1 Time and events schedule
	Study visit
	1
	2
	3
	4
	5
	6
	
	7
	8
	9
	10
	11

	
	Days after the first vaccination
	
	Days [months] after the booster

	
	0
	21
	42
	182
	365
	456
	
	7
	14
	21
	[6]
	[9]

	Window (Days)
	0
	(-1/+3)
	(-1/+3)
	(+28)
	(+28)
	(-28/+365)
	
	(+2)
	(-1/+3) 
	(-1/+3)
	(+28)
	(+28)

	Study Day
	0
	21
	42
	182
	365
	456
	
	463
	470
	477
	638
	730

	Informed consent
	X
	
	
	
	
	X4
	
	
	
	
	
	

	Inclusion/exclusion criteria
	X
	X1
	
	
	
	X
	
	
	
	
	
	

	Medical history
	X
	
	
	
	
	X
	
	
	
	
	
	

	Physical examination
	X
	
	
	
	
	X
	
	
	
	
	
	

	Brief physical evaluation
	
	X
	
	
	
	
	
	
	
	
	
	

	Pregnancy test
	X2
	X2
	
	
	
	X2
	
	
	
	
	
	

	Blood sample - antibody studies
	X
	X
	X
	X
	X
	X
	
	X
	X
	X
	X
	X

	Vaccination
	X
	X
	
	
	
	X
	
	
	
	
	
	

	Local and systemic reactions
	X
	X
	
	
	
	X
	
	
	
	
	
	

	AEs monitoring
	X
	X3
	X3
	X3
	
	X
	
	X3
	X3
	X3
	X3
	

	Concomitant medications
	X
	X3
	X3
	X3
	
	X
	
	X3
	X3
	X3
	X3
	

	Diary card dispensed
	X
	X
	
	
	
	X 
	
	X
	
	
	
	

	Thermometer dispensed
	X
	
	
	
	
	X
	
	
	
	
	
	

	Diary card review
	
	X
	X
	X
	
	
	
	X
	
	
	X
	

	Termination of study
	
	
	
	
	
	
	
	
	
	
	
	X


 If randomized to receive two primary doses of vaccine. 
2 Pregnancy test to be done in the clinic prior to each vaccination for all females of childbearing potential
3 Only SAEs, AEs that lead to a physician’s visit, AEs that lead to withdrawal from the study, and concomitant medications associated with these events will be recorded from Day 8 (Day 29 if randomised to two priming doses) to 182, and Day 463 to 638.


Study objectives
This exploratory RCT was designed to compare the immunogenicity in adults of one and two ‘priming’ doses of MF59-adjuvanted A/VN/1194 vaccine, each dose containing 7.5μg haemagglutinin (HA) antigen, and the effect of priming on the response to single booster doses of ‘plain’ or MF59-adjuvanted A/t/T/1 (H5N1 clade 2.2.1) vaccine given at doses of 3.75μg or 7.5μg HA fifteen months later. Each vaccine was assessed in adults aged 18-59 years and ≥60 years to reflect the antibody response and levels of protection that are likely to occur in adults in  the general population. Specific trial objectives were as follows:

Primary
· To evaluate the immunogenicity of ‘prime-boost’ vaccination in immunologically-naïve adults using one or two 7.5μg HA doses of MF59-adjuvanted A/VN/1194 vaccine for priming, and single 3.75μg or 7.5μg HA doses of plain or MF59-adjuvanted A/t/T/1/05 vaccine for boosting, with respect to CHMP and FDA licensing criteria (outlined below).179-181

Note: The CHMP guidelines stipulate that vaccines should be tested in adults (18–60 years) and elderly (>60 years), in groups of >50 subjects, and attain one or more of the following three criteria:
Adults 18–60 years: 
· Seroconversions/or significant rises (i.e., a fourfold increase in post vaccination titre) by >40%;
· Mean-fold increase in geometric mean titre (i.e., the geometric mean ratio (GMR)) postvaccination >2.5;
· Significant levels of antibody (i.e.,) having post-vaccination HI titres of ≥1:40 in >70%).

Elderly >60 years: 
· Seroconversions/or significant rises (i.e., a fourfold increase in post vaccination titre) by >30%;
· Mean-fold increase in geometric mean titre (i.e., the GMR) postvaccination >2;
· Significant levels of antibody i.e., having post-vaccination HI titres of ≥1:40 in >60%).

The following immunogenicity criteria concerning accelerated approval of a pandemic influenza vaccine manufactured by a process not U.S. licenced is taken from the FDA document ‘Guidance for Industry: ‘Clinical Data Needed to Support the Licensure of Pandemic Influenza Vaccines’.182

For adults <65 years of age and for the paediatric population: 
· The lower bound of the two-sided 95% CI for the percentage of subjects achieving seroconversion for HI antibody should meet or exceed 40%;
· The lower bound of the two-sided 95% CI for the percentage of subjects achieving an HI titre ≥1:40 should meet or exceed 70%.

Elderly ≥60 years: 
· The lower bound of the two-sided 95% CI for the percentage of subjects achieving seroconversion for HI antibody should met or exceed 30%
· The lower bound of the two-sided 95% CI for the percentage of subjects achieving an HI titre ≥1:40 should meet or exceed 60%.

  Secondary 
· To evaluate the magnitude of the antibody responses to one or two ‘priming’ 0.5mL intramuscular (IM) doses of an MF59-adjuvanted influenza A/VN/1194 vaccine, each dose containing 7.5μg of H5N1 HA;
· To examine the kinetics of antibody responses to one 0.5mL ‘booster’ IM dose of plain or MF59-adjuvanted influenza A/t/T/1 vaccine, given at doses of 3.75μg or 7.5μg HA, in primed subjects;
· To evaluate the magnitude of antibody responses to one 0.5mL IM ‘booster’ dose of plain or MF59-adjuvanted influenza A/t/T/1 vaccine, given at doses of 3.75μg or 7.5μg HA, in primed subjects;  
· To evaluate the breadth of the antibody responses induced by ‘priming’ and ‘booster’ vaccination to antigenically distinct H5N1 viruses;
· To evaluate the persistence of the antibody responses induced by ‘priming’ and ‘booster’ doses of H5N1 vaccine; and  
· To evaluate the safety of ‘priming’ and ‘booster’ doses of H5N1 vaccine.       

Vaccines
The inactivated, egg-derived, licensed182 purified surface antigen, MF59-adjuvanted, pre-pandemic H5N1 vaccine used for priming (Aflunov®, Novartis Vaccines and Diagnostics, Lot numbers: W52P16H1E and 091102A) was propagated in embryonated hens’ eggs by manufacturing processes similar to those used for a licensed, MF59-adjuvanted, seasonal influenza vaccine (Fluad®).175 Each dose contained 7.5μg HA of A/VN/1194-like NIBRG-14 Clade 1 influenza virus (National Institute for Biological Standards and Control (NIBSC)) and a standard dose (9.75mg squalene) of MF59 adjuvant.  Egg-derived, purified subunit, pre-pandemic H5N1 vaccine used for boosting contained either 3.75 or 7.5μg HA of A/turkey/Turkey/1/2005-like NIBRG-23 clade 2.2.1 influenza virus (NIBSC)), with (Lot number: Z53D21H1) or without (Lot number: A53P23H1) a standard dose of MF59 adjuvant containing 9.75mg squalene. The HA content of  each vaccine was determined by single radial immunodiffusion. NA content is not standardised and is unknown. Vaccines were supplied in prefilled monodose (0.5ml) syringes, stored at 4°C until use, and administered in the deltoid muscle of the non-dominant arm. 

Outcomes
The primary outcome measure was vaccine immunogenicity using CHMP criteria. The immunogenicity  of the H5N1 vaccines was assessed by HI assay according to standard methods,183-185 at Public Health England, Colindale, London, using three egg-grown, reassortant vaccine reference strains as test antigens: 

· NIBRG-14 virus, generated from influenza A/VN/1194 (H5N1) clade 1 and A/PR/8/34 virus strains using reverse genetics (NIBSC, UK); 
· NIBRG-23 virus, generated from influenza A/turkey/Turkey/1/2005 (H5N1) clade 2.2.1 and A/PR/8/34 strains using reverse genetics (NIBSC, UK); and 
· IDCDC-RG30 virus, generated from influenza A/Hubei/1/2010 (H5N1 clade 2.3.2.1) and A/PR/8/34 strains using reverse genetics (US Centers for Disease Control and Prevention, Atlanta, USA). 

All reassortants contained gene segments encoding the HA and NA from the wild-type avian H5N1 viruses and six internal gene segments from influenza A/PR/8/34.  The three immunogenicity end points were:
· Seroprotection rate – i.e., the proportion of subjects with HI titres of ≥1:40;
· Seroconversion rate – i.e., the proportion of subjects with either seroconversion or significant increase in HA titre (i.e., prevaccination HI titre <1:10 and a postvaccination titre ≥1:40; or a prevaccination titre ≥1:10 and an increase in the titre by fourfold or more); and the 
· Mean fold titre elevation – i.e., the geometric mean ratio (GMR), the factor increase in the geometric mean HI titre, pre- and post-vaccination. 

Immunogenicity endpoints were assessed by HI on day 0 (before vaccination), and at 21 and 42 days later. The persistence of antibody, measured 6 (day 182), 12 (day 365), and 15 months (day 456) after the first vaccination, was also assessed using the above immunogenicity endpoints. The kinetics of the HI antibody response, measured 7, 14, and 21 days after the booster vaccination, together with the persistence of antibody, measured 6 and 9 months after the booster vaccination, were also assessed using the three immunogenicity endpoints.
The breadth of the antibody response was assessed in each serum sample at Public Health England, Colindale, London, by HI with A/Hubei/1/2010 (H5N1), and before and after booster vaccination using randomly selected sera at the US Centers for Disease Control and Prevention. 
Immunogenicity was also assessed by microneutralisation (MN) assay, but there are no CHMP or FDA licensing criteria to assess vaccines by MN. Accordingly, immunogenicity end points by MN were the proportion of subjects with MN titres of ≥1:40 and the GMT. Immunogenicity end points were assessed by MN at the Centre for Infections, Health Protection England, London, UK with two vaccine reference strains: (a) A/VN/1194 NIBRG-14 virus on day 0 (before vaccination), and 21, 42, and 182 days later; and (b) A/turkey/Turkey/1/2005 NIBRG-23 virus on day 0 (before vaccination), and 42 and 456 days later (before booster vaccination); the kinetics of the MN antibody response after booster vaccination was measured 7 and 21 days later (days 463 and 477, respectively), and MN antibody persistence was measured 9 months after booster vaccination on day 730.


Subjects and recruitment 
This study was undertaken in the English East Midlands, in a teaching hospital setting in Leicester (Leicester Royal Infirmary). Some elderly subjects were recruited in a surgery following invitations from general practitioners (GPs) in Newbold Verdon, Leicestershire, UK. The study population included healthy male and female adults, or adults with stable chronic medical conditions, and were stratified by age (18–59, and 60 years and older).
Potential participants were identified from several sources in each study centre, including medical students, nursing and medical staff, and staff and students at the University of Leicester. They  were given an information leaflet and had an opportunity to discuss the study with a member of the research team. Training was given to research teams about the project and research governance. A member of the research team saw each participant to discuss the study. Consent was sought at the screening visit and written informed consent was obtained from all participants.

Inclusion criteria 
The same inclusion and exclusion criteria were used in both age groups. Inclusion and exclusion criteria were checked before each dose of vaccine. Adults who fulfilled all of the following inclusion criteria were eligible:
· Mentally competent adults who give signed informed consent after receiving a detailed explanation of the study protocol;
· Clinically healthy, male or female volunteers aged 18 years of age and older, including those aged 65 years and over, and those with stable, high-risk medical conditions; ‘stable’ is defined as having no medical consultations for an exacerbation or worsening of any chronic medical condition during the preceding 8 weeks, as assessed by the medical history;
· Those who understand and comply with all study procedures and can complete study diaries;
· Those who can be contacted and are available for all study visits; and
· Women using secure contraceptive precautions: either (1) the oral contraceptive pill or (2) condom/barrier contraception, or (3) their partner has had a vasectomy or (4) they have been surgically sterilised or (5) are postmenopausal (defined as at least 2 years since the last menstrual period), or (6) abstain from heterosexual intercourse.

Exclusion criteria 
· Unable to lead an independent life either physically or mentally; 
· Pregnancy or lactation; 
· Refusal to use reliable contraception (women  of reproductive age) during the period 56 days before and after each vaccination; 
· Received another investigational vaccine  or medicinal product during the preceding  3 months or before completion of the safety follow-up period in another study, whichever is longer;
· Unwilling to refuse participation in another clinical study through the end of the study;
· Clinically significant concurrent illness including malignancy, progressive renal or hepatic pathology, chronic obstructive pulmonary disease requiring oxygen therapy, autoimmune disease, and any active neurological disorder;
· Systemic antibiotic or antiviral therapy during the preceding 7 days (chronic antibiotic therapy for prevention of urinary tract infections is acceptable); 
· A temperature ≥ 38°C within 3 days of vaccination;
· Known or suspected impairment/alteration of immune function, including:
· Treatment with oral immunosuppressive  drugs (note: long-term, inhaled steroids for asthma management is acceptable), 
· Treatment with immunostimulants or interferon, 
· Treatment with an immunoglobulin preparation, blood products and/or plasma derivatives within 3 months of the study, or planned during the study,
· Is at high risk of developing immunocompromising condition; 
· Planned surgery during the study; 
· Regularly drink >20g of alcohol daily (females) or >30g of alcohol daily for males (equivalent to 17.5 and 26 units weekly, respectively);
· Drug abuse;
· Conditions that might complicate interpretation of the study results;
· Previous neurological symptoms or anaphylaxis to vaccines, hypersensitivity (other than anaphylaxis) to eggs, chicken protein, chicken feathers, influenza viral protein, neomycin or kanamycin, or  to any component of the study vaccines; 
· Actual or planned receipt of another vaccine during the period 3 weeks before to 6 weeks after primary and booster vaccination on days 0, 21, and 456; 
· Have been vaccinated with an H5 avian influenza previously.


Study procedures 
Table 1 summarises the time and event schedule.
Having sought written informed consent, the screening assessment was completed by a clinical investigator. The inclusion/exclusion criteria were reviewed to ensure that the participant was eligible.  The assessment included demographic details, review of medical history, medication (including the use of analgesia or antipyretic medications before vaccination), and seasonal vaccination against influenza. Female participants of childbearing potential were required to have a negative urine pregnancy test in order to be included in the study and to agree to use adequate contraception for 56 days before and after vaccination. A 20-ml blood sample was collected at baseline before randomization to one- or two-priming dose groups, and body temperature was recorded before vaccination.
The first 7.5μg HA dose of MF59-adjuvanted influenza A/VN/1194 (H5N1) vaccine was administered by intramuscular  (IM) injection into the deltoid muscle of the non-dominant arm. Subjects were observed for 30 minutes after vaccination and any local  or systemic reactions were recorded. Subjects were instructed how to evaluate and record  local reactions and were given a diary card and thermometer. Over the next 7 days, subjects recorded – in self-completed diaries – the severity of solicited local (pain, bruising, erythema and swelling) and systemic symptoms (chills, malaise, muscle aches, nausea and headache), temperature, and use of new prescribed-, or over-the-counter (OTC), medication.
A 20-ml blood sample was collected 21 days after vaccination to measure HI and MN antibody responses and the first diary card was reviewed and collected. A second vaccine dose that was of the same type and antigen content as the first dose was administered according to randomization. Inclusion and exclusion criteria were checked and female participants of childbearing potential were required to have a negative urine pregnancy test immediately before administration the second dose of vaccine. The body temperature was measured before the second dose, which was administered by IM injection into the deltoid muscle of the non-dominant arm as before. Participants were observed for 30 minutes after vaccination and the temperature and any local or systemic reactions were recorded over the next 7 days in a second diary card as before. The second diary card was reviewed and collected 21 days after the second vaccination. Further blood samples (20 ml) for HI and MN antibody titrations were collected 42, 182, and 365 days after the first vaccination. 
A 20-ml blood sample was collected before the booster vaccination on day 456 to measure HI and MN antibody responses. On day 456, participants were re-randomised to receive a single 3.75μg or 7.5μg HA dose of plain or MF59-adjuvanted A/t/T/1 (H5N1) vaccine that was administered by IM injection as before. Inclusion and exclusion criteria were checked and female participants of childbearing potential were required to have a negative urine pregnancy test as before. Participants were observed for 30 minutes after vaccination and the temperature and any local or systemic reactions were recorded over the next 7 days in a diary card as before. The third diary card was reviewed and collected 7 days after booster vaccination. Further 20-ml blood samples for HI and MN antibody titrations were collected  7, 14, 21 days, and 6 and 9 months, after the booster vaccination.
Control subjects aged 18-59 years of age received one 7.5μg HA dose of MF59-adjuvanted A/t/T/1 (H5N1) vaccine without priming with influenza A/VN/1194 (H5N1) vaccine.  Inclusion and exclusion criteria were checked and female participants of childbearing potential were required to have a negative urine pregnancy test. A 20-ml blood sample was collected from controls before the booster vaccination to measure their baseline HI and MN antibody titres. They were observed for 30 minutes after vaccination and the temperature and any local or systemic reactions were recorded over the next 7 days in a diary card as above. The diary card was reviewed and collected 7 days after vaccination. Further 20-ml blood samples for HI and MN antibody titrations were collected  7, 14, 21 days, and 6 and 9 months, after vaccination.

Randomisation
Randomisation was organised by the trial statistician at Novartis Vaccines and Diagnostics GmbH, Marburg, Germany. Participants were stratified by age (ages 18-59 and 60 years and older) and randomized to one- or two-dose influenza A/VN/1194 (H5N1), 7.5 µg HA per dose, vaccine priming groups in a [1:1] ratio.  using [e.g. randomly permuted block sizes of 10 (i.e., five subjects in each group), generated using the ranuni function in Statistical Analysis System (SAS) (version ??; Cary, North Carolina, USA). Participants were further randomized into 3.75 µg or 7.5 µg HA dose groups of plain or MF59-adjuvanted A/turkey/Turkey/1/2005 (H5N1) vaccine in a [1:1] ratio using [e.g. randomly permuted block sizes of 12 (i.e., four subjects in each group), generated using the ranuni function within SAS (version ??; Cary, North Carolina, USA). The senior research nurse at the trial centre was provided with the randomization list. The clinical and laboratory investigators were blind to the randomization. 
Subjects were assigned a six-digit subject number. The first two digits identified the study site; the third digit reflected the age and status of the subjects on day 0 (1 for 18–59 years, 5 for 60 years and older, and  9 for controls). The unblinded study nurse immunized subjects in sequence and allocated the vaccine as per the randomisation list. Participants were unaware of the nature of the booster that they received. 

  
Grading of events after vaccination
Local and systemic reactions during the 7 days after vaccination were graded as: ‘none’, ‘mild’ (if they did not interfere with normal activities), ‘moderate’ (if they interfered with normal activities) and ‘severe’ (if they prevented engagement in daily activities). Solicited local reactions were considered  to be vaccine related, whereas the investigator assessed the causality of solicited systemic and unsolicited adverse events. ‘Specific adverse events’ were any reaction requiring medical attention and/or leading to premature study discontinuation during the 6-month safety follow-up period after vaccination.
  
A ‘serious adverse event’ (SAE) was any untoward medical occurrence that:
· Resulted in death; 
· Was life-threatening (i.e. the subject was, in the  opinion of the investigator, at immediate risk  of death from the event as it occurred); 
· Required inpatient hospitalization; 
· Resulted in persistent or significant disability/  incapacity (i.e., caused a substantial disruption of a person’s ability to conduct normal life functions); 
· Resulted in a congenital anomaly/birth defect; 
· Required intervention to prevent permanent  impairment or damage; or 
· An important and significant medical  event that may not have been immediately  life threatening or resulting in death or hospitalisation but, based upon appropriate medical judgment, may have jeopardised the subject or may have required intervention to prevent one of the other outcomes listed above.   

  
Sample size 
The primary aim of this exploratory study was to establish whether the ‘prime-boost’ regimens are immunogenic using CHMP criteria, and, if so, compare them in terms of immunogenicity (for each vaccine/age group).  Previous studies of Novartis Aflunov® (H5N1 vaccine containing 7.5μg HA adjuvanted with MF59) showed that two-doses administered 21 days apart induced seroresponses (HI ≥1:40) in 72-87% of adults.186 A difference of 30% in attainment of seroprotection is considered important. In this exploratory study, the sample size for adults aged 18-59 years of age is in line with standard practice.  The protocols for seasonal EU (European Union) vaccine clinical trials and the criteria for assessment have been standardised within the EU. They stipulate that trials should be carried out with groups of at least 50 subjects. We planned to recruit 60 subjects per group, allowing for up to 17% dropout. With 240 subjects per arm (in 18-59 year age group), the study had over 95% power to detect an overall difference in seroprotection/seroconversion of 20% at the 5% level of statistical significance, and 80% power to detect an overall difference of 15%, each assuming a ‘baseline’ of 75%. The impact of 1 versus 2 priming doses, plain or adjuvanted booster, and dose of booster on the HI antibody titres 21 days post booster vaccination were explored using multiple regression models.  All analyses were done descriptively without formal power calculations. 

  
Blinding 
Participants and clinical investigators were aware of the number of doses of A/VN/1194 (H5N1) vaccine given for priming, but were unaware of the dosage and adjuvant status of the A/t/T/1 (H5N1) booster vaccine.  Syringes containing plain and MF59-adjuvanted A/t/T/1 (H5N1) booster vaccine looked identical, and participants were instructed to look away during vaccine preparation and administration. Study participants completed symptom diary cards blind to the antigenic content and adjuvant status of the booster. Research nurses who were tasked with vaccine administration had access to the vaccine randomization lists that were stored securely. The clinical investigators were blind to the randomization group for the booster until the clinical and laboratory databases were locked.  Aliquots of sera were labeled with participant’s trial code number and day of collection and the laboratory investigators were blind to the number of priming doses given to participants and to the HA content and adjuvant status of booster dose of vaccine. The trial code was broken by an independent contract research organisation (Pharm Olam International) when all data queries were resolved and antibody titrations were complete. 

  
Statistical methods 
Demographic data and testing for differences between groups receiving one or two priming doses were evaluated using a t-test for continuous measures and chi-square tests and Fisher’s exact test for categorical measures. The three immunogenicity end points were: the proportion of subjects with HI titres of ≥1:40, the proportion of subjects with either seroconversion or significant increase in titre, and the GMR (factor increase in the GMT). Seroconversion is defined as a pre-vaccination HI titre <1:10 and a post-vaccination HI titre ≥1:40 or a significant increase in antibody titre.  Significant increase in antibody titre is defined as a pre-vaccination HI titre ≥1:10 and a minimum four-fold rise in post-vaccination HI antibody titre.  Seroprotection is defined as meeting a minimum post-vaccination HI titre ≥1:40.

The primary analysis of the immunogenicity results was based on the efficacy population i.e., they were analysed according to the treatment actually received – specifically, subjects that were randomized to receive two priming vaccinations but did not receive the second dose were analysed with the subjects who were randomised to receive one priming dose (1P).  Secondary end points included the frequency, duration and intensity of post-vaccination reactions (solicited and unsolicited for 7 days) and occurrence of SAEs.

The number and proportion of subjects achieving seroconversion or significant increase in HI titres from pre-immunization to each sampling occasion was tabulated for each vaccine group, together with their respective 95% confidence intervals.  Geometric mean titres, geometric mean ratios, and their 95% confidence intervals (CI) for each visit were computed by taking the exponential (log10) of the mean and of the lower and upper limits of the 95% CI of the log10-transformed titres. GMTs and GMRs were compared between each pair of vaccine groups by means of one-way analysis of variance (ANOVA) on the log10-transformed titres. The proportions of subjects in whom seroconversion or seroprotection occurred were compared between groups by Chi-square test with Yate’s correction and Fisher’s exact test. Backward stepwise logistic regression models were carried out, initially including data for age, sex, body mass index, anytime receipt of seasonal influenza vaccine, presence of detectable NIBRG14 antibody on boosting, number of priming doses, plain or adjuvanted booster, and dose of booster were used to analyse data from Day 456 onwards. Variables in models for Log10 GMT, SRP, and SCR were retained if they remained statistically significant against each test antigen on each occasion after boosting. 

For solicited and unsolicited reactions, the percentages of subjects (point estimates and 95% CIs) were based on the frequency and severity of reported responses after vaccination. Exact (Clopper–Pearson) CIs are reported for  all proportional end points.  We used Yate’s corrected Chi2 test and Fisher’s exact test to compare proportions between vaccine groups, with no adjustments for multiple testing; values of ≤ 0.05 were considered to indicate statistical significance. All analyses were performed using StatsDirect, version 2.7.9 (Altricham, Cheshire, UK). 


Laboratory tests 
Antibody responses were detected by MN and HI assays, according to standard methods183-5 at Public Health England, Colindale, London, UK, using the following three reassortant vaccine reference strains as test antigens: 

· NIBRG-14 virus, generated from influenza A/VN/1194 (H5N1) clade 1 and A/PR/8/34 virus strains using reverse genetics (NIBSC, UK); 
· NIBRG-23 virus, generated from influenza A/t/T/1 (H5N1) clade 2.2.1 and A/PR/8/34 strains using reverse genetics (NIBSC, UK); and 
· IDCDC-RG30 virus, generated from influenza A/Hubei/1/2010 (H5N1 clade 2.3.2.1) and A/PR/8/34 strains using reverse genetics (US Centers for Disease Control and Prevention, Atlanta, USA). 
The antigens for MN and HI assays were propagated in 11-day-old embryonated hens’ eggs at 37°C and harvested 3 days after infection. 

Serum samples were tested with the use of 1:2 serial dilutions. For HI assays, sera were tested at an initial dilution of 1:10, and those that were negative were assigned a titre of 1:5. The final dilution was 1:1280, and samples for which the end point titres were greater were assigned a value of 1:1280. For MN assays, sera of batch one (B1 to 4) were tested blind at an initial dilution of 1:10, and those that were negative were assigned a titre of 1:5. The final dilution was 1:80, and samples for which the end point titres were greater were titrated in the dilution range 1:10 to 1:5120. For batch 2 (B1, B3, B6, B7, B9 and B11) sera were tested blind at an initial dilution of 1:10, and those that were negative were assigned a titre of 1:5. The final dilution was 1:320, and samples for which the end point titres were greater were titrated in the dilution range 1:10 to 1:5120.  Samples for which the end point titres were ≥1:5120 were assigned a value of 1:5120.

At least two negative and up to five positive laboratory control sera of human and animal (ferret and sheep) origin were included in each run of both the HI and MN assays. Positive control sera contained a range of antibody titres (high, medium and low) to NIBRG-14, NIBRG-23 virus, and IDCDC-RG30 virus strains, both by HI and MN. In addition, the international H5N1 standard antibody to A/VN/1194 (NIBSC code: 07/150, NIBSC, UK), was included in each HI analysis (over 40 times in HI assays with NIBRG14 and NIBRG23, representing the entire analysis of batches 1 and 2) and MN (5 times and twice in MN assays with NIBRG14 and NIBRG23, respectively). We did not use the international H5N1 standard antibody to NIBRG23 as it has been analyzed in an international comparison with NIBRG14,183 which we included in each analysis. We used a laboratory control of pooled human sera as reference serum for A/Hubei/1/2010 virus to ensure that the results of individual runs were comparable.  


Ethical arrangements and research governance 
Research Ethics Committee approval was given by the Nottingham Number 1 Ethics Committee (Research Ethics Committee reference number 08/H0403/6) on February 18 2008. Site-specific approval was obtained from the University Hospitals of Leicester NHS Trust, Directorate of Research and Development.  The Medicines and Healthcare Products Regulatory Agency (MHRA) granted regulatory approval. The trial was conducted in accordance with the International Conference on Harmonisation, Good Clinical Practice (ICHGCP).187 


Summary of any changes to the project protocol
The Ethics Committee approved ten versions of the protocol; version 3.0 was used at study commencement. The changes in Version 4.0 (approved March 2009) corrected inconsistency between the Patient Information Sheet and the protocol by deleting inappropriate reference to the physical examination and temperature monitoring at Visits 3 and 6 from the Patient Information Sheet. Version 4.0 of the protocol was amended for Visit 2 by changing the incongruous requirement for ALL subjects to have a brief medical examination during checks of Inclusion/Exclusion criteria to only those subjects who were randomised to receive a second dose during Visit 2. 

The changes in Version 5.0 (approved Aug 2009) permitted enrollment of subjects considered suitable for the prime-boost study to be referred by General Practitioners, or to be enrolled and followed up in GP surgeries. Version 5.0 also approved enrollment of subjects who had been vaccinated with an investigational vaccine during the previous three months (but NOT within three weeks of enrollment), provided that the safety follow-up period had been exceeded. 

The changes in Version 6.0 (approved Jan 2010) allowed subjects to be enrolled to the prime-boost study following previous vaccination with licensed 2009 pandemic H1N1 influenza vaccines (but NOT within three weeks of enrollment). 

The changes in Versions 7.0 (approved May 2010), 8.0 (approved September 2010), 9.0 (approved January 2011) and 10.0 (approved February 2012) were all required to accommodate delays in the production and release of booster vaccines by Novartis.  Version 7.0 rescheduled the day of boosting from Day 365 to Day 456 (and subsequent visits as appropriate). Versions 8.0, 9.0, and 10.0 extended the upper window from 28 to 56 days, from 56 to 168 days, and from 168 to 365 days, respectively, to avoid subjects from falling out of their visit window.


Chapter 3
Results


Study recruitment
Between 19 January 2009 and 6 July 2011, 557 participants were enrolled and randomised in age groups of 18-59-years (adults) (n = 435) and ≥60 years (elderly)(n = 122). Two hundred and seventeen (49.9%) adults and 61 (50%) elderly were randomised to receive one 7.5μg HA priming dose of MF59-adjuvanted A/VN/1194 vaccine; 218 (50.1%) adults and 61 elderly were randomized to receive two 7.5μg HA priming doses of the same vaccine.  Between 19 May 2010 and 28 April 2011, 49 control subjects received a single 7.5μg HA dose of MF59-adjuvanted A/t/T/1 (H5N1) vaccine.  Weekly cumulative recruitment by study group is shown in the Appendix (Figure 1). 


Study compliance
Figures 1a and 1b shows the participant flow through the trial. Five-hundred-and-fifty-seven subjects were randomized to receive one or two 7.5μg doses of A/VN/1194 vaccine.  There were 117 withdrawals between day 0 and administration of the booster on day 456: 60 (21.6%) from the 1P group, and 57 (20.4%) from the two priming dose group.  Forty-seven (40.2%) withdrawals were due to unavailability of booster vaccine. Rates of AEs/SAEs, protocol deviations, and loss to follow-up were of similar frequency on day 456 after one- or two-dose priming (p=0.8182). Eight-hundred-and fourteen (99.1%) diary cards relating to 821 priming doses of influenza A/VN/1194 vaccine were returned.  Sera were obtained from 546 (98.0%), 539 (96.7%), 533 (95.7%), 512 (91.9%), and 492 (88.3%) subjects on days 21, 42, 182, 365, and 456 respectively. 

Four-hundred-and-forty participants were re-randomized to receive single 3.75μg or 7.5μg doses of MF59-adjuvanted, or ‘plain’, A/t/T/1 (H5N1) vaccine. Fifty-nine ‘control’ participants were given a single 7.5μg dose of MF59-adjuvanted A/t/T/1 (H5N1) vaccine.  There were nine withdrawals among the 489 participants given A/t/T/1 (H5N1) vaccine, including three (1.3%) of 222 given vaccine with MF59, three (1.4%) of 218 given plain vaccine, and three (6.1%) of 49 controls.  Four-hundred-and-eighty-five (99.2%) diary cards relating to 489 ‘booster’ dose of vaccine (440 primed and 59 controls) were returned. Sera from one subject were excluded from analysis due to protocol violation (prior receipt of H5 vaccine). Sera were obtained from 468 (95.9%), 456 (93.6%), 446 (91.4%), 466 (95.5%), and 474 (97.1%) subjects  on days 463, 470, 477, 638, and 730, respectively (i.e., on days 7, 14, 21, 182, and 274 after boosting).  Serological data for one participant who was primed and boosted, but did not disclose previous receipt of H5N1 vaccine during checks of inclusion and exclusion criteria, were excluded from analysis. 


Study population
The baseline demographic characteristics of enrolled subjects are illustrated in Table 1. Randomisation groups were similar with respect to age, sex, ethnicity, and prior receipt of influenza vaccine. The median age of the 557 adult and elderly participants who were randomly allocated one or two priming doses of vaccine was 44.2 years (interquartile (IQR) range 28.1–57.3 years), 324 (58.2%) were female, 493 (88.5%) were white Caucasian, and 239 (42.9%) had previously received influenza vaccine – 74 (13.3%) within 6 months of study entry.

At baseline (Day 0), antibody to NIBRG14 virus was detected by HI (titre ≥1:10) and MN (titre ≥1:10) in 4 (0.7%) and 0 (0%) of all randomized subjects, respectively, occurring in two participants in each of the one- and two-priming-dose groups. In the one-priming-dose group, one adult (age18-59-years) had a pre-vaccination HI titre to NIBRG14 virus of 1:10 and an elderly person (age ≥60 years) had an HI titre to NIBRG14 virus of 1:40.  In the two-priming-dose group, an elderly person had an HI titre to NIBRG14 virus of 1:20 and another had an HI titre of 1:40.  Baseline GMTs did not differ between the one- and two- 

FIGURE 1a Participant flow, days 0 to 456
2 Priming dose MF59 A/VN/1194 vaccine
279 randomised and vaccinated on day 0: 
218 aged 18-59 years
61 aged ≥60 years

271/278 (97.5%) provided blood on day 21: 
211/217 (97.2%) aged 18-59 years
60/61 (98.4%) aged ≥60 years
3/278 (1.1%) withdrawals
275/278 (98.9%) completed diary cards 

275/279 (98.6%) provided blood on day 21: 
214/218 (98.2%) aged 18-59 years
61/61 (100%) aged ≥60 years
2/279 (0.7%) withdrawals
277/279 (99.3%) completed diary cards 

264/279 (94.6%) vaccinated on day 21: 
207/218 (95.0%) aged 18-59 years
57/61 (93.4%) aged ≥60 years
262/264 (99.2%) completed diary cards

557 enrolled
1 Priming dose MF59 A/VN/1194 vaccine
278 randomised and vaccinated on day 0: 
217 aged 18-59 years
61 aged ≥60 years


274/279 (98.2%) provided blood on day 42
269/279 (96.4%) provided blood on day 182
259/279 (92.8%) provided blood on day 365
250/279 (89.6%) provided blood on day 456 


265/278 (95.3%) provided blood on day 42 
264/278 (95.0%) provided blood on day 182
253/278 (91.0) provided blood on day 365
242/278 (87.0%) provided blood on day 456 


60/278 (21.6%) withdrawals at day 456 
34 (12.2%) voluntary withdrawals
· 9 (3.2%) Relocation
· 5 (1.8%) Personal
· 20 (7.2%) Unspecified loss to follow-up
4 (1.4%) SAEs (three malignancy, one suicide)
22 (7.9%) Protocol violation (Booster unavailable)   


57/279 (20.4%) withdrawals at day 456 
27 (9.7%) voluntary withdrawals
· 9 (3.2%) Relocation
· 10 (3.6%) Personal
· 8 (2.9%) Unspecified loss to follow-up
1 (0.4%) Withdrawn at V6 by PI (exclusion criteria)
3 (1.1%) SAEs (2 malignancy, one CHF death)
26 (9.3%) Protocol violations (25 Booster unavailable, 1 entered another study)   


440/557 (79.0%) primed participants (358 aged 18-59 years, 82 aged ≥60 years) were re-randomized 









Note: CHF refers to death from chronic heart failure.  Serological data for one participant who was primed and boosted, but did not disclose previous receipt of H5N1 vaccine during checks of inclusion and exclusion criteria, were excluded from analysis. 




FIGURE 1b Participant flow, day 456 to study completion

440 participants (358 aged 18-59 years, 82 aged ≥60 years) primed and available for randomization to ‘MF59’ or ‘Plain’ booster groups

49 non-primed participants (Controls) aged 18-59 years given MF59 A/turkey/Turkey/1/2005 vaccine 
‘Plain’ A/t/T/1 (H5N1) vaccine
218 ‘primed’ participants vaccinated on day 456
112 given 3.75μg HA:
90 aged 18-59 years;
· 45 had 1 priming dose on day 0, 
· 45 had 2 priming doses on days 0, & 21)
22 aged ≥60 years 
· 11 had 1 priming dose on day 0, 
· 11 had 2 priming doses on days 0, & 21)

106 given 7.5μg HA:
87 aged 18-59 years: 
· 45 had 1 priming dose on day 0, 
· 42 had 2 priming doses on days 0, & 21
19 aged ≥60 years 
· 10 had 1 priming dose on day 0, 
· 9 had 2 priming doses on days 0, & 21 
	



MF59 A/t/T/1 (H5N1) vaccine
222 ‘primed’ participants vaccinated on day 456
110 given 3.75μg HA:
90 aged 18-59 years:
· 46 had 1 priming dose on day 0, 
· 44 had 2 priming doses on days 0, & 21)
20 aged ≥60 years: 
· 11 had 1 priming dose on day 0, 
· 9 had 2 priming doses on days 0, & 21)

112 given 7.5μg HA:
91 aged 18-59 years: 
· 47 had 1 priming dose on day 0, 
· 44 had 2 priming doses on days 0, & 21)
21 aged ≥60 years 
· 11 had 1 priming dose on day 0, 10 had
· 2 priming doses on days 0, & 21)
	
49 ‘non-primed’ controls given 7.5μg HA on day 456


220/222 (99.1%) completed diary cards
213/222 (95.9%) provided blood on day 463 
208/222 (93.7%) provided blood on day 470
205/222 (92.3%) provided blood on day 477
215/222 (96.8%) provided blood on day 638
215/222 (96.8%) provided blood on day 730
3/222 (1.3%) withdrawals at day 730  
4/222 (1.8%) unable to attend on day 730

47/49 (95.9%) controls completed diary cards           46/49 (93.9%) provided blood on day 463 
45/49 (91.8%) provided blood on day 470
44/49 (89.8%) provided blood on day 477
45/49 (91.8%) provided blood on day 638
46/49 (93.9%) provided blood on day 730
47/49 (95.9%) completed diary cards
3/49 (6.1%) withdrawals at day 730

212/218 (97.2%) provided blood on day 463 
205/218 (94.0%) provided blood on day 470
200/218 (91.7%) provided blood on day 477
209/218 (95.9%) provided blood on day 638
214/218 (98.2%) provided blood on day 730
218/218 (100%) completed diary cards
3/218 (1.4%) withdrawals at day 730
1/218 (0.6%) unable to attend on day 730



















Note: Serological data for one participant who was primed and boosted, but did not disclose previous receipt of H5N1 vaccine during checks of inclusion and exclusion criteria, were excluded from analysis.  


TABLE 1 Population demographics of 557 adult and elderly subjects who were randomised 
	
	One priming dose
	
	Two priming doses
	
	

	Characteristic
	18–59
years 
(n=217)
	
	≥60
years 
(n=61)
	
	All subjects
(n=278)
	
	18–59
years 
(n=218)
	
	≥60
years 
(n=61)
	
	All subjects
(n=279)
	
	One and two priming dose groups  (n=557)

	Age: years
	
	
	
	
	
	
	
	
	
	
	
	
	

	Median
	38.1
	
	66.9
	
	44.15
	
	37.8
	
	66.2
	
	44.3
	
	44.2

	IQR Range
	24.8–46.6 
	
	62.9–69.9
	
	28.1–56.7
	
	26.1–56.7 
	
	63.5–69.4
	
	27.6–57.4
	
	28.1–57.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sex: no. (%)
	
	
	
	
	
	
	
	
	
	
	
	
	

	Female
	129 (59.4)
	
	27 (44.3)
	
	156 (56.1)
	
	137 (62.8)
	
	31 (50.8)
	
	168 (60.2)
	
	324 (58.2)

	Male
	88 (40.6)
	
	34 (55.7)
	
	122 (43.9)
	
	81 (37.2)
	
	30 (49.2)
	
	111 (39.8)
	
	233 (41.8)

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ethnicity: no. 
	
	
	
	
	
	
	
	
	
	
	
	
	

	Asian
	22 (10.1)
	
	4 (6.6)
	
	26 (9.4)
	
	19 (8.7)
	
	0 (0)
	
	19 (6.8)
	
	45 (8.1)

	Black
	2 (0.9)
	
	0 (0)
	
	2 (0.7)
	
	8 (3.7)
	
	1 (1.6)
	
	9 (3.2)
	
	11 (2.0)

	Caucasian
	188 (86.6)
	
	57 (93.4)
	
	245 (88.1)
	
	188 (86.2)
	
	60 (98.4)
	
	248 (88.9)
	
	493 (88.5)

	Hispanic
	0 (0)
	
	0 (0)
	
	0 (0)
	
	0 (0)
	
	0 (0)
	
	0 (0)
	
	0 (0)

	Other
	5 (2.3)
	
	0 (0)
	
	5 (1.8)
	
	3 (1.4)
	
	0 (0)
	
	3 (1.1)
	
	8 (1.4)

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Most recent seasonal influenza vaccine, months: no. (%)
	
	
	
	
	
	
	
	

	0-3
	2 (0.9)
	
	2 (3.3)
	
	4 (1.4)
	
	4 (1.8)
	
	1 (1.6)
	
	5 (1.8)
	
	9 (1.6)

	>3-6
	13 (6.0)
	
	15 (24.6)
	
	28 (10.1)
	
	17 (7.8)
	
	20 (32.8)
	
	37 (13.3)
	
	65 (11.7)

	>6
	49 (22.6)
	
	27 (44.3)
	
	76 (27.3)
	
	41 (18.8)
	
	31 (50.8)
	
	72 (25.8)
	
	148 (26.6)

	Date unknown
	9 (4.1)
	
	0 (0)
	
	9 (3.2)
	
	8 (3.7)
	
	0 (0)
	
	8 (2.9)
	
	17 (3.1)

	Never
	144 (66.4)
	
	17 (27.9)
	
	161 (57.9)
	
	148 (67.9)
	
	9 (14.8)
	
	157 (56.3)
	
	318 (57.1)

	
	
	
	
	
	
	
	
	
	
	
	
	
	





dose vaccine groups (18-59-year-olds, p = 0.3168; ≥60 year-olds, p = 0.6692. Immunogenicity was assessed regardless of the presence of baseline antibody. 
 
Prevaccination antibody to NIBRG23 virus was detected by HI (titre ≥1:10) and MN (titre ≥1:10) in 4 (0.7%) and 3 (0.5%) subjects, respectively, occurring in five in the one-priming-dose group, and two in the two-priming dose group. In the one-priming-dose group, one 18-59-year-old had an HI titre of 1:40, two others had MN titres of 1:11 and 1:12; one over 60-year-old had a pre-vaccination HI titre to NIBRG23 virus of 1:56.6 and another had an MN titre of 1:13. In the two-priming-dose group, one 18-59-year-old had a pre-vaccination HI titre of 1:10, and one person aged ≥60 years had a baseline HI titre of 1:20. 

Altogether five (0.9%) of the 557 subjects had baseline HI antibodies to NIBRG14 and/or NIBRG23 viruses; of these five subjects, none had received H5 vaccine previously.  Baseline antibody to A/Hubei/1/2010 (H5N1 clade 2.3.2.1) IDCDC-RG30 virus was not assessed by HI or MN.

Primary outcome in response to priming with A/VN/1194 vaccine
The CHMP and FDA immunogenicity criteria were assessed by vaccine group (i.e., one- or two-dose priming), by age (i.e., ages 18-59-years and ≥60 years), and by test-antigen (i.e., using NIBRG14, NIBRG23, and IDCDC-RG30 viruses) in the ‘immunogenicity population’, i.e., in subjects analysed according to the vaccine schedule actually received. Specifically, 15 subjects (11 aged 18–59 years and 4 subjects aged ≥60 years) who were randomized to receive two doses of influenza A/VN/1194 vaccine but did not receive the second dose were analysed as having one priming dose.  Of the 15 subjects who did not receive the second dose, two withdrew from the study for personal reasons, three declined the second dose because of adverse events, six had exclusion criteria, three were unavailable, and one did not have a medical assessment. 


Primary outcome (NIBRG14 as test antigen)
The NIBRG14 HI antibody responses to one and two priming doses of MF59-adjuvanted influenza A/VN/1194 vaccine in relation to CHMP and FDA immunogenicity criteria in subjects aged 18-59-years, and ≥60 years are shown in Table 2.


A. Committee for Medicinal Products for Human Use immunogenicity criteria
One priming dose group
On day 21, 7.5μg HA of MF59-adjuvanted A/VN/1194 vaccine met none out of three CHMP criteria when assessed in 424 adults and 121 over 60 year-olds (Table 1, Day 21 Aggregate data). However, one criterion (the geometric mean ratio (GMR)) was met on days 21 and 42 in the subset of elderly subjects in the one-priming dose group.  On day 42, no CHMP criteria were satisfied in 18-59-year-old adults and none were met in the adults or elderly on days 180, 365, or 456.  

Two priming dose group
Twenty-one days after the second dose of MF59-adjuvanted vaccine (i.e., on day 42), all three CHMP criteria were satisfied in the adults and two (seroconversions and GMR) were met in the elderly.  On day 180, the GMR criterion was satisfied in both age groups. No CHMP criteria were satisfied in either age group on days 365 and 456. 



TABLE 2 Immunogenicity of one and two priming doses of A/VN/1194 vaccine as assessed by HI with NIBRG14 as test antigen.

	
	One priming dose
	
	Two priming doses
	

	
	18–59 years 
	
	≥60 years 
	
	All subjects
	
	18–59 years 
	
	≥60 years 
	
	All subjects
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	227
	
	65
	
	292
	
	207
	
	57
	
	264
	

	GMT value (95% CI)
	5.0 (5.0–5.0) 
	
	5.2  (4.8–5.5)
	
	5.0  (5.0–5.1)
	
	5.0  (5.0-5.0)
	
	5.3 (4.9–5.8)
	
	5.1  (5.0–5.2)
	

	Subjects with HI titre ≥1:10, No., %,  (95% CI)
	1, 0.4 (0.0-0.2)
	
	1, 1.5 (0.0-8.3)
	
	2, 0.7 (0.0-2.5)
	
	0, 0 (0.0-1.8)
	
	2, 3.5 (0.4-12.1)
	
	2, 0.8 (0.0-2.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 21 (aggregate data) 
	
	
	
	
	
	
	

	No. of subjects
	424
	
	121
	
	545
	
	–
	
	–
	
	–
	

	Subjects with HI titre ≥1:10, No., %,         (95% CI)
	148, 34.9         (30.4-39.7)
	
	44, 36.4           (27.8-45.6)
	
	192, 35.2         (31.2-39.4)
	
	–
	
	–
	
	–
	

	Subjects with HI titre ≥1:40, No., %,           (95% CI)
	104, 24.5          (20.5-28.9)
	
	24, 19.8           (13.1–28.1)
	
	128, 23.5         (20.0–27.3)
	
	–
	
	–
	
	–
	

	Seroconversions No., %,                              (95% CI)
	104, 24.5          (20.5-28.9)
	
	23, 19.0            (12.4–27.1)
	
	127, 23.3          (19.8–27.1)
	
	–
	
	–
	
	–
	

	GMR value (95% CI)
	2.2                      (2.0–2.5)
	
	1.9                      (1.6–2.3)
	
	2.2                      (2.0–2.4)
	
	–
	
	–
	
	–
	

	GMT value (95% CI)
	11.2                  (10.0-12.6)
	
	10.0                    (8.3-12.1)
	
	11.0                    (9.9-12.1)
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 21 
	
	
	
	
	
	
	

	No. of subjects
	217
	
	64
	
	281
	
	207
	
	57
	
	264
	

	Subjects with HI titre ≥1:10, No., %,           (95% CI)
	72, 33.2             (27.0–39.9)
	
	28, 43.8            (31.4–56.7)
	
	100, 35.6                 (30.0–41.5)
	
	76, 36.7              (30.1–43.7)
	
	16, 28.1                 (17.0–41.5)
	
	92, 34.8            (29.1–40.9)
	

	Subjects with HI titre ≥1:40, No., %,           (95% CI)
	51, 23.5             (18.0–29.7)
	
	16, 25.0            (15.0–37.4)
	
	67, 23.8                 (19.0–29.3)
	
	53, 25.6              (19.8–32.1)
	
	8, 14.0                 (6.3–25.8)
	
	61, 23.1            (18.2–28.7)
	

	Seroconversions No., %,                              (95% CI)
	51, 23.5             (18.0–29.7)
	
	16, 25.0             (15.0–37.4)
	
	67, 23.8                 (19.0–29.3)
	
	53, 25.6             (19.8–32.1)
	
	7, 12.3                  (5.1–23.7)
	
	60, 22.7               (17.8–28.3)
	

	GMR value (95% CI)
	2.1                      (1.8–2.5)
	
	2.3                         (1.7–3.0)
	
	2.2                      (1.9–2.5)
	
	2.4                        (2.0–2.8)
	
	1.6                        (1.3–2.0)
	
	2.2                       (1.9–2.5)
	

	GMT value (95% CI)
	10.7                      (9.1-12.6)
	
	11.7                      (8.8-15.6)
	
	10.9                       (9.5-12.6)
	
	11.8                       (9.9-14.0)
	
	8.4                        (6.6-10.8)
	
	10.9                            (9.5-12.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 42
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	213
	
	63
	
	276
	
	204
	
	57
	
	261
	

	Subjects with HI titre ≥1:10, No., %, 
(95% CI)
	66, 31.0              (24.8–37.7)
	
	28, 44.4                (31.9–57.5)
	
	94, 34.1               (28.5–40.0)
	
	156, 76.5            (70.0–82.1)
	
	39, 68.4               (54.8–80.1)
	
	195, 74.7             (69.0–79.9)
	

	Subjects with HI titre ≥1:40, No., %, 
(95% CI)
	45, 21.1              (15.8–27.2)
	
	12, 19.0                (10.2–30.9)
	
	57, 20.7               (16.0–25.9)
	
	148, 72.5            (65.9–78.5)
	
	28, 49.1               (35.6–62.7)
	
	176, 67.4             (61.4–73.1)
	

	Seroconversions No., %, 
(95% CI)
	45, 21.1            (15.8–27.2)
	
	12, 19.0             (10.2–30.9)
	
	57, 20.7               (16.0–25.9)
	
	148, 72.5               (65.9–78.5)
	
	28, 49.1              (35.6–62.7)
	
	176, 67.4            (61.4–73.1)
	

	GMR value (95% CI)
	2.0                       (1.7–2.3)
	
	2.2                       (1.7–2.9)
	
	2.1                          (1.8–2.3)
	
	10.5                          (8.5–12.9)
	
	5.0                         (3.6–7.1)
	
	8.9                         (7.4–10.7)
	

	GMT value (95% CI)
	10.0                    (8.6-117)
	
	11.5                      (8.7-15.4)
	
	10.4                      (9.0-11.9)
	
	52.4                    (42.5-64.6)
	
	26.8                    (18.7-38.4)
	
	45.3                    (37.7-54.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 180
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	212
	
	63 
	
	275
	
	200
	
	57
	
	257
	

	Subjects with HI titre ≥1:10, No., %, 
(95% CI)
	34, 16.0
(11.4–21.7)
	
	25, 39.7
(27.6–52.8)
	
	59, 21.5
(16.8–26.8)
	
	99, 49.5
(42.4–56.6)
	
	31, 54.4
(40.7–67.6)
	
	130, 50.6
(44.3–56.9)
	

	Subjects with HI titre ≥1:40, No., %, 
(95% CI)
	14, 6.6
(3.7–10.8)
	
	7, 11.1
(4.6–21.6)
	
	21, 7.6
(4.8–11.4)
	
	59, 29.5
(23.3–36.3)
	
	12, 21.1
(11.4–33.9)
	
	71, 27.6
(22.3–33.5)
	

	Seroconversions No., %, 
(95% CI)
	14, 6.6
(3.7–10.8)
	
	7, 11.1
(4.6–21.6)
	
	21, 7.6
(4.8–11.4)
	
	59, 29.5
(23.3–36.3)
	
	11, 19.3
(10.0–31.9)
	
	70, 27.2
(21.9–33.1)
	

	GMR value (95% CI)
	1.3 
(1.2–1.4)
	
	1.8 
(1.4–2.2)
	
	1.4 
(1.3–1.5)
	
	2.6 
(2.2–3.0)
	
	2.2 
(1.8–2.9)
	
	2.5
(2.2–2.8)
	

	GMT value (95% CI)
	6.5 
(5.9-7.2)
	
	9.1 
(7.2-11.5)
	
	7.0 
(6.4-7.7)
	
	12.9 
(11.1-14.9)
	
	11.9 
(9.2-15.5)
	
	12.6 
(11.1-14.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 365
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	202
	
	60
	
	262
	
	193
	
	54
	
	247
	

	Subjects with HI titre ≥1:10, No., %, 
(95% CI)
	29, 14.4
(9.8–20.0)
	
	12, 20.0
(10.8–32.3)
	
	41, 15.6
(11.5–20.6)
	
	70, 36.3
(29.5–43.5)
	
	16, 29.6
(18.0–43.6)
	
	86, 34.8
(28.9–41.1)
	

	Subjects with HI titre ≥1:40, No., %, 
(95% CI)
	12, 6.0
(3.1–10.1)
	
	2, 3.3
(0.4–11.5)
	
	14, 5.3
(3.0–8.8)
	
	31, 16.1
(11.2–22.0)
	
	5, 9.3
(3.1–20.3)
	
	36, 14.6
(10.4–19.6)
	

	Seroconversions No., %, 
(95% CI)
	12, 6.0
(3.1–10.1)
	
	2, 3.3
(0.4–11.5)
	
	14, 5.3
(3.0–8.8)
	
	31, 16.1
(11.2–22.0)
	
	5, 9.3
(3.1–20.3)
	
	36, 14.6
(10.4–19.6)
	

	GMR value (95% CI)
	1.3 
(1.2–1.4)
	
	1.3 
(1.1–1.5)
	
	1.3 
(1.2–1.4)
	
	2.0
(1.7–2.3)
	
	1.6
(1.3–1.9)
	
	1.9
(1.7–2.1)
	

	GMT value (95% CI)
	6.5 
(5.8-7.1)
	
	6.8 
(5.7-8.2)
	
	6.5
(6.0-7.1)
	
	10.0 
(8.6-11.6)
	
	8.3 
(6.5-10.6)
	
	9.6 
(8.4-10.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 456
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	189
	
	62
	
	251
	
	182
	
	55
	
	237
	

	Subjects with HI titre ≥1:10, No., %, 
(95% CI)
	24, 12.7
(8.3–18.3)
	
	16, 25.8
(15.5–38.5)
	
	40, 15.9
(11.6–21.1)
	
	52, 28.6
(22.1–35.7)
	
	15, 27.3
(16.1–41.0)
	
	67, 28.3
(22.6–34.5)
	

	Subjects with HI titre ≥1:40, No., %, 
(95% CI)
	12, 6.3
(3.3–10.8)
	
	3, 4.8
(1.0–13.5)
	
	15, 6.0
(3.4–9.7)
	
	21, 11.5
(7.3–17.1)
	
	4, 7.3
(2.0–17.6)
	
	25, 10.5
(6.9–15.2)
	

	Seroconversions No., %, 
(95% CI)
	12, 6.3
(3.3–10.8)
	
	3, 4.8
(1.0–13.5)
	
	15, 6.0
(3.4–9.7)
	
	21, 11.5
(7.3–17.1)
	
	4, 7.3
(2.0–17.6)
	
	25, 10.5
(6.9–15.2)
	

	GMR value (95% CI)
	1.2
(1.1–1.4)
	
	1.4 
(1.2–1.7)
	
	1.3
(1.2–1.4)
	
	1.7 
(1.5–2.0)
	
	1.4
(1.2–1.7)
	
	1.6
(1.4–1.8)
	

	GMT value (95% CI)
	6.3 
(5.7-6.9)
	
	7.3 
(5.9-8.9)
	
	6.5 
(5.9-7.1)
	
	8.5 
(7.4-9.8)
	
	7.5 
(6.0-9.3)
	
	8.3 
(7.3-9.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	



Figures in bold text meet CHMP criteria, whereas figures in bold italic text meet FDA criteria 
B. US Food and Drug Administration criteria
One priming dose group
Neither FDA endpoint (i.e., exceeding the lower bound of the two sided 95% CI for the percentages of subjects with seroprotection or seroconversions) was met by 7.5μg HA of MF59-adjuvanted A/VN/1194 vaccine in adults or the elderly on days 21, 42, 180, 365 and 456.  
Two priming dose group
The two priming dose group met the seroconversion endpoint in both age groups on day 42. Neither FDA endpoint was met in either age group on days 180, 365 and 456.

Secondary outcomes (NIBRG14 as test antigen) 
C. Magnitude of NIBRG14 HI antibody response 
On day 21, aggregate seroprotection rates, seroconversion rates, GMTs and GMRs were comparable for the adults and the elderly (seroprotection: 24.5% and 19.8%, respectively, p=0.3407; seroconversion: 24.5% and 19.0%, respectively, p=0.2522; GMTs, 11.2 and 10.0, respectively, p=0.368; GMRs, 2.2 and 1.9, respectively, p=0.202)(Table 2).  Peak GMTs of NIBRG14 HI antibody occurred on day 21 after one priming dose of A/VN/1194 vaccine (adults, 10.7, 95% CI 9.1 to 12.6; elderly, 11.7, 95% CI 8.8 to 15.6) and on day 42 after two priming doses (adults, 52.4, 95% CI 42.5 to 64.6; elderly, 26.8, 95% CI 18.7 to 38.4) (Figure 3). On day 42, 21 days after a second dose of A/VN/1194 vaccine, seroprotection and seroconversion rates, GMTs, and GMRs all increased relative to day 21 values in both age groups (all p<0.0002).  


FIGURE 3 GMTs and 95%CIs of NIBRG14 HI antibody before and after priming on days 0, and 0 and 21, in 18-59-year-olds and over 60-year-olds. 
	[image: ]
	[image: ]



Seroprotection and seroconversion rates, GMTs and GMRs were all higher on day 42 after two doses than one (seroprotection and seroconversion rates: adults, two-doses, both 72.5% versus one-dose, both 21.1%, p<0.0001; elderly, two-doses, both 49.1% versus one-dose, both 19.0%, p=0.001; GMT, adults, two-doses, 52.4, versus one dose, 10.0, p<0.0001; elderly, two-doses, 26.8 versus one dose, 11.5,  p=0.0003; GMR, adults, two-doses, 10.5 versus one dose, 2.0,  p<0.0001; elderly, two-doses, 5.0 versus  one dose, 2.2 p=0.0003)(Table 2). 

On day 42, seroprotections, seroconversions, GMTs, and GMRs were all higher after two doses in adults than in the elderly (seroprotection and seroconversion rates: adults, both 72.5% versus elderly, both 49.1% p=0.0015; GMTs, adults, 52.4 versus elderly, 26.8, p=0.0027), and GMRs (adults, 10.5 versus elderly, 5.0, p=0.001).  
D. Persistence of NIBRG14 HI antibody response 
After one priming dose, the rates of NIBRG14 HI antibody detection fell in 18-59-year-olds from 33.2% on day 21 to 16.0%, 14.4% and 12.7% on days 180, 365 and 465, respectively (all p<0.0001); seroprotection rates fell from 23.5% on day 21 to 6.6%, 6.0%, and 6.3% on days 180, 365 and 465, respectively (all p<0.0001)(Table 2). In ≥60 year-olds, detection of NIBRG14 HI antibody fell from 43.8% on day 21 to 39.7% (p=0.7758), 20.0% (p=0.0084), and 25.8% (p=0.0542), on days 180, 365 and 465, respectively; seroprotection rates fell from 25.0% on day 21 to 11.1% (p=0.0716), 3.3% (p=0.0006), and 4.8% (p=0.0022) on days 180, 365 and 465, respectively.

After two priming doses, the rates of NIBRG14 HI antibody detection in 18-59-year-olds fell from 76.5% on day 42 to 49.5%, 36.3%, and 28.6% on days 180, 365 and 465, respectively (all p<0.0001); seroprotection rates fell from 72.5% on day 42 to 29.5%, 16.1%, and 11.5% on days 180, 365 and 465, respectively (all p<0.0001)(Table 2).  In ≥60 year-olds, detection of NIBRG14 HI antibody fell from 68.4% on day 42 to 54.4% (p=0.1781), 29.6% (p<0.0001), and 27.3% (p<0.0001), on days 180, 365 and 465, respectively; seroprotection rates fell from 49.1% on day 42 to 11.1% (p=0.0032), 9.3% (p<0.0001), and 7.3% (p<0.0001) on days 180, 365 and 465, respectively.

GMTs, One and two priming dose schedules compared with baseline
Geometric mean NIBRG14 HI antibody titres exceeded baseline values on days 180, 365, and 456 after one- and two-dose priming doses in both age groups (one dose: adults, all p<0.0001; elderly, day 180, p<0.0001, day 365, p=0.0043, day 456, p=0.0015; two doses: adults, all p<0.0001; elderly, day 180, p<0.0001, day 365, p=0.0006, day 456, p=0.0031). 

Antibody detections and GMTs, comparison of one- and two-priming dose schedules
In 18-59-year-olds, NIBRG14 HAI antibody was detected (≥1:10) in more subjects after two doses of vaccine than after one dose (day 180: one dose, 16.0% versus two doses, 49.5%, p<0.0001; day 365, one dose, 14.4% versus two doses, 36.3%, p<0.0001; day 456, one dose, 12.7% versus two doses, 28.6%, p=0.0003), and the GMTs of HAI antibody were higher on each occasion (days 180 and 365, both  p<0.0001; day 456,  p=0.0005)(Table 2). In ≥60 year-olds, antibody detection rates after one and two priming doses were comparable (day 180: one dose, 39.7% versus two doses, 54.4%, p = 0.1530; day 365, one dose, 20.0% versus two doses, 29.6%, p=0.3297; day 456, one dose, 25.8% versus two doses, 27.3%, p>0.9999, and the GMTs of HAI antibody were comparable on each occasion (day 180, p=0.1279; day 365, p=0.1859; day 456, p=0.8464)(Table 2).  

Seroprotection, comparison of one- and two-priming dose schedules
In adults on days 180 and 365, seroprotection occurred in more subjects after two doses than one (day 180: one dose, 6.6% versus two doses 29.5%, p<0.0001; day 365, one dose, 6.0% versus two doses, 16.1%, p=0.0022); seroprotection rates were comparable after one and two priming doses on day 456, (one dose, 6.3%, versus two doses, 11.5%, p=0.1158)(Table 2). 

In the elderly, seroprotection occurred at comparable rates after one and two priming doses on days 180, 365 and 456 (day 180: one dose, 11.1%, versus two doses, 21.1%, p=0.2152; day 365, one dose, 3.3% versus 9.3%, p=0.2531; day 456, one dose, 4.8%, versus two doses, 7.3%, p=0.7049)(Table 2).

TABLE 3 Solicited local and systemic adverse effectsa within 7 days of receipt of the first or second priming dose of A/VN/1194 vaccine   

	
	 First priming dose 
	
	Second priming dose 
	

	
	18–59 years 
(n=430)b
	
	≥60 years
(n=122) 
	
	All subjects
(n=552)
	
	18–59 years
 (n=205)b
	
	≥60 years
 (n=57)
	
	All subjects
(n=262)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Local reaction No., % (95% CI)
	
	
	
	
	
	
	
	
	
	
	
	

	Pain at injection sited
	
	
	
	
	
	
	
	
	
	
	
	

	None
	194, 45.1 (40.3-50.0)
	
	82, 67.2 (58.1-75.4)
	
	276, 50.0 (45.7-54.3)
	
	120, 58.5 (51.5-65.4)
	
	40, 70.2 (56.6-81.6)
	
	160, 61.1 (54.9-67.0)
	

	Mild
	206, 47.9 (43.1-52.7)
	
	39, 32.0 (23.8-41.0)
	
	245, 44.4 (40.2-48.6)
	
	78, 38.0 (31.4-45.1)
	
	15, 26.3  (15.5-39.7)
	
	93, 35.5 (29.7-41.6)
	

	Moderate
	30, 7.0 (4.8-9.8)
	
	1, 0.8 (0.0-4.5)
	
	31, 5.6 (3.8-7.9)
	
	7, 3.4 (1.4-6.9)
	
	2, 3.5 (0.4-12.)
	
	9, 3.4 (1.6-6.4)
	

	Severe
	0, 0 (0-0.9)
	
	0, 0 (0-3.0)
	
	0, 0 (0-0.7)
	
	0, 0 (0-1.8)
	
	0, 0 (0-6.3)
	
	0, 0 (0-1.4)
	

	Any pain
	236, 54.9 (50.0-59.7)
	
	40, 32.8 (24.6-41.9)
	
	276, 50.0 (45.7-54.3)
	
	85, 41.5 (34.6-48.3)
	
	17, 29.8 (18.4-43.4)
	
	102, 38.9 (33.0-45.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Redness diameter
	
	
	
	
	
	
	
	
	
	
	
	

	0 mm
	357, 83.0 (79.1-86.5)
	
	103, 84.4 (76.8-90.4)
	
	460, 83.3 (80.0-86.3)
	
	166, 81.0 (74.9-86.1)
	
	52, 91.2 (80.7-97.1)
	
	218, 83.2 (78.1-87.5)
	

	1 to ≤25 mm
	65, 15.1 (11.9-18.9)
	
	15, 12.3 (7.0-19.5)
	
	80, 14.5 (11.7-17.7)
	
	32, 15.6 (10.9-21.3)
	
	5, 8.8 (2.9-19.3)
	
	37, 14.1 (10.1-18.9)
	

	26 to ≤50 mm
	6, 1.4 (0.5-3.0)
	
	4, 3.3 (0.9-8.2)
	
	10, 1.8 (0.9-3.3)
	
	5, 2.4 (0.8-5.6)
	
	0, 0 (0-6.3)
	
	5, 1.9 (0.6-4.4)
	

	> 50 mm
	2, 0.5 (0.1-1.7)
	
	0, 0 (0-3.0)
	
	2, 0.4 (0.0-1.3)
	
	2, 1.0 (0.1-3.5)
	
	0, 0 (0-6.3)
	
	2, 0.8 (0.0-2.7)
	

	Any redness
	73, 17.0 (13.5-20.9)
	
	19, 15.6 (9.6-23.2)
	
	92, 16.7 (13.7-20.0)
	
	39, 19.0 (13.9-25.1)
	
	5, 8.8 (2.9-19.3)
	
	44, 16.8 (12.5-21.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Swelling diameter
	
	
	
	
	
	
	
	
	
	
	
	

	0 mm
	396, 92.1 (89.1-94.5)
	
	113, 92.6 (8.6-96.6)
	
	509, 92.2 (89.7-94.3)
	
	181, 88.3 (83.1-92.4)
	
	53, 93.0 (83.0-98.1)
	
	234, 89.3 (84.9-92.8)
	

	1 to ≤25 mm
	26, 6.0 (4.0-8.7)
	
	7, 5.7 (2.3-11.5)
	
	33, 6.0 (4.1-8.3)
	
	20, 9.8 (6.1-14.7)
	
	4, 7.0 (1.9-17.0)
	
	24, 9.2 (6.0-13.3)
	

	26 to ≤50 mm
	7, 1.6 (0.7-3.3)
	
	2, 1.6 (0.2-5.8)
	
	9, 1.6 (0.7-3.1)
	
	1, 0.5 (0.0-2.7)
	
	0, 0 (0-6.3)
	
	1, 0.4 (0.0-2.1)
	

	> 50 mm
	1, 0.2 (0.0-1.3)
	
	0, 0 (0-0.3)
	
	1, 0.2 (0.0-1.0)
	
	3, 1.5 (0.3-4.2)
	
	0, 0 (0-6.3)
	
	3, 1.1 (0.2-3.3)
	

	Any swelling
	34, 7.9 (5.5-1.9)
	
	9, 7.4 (3.4-13.5)
	
	43, 7.8 (5.7-10.3)
	
	24 11.7 (7.6-16.9)
	
	4, 7.0 (1.9-17.0)
	
	28, 10.7 (7.2-15.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Bruising
	
	
	
	
	
	
	
	
	
	
	
	

	0 mm
	391, 90.9 (87.8-93.5)
	
	116, 95.1 (89.6-98.2)
	
	507, 91.8 (89.2-94.0)
	
	190, 92.7 (88.2-95.8)
	
	56, 98.2 (90.6-100.0)
	
	246, 93.9 (90.3-96.5)
	

	1 to ≤25 mm
	38, 8.8 (6.3-11.9)
	
	6, 4.9 (1.8-10.4)
	
	44, 7.9 (5.9-10.6)
	
	13, 6.3 (3.4-10.6)
	
	1, 1.8 (0.0-9.4)
	
	14, 5.3 (3.0-8.8)
	

	26 to ≤50 mm
	1, 0.2 (0.0-1.3)
	
	0, 0 (0-3.0)
	
	1, 0.2 (0.0-10.1)
	
	2, 1.0 (0.1-3.5)
	
	0, 0 (0-6.3)
	
	2, 0.8 (0.0-2.7)
	

	> 50 mm
	0, 0 (0-0.9)
	
	0, 0 (0-3.0)
	
	0, 0 (0-0.7)
	
	0, 0 (0-1.8)
	
	0, 0 (0-6.3)
	
	0, 0 (0-1.4)
	

	Any bruising
	39, 9.1 (6.5-12.2)
	
	6, 4.9 (1.8-10.4)
	
	45, 8.2 (6.0-10.8)
	
	15, 7.3 (4.2-11.8)
	
	1, 1.8 (0.0-9.4)
	
	16, 6.1 (3.5-9.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Systemic reaction No., % (95% CI)
	
	
	
	
	
	
	
	
	
	
	
	

	Temperature oC
	
	
	
	
	
	
	
	
	
	
	
	

	≤ 37.4
	421, 97.9 (96.1-99.0)
	
	120, 98.4 (94.2-98.8)
	
	541, 98.0 (96.5-99.0)
	
	203c, 99.5 (97.3-100.0)
	
	57, 100 (93.7-100)
	
	260, 99.2 (97.3-99.9)
	

	37.5-37.9
	5, 1.2 (0.4-2.7)
	
	2, 1.6 (0.2-5.8)
	
	7, 1.3 (0.5-2.6)
	
	1c, 0.5 (0.0-2.7)
	
	0, 0 (0-6.3)
	
	1, 0.4 (0.0-2.1)
	

	38.0-38.9
	4, 0.9 (0.3-2.4)
	
	0, 0 (0-3.0)
	
	4, 0.7 (0.2-1.8)
	
	0c, 0  (0-1.8)
	
	0, 0 (0-6.3)
	
	0, 0 (0-1.4)
	

	≥ 39.0
	0, 0 (0-0.9)
	
	0, 0 (0-3.0)
	
	0, 0 (0-0.7)
	
	0c, 0 (0-1.8)
	
	0, 0 (0-6.3)
	
	0, 0 (0-1.4)
	

	Any temperature ≥ 37.5
	9, 2.1 (1.0-3.9)
	
	2, 1.6 (0.2-5.8)
	
	11, 2.0 (1.0-3.5)
	
	1c, 0.5 (0.0-2.7)
	
	0, 0 (0-6.3)
	
	1, 0.4 (0.0-2.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Fatigue
	
	
	
	
	
	
	
	
	
	
	
	

	None
	355, 82.6 (78.6-86.0)
	
	114, 93.4 (87.5-97.1)
	
	469, 85.0 (81.7-87.8)
	
	178, 86.8 (81.4-91.1)
	
	52, 91.2 (80.7-97.1)
	
	230, 87.8 (83.2-91.5)
	

	Mild
	54, 12.6 (9.6-16.1)
	
	5, 4.1 (1.3-9.3)
	
	59, 10.7 (8.2-13.6)
	
	23, 11.2 (7.2-16.4)
	
	2, 3.5 (0.4-12.1)
	
	25, 9.5 (6.3-13.8)
	

	Moderate
	19, 4.4 (2.7-6.8)
	
	3, 2.5 (0.5-7.0)
	
	22, 4.0 (2.5-6.0)
	
	3, 1.5 (0.3-4.2)
	
	3, 5.3 (1.1-14.6)
	
	6, 2.3 (0.8-4.9)
	

	Severe
	2, 0.5 (0.1-1.7)
	
	0, 0 (0-3.0)
	
	2, 0.4 (0.0-1.3)
	
	1, 0.5 (0.0-2.7)
	
	0, 0 (0-6.3)
	
	1, 0.4 (0.0-2.1)
	

	Any fatigue
	75, 17.4 (14.0-21.4)
	
	8, 6.6 (2.9-12.5)
	
	83, 15.0 (12.2-18.3)
	
	27, 13.2 (8.9-18.6)
	
	5, 8.8 (3.0-19.3)
	
	32, 12.2 (8.5-16.8)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Myalgiad
	
	
	
	
	
	
	
	
	
	
	
	

	None
	306, 71.1 (66.6-75.4)
	
	107, 87.7 (80.5-93.0)
	
	413, 74.8 (71.0-78.4)
	
	166, 81.0 (74.9-86.1)
	
	50, 87.7 (76.3-94.9)
	
	216, 82.4 (77.3-86.8)
	

	Mild
	100, 23.3 (19.3-27.5)
	
	14, 11.5 (6.4-18.5)
	
	114, 20.7 (17.3-24.3)
	
	34, 16.6 (11.8-22.4)
	
	7, 12.3 (5.1-23.7)
	
	41, 15.6 (11.5-20.6)
	

	Moderate
	24, 5.6 (3.6-8.2)
	
	1, 0.8 (0.0-4.5)
	
	25, 4.5 (3.0-6.6)
	
	4, 2.0 (0.5-4.9)
	
	0, 0 (0-6.3)
	
	4, 1.5 (0.4-3.9)
	

	Severe
	0, 0 (0-0.9)
	
	0, 0 (0-3.0)
	
	0, 0 (0-0.7)
	
	1, 0.5 (0.0-2.7)
	
	0, 0 (0-6.3)
	
	1, 0.4 (0.0-2.1
	

	Any myalgia
	124, 28.8 (24.6-33.4)
	
	15, 12.3 (7.0-19.5)
	
	139, 25.2 (21.6-29.0)
	
	39, 19.0 (13.9-25.1)
	
	7, 12.3 (5.1-23.7)
	
	46, 17.6 (13.2-22.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Malaised
	
	
	
	
	
	
	
	
	
	
	
	

	None
	393, 91.4 (88.3-93.9)
	
	119, 97.5 (93.0-99.5)
	
	512, 92.8 (90.3-94.8)
	
	192, 93.7 (89.4-96.6)
	
	53, 93.0 (83.0-98.1)
	
	245, 93.5 (89.8-96.2)
	

	Mild
	23, 5.3 (3.4-7.9)
	
	2, 1.6 (0.2-5.8)
	
	25, 4.5 (3.0-6.6)
	
	9, 4.4 (2.0-8.2)
	
	4, 7.0 (1.9-17.0)
	
	13, 5.0 (2.7-8.3)
	

	Moderate
	11, 2.6 (1.3-4.5)
	
	1, 0.8 (0.0-4.5)
	
	12, 2.1 (1.1-3.8)
	
	4, 2.0 (0.5-4.9)
	
	0, 0 (0-6.3)
	
	4, 1.5 (0.4-3.9)
	

	Severe
	3, 0.7 (0.1-2.0)
	
	0, 0 (0-3.0)
	
	3, 0.5 (0.1-1.6)
	
	0, 0 (0-1.8)
	
	0, 0 (0-6.3)
	
	0, 0 (0-1.4)
	

	Any malaise
	37, 8.6 (6.1-11.7)
	
	3, 2.5 (0.5-7.0)
	
	40, 7.2 (5.2-9.7)
	
	13, 6.3 (3.4-10.6)
	
	4, 7.0 (1.9-17.0)
	
	17, 6.5 (3.8-10.2)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Chills
	
	
	
	
	
	
	
	
	
	
	
	

	None
	406, 94.4 (91.8-96.4)
	
	119, 97.5 (93.0-99.5)
	
	525, 95.1 (93.0-96.8)
	
	197, 96.1 (92.5-98.3)
	
	56, 98.2 (90.6-100)
	
	253, 96.6 (93.6-98.4)
	

	Mild
	16, 3.7 (2.1-6.0)
	
	2, 1.6 (0.2-5.8)
	
	18, 3.3 (1.9-5.1)
	
	6, 2.9 (1.1-6.3)
	
	1, 1.8 (0.0-9.4)
	
	7, 2.7 (1.1-5.4)
	

	Moderate
	6, 1.4 (5.1-3.0)
	
	1, 0.8 (0.0-4.5)
	
	7, 1.3 (0.5-2.6)
	
	2, 1.0 (0.1-3.5)
	
	0, 0 (0-6.3)
	
	2, 0.8 (0.1-2.7)
	

	Severe
	2, 0.5 (0.1-1.7)
	
	0, 0 (0-3.0)
	
	2, 0.4 (0.0-1.3)
	
	0, 0 (0-1.8)
	
	0, 0 (0-6.3)
	
	0, 0 (0-1.4)
	

	Any chills
	24, 5.6  (3.6-8.2)
	
	3, 2.5 (0.5-7.0)
	
	27, 4.9 (3.2-7.0)
	
	8, 3.9 (1.7-7.5)
	
	1, 1.8 (0.0-9.4)
	
	9, 3.4 (1.6-6.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Sweats
	
	
	
	
	
	
	
	
	
	
	
	

	None
	397, 92.3 (89.4-94.7)
	
	113, 92.6 (86.5-9.7)
	
	510, 92.4 (89.9-94.5)
	
	193, 94.1 (90.0-96.9)
	
	52, 91.2 (80.7-97.1)
	
	245, 93.5 (89.8-96.2)
	

	Mild
	25, 5.8 (3.8-8.5
	
	8, 6.6 (2.8-12.5)
	
	33, 6.0 (4.2-8.3)
	
	11, 5.4 (2.7-9.4)
	
	3, 5.3 (1.1-14.6)
	
	14, 5.3 (3.0-8.8)
	

	Moderate
	6, 1.4 (0.5-3.0)
	
	1, 0.8 (0.0-4.5)
	
	7, 1.3 (0.5-2.6)
	
	0, 0 (0-1.8)
	
	1, 1.8 (0.0-9.4)
	
	1, 0.4 (0.0-2.1)
	

	Severe
	2, 0.5 (0.1-1.7)
	
	0, 0 (0-3.0)
	
	2, 0.4 (0.0-1.3)
	
	1, 0.5 (0.0-2.7)
	
	1, 1.8 (0.0-9.4)
	
	2, 0.8 (0.1-2.7)
	

	Any sweats
	33, 7.7 (5.3-10.6)
	
	9, 7.4 (3.4-13.5)
	
	42, 7.6 (5.5-10.1)
	
	12, 5.8 (3.1-10.0)
	
	5, 8.8 (2.9-19.3)
	
	17, 6.5 (3.8-10.2)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Headached
	
	
	
	
	
	
	
	
	
	
	
	

	None
	339, 78.8 (74.7-82.6)
	
	111, 91.0 (84.4-95.4)
	
	450, 81.5 (78.0-84.7)
	
	174, 84.9 (79.2-89.5)
	
	52, 91.2 (80.7-97.1)
	
	226, 86.3 (81.5-90.2)
	

	Mild
	73, 17.0 (13.5-20.9)
	
	10, 8.2 (4.0-14.6)
	
	83, 15.0 (12.2-18.3)
	
	25, 12.2 (8.0-17.5)
	
	3, 5.3 (1.1-14.6)
	
	28, 10.7 (7.2-15.1)
	

	Moderate
	16, 3.7 (2.1-6.0)
	
	1, 0.8 (0.0-4.5)
	
	17, 3.1 (1.8-4.9)
	
	4, 2.0 (0.5-4.9)
	
	2, 3.5 (0.4-12.1)
	
	6, 2.3 (0.8-4.9)
	

	Severe
	2, 0.5 (0.1-1.7)
	
	0, 0 (0-3.0)
	
	2, 0.4 (0.0-1.3)
	
	2, 1.0 (0.1-3.5)
	
	0, 0 (0-6.3)
	
	2, 0.8 (0.1-2.7)
	

	Any headache
	91, 21.2 (17.4-25.3)
	
	11, 9.0 (4.6-15.6)
	
	102, 18.5 (15.3-22.0)
	
	31, 15.1 (10.5-20.8)
	
	5, 8.8 (3.0-19.3)
	
	36, 13.7 (9.8-18.5)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Arthralgia
	
	
	
	
	
	
	
	
	
	
	
	

	None
	403, 93.7 (91.0-95.8)
	
	117, 95.9 (90.7-98.7)
	
	520, 94.2 (91.9-96.0)
	
	195, 95.1 (91.2-97.6)
	
	54, 94.7 (85.4-98.9)
	
	249, 95.0 (91.7-97.3)
	

	Mild
	24, 5.6 (3.6-8.2)
	
	4, 3.3 (0.9-8.2)
	
	28, 5.1 (3.4-7.2)
	
	9, 4.4 (2.0-8.2)
	
	3, 5.3 (1.1-14.6)
	
	12, 4.6 (2.4-7.9)
	

	Moderate
	2, 0.5 (0.1-1.7)
	
	1, 0.8 (0.0-4.5)
	
	3, 0.5 (0.1-1.6)
	
	1, 0.5 (0.0-2.7)
	
	0, 0 (0-6.3)
	
	1, 0.4 (0.0-2.1)
	

	Severe
	1, 0.2 (0.0-1.3)
	
	0, 0 (0-3.0)
	
	1, 0.2 (0.0-1.0)
	
	0, 0 (0-1.8)
	
	0, 0 (0-6.3)
	
	0, 0 (0-1.4)
	

	Any arthralgia
	27, 6.3 (4.2-9.2)
	
	5, 4.1 (1.3-9.3)
	
	32, 5.8 (4.0-8.1)
	
	10, 4.9 (2.4-8.8)
	
	3, 5.3 (1.1-14.6)
	
	13, 5.0 (2.7-8.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Nausead
	
	
	
	
	
	
	
	
	
	
	
	

	None
	402, 93.5 (90.7-95.6)
	
	120, 98.4 (94.2-99.8)
	
	522, 94.6 (92.3-96.3)
	
	193, 94.1 (90.0-97.0)
	
	57, 100 (93.7-100)
	
	250, 95.4 (92.1-97.6)
	

	Mild
	21, 4.9 (3.0-7.4)
	
	2, 1.6 (0.2-5.8)
	
	23, 4.2 (2.7-6.2)
	
	11, 5.4 (2.7-9.4)
	
	0, 0 (0-6.3)
	
	11, 4.2 (2.1-7.4)
	

	Moderate
	7, 1.6 (0.7-3.3)
	
	0, 0 (0-3.0)
	
	7, 1.3 (0.5-2.6)
	
	1, 0.5 (0.0-2.7)
	
	0, 0 (0-6.3)
	
	1, 0.4 (0.0-2.1)
	

	Severe
	0, 0 (0-0.9)
	
	0, 0 (0-3.0)
	
	0, 0 (0-0.7)
	
	0, 0 (0-1.8)
	
	0, 0 (0-6.3)
	
	0, 0 (0-1.4)
	

	Any nausea
	28, 6.5 (4.4-9.3)
	
	2, 1.6 (0.2-5.8)
	
	30, 5.4 (3.7-7.7)
	
	12, 5.9 (3.1-10.0)
	
	0, 0 (0-6.3)
	
	12, 4.6 (2.4-7.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	



a	Subjects used a subjective scale to grade AEs. Symptoms were considered ‘mild’ if they did not interfere with normal activities, ‘moderate’ if they interfered with normal activities and ‘severe’ if they prevented engagement in daily activities. 
b	Rates refer to the total number of events after the total number of vaccine doses administered excluding five 18-59-year-olds who did not return diary cards after the first dose, and two 18-59-year-olds after the second dose.
c	Temperature recordings available for 203 of 204 18-59-year-olds after the second dose.
d	The reaction rate for local pain (p < 0.0001) and systemic reactions of fatigue (p=0.0047), myalgia (p=0.0003), malaise (p=0.0175 by Fisher’s exact test), headache (p=0.0035) and nausea (p=0.0399 by Fishers exact test) decreased with increasing age after the first priming dose. Reaction rates by age were comparable after the second priming dose (local pain, p=0.1497; fatigue, p=0.5038; myalgia, p=0.3237; malaise, p=0.769 (Fisher’s exact test); headache, p=0.3104); nausea, p=0.0748 (Fisher’s exact test)). 

E. Safety
Table 3 shows the aggregated data for solicited AEs during the first 7 days after each priming injection. Data were collected from 430 of 435 (98.9%) adults and 122 (100%) elderly subjects after the first priming dose and from 205 of 207 (99.0%) adults and 57 (100%) elderly subjects after the second priming dose.  Self-reported reactions were mostly reported as mild or moderate and generally resolved within 72 hours. Pain of mild or moderate intensity, the most common local event, occurred in 54.9% and 41.5% of adults, and 32.8% and 29.8% of the elderly following first and second doses, respectively. There were no reports of severe levels of local pain. The most common systemic event was myalgia, reported by 28.8% and 19.0% of adults, and 12.3% and 12.3% of the elderly following first and second doses, respectively. Headache occurred in 21.2% and 15.1% of adults and 9.0% and 8.8% of the elderly within 7 days of the first and second doses, respectively. Headache, occurring on the day of vaccination or the following two days, was reported by 71 (12.9%) and 28 (10.7%) of all subjects after the first and second priming doses, respectively, and was reported as moderate or severe by 8 (1.4%) of 552 subjects after the first dose and 5 (1.9%) of 262 
subjects after the second dose. Fever of ≥38oC was reported in 0.9% and 0% of adults, after the first and second priming doses, respectively, and by 0% of the elderly after each dose. The local reaction of pain, and systemic reactions of fatigue, myalgia, malaise, and headache lessened with age after the first priming dose, but were comparable by age after the second priming dose (Table 3). Five of 552 participants (0.9%, 95%CI, 0.3-2.1) given the first priming dose and three of 262 (1.1%, 0.2-3.3) given the second priming dose (all different subjects) reported one or more severe systemic symptoms. Absenteeism of one day was reported by two of 552 participants (0.4%, 95%CI, 0.0-1.3) after the first priming dose and by one of 262 (0.4%, 95%CI, 0.0-2.1) participants after the second priming dose.

Altogether, 42 participants experienced 43 serious adverse events (SAEs) after priming and booster vaccination. SAEs occurred at similar rates after one- and two-dose priming (p>0.9999) and in adults and the elderly p=0.2369). Two deaths occurred ~14 months after priming (an 18-59-year-old committed suicide and an ≥60-year-old died from chronic heart failure, acute kidney injury and pneumonia). In the opinion of the investigator neither death nor any of the SAEs were causally related to vaccination.  Five participants (two adults and three elderly) developed malignancy before boosting (prostate, n=2; bowel, breast, and head and neck, one each). The remaining SAEs included five trauma cases, three miscarriages, three urinary tract infections, three episodes of chest pain and one myocardial infarction, ten surgical procedures, six infections (three chest infections; cases of salmonella bacteraemia, E. coli sepsis, and hepatitis E), and single cases of adverse drug reaction, cardiac amyloidosis, pericardial disease complicating amyloidosis, a syncopal episode, and pericardial effusion of unknown aetiology. 

Primary outcome in response to priming (NIBRG23 as test antigen)
The NIBRG23 HI antibody responses to one and two priming doses of MF59-adjuvanted influenza A/VN/1194 vaccine in relation to CHMP and FDA immunogenicity criteria are shown in Table 4.


A. Committee for Medicinal Products for Human Use immunogenicity criteria
One priming dose group
None of the CHMP criteria were satisfied in subjects aged 18-59 years or ≥60 years on days 21, 42, 180, 365, and 456. 
 
Two priming dose group
None of the CHMP criteria were satisfied in subjects aged 18-59-years or ≥60 years on days 21, 42, 180, 365, and 456.  
TABLE 4 Immunogenicity of one and two priming doses as assessed by HAI test using NIBRG23 as test antigen

	
	One priming dose
	
	Two priming doses
	

	
	18–59 years 
	
	≥60 years 
	
	All subjects
	
	18–59 years 
	
	≥60 years 
	
	All subjects
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	227
	
	65
	
	292
	
	207
	
	57
	
	264
	

	GMT value (95% CI)
	5.0                        (5.0–5.0) 
	
	5.2                         (4.8–5.6)
	
	5.1                         (5.0–5.1)
	
	5.0                      (5.0-5.0)
	
	5.1                         (4.9–5.4)
	
	5.0                         (5.0–5.1)
	

	Subjects with HI titre ≥1:10, No., %,          (95% CI)
	1, 0.4                 (0.0–5.0)
	
	1, 1.5                  (0.0–8.3)
	
	2, 0.7                   (0.1–2.5)
	
	1, 0.5                   (0.0–2.7)
	
	1, 1.8                   (0.0–9.4)
	
	2, 0.8                   (0.1–2.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 21 (aggregate data) 
	
	
	
	
	
	
	

	No. of subjects
	424
	
	121
	
	545
	
	–
	
	–
	
	–
	

	Subjects with HI titre ≥1:10, No., %,          (95% CI)
	61, 14.4                (11.2–18.1)
	
	18, 14.9                  (9.1–22.5)
	
	79, 14.5                  (11.6–17.7)
	
	–
	
	–
	
	–
	

	Subjects with HI titre ≥1:40, No., %,         (95% CI)
	32, 7.5                (5.2–10.5)
	
	7, 5.8                    (2.4–11.6)
	
	39, 7.2                    (5.1–9.7)
	
	–
	
	–
	
	–
	

	Seroconversions No., %,                               (95% CI)
	32, 7.5                (5.2–10.5)
	
	7, 5.8                    (2.4–11.6)
	
	39, 7.2                    (5.1–9.7)
	
	–
	
	–
	
	–
	

	GMR value (95% CI)
	1.3                          (1.2–1.5)
	
	1.3                           (1.1–1.5)
	
	1.3                          (1.2–1.4)
	
	–
	
	–
	
	–
	

	GMT value (95% CI)
	6.7                             (6.2-7.3)
	
	6.7                         (5.8-7.8)
	
	6.7                         (6.3-7.2)
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 21  
	
	
	
	
	
	
	

	No. of subjects
	217
	
	64
	
	281
	
	207
	
	57
	
	264
	

	Subjects with HI titre ≥1:10, No., %,          (95% CI)
	28, 12.9                (8.7–18.1)
	
	13, 20.3                  (11.3–32.2)
	
	41, 14.6                   (10.7–19.3)
	
	33, 15.9                   (11.2–21.7)
	
	5, 8.8                   (2.9–19.3)
	
	38, 14.3                   (10.4–19.2)
	

	Subjects with HI titre ≥1:40, No., %,             (95% CI)
	17, 7.8                     (4.6–12.2)
	
	5, 7.8                     (2.6–17.3)
	
	22, 7.8                   (5.0–11.6)
	
	15, 7.2                   (4.1–11.7)
	
	2, 3.5                      (0.4–12.1)
	
	17, 6.4                   (3.8–10.1)
	

	Seroconversions No., %,                                    (95% CI)
	18, 8.3                   (5.0–12.7)
	
	5, 7.8                     (2.6–17.3)
	
	22, 7.8                   (5.0–11.6)
	
	15, 7.2                   (4.1–11.7)
	
	2, 3.5                     (0.4–12.1)
	
	17, 6.4                   (3.8–10.1)
	

	GMR value (95% CI)
	1.3                          (1.2–1.5)
	
	1.5                          (1.2–1.8)
	
	1.4                          (1.2–1.5)
	
	1.4                         (1.2–1.5)
	
	1.2                          (1.0–1.3)
	
	1.3                            (1.2–1.4)
	

	GMT value (95% CI)
	6.6                          (5.9-7.4)
	
	7.6                            (5.9-9.7)
	
	6.8                          (6.2-7.6)
	
	6.8                          (6.1-7.6)
	
	5.9                          (5.1-6.8)
	
	6.6                          (6.0-7.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 42
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	213
	
	63
	
	276
	
	205
	
	57
	
	262
	

	Subjects with HI titre ≥1:10, No., %,          (95% CI)
	29, 13.6                (9.3–19.0)
	
	13, 20.6                  (11.5–32.7)
	
	42, 15.2                   (11.2–20.0)
	
	81, 39.5                   (32.8–46.6)
	
	16, 28.1                   (17.0–41.5)
	
	97, 37.0                   (31.2–43.2)
	

	Subjects with HI titre ≥1:40, No., %,             (95% CI)
	15, 7.0                   (4.0–11.3)
	
	5, 7.9                      (2.6–17.6)
	
	20, 7.2                   (4.5–11.0)
	
	51, 24.9                (19.1–31.4)
	
	4, 7.0                     (1.9–17.0)
	
	55, 21.0               (16.2–26.4)
	

	Seroconversions No., %,                                    (95% CI)
	15, 7.0                   (4.0–11.3)
	
	5, 7.9                      (2.6–17.6)
	
	21, 7.6                   (4.8–11.4)
	
	51, 24.9              (19.1–31.4)
	
	4, 7.0                     (1.9–17.0)
	
	55, 21.0                 (16.2–26.4)
	

	GMR value (95% CI)
	1.3                         (1.2–1.5)
	
	1.4                           (1.1–1.7)
	
	1.4                          (1.2–1.5)
	
	2.3                           (2.0–2.7)
	
	1.5                            (1.2–1.8)
	
	2.1                           (1.8–2.4)
	

	GMT value (95% CI)
	6.7                         (6.0-7.6)
	
	7.2                          (5.8-9.1)
	
	6.8                            (6.2-7.6)
	
	11.4                         (9.8-13.4)
	
	7.7                          (6.2-9.6)
	
	10.5                       (9.2-12.0)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 180
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	212
	
	63 
	
	275
	
	200
	
	57
	
	257
	

	Subjects with HI titre ≥1:10, No., %,          (95% CI)
	16, 7.5               (4.4–12.0)
	
	6, 9.5                  (3.6–19.6)
	
	22, 8.0                   (5.1–11.9)
	
	39, 19.5                   (14.2–25.7)
	
	8, 14.0                   (6.3–25.8)
	
	47, 18.3                   (13.8–23.6)
	

	Subjects with HI titre ≥1:40, No., %,             (95% CI)
	7, 3.3                    (1.3–6.7)
	
	4, 6.3                    (1.8–15.5)
	
	11, 4.0                  (2.0–7.0)
	
	8, 4.0                     (1.7–7.7)
	
	2, 3.5                      (0.4–12.1)
	
	10, 3.9                     (1.9–7.0)
	

	Seroconversions No., %,                                    (95% CI)
	7, 3.3                    (1.3–6.7)
	
	3, 4.8                     (1.0–13.3)
	
	10, 3.6                    (1.8–6.6)
	
	8, 4.0                      (1.7–7.7)
	
	1, 1.8                       (0.0–9.4)
	
	9, 3.5                    (1.6–6.5)
	

	GMR value (95% CI)
	1.1                         (1.1–1.2)
	
	1.2                                (1.0–1.4)
	
	1.1                              (1.1–1.2)
	
	1.3                           (1.2–1.5)
	
	1.2                                    (1.0–1.3)
	
	1.3                           (1.2–1.4)
	

	GMT value (95% CI)
	5.7                         (5.3-6.1)
	
	6.2                           (5.2-7.4)
	
	5.8                           (5.4-6.2)
	
	6.7                           (6.1-7.4)
	
	5.9                         (5.2-6.7)
	
	6.5                           (6.0-7.0)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 365
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	202
	
	60
	
	262
	
	193
	
	54
	
	247
	

	Subjects with HI titre ≥1:10, No., %,          (95% CI)
	16, 7.9                (4.6–12.5)
	
	4, 6.7                  (1.8–16.2)
	
	20, 7.6                   (4.6–11.5)
	
	35, 18.1                (13.0–24.3)
	
	6, 11.1                  (4.2–22.6)
	
	41, 16.6                   (12.2–21.8)
	

	Subjects with HI titre ≥1:40, No., %,             (95% CI)
	6, 3.0                       (1.1–6.3)
	
	2, 3.3                      (0.4–11.5)
	
	8, 3.1                    (1.3–5.9)
	
	11, 5.7                    (2.9–10.0)
	
	2, 3.7                      (0.5–12.7)
	
	13, 5.3                  (2.8–8.8)
	

	Seroconversions No., %,                                    (95% CI)
	6, 3.0                       (1.1–6.3)
	
	1, 1.7                    (0.0–8.9)
	
	7, 2.7                     (1.1–5.4)
	
	11, 5.7                  (2.9–10.0)
	
	2, 3.7                     (0.5–12.7)
	
	13, 5.3                     (2.8–8.8) 
	

	GMR value (95% CI)
	1.2                           (1.1–1.3)
	
	1.1                         (1.0–1.2)
	
	1.1                          (1.1–1.2)
	
	1.4                           (1.2–1.5)
	
	1.2                           (1.0–1.3)
	
	1.3                         (1.2–1.4)
	

	GMT value (95% CI)
	5.8                           (5.4-6.3)
	
	5.7                          (5.0-6.5)
	
	5.8                          (5.4-6.2)
	
	6.9                           (6.1-7.7)
	
	5.9                            (5.1-6.9)
	
	6.7                          (6.1-7.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 456
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	189
	
	62
	
	251
	
	181
	
	55
	
	236
	

	Subjects with HI titre ≥1:10, No., %,          (95% CI)
	20, 10.6                (6.6–15.9)
	
	11, 17.7                 (9.2–29.5)
	
	31, 12.4                   (8.5–17.1)
	
	28, 15.5                (10.5–21.6)
	
	7, 12.7                  (5.3–24.5)
	
	35, 14.8                   (10.6–20.0)
	

	Subjects with HI titre ≥1:40, No., %,             (95% CI)
	6, 3.2                     (1.2–6.8)
	
	3, 4.8                    (1.0–13.5)
	
	9, 3.6                  (1.7–6.7)
	
	8, 4.4                     (1.9–8.5)
	
	1, 1.8                     (0.0–9.7)
	
	9, 3.8                     (1.8–7.1)
	

	Seroconversions No., %,                                    (95% CI)
	6, 3.2                     (1.2–6.8)
	
	2, 3.2                    (0.4–11.2)
	
	8, 3.2                     (1.4–6.2)
	
	8, 4.4                    (1.9–8.5)
	
	0, 0                           (0–6.5)
	
	8, 3.4                    (1.5–6.6)
	

	GMR value (95% CI)
	1.2                          (1.1–1.3)
	
	1.3                         (1.1–1.5)
	
	1.2                         (1.1–1.3)
	
	1.3                         (1.2–1.4)
	
	1.1                          (1.0–1.2)
	
	1.2                         (1.1–1.3)
	

	GMT value (95% CI)
	5.9 
(5.4-6.3)
	
	6.6                          (5.5-7.9)
	
	6.0                          (5.6-6.5)
	
	6.4                         (5.8-7.0)
	
	5.8                         (5.2-6.5)
	
	6.2                         (5.8-6.8)
	

	



	
	
	
	
	
	
	
	
	
	
	
	


Figures in bold text meet CHMP criteria, whereas figures in bold italic text meet FDA criteria
B. US Food and Drug Administration criteria
One priming dose group
Neither of the FDA criteria was satisfied in subjects aged 18-59 years or ≥60 years on days 21, 42, 180, 365, and 456.  

Two priming dose group
Neither of the FDA criteria was satisfied in subjects aged 18-59-years or ≥60 years on days 21, 42, 180, 365, and 456. 

Secondary outcomes 
A. Magnitude of NIBRG23 HI antibody response 
After one priming dose, peak GMTs of HI NIBRG23 antibody occurred on days 21 (6.7, 95% CI 6.2 to 7.3) (aggregate data) and 42 (6.7, 95% CI 6.0-7.6) in adults, and in the elderly on day 21 (7.6, 95% CI 5.9 to 9.7); after two priming doses, peak GMTs occurred on day 42 (18-59 years, 11.4, 95% CI 9.8 to 13.4; ≥60 years, 7.7, 95% CI 6.2 to 9.6)(Table 4 & Figure 4).  On day 21, aggregate seroprotection and seroprotection rates, GMTs, GMRs for the 424 18-59 year-olds and 121 ≥60-year-olds were similar (seroprotection/ seroconversions: both 7.5% and 5.8%, respectively, p=0.6431; GMTs, 6.7 and 6.7, respectively, p=0.9967; GMRs, 1.3 and 1.3, respectively, p=0.7368). 

On day 42, 21 days after the second dose of vaccine, the seroprotection/seroconversion rate, GMT, and GMR all increased relative to day 21 values in 18-59 year-olds (all p<0.0001); in ≥60-year-olds, the GMT and GMR increased relative to day 21 values (p=0.0427 and p=0.0238, respectively), but the seroprotection/seroconversion rates on days 21 and 42 were comparable (p=0.6790)(Table 4). On day 42, the seroprotection/seroconversion rate, GMT, and GMR were higher in 18-59 year-olds after two doses than one (seroprotection and seroconversion rates: two-doses, both 24.9% versus one-dose, both 7.0%,  p<0.0001; GMT, two-doses, 11.4 versus one-dose, 6.7, p<0.0001; GMR, 18-59 years, two-doses, 2.3 versus one-dose, 1.3, p<0.0001). In ≥60 year-olds, seroprotection and seroconversion rates, GMTs, and GMRs were similar on day 42 after one- and two-dose priming (seroprotection and seroconversion rates: two-doses, both 7.0% versus one-dose, both 7.9%, p>0.9999; GMT, two-doses, 7.7 versus one dose, 7.2, p=0.6895; GMR, two-doses, 1.5 versus one-dose, 1.4, p=0.5828). 
FIGURE 4 GMTs and 95%CIs of NIBRG23 HI antibody before and after priming on days 0, and 0 and 21, in 18-59-year-olds and over 60-year-olds.
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On day 42 after two doses, seroprotection and seroconversion rates, GMTs, and GMRs were higher in 18-59-year-olds than ≥60-year-olds (seroprotection and seroconversion rates: 18-59 years, both 24.9% versus ≥60 years, both 7.0%, p=0.0029; GMTs, 18-59 years, 11.4 versus ≥60 years, 7.7, p=0.0143), and GMRs (18-59 years, 2.3 versus ≥60 years, 1.5, p=0.0090)(Table 4).  

B. Persistence of NIBRG23 HI antibody response 
After one priming dose, the rates of NIBRG23 HI antibody detection in 18-59-year-olds were 12.9% on day 21 and 7.5% (p=0.0951), 7.9% (p=0.1329), and 10.6% (p=0.5697), on days 180, 365 and 465, respectively; seroprotection rates were 7.8% on day 21 and 3.3% (p=0.0669), 3.0% (p=0.0517), and 3.2% (p=0.0702) on days 180, 365 and 465, respectively (Table 4). In ≥60 year-olds, the rates of NIBRG14 HI antibody detection were 20.3% on day 21 and 9.5% (p=0.1446), 6.7% (p=0.0361), and 17.7% (p=0.8883), on days 180, 365 and 465, respectively; seroprotection rates were 7.8% on day 21 and 6.3% (p=0.9782), 3.3% (p=0.4413), and 4.8% (p=0.7177) on days 180, 365 and 465, respectively.

After two priming doses, the rates of NIBRG14 HI antibody detection in 18-59-year-olds fell from 39.5% on day 42 to 19.5%, 18.1%, and 15.5% on days 180, 365 and 465, respectively (all p<0.0001); seroprotection rates fell from 24.9% on day 42 to 4.0%, 5.7%, and 4.4% on days 180, 365 and 465, respectively (all p<0.0001)(Table 4).  In ≥60 year-olds, the rates of NIBRG14 HI antibody detection fell from 28.1% on day 42 to 14.0% (p=0.1078), 11.1% (p=0.0453), and 12.7% (p=0.0758), on days 180, 365 and 465, respectively; seroprotection rates were 7.0% on day 42 and 3.5% (p=0.6790), 3.7% (p=0.6795), and 1.8% (p=0.3640) on days 180, 365 and 465, respectively.

GMTs, One and two priming dose schedules compared with baseline
After one-dose priming, NIBRG23 HI GMTs exceeded baseline values on days 180, 365, and 456 in 18-59-year-olds (day 180, p=0.0005; day 365, p=0.0001; day 456, p<0.0001), and on day 456 in the elderly (p=0.0109). After two-dose priming, NIBRG23 HI GMTs exceeded baseline values on days 180, 365, and 456 in 18-59-year-olds (all p<0.0001), and on day 180 in the elderly (p=0.0334). 

Antibody detections and GMTs, comparison of one- and two-priming dose schedules
In adults on days 180 and 365, NIBRG23 HAI antibody was detected in more subjects after two priming doses than after one (day 180: one dose, 7.5% versus two doses, 19.5%, p=0.0006; day 365, one dose, 7.9% versus two doses, 18.1%, p=0.0040), and the GMTs of HAI antibody were higher on both occasions (day 180, p=0.0054, day 365, p=0.0159)(Table 4). 

In ≥60 year-olds, antibody detection rates and GMTs were comparable after one and two priming doses on days 180, 365, and 456 (antibody detection rates: day 180, one dose, 9.5% versus two doses, 14.0%, p = 0.6284; day 365, one dose, 6.7% versus two doses, 11.1%, p=0.1468; day 456, one dose, 17.7% versus two doses, 12.7%, p=0.6216; GMTs: day 180, p=0.6917; day 365, p=0.6860; day 456, p=0.2122)(Table 4). 

Seroprotection, comparison of one- and two-priming dose schedules
Seroprotection rates in 18-59-year-olds and the ≥60’s were comparable after one- and two-dose priming on days 180, 365, and 456 (18-59-year-olds: day 180: one dose, 3.3% versus two doses, 4.0%, p=0.9085; day 365, one dose, 3.0% versus two doses, 5.7%, p=0.2766; day 456, one dose, 3.2% versus two doses, 4.4%, p=0.7226; ≥60 year-olds: day 180: one dose, 6.3% versus two doses, 3.5%, p=0.6819; day 365, one dose, 3.3% versus two doses, 3.7%, p>0.9999; day 456, one dose, 4.8% versus two doses, 1.8%, p=0.6212). 





Primary outcome in response to priming using IDCDC-RG30 as test antigen
HI antibodies to IDCDC-RG30 virus (possessing surface antigens from influenza A/Hubei/1/2010 (H5N1), a clade 2.3.2.1 virus) were measured prior to boosting on days 42, 365, and 465. Seroprotection data and GMTs are shown in Table 5.  The primary outcomes (CHMP and FDA criteria) were not fully assessed, as baseline samples were not titrated.

A. Committee for Medicinal Products for Human Use immunogenicity criteria
One priming dose group
The CHMP seroprotection criterion was not met in adults or the elderly on days 42, 365, and 456.  

Two priming dose group
The CHMP seroprotection criterion was not met in adults or the elderly on days 42, 365, and 456.

B. US Food and Drug Administration criteria 
One priming dose group
The FDA seroprotection criterion was not met in adults or the elderly on days 42, 365, and 456.

Two priming dose group
The FDA seroprotection criterion was not met in adults or the elderly on days 42, 365, and 456.


Secondary outcomes 
A. Magnitude and persistence of IDCDC-RG30 HI antibody response 
Table 5 shows IDCDC-RG30 HI antibody detections, seroprotection rates, and GMTs on days 42, 365, and 456, stratified by age and number of priming doses. On days 42 and 365, HI antibody to IDCDC-RG30 virus was detected in more 18-59-year-olds after two priming doses of vaccine than after one (day 42, 45.7% versus 20.9%, p<0.0001; day 365, 16.1% versus 7.5%, p=0.0130); by day 456, IDCDC-RG30 antibody detections declined to similar levels (~10%) in 18-59-year-olds after one and two-dose priming (p=0.9307). On days 42, 365 and 456 in the over 60’s, IDCDC-RG30 HI antibody detections occurred at similar rates after one and two-dose priming (day 42, 30.2% versus 50.0%, p=0.1122; day 365, 8.5% versus 9.4%, p>0.9999; day 456, one dose, 9.8% versus 9.3%, p>0.9999, respectively). 
  
GMTs of IDCDC-RG30 HI antibody were similar in adults and the elderly on days 42, 365, and 456 after one and two priming doses (one dose, 18-59-year-olds versus ≥60-year-olds: day 42, 8.3 versus 9.3, p=0.5627;  day 365, 5.7 versus 5.8, p=0.8950; and 456, 5.8 versus 5.9, p=0.8241, respectively; two doses, 18-59-year-olds versus ≥60-year-olds: day 42, 15.3 versus 12.2, p=0.3584; day 365, 6.6 versus 6.0, p=0.3791; day 456, 6.0 versus 5.9, p=0.8616, respectively)(Table 5). In 18-59 year-olds, on days 42 and 365, the GMTs of IDCDC-RG30 HI antibody were higher after two-dose priming than one-dose priming (day 42, 15.3 versus 8.3, p<0.0001, day 365, 6.6 versus 5.7, p=0.0233, respectively); by day 456, the GMTs of IDCDC-RG30 HI antibody declined to comparable levels after one- and two-dose priming (5.8 versus 6.0, p=0.4769, respectively). In ≥60 year-olds, GMTs of IDCDC-RG30 HI antibody were similar after one- and two-dose priming on days 42 (9.3 versus 12.2, p=0.2861), 365 (5.8 versus 6.0, p=0.7053), and 456 (5.9 versus 5.9, p=0.9402)(Table 5).

On days 42, 365, and 456, seroprotection rates for 18-59-year-olds and over 60 year-olds were similar after one-dose and two-dose priming (18-59-year-olds versus ≥60-year-olds: one-dose priming, day 42, 14.1% versus 18.6%, p=0.6171; day 365, 2.5% versus 3.4%, p=0.6599; day 456, 3.2% versus 4.9%, p=0.6931: two-dose priming, day 42, 31.4% versus 21.1%, p=0.2827; day 365, 5.2% versus 5.7%, p>0.9999, day 456, 4.9% versus 5.6%, p>0.9999)(Table 5). More 18-59-year-olds achieved seroprotection on day 42 after two- 

TABLE 5 Immunogenicity of one and two priming doses as assessed by HAI test using IDCDC-RG30 as test antigen

	
	One priming dose
	
	Two priming doses
	

	
	18–59 years 
	
	≥60 years 
	
	All subjects
	
	18–59 years 
	
	≥60 years 
	
	All subjects
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 42 
	
	
	
	
	
	
	

	No. of subjects
	177
	
	43
	
	220
	
	175
	
	38
	
	213
	

	Subjects with HI titre ≥1:10 No., % 
(95% CI)
	37, 20.9
(15.2-27.7)
	
	13, 30.2
(17.2–46.1)
	
	50, 22.7
(17.4–28.8)
	
	80, 45.7
(38.2–53.4)
	
	19, 50.0
(33.4–66.6)
	
	99, 46.5
(39.7–53.4)
	

	Subjects with HI titre ≥:40 No., % 
(95% CI)
	25, 14.1
(9.4–20.1)
	
	8, 18.6
(8.4–33.4)
	
	33, 15.0
(10.6–20.4)
	
	55, 31.4
(24.6–38.9)
	
	8, 21.1
(9.6–37.3)
	
	63, 29.6
(23.5–36.2)
	

	GMT: value 
(95% CI)
	8.3
(7.0–9.8)
	
	9.3 
(6.6–13.2)
	
	8.5
(7.3–9.9)
	
	15.3
(12.4–18.8)
	
	12.2
(8.4–17.9)
	
	14.7
(12.2–17.6)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 365
	
	
	
	
	
	
	

	No. of subjects
	200
	
	59
	
	259
	
	193
	
	53
	
	246
	

	Subjects with HI titre ≥ 1:10 No., % 
(95% CI)
	15, 7.5
(4.3–12.1)
	
	5, 8.5
(2.8–18.7)
	
	20, 7.7
(4.8–11.7)
	
	31,16.1
(11.2–22.0)
	
	5, 9.4
(3.1–20.7)
	
	36, 14.6
(10.5–19.7)
	

	Subjects with HI titre ≥ 1:40 No., % 
(95% CI)
	5, 2.5
(0.8–5.7)
	
	2, 3.4
(0.4–11.7)
	
	7, 2.7
(1.1–5.5)
	
	10, 5.2
(2.5–9.3)
	
	3, 5.7
(1.2–15.7)
	
	13, 5.8
(3.0–9.9)
	

	GMT: value (95% CI)
	5.7
(5.3–6.2)
	
	5.8
(5.0–6.6)
	
	5.7
(5.3–6.1)
	
	6.6
(6.0–7.4)
	
	6.0
(5.0–7.2)
	
	6.5
(5.9–7.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	After first dose: day 456
	
	
	
	
	
	
	

	No. of subjects
	187
	
	61
	
	248
	
	182
	
	54
	
	236
	

	Subjects with HI titre ≥ 1:10 No., % 
(95% CI)
	18, 9,6
(5.8–14.8)
	
	6, 9.8
(3.7–20.2)
	
	24, 9.7
(6.3–14.1)
	
	19, 10.4
(6.4–15.8)
	
	5, 9.3
(3.1–20.3)
	
	24, 10.2
(6.6–14.8)
	

	Subjects with HI titre ≥ 1:40 No., % 
(95% CI)
	6, 3.2
(1.2–6.9)
	
	3, 4.9
(1.0–13.7)
	
	9, 3.6
(1.7–6.8)
	
	9, 4.9
(2.3–9.2)
	
	3, 5.6
(1.2–15.4)
	
	12, 5.1
(2.7–8.7)
	

	GMT: value (95% CI)
	5.8 
(5.3–6.3)
	
	5.9
(5.1–6.9)
	
	5.8 
(5.4–6.2)
	
	6.0 
(5.5–6.6)
	
	5.9
(5.0–7.0)
	
	6.0 
(5.6–6.5)
	

	



	
	
	
	
	
	
	
	
	
	
	
	


Figures in bold text meet CHMP criteria, whereas figures in bold italic text meet FDA criteria



priming doses than one priming dose (31.4% versus 14.1%, p=0.0002). Seroprotection rates were similar after one- and two-dose priming in 18-59-year-olds on days 365 (2.5% versus 5.2%, p=0.2612) and 456 (3.2% versus 4.9%, p=0.6931), and the over 60’s on days 42 (18.6% versus 21.1%, p>0.9999), 365 (3.4% versus 5.7%, p=0.6661), and 456 (4.9% versus 5.6%, p>0.9999)(Table 5).   


HI antibody responses of ‘primed’ and ‘unprimed’ subjects to plain and MF59-adjuvanted formulations of A/turkey/Turkey/1/2005 vaccine  
Primary outcome after ‘boosting’ with A/turkey/Turkey/1/2005 vaccine
Four-hundred-and-forty ‘primed’ participants were re-randomized to receive a booster containing 3.75μg HA or 7.5μg HA of MF59-adjuvanted or ‘plain’ A/t/T/1 vaccine.  Immunogenicity data for one participant were excluded due to a protocol violation (undeclared prior H5 vaccination). Forty-nine unprimed 18-59-year-old controls were given 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine.  Attainment of CHMP and FDA immunogenicity criteria were assessed according the number of ‘priming’ doses (i.e., none, one, or two), the HA content of the A/t/T/1 vaccine (i.e., 3.75μg HA or 7.5μg HA), its formulation (i.e., ‘plain’, or adjuvanted with MF59), age group (i.e., 18-59-years or ≥60 years), and test-antigen (i.e., NIBRG14, NIBRG23, or IDCDC-RG30) in the ‘immunogenicity population’, i.e., in participants analysed according to the vaccine schedule actually received. 


Primary outcome in response to boosting (NIBRG14 as test antigen)
Table 6 shows the NIBRG14 HI antibody response of unprimed 18-59-year-old controls to 7.5μg HA of MF59-adjuvanted influenza A/t/T/1 vaccine (a clade 2.2.1 strain).  Tables 7 and 8 show the NIBRG14 HI antibody responses of 18-59-year-old ‘adults’ and ≥60-year-old ‘elderly’ to boosters containing 3.75μg HA or 7.5μg HA of ‘plain’ or MF59-adjuvanted A/t/T/1 vaccine after priming with A/VN/1194 vaccine.  Caution should be applied to interpretation of data on attainment of CHMP and FDA criteria in the elderly due to small group-size.

A. Committee for Medicinal Products for Human Use immunogenicity criteria
CHMP criteria in unprimed controls (Table 6)
· Vaccination with 7.5μg HA MF59-adjuvanted A/t/T/1 vaccine                                                               No CHMP criteria were met in unprimed controls on any occasion (i.e., days 7, 14, 21, 182, and 274 after vaccination).  

CHMP criteria after ‘one-dose priming’ (Tables 7 and 8)
· 3.75μg HA ‘plain’ A/t/T/1 booster                                                                                                                No criteria were met in adults or the elderly on any occasion. 
· 7.5μg HA ‘plain’ A/t/T/1 booster                                                                                                                One criterion (GMR) was met on days 14, and 21 in 18-59-year-olds and ≥60-year-olds.
· 3.75μg HA MF59-adjuvanted A/t/T/1 booster                                                                                                                18-59-year-olds:  All three CHMP criteria were met on days 7, 14, and 21; one criterion (GMR) was met on days 182 and 274.                                                                                                                           ≥60-year-olds: One criterion (GMR) was met on days 7 and 21; two criteria were met on day 14 (seroconversions and GMR).  
· 7.5μg HA MF59-adjuvanted A/t/T/1 booster                                                                                                                18-59-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on days 182 and 274.                             
· ≥60-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on day 182; one criterion (GMR) was met on day 274.

CHMP criteria after ‘two-dose priming’ 
· 3.75μg HA ‘plain’ A/t/T/1 booster                                                                                                                One criterion (GMR) was met in adults and the elderly on days 7, 14, and 21. 
· 7.5μg HA ‘plain’ A/t/T/1 booster                                                                                                                 18-59-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on days 182 and 274.                            
≥60-year-olds: One criterion (GMR) was met on days 7, 14, 21, 182, and 274. 
· 3.75μg HA MF59-adjuvanted A/t/T/1 booster                                                                                                                18-59-year-olds & ≥60-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on day 182; one criterion (GMR) was met on day 274.
· 7.5μg HA MF59-adjuvanted A/t/T/1 booster                                                                                                                18-59-year-olds: All three criteria were met on days 7, 14, 21, and 182; two criteria (seroconversions and GMR) were met on day 274.                        
≥60-year-olds: All three criteria were met on days 7, 14, and 21; one criterion (GMR) was met on days 182 and 274.


B. US Food and Drug Administration immunogenicity criteria
FDA criteria in unprimed controls
· Vaccination with 7.5μg HA MF59-adjuvanted A/t/T/1 vaccine                                                               No criteria were met in unprimed controls on any occasion (Table 6).  

FDA criteria after ‘one-dose priming’
· 3.75μg HA ‘plain’ A/t/T/1 booster                                                                                                                
No criteria were met in adults or the elderly on any occasion. 
· 7.5μg HA ‘plain’ A/t/T/1 booster                                                                                                                  No criteria were met in adults or the elderly on any occasion.
· 3.75μg HA MF59-adjuvanted A/t/T/1 booster                                                                                                                
18-59-year-olds: The seroconversion criterion was met on days 7, 14, and 21.                               ≥60-year-olds: No criteria were met on any occasion.
· 7.5μg HA MF59-adjuvanted A/t/T/1 booster                                                                                                                18-59-year-olds: One criterion (seroconversions) was met in 18-59-year-olds on days 7, 21, 182, and 274; both criteria (seroprotections and seroconversions) were met on day 14.                       ≥60-year-olds: No criteria were met on any occasion.

FDA criteria after ‘two-dose priming’
· 3.75μg HA ‘plain’ A/t/T/1 booster                                                                                                                No criteria were met in adults or the elderly on any occasion. 
· 7.5μg HA ‘plain’ A/t/T/1 booster                                                                                                                  18-59-year-olds: The seroconversion criterion was met on days 14 and 21.                                    ≥60-year-olds: No criteria were met on any occasion.

· 3.75μg HA MF59-adjuvanted A/t/T/1 booster                                                                                                                18-59-year-olds: The seroconversion criterion was met on days 7, 14 and 21.                                ≥60-year-olds: No criteria were met on any occasion.
· 7.5μg HA MF59-adjuvanted A/t/T/1 booster                                                                                                                18-59-year-olds: Both criteria were met on days 7, 14, and 21; the seroconversion criterion was met on days 182 and 274.                                                                                                                           ≥60-year-olds: No criteria were met on any occasion.



TABLE 6 H5 antibody titres of unprimed18-59-year-olds (controls) before and after vaccination with 7.5μg HA of MF59-adjuvanted influenza A/turkey/Turkey/1/2005 (H5N1) vaccine


	
	H5 antibody levels before and after vaccination
	

	
	Baseline
n=49 
	
	Day 7
n=46 
	
	Day 14
n=45
	
	Day 21
n=44 
	
	Day 182
n=45 
	
	Day 274
n=46
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	NIBRG14 
	
	
	
	
	
	
	
	
	
	
	
	

	Subjects with HI titre ≥:10                            No., % (95%CI)
	0, 0           (0–7.3)
	
	6, 13.0   (4.9–26.3)
	
	9, 20.0    (9.6-34.6)
	
	10, 22.7 (11.5-37.8)
	
	7, 15.6   (6.5-29.4)
	
	7, 15.2   (6.3-28.9)
	

	Subjects with HI titre ≥1:40 No., % (95%CI)
	0, 0          (0–7.3)
	
	2, 4.3    (0.5–14.8)
	
	7, 15.6   (6.5-29.5)
	
	7, 15.9   (6.6-30.1)
	
	4, 8.9     (2.5-21.2)
	
	5, 10.9   (3.6-23.6)
	

	Seroconversions: No., %    (95% CI)
	-
	
	2, 4.3    (0.5–14.8)
	
	7, 15.6   (6.5-29.5)
	
	7, 15.9   (6.6-30.1)
	
	4, 8.9     (2.5-21.2)
	
	5, 10.9   (3.6-23.6)
	

	GMR: value (95% CI)
	-
	
	1.4        (1.0–1.9)
	
	1.9         (1.2-3.0)
	
	1.8         (1.2-2.8)
	
	1.4         (1.1-1.8)
	
	1.4         (1.1-1.9)
	

	GMT: value (95% CI)
	5.0        (5.0–5.0)
	
	6.8        (5.0–9.3)
	
	9.5         (6.1-14.9)
	
	9.2         (6.0-14.1)
	
	6.9         (5.4-8.8)
	
	7.1         (5.5-9.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	NIBRG23 
	
	
	
	
	
	
	
	
	
	
	
	

	Subjects with HI titre ≥:10                            No., % (95%CI)
	1, 2.0    (0.1-10.9)
	
	3, 6.5     (1.4-17.9)
	
	13, 28.9 (16.4-44.3)
	
	16, 36.4 (22.4-52.2)
	
	9, 20.0   (9.6-34.6)
	
	7, 15.2    (6.3-28.9)
	

	Subjects with HI titre ≥1:40 No., % (95%CI)
	0, 0          (0–7.3)
	
	3, 6.5     (1.4-17.9)
	
	10, 22.2 (11.2-37.1)
	
	12, 27.3 (15.0-42.8)
	
	3, 6.7     (1.4-18.3)
	
	2, 4.3     (0.5-14.8)
	

	Seroconversions: No., %    (95% CI)
	-
	
	3, 6.5     (1.4-17.9)
	
	10, 22.2 (11.2-37.1)
	
	12, 27.3 (15.0-42.8)
	
	3, 6.7     (1.4-18.3)
	
	2, 4.3     (0.5-14.8)
	

	GMR: value (95% CI)
	-
	
	1.2         (0.9-1.6)
	
	2.4         (1.5-3.9)
	
	2.6         (1.6-4.0)
	
	1.4         (1.1-1.8)
	
	1.3         (1.0-1.6)
	

	GMT: value (95% CI)
	5.1        (4.9-5.3)
	
	6.3         (4.8-8.3)
	
	12.3       (7.6-19.8)
	
	13.1       (8.3-20.6)
	
	7.1         (5.5-9.1)
	
	6.6         (5.2-8.2)
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	IDCDC-RG30
	
	
	
	
	
	
	
	
	
	
	
	

	Subjects with HI titre ≥:10                            No., % (95%CI)
	1, 2.0    (0.1-10.9)
	
	6, 13.0   (4.9-26.3)
	
	9, 20.0   (9.6-34.6
	
	7, 15.9   (6.6-30.1)
	
	6, 13.3    (5.1-26.8)
	
	4, 8.7     (2.4-20.8)
	

	Subjects with HI titre ≥1:40 No., % (95%CI)
	0, 0          (0–7.3)
	
	5, 10.9   (3.6-23.6)
	
	7, 15.6   (6.5-29.5)
	
	5, 11.4   (3.8-24.6)
	
	4, 8.9      (2.5-21.2)
	
	2, 4.3     (0.5-14.8)
	

	Seroconversions: No., %    (95% CI)
	-
	
	5, 10.9   (3.6-23.6)
	
	7, 15.6   (6.5-29.5)
	
	5, 11.4    (3.8-24.6)
	
	4, 8.9     (2.5-21.2)
	
	2, 4.3     (0.5-14.8)
	

	GMR: value (95% CI)
	-
	
	1.5         (1.1-2.0)
	
	1.7         (1.2-2.5)

	
	1.5          (1.0-2.1)
	
	1.3         (1.0-1.6)
	
	1.2         (0.9-1.4)
	

	GMT: value (95% CI)
	5.1        (4.9-5.4)
	
	7.5         (5.4-10.5
	
	8.8         (6.0-13.0)
	
	7.7         (5.4-11.0)
	
	6.5         (5.2-8.1)
	
	6.0         (4.9-7.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	


Figures in bold text meet CHMP criteria, whereas figures in bold italic text meet FDA criteria



TABLE 7 Immunogenicity of influenza A/turkey/Turkey/1/2005 (H5N1) vaccines in primed 18-59-year-olds (HI test with NIBRG14 antigen)

	
	One priming dose
	
	Two priming doses

	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	45
	
	45
	
	45
	
	47
	
	45
	
	42
	
	44
	
	44
	

	GMT value (95% CI)
	7.0              (5.6-8.7)
	
	6.9              (5.2-9.1)
	
	5.8             (4.9–6.8)
	
	5.6             (5.0-6.3)
	
	9.8             (7.0-13.6)
	
	12.3            (8.2-18.5)
	
	6.4             (5.4-7.5)
	
	6.9             (5.6-8.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	43
	
	41
	
	46
	
	45
	
	41
	
	44
	
	38
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	13, 31.0    (17.6-47.1)
	
	9, 20.9      (10.0-36.0)
	
	29, 70.7    (54.4-83.9)
	
	37, 80.4    (66.1-90.6)
	
	22, 48.9    (33.7-64.2)
	
	31, 75.6     (59.7-87.6)
	
	32, 72.7    (57.2-85.0)
	
	36, 94.7    (82.3-99.4)
	

	Seroconversions No., %                    (95% CI)
	9, 21.4     (10.3-36.8)
	
	7, 16.3       (6.8-30.7)
	
	29, 70.7    (54.4-83.9)
	
	37, 80.4    (66.1-90.6)
	
	14, 31.1    (18.2-46.6)
	
	23, 56.1    (39.7-71.5)
	
	31, 70.5    (54.8-83.2)
	
	35, 92.1    (78.6-98.3)
	

	GMR value (95% CI)
	2.1,            (1.5-2.9)
	
	1.9,            (1.3-2.9)
	
	9.6             (5.8-15.9)
	
	29.0         (17.7-47.6)
	
	2.8             (2.0-4.0)
	
	5.2              (3.4-8.0)
	
	10.1           (6.7-15.2)
	
	28.7         (19.4-42.5)
	

	GMT value (95% CI)
	15.0           (9.9-22.7)
	
	12.6           (7.8-20.4)
	
	56.6         (33.3-96.1)
	
	162.4       (97.6-270.3)
	
	27.4          (18.2-41.2)
	
	65.3          (42.1-101.2)
	
	64.7         (41.6-100.6)
	
	206.6     (137.2-311.0)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	41
	
	42
	
	42
	
	45
	
	42
	
	40
	
	40
	
	40
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	12, 29.3    (16.1-45.5)
	
	14, 33.3    (19.6-49.5)
	
	32, 76.2    (60.5-87.9)
	
	38, 84.4    (70.5-93.5)
	
	24, 57.1       (41.0-72.3)
	
	31, 77.5      (61.5-89.2)
	
	30, 75.0     (58.8-87.3)
	
	38, 95.0      (83.1-99.4)
	

	Seroconversions No., %                    (95% CI)
	9, 22.0      (10.6-37.6)
	
	12, 28.6    (15.7-44.6)
	
	32, 76.2    (60.5-87.9)
	
	38, 84.4   (70.5-93.5)
	
	16, 38.1     (23.6-54.4)
	
	25, 62.5      (45.8-77.3)
	
	30, 75.0   (58.8-87.3)
	
	37, 92.5    (79.6-98.4)
	

	GMR value (95% CI)
	2.4             (1.6-3.4)
	
	2.6             (1.6-4.4)
	
	14.9              (8.9-24.9)
	
	38.5           (23.3-63.6)
	
	3.9              (2.5-6.0)
	
	6.7             (4.4-10.2)
	
	12.8           (7.9-20.6)
	
	36.4         (25.0-53.2)
	

	GMT value (95% CI)
	16.5         (10.4-26.1)
	
	17.7          (10.1-30.9)
	
	86.9                 (51.2-147.3)
	
	216.1        (129.0-361.8)
	
	39.7           (24.2-65.0)
	
	86.5           (53.2-140.6)
	
	83.5         (50.2-139.1)
	
	257.7        (178.1-372.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	43
	
	42
	
	47
	
	40
	
	34
	
	38
	
	39
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	10, 23.8      (12.1-39.5)
	
	14, 32.6      (19.1-48.5)
	
	34, 81.0      (65.9-91.4)
	
	39, 83.0      (69.2-92.4)
	
	23, 57.5      (40.9-73.0)
	
	26, 76.5 
(58.8-89.3)
	
	28, 73.7      (56.9-86.6)
	
	37, 94.9      (82.7-99.4)
	

	Seroconversions No., %                    (95% CI)
	6, 14.3        (5.4-28.5)
	
	12, 27.9     (15.3-43.7)
	
	34, 81.0      (65.9-91.4)
	
	39, 83.0      (69.2-92.4)
	
	15, 37.5       (22.7-54.2)
	
	21, 61.8 
(43.6-77.8)
	
	28, 73.7      (56.9-86.6)
	
	36, 92.3      (79.1-98.4)
	

	GMR value (95% CI)
	2.0              (1.5-2.7)
	
	2.5                (1.5-4.2)
	
	16.5            (9.7-28.1)
	
	31.1            (19.0-50.8)
	
	3.5                (2.3-5.4)
	
	6.1 
(3.8-9.8)
	
	9.7                (6.1-15.3)
	
	34.7            (23.1-52.0)
	

	GMT value (95% CI)
	14.3           (9.4-21.7)
	
	17.7           (10.2-30.9)
	
	92.0         (54.0-156.8)
	
	173.5        (104.4-288.5)
	
	37.0            (22.2-61.7)
	
	88.6
(50.3-155.9)
	
	63.1           (37.7-105.6)
	
	247.3        (165.7-369.2)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 182
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	40
	
	45
	
	46
	
	44
	
	42
	
	42
	
	38
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	9, 21.4      (10.3-36.8)
	
	10, 25.0     (12.7-41.2)
	
	18, 40.0     (25.7-55.7)
	
	27, 58.7     (43.2-73.0)
	
	17, 38.6     (24.4-54.5)
	
	26, 61.9     (45.6-76.4)
	
	19, 45.2     (29.8-61.3)
	
	27, 71.1    (54.1-84.6)
	

	Seroconversions No., %                    (95% CI)
	6, 14.3        (5.4-28.5)
	
	8, 20.0       (9.1-35.6)
	
	16, 35.6    (21.9-51.2)
	
	27, 58.7      (43.2-73.0)
	
	12, 27.3     (15.0-42.8)
	
	19, 45.2    (29.8-61.3)
	
	19, 45.2     (29.8-61.3)
	
	25, 65.8     (48.6-80.4)
	

	GMR value (95% CI)
	1.5               (1.1-2.1)
	
	2.2               (1.3-3.6)
	
	4.1             (2.5-6.5)
	
	8.2             (4.9-13.8)
	
	2.2              (1.5-3.3)
	
	4.6             (2.9-7.5)
	
	3.9               (2.4-6.4)
	
	8.0                (4.8-13.3)
	

	GMT value (95% CI)
	10.2           (6.9-14.9)
	
	15.6             (8.9-27.3)
	
	23.5            (14.4-38.5)
	
	46.2            (26.8-79.5)
	
	22.0         (13.5-35.8)
	
	57.0         (32.6-99.9)
	
	24.2              (14.3-40.8)
	
	55.5               (31.8-97.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 274
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	44
	
	42
	
	47
	
	45
	
	42
	
	44
	
	40
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	10, 23.8      (12.1-39.5)
	
	9, 20.5          (9.8-35.3)
	
	12, 28.6       (15.7-44.6)
	
	26, 55.3      (40.1-69.8)
	
	15, 33.3      (20.0-49.0)
	
	25, 59.5       (43.3-74.4)
	
	16, 36.4       (22.4-52.2)
	
	24, 60.0      (43.3-75.1)
	

	Seroconversions No., %                    (95% CI)
	4, 9.5            (2.7-22.6)
	
	7, 15.9          (6.6-30.1)
	
	10, 23.8      (12.1-39.4)
	
	26, 55.3      (40.1-69.8)
	
	11, 24.4      (12.9-39.5)
	
	17, 40.5       (25.6-56.7)
	
	15, 34.1      (20.5-49.9)
	
	23, 57.5      (40.9-73.0)
	

	GMR value (95% CI)
	1.3                (1.0-1.8)
	
	1.8                (1.2-2.7)
	
	3.0                (1.8-4.9)
	
	6.1                (3.8-10.0)
	
	1.9                (1.3-2.9)
	
	3.8                (2.4-6.0)
	
	3.1                (2.0-4.7)
	
	6.4                (4.0-10.1)
	

	GMT value (95% CI)
	9.4               (6.6-13.5)
	
	12.3             (7.6-19.7)
	
	16.5            (10.0-27.4)
	
	34.3            (20.4-57.6)
	
	18.8            (11.7-30.2)
	
	46.8            (27.2-80.5)
	
	19.5            (12.1-31.6)
	
	43.6            (26.0-73.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Figures in bold text meet CHMP criteria, whereas figures in bold italic text meet FDA criteria






TABLE 8 Immunogenicity of influenza A/turkey/Turkey/1/2005 (H5N1) vaccines in primed ≥60-year-olds (HI test with NIBRG14 antigen)

	
	One priming dose
	
	Two priming doses
	

	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	GMT value (95% CI)
	7.1             (5.0-10.0)
	
	6.6             (4.7-9.3)
	
	7.3             (3.6-14.7)
	
	11.0           (4.5-26.8)
	
	8.5              (4.1-17.8)
	
	8.2                (4.9-13.8)
	
	8.6               (4.8-15.3)
	
	8.7               (4.2-18.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	1, 9.1         (0.2-41.3)
	
	1, 10.0        (0.3-44.5)
	
	3, 27.3       (6.0-61.0)
	
	7, 63.6      (30.8-89.1)
	
	4, 36.4     (10.9-69.2)
	
	2, 22.2       (2.8-60.0)
	
	6, 66.7      (29.9-92.5)
	
	8, 80.0      (44.4-97.5)
	

	Seroconversions No., %                    (95% CI)
	0, 0                 (0-28.5)
	
	1, 10.0         (0.3-44.5)
	
	2, 18.2         (2.3-51.8)
	
	6, 54.5        (23.4-83.3)
	
	2, 18.2           (2.3-51.8)
	
	2, 22.2           (2.8-60.0)
	
	5, 55.6           (21.2-86.3)
	
	7, 70.0       (34.8-93.3)
	

	GMR value (95% CI)
	1.1               (0.7-1.8)
	
	1.6               (0.9-2.8)
	
	3.0               (1.3-7.2)
	
	5.8                (2.2-15.6)
	
	2.1               (1.1-4.0)
	
	2.9                 (0.8-10.9)
	
	4.8               (1.9-12.6)
	
	6.7                (2.4-18.5)
	

	GMT value (95% CI)
	7.8                (4.8-12.5)
	
	10.4              (5.5-19.5)
	
	22.0              (8.6-56.1)
	
	64.2            (17.2-239.8)
	
	18.2              (8.2-40.5)
	
	24.2              (6.8-87.1)
	
	41.6            (18.6-92.9)
	
	58.6             (21.4-160.5)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	9
	
	11
	
	11
	
	10
	
	9
	
	8
	
	10
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	2, 18.2            (2.3-51.8)
	
	4, 44.4        (13.7-78.8)
	
	6, 54.5         (23.4-83.3)
	
	9, 81.8        (48.2-97.7)
	
	2, 20.0          (2.5-55.6)
	
	4, 44.4        (13.7-78.8)
	
	6, 75.0         (34.9-96.8)
	
	8, 80.0       (44.4-97.5)
	

	Seroconversions No., %                    (95% CI)
	1, 9.1            (0.2-41.3)
	
	3, 33.3          (7.5-70.1)
	
	5, 45.5        (16.7-76.6)
	
	8, 72.7        (39.0-94.0)
	
	1, 10.0          (0.3-44.5)
	
	2, 22.2          (2.8-60.0)
	
	5, 62.5        (24.5-91.5)
	
	7, 70.0         (34.8-93.3)
	

	GMR value (95% CI)
	2.0                (1.2-3.4)
	
	3.1             (1.2-8.0)
	
	5.0                (1.6-15.1)
	
	11.0                 (3.3-36.3)
	
	2.4                (1.3-4.4)
	
	3.7                 (1.0-13.9)
	
	9.1                 (3.0-27.5)
	
	8.3                 (2.7-25.3)
	

	GMT value (95% CI)
	14.1                (6.4-31.0)
	
	20.8              (7.6-56.5)
	
	36.4            (12.4-106.9)
	
	120.5           (31.4-462.4)
	
	15.2                (6.7-34.3)
	
	30.5                 (8.4-111.0)
	
	76.6            (26.4-222.6)
	
	72.1            (21.8-238.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	10
	
	10
	
	11
	
	11
	
	11
	
	9
	
	7
	
	8
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	2, 20.0          (2.5-55.6)
	
	3, 30.0          (6.7-65.2)
	
	4, 36.4         (10.9-69.2)
	
	7, 63.6         (30.8-89.1)
	
	4, 36.4        (10.9-69.2)
	
	4, 44.4        (13.7-78.8)
	
	5, 71.4        (29.0-96.3)
	
	7, 87.5         (47.3-99.7)
	

	Seroconversions No., %                    (95% CI)
	1, 10.0           (0.3-44.5)
	
	2, 20.0           (2.5-55.6)
	
	3, 27.3          (6.0-61.0)
	
	6, 54.5        (23.4-83.3)
	
	2, 18.2         (2.3-51.8)
	
	2, 22.2          (2.8-60.0)
	
	4, 57.1      (18.4-90.1)
	
	6, 75.0        (34.9-96.8)
	

	GMR value (95% CI)
	1.7                (1.0-3.1)
	
	2.8              (1.2-6.6)
	
	3.3                (1.1-10.4)
	
	9.1                 (2.9-28.6)
	
	3.1                (1.4-6.8)
	
	3.6              (0.9-13.5)
	
	6.2                  (1.5-25.2)
	
	8.4               (2.5-27.8)
	

	GMT value (95% CI)
	11.9            (5.2-27.5)
	
	18.7              (7.7-45.0)
	
	24.2            (7.4-79.0)
	
	99.7          (26.4-377.3)
	
	26.6           (10.1-69.7)
	
	29.4              (7.9-108.7)
	
	56.6          (12.7-251.5)
	
	83.5            (22.8-306.5)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 182
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	1, 9.1                (0.2-41.3)
	
	1, 10.0        (0.3-44.5)
	
	4, 36.4        (10.9-69.2)
	
	6, 54.5         (23.4-83.3)
	
	3, 27.3          (6.0-61.0)
	
	3, 33.3          (7.5-70.1)
	
	5, 55.6        (21.2-86.3)
	
	4, 40.0        (12.2-73.8)
	

	Seroconversions No., %                    (95% CI)
	1, 9.1            (0.2-41.3)
	
	1, 10.0          (0.3-44.5)
	
	3, 27.3         (6.0-61.0)
	
	5, 45.5        (16.7-76.6)
	
	1, 9.1            (0.2-41.3)
	
	2, 22.2          (2.8-60.0)
	
	4, 44.4        (13.7-78.8)
	
	3, 30.0          (6.7-65.2)
	

	GMR value (95% CI)
	1.4               (0.8-2.5)
	
	1.3                (0.7-2.2)
	
	1.9                (0.9-4.2)
	
	3.5                (1.3-9.3)
	
	1.7                (1.0-2.8)
	
	2.4                (0.6-9.7)
	
	3.4                (1.4-8.2)
	
	3.5                (1.4-8.5)
	

	GMT value (95% CI)
	10.0              (5.1-19.8)
	
	8.4                (4.9-14.4)
	
	14.1               (5.6-35.7)
	
	38.8           (10.6-141.4)
	
	14.6                  (6.0-35.4)
	
	20.0               (4.9-81.4)
	
	29.4             (11.6-74.3)
	
	30.3              (9.9-92.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 274
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	1, 9.1               (0.2-41.3)
	
	1, 10.0           (0.3-44.5)
	
	2, 18.2            (2.3-51.8)
	
	6, 54.5         (23.4-83.3)
	
	3, 27.3          (6.0-61.0)
	
	2, 22.2          (2.8-60.0)
	
	3, 33.3          (7.5-70.1)
	
	4, 40.0        (12.2-73.8)
	

	Seroconversions No., %                    (95% CI)
	0, 0                  (0-28.5)
	
	1, 10.0           (0.3-44.5)
	
	1, 9.1             (0.2-41.3)
	
	3, 27.3          (6.0-61.0)
	
	1, 9.1               (0.2-41.3)
	
	1, 11.1         (0.3-48.2)
	
	2, 22.2          (2.8-60.0)
	
	3, 30.0            (6.7-65.2)
	

	GMR value (95% CI)
	1.0               (0.7-1.3)
	
	1.3                 (0.8-2.1)
	
	1.7                   (0.9-3.2)
	
	2.5                 (1.0-6.3)
	
	1.4                    (0.9-2.1)
	
	2.1                 (0.5-8.7)
	
	2.4                    (1.1-5.5)
	
	2.4                      (0.9-6.0)
	

	GMT value (95% CI)
	6.9                 (4.2-11.1)
	
	8.7                  (5.2-14.5)
	
	12.5               (5.4-28.7)
	
	27.4              (8.2-91.3)
	
	12.1               (5.3-27.3)
	
	17.1               (4.3-67.6)
	
	20.8              (8.2-52.5)
	
	20.7              (6.1-69.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Figures in bold text meet CHMP criteria, whereas figures in bold italic text meet FDA criteria


Secondary outcomes in response to boosting (NIBRG14 as test antigen) 
A. Kinetics and magnitude of the NIBRG14 HAI antibody response in unprimed controls and one- and two-priming dose comparators 
Reverse cumulative frequency distribution curves of NIBRG14 HAI antibody in primed and unprimed adults, before and after administration of 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine, are shown in Figure 5(a). Rapid high-titered HI antibody responses that met all three CHMP criteria and both FDA criteria, as early as day 7 after boosting with two-dose priming and by day 14 with one-dose priming, are shown in contrast with those of the unprimed controls. No CHMP or FDA criteria were met on days 7, 14, or 21 after vaccination of controls (Table 6). Peak GMTs and GMRs for the primed and unprimed groups occurred on day14 after vaccination; they were ~20-fold higher after one- and two-dose priming than in unprimed controls (GMTs: unprimed, 9.5 versus one-dose priming, 216.1; two-dose-priming, 257.7; both p <0.0001; GMRs: unprimed, 1.9 versus one-dose priming, 38.5; two-dose-priming, 36.4; both p <0.0001)(Tables 6 & 7).  Peak seroconversion rates occurred on day 21 in controls and on day 14 with priming; they were 5-6-fold higher after one- and two-dose priming than in unprimed controls (unprimed, 15.9% versus one-dose priming, 84.4%; two-dose priming, 92.5%; both p <0.0001 (Tables 6 & 7).  
  
	
FIGURE 5 Reverse cumulative distribution curves of HI titres in serum samples from 18-59-year-olds collected immediately before (day 0) and 7, 14, and 21 days after boosting with influenza A/turkey/Turkey/1/2005 vaccine (7.5μg HA), by priming status. Titres are given on a log2 scale. 

(a) NIBRG14 HI titres
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(b) NIBRG23 HAI titres
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(c) IDCDC-RG30 HI titres
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On days 7, 14, 21, 182, and 274 after ‘boosting’, GMTs of HI antibodies to NIBRG14, NIBRG23, and IDCDC-RG30 viruses were significantly higher in primed subjects than in unprimed controls (all, p<0.0001), leading to significantly greater seroprotection rates, seroconversions, and GMRs (all, p<0.0002).
B. Kinetics, magnitude, and persistence of NIBRG14 HAI antibody response to each prime-boost regimen 
The NIBRG14 HI antibody responses of adults and the elderly to each prime-boost regimen are compared in Tables 7 & 8; Figures 6 & 7 show the corresponding reverse cumulative frequency distribution curves for the kinetics and persistence of NIBRG14 HI antibody. Table 9 shows the results of unadjusted analyses for primed participants that explore the possible influence of age, prior seasonal influenza vaccination, presence of NIBRG14 HI antibody when the A/t/T1 booster was administered, the number of priming doses, and vaccine composition on antibody levels. The unadjusted analyses showed a possible relationship between each factor and the GMTs of H5 HI antibody to each test virus on days 7 through day 274 after boosting. The relationships were examined in backward stepwise regression models (Table 10). 

	FIGURE 6 Reverse cumulative distribution curves of NIBRG14 HI titres in serum samples from 18-59-year-olds and ≥60-year-olds collected before and after boosting, by priming status. Titres are given on a log2 scale. 
 
(a) Kinetics of NIBRG14 HAI antibody response (days 7, 14, and 21 after boosting), 18-59-year-olds.
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	(b) Kinetics of NIBRG14 HI antibody response (days 7, 14, and 21 after boosting), ≥60-year-olds.
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Kinetics and magnitude   
Figure 6a shows that there was rapid evolution of seroprotection in 18-59-year-olds using boosters formulated with MF59 and 7.5μg HA, notably after two priming doses, which gave 95% seroprotection by day 7 (Table 7). Within each age group, boosters containing 7.5μg HA and MF59 attained the highest GMTs (18-59-year-olds: after one priming dose, 216.1; after two priming doses, 257.7 – both occurring 14 days after boosting (Table 7); ≥60-years: after one priming dose, 120.5; after two priming doses, 83.5 – occurring 14 and 21 days after boosting, respectively (Table 8)).

Backward stepwise multiple regression showed higher GMTs of NIBRG14 HI antibody, SPRs and SCRs on days 7, 14, and 21 after A/t/T/1 boosting with 7.5μg HA (versus 3.75μg HA, all p<0.0001) and MF59 (versus no adjuvant, all p<0.0001); GMTs of NIBRG14 antibody and SPRs were also higher on days 7, 14, and 21 (all p<0.0001) if NIBRG14 HI antibody was detectable on day 456 (i.e., baseline for booster vaccination); SCRs were also higher on days 7, 14, and 21 (all p<0.02) if boosters were given after two priming doses (Table 10). Conversely, prior seasonal vaccination was associated with lower NIBRG14 HI GMTs, SPRs and SCRs on days 7, 14, and 21 after boosting (all p <0.0001); increasing age (years) was also associated with lower NIBRG14 HI GMTs on days 7, 14, and 21 (all p<0.002). 

Table 11 ranks the immunogenicity of each prime-boost regimen according to the number of CHMP and FDA criteria fulfilled on days 7, 14, and 21 after boosting. The regimen of two priming doses of A/VN/1194 vaccine with an A/t/T/1 booster containing 7.5μg HA and MF59 satisfied the most criteria. The SPRs, SCRs, and GMRs on days 7, 14, and 21 for the regimen ranked first were comparable in 18-59-year-olds to those of the regimen ranked second (1P, 7.5μg HA booster with MF59), but were mostly superior to those of the regimen ranked third (2P, 3.75μg HA booster with MF59)(Table 11). The boosters in regimens ranked 1–4 all contained MF59; all boosters in regimens ranked 5–8 lacked MF59 (Table 11). 

Antibody persistence 
In adults, SPRs on day 182 ranged from 21.1% (1P + 3.75μg HA plain booster) to 71.1% (2P + 7.5μg HA MF59 booster), and on day 274, from 20.5% (1P + 7.5μg HA plain booster) to 60.0% (2P + 7.5μg HA MF59 booster)(Table 7). The significant associations found in multiple regression analyses for days 7, 14, and 21 (see above) persisted on days 182 and 274 (Table 10). In adults, the GMTs of NIBRG14 HI antibody on days 182 and 274 exceeded pre-booster levels with all prime-boost regimens except for 1P + 3.75μg HA plain booster (Figure 7). In the elderly, the GMTs of NIBRG14 HI antibody on days 182 and 274 were similar to pre-booster levels with all prime-boost regimens except on day 182 after 2P + 3.75μg HA or 7.5μg HA boosters containing MF59 (Figure 7)[Caution should be used in interpreting the findings in the elderly due to the small number of participants in each subgroup]. Two regimens (1P + 7.5μg HA MF59 booster, and 2P + 7.5μg HA MF59 booster) satisfied the most CHMP and FDA criteria (Table 12); both regimens maintained SPRs of ≥50% on days 182 and 274 in adults and ≥40% on days 182 and 274 in the elderly (Tables 7 & 8) – as compared with 9% and 11% respectively in unprimed controls (Table 6). 
 

C. Solicited adverse event
Table 13 shows the aggregated data for solicited AEs during the first 7 days after vaccination of 18-59 year-olds and unprimed controls.  Self-reported reactions were mostly reported as mild or moderate and generally resolved within 72 hours. Compared with controls, there was no increase in the occurrence of any local or systemic event in adults given any prime-boost regimen. Pain of mild or moderate intensity, the most common local event, occurred 61.7% of unprimed controls and 76.6% and 55.8% of adults given the same A/t/T/1 vaccine formulation (7.5μg HA with MF59) after one- and two priming doses, respectively. There were no reports of severe levels of local pain. The most common systemic event was myalgia, reported by 19.1% of unprimed controls and 31.9% and 23.2% of adults given the same A/t/T/1 vaccine formulation after one- and two priming doses, respectively. Pooled analyses revealed increases in the occurrence of localised pain, erythema, swelling, and myalgia with boosters containing MF59 compared to plain vaccine (Table 14). Multiple regression analysis showed: (a) these solicited reactions were reported by more recipients of MF59-adjuvanted vaccine than plain vaccine (localised pain and myalgia (both, p<0.0001); local erythema (p=0.0031); local swelling (p=0.0004); (b) local pain and local swelling were more prominent after vaccination with 7.5μg of HA than 3.75μg HA (p<0.0001 and p=0.0140, respectively); and local pain diminished with increasing age (p<0.0001). Absenteeism of up to four days occurred in similar numbers of controls (1 of 47) and recipients of plain (1 of 177) and adjuvanted boosters (5 of 183) (p=0.2791).


TABLE 9 Pooled analyses to explore possible roles of host factors and vaccine composition on the response to booster doses of A/turkey/Turkey/1 vaccine as assessed in HI tests using NIBRG14, NIBRG23 and IDCDC-RG30 as test antigens 

	
	GMTs of HAI antibody to clades of Influenza A H5N1 virus
	

	
	NIBRG14
	
	NIBRG23
	
	IDCDC-RG30
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Age
	<45 years
	≥45 years
	p
	
	<45 years
	≥45 years
	p
	
	<45 years
	≥45 years
	p
	

	Baseline:  No., GMT (95% CI)
	227, 7.4
(6.6–8.3)
	212, 7.5
(6.6–8.4)
	0.8910 
	
	226, 6.0
(5.5–6.5)
	212, 6.2
(5.7–6.7)
	0.5909
	
	225, 5.8
(5.4–6.3)
	211, 6.1
(5.6–6.7)
	0.3737
	

	Day 7: No., GMT (95% CI)
	217, 63.1≥2
(49.6–80.1)
	205, 29.0
(23.4–35.8)
	<0.0001 
	
	217, 53.5 ≥2
(42.0–68.2)
	205, 24.7
(20.0–30.4)
	<0.0001
	
	216, 32.8
(26.2–41.1)
	204, 17.0
(14.0–20.7)
	<0.0001
	

	Day 14: No., GMT (95% CI)
	208, 81.9
(63.6–105.5)
	203, 43.3
(34.1–54.9)
	0.0003
	
	208, 74.1
(57.3–95.9)
	203, 38.0
(30.0–48.1)
	0.0002
	
	208, 44.6
(34.7–57.4)
	200, 27.3
(21.8–34.2)
	0.0042
	

	Day 21: No., GMT (95% CI)
	203, 77.8 ≥2
(60.2–100.6)
	199, 37.8
(29.6–48.1)
	<0.0001
	
	203, 72.3 ≥2
(55.8–93.8)
	199, 33.6
(26.4–42.8)
	<0.0001
	
	200, 41.9
(32.5–54.1)
	196, 24.7
(19.8–30.8)
	0.0021
	

	Day 182: No., GMT (95% CI)
	211, 33.3 
(26.0-42.6)
	210, 18.7
(15.2–23.0)
	0.0005
	
	211, 30.0
(23.3–38.7)
	210, 16.4
(13.4–20.0)
	0.0002
	
	210, 20.9
(16.6–26.2)
	207, 13.2
(11.0–15.9)
	0.0024
	

	Day 274: No., GMT (95% CI)
	216, 26.7 
(21.0-33.9)
	212, 14.9
(12.3–17.9)
	0.0002
	
	216, 23.9
(18.9–30.2)
	212, 13.2
(11.0–15.9)
	0.0001
	
	214, 16.5
(13.3–20.4)
	211, 10.6
(9.0–12.4)
	0.0011
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Prior seasonal vaccine
	None
	Vaccinated
	p
	
	None
	Vaccinated
	p
	
	None
	Vaccinated
	p
	

	Baseline:  No., GMT (95% CI)
	255, 7.9
(7.0–8.9)
	184, 6.8
(6.1–7.6)
	0.0840  
	
	254, 6.4
(5.8–6.9)
	184, 5.7
(5.3–6.1)
	0.0672
	
	253, 6.1
(5.6–6.7)
	183, 5.8
(5.3–6.2)
	0.2771
	

	Day 7: No., GMT (95% CI)
	244, 62.3 ≥2
(50.1–77.5)
	178, 26.2
(20.8–33.0)
	<0.0001
	
	244, 53.1 ≥2
(42.6–66.1)
	178, 22.2
(17.6–27.9)
	<0.0001
	
	243, 31.5
(25.6–38.7)
	177, 16.3
(13.2–20.2)
	<0.0001  
	

	Day 14: No., GMT (95% CI)
	235, 89.6 ≥2
(70.9–113.4)
	176, 34.8
(27.2–44.5)
	<0.0001
	
	235, 80.6 ≥2
(63.7–101.9)
	176, 30.7
(23.9–39.3)
	<0.0001
	
	235, 48.8 ≥2
(38.7–61.6)
	173, 22.4
(17.7–28.2)
	<0.0001  
	

	Day 21: No., GMT (95% CI)
	226, 83.8 ≥2
(66.0–106.4)
	176, 31.3
(24.3–40.2)
	<0.0001
	
	226, 76.9 ≥2
(60.5–97.7)
	176, 28.1
(21.8–36.2)
	<0.0001
	
	224, 44.9 ≥2
(35.5–56.8)
	172, 20.9
(16.6–26.4)
	<0.0001
	

	Day 182: No., GMT (95% CI)
	240, 36.8 ≥2 
(29.3-46.2)
	181, 14.9
(12.1–18.4)
	<0.0001 
	
	240, 31.5 ≥2
(25.0–39.7)
	181, 13.9
(11.3–17.1)
	<0.0001
	
	239, 21.8
(17.7–26.9)
	178, 11.6
(9.5–14.0)
	<0.0001  
	

	Day 274: No., GMT (95% CI)
	248, 28.4 ≥2 
(22.9-35.2)
	180, 12.3
(10.1–15.0)
	<0.0001 
	
	248, 24.6 ≥2
(19.9–30.5)
	180, 11.4
(9.4–13.7)
	<0.0001
	
	246, 16.6
(13.7–20.1)
	179, 9.7
(8.1–11.5)
	<0.0001  
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Circulating NIBRG14 HAI antibody when booster given
	Antibody –ve
	Antibody +ve
	p
	
	Antibody –ve
	Antibody +ve
	p
	
	Antibody –ve
	Antibody +ve
	p
	

	Baseline:  No., GMT (95% CI)
	340, 5.0
(5.0–5.0)
	99, 29.0
(24.0–35.0)
	<0.0001
	
	340, 5.0
(5.0–5.0)
	98, 11.7
(9.5–14.5)
	<0.0001
	
	338, 5.0
(5.0–5.1)
	98, 10.7
(8.6–13.3)
	<0.0001
	

	Day 7: No., GMT (95% CI)
	324, 32.4
(26.8–39.1)
	98, 112.3 ≥3
(86.6–145.8)
	<0.0001 
	
	324, 28.5
(23.6–34.3)
	98, 85.0 ≥2
(63.2–114.2)
	<0.0001 
	
	323, 17.8
(15.1–21.0)
	97, 63.4≥3
(47.9–84.0)
	<0.0001  
	

	Day 14: No., GMT (95% CI)
	316, 44.2
(36.0–54.2)
	95, 162.9 ≥3
(125.3–211.9)
	<0.0001
	
	316, 40.9
(33.3–50.1)
	95, 128.5 ≥3
(95.9–172.3)
	<0.0001
	
	314, 26.0
(21.5–31.4)
	94, 95.5≥3
(71.2–128.1)
	<0.0001
	

	Day 21: No., GMT (95% CI)
	310, 39.6
(32.2–48.6)
	92, 159.4≥4
(121.1–209.9)
	<0.0001
	
	310, 37.7
(30.7–46.2)
	92, 124.3 ≥3
(90.2–171.2)
	<0.0001
	
	306, 23.5
(19.5–28.4)
	90, 94.4≥4
(69.8–127.6)
	<0.0001
	

	Day 182: No., GMT (95% CI)
	326, 17.6 
(14.4-20.3)
	95, 92.2≥4
(68.7–123.9)
	<0.0001
	
	326, 15.9
(13.4–18.9)
	95, 69.4≥4
(49.4–97.5)
	<0.0001
	
	323, 11.8
(10.2–13.7)
	94, 53.5≥4
(39.0–73.5)
	<0.0001
	

	Day 274: No., GMT (95% CI)
	331, 14.0 
(11.9-16.4)
	97, 66.9 ≥4
(49.7–90.2)
	<0.0001
	
	331, 13.1
(11.2–15.3)
	97, 50.6≥3
(36.5–70.3)
	<0.0001
	
	330, 9.6
(8.4–10.9)
	95, 40.6≥4
(29.7–55.4)
	<0.0001
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Priming regimen
	One dose
	Two doses
	p
	
	One dose
	Two doses
	p
	
	One dose
	Two doses
	p
	

	Baseline:  No., GMT (95% CI)
	225, 6.5
(5.9–7.2)
	214, 8.5
(7.5–9.7)
	0.0015
	
	225, 5.9
(5.5–6.4)
	213, 6.2
(5.7–6.8)
	0.4367
	
	223, 5.9
(5.4–6.3)
	213, 6.1
(5.6–6.7)
	0.5007
	

	Day 7: No., GMT (95% CI)
	215, 32.4
(25.3–41.6)
	207, 58.2
(47.2–71.7)
	0.0004  
	
	215, 28.7
(22.5–36.5)
	207, 47.5
(38.3–59.0)
	0.0024  
	
	214, 20.4
(16.3–25.5)
	206, 28.1
(22.8–34.6)
	0.0386  
	

	Day 14: No., GMT (95% CI)
	212, 46.4
(35.7–60.4)
	199, 78.2
(62.3–98.2)
	0.0035
	
	212, 41.1
(31.7–53.3)
	199, 70.2
(55.6–88.7)
	0.0029
	
	210, 28.4
(22.2–36.3)
	198, 43.9
(34.8–55.3)
	0.0115
	

	Day 21: No., GMT (95% CI)
	216, 42.0
(32.4–54.4)
	186, 73.6
(57.9–93.5)
	0.0021
	
	216, 39.4
(30.4–51.1)
	186, 64.4
(50.4–82.4)
	0.0075  
	
	213, 26.5
(20.9–33.7)
	183, 40.5
(31.9–51.3)
	0.0147
	

	Day 182: No., GMT (95% CI)
	216, 19.5 
(15.6-24.4)
	205, 32.4
(25.7–41.0)
	0.0020
	
	216, 18.1
(14.5–22.6)
	205, 27.5
(21.6–35.0)
	0.0117
	
	213, 14.0
(11.5–17.1)
	204, 19.9
(16.0–24.8)
	0.0201
	

	Day 274: No., GMT (95% CI)
	218, 15.4 
(12.5-18.9)
	210, 26.2
(21.0–32.8)
	0.0006
	
	218, 14.2
(11.6–17.4)
	210, 22.5
(18.0–28.1)
	0.0026  
	
	216, 11.0
(9.2–13.1)
	209, 15.9
(13.0–19.5)
	0.0068
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Antigen content of booster
	3.75μg HA
	7.5μg HA
	p
	
	3.75μg HA
	7.5μg HA
	p
	
	3.75μg HA
	7.5μg HA
	p
	

	Baseline:  No., GMT (95% CI)
	221, 7.2
(6.5–8.0)
	218, 7.7
(6.8–8.7)
	0.4729
	
	220, 5.8
(5.4–6.1)
	218, 6.4
(5.8–7.1)
	0.0611
	
	220, 5.9
(5.4–6.3)
	216, 6.1
(5.6–6.7)
	0.4853
	

	Day 7: No., GMT (95% CI)
	214, 30.8
(25.1–37.8)
	208, 61.2
(47.6–78.7)
	<0.0001
	
	214, 24.8
(20.2–30.3)
	208, 55.1≥2
(42.9–70.8)
	<0.0001
	
	214, 16.8
(14.0–20.2)
	206, 34.3≥2
(27.1–43.5)
	<0.0001
	

	Day 14: No., GMT (95% CI)
	205, 41.7
(33.1–52.4)
	206, 85.6≥2
(66.1–110.8)
	<0.0001
	
	205, 35,7
(28.3–45.1)
	206, 79.3≥2
(61.4–102.5)
	<0.0001
	
	203, 24.1
(19.4–30.0)
	205, 50.9≥2
(39.5–65.4)
	<0.0001
	

	Day 21: No., GMT (95% CI)
	201, 37.3
(29.6–47.2)
	201, 79.3≥2
(60.9–103.2)
	<0.0001
	
	201, 32.2
(25.6–40.5)
	201, 76.1≥2
(58.2–99.5)
	<0.0001
	
	198, 21.9
(17.7–27.1)
	198, 47.6≥2
(36.9–61.4)
	<0.0001
	

	Day 182: No., GMT (95% CI)
	215, 18.2 
(14.8-22.3)
	206, 34.8
(27.1–44.6)
	<0.0001
	
	215, 15.3
(12.4–18.7)
	206, 32.7≥2
(25.5–42.0)
	<0.0001
	
	213, 13.0
(10.8–15.6)
	204, 21.6
(17.2–27.2)
	0.0006
	

	Day 274: No., GMT (95% CI)
	215, 14.7 
(12.1-17.9)
	213, 27.1
(21.5–34.2)
	<0.0001
	
	215, 13.0
(10.7–15.7)
	213, 24.5
(19.4–30.8)
	<0.0001
	
	213, 10.9
(9.2–12.9)
	212, 16.0
(13.0–19.7)
	0.0053
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Adjuvant content of booster
	None
	Includes MF59 
	p
	
	None
	Includes MF59 
	p
	
	None
	Includes MF59 
	p
	

	Baseline:  No., GMT (95% CI)
	218, 8.4
(7.4–9.7)
	221, 6.5
(6.0–7.2)
	0.0019
	
	217, 6.7
(6.0–7.4)
	221, 5.5
(5.2–5.9)
	0.0017
	
	215, 6.5
(5.9–7.2)
	221, 5.5
(5.2–5.8)
	0.0047
	

	Day 7: No., GMT (95% CI)
	212, 21.4
(17.5–26.2)
	210, 87.7≥4
(70.2–109.7)
	<0.0001
	
	212, 17.3
(14.2–21.2)
	210, 78.3≥4
(62.8–97.6)
	<0.0001
	
	210, 13.2
(11.0–15.8)
	210, 43.3≥3
(34.8–53.9)
	<0.0001
	

	Day 14: No., GMT (95% CI)
	204, 28.4
(22.6–35.7)
	207, 124.3≥4
(99.0–156.0)
	<0.0001
	
	204, 23.8
(19.0–29.8)
	207, 117.8≥4
(94.0–147.6)
	<0.0001
	
	201, 18.1
(14.6–22.3)
	207, 66.8≥3
(52.9–84.3)
	<0.0001
	

	Day 21: No., GMT (95% CI)
	199, 26.6
(21.0–33.6)
	203, 109.9≥4
(86.8–139.1)
	<0.0001
	
	199, 22.2
(17.6–28.0)
	203, 108.8≥4
(86.5–136.9)
	<0.0001
	
	194, 17.0
(13.6–21.1)
	202, 59.8≥3
(47.6–75.1)
	<0.0001
	

	Day 182: No., GMT (95% CI)
	209, 19.1 
(15.2-23.9)
	212, 32.6
(25.9–41.1)
	0.0011
	
	209, 16.3
(13.0–20.3)
	212, 30.0
(23.8–38.0)
	0.0002
	
	205, 13.4
(10.9–16.5)
	212, 20.5
(16.7–25.2)
	0.0045
	

	Day 274: No., GMT (95% CI)
	214, 16.0 
(13.0-19.8)
	214, 24.8
(19.9–31.0)
	0.0051


	
	214, 14.0
(11.4–17.1)
	214, 22.7
(18.2–28.3)
	0.0017  
	
	211, 12.1
(9.9–14.7)
	214, 14.4
(12.0–17.3)
	0.2049
	

	
	
	
	
	
	
	
	
	
	
	
	
	


Superscripts indicate fold increases in GMT of at least ≥2,  ≥3, or ≥4.

TABLE 10 Backward stepwise regression models for Log10 GMT, seroprotection, and seroconversions after boosting, each model retaining significance for each HI test antigen on each occasion post-booster. 

	
	Variables retained in backward stepwise regression models
	

	
	Log10 GMT
	
	Seroprotection
	
	Seroconversions
	

	
	NIBRG14 HI antibody detectable at baseline
	Contains MF59 adjuvant
	Dose, 3.75μg or 7.5μg HA
	Previously received influenza vaccine (seasonal)
	Age (years) 
	
	NIBRG14 HI antibody detectable at baseline
	Contains MF59   adjuvant
	Dose, 3.75μg or 7.5μg HA
	Previously received influenza vaccine (seasonal)
	
	Contains      MF59       adjuvant
	Dose, 3.75μg or 7.5μg HA
	No of priming doses
	Previously received influenza vaccine (seasonal)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NIBRG14 log10 GMT
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	<0.0000001
	<0.0000001
	0.0000010
	0.0002263↓
	0.0000004↓
	
	<0.0000001
	<0.0000001
	0.016904
	0.0000014↓
	
	<0.0000001
	0.0021001
	0.0000849
	0.0000049↓
	

	Day 14
	<0.0000001
	<0.0000001
	0.0000056
	0.0000115↓
	0.0018958↓
	
	<0.0000001
	<0.0000001
	0.0017191
	0.0000026↓
	
	<0.0000001
	0.0019536
	0.0017952
	0.0000073↓
	

	Day 21
	<0.0000001
	<0.0000001
	0.0000065
	0.0000165↓
	0.0008866↓
	
	<0.0000001
	<0.0000001
	0.0088864
	0.0000861↓
	
	<0.0000001
	0.0018812
	0.0002193
	0.0000130↓
	

	Day 182
	<0.0000001
	<0.0000001
	0.0000083
	0.0000454↓
	0.0005399↓
	
	<0.0000001
	<0.0000001
	0.0011325
	0.0000002↓
	
	<0.0000001
	0.0008342
	0.0111171
	0.0000009↓
	

	Day 274
	<0.0000001
	0.0000015
	0.0000108
	0.0002417↓
	0.0000951↓
	
	<0.0000001
	0.0000089
	0.0001767
	0.0000001↓
	
	0.000002
	0.0000378
	0.0033923
	<0.0000001↓
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NIBRG23 log10 GMT
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	<0.0000001
	<0.0000001
	<0.0000001
	0.0002512↓
	<0.0000001↓
	
	<0.0000001
	<0.0000001
	0.0000459
	0.0000008↓
	
	<0.0000001
	0.0000835
	0.0000702
	0.000031↓
	

	Day 14
	<0.0000001
	<0.0000001
	0.0000015
	0.0001982↓
	0.0148355↓
	
	<0.0000001
	<0.0000001
	0.0000174
	0.0000088↓
	
	<0.0000001
	0.0000387
	0.0000331
	0.0000487↓
	

	Day 21
	<0.0000001
	<0.0000001
	0.0000001
	0.0000124↓
	0.0001889↓
	
	<0.0000001
	<0.0000001
	0.0002002
	0.0000013↓
	
	<0.0000001
	0.0001271
	0.0002590
	0.0000065↓
	

	Day 182
	<0.0000001
	<0.0000001
	0.0000002
	0.0007996↓
	0.0002776↓
	
	<0.0000001
	<0.0000002
	0.0000377
	0.0000022↓
	
	0.0000005
	0.0000734
	0.005588
	0.000005↓
	

	Day 274
	<0.0000001
	0.0000010
	0.0000052
	0.0010991↓
	0.0001278↓
	
	<0.0000001
	0.0000017
	0.0008385
	0.0000003↓
	
	0.0000147
	0.0004725
	0.0053974
	0.0000005↓
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IDCDCRG30 log10 GMT
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	<0.0000001
	<0.0000001
	<0.0000001
	0.0087380↓
	0.0000102↓
	
	<0.0000001
	<0.0000001
	0.0001377
	0.0000048↓
	
	<0.0000001
	0.0001968
	0.0118952
	0.0000017↓
	

	Day 14
	<0.0000001
	<0.0000001
	0.0000015
	0.0001982↓
	0.0148355↓
	
	<0.0000001
	<0.0000001
	0.0014575
	0.0000592↓
	
	<0.0000001
	0.0006911
	0.0002204
	0.0000083↓
	

	Day 21
	<0.0000001
	<0.0000001
	0.0000015
	0.000478↓
	0.0162845↓
	
	<0.0000001
	<0.0000001
	0.0003948
	0.0000633↓
	
	<0.0000001
	0.0003305
	0.0015824
	0.0000232↓
	

	Day 182
	<0.0000001
	0.0000022
	0.0002036
	0.0050148↓
	0.001702↓
	
	<0.0000001
	0.000004
	0.0051852
	0.0000868↓
	
	0.0000317
	0.0014994
	0.0094261
	0.0002154↓
	

	Day 274
	<0.0000001
	0.0035376
	0.0029774
	0.0246738↓
	0.0005335↓
	
	<0.0000001
	0.0001953
	0.008422
	0.0002139↓
	
	0.0017049
	0.0020079
	0.0024438
	0.0001889↓
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note:  ↓ indicates a reduction in GMT, seroprotection, or seroconversions with prior receipt of seasonal influenza vaccine or increasing age. All other p values reflect increases.




TABLE 11 CHMP and FDA criteria met within 21 days of boosting by NIBRG14 HI test, by priming strategy and antigen and adjuvant content of NIBRG23 booster 
 
	
	
	Unprimed
	
	One priming dose of NIBRG14
	
	Two priming doses of NIBRG14
	

	
	
	Number of CHMP and FDA criteria met, by antigen (μg HA) and adjuvant content of NIBRG23 ‘booster’
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: 18-59 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after priming: 
	
	-
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	4a-d
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	
	0
	
	0
	
	0
	
	4a-d
	
	4a-d
	
	1b
	
	3a-c
	
	4a-d
	
	5a-e
	

	Day 14
	
	0
	
	0
	
	1b
	
	4a-d
	
	5a-e
	
	1b
	
	4a-d
	
	4a-d
	
	5a-e
	

	Day 21
	
	0
	
	0
	
	1b
	
	4a-d
	
	4a-d
	
	1b
	
	4a-d
	
	4a-d
	
	5a-e
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: ≥60 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after priming:
	
	-
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	3a,b,d
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	
	-
	
	0
	
	0
	
	1b
	
	3a-c
	
	1b
	
	1b
	
	3a-c
	
	3a-c
	

	Day 14
	
	-
	
	1b
	
	1b
	
	2a,b
	
	3a-c
	
	1b
	
	1b
	
	3a-c
	
	3a-c
	

	Day 21
	
	-
	
	0
	
	1b
	
	1b
	
	3a-c
	
	1b
	
	1b
	
	3a-c
	
	3a-c
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Overall ranking of prime-boost regimens by fulfillment of CHMP & FDA criteria:
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rank No. (Total No. of criteria)
	
	-
	
	8 (1)
	
	7 (4)
	
	4 (16)
	
	2 (22)
	
	6 (6)
	
	5 (14)
	
	3 (21)
	
	1 (27)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Number of CHMP and FDA criteria met after priming relate to day 21 serology for the one-dose priming group, and day 42 serology for the two-dose priming group.
Meet CHMP criteria: a, seroconversions; b, GMR; c, seroprotection: meet FDA criteria: d, seroconversions; e, seroprotection.  
Overall, the most immunogenic regimen by fulfillment of CHMP and FDA criteria (two priming doses with a 7.5μg HA booster containing MF59) was comparable in 18-59 year-olds to the second most immunogenic regimen (one priming dose with a 7.5μg HA booster containing MF59)(seroprotection rates, days 7, 14, and 21, p=0.101, p=0.1630, p=0.1041, respectively; seroconversion rates, days, 7, 14, and 21, p= 0.2098, p=0.3224, p=0.3313, respectively; factor increase in GMT, days 7, 14, and 21, p=0.9717, p=0.8633, p=0.7366, respectively), but was generally superior to the third most immunogenic regimen (two priming doses with a 3.75μg HA booster containing MF59)(seroprotection rates, days 7, 14, and 21, p=0.009, p=0.0252, p=0.0127 respectively; seroconversion rates, days 7, 14, and 21, p=0.0234, p=0.0661, p=0.0362, respectively, factor increase in GMT, days 7, 14, 21, p=0.0004, p=0.0008, p<0.0001, respectively.



	FIGURE 7 Reverse cumulative distribution curves of NIBRG14 HI titres in serum samples from 18-59-year-olds and ≥60-year-olds collected before and after boosting, by priming status. Titres are given on a log2 scale. 
 
(a) Persistence of NIBRG14 HAI antibody response (days 182 and 274 after boosting), 18-59-year-olds.
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P values for comparison of pre-booster NIBRG14 HI antibody titres with titres on days 182 and 274: 
One priming dose followed by (i) 3.75μg plain vaccine, p=0.0826 and p=0.1402, respectively; (ii) 7.5μg plain vaccine, p=0.0082 and p=0.0373, respectively; (iii) 3.75μg MF59 vaccine, both p<0.0001; (iv) 7.5μg MF59 vaccine, both p<0.0001.
Two priming doses followed by (v) 3.75μg plain vaccine, p=0.0001 and p=0.0244, respectively; (vi) 7.5μg plain vaccine, p<0.0001 and p=0.0001, respectively; (vii) 3.75μg MF59 vaccine, both p<0.0001; (viii) 7.5μg MF59 vaccine, both p<0.0001.

	
(b) Persistence of NIBRG14 HAI antibody response (days 7, 14, and 21 after boosting), ≥60-year-olds.
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P values for comparison of pre-booster NIBRG14 HI antibody titres with titres on days 182 and 274: 
One priming dose followed by (i) 3.75μg plain vaccine, p=0.3249 and p=0.9070, respectively; (ii) 7.5μg plain vaccine, p=0.4029 and p=0.3239, respectively; (iii) 3.75μg MF59 vaccine, p=0.219 and p=0.2869, respectively; (iv) 7.5μg MF59 vaccine, p=0.0890 and p=0.1888: 
Two priming doses followed by (v) 3.75μg plain vaccine, p=0.3114 and p=0.4891, respectively; (vi) 7.5μg plain vaccine, p=0.191 and p=0.2669, respectively; (vii) 3.75μg MF59 vaccine, p=0.0195 and p=0.0805, respectively; (viii) 7.5μg MF59 vaccine, p=0.0491 and p=0.1844, respectively.





TABLE 12  NIBRG14 antibody persistence according to number of CHMP and FDA criteria met on days 182 and 274 after boosting. 

	
	
	One priming dose of NIBRG14
	
	Two priming doses of NIBRG14
	

	
	
	Number of CHMP and FDA criteria met, by antigen (μg HA) and adjuvant content of NIBRG23 ‘booster’
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: 18-59 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	

	Day 182
	
	0
	
	0
	
	1b
	
	3a,b,d
	
	0
	
	2a,b
	
	2a,b
	
	4a-d
	

	Day 274
	
	0
	
	0
	
	1b
	
	3a,b,d
	
	0
	
	2a,b
	
	1b
	
	3a,b,d
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: ≥60 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	

	Day 182
	
	0
	
	0
	
	0
	
	2a,b
	
	0
	
	1b
	
	2a,b
	
	1b
	

	Day 274
	
	0
	
	0
	
	0
	
	1b
	
	0
	
	1b
	
	1b
	
	1b
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Overall ranking of prime-boost regimens by fulfillment of CHMP & FDA criteria:
	
	
	
	
	
	
	
	
	
	
	

	Rank No.
	
	6= (0)
	
	6= (0)
	
	5 (2)
	
	1= (9)
	
	6= (0)
	
	3= (6)
	
	3= (6)
	
	1= (9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Meet CHMP criteria: a, seroconversions; b, GMR; c, seroprotection: meet FDA criteria: d, seroconversions; e, seroprotection.  





TABLE 13 Solicited adverse reactions to ‘booster’ doses of vaccine in primed and unprimed participants, 18-59 years of age
 
	
	
	Unprimed
	
	HA and adjuvant content of booster after one priming dose of NIBRG14

	
	HA and adjuvant content of booster after two priming doses of NIBRG14

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	7.5 MF59
(n=47)
	
	3.75 plain
(n=45
	
	7.5 plain
(n=45)
	
	3.75 MF59
(n=46)
	
	7.5 MF59
(n=47)
	
	3.75 plain
(n=45)
	
	7.5 plain
(n=42)
	
	3.75 MF59
(n=44)
	
	7.5 MF59
(n=43)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Local reaction No., % (95% CI)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pain at injection sited
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	18, 38.3  (24.5-53.6)
	
	44, 97.8  (88.2-99.9)
	
	40, 88.9  (75.9-96.3)
	
	25, 54.3  (39.0-69.1)
	
	11, 23.4  (12.3-38.0)
	
	38, 84.4  (70.5-93.5)
	
	29, 69.0  (52.9-82.4)
	
	27, 61.4  (45.5-75.6)
	
	19, 44.2   (29.1-60.1)
	

	Mild
	
	25, 53.2  (38.1-67.9)
	
	1, 2.2        (0.1-11.8)
	
	5, 11.1      (3.7-24.1)
	
	19, 41.3  (27.0-56.8)
	
	30, 63.8  (48.5-77.3)
	
	7, 15.6      (6.5-29.5)
	
	13, 31.0  (17.6-47.1)
	
	15, 34.1  (20.5-40.0)
	
	19, 44.2   (29.1-60.1)
	

	Moderate
	
	4, 8.5        (2.4-20.4)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	2, 4.3        (0.5-14.8)
	
	6, 12.8      (4.8-25.7)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	2, 4.5        (0.6-15.5)
	
	5, 11.6       (3.9-25.1)
	

	Severe
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any pain
	
	29, 61.7  (46.4-75.5)
	
	1, 2.2        (0.1-11.8)
	
	5, 11.1      (3.7-24.1)
	
	21, 45.7  (30.9-61.0)
	
	36, 76.6  (62.0-87.7)
	
	7, 15.6      (6.5-29.5)
	
	13, 31.0  (17.6-47.1)
	
	17, 38.6  (24.4-54.5)
	
	24, 55.8   (39.9-70.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Redness diameter
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0 mm
	
	35, 74.5  (59.7-86.1)
	
	43, 95.6  (84.9-99.5)
	
	41, 91.1  (78.8-97.5)
	
	41, 89.1  (76.4-96.4)
	
	37, 78.7  (64.3-89.3)
	
	38, 84.4  (70.5-93.5)
	
	37, 88.1  (74.4-96.0)
	
	36, 81.8  (67.3-91.8)
	
	35, 81.4   (66.6-91.6)
	

	1 to ≤25 mm
	
	4, 8.5        (2.4-20.4)
	
	1, 2.2        (0.1-11.8)
	
	3, 6.7        (1.4-17.9)
	
	2, 4.3        (0.5-14.8)
	
	6, 12.8      (4.8-25.7)
	
	7, 15.6      (6.5-29.5)
	
	4, 9.5        (2.7-22.6)
	
	8, 18.2      (8.2-32.7)
	
	6, 14.0       (5.3-27.9)
	

	26 to ≤50 mm
	
	8, 17.0      (7.6-30.8)
	
	1, 2.2        (0.1-11.8)
	
	1, 2.2        (0.1-11.8)
	
	3, 6.5        (1.4-17.9)
	
	2, 4.3        (0.5-14.5)
	
	0, 0              (0-7.9)
	
	1, 2.4        (0.1-12.6)
	
	1, 2.3        (0.1-12.0)
	
	2, 4.7         (0.6-15.8)
	

	> 50 mm
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	2, 4.3        (0.5-14.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any redness
	
	12, 25.5  (13.9-40.3)
	
	2, 4.4        (0.5-15.1)
	
	4, 8.9        (2.5-21.2)
	
	5, 10.9      (3.6-23.6)
	
	10, 21.3  (10.7-35.7)
	
	7, 15.6      (6.5-29.5)
	
	5, 11.9      (4.0-25.6)
	
	9, 20.5      (9.8-35.3)
	
	8, 18.6       (8.4-33.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Swelling diameter
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0 mm
	
	38, 80.9  (66.7-90.9)
	
	41, 91.1  (78.8-97.5)
	
	41, 91.1  (78.8-97.5)
	
	40, 87.0  (73.7-95.0)
	
	39, 83.0  (69.2-92.3)
	
	44, 97.8  (88.2-99.9)
	
	41, 97.6  (87.4-99.9)
	
	40, 90.9  (78.3-97.5)
	
	36, 83.7   (69.3-93.2)
	

	1 to ≤25 mm
	
	5, 10.6      (3.5-23.1)
	
	2, 4.4        (0.5-15.1)
	
	3, 6.7        (1.4-17.9)
	
	0, 0              (0-7.8)
	
	4, 8.5        (2.4-20.4)
	
	1, 2.2        (0.1-11.8)
	
	1, 2.4        (0.1-12.6)
	
	4, 9.1        (2.5-21.7)
	
	4, 9.3         (2.6-22.1)
	

	26 to ≤50 mm
	
	4, 8.5        (2.4-20.4)
	
	2, 4.4        (0.5-15.1)
	
	1, 2.2        (0.1-11.8)
	
	5, 10.9      (3.6-23.6)
	
	3, 6.4         (1.3-17.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	2, 4.7         (0.6-15.8)
	

	> 50 mm
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	1, 2.1        (0.1-11.5)
	
	1, 2.1        (0.1-11.3)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	1, 2.3         (0.1-12.3)
	

	Any swelling
	
	9, 19.1      (9.1-33.3)
	
	4, 8.9        (2.5-21.2)
	
	4, 8.9        (2.5-21.2)
	
	6, 13.0      (4.9-26.2)
	
	8, 17.0      (7.6-30.8)
	
	1, 2.2        (0.1-11.8)
	
	1, 2.4        (0.1-12.6)
	
	4, 9.1        (2.5-21.7)
	
	7, 16.3       (6.8-30.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bruising
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0 mm
	
	40, 85.1  (71.7-93.8)
	
	42, 93.3  (81.7-98.6)
	
	43, 95.6  (84.9-99.5)
	
	44, 95.7  (85.2-99.5)
	
	42, 89.4  (76.9-96.5)
	
	43, 95.6  (84.9-99.5)
	
	40, 95.2  (83.8-99.4)
	
	44, 100   (92.0-100)
	
	38, 88.4   (74.9-96.1)
	

	1 to ≤25 mm
	
	2, 4.3        (0.5-14.5)
	
	2, 4.4        (0.5-15.1)
	
	2, 4.4        (0.5-15.1)
	
	0, 0              (0-7.8)
	
	1, 2.1        (0.1-11.3)
	
	0, 0              (0-7.9)
	
	1, 2.4        (0.1-12.6)
	
	0, 0              (0-8.0)
	
	5, 11.6       (3.9-25.1)
	

	26 to ≤50 mm
	
	5, 10.6      (3.5-23.1)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-7.9)
	
	2, 4.3        (0.5-14.8)
	
	3, 6.4         (1.3-17.5)
	
	2, 4.4        (0.5-15.1)
	
	1, 2.4        (0.1-12.6)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	> 50 mm
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	1, 2.1        (0.1-11.3)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any bruising
	
	7, 14.9      (6.2-28.3)
	
	3, 6.7        (1.4-17.9)
	
	2, 4.4        (0.5-15.1)
	
	2, 4.3        (0.5-14.8)
	
	5, 10.6      (3.5-23.1)
	
	2, 4.4        (0.5-15.1)
	
	2, 4.8        (0.6-16.2)
	
	0, 0              (0-8.0)
	
	5, 11.6       (3.9-25.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Systemic reaction No., % (95% CI)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Temperature oC
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	≤ 37.4
	
	46, 97.9  (88.7-99.9)
	
	44, 97.8   (88.2-99.9)
	
	45, 100   (92.1-100)
	
	45, 97.8  (88.5-99.9)
	
	47, 100   (92.5-100)
	
	43, 95.6  (84.9-99.5)
	
	41, 97.6  (87.4-99.9)
	
	43, 97.7  (88.0-99.9)
	
	42, 97.7   (87.7-99.9)
	

	37.5-37.9
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	1, 2.4        (0.1-12.6)
	
	1, 2.3        (0.1-12.0)
	
	1, 2.3         (0.1-12.3)
	

	38.0-38.9
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	≥ 39.0
	
	1, 2.1        (0.0-11.3)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	1, 2.1        (0.1-11.5)
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any temperature ≥ 37.5
	
	1, 2.1        (0.0-11.3)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-7.9)
	
	1, 2.1        (0.1-11.5)
	
	0, 0              (0-7.5)
	
	2, 4.4        (0.5-15.1)
	
	1, 2.4        (0.1-12.6)
	
	1, 2.3        (0.1-12.0)
	
	1, 2.3         (0.1-12.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fatigue
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	38, 80.9  (66.7-90.9)
	
	39, 86.7  (73.2-94.9)
	
	41, 91.1  (78.8-97.5)
	
	39, 84.8  (71.1-93.7)
	
	40, 85.1  (71.7-93.8)
	
	37, 82.2  (67.9-92.0)
	
	36, 85.7  (71.5-94.6)
	
	39, 88.6  (75.4-96.2)
	
	36, 83.7   (69.3-93.2)
	

	Mild
	
	6, 12.8      (4.8-25.7)
	
	2, 4.4        (0.5-15.1)
	
	3, 6.7        (1.4-17.9)
	
	3, 6.5        (1.4-17.9)
	
	6, 12.8      (4.8-25.7)
	
	4, 8.9        (2.5-21.2)
	
	5, 11.9      (4.0-25.6)
	
	4, 9.1        (2.5-21.7)
	
	3, 7.0         (1.5-18.6)
	

	Moderate
	
	3, 6.4        (1.3-17.5)
	
	4, 8.9        (2.5-21.2)
	
	1, 2.2        (0.1-11.8)
	
	4, 8.7        (2.4-20.8)
	
	1, 2.1        (0.1-11.3)
	
	2, 4.4        (0.5-15.1)
	
	1, 2.4        (0.1-12.6)
	
	1, 2.3        (0.1-12.0)
	
	4, 9.3         (2.6-22.1)
	

	Severe
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	2, 4.4        (0.5-15.1)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any fatigue
	
	9, 19.1      (9.1-33.3)
	
	6, 13.3      (5.1-26.8)
	
	4, 8.9        (2.5-21.2)
	
	7, 15.2      (6.3-28.9)
	
	7, 14.9      (6.2-28.3)
	
	8, 17.8      (8.0-32.1)
	
	6, 14.3      (5.4-28.5)
	
	5, 11.4      (3.8-24.6
	
	7, 16.3       (6.8-30.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Myalgiad
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	38, 80.9  (66.7-90.9)
	
	40, 88.9  (75.9-96.3)
	
	44, 97.8   (88.2-99.9)
	
	38, 82.6  (68.6-92.2)
	
	32, 68.1  (52.9-80.9)
	
	40, 88.9  (75.9-96.3)
	
	40, 95.2  (83.8-99.4)
	
	36, 81.8  (67.3-91.8)
	
	33, 76.7   (61.4-88.2)
	

	Mild
	
	9, 19.1      (9.1-33.3)
	
	4, 8.9        (2.5-21.2)
	
	1, 2.2        (0.1-11.8)
	
	6, 13.0      (4.9-26.2)
	
	11, 23.4  (12.3-38.0)
	
	5, 11.1      (3.7-24.1)
	
	0, 0              (0-8.4)
	
	5, 11.4      (3.8-24.6
	
	8, 18.6       (8.4-33.4)
	

	Moderate
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-7.9)
	
	2, 4.3        (0.5-14.8)
	
	4, 8.5        (2.4-20.4)
	
	0, 0              (0-7.9)
	
	1, 2.4        (0.1-12.6)
	
	3, 6.8        (1.4-18.7)
	
	2, 4.7         (0.6-15.8)
	

	Severe
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	1, 2.4        (0.1-12.6)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any myalgia
	
	9, 19.1      (9.1-33.3)
	
	5, 11.1      (3.7-24.1)
	
	1, 2.2        (0.1-11.8)
	
	8, 17.4      (7.8-30.7)
	
	15, 31.9   (19.1-47.1)
	
	5, 11.1      (3.7-24.1)
	
	2, 4.8        (0.6-16.2)
	
	8, 18.2      (8.2-32.7)
	
	10, 23.2   (11.8-38.6)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Malaised
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	43, 91.5  (79.6-97.6)
	
	41, 91.1  (78.8-97.5)
	
	43, 95.6  (84.9-99.5)
	
	40, 87.0  (73.7-95.0)
	
	41, 87.2  (74.3-95.2)
	
	39, 86.7  (73.2-94.9)
	
	40, 95.2  (83.8-99.4)
	
	41, 93.2   (81.3-98.6)
	
	37, 87.0   (72.1-94.7)
	

	Mild
	
	3, 6.4        (1.3-17.5)
	
	2, 4.4        (0.5-15.1)
	
	2, 4.4        (0.5-15.1)
	
	1, 2.1        (0.1-11.5)
	
	6, 12.8      (4.8-25.7)
	
	4, 8.9        (2.5-21.2)
	
	2, 4.8        (0.6-16.2)
	
	3, 6.8        (1.4-18.7)
	
	4, 9.3         (2.6-22.1)
	

	Moderate
	
	1, 2.1        (0.0-11.3)
	
	2, 4.4        (0.5-15.1)
	
	0, 0              (0-7.9)
	
	4, 8.7        (2.4-20.8)
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	2, 4.7         (0.6-15.8)
	

	Severe
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	1, 2.1        (0.1-11.5)
	
	0, 0              (0-7.5)
	
	2, 4.4        (0.5-15.1)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any malaise
	
	4, 8.5        (2.4-20.4)
	
	4, 8.9        (2.5-21.2)
	
	2, 4.4        (0.5-15.1)
	
	6, 13.0      (4.9-26.2)
	
	6, 12.8      (4.8-25.7)
	
	6, 13.3      (5.1-26.8)
	
	2, 4.8        (0.6-16.2)
	
	3, 6.8        (1.4-18.7)
	
	6, 14.0       (5.3-27.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Chills
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	44, 93.6  (82.5-98.7)
	
	42, 93.3  (81.7-98.6)
	
	42, 93.3  (81.7-98.6)
	
	44, 95.7  (85.2-99.5)
	
	46, 97.9  (88.7-99.9)
	
	43, 95.6  (84.9-99.5)
	
	37, 88.1  (74.4-96.0)
	
	42, 95.5  (84.5-99.4)
	
	40, 93.0   (80.9-98.5)
	

	Mild
	
	2, 4.3        (0.5-14.5)
	
	0, 0              (0-7.9)
	
	3, 6.7        (1.4-17.9)
	
	0, 0              (0-7.8)
	
	1, 2.1        (0.1-11.3)
	
	2, 4.4        (0.5-15.1)
	
	5, 11.9      (4.0-25.6)
	
	1, 2.3        (0.1-12.0)
	
	2, 4.7         (0.6-15.8)
	

	Moderate
	
	1, 2.1        (0.0-11.3)
	
	3, 6.7        (1.4-17.9)
	
	0, 0              (0-7.9)
	
	2, 4.3        (0.5-14.8)
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	1, 2.3        (0.1-12.0)
	
	1, 2.3         (0.1-12.3)
	

	Severe
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any chills
	
	3, 6.4        (1.3-17.5)
	
	3, 6.7        (1.4-17.9)
	
	3, 6.7        (1.4-17.9)
	
	2, 4.3        (0.5-14.8)
	
	1, 2.1        (0.1-11.3)
	
	2, 4.4        (0.5-15.1)
	
	5, 11.9      (4.0-25.6)
	
	2, 4.5        (0.6-15.5)
	
	3, 7.0         (1.5-18.6)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sweats
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	44, 93.6  (82.5-98.7)
	
	44, 97.8   (88.2-99.9)
	
	44, 97.8   (88.2-99.9)
	
	43, 93.5  (82.1-98.6)
	
	45, 95.7  (85.5-99.5)
	
	42, 93.3  (81.7-98.6)
	
	41, 97.6  (87.4-99.9)
	
	41, 93.2   (81.3-98.6)
	
	42, 97.7   (87.7-99.9)
	

	Mild
	
	2, 4.3        (0.5-14.5)
	
	0, 0              (0-7.9)
	
	1, 2.2        (0.1-11.8)
	
	3, 6.5        (1.4-17.9)
	
	2, 4.3        (0.5-14.5)
	
	2, 4.4        (0.5-15.1)
	
	1, 2.4        (0.1-12.6)
	
	1, 2.3        (0.1-12.0)
	
	1, 2.3         (0.1-12.3)
	

	Moderate
	
	1, 2.1        (0.0-11.3)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	2, 4.5        (0.6-15.5)
	
	0, 0               (0-8.2)
	

	Severe
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any sweats
	
	3, 6.4        (1.3-17.5)
	
	1, 2.2        (0.1-11.8)
	
	1, 2.2        (0.1-11.8)
	
	3, 6.5        (1.4-17.9)
	
	2, 4.3        (0.5-14.5)
	
	3, 6.7        (1.4-17.9)
	
	1, 2.4        (0.1-12.6)
	
	3, 6.8        (1.4-18.7)
	
	1, 2.3         (0.1-12.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Headached
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	36, 76.6  (62.0-87.7)
	
	36, 80.0  (65.4-90.4)
	
	34, 75.6  (60.5-87.1)
	
	37, 80.4  (66.1-90.6)
	
	44, 93.6  (82.5-98.7)
	
	37, 82.2  (67.9-92.0)
	
	38, 90.5  (77.4-97.3)
	
	39, 88.6  (75.4-96.2)
	
	34, 79.1   (64.0-90.0)
	

	Mild
	
	8, 17.0      (7.6-30.8)
	
	4, 8.9        (2.5-21.2)
	
	9, 20.0      (9.6-34.6)
	
	6, 13.0      (4.9-26.2)
	
	3, 6.4         (1.3-17.5)
	
	5, 11.1      (3.7-24.1)
	
	1, 2.4        (0.1-12.6)
	
	4, 9.1        (2.5-21.7)
	
	8, 18.6       (8.4-33.4)
	

	Moderate
	
	2, 4.3        (0.5-14.5)
	
	5, 11.1      (3.7-24.1)
	
	1, 2.2        (0.1-11.8)
	
	2, 4.3        (0.5-14.8)
	
	0, 0              (0-7.5)
	
	2, 4.4        (0.5-15.1)
	
	3, 7.1        (1.5-19.5)
	
	1, 2.3        (0.1-12.0)
	
	1, 2.3         (0.1-12.3)
	

	Severe
	
	1, 2.1        (0.0-11.3)
	
	0, 0              (0-7.9)
	
	1, 2.2        (0.1-11.8)
	
	1, 2.1        (0.1-11.5)
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any headache
	
	11, 23.4  (12.3-38.0)
	
	9, 20.0      (9.6-34.6)
	
	11, 24.4  (12.9-39.5)
	
	9, 19.6      (9.4-33.9)
	
	3, 6.4         (1.3-17.5)
	
	8, 17.8      (8.0-32.1)
	
	4, 9.5        (2.7-22.6)
	
	5, 11.4      (3.8-24.6)
	
	9, 20.9     (10.0-36.0)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Arthralgia
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	45, 95.7  (85.5-99.5)
	
	42, 93.3  (81.7-98.6)
	
	43, 95.6  (84.9-99.5)
	
	43, 93.5  (82.1-98.6)
	
	46, 97.9  (88.7-99.9)
	
	43, 95.6  (84.9-99.5)
	
	41, 97.6  (87.4-99.9)
	
	43, 97.7  (88.0-99.9)
	
	42, 97.7   (87.7-99.9)
	

	Mild
	
	2, 4.3        (0.5-14.5)
	
	2, 4.4        (0.5-15.1)
	
	2, 4.4        (0.5-15.1)
	
	0, 0              (0-7.8)
	
	1, 2.1        (0.1-11.3)
	
	1, 2.2        (0.1-11.8)
	
	1, 2.4        (0.1-12.6)
	
	1, 2.3        (0.1-12.0)
	
	1, 2.3         (0.1-12.3)
	

	Moderate
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-7.9)
	
	3, 6.5        (1.4-17.9)
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Severe
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.8)
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any arthralgia
	
	2, 4.3        (0.5-14.5)
	
	3, 6.7        (1.4-17.9)
	
	2, 4.4        (0.5-15.1)
	
	3, 6.5        (1.4-17.9)
	
	1, 2.1        (0.1-11.3)
	
	2, 4.4        (0.5-15.1)
	
	1, 2.4        (0.1-12.6)
	
	1, 2.3        (0.1-12.0)
	
	1, 2.3         (0.1-12.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Nausead
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	
	43, 91.5  (79.6-97.6)
	
	42, 93.3  (81.7-98.6)
	
	43, 95.6  (84.9-99.5)
	
	42, 91.3  (79.2-97.6)
	
	45, 95.7  (85.5-99.5)
	
	42, 93.3  (81.7-98.6)
	
	42, 100   (91.6-100)
	
	43, 97.7  (88.0-99.9)
	
	40, 93.0   (80.9-98.5)
	

	Mild
	
	4, 8.5        (2.4-20.4)
	
	2, 4.4        (0.5-15.1)
	
	2, 4.4        (0.5-15.1)
	
	1, 2.1        (0.1-11.5)
	
	1, 2.1        (0.1-11.3)
	
	2, 4.4        (0.5-15.1)
	
	0, 0              (0-8.4)
	
	1, 2.3        (0.1-12.0)
	
	2, 4.7         (0.6-15.8)
	

	Moderate
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-7.9)
	
	2, 4.3        (0.5-14.8)
	
	1, 2.1        (0.1-11.3)
	
	0, 0              (0-7.9)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	1, 2.3         (0.1-12.3)
	

	Severe
	
	0, 0              (0-7.5)
	
	0, 0              (0-7.9)
	
	0, 0              (0-7.9)
	
	1, 2.1        (0.1-11.5)
	
	0, 0              (0-7.5)
	
	1, 2.2        (0.1-11.8)
	
	0, 0              (0-8.4)
	
	0, 0              (0-8.0)
	
	0, 0               (0-8.2)
	

	Any nausea
	
	4, 8.5        (2.4-20.4)
	
	3, 6.7        (1.4-17.9)
	
	2, 4.4        (0.5-15.1)
	
	4, 8.7        (2.4-20.8)
	
	2, 4.3        (0.5-14.5)
	
	3, 6.7        (1.4-17.9)
	
	0, 0              (0-8.4)
	
	1, 2.3        (0.1-12.0)
	
	3, 7.0         (1.5-18.6)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


a	Subjects used a subjective scale to grade AEs. Symptoms were considered ‘mild’ if they did not interfere with normal activities, ‘moderate’ if they interfered with normal activities and ‘severe’ if they prevented engagement in daily activities. 
b	Rates refer to the total number of events after the total number of vaccine doses administered excluding two controls and one person boosted with 7.5μgHA with MF59 after two-dose priming who did not return diary cards.

TABLE 14 Pooled analyses to explore possible roles of vaccine composition and age group on solicited adverse reactions to booster doses of A/turkey/Turkey/1 vaccine 

	
	Incidence of solicited adverse event, regardless of severity 
	

	
	
Plain
(n=218)
	
MF59
(n=220)
	
p
	
	
3.75μg
(n=221)
	
7.5μg
(n=217)
	

p
	
	One priming dose
(n=226)
	Two priming doses
(n=212)
	

p
	
	
18-59 years
(n=357
	
≥60 years
(n=81)
	

p
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Local events, No., % (95% CI)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pain
	28, 12.8    (8.7-18.0)
	111, 50.5 (43.7-57.2)
	<0.0001
	
	52, 23.5  (18.1-29.7)
	87, 40.1  (33.5-46.9)
	0.0003
	
	68, 30.1   (24.2-36.5)
	71, 33.5  (27.2-40.3)
	0.5081
	
	124, 34.7 (29.8-39.9)
	15, 18.5  (10.7-28.7)
	0.007
	

	Erythema
	19, 8.7       (5.3-13.3)
	37, 16.2 (12.1-22.4)
	0.0166
	
	26, 11.8    (7.8-16.8)
	30, 13.8    (9.5-19.1)
	0.6153
	
	24, 10.6    (6.9-15.4)
	32, 15.1  (10.6-20.6)
	0.2082
	
	49, 13.7  (10.3-17.7)
	7, 8.6        (3.5-16.8)
	0.2925
	

	Swelling
	10, 4.6      (2.2-8.3)
	26, 11.8   (7.9-16.8)
	0.01
	
	16, 7.2      (4.2-11.5)
	20, 9.2      (5.7-13.9)
	0.5625
	
	23, 8.8      (5.5-13.3)
	13, 6.1      (3.3-10.3)
	0.1719
	
	35, 9.8      (6.9-13.4)
	1, 1.2           (0-6.7)
	0.0067
	

	Bruising
	10, 4.6      (2.2-8.3)
	12, 5.5     (2.8-9.3)
	0.8440
	
	8, 3.6        (1.6-7.0)
	14, 6.5      (3.6-10.6)
	0.2552
	
	12, 56.3     (2.8-9.1)
	10, 4.7      (2.3-8.5)
	0.9482
	
	21, 5.9       (3.7-8.9)
	1, 1.2         (0.0-6.7)
	0.0953
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Systemic events, No., % (95% CI)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Temperature ≥37.5
	4, 1.8        (0.5-4.6)
	3, 1.4       (0.3-3.9)
	0.7234
	
	5, 2.3        (0.7-5.2)
	2, 0.9        (0.1-3.3)
	0.4495
	
	2, 0.9        (0.1-3.2)
	5, 2.4        (0.8-5.4)
	0.2713
	
	7, 2.0        (0.8-4.0)
	0, 0              (0-4.5)
	0.3578
	

	Fatigue
	26, 11.9     (7.9-17.0)
	28, 12.7    (8.6-17.9)
	0.9128
	
	29, 13.1    (9.0-18.3)
	25, 11.5    (9.0-18.3)
	0.7156
	
	27, 11.9     (8.0-16.9)
	27, 12.7     (8.6-18.0)
	0.9159
	
	50, 14.0   (10.6-18.0)
	4, 4.9        (1.4-12.2)
	0.04
	

	Myalgia
	16, 7.3      (4.3-11.6)
	47, 21.4 (16.1-27.4)
	< 0.0001
	
	29, 13.1    (9.0-18.3)
	34, 15.7   (11.1-21.2)
	0.5333
	
	35, 15.5  (11.0-20.9)
	28, 13.2    (9.0-18.5)
	0.5871
	
	54, 15.1  (11.8-19.3)
	9, 11.1      (5.2-20.0)
	0.4507
	

	Malaise
	15, 6.9      (3.9-11.1)
	23, 10.5   (6.7-15.3)
	0.2465
	
	20, 9.0      (5.6-13.6)
	18, 8.3      (5.0-12.8)
	0.9117
	
	19, 8.4      (5.1-12.8)
	19, 9.0      (5.5-13.6)
	0.9709
	
	35, 9.8      (6.9-13.4)
	3, 3.7        (0.7-10.4)
	0.123
	

	Chills
	14, 6.4      (3.6-10.5)
	9, 4.1       (1.9-7.6)
	0.4422
	
	10, 4.5      (2.2-8.2)
	13, 6.0      (3.2-10.0)
	0.6359
	
	11, 4.9      (2.5-8.5)
	12, 5.7      (3.0-9.7)
	0.8748
	
	22, 6.2      (3.9-9.2)
	1, 1.2        (0.0-6.7)
	0.0954
	

	Sweats
	7, 3.2        (1.3-6.5)
	11, 5.0      (2.5-8.8)
	0.4825
	
	11, 5.0       (2.5-8.7)
	7, 3.2         (1.3-6.5)
	0.4949
	
	8, 3.5        (1.5-6.9)
	10, 4.7      (2.3-8.5)
	0.7044
	
	15, 4.2      (2.4-6.8)
	3, 3.7        (0.8-10.4)
	> 0.9999
	

	Headache
	33, 15.1   (10.7-20.6)
	34, 15.5 (10.9-20.9)
	> 0.9999
	
	36, 16.3   (11.7-21.8)
	31, 14.3     (9.9-19.7
	0.5602
	
	37, 16.4   (11.8-21.9)
	30, 14.2    (9.8-19.6)
	0.6083
	
	58, 16.2  (12.6-20.5)
	9, 11.1      (5.2-20.0)
	0.323
	

	Arthralgia
	8, 3.7        (1.6-7.1)
	7, 3.2       (1.3-6.4)
	0.9856
	
	9, 4.1        (1.9-7.6)
	6, 2.8        (1.0-5.9)
	0.6245
	
	9, 4.0        (1.8-7.4)
	6, 2.8        (1.0-6.0)
	0.6894
	
	11, 3.1      (1.5-5.4)
	4, 4.9        (1.4-12.2)
	0.4942
	

	Nausea
	8, 3.7        (1.6-7.1)
	11, 5.0     (2.5-8.8)
	0.6536
	
	12, 3.2      (1.7-5.5)
	7, 3.2        (1.3-6.5)
	0.3694
	
	12, 5.3      (2.8-9.1)
	7, 3.3        (1.3-6.7)
	0.4259
	
	18, 5.0      (3.0-7.9)
	1, 1.2        (0.0-6.7)
	0.2219 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




Primary outcome in response to boosting (NIBRG23 as test antigen) 
Table 6 shows the NIBRG23 HI antibody response of unprimed 18-59-year-old controls to 7.5μg HA of MF59-adjuvanted influenza A/t/T/1 vaccine.  Tables 15 and 16 compare the NIBRG23 HI antibody responses of 18-59-year-olds and ≥60-year-olds to boosters containing 3.75μg or 7.5μg HA of ‘plain’ or MF59-adjuvanted A/t/T/1 vaccine after priming with one or two doses of A/VN/1194 vaccine. Data on attainment of regulatory criteria in the elderly should be interpreted with caution due to small group-size.

A. Committee for Medicinal Products for Human Use immunogenicity criteria
CHMP criteria in unprimed controls (Table 6)
· Vaccination with 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1 vaccine                                           One criterion (GMR) was met in unprimed 18-59-year-old controls on day 21 after vaccination (Table 6). No criteria were met on any other occasion (days 7, 14, 182, and 274).  

CHMP criteria after ‘one-dose priming’ (Tables 15 and 16)
· 3.75μg HA ‘plain’ A/turkey/Turkey/1 booster                                                                                           18-59-year-olds:  No criteria were met in 18-59-year-olds on any occasion.                                    ≥60-year-olds: One criterion (GMR) was met on day 14.                                                                      
· 7.5μg HA ‘plain’ A/turkey/Turkey/1 booster                                                                                              18-59-year-olds:  One criterion (GMR) was met on day 21.                                                                 ≥60-year-olds: One criterion (GMR) was met on days 14 and 21.
· 3.75μg HA MF59-adjuvanted A/turkey/Turkey/1 booster                                                                       18-59-year-olds:  Two criteria (seroconversions and GMR) were met on day 7; all three criteria were met on days 14 and 21; one criterion (GMR) was met on days 182 and 274.                                                                                                                  ≥60-year-olds: One criterion (GMR) was met on days 7, 14, and 21.  
· 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1 booster                                                                         18-59-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on day 182 and 274.                                                                                               ≥60-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on day 182; one criterion (GMR) was met on day 274.  

CHMP criteria after ‘two-dose priming’ (Tables 15 and 16)
· 3.75μg HA ‘plain’ A/turkey/Turkey/1 booster                                                                                           One criterion (GMR) was met in 18-59-year-olds and the over 60’s on days 7, 14, 21. 
· 7.5μg HA ‘plain’ A/turkey/Turkey/1 booster                                                                                              18-59-year-olds: All three criteria were met on days 7, 14 and 21; two criteria (seroconversions and GMR) were met on days 182 and 274.                                                                                             ≥60-year-olds: One criterion (GMR) was met on days 7, 14, 21, 182, and 274.
· 3.75μg HA MF59-adjuvanted A/turkey/Turkey/1 booster                                                                         18-59-year-olds: Two criteria (seroconversions and GMR) were met on days 7 and 182; all three criteria were met on days 14 and 21; one criterion (GMR was met on day 274.
≥60-year-olds: One criterion (GMR) was met on days 7 and 274; all three criteria were met on days 14 and 21; two criteria (seroconversions and GMR) were met on day 182.
· 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1/2005 booster                                                              18-59-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on days 182 and 274.                                                                                             ≥60-year-olds: All three criteria were met on days 7, 14, and 21; one criterion (GMR) was met on days 182 and 274.

TABLE 15 Immunogenicity of influenza A/turkey/Turkey/1/2005 (H5N1) vaccines in primed 18-59-year-olds (HI test with NIBRG23 antigen)

	
	One priming dose
	
	Two priming doses
	

	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	45
	
	45
	
	46
	
	47
	
	44
	
	42
	
	44
	
	44
	

	GMT value (95% CI)
	6.3               (5.2-7.7)
	
	6.6                (5.2-8.3)
	
	5.3                 (4.8-5.9)
	
	5.2               (4.9-5.5)
	
	6.1               (5.1-7.3)
	
	9.3                 (6.6-13.0)
	
	5.4                  (4.9-5.9)
	
	5.2               (4.9-5.6)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	43
	
	41
	
	46
	
	45
	
	41
	
	44
	
	38
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	12, 28.6       (15.7-44.6)
	
	10, 23.3      (11.8-38.6)
	
	26, 63.4     (46.9-77.9)
	
	37, 80.4      (66.1-90.6)
	
	17, 37.8      (23.8-53.5)
	
	29, 70.7     (54.5-83.9)
	
	30, 68.2    (52.4-81.4)
	
	36, 94.7    (82.3-99.4)
	

	Seroconversions No., %                    (95% CI)
	8, 19.0       (8.6-34.1)
	
	7, 16.3         (6.8-30.7)
	
	26, 63.4     (46.9-77.9)
	
	37, 80.4    (66.1-90.6)
	
	13, 29.5    (16.8-45.2)
	
	23, 56.1      (39.7-71.5)
	
	30, 68.2     (52.4-81.4)
	
	36, 94.7     (82.3-99.4)
	

	GMR value (95% CI)
	2.0                (1.4-2.8)
	
	1.9              (1.3-3.0)
	
	8.3               (5.0-13.6)
	
	29.2              (17.9-47.6)
	
	2.8                (1.9-3.9)
	
	5.5                (3.5-8.5)
	
	11.9              (7.7-18.2)
	
	37.7           (26.1-54.4)
	

	GMT value (95% CI)
	12.9              (8.7-19.1)
	
	12.3             (7.6-19.9)
	
	44.3            (26.4-74.2)
	
	151.8          (92.5-249.2)
	
	18.2          (12.1-27.4)
	
	51.5             (32.4-82.0)
	
	64.2               (41.5-99.2)
	
	199.1        (138.7-285.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	41
	
	42
	
	42
	
	45
	
	42
	
	40
	
	40
	
	40
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	10, 24.4      (12.4-40.3)
	
	13, 31.0     (17.6-47.1)
	
	33, 78.6       (63.2-89.7)
	
	39, 86.7      (73.2-94.9)
	
	18, 42.9    (27.7-59.0)
	
	30, 75.0    (58.8-87.3)
	
	30, 75.0      (58.8-87.3)
	
	39, 97.5     (86.8-99.9)
	

	Seroconversions No., %                    (95% CI)
	7, 17.1         (7.2-32.1)
	
	10, 23.8    (12.1-39.5)
	
	33, 78.6    (63.2-89.7)
	
	39, 86.7    (73.2-94.9)
	
	14, 34.1      (20.1-50.6)
	
	26, 65.0     (48.3-79.4)
	
	30, 75.0      (58.8-87.3)
	
	39, 97.5     (86.8-99.9)
	

	GMR value (95% CI)
	2.3                 (1.6-3.3)
	
	2.4               (1.5-4.0)
	
	15.5             (9.4-25.4)
	
	38.2                 (23.4-62.5)
	
	4.4                (2.7-7.0)
	
	7.3                  (4.6-11.8)
	
	15.3               (9.4-24.9)
	
	55.2         (40.4-75.5)
	

	GMT value (95% CI)
	14.6            (9.5-22.6)
	
	16.1               (9.4-27.7)
	
	82.7           (49.7-137.7)
	
	198.5       (120.6-326.8)
	
	29.7             (17.9-49.4)
	
	70.2           (42.8-115.2)
	
	83.5          (50.5-138.1)
	
	290.9        (215.0-393.6)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	43
	
	42
	
	47
	
	40
	
	34
	
	38
	
	39
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	10, 23.8       (12.1-39.5)
	
	13, 30.2       (17.2-46.1)
	
	34, 81.0     (65.9-91.4)
	
	40, 85.1    (71.7-93.8)
	
	15, 37.5    (22.7-54.2)
	
	24, 70.6      (52.5-84.9)
	
	27, 71.1     (54.1-84.6)
	
	38, 97.4      (86.5-99.9)
	

	Seroconversions No., %                    (95% CI)
	7, 16.7          (7.0-31.4)
	
	10, 23.3     (11.8-38.6)
	
	34, 81.0    (65.9-91.4)
	
	40, 85.1    (71.7-93.8)
	
	11, 28.2    (15.0-44.9)
	
	21, 61.8      (43.6-78.8)
	
	27, 71.1    (54.1-84.6)
	
	38, 97.4    (86.5-99.9)
	

	GMR value (95% CI)
	2.1                 (1.5-2.9)
	
	2.5                 (1.5-4.3)
	
	15.9             (9.8-25.7)
	
	34.7              (21.0-57.4)
	
	4.0               (2.4-6.4)
	
	7.4                 (4.3-12.6)
	
	11.8                 (7.5-18.7)
	
	51.2            (36.4-72.2)
	

	GMT value (95% CI)
	13.3             (8.9-20.1)
	
	16.9               (9.7-29.5)
	
	83.4            (50.9-136.6)
	
	180.0      (108.0-300.1)
	
	26.9            (15.9-45.3)
	
	74.5           (41.2-134.6)
	
	64.9            (40.0-105.2)
	
	270.3           (193.4-377.8)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 182
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	40
	
	45
	
	46
	
	44
	
	42
	
	42
	
	38
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	8, 19.0        (8.6-34.1)
	
	11, 27.5       (14.6-43.9)
	
	16, 35.6        (21.9-51.2)
	
	27, 58.7       (43.2-73.0)
	
	14, 31.8      (18.6-47.6)
	
	25, 59.5         (43.3-74.4)
	
	17, 40.5      (25.6-56.7)
	
	26, 68.4       (51.3-82.5)
	

	Seroconversions No., %                    (95% CI)
	5, 11.9          (4.0-25.6)
	
	8, 20.0           (9.1-35.6)
	
	16, 34.8       (21.4-50.2)
	
	27, 58.7      (43.2-73.0)
	
	11, 25.6    (13.5-41.2)
	
	21, 50.0      (34.2-65.8)
	
	17, 40.5    (25.6-56.7)
	
	26, 68.4           (51.3-82.5)
	

	GMR value (95% CI)
	1.5                (1.1-2.1)
	
	2.3                 (1.4-3.7)
	
	3.8                 (2.3-6.3)
	
	9.0                     (5.4-15.2)
	
	2.4              (1.5-3.7)
	
	5.2                (3.1-8.7)
	
	4.3                (2.5-7.4)
	
	10.6             (6.0-18.7)
	

	GMT value (95% CI)
	9.3                 (6.5-13.2)
	
	15.0                (8.8-25.6)
	
	20.5              (12.3-34.1)
	
	46.9              (27.5-79.7)
	
	16.3              (10.0-26.5)
	
	48.0          (26.1-88.2)
	
	22.6          (13.2-38.7)
	
	55.0            (31.3-96.8)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 274
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	44
	
	42
	
	47
	
	45
	
	42
	
	44
	
	40
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	9, 21.4       (10.3-36.8)
	
	9, 20.5          (9.8-35.3)
	
	12, 28.6    (15.7-44.6)
	
	23, 48.9   (34.1-63.9)
	
	12, 26.7   (14.6-41.9)
	
	22, 52.4   (36.4-68.0)
	
	15, 34.1   (20.5-49.9)
	
	23, 57.5   (40.9-73.0)
	

	Seroconversions No., %                    (95% CI)
	5, 11.9       (4.0-25.6)
	
	7, 15.9       (6.6-30.1)
	
	11, 26.2   (13.9-42.0)
	
	23, 48.9   (34.1-63.9)
	
	10, 22.7    (11.5-37.8)
	
	18, 42.9    (27.7-59.0)
	
	15, 34.1    (20.5-49.9)
	
	23, 57.5   (40.9-73.0)
	

	GMR value (95% CI)
	1.4             (1.0-1.9)
	
	1.8             (1.2-2.8)
	
	2.8              (1.7-4.7)
	
	6.0                 (3.7-9.8)
	
	2.1                (1.4-3.2)
	
	4.1                (2.5-6.7)
	
	3.7              (2.3-5.9)
	
	7.9                  (4.6-13.4)
	

	GMT value (95% CI)
	9.1             (6.5-12.9)
	
	11.9              (7.6-18.6)
	
	14.9               (8.9-24.8)
	
	31.1             (18.8-51.6)
	
	14.3              (9.1-22.4)
	
	38.4              (21.8-67.6)
	
	19.2             (12.0-30.7)
	
	40.7          (23.8-69.5)
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



TABLE 16 Immunogenicity of influenza A/turkey/Turkey/1/2005 (H5N1) vaccines in primed over 60-year-olds (HI test with NIBRG23 antigen)

	
	One priming dose
	
	Two priming doses
	

	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	GMT value (95% CI)
	5.0                (5.0-5.0)
	
	6.8               (4.3-11.0)
	
	6.4                   (3.7-11.3)
	
	8.0                (3.9-16.5)
	
	5.0                   (5.0-5.0)
	
	5.6                (4.3-7.3)
	
	6.3                         (4.3-9.2)
	
	6.6                 (4.1-10.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	1, 9.1                (0.2-41.3)
	
	2, 20.0          (2.5-55.6)
	
	3, 27.3           (6.0-61.0)
	
	7, 63.6       (30.8-89.1)
	
	2, 18.2         (2.3-51.8)
	
	2, 22.2          (2.8-60.0)
	
	4, 44.4        (13.7-78.8)
	
	8, 80.0        (44.4-97.5)
	

	Seroconversions No., %                    (95% CI)
	1, 9.1            (0.2-41.3)
	
	1, 10.0            (0.3-44.5)
	
	2, 18.2           (2.3-51.8)
	
	7, 63.6        (30.8-89.1)
	
	2, 18.2          (2.3-51.8)
	
	2, 22.2           (2.8-60.0)
	
	4, 44.4         (13.7-78.8
	
	7, 70.0        (34.8-93.3)
	

	GMR value (95% CI)
	1.5                (0.9-2.4)
	
	1.3                (0.8-2.3)
	
	2.5                         (1.2-5.4)
	
	7.5                 (2.5-22.7)
	
	2.3               (1.2-4.4)
	
	3.4                (0.8-14.4)
	
	5.0                 (2.0-12.7)
	
	7.0                    (2.8-17.6)
	

	GMT value (95% CI)
	7.3               (4.5-11.8)
	
	9.0                (4.9-16.7)
	
	16.0                 (7.1-36.5)
	
	60.2             (16.1-225.6)
	
	11.3             (5.9-22.0)
	
	19.2               (4.7-79.0)
	
	31.7            (14.9-67.4)
	
	45.9           (17.6-119.8)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	9
	
	11
	
	11
	
	10
	
	9
	
	8
	
	10
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	1, 9.1            (0.3-41.3)
	
	4, 44.4        (13.7-78.8)
	
	4, 36.4        (10.9-69.2)
	
	8, 72.7       (39.0-94.0)
	
	2, 20.0           (2.5-55.6)
	
	3, 33.3          (7.5-70.1)
	
	5, 62.5         (24.5-91.5)
	
	8, 80.0        (44.4-97.5)
	

	Seroconversions No., %                    (95% CI)
	1, 9.1            (0.3-41.3)
	
	2, 22.2         (2.8-60.0)
	
	3, 27.3          (6.0-61.0)
	
	8, 72.7          (39.0-94.0)
	
	2, 20.0            (2.5-55.6)
	
	3, 33.3            (7.5-70.1)
	
	5, 62.5          (24.5-91.5)
	
	7, 70.0        (34.8-93.3)
	

	GMR value (95% CI)
	2.1                (1.0-4.5)
	
	2.7               (1.0-7.3)
	
	3.5                   (1.2-10.4)
	
	12.8                 (3.9-42.3)
	
	2.5                   (1.2-5.2)
	
	5.0                   (1.3-19.2)
	
	9.5                  (3.0-30.3)
	
	9.5                 (3.0-29.8)
	

	GMT value (95% CI)
	10.3              (4.8-22.3)
	
	19.2                 (6.4-57.9)
	
	22.7              (7.1-72.1)
	
	102.9           (28.0-378.0)
	
	12.3                (5.8-26.1)
	
	28.3                (7.8-102.9)
	
	61.7              (20.0-190.0)
	
	62.8                (19.5-202.0)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	10
	
	10
	
	11
	
	11
	
	11
	
	9
	
	7
	
	8
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	1, 10.0           (0.3-44.5)
	
	4, 40.0      (12.2-73.8)
	
	4, 36.4           (10.9-69.2)
	
	7, 63.6          (30.8-89.1)
	
	3, 27.3              (6.0-61.0)
	
	2, 22.2             (2.8-60.0)
	
	5, 71.4        (29.0-96.3)
	
	7, 87.5          (47.3-99.7)
	

	Seroconversions No., %                    (95% CI)
	1, 10.0            (0.3-44.5)
	
	2, 20.0          (2.5-55.6)
	
	3, 27.3           (6.0-61.0)
	
	7, 63.6       (30.8-89.1)
	
	3, 27.3           (6.0-61.0)
	
	2, 22.2            (2.8-60.0)
	
	5, 71.4         (29.0-96.3)
	
	6, 75.0          (34.9-96.8)
	

	GMR value (95% CI)
	1.9               (0.9-4.3)
	
	2.4                 (1.0-5.5)
	
	3.2                       (1.1-9.2)
	
	11.3             (3.4-38.1)
	
	2.8                  (1.3-6.1)
	
	4.2                 (1.0-16.6)
	
	8.0                (1.8-35.2)
	
	10.4              (2.9-37.1)
	

	GMT value (95% CI)
	9.7                 (4.4-21.4)
	
	16.2                 (6.1-42.9)
	
	20.6              (6.6-64.7)
	
	90.7              (23.7-347.5)
	
	14.1               (6.5-30.6)
	
	23.3               (6.0-90.2)
	
	53.8                 (12.3-235.0)
	
	73.4            (20.1-267.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 182
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	2, 18.2        (2.3-51.8)
	
	1, 10.0            (0.3-44.5)
	
	2, 18.2            (2.3-51.8)
	
	6, 54.5         (23.4-83.3)
	
	2, 18.2           (2.3-51.8)
	
	1, 11.1             (0.3-48.2)
	
	4, 44.4           (13.7-78.8)
	
	4, 40.0        (12.2-73.8)
	

	Seroconversions No., %                    (95% CI)
	2, 18.2          (2.3-51.8)
	
	1, 10.0           (0.3-44.5)
	
	1, 9.1              (0.2-41.3)
	
	5, 45.5         (16.7-76.6)
	
	2, 18.2            (2.3-51.8)
	
	1, 11.1            (0.3-48.2)
	
	3, 33.3            (7.5-70.1)
	
	3, 30.0          (6.7-65.2)
	

	GMR value (95% CI)
	1.8                   (0.9-3.8)
	
	1.3                (0.8- 2.2)
	
	1.5                  (0.8-2.7)
	
	4.8                  (1.6-14.9)
	
	1.9              (1.0-3.7)
	
	2.8                 (0.7-10.9)
	
	4.3                (1.7-11.2)
	
	3.5                   (1.4-8.6)
	

	GMT value (95% CI)
	9.1                    (4.4-19.0)
	
	9.0                (5.1-16.0)
	
	9.4                 (4.4-20.2)
	
	38.7                   (10.2-146.7)
	
	9.4                   (4.8-18.4)
	
	15.9              (4.4-57.7)
	
	27.2             (10.7-69.4)
	
	23.0                (8.1-65.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 274
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 No., %  (95% CI)
	1, 9.1             (0.2-41.3)
	
	0, 0                   (0-30.8)
	
	2, 18.2           (2.3-51.8)
	
	5, 45.5          (16.7-76.6)
	
	1, 9.1            (0.2-41.3)
	
	1, 11.1            (0.3-48.2)
	
	3, 33.3          (7.5-70.1)
	
	3, 30.0          (6.7-65.2)
	

	Seroconversions No., %                    (95% CI)
	1, 9.1           (0.2-41.3)
	
	0, 0                (0-30.8)
	
	1, 9.1               (0.2-41.3)
	
	4, 36.4           (10.9-69.2)
	
	1, 9.1             (0.2-41.3)
	
	1, 11.1            (0.3-48.2)
	
	2, 22.2            (2.8-60.0)
	
	2, 20.0           (2.5-55.6)
	

	GMR value (95% CI)
	1.2              (0.8-1.8)
	
	1.2               (0.8-1.7)
	
	1.5                  (0.8-2.7)
	
	3.3                   (1.1-10.0)
	
	1.8                      (1.0-3.5)
	
	2.8                   (0.7-11.6)
	
	3.1               (1.2-7.7)
	
	2.3                    (0.9-5.8)
	

	GMT value (95% CI)
	6.0                 (4.0-9.2)
	
	8.1                   (5.1-13.0)
	
	9.4                     (4.4-20.2)
	
	26.6                 (7.6-93.4)
	
	9.1                   (4.8-17.3)
	
	15.9            (4.1-61.7)
	
	19.2               (7.7-48.2)
	
	15.2                  (5.3-43.3)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	







B. 
C. US Food and Drug Administration immunogenicity criteria
FDA criteria in unprimed controls (Table 6)
· Vaccination with 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1/2005 vaccine                            Neither criterion was met in unprimed 18-59-year-old controls on any occasion (days 7, 14, 21, 182, and 274) after vaccination.  

FDA criteria after ‘one-dose priming’ (Tables 15 and 16)
· 3.75μg HA ‘plain’ A/turkey/Turkey/1/2005 booster
Neither criterion was met in 18-59-year-olds or over 60’s on any occasion. 
· 7.5μg HA ‘plain’ A/turkey/Turkey/1/2005 booster
Neither criterion was met in 18-59-year-olds or over 60’s on any occasion.
· 3.75μg HA MF59-adjuvanted A/turkey/Turkey/1/2005 booster 
18-59-year-olds: The seroconversion criterion was met on days 7, 14, and 21.                               ≥60-year-olds: Neither criterion was met on any occasion.
· 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1/2005 booster
18-59-year-olds: The seroconversion criterion was met on days 7 and 182; both criteria (seroprotection and seroconversions) were met on days 14 and 21.                                                 ≥60-year-olds: The seroconversion criterion was met on days 7, 14, and 21. 

FDA criteria after ‘two-dose priming’ (Tables 15 and 16)
· 3.75μg HA ‘plain’ A/turkey/Turkey/1 booster
Neither criterion was met in 18-59-year-olds or the over 60’s on any occasion. 
· 7.5μg HA ‘plain’ A/turkey/Turkey/1 booster
18-59-year-olds: The seroconversion criterion was met on days 14 and 21.                                    ≥60-year-olds: Neither criterion was met on any occasion.
· 3.75μg HA MF59-adjuvanted A/turkey/Turkey/1 booster
18-59-year-olds: The seroconversion criterion was met on days 7, 14 and 21.                                ≥60-year-olds: Neither criterion was met on any occasion.
· 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1 booster
18-59-year-olds: Both criteria were met on days 7, 14, and 21; the seroconversion criterion was met on days 182 and 274.                                                                                                                           ≥60-year-olds: The seroconversion criterion was met on days 7, 14, and 21.

Secondary outcomes in response to boosting (NIBRG23 as test antigen)
A. Kinetics and magnitude of the NIBRG23 HI antibody response in unprimed controls and one- and two-priming dose comparators 
Reverse cumulative frequency distribution curves of NIBRG23 HI antibody in primed and unprimed adults, before and after administration of 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine, are shown in Figure 5(b). Rapid high-titered HI antibody responses that met all three CHMP criteria and both FDA criteria as early as days 7 and 14 after vaccination of primed subjects contrast with the slower, low-titered responses of unprimed controls. No CHMP or FDA criteria were met on days 7 and 14 after vaccination of controls; one CHMP criterion (GMR) was just attained by controls on day 21 (Table 6). Peak GMTs and GMRs for the primed comparators occurred on day 14 after vaccination; they were ~16-fold higher after one-dose priming and ~23-fold higher after two-dose priming than in unprimed controls (GMTs: unprimed, 12.3 versus one-dose priming, 198.5; two-dose-priming, 290.9; both p<0.0001; GMRs: unprimed, 2.4 versus one-dose priming, 38.2; two-dose-priming, 55.2; both p<0.0001) (Tables 6 & 15).  Peak seroconversion rates occurred on day 21 in controls and on day 14 with priming; they were more than 3-fold higher after one- and two-dose priming than in unprimed controls (unprimed, 27.3% versus one-dose priming, 86.7%; versus two-dose priming, 97.5%; both p<0.0001 (Tables 6 & 15).  

B. Kinetics, magnitude, and persistence of NIBRG23 HI antibody response to each prime-boost regimen 
The NIBRG23 HI antibody responses to each prime-boost regimen in adults and the elderly are compared in Tables 15 & 16, respectively, and the corresponding reverse cumulative frequency distribution curves are shown in Figures 8 & 9. Table 9 shows the results of unadjusted analyses for primed participants that examined the possible effects of (a) age, (b) history of seasonal influenza vaccination, (c) detectable NIBRG14 HAI antibody immediately prior to boosting, (d) number of priming doses, (e) HA content of the booster, and (f) MF59 adjuvant on antibody responses. The unadjusted analyses showed a possible effect of each factor on the GMTs of NIBRG23 HI antibody on days 7 through day 274 after boosting and the relationships were explored in backward stepwise regression models (Table 10). 


	FIGURE 8 Reverse cumulative distribution curves of NIBRG23 HI titres in serum samples from 18-59-year-olds and ≥60-year-olds collected before and after boosting, by priming status. Titres are given on a log2 scale. 
 
(a) Kinetics of NIBRG23 HI antibody response (days 7, 14, and 21 after boosting), 18-59-year-olds.
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	(b) Kinetics of NIBRG23 HAI antibody response (days 7, 14, and 21 after boosting), ≥60-year-olds.
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Kinetics and magnitude   
Figure 8a shows that there was rapid evolution of seroprotection in 18-59-year-olds using boosters formulated with MF59 and 7.5μg HA, notably after two priming doses, which gave 95% seroprotection by day 7 (Table 15). Within each group, boosters containing 7.5μg HA and MF59 attained the highest GMTs (18-59-year-olds: after one priming dose, 198.5; after two priming doses, 290.9 – both occurring 14 days after boosting (Table 15); ≥60-years: after one priming dose, 102.9; after two priming doses, 73.4 –occurring days 14 and 21 days after boosting, respectively (Table 16)).

Backward stepwise multiple regression showed higher GMTs of NIBRG23 HI antibody, SPRs and SCRs on days 7, 14, and 21 after A/t/T/1 boosting with 7.5μg HA (versus 3.75μg HA, all p<0.001) and MF59 (versus no adjuvant, all p<0.0001); GMTs of NIBRG23 antibody and SPRs were higher on days 7, 14, and 21 (all p<0.0001) when NIBRG14 HI antibody was detectable at baseline; and seroconversion rates were higher on days 7, 14, and 21 (all p<0.0002) with boosters delivered after two priming doses (Table 10). Conversely, prior seasonal vaccination was associated with lower NIBRG23 HI GMTs, SPRs and SCRs on days 7, 14, and 21 (all p<0.0003); increasing age (years) was also associated with lower NIBRG23 HI GMTs on days 7, 14, and 21 (versus <45 years, all p<0.015). 

Table 17 ranks the immunogenicity of each prime-boost regimen according to the number of CHMP and FDA criteria fulfilled on days 7, 14, and 21 after boosting. The regimen of two priming doses of A/VN/1194 vaccine with an A/t/T/1 booster containing 7.5μg HA and MF59 satisfied the most criteria. The SPRs, SCRs, and GMR on days 7, 14, and 21 for the regimen ranked first were comparable in 18-59-year-olds to the regimen ranked second (1P, 7.5μg HA booster with MF59), and were higher than those of the regimen ranked third (2P, 3.75μg HA booster with MF59)(Table 17). The boosters in regimens ranked 1–3 all contained MF59; those ranked 4= contained MF59 or 7.5μg HA; the three least immunogenic boosters were unadjuvanted (Table 11). 

Antibody persistence 
In adults, on day 182, SPRs ranged from 19.0% (1P + 3.75μg HA plain booster) to 68.4% (2P + 7.5μg HA MF59 booster), and, on day 274, from 20.5% (1P + 7.5μg HA plain booster) to 57.5% (2P + 7.5μg HA MF59 booster)(Table 15). The significant associations found in multiple regression analyses for days 7, 14, and 21 (see above) persisted on days 182 and 274 (all p <0.006) (Table 10). In adults, the GMTs of NIBRG23 HI antibody on days 182 and 274 exceeded pre-booster levels with all prime-boost regimens except for 1P + 3.75μg HA plain booster (Figure 9a). In the elderly, the GMTs of NIBRG23 HI antibody exceeded baseline on day 182 after two priming doses and boosting with 7.5 μg HA + MF59, and on days 182 and 274 after two priming doses and boosting with 3.75 μg HA + MF59 (Figure 9b)[Caution should be used in interpreting the findings in the elderly due to the small number of participants in each subgroup]. Two regimens (1P + 7.5μg HA MF59 booster, and 2P + 7.5μg HA MF59 booster) satisfied the most CHMP and FDA criteria (Table 18); both regimens maintained SPRs of ≥49% on days 182 and 274 in adults and ≥30% on days 182 and 274 in the elderly (Tables 15 &16) – as compared with 7% and 4% respectively in unprimed controls (Table 6).
 


TABLE 17 CHMP and FDA criteria met using NIBRG23 HI test within 21 days of boosting, by priming strategy, and antigen and adjuvant content of NIBRG23 booster
  
	
	
	Unprimed
	
	One priming dose of NIBRG14
	
	Two priming doses of NIBRG14
	

	
	
	Number of CHMP and FDA criteria met, by antigen (μg HA) and adjuvant content of NIBRG23 ‘booster’
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: 18-59 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after priming: 
	
	-
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	0
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	
	0 
	
	0
	
	0
	
	3a,b,d
	
	4a-d
	
	1b
	
	3a-c
	
	3a,b,d
	
	5a-e
	

	Day 14
	
	0
	
	0
	
	0
	
	4a-d
	
	5a-e
	
	1b
	
	4a-d
	
	4a-d
	
	5a-e
	

	Day 21
	
	1b
	
	0
	
	1b
	
	4a-d
	
	5a-e
	
	1b
	
	4a-d
	
	4a-d
	
	5a-e
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: ≥60 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after priming:
	
	-
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	0
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	
	-
	
	0
	
	0
	
	1b
	
	4a-d
	
	1b
	
	1b
	
	1b
	
	4a-d
	

	Day 14
	
	-
	
	1b
	
	1b
	
	1b
	
	4a-d
	
	1b
	
	1b
	
	3a-c
	
	4a-d
	

	Day 21
	
	-
	
	0
	
	1b
	
	1b
	
	4a-d
	
	1b
	
	1b
	
	3a-c
	
	4a-d
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Overall ranking of prime-boost regimens by fulfillment of CHMP & FDA criteria:
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rank No. (Total No. of criteria)
	-
	
	8 (1)
	
	7 (3)
	
	4= (14)
	
	2 (26)
	
	6 (6)
	
	4= (14)
	
	3 (18)
	
	1 (27)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Number of CHMP and FDA criteria met after priming relate to day 21 serology for the one-dose priming group and day 42 serology for the two-dose priming group
Meet CHMP criteria: a, seroconversions; b, GMR; c, seroprotection: meet FDA criteria: d, seroconversions; e, seroprotection.  
Overall, the, the most immunogenic regimen by fulfillment of CHMP and FDA criteria (two priming doses with a 7.5μg HA booster containing MF59) was comparable in 18-59 year-olds to the second most immunogenic regimen (two priming doses with a 7.5μg HA booster containing MF59)(SPR and SCR rates, days 7, 14, and 21, both p=0.101, p=0.1140, p=0.0669, respectively; GMR, days 7, 14, and 21, p=0.4190, p=0.2183, p=0.2200, respectively), but was superior to the third most immunogenic regimen (two priming doses with a 3.75μg HA booster containing MF59)(SPR and SCR rates, days 7, 14, and 21, both p=0.0041, p=0.0069, p=0.0015 respectively; GMR, days 7, 14, 21, all p≤0.0001). 
	FIGURE 9 Reverse cumulative distribution curves of NIBRG23 HI titres in serum samples from 18-59-year-olds and ≥60-year-olds collected before and after boosting, by priming status. Titres are given on a log2 scale. 
 
(a) Persistence of NIBRG23 HAI antibody response (days 182 and 274 after boosting), 18-59-year-olds.
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	P values for comparison of pre-booster NIBRG23 HAI antibody titres with titres on days 182 and 274:
One priming dose followed by (i) 3.75μg plain vaccine, p=0.0574 and p=0.0655, respectively; (ii) 7.5μg plain vaccine, p=0.0037 and p=0.0198, respectively; (iii) 3.75μg MF59 vaccine, both p<0.0001; (iv) 7.5μg MF59 vaccine, both p<0.0001.
Two priming doses followed by: (v) 3.75μg plain vaccine, p=0.0003 and p=0.0008, respectively; (vi) 7.5μg plain vaccine, both p<0.0001; (vii) 3.75μg MF59 vaccine, both p<0.0001; (viii) 7.5μg MF59 vaccine, both p<0.0001. 

	
(b) Persistence of NIBRG23 HI antibody response (days 7, 14, and 21 after boosting), ≥60-year-olds.
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P values for comparison of pre-booster NIBRG14 HAI antibody titres with titres on days 182 and 274: 
One priming dose followed by (i) 3.75μg plain vaccine, p=0.854 and p=0.3293, respectively; (ii) 7.5μg plain vaccine, p=0.4101 and p=0.5645, respectively; (iii) 3.75μg MF59 vaccine, both p=0.3848; (iv) 7.5μg MF59 vaccine, p= 0.0312 and p=0.0808. 
Two priming doses followed by (v) 3.75μg plain vaccine, p=0.0501 and p=0.051, respectively; (vi) 7.5μg plain vaccine, p=0.0878 and p=0.1024, respectively; (vii) 3.75μg MF59 vaccine, p=0.0041 and p=0.0195, respectively; (viii) 7.5μg MF59 vaccine, p=0.0246 and p=0.1206, respectively.









TABLE 18 NIBRG23 antibody persistence according to number of CHMP and FDA criteria met on days 182 and 274 after boosting. 

	
	
	One priming dose of NIBRG14
	
	Two priming doses of NIBRG14
	

	
	
	Number of CHMP and FDA criteria met, by antigen (μg HA) and adjuvant content of NIBRG23 ‘booster’
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: 18-59 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	

	Day 182
	
	0
	
	0
	
	1b
	
	3a,b,d
	
	0
	
	2a,b
	
	2a,b
	
	3a,b,d
	

	Day 274
	
	0
	
	0
	
	1b
	
	2a,b,
	
	0
	
	2a,b
	
	1b
	
	3a,b,d
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: ≥60 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	

	Day 182
	
	0
	
	0
	
	0
	
	2a,b
	
	0
	
	1b
	
	2a,b
	
	1b
	

	Day 274
	
	0
	
	0
	
	0
	
	1b
	
	0
	
	1b
	
	1b
	
	1b
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Overall ranking of prime-boost regimens by fulfillment of CHMP & FDA criteria:
	
	
	
	
	
	
	
	
	
	
	

	Rank No.
	
	6= (0)
	
	6= (0)
	
	5 (2)
	
	1= (8)
	
	6= (0)
	
	3= (6)
	
	3= (6)
	
	1 (8)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Meet CHMP criteria: a, SCR; b, GMR; c, SPR: meet FDA criteria: d, SCR; e, SPR.  


Primary outcome in response to boosting (IDCDC-RG30 as test antigen)
Table 6 shows the IDCDC-RG30 HI antibody response of unprimed 18-59-year-old controls to 7.5μg HA of MF59-adjuvanted influenza A/t/T/1 vaccine.  Tables 19 and 20 show the NIBRG23 HI antibody responses of 18-59-year-olds and ≥60-year-olds to boosters containing 3.75μg or 7.5μg HA of ‘plain’ or MF59-adjuvanted A/t/T/1 vaccine after priming with A/VN/1194 vaccine. Data on attainment of regulatory criteria in the elderly should be interpreted with caution due to small group-size.


A.	Committee for Medicinal Products for Human Use immunogenicity criteria
CHMP criteria in unprimed controls (Table 6)
· Vaccination with 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1 vaccine                                           No criteria were met on any occasion after vaccination (Table 6). 

CHMP criteria after ‘one-dose priming’ (Tables 19 and 20)
· 3.75μg HA ‘plain’ A/turkey/Turkey/1 booster                                                                                             No criteria were met after boosting 18-59-year-olds or ≥60-year-old on any occasion.                                                                      
· 7.5μg HA ‘plain’ A/turkey/Turkey/1 booster                                                                                              18-59-year-olds:  No criteria were met on any occasion.                                                                     ≥60-year-olds: Two criteria (seroconversions and GMR) were met on day 14; the GMR was met on day 21.
· 3.75μg HA MF59-adjuvanted A/turkey/Turkey/1 booster                                                                       18-59-year-olds:  Two criteria (seroconversions and GMR) were met on days 7, 14, and 21; one criterion (GMR) was met on day 182.                                                                                                                  ≥60-year-olds: One criterion (GMR) was met on days 14 and 21.  
· 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1 booster                                                                         18-59-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on day 182; one criterion (GMR) was met on day 274.                                                                             ≥60-year-olds: Two criteria (seroconversions and GMR) were met on days 7 and 182; all three criteria were met on days 14 and 21; one criterion (GMR) was met on day 274.

CHMP criteria after ‘two-dose priming’  (Tables 19 and 20)
· 3.75μg HA ‘plain’ A/turkey/Turkey/1 booster                                                                                          One criterion (GMR) was met in 18-59-year-olds and the over 60’s on days 14 and 21. 
· 7.5μg HA ‘plain’ A/turkey/Turkey/1 booster                                                                                              18-59-year-olds: Two criteria (seroconversions and GMR) were met on days 7, 14 and 21; one criterion (GMR) was met on days 182 and 274.                                                                                      ≥60-year-olds: One criterion (GMR) was met on days 7, 14, 21, 182 and 274.
· 3.75μg HA MF59-adjuvanted A/turkey/Turkey/1 booster                                                                       18-59-year-olds: Two criteria (seroconversions and GMR) were met on days 7, 14 and 21; one criterion (GMR) was met on days 182, and 274.
≥60-year-olds: Two criteria (seroconversions and GMR) were met on days 7 and 182; all three criteria were met on days 14 and 21; one criterion (GMR) was met on day 274. 
· 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1/2005 booster                                                              18-59-year-olds: All three criteria were met on days 7, 14, and 21; two criteria (seroconversions and GMR) were met on days 182 and 274.                                                                                             ≥60-year-olds: Two criteria (seroconversions and GMR) were met on day 7; all three criteria were met on days 14, and 21; one criterion (GMR) was met on days 182 and 274.


B. US Food and Drug Administration immunogenicity criteria
FDA criteria in unprimed controls (Table 6)
· Vaccination with 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1/2005 vaccine                            Neither criterion was met in unprimed 18-59-year-old controls on any occasion (days 7, 14, 21, 182, and 274) after vaccination.  

FDA criteria after ‘one-dose priming’ (Tables 15 and 16)
· 3.75μg HA ‘plain’ A/turkey/Turkey/1/2005 booster
Neither criterion was met in 18-59-year-olds or over 60’s on any occasion. 
· 7.5μg HA ‘plain’ A/turkey/Turkey/1/2005 booster
Neither criterion was met in 18-59-year-olds or over 60’s on any occasion.
· 3.75μg HA MF59-adjuvanted A/turkey/Turkey/1/2005 booster 
18-59-year-olds: The seroconversion criterion was met on days 14 and 21.                                    ≥60-year-olds: Neither criterion was met on any occasion.
· 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1/2005 booster
18-59-year-olds: The seroconversion criterion was met on days 7, 14, and 21.                                ≥60-year-olds: The seroconversion criterion was met on days 14, and 21.

FDA criteria after ‘two-dose priming’ (Tables 15 and 16)
· 3.75μg HA ‘plain’ A/turkey/Turkey/1 booster
Neither criterion was met in 18-59-year-olds or over 60’s on any occasion. 
· 7.5μg HA ‘plain’ A/turkey/Turkey/1 booster
Neither criterion was met in 18-59-year-olds or the over 60’s on any occasion.
· 3.75μg HA MF59-adjuvanted A/turkey/Turkey/1 booster
18-59-year-olds: The seroconversion criterion was met on days 7, 14 and 21.                                ≥60-year-olds: Neither criterion was met on any occasion.
· 7.5μg HA MF59-adjuvanted A/turkey/Turkey/1 booster
18-59-year-olds: The seroconversion criterion was met on day 7; both criteria (seroconversions & seroprotection) were met on days 14 and 21; neither criterion was met on days 182 and 274.                                                                                                    ≥60-year-olds: The seroconversion criterion was met on day 14.  

Secondary outcomes in response to boosting (IDCDC-RG30 as test antigen)
A. Kinetics and magnitude of the IDCDC-RG30 HI antibody response in unprimed controls and one- and two-priming dose comparators 
Reverse cumulative frequency distribution curves of IDCDC-RG30 antibody in primed and unprimed adults, before and after administration of 7.5μg HA of MF59-adjuvanted A/t/T/1 vaccine, are shown in Figure 5(c). Rapid high-titered HI antibody responses that met all three CHMP criteria and the FDA seroconversion criterion as early as day 7 after vaccination of primed subjects contrast with the slower, low-titered responses of unprimed controls.  All three CHMP criteria and both FDA criteria were met on days 14 and 21 after 2P + 7.5μg HA MF59 booster. No CHMP or FDA criteria were met on any occasion after vaccination of controls (Table 6). Peak GMTs and GMRs for the primed comparators occurred on day 14 after vaccination; they were ~13-fold higher after one-dose priming and ~15-fold higher after two-dose priming than in unprimed controls (GMTs: unprimed, 8.8 versus one-dose priming, 111.4; two-dose-priming, 135.7; both p<0.0001; GMRs: unprimed, 1.7 versus one-dose priming, 21.4; two-dose-priming, 26.2; both p<0.0001)(Tables 6 & 19). Peak SCRs occurred on day 14 in controls and primed groups; they were more than 4-fold higher after one- and two-dose priming than in unprimed controls (unprimed, 15.6% versus one-dose priming, 73.3%; versus two-dose priming, 87.5%; both p<0.0001 (Tables 6 & 19).


B. Kinetics, magnitude, and persistence of IDCDC-RG30 HAI antibody response to each prime-boost regimen 
The IDCDC-RG30 HAI antibody responses to each prime-boost regimen are compared in Tables 19 & 20, and the corresponding reverse cumulative frequency distribution curves are shown in Figures 10 & 11. Table 9 shows the results of unadjusted analyses for primed participants that examined the possible effects of (a) age, (b) history of seasonal influenza vaccination, (c) detectable NIBRG14 HI antibody immediately prior to boosting, (d) number of priming doses, (e) HA content of the booster, and (f) MF59 adjuvant on antibody responses. The unadjusted analyses showed a possible effect of each factor on the GMTs of IDCDC-RG30 HI antibody on days 7 through day 274 after boosting and the relationships were examined in backward stepwise regression models (Table 10). 


	FIGURE 10 Reverse cumulative distribution curves of IDCDC-RG30 HI titres in serum samples from 18-59-year-olds and ≥60-year-olds collected before and after boosting, by priming status. Titres are given on a log2 scale. 
 
(a) Kinetics of IDCDC-RG30 HI antibody response (days 7, 14, and 21 after boosting), 18-59-year-olds.
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	(b) Kinetics of IDCDC-RG30 HI antibody response (days 7, 14, and 21 after boosting), ≥60-year-olds.
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Note: Day 14 and 21 profiles are identical in the group given one priming dose and boosted with 3.75ug plain NIBRG23 vaccine

Kinetics and magnitude   
Figure 8a shows that there was rapid evolution of seroprotection in 18-59-year-olds using boosters formulated with MF59 and 7.5μg HA, notably after two priming doses, which gave 76% seroprotection by day 7 and 87.5% seroprotection by day 14 (Table 19). Within each age group, boosters containing 7.5μg NIBRG23 HA and MF59 attained the highest GMTs (18-59-year-olds: after one priming dose, 111.4; after two priming doses, 135.7 – both occurring 14 days after boosting (Table 19); ≥60-years: after one priming dose, 60.2; after two priming doses, 49.7 – occurring on days 14 and 21 respectively (Table 20)). 

Backward stepwise multiple regression showed higher GMTs of IDCDC-RG30 HI antibody, SPRs and SCRs on days 7, 14, and 21 after A/t/T/1 boosting with 7.5μg HA (versus 3.75μg HA, all p<0.002) and MF59 (versus no adjuvant, all p<0.0001); GMTs of IDCDC-RG30 antibody and SPRs were higher on days 7, 14, and 21 (all p<0.0001) when NIBRG14 HAI antibody was detectable at baseline; and SCRs were higher on days 7, 14, and 21 (all p <0.02) with boosters delivered after two priming doses (Table 10). Conversely, prior seasonal vaccination was associated with lower IDCDC-RG30 HI GMTs, SPRs and SCRs on days 7, 14, and 21 (all p<0.009); increasing age (years) was associated with lower IDCDC-RG30 HI GMTs on days 7, 14, and 21 (versus <45 years, all p<0.02).

Table 21 ranks the immunogenicity of each prime-boost regimen according to the number of CHMP and FDA criteria fulfilled on days 7, 14, and 21 after boosting. The regimen of two priming doses of A/VN/1194 vaccine with an A/t/T/1 booster containing 7.5μg HA and MF59 satisfied the most criteria. The SPRs, SCRs, and GMR on days 7, 14, and 21 for the regimen ranked first were comparable in 18-59-year-olds to the regimen ranked second (1P, 7.5μg HA booster with MF59); they were generally higher than those of the regimen ranked third (2P, 3.75μg HA booster with MF59); and were higher than those of the regimen ranked fourth (Table 21). The boosters in regimens ranked 1–4 all contained MF59; the four least immunogenic boosters contained MF59 (Table 21). 


Antibody persistence 
In adults on day 182, SPRs ranged from 11.9% (1P + 3.75μg HA plain booster)) to 55.3% (2P + 7.5μg HA MF59 booster), and, on day 274, from 9.5% (1P + 3.75μg HA plain booster) to 45.2% (2P + 7.5μg HA plain booster)(Table 19). The significant associations found in multiple regression analyses for days 7, 14, and 21 (see above) persisted on days 182 and 274 (all p <0.03)(Table 10). In adults, the GMTs of IDCDC-RG30 HI antibody exceeded pre-booster levels on both occasions with all prime-boost regimens except for regimens involving one priming dose and plain boosters (Figure 11a). In the elderly, the GMTs of IDCDC-RG30 HI antibody exceeded baseline on day 182 after 1P + 7.5μg HA MF59 booster and 2P + 3.75μg HA MF59 booster; IDCDC-RG30 HI antibody did not exceed baseline on day 274 with any prime-boost regimen (Figure 11b)[Caution should be used in interpreting the findings in the elderly due to the small number of participants in each subgroup].  Two regimens (1P + 7.5μg HA MF59 booster, and 2P + 7.5μg HA MF59 booster) satisfied the most CHMP and FDA criteria (Table 22); both regimens maintained SPRs of ≥36% on days 182 and 274 in adults and ≥27% on days 182 and 274 in the elderly (Tables 19 & 20) – as compared with 13% and 9% respectively in unprimed controls (Table 6).


Overall attainment of GMR, SCR, and SPR CHMP regulatory criteria 
We evaluated the total number of each of the CHMP criteria that were met in 18-59 year-olds using each antigen on each post-booster assessment day by each prime-boost regimen. Overall, the GMR criterion was met on 85 occasions, the seroconversion criterion was met on 62 occasions, and the seroprotection criterion was met on 35 occasions (data not shown). The seroprotection criterion was met only when the GMR and seroconversion criteria were both attained.  The GMR criterion was the least discerning, being met by regimens giving SCRs and SPRs of <40% in HI tests using NIBRG14 (Table 7, 1P + 7.5μg HA plain booster), NIBRG23 (Table 15, 1P + 7.5μg HA plain booster), and IDCDC-RG30 antigens (Table 19, 2P + 3.75μg HA plain booster).   


Impact of HA and MF59, detectable NIBRG14 HI antibody, prior seasonal vaccination, and age on heterologous seroprotection after boosting   
Table 10 shows that four variables (HA dose, MF59, detectable NIBRG14 HI antibody immediately prior to boosting, and prior (anytime) receipt of seasonal influenza vaccine) were each retained in multiple regression models for seroprotection against NIBRG14, NIBRG23, and IDCDC-RG30 H5N1 strains on days 7 through 274 after boosting. Together with age, which had a significant inverse effect on post-booster GMTs on days 7 through 274 (Table 10), we included each variable in a regression model to predict post-booster seroprotection levels against heterologous IDCDC-RG30 H5N1, and to compare the predicted impact of each variable (Table 23).  
Overall, 22.7% of subjects had detectable NIBRG14 HI antibody at boosting. For such individuals, the model predicted heterologous IDCDC-RG30 seroprotection rates that were 24%-36% higher on day 21 after boosting than in subjects without detectable NIBRG14 antibody at boosting (Table 23).   For boosters containing MF59, the IDCDC-RG30 seroprotection rates on day 21 were predicted to be 23%-39% higher than the equivalent HA dose of plain vaccine, while for boosters containing 7.5μg HA from influenza A/t/T/1/2005, seroprotection was predicted to be 15% higher than with 3.75μg HA doses – with lower predicted increases (0%-9%) by dose for people with no history of seasonal vaccines and circulating NIBRG14 antibody at boosting (Table 23).  For subjects given seasonal influenza vaccine previously, the model predicted heterologous IDCDC-RG30 seroprotection rates that were ~15% lower than in subjects who had not received seasonal vaccine.   
The model predicted that addition of MF59 could compensate for both increasing age and prior receipt of seasonal influenza vaccine. Thus, for 85-year-olds with circulating NIBRG14 HI antibody at baseline plus anytime receipt of seasonal influenza vaccine, the model predicted 94.2% seroprotection against IDCDC-RG30 on day 21 after boosting with 7.5μg HA + MF59, which exceeds the predicted 76.9% seroprotection for 25-year-olds without a history of seasonal vaccination who receive the same vaccine without MF59 (Table 23). Similarly, for 85-year-olds without circulating NIBRG14 HI antibody at baseline, but with anytime receipt of seasonal influenza vaccine, the model predicted 53.5% seroprotection against IDCDC-RG30 on day 21 after boosting with 7.5μg HA + MF59, which exceeds the predicted 39.4% seroprotection for 25-year-olds without a history of seasonal vaccination who receive the same vaccine without MF59.
Table 23 also shows that addition of MF59 could virtually compensate for increasing age and lack of circulating antibody at baseline. Thus, for 85-year-olds without circulating NIBRG14 HI antibody at baseline but with anytime receipt of seasonal influenza vaccine, the model predicted 53.5% seroprotection against IDCDC-RG30 on day 21 after boosting with 7.5μg HA + MF59, which approaches the predicted 61.5% seroprotection for 25-year-olds with circulating NIBRG14 HI antibody at baseline who receive the same vaccine without MF59. Similarly, for 85-year-olds without anytime receipt of seasonal influenza vaccine, the model predicted 68.8% seroprotection against IDCDC-RG30 on day 21 after boosting with 7.5μg HA + MF59, which approaches the predicted 76.9% seroprotection for 25-year-olds with circulating NIBRG14 HI antibody at baseline who receive the same vaccine without MF59.


TABLE 19 Immunogenicity of influenza A/turkey/Turkey/1/2005 (H5N1) vaccines in primed 18-59-year-olds (HAI test with IDCDC-RG30 antigen)
 
	
	One priming dose
	
	Two priming doses
	

	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	44
	
	44
	
	45
	
	47
	
	45
	
	42
	
	44
	
	44
	

	GMT value (95% CI)
	5.8              (5.0-6.7)
	
	6.5                (5.1-8.4)
	
	5.8                (4.9-6.8)
	
	5.2                (4.9-5.5)
	
	6.2                (5.1-7.6)
	
	8.3                  (6.0-11.3)
	
	5.1                (4.9-5.2)
	
	5.2                (4.8-5.5)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	42
	
	41
	
	46
	
	45
	
	41
	
	44
	
	38
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	8, 19.0            (8.6-34.1)
	
	9, 21.4        (10.3-36.8)
	
	21, 51.2       (35.1-67.1)
	
	33, 71.7       (56.5-84.0)
	
	8, 17.8           (8.0-32.1)
	
	23, 56.1      (39.7-71.5)
	
	26, 59.1     (43.2-73.7)
	
	29, 76.3      (59.8-88.6)
	

	Seroconversions % (95% CI)
	7, 17.1             (7.2-32.1)
	
	7, 16.7          (7.0-31.4)
	
	19, 46.3      (30.7-62.6)
	
	32, 69.6       (54.2-82.3)
	
	6, 13.3          (5.1-26.6)
	
	17, 41.5      (26.3-57.9)
	
	26, 59.1      (43.2-73.7)
	
	29, 76.3       (59.8-88.6)
	

	GMR: value (95% CI)
	1.7                (1.3-2.3)
	
	1.8                (1.2-2.6)
	
	5.0                (3.2-7.8)
	
	15.1               (9.1-24.9)
	
	1.9                (1.4-2.6)
	
	3.8                 (2.5-5.7)
	
	6.5                      (4.2-9.9)
	
	16.3               (9.7-27.3)
	

	GMT value (95% CI)
	9.9                 (7.1-13.9)
	
	11.3                (7.1-18.0)
	
	29.3              (18.2-47.1)
	
	78.2             (47.4-129.0)
	
	11.8                (8.3-16.9)
	
	31.8                 (20.3-49.9)
	
	32.9             (21.5-50.2)
	
	84.5                (50.5-141.5)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	41
	
	42
	
	42
	
	45
	
	42
	
	40
	
	40
	
	40
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	8, 19.5         (8.8-34.9)
	
	11, 26.2   (13.9-42.0)
	
	27, 64.3      (48.0-78.4)
	
	33, 73.3      (58.1-83.4)
	
	15, 35.7      (21.6-52.0)
	
	24, 60.0      (43.3-75.1)
	
	27, 67.5     (50.9-81.4)
	
	35, 87.5     (73.2-95.8)
	

	Seroconversions % (95% CI)
	7, 17.5           (7.3-32.8)
	
	9, 22.0        (10.6-37.6)
	
	25, 59.5     (43.3-74.4)
	
	33, 73.3      (58.1-83.4)
	
	13, 31.0     (17.6-47.1)
	
	21, 52.5      (36.1-64.5)
	
	27, 67.5     (50.9-81.4)
	
	35, 87.5     (73.2-95.8)
	

	GMR: value (95% CI)
	1.9               (1.3-2.7)
	
	2.1                (1.3-3.2)
	
	8.3                (5.1-13.5)
	
	21.4            (12.4-36.9)
	
	3.1                (2.0-5.0)
	
	5.4               (3.4-8.5)
	
	9.4                (5.7-15.5)
	
	26.2            (16.3-42.2)
	

	GMT value (95% CI)
	10.4                (7.1-15.3)
	
	13.7              (8.4-22.3)
	
	48.4            (29.3-79.8)
	
	111.4            (64.9-191.3)
	
	19.7             (12.3-31.4)
	
	45.9             (27.5-76.9)
	
	47.6            (28.7-78.7)
	
	135.7           (84.2-218.8)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	42
	
	41
	
	47
	
	39
	
	34
	
	38
	
	39
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	7, 16.7            (7.0-31.4)
	
	11, 26.2      (13.9-42.0)
	
	27, 65.9      (49.4-79.9)
	
	33, 70.2      (55.1-82.7)
	
	12, 30.8     (17.0-47.6)
	
	22, 64.7       (46.5-80.3)
	
	22, 57.9      (40.8-73.7)
	
	34, 87.2      (72.6-95.7)
	

	Seroconversions % (95% CI)
	7, 17.1          (7.2-32.1)
	
	8, 19.0        (8.6-34.1)
	
	26, 63.4    (46.9-77.9
	
	33, 70.2         (55.1-82.7)
	
	10, 25.6      (13.0-42.1)
	
	18, 52.9    (35.1-70.2)
	
	22, 57.9      (40.8-73.7)
	
	34, 87.2      (72.6-95.7)
	

	GMR: value (95% CI)
	1.7                (1.2-2.4)
	
	2.2                (1.4-3.4)
	
	8.9              (5.4-14.5)
	
	17.4            (10.3-29.1)
	
	2.8                 (1.8-4.5)
	
	5.2                 (3.2-8.6)
	
	6.7                  (4.2-10.6)
	
	23.9             (15.0-38.1)
	

	GMT value (95% CI)
	9.7                 (6.7-13.9)
	
	14.4              (8.5-24.2)
	
	49.4              (30.0-81.4)
	
	90.0              (53.7-150.9)
	
	17.8               (10.9-29.0)
	
	47.6             (26.4-85.6)
	
	33.9              (21.3-54.0)
	
	123.7          (77.3-197.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 182
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	39
	
	45
	
	46
	
	44
	
	42
	
	42
	
	38
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	5, 11.9           (4.0-25.6)
	
	8, 20.5           (9.3-36.5)
	
	13, 28.9     (16.4-44.3)
	
	22, 47.8       (32. 9-63.1)
	
	12, 27.3     (15.0-42.8)
	
	20, 47.6      (32.0-63.6)
	
	15, 35.7    (21.6-52.0)
	
	21, 55.3    (38.3-71.4)
	

	Seroconversions % (95% CI)
	4, 9.8             (2.7-23.1)
	
	7, 17.9              (7.5-33.5)
	
	10, 22.2      (11.2-37.1)
	
	22, 47.8      (32.9-63.1)
	
	10, 22.7      (11.5-37.8)
	
	15, 35.7      (21.6-52.0)
	
	15, 35.7      (21.6-52.0)
	
	21, 55.3      (38.3-71.4)
	

	GMR: value (95% CI)
	1.4                 (1.0-1.9)
	
	1.9                 (1.2-2.9)
	
	2.8                (1.8-4.3)
	
	5.1                (3.1-8.1)
	
	2.2              (1.4-3.4)
	
	3.6                 (2.2-5.9)
	
	3.2                (2.0-5.1)
	
	6.1                  (3.8-9.8)
	

	GMT value (95% CI)
	8.1                  (5.9-11.2)
	
	12.5              (7.5-20.9)
	
	16.0            (10.2-25.2)
	
	26.2            (16.3-42.2)
	
	13.6              (8.6-21.4)
	
	29.7             (16.8-52.5)
	
	16.4             (10.3-26.2)
	
	31.6            (19.3-51.5)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 274
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	42
	
	43
	
	42
	
	47
	
	44
	
	42
	
	44
	
	40
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	4, 9.5            (2.7-22.6)
	
	7, 16.3          (6.8-30.7)
	
	8, 19.0          (8.6-34.1)
	
	17, 36.2   (22.7-51.5)
	
	10, 22.7       (11.5-37.8)
	
	19, 45.2      (29.8-61.3)
	
	13, 29.5      (16.8-45.2)
	
	17, 42.5      (27.0-59.1)
	

	Seroconversions % (95% CI)
	4, 9.8            (2.7-23.1)
	
	6, 14.0          (5.3-27.9)
	
	6, 14.3          (5.4-28.5)
	
	17, 36. 2   (22.7-51.5)
	
	8, 18.2          (8.2-32.7)
	
	15, 35.7       (21.6-52.0)
	
	13, 29.5        (16.8-45.2)
	
	17, 42.5      (27.0-59.1)
	

	GMR: value (95% CI)
	1.4                 (1.1-1.9)
	
	1.6                (1.1-2.3)
	
	2.1                (1.4-3.1)
	
	3.3                 (2.1-5.1)
	
	2.1                (1.4-3.1)
	
	3.4                 (2.1-5.5)
	
	2.6                (1.8-4.0)
	
	3.4                (2.2-5.1)
	

	GMT value (95% CI)
	8.1                (6.1-10.8)
	
	10.2              (6.6-16.0)
	
	11.5              (7.4-17.8)
	
	17.1             (11.1-26.3)
	
	13.1               (8.7-19.7)
	
	27.8             (15.5-50.0)
	
	13.4              (8.8-20.2)
	
	17.4             (11.2-27.0)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	










TABLE 20 Immunogenicity of influenza A/turkey/Turkey/1/2005 (H5N1) vaccines in primed over 60-year-olds (HAI test with IDCDC-RG30 antigen)

	
	One priming dose
	
	Two priming doses
	

	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	8
	
	9
	
	10
	

	GMT value (95% CI)
	6.4                (3.7-11.3)
	
	5                     (5-5)
	
	6.4                (3.7-11.3)
	
	6.6                 (4.0-10.9)
	
	6.9                   (3.4-13.8)
	
	5.7                  (4.2-7.7)
	
	6.3                 (3.7-10.7)
	
	6.6                  (4.1-10.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	11
	
	10
	
	11
	
	11
	
	11
	
	8
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	1, 9.1                (0.2-41.3)
	
	0, 0                  (0-30.8)
	
	3, 27.3          (6.0-61.0)
	
	6, 54.5        (23.4-83.3)
	
	3, 27.3          (6.0-61.0)
	
	2, 25               (3.2-65.1)
	
	4, 44.4        (13.7-78.8)
	
	6, 60.0         (26.2-87.8)
	

	Seroconversions % (95% CI)
	0, 0                 (0-28.5)
	
	0, 0                   (0-30.8)
	
	2, 18.2            (2.3-51.8)
	
	6, 54.5        (23.4-83.3)
	
	2, 18.2          (2.3-51.8)
	
	2, 25              (3.2-65.1)
	
	3, 33.3          (7.5-70.1)
	
	5, 50.0         (18.7-81.3)
	

	GMR: value (95% CI)
	1.2                  (0.8-1.7)
	
	1.4               (0.9-2.0)
	
	1.8               (0.9-3.9)
	
	5.5                  (1.9-16.2)
	
	1.7                  (0.9-3.1)
	
	2.5                (0.6-10.7)
	
	3.6                 (1.4-9.0)
	
	5.3                (2.2-12.9)
	

	GMT value (95% CI)
	7.5                  (4.0-14.2)
	
	6.8                 (4.7-10.0)
	
	11.7               (5.0-27.5)
	
	36.4                (9.8-134.8)
	
	11.7               (5.5-25.0)
	
	14.1              (3.3-60.5)
	
	22.4               (9.5-53.2)
	
	34.8             (14.8-81.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	9
	
	9
	
	11
	
	11
	
	10
	
	8
	
	8
	
	10
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	2, 22.2          (2.8-60.0)

	
	3, 33.3          (7.5-70.0)
	
	3, 27.3            (6.0-61.0)
	
	7, 63.6          (30.8-89.1)
	
	3, 30.0          (6.7-65.2)
	
	2, 25.0          (3.2-65.1)
	
	5, 62.5           (24.5-91.5)
	
	8, 80.0        (44.4-97.5)
	

	Seroconversions % (95% CI)
	1, 11.1        (0.3-48.2)
	
	3, 33.3        (7.5-70.0)
	
	2, 18.2         (2.3-51.8)
	
	7, 63.6       (30.8-89.1)
	
	3, 30.0         (6.7-65.2)
	
	2, 28.6         (3.7-71.0)
	
	4, 50.0       (15.7-84.3)
	
	7, 70.0        (34.8-93.3)
	

	GMR: value (95% CI)
	1.4                 (0.6-3.1)
	
	3.2                 (1.3-8.0)
	
	2.7               (0.9-7.6)
	
	9.1                   (2.8-29.6)
	
	2.8                 (1.4-5.9)
	
	4.2                  (0.7-25.9)
	
	5.9                  (1.8-19.7)
	
	7.0                 (2.5-19.1)
	

	GMT value (95% CI)
	9.6              (3.5-26.2)
	
	15.9                (6.3-39.9)
	
	17.1               (5.5-52.8)
	
	60.2            (15.5-234.0)
	
	14.1               (6.8-29.6)
	
	24.8               (5.7-108.8)
	
	38.3             (11.8-123-9)
	
	45.9              (16.6-127.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	9
	
	10
	
	11
	
	11
	
	11
	
	7
	
	7
	
	8
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	2, 22.2           (2.8-60.0)

	
	3, 30.0            (6.7-65.2)
	
	3, 27.3           (6.0-61.0)
	
	7, 63.6       (30.8-89.1)
	
	4, 36.4       (10.9-69.2)

	
	2, 28.6         (3.7-71.0)
	
	5, 71.4      (29.0-96.3)
	
	6, 75.0           (34.9-96.8)
	

	Seroconversions % (95% CI)
	1, 11.1          (0.3-48.2)
	
	3, 30.0        (6.7-65.2)
	
	2, 18.2           (2.3-51.8)
	
	7, 63.6      (30.8-89.1)
	
	3, 27.3         (6.0-61.0)
	
	2, 28.6         (3.7-71.0)
	
	4, 57.1        (18.4-90.1)
	
	5, 62.5        (24.5-91.5)
	

	GMR: value (95% CI)
	1.4                (0.6-3.1)
	
	2.5              (1.2-5.4)
	
	2.5                (0.9-6.9)
	
	7.8                  (2.5-24.4)
	
	2.3                 (1.1-4.9)
	
	4.0                 (0.6-25.5)
	
	8.0                  (2.3-27.3)
	
	7.0                (2.3-21.2)
	

	GMT value (95% CI)
	9.6                    (3.5-26.2)
	
	12.7                (6.0-27.0)
	
	16.0               (5.6-46.2)
	
	51.5              (13.6-195.3)
	
	16.0              (7.1-36.2)
	
	23.2              (3.9-136.7)
	
	53.8             (17.9-162.0)
	
	49.7             (16.3-151.7)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 182
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	9
	
	10
	
	11
	
	11
	
	11
	
	8
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	3, 33.3          (7.5-70.1)
	
	0, 0                  (0-30.8)
	
	2, 18.2          (2.3-51.8)

	
	4, 36.4            (10.9-69.2)
	
	2, 18.2          (2.3-51.8)

	
	2, 25.0          (3.2-65.1)
	
	4, 44.4         (13.7-78.8)
	
	3, 30.0          (6.7-65.2)
	

	Seroconversions % (95% CI)
	2, 22.2          (2.8-60.0)

	
	0, 0                  (0-30.8)
	
	1, 9.1            (0.2-41.3)
	
	4, 36.4        (10.9-69.2)
	
	1, 9.1              (0.2-41.3)
	
	1, 14.3          (0.4-57.9)
	
	3, 33.3          (7.5-70.0)
	
	2, 20.0           (2.5-55.6)
	

	GMR: value (95% CI)
	1.6                  (0.8-3.6)
	
	1.2                (0.8-1.8)
	
	1.6                (0.9-3.0)
	
	3.9                (1.3-11.6)
	
	1.5                (0.8-2.7)
	
	2.7                (0.4-18.3)
	
	3.4                 (1.6-7.5)
	
	2.5                 (1.0-6.3)
	

	GMT value (95% CI)
	11.2                (4.4-28.8)
	
	5.9                 (4.0-8.8)
	
	10.3              (4.9-21.9)
	
	25.7                   (7.1-92.9)
	
	10                 (4.2-23.6)
	
	18.3               (3.6-92.2)
	
	21.6                   (9.2-50.6)
	
	16.2              (5.7-46.6)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	After booster dose: day 274
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of subjects
	10
	
	10
	
	11
	
	11
	
	11
	
	9
	
	9
	
	10
	

	Subjects with HI titre ≥ 1:40 % (95% CI)
	1, 10.0           (0.3-44.5)
	
	0, 0                  (0-30.8)
	
	2, 18.2          (2.3-51.8)

	
	3, 27.3           (6.0-61.0)
	
	2, 18.2          (2.3-51.8)

	
	1, 11.1            (0.3-48.2)
	
	3, 33.3          (7.5-70.1)
	
	3, 30.0          (6.7-65.2)
	

	Seroconversions % (95% CI)
	0, 0                  (0-30.8)
	
	0, 0                  (0-30.8)
	
	1, 9.1              (0.2-41.3)
	
	3, 27.3          (6.0-61.0)
	
	1, 9.1            (0.2-41.3)
	
	1, 12.5          (0.3-52.7)
	
	2, 22.2          (2.8-60.0)

	
	2, 20.0          (2.5-55.6)
	

	GMR: value (95% CI)
	1.1                 (0.7-1.7)
	
	1.2                (0.9-1.2)
	
	1.3                (0.8-2.0)
	
	3.0                (1.1-8.1)
	
	1.4                 (0.8-2.4)
	
	2.2                (0.4-11.0)
	
	2.2                 (1.0-4.6)
	
	2.1                (0.9-5.1)
	

	GMT value (95% CI)
	7.3                 (4.1-13.0)
	
	5.9                 (4.5-7.8)
	
	8.3                   (4.3-16.0)
	
	20.0                (6.4-62.9)
	
	9.4                 (4.3-20.3)
	
	12.6                (3.2-50.0)
	
	13.6               (6.2-30.1)
	
	14.1              (5.2-38.1)
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	











TABLE 21 CHMP and FDA criteria met using IDCDC-RG30 HI test within 21 days of boosting by priming strategy and antigen and adjuvant content of NIBRG23 booster 
 
	
	
	Unprimed
	
	One priming dose of NIBRG14
	
	Two priming doses of NIBRG14
	

	
	
	Number of CHMP and FDA criteria met, by antigen (μg HA) and adjuvant content of NIBRG23 ‘booster’
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: 18-59 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after priming: 
	
	-
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	0
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	
	0
	
	0
	
	0
	
	2a,b
	
	4a-d
	
	0
	
	2a,b
	
	3a,b,d
	
	4a-d
	

	Day 14
	
	0
	
	0
	
	0
	
	3a,b,d
	
	4a-d
	
	1b
	
	2a,b
	
	3a,b,d
	
	5a-e
	

	Day 21
	
	0
	
	0
	
	0
	
	3a,b,d
	
	4a-d
	
	1b
	
	2a,b
	
	3a,b,d
	
	5a-e
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: ≥60 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after priming:
	
	-
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	0
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	
	-
	
	0
	
	0
	
	0
	
	2a,b
	
	0
	
	1b
	
	2a,b
	
	2a,b
	

	Day 14
	
	-
	
	0
	
	2a,b
	
	1b
	
	4a-d
	
	1b
	
	1b
	
	3a-c
	
	4a-d
	

	Day 21
	
	-
	
	0
	
	1b
	
	1b
	
	4a-d
	
	1b
	
	1b
	
	3a-c
	
	3a-c
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Overall ranking of prime-boost regimens by fulfillment of CHMP & FDA criteria:
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rank No.
	
	-
	
	8 (0)
	
	7 (3)
	
	4 (10)
	
	2 (22)
	
	6 (4)
	
	5 (9)
	
	3 (17)
	
	1 (23)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Number of CHMP and FDA criteria met after priming relate to day 21 serology for the one-dose priming group and day 42 serology for the two-dose priming group.  
Meet CHMP criteria: a, seroconversions; b, GMR; c, seroprotection: meet FDA criteria: d, seroconversions; e, seroprotection.  
The most immunogenic regimen by fulfillment of CHMP and FDA criteria (two priming doses, 7.5μg HA booster with MF59) was comparable in 18-59 year-olds to the regimen ranked second (one priming dose with a 7.5μg HA booster containing MF59)(seroprotection, days 7, 14, and 21, p=0.8216, p=0.1734, p=0.0714, respectively; seroconversions, days, 7, 14, and 21, p=0.6565, p=0.1734, p=0.0714, respectively; GMR, days 7, 14, and 21, p=0.8278, p=0.58, p=0.3683, respectively); SPRs and SCRs on day 21 and GMRs on days 7, 14, and 21 for the regimen ranked first were higher than the regimen ranked third (seroprotection/seroconversions, both p=0.005; GMRs, p=0.0061, p=0.0035, p=0.0002, respectively); the regimen ranked first was superior in all domains to the regimen ranked fourth (one priming dose, 3.75μg HA booster with MF59)(seroprotection, days 7, 14, and 21, p=0.0377, p=0.0202, p=0.0353 respectively; seroconversions, days 7, 14, and 21, p=0.0126, p=0.0058, p=0.0197, respectively, GMR, days 7, 14, 21, p=0.0007, p=0.001, p=0.0041, respectively). 


	FIGURE 11 Reverse cumulative distribution curves of IDCDC-RG30 HI titres in serum samples from 18-59-year-olds and ≥60-year-olds collected before and after boosting, by priming status. Titres are given on a log2 scale. 
 
(a) Persistence of IDCDC-RG30 HI antibody response (days 182 and 274 after boosting), 18-59-year-olds.
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	P values for comparison of pre-booster NIBRG23 HI antibody titres with titres on days 182 and 274:
One priming dose followed by (i) 3.75μg plain vaccine, p=0.0507 and p=0.0319, respectively; (ii) 7.5μg plain vaccine, p=0.0209 and p=0.0776, respectively; (iii) 3.75μg MF59 vaccine, p<0.0001 and p=0.0031, respectively; (iv) 7.5μg MF59 vaccine, both p<0.0001.
Two priming doses followed by: (v) 3.75μg plain vaccine, p=0.0019 and p=0.0014, respectively; (vi) 7.5μg plain vaccine, p=0.0002 and p=0.0004, respectively; (vii) 3.75μg MF59 vaccine, both p<0.0001; (viii) 7.5μg MF59 vaccine, both p<0.0001.

	
(b) Persistence of NIBRG23 HI antibody response (days 7, 14, and 21 after boosting), ≥60-year-olds.
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P values for comparison of pre-booster IDCDC-RG30 HI antibody titres with titres on days 182 and 274: 
One priming dose followed by (i) 3.75μg plain vaccine, p=0.2437 and p=0.7233, respectively; (ii) 7.5μg plain vaccine, p=0.3306 and p=0.1605, respectively; (iii) 3.75μg MF59 vaccine, p=0.2760 and p=0.5249, respectively; (iv) 7.5μg MF59 vaccine, p=0.0404 and p=0.0631.
Two priming doses followed by (v) 3.75μg plain vaccine, p=0.4564 and p=0.5085, respectively; (vi) 7.5μg plain vaccine, p=0.1147 and p=0.2390, respectively; (vii) 3.75μg MF59 vaccine, p=0.0120 and p=0.0815, respectively; (viii) 7.5μg MF59 vaccine, p=0.0951 and p=0.1347, respectively.















TABLE 22 IDCDC-RG30 antibody persistence according to number of CHMP and FDA criteria met on days 182 and 274 after boosting. 

	
	
	One priming dose of NIBRG14
	
	Two priming doses of NIBRG14
	

	
	
	Number of CHMP and FDA criteria met, by antigen (μg HA) and adjuvant content of NIBRG23 ‘booster’
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	
	3.75 plain
	
	7.5 plain
	
	3.75 MF59
	
	7.5 MF59
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: 18-59 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	

	Day 182
	
	0
	
	0
	
	1b
	
	2a,b
	
	0
	
	1b
	
	1b
	
	2a,b
	

	Day 274
	
	0
	
	0
	
	0
	
	1b
	
	0
	
	1b
	
	1b
	
	2a,b
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age: ≥60 years
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of CHMP & FDA criteria met after ‘booster’:
	
	
	
	
	
	
	
	
	
	
	

	Day 182
	
	0
	
	0
	
	0
	
	2a,b
	
	0
	
	1b
	
	2a,b
	
	1b
	

	Day 274
	
	0
	
	0
	
	0
	
	1b
	
	0
	
	1b
	
	1b
	
	1b
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Overall ranking of prime-boost regimens by fulfillment of CHMP & FDA criteria:
	
	
	
	
	
	
	
	
	
	
	

	Rank No.
	
	7= (0)
	
	7= (0)
	
	5= (1)
	
	1= (6)
	
	6= (0)
	
	4 (4)
	
	3 (5)
	
	1= (6)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Meet CHMP criteria: a, seroconversions; b, GMR; c, seroprotection: meet FDA criteria: d, seroconversions; e, seroprotection.  







TABLE 23 Predicted seroprotection rates against IDCDC-RG30 obtained by multiple regression including the variables: (a) booster dose, (b) MF59, (c) detectable NIBRG14 HI antibody immediately prior to boosting, (d) prior (anytime) receipt of seasonal influenza vaccine, and (e) the forced variable, age. 

	
	Prior seasonal vaccine
	
	No prior seasonal vaccine
	

	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	
	3.75 μg 
plain
	
	7.5 μg 
plain
	
	3.75 μg 
MF59
	
	7.5 μg 
MF59
	

	NIBRG14 HI antibody detectable at baseline
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Predicted seroprotection rate, %, & 95% CIs
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 25 years, day post-boosting
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	48.0 (34.8-60.1)
	
	64.1 (50.7-77.5)
	
	86.6 (73.0-100)
	
	100 (89.0-100)
	
	59.7 (48.9-70.6)
	
	75.8 (65.0-86.7)
	
	98.3 (86.8-100)
	
	100 (100-100)
	

	Day 14
	49.3 (35.4-63.2)
	
	63.2 (49.1-77.2)
	
	89.6 (75.3-100)
	
	100 (89.1-100)
	
	63.2 (51.8-74.7)
	
	77.1 (65.7-88.4)
	
	100 (91.4-100)
	
	100 (100-100)
	

	Day 21
	46.2 (32.3-60.1)
	
	61.5 (47.5-75.5)
	
	85.5 (71.0-100)
	
	100 (86.5-100)
	
	61.5 (50.0-73.1)
	
	76.9 (65.4-88.4)
	
	100 (88.5-100)
	
	100 (100-100)
	

	Day 182
	49.1 (35.7-62.4)
	
	61.1 (47.4-74.7)
	
	68.4 (54.5-82.4)
	
	80.5 (66.3-94.6)
	
	61.0 (49.9-72.1)
	
	73.0 (61.9-84.2)
	
	80.4 (68.5-92.3)
	
	92.4 (80.5-100)
	

	Day 274
	45.8 (33.1-58.4)
	
	56.4 (43.6-69.3)
	
	60.2 (47.1-73.4)
	
	70.9 (57.6-84.2)
	
	54.7 (44.3-65.2)
	
	65.4 (54.9-75.8)
	
	69.2 (58.0-80.4)
	
	79.8 (68.8-90.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 45 years, day post-boosting
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	36.7 (25.7-46.7)
	
	52.8 (41.6-64.0)
	
	75.3 (63.7-86.8)
	
	91.4 (79.7-100)
	
	48.4 (38.1-58.6)
	
	64.5 (54.3-74.7)
	
	87.0 (75.9-98.1)
	
	100 (92.2-100)
	

	Day 14
	44.0 (32.4-55.6)
	
	57.8 (46.1-69.6)
	
	84.3 (72.0-96.5)
	
	98.1 (85.9-100)
	
	57.9 (47.1-68.7)
	
	71.7 (61.1-82.3)
	
	98.2 (86.5-100)
	
	100 (100-100)
	

	Day 21
	42.9 (31.2-54.6)
	
	58.2 (46.5-70.0)
	
	82.2 (69.7-94.7)
	
	97.5 (85.2-100)
	
	58.3 (47.3-69.2)
	
	73.6 (62.8-84.4)
	
	97.5 (85.6-100)
	
	100 (100-100)
	

	Day 182
	42.1 (31.0-53.3)
	
	54.1 (42.9-65.4)
	
	61.5 (49.6-73.4)
	
	73.5 (61.6-85.5)
	
	54.1 (43.6-64.6)
	
	66.1 (55.7-76.5)
	
	73.5 (62.1-84.8)
	
	85.5 (74.4-96.6)
	

	Day 274
	37.4 (26.9-48.0)
	
	48.1 (37.4-58.7)
	
	51.9 (40.7-63.1)
	
	62.5 (51.3-73.7)
	
	46.4 (36.5-56.2)
	
	57.0 (47.3-66.7)
	
	60.8 (50.2-71.5)
	
	71.5 (61.0-81.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 65 years, day post-boosting
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	25.3 14.1-36.6)
	
	41.4 (30.0-52.9)
	
	63.9 (52.0-75.9)
	
	80.1 (68.0-92.1)
	
	37.1 (24.7-49.4)
	
	53.2 (41.0-65.4)
	
	75.7 (62.6-88.8)
	
	91.8 (78.9-100)
	

	Day 14
	38.6 (26.7-50.6)
	
	52.5 (40.5-64.4)
	
	78.9 (66.2-91.6)
	
	92.8 (80.2-100)
	
	52.5 (39.6-65.5)
	
	66.4 (53.8-79.0)
	
	92.9 (79.0-100)
	
	100 (93.3-100)
	

	Day 21
	39.6 (27.4-51.8)
	
	54.9 (42.7-67.2)
	
	78.9 (65.8-92.0)
	
	94.2 (81.4-100)
	
	55.0 (41.7-68.2)
	
	70.3 (57.2-83.4)
	
	94.3 (80.1-100)
	
	100 (95.8-100)
	

	Day 182
	35.2 (23.7-46.8)
	
	47.2 (35.7-58.7)
	
	54.6 (42.3-66.9)
	
	66.6 (54.5-78.8)
	
	47.2 (34.5-59.8)
	
	59.2 (46.8-71.6)
	
	66.6 (53.2-80.0)
	
	78.6 (65.5-91.6)
	

	Day 274
	29.1 (18.3-40.0)
	
	39.7 (28.9-50.5)
	
	43.5 (32.0-55.0)
	
	54.2 (42.8-65.6)
	
	38.0 (26.2-49.8)
	
	48.7 (37.1-60.2)
	
	52.5 (39.9-65.1)
	
	63.1 (50.9-75.4)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 85 years, day post-boosting
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	14.0 (0.1-27.9)
	
	30.1 (16.1-44.1)
	
	52.6 (38.0-67.2)
	
	68.7 (54.1-83.3)
	
	25.7 (9.7-41.8)
	
	41.9 (25.9-57.8)
	
	64.4 (47.6-81.1)
	
	80.5 (63.9-97.0)
	

	Day 14
	33.3 (18.5-48.0)
	
	47.1 (32.5-61.7)
	
	73.6 (58.2-89.0)
	
	87.4 (72.2-100)
	
	47.2 (30.3-64.1)
	
	61.1 (44.5-77.6)
	
	87.5 (69.9-100)
	
	100 (84.2-100)
	

	Day 21
	36.3 (21.2-51.4)
	
	51.6 (36.6-66.7)
	
	75.6 (59.7-91.5)
	
	90.9 (75.2-100)
	
	51.7 (34.4-69.0)
	
	67.0 (49.9-84.2)
	
	91.0 (72.9-100)
	
	100 (88.5-100)
	

	Day 182
	28.3 (14.0-42.6)
	
	40.3 (26.2-54.4)
	
	47.7 (32.8-62.6)
	
	59.7 (45.0-74.3)
	
	40.3 (23.8-56.8)
	
	52.3 (36.1-68.4)
	
	59.6 (42.6-76.7)
	
	71.7 (55.0-88.3)
	

	Day 274
	20.7 (7.4-34.0)
	
	31.4 (18.2-44.5)
	
	35.2 (21.2-49.1)
	
	45.8 (32.1-59.6)
	
	29.7 (14.3-45.1)
	
	40.3 (25.2-55.4)
	
	44.1 (28.1-60.2)
	
	54.8 (39.1-70.5)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No NIBRG14 HI antibody detectable at baseline
	
	
	
	
	
	
	
	
	
	
	
	
	

	Predicted seroprotection rate, %, & 95% CIs
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 25 years, day post-boosting
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	11.4 (0.2-22.6)
	
	27.6 (16.0-39.1)
	
	50.1 (39.2-60.9)
	
	66.2 (55.1-77.3)
	
	23.2 (14.3-32.0)
	
	39.3 (30.4-48.2)
	
	61.8 (53.1-70.4)
	
	77.9 (69.3-86.5)
	

	Day 14
	13.6 (1.9-25.3)
	
	27.5 (15.3-39.6)
	
	53.9 (42.6-65.2)
	
	67.8 (56.2-79.3)
	
	27.5 (18.2-36.9)
	
	41.4 (31.9-50.8)
	
	67.9 (58.8-76.9)
	
	81.7 (72.7-90.7)
	

	Day 21
	8.7 (0-20.6)
	
	24.0 (11.8-36.2)
	
	48.0 (36.5-59.5)
	
	68.3 (51.8-74.9)
	
	24.1 (14.5-33.6)
	
	39.4 (29.7-49.2)
	
	63.4 (54.1-72.6)
	
	78.7 (69.6-87.8)
	

	Day 182
	7.3 (0-18.6)
	
	19.3 (7.5-31.0)
	
	26.6 (15.6-37.7)
	
	38.6 (27.3-50.0)
	
	19.2 (10.2-28.2)
	
	31.2 (22.0-40.5)
	
	38.6 (29.9-47.3)
	
	50.6 (41.7-59.5)
	

	Day 274
	7.6 (0-18.3)
	
	18.2 (7.2-29.3)
	
	22.1 (11.7-32.5)
	
	32.7 (22.0-43.4)
	
	16.6 (8.1-16.6)
	
	27.2 (18.7-35.7)
	
	31.0 (22.8-39.2)
	
	41.6 (33.4-49.8)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 45 years, day post-boosting
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	0.1 (0-8.8)
	
	16.2 (7.1-25.3)
	
	38.7 (30.3-47.1)
	
	54.8 (46.2-63.5)
	
	11.8 (3.5-20.2)
	
	28.0 (19.7-36.3)
	
	50.5 (42.2-58.7)
	
	66.6 (58.5-74.7)
	

	Day 14
	8.3 (0-17.4)
	
	22.1 (12.6-30.3)
	
	48.6 (39.8-57.3)
	
	62.4 (53.5-71.4)
	
	22.2 (13.4-31.0)
	
	36.0 (27.3-44.8)
	
	62.5 (53.8-71.2)
	
	76.4 (67.9-84.8)
	

	Day 21
	5.4 (0-14.6)
	
	20.8 (11.2-30.3)
	
	44.7 (35.8-53.6)
	
	60.0 (51.0-69.0)
	
	20.8 (11.9-29.7)
	
	36.1 (27.1-45.1)
	
	60.0 (51.3-68.8)
	
	75.4 (66.9-83.9)
	

	Day 182
	0.3-0-9.1)
	
	12.3 (3.2-21.5)
	
	19.7 (11.2-28.2)
	
	31.7 (23.0-40.5)
	
	12.3 (3.8-20.8)
	
	24.3 (15.8-32.8)
	
	31.7 (23.5-39.9)
	
	43.7 (35.6-51.8)
	

	Day 274
	0 (0-7.6)
	
	9.9 (1.3-18.5)
	
	13.7 (5.7-21.7)
	
	24.3 (16.2-32.5)
	
	8.2 (0.3-16.1)
	
	18.8 (10.9-26.7)
	
	22.7 (14.9-30.4)
	
	33.3 (25.7-40.9)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 65 years, day post-boosting
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	0 (0-0)
	
	4.9 (0-14.5)
	
	27.4 (18.2-35.5)
	
	43.5 (34.2-52.8)
	
	0.5 (0-11.5)
	
	16.6 (5.8-27.5)
	
	39.1 (28.1-50.1)
	
	55.3 (44.4-66.1)
	

	Day 14
	2.9 (0-12.8)
	
	16.8 (6.8-26.8)
	
	43.2 (33.6-52.8)
	
	57.1 (47.5-66.7)
	
	16.8 (5.3-28.4)
	
	30.7 (19.4-42.0)
	
	57.2 (45.6-68.7)
	
	71.0 (59.8-82.2)
	

	Day 21
	2.1 (0-11.9)
	
	17.5 (7.3-27.6)
	
	41.4 (31.7-51.1)
	
	56.8 (47.0-66.5)
	
	17.5 (5.9-29.1)
	
	32.8 (21.2-44.5)
	
	56.8 (45.1-68.4)
	
	72.1 (60.7-83.5)
	

	Day 182
	0 (0-3.0)
	
	5.4 (0-15.1)
	
	12.8 (3.5-22.1)
	
	24.8 (15.6-34.1)
	
	5.4 (0-16.6)
	
	17.4 (6.3-28.5)
	
	24.8 (13.7-35.8)
	
	36.8 (26.0-47.6)
	

	Day 274
	0 (0-0)
	
	1.5 (0-10.5)
	
	5.4 (0-14.0)
	
	16.0 (7.3-24.7)
	
	0 (0-10.3)
	
	10.5 (0.2-20.8)
	
	14.3 (3.9-24.7)
	
	24.9 (14.8-35.1)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Age 85 years, day post-boosting
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Day 7
	0 (0-0)
	
	0 (0-6.2)
	
	16.1 (3.6-28.6)
	
	32.2 (19.6-44.8)
	
	0 (0-4.4)
	
	5.3 (0-20.4)
	
	27.8 (12.5-43.1)
	
	43.9 (28.8-59.0)
	

	Day 14
	0 (0-10.8)
	
	11.4 (0-24.7)
	
	37.9 (24.7-51.1)
	
	51.7 (38.7-64.8)
	
	11.5 (0-27.5)
	
	25.4 (9.7-41.1)
	
	51.8 (35.7-67.9)
	
	65.7 (50.0-81.4)
	

	Day 21
	0 (0-12.1)
	
	14.2 (0.7-27.7)
	
	38.1 (24.8-51.5)
	
	53.5 (40.2-66.8)
	
	14.2 (0-30.3)
	
	29.5 (13.5-45.6)
	
	53.5 (37.3-69.7)
	
	68.8 (52.8-84.9)
	

	Day 182
	0 (0-0)
	
	0 (0-11.4)
	
	5.9 (0-18.6)
	
	17.9 (5.3-30.4)
	
	0 (0-14.0)
	
	10.5 (0-25.8)
	
	17.8 (2.4-33.3)
	
	29.9 (14.7-45.0)
	

	Day 274
	0 (0-0)
	
	0 (0-5.1)
	
	0 (0-8.9)
	
	7.6 (0-19.4)
	
	0 (0-6.0)
	
	2.1 (0-16.5)
	
	5.9 (0-20.5)
	
	16.6 (2.3-9.5)
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Note: The lower 95% CI limit of the SRPs highlighted green exceed 30%  



Chapter 4 
Discussion


We demonstrated previously that subjects who were administered MF59-adjuvanted H5N1-A/VN/1194/2004 (clade 1) vaccine up to 8 years after vaccination with two or three doses of a clade 0 H5N3 vaccine developed a brisk and robust HI antibody memory response against the H5N1-Vietnam strain within 7 days of a single booster vaccination.  Furthermore, high titres of cross-reactive HI antibodies to ‘future’ 2005-2006 H5N1 viruses belonging to clades 2.1, 2.2, and 2.3 were also observed, more so in MF59-primed subjects than in plain-primed subjects174,175 In this study, we evaluate H5 HI antibody responses of an essentially immunologically naïve population in relation to three strategies to mitigate pandemic influenza – (i) deployment of vaccine matched against the pandemic strain; (ii) vaccination within weeks from the start of a global pandemic using a stockpile of pre-prepared vaccine prepared from heterologous virus; and (iii) prophylaxis with one or more doses of a ‘pre-pandemic’ vaccine.   

To evaluate the potential of prime-boost pre-pandemic vaccination strategies, we gave participants 3.75μg HA or 7.5μg HA of plain or MF59-adjuvanted A/t/T/1 H5N1 (clade 2.2) vaccine after priming with one or two doses (7.5μg HA) of A/VN/1194 vaccine more than a year previously. We measured antibody responses to the vaccine strains and a clade 2.3.2.1 virus (A/Hubei/1/2010 (H5N1)) that was first isolated five years after recovery of A/t/T/1 virus. The immunogenicity analyses were done with WHO reference sera and other controls as before to minimize test-to-test and inter-laboratory variability of HI tests.183 As was the case in previous H5N1 vaccine trials, a small number of our study participants were not immunologically naïve at baseline. 

The primary endpoint in the present study was attainment of regulatory criteria for the licensure of seasonal influenza vaccine, and foremost, the proportion of vaccinees attaining an HI titre of ≥1:40, which is referred to as ‘seroprotection’. Recent meta-analysis of heterogeneous datasets collated from past clinical trials and cohort studies in adults reveals a progressive increase in clinical protection with increasing HI titres – HI titres of 1:17 and 1:50 correspond with point-estimates of 50% and 80% protection respectively.188 The direct application of such observations seen with seasonal vaccines to vaccines developed to confront a pandemic of avian influenza should be considered cautiously, nonetheless seroprotection rates provide a yardstick to compare and evaluate vaccination strategies for mitigating an influenza pandemic, notably in mathematical models. 


Antibody responses to two doses of Clade 1 vaccine meet the European Union Committee for Medicinal Products for Human Use (CHMP) criteria
As in previous trials of MF59-adjuvanted avian vaccines,189-194 one dose of NIBRG14 A/VN/1194 vaccine in our study failed to meet European (CHMP) or US (FDA) regulatory criteria in immunologically naïve adults and the elderly. We showed that the proportion of younger adults (18-59 years) achieving seroprotection against the NIBRG14 A/VN/1194 vaccine strain and heterologous NIBRG23 A/t/T/1 virus (clade 2.2) after 7.5μg HA of MF59-adjuvanted vaccine peaked at 24.5% and 7.5% respectively; by 6 months, most recipients had HI titres to the vaccine strain and heterologous NIBRG23 virus that neared or fell below the threshold of detection. Similarly, the proportion of controls who were seroprotected after one 7.5μg HA dose of A/t/T/1 (H5N1) vaccine peaked at 27% against the vaccine virus and 16% and 11% against heterologous NIBRG14 A/VN/1194/04 (clade 1) and IDCDC-RG30 A/Hubei/1/2010 (clade 2.3.2.1) viruses respectively; by 6 months, most controls had HI titres to the vaccine strain and heterologous viruses that neared or fell below the threshold of detection.  
In our study, the seroprotection afforded to 18-59 year-olds against the vaccine strain by one priming dose of MF59 adjuvanted A/VN/1194 vaccine or A/t/T/1 vaccine was similar to the rates of 19% to 34% seen previously.189,191-193 Mathematical modeling suggests that such levels of seroprotection could limit the impact of a pandemic if a well-matched pandemic vaccine was deployed within two months of an initial global outbreak154 – which is substantially faster than is possible using existing vaccine technologies. The lower levels of seroprotection evoked and maintained by one dose of MF59-adjuvanted A/VN/1194 vaccine against heterologous H5 viruses in the present study are consistent with our earlier findings,174,175 implying that deployment of one dose of an H5 vaccine that is poorly matched with the pandemic strain would offer negligible short-term benefits.        

After two doses of MF59 adjuvanted A/VN/1194 vaccine, HI antibody responses against the NIBRG14 vaccine strain were sufficient to meet all three CHMP criteria in adults and two criteria in the elderly; one FDA criterion was met in both adults and the elderly. The CHMP results are consistent with similar trials of MF59-adjuvanted vaccine.189-193 No European or US regulatory criteria were met in HI tests using NIBRG23 A/t/T/1 (H5N1) virus or IDCDC-RG30 A/Hubei/1/2010 virus in our study, as in a previous trial.190 Bihari et al191 showed that two CHMP criteria were met in adults and the elderly in HI tests with two previously-circulating heterologous viruses, A/VN/1194 (Clade 1) and A/Indonesia/5/2005 (clade 2), 21 days after a second dose of A/t/T/1 (Clade 2.2) vaccine. 

In our study, the percentage of 18-59-year-olds who achieved seroprotection against the vaccine strain and heterologous A/t/T/1 and A/Hubei/1/2010 viruses peaked at 72.5%, 25%, and 31% respectively; by 6 months, 29.5% and 4% of recipients were seroprotected against the vaccine strain and heterologous NIBRG23 virus respectively. Bihari et al191 observed 50% and 34% seroprotection against A/Indonesia/5/2005 virus, and 47% and 39% seroprotection against A/VN/1194 virus in adults and the elderly respectively. Collectively, these data indicate that deployment of two doses of a heterologous MF59-adjuvanted vaccine stockpile offers the potential to mitigate the first pandemic wave, providing that the uptake of both doses exceeds 20% and that a 30% reduction in susceptibility is conferred within 120 days of the first cases occurring in the country – and preferably much sooner, as there would be almost no effect if vaccination started after 120 days.154  


HI antibody response to boosting
We previously demonstrated that pro-active pre-pandemic priming with adjuvanted and non-adjuvanted H5 vaccines provides long-lasting cross-reactive memory and potentially the means to mitigate an evolving influenza pandemic.171,173-175 Here, we further evaluate pre-pandemic priming strategies using a more contemporary H5 virus, A/Hubei/1/2010, which first appeared in humans five years after the A/t/T/1 virus strain that was used for boosting. As expected, vaccination of unprimed controls with one 0.5ml dose of MF59-adjuvanted vaccine containing 7.5μg HA from the A/t/T/1 NIBRG23 virus (clade 2) did not meet any CHMP criteria in HI tests with heterologous H5 strains. In contrast, all three CHMP criteria were met as early as day 7 after vaccination when the same 7.5μg HA dose of MF59-adjuvanted A/t/T/1 vaccine was given as a booster after one- and two-dose priming. On each assessment day after ‘boosting’, GMTs of HI antibodies to A/VN/1194 NIBRG14, A/t/T/1 NIBRG23, and A/Hubei/1/2010 IDCDC-RG30 viruses were substantially higher in primed subjects than in unprimed controls, leading to higher SPRs, SCRs, and GMRs. 

Our original priming trials evaluating plain and MF59-adjuvanted A/duck/Singapore/97 vaccines during 1999-2001 found that two doses of plain (i.e., non-adjuvanted) vaccine achieved poor seroconversion rates, yet induced long-lasting immunity that could be boosted with a single dose of MF59-adjuvanted heterologous vaccine 6 years later.171,174,175 Upon boosting, subjects primed with MF59-adjuvanted vaccine had a higher frequency of H5N1-specific memory B cells than plain-primed subjects and responded better in early induction and duration of cross-reactive antibodies.175 Furthermore, priming with MF59-adjuvanted H5N1 vaccine was shown to elicit higher antibody binding to the HA1 globular head after a single MF59-H5N1 boost as compared with unadjuvanted priming and no priming.195 These high affinity antibodies were found to correlate with in vitro cross-neutralization capacity against diverse H5N1 strains.195 In this study, we found that subjects boosted with MF59-adjuvanted vaccine respond better in induction and duration of homologous and cross-reactive antibodies than plain boosters. Indeed, on days 7, 14, and 21 after boosting, the pooled analyses showed that the GMTs of HI antibodies to NIBRG14, NIBRG23 HI and IDCDC-RG30 were at least three times greater with boosters containing MF59 adjuvant than with plain vaccine. Together, the above observations indicate that adjuvanted vaccine should be used both for priming and boosting, whenever possible. 

We ranked the immunogenicity each prime-boost regimen according to the total number of CHMP and FDA criteria that were met during each assessment of 18-60-year-olds and over 60-year-olds after boosting. During the early induction of antibody phase on days 7, 14, and 21 after boosting, the three most immunogenic regimens – reproducibly for each test virus – all involved MF59-adjuvanted boosters – first, 7.5μg HA after two priming doses; second, 7.5μg HA after one priming dose; and third, 3.75μg HA after two priming doses. By day 7, these regimens provided 73%–95%, 68%–95%, and 59%–76% seroprotection against NIBRG14, NIBRG23 and IDCDC-RG30 test viruses, respectively, in adults, and 64%–80%, 44%–80%, and 44%–60%, respectively, in the elderly, falling on day 274 after boosting to 36%–60%, 34%–58%, and 30%–43%, respectively, in adults, and 33%–55%, 30%–46%, and 27%–33%, respectively, in the elderly. These immunogenicity data indicate that the health benefits from one priming dose of MF59-adjuvanted H5 vaccine should be greater overall than two-priming doses in half as many people. Moreover, our findings on early induction and persistence of antibody indicate that prime-boost regimens employing MF59 have the potential to mitigate at least one, and possibly two waves of an H5 pandemic outbreak. 


Modeling the HI antibody response to boosting 
We explored the importance of variables including age, number of priming doses, detectable H5 antibody, vaccine composition, and prior receipt of seasonal influenza vaccine on booster responses by multiple regression. We showed that seroprotection and GMTs of HI antibody against all three test viruses (NIBRG14, NIBRG23 and IDCDC-RG30) were enhanced at each assessment after boosting by three variables – the higher antigenic content (7.5μg HA) of the booster, its formulation with MF59, and circulating H5 antibody at the time of vaccine delivery. Conversely, we found that prior (anytime) vaccination against seasonal influenza was associated with lower post-booster GMTs, seroprotection, and seroconversions for each test virus at each assessment. Similarly, increasing age was associated with lower post-booster GMTs to each test virus at each assessment than in younger adults, but was not consistently associated with lower SPRs and SCRs. 

We used regression modeling to explore the impact of key variables including age on seroprotection against IDCDC-RG30 A/Hubei/1/2010 virus as a proxy pandemic virus. The model predicted that delivery of boosters to people with circulating H5 HI antibody at the time of vaccination could increase SPRs by 24%-36% against the surrogate pandemic IDCDC-RG30 A/Hubei/1/2010 virus in comparison to those without detectable antibody at boosting; this increase in seroprotection was broadly similar to the predicted benefit of MF59 on seroprotection (23%-39%) over plain vaccine. The model predicted that the effect size of vaccine dosage, age, and prior seasonal vaccination were broadly comparable, ~15% more seroconversions with the increase in dosage (from 3.75μg HA to 7.5μg HA), ~10% fewer seroconversions with increasing age (from 25 to 85-years), and ~15% fewer seroconversions following anytime receipt of seasonal influenza vaccine – irrespective of whether the boosters were adjuvanted or not. This latter finding is consistent with the concept of original antigenic sin,202 and confirms and extends previous studies of the impact of prior seasonal vaccination on antibody responses to H1 and H5 pandemic vaccines,197-202 and data in the older literature.203 It has been proposed that original antigenic sin is caused either by preferential activation of memory B cells that recognize common epitopes shared between previously encountered influenza viruses and new strains rather than activation of naïve B cells that recognize novel epitopes,204 or by masking of epitopes on new strains by pre-existing cross-reactive antibodies, thereby inhibiting activation of naïve B cells.205 The higher GMTs of A/Hubei HI antibody and seroprotection rates in our study that occurred when H5 antibody was present immediately before boosting favours the first of these hypotheses.  

Consistent with UK immunization recommendations, many elderly people in our study had received seasonal influenza vaccine previously. As expected,206 we showed consistent drops in HI GMTs against each H5 virus strain on each assessment day after boosting with increasing age; additionally, we found consistent drops in HI GMTs with prior seasonal vaccination. While a recent meta-analysis of randomised controlled trials found that trivalent influenza vaccine is effective in about 60% of adults aged 18–65 years,207 recent vaccine effectiveness estimates for trivalent or monovalent unadjuvanted vaccines are lower and not statistically significant among the elderly,208-217 including those over 45 years of age.208,209 Traditionally, vaccine failures in the elderly have been ascribed either to immune senescence, an imperfect match between vaccine and circulating strains, or a late influenza season,210 rather than a late effect of seasonal influenza vaccine. Concerns about the impact of prior vaccination on vaccine effectiveness began during the mid-1970’s with a landmark study suggesting that annual revaccination of children in an English boarding school conferred no long term advantage.218 Subsequently, a five-year randomised controlled trial carried out during the 1980’s revealed no consistent pattern of difference in relation to number of successive years of vaccination.219 Later a case-control study of influenza certified deaths in England in mostly elderly people during the 1989-90 epidemic, when vaccine and epidemic strains were well matched, showed that vaccine effectiveness was substantially lower among first time vaccinees than among subjects who had also been vaccinated previously.220 However, a recent vaccine study carried out in Michigan over three seasons revealed a negative effect of prior vaccination in preventing laboratory-confirmed influenza.221-223 Similarly, a study carried out over 8 seasons in Wisconsin found that vaccine effectiveness against medically attended, laboratory-confirmed influenza was significantly higher among vaccinated subjects with no prior vaccination history, compared with vaccinated individuals with a frequent vaccination history.224 

HI titres provide a correlate of protection against laboratory-confirmed influenza,188,225-227 and consistent with regulatory guidelines we used an HI titre of ≥1:40 to define ‘seroprotection’.  In this study, we used multiple regression to identify measures to compensate for the negative effects of age, prior seasonal vaccination, and absence of circulating H5 antibodies at boosting on seroprotection against a heterologous surrogate pandemic virus (A/Hubei/1/2010). The modeling predicted that the inclusion of MF59 could compensate for the negative effects of age and prior receipt of seasonal influenza vaccine, alternatively addition of MF59 could virtually compensate for the negative effects of age and absence of circulating antibody at the time of boosting.      
 
The regression modeling predicted that after prior seasonal vaccine, the GMTs of A/Hubei/1/2010 HI antibody after boosters containing 7.5μg of MF59-adjuvanted vaccine would be 1.9 to 4.4-fold higher than after boosters containing plain vaccine. We found that the GMTs of A/Hubei/1/2010 HI antibody of 65 year-olds after MF59-adjuvanted vaccine were comparable to those of 25-year-olds after plain vaccine. Moreover, the GMTs of A/Hubei HI antibody in subjects given MF59-adjuvanted vaccine after prior seasonal vaccine were predicted to be 1.2 to 2.7-fold higher than the response to plain boosters in people with no history of seasonal vaccination.  These findings suggest that MF59 could compensate for the negative effects of age and prior vaccination on cross-reactive antibody responses.  The modeling further predicted that MF59 could partially compensate for the negative effects of age and absence of detectable H5 antibody at the time of boosting. 

The unpredictable emergence and rapid spread of pandemic influenza together the time required to manufacture and supply pandemic-specific vaccines demand novel strategies such as vaccine stockpiling and proactive prepandemic vaccination to mitigate its impact.228,229 We demonstrated previously that a proactive vaccine priming strategy offers the potential to generate cross-clade antibodies rapidly after boosting and potentially after exposure to the pandemic virus.172-174 Dose sparing strategies are critical in providing optimal levels of coverage with scarce resources. In this study, we found that increasing vaccine coverage with 3.75μg dose of MF59-adjuvanted HA would provide more people seroprotection than delivery of the more immunogenic regimen of 7.5μg HA doses of MF59-adjuvanted vaccine to half as many people.
   

Limitations of the study
Although we performed the HI test according to previously reported methods, our results cannot be directly compared with those of other investigators and other adjuvanted vaccines due to the considerable laboratory-to-laboratory variability of HI method. However, we tested sera blind, in duplicate, with at least two negative and up to five positive laboratory control sera included in each run of the HI test. In addition, we included the international standard antibody in each HI analysis. 

The HI assay is used extensively in the assessment of immunity to influenza in vaccine licensing but does not measure the full repertoire of antibodies that may be important in protection. To date there are no correlates of protection using the MN assay and CHMP has no licensing criteria based on MN. We performed MN tests on some sera and the results of these assays and their correlation with the findings of the HI assays will be reported separately.

As was the case in previous H5N1 studies, a small percentage of our subjects had detectable H5 antibodies at study onset. Since the study population exceeded 600 and the immune responses of baseline negative subjects were similar to the population as a whole, retention of the baseline seropositive participants did not affect interpretation of the results.   

Our study focused on immunogenicity and for logistic and safety reasons could not evaluate vaccine efficacy or effectiveness. It is unknown whether the observed differences in immunogenicity between plain and MF59-adjuvanted H5 boosters would ultimately lead to differences in protection, but given the well established correlation between HI antibody titres and protection, it seems likely that the improved immunogenicity seen with MF59-adjuvanted vaccine would provide greater public health benefits than plain vaccine.  

The breadth of the antibody response in this study was restricted to the vaccine viruses (A/Vietnam/1194/04 (H5N1) clade 1, A/turkey/Turkey/1/2005 (H5N1) clade 2.2) and a clade 2.3.2.1 proxy pandemic virus A/Hubei/1/2010 (H5N1). Limited analyses with other viruses are being carried out at the US Centers for Disease Control and Prevention and will be reported separately.  

The study period embraced the 2009 H1N1 pandemic of influenza that impacted upon recruitment to the study and ultimately to the availability of booster doses of vaccine. It is unclear whether infection with the 2009 H1N1 virus or seasonal influenza affected the immunogenicity of study vaccines, but if so, all vaccine subgroups were likely to be affected to a similar degree.      
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FIGURE 1 Monthly cumulative recruitment by study group
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