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Pandemic vaccines from four manufacturers are nowavailable for use within the European

Union (EU). Use of these vaccines will protect individuals and reduce the impact on health

services to more manageable levels. The majority of the severely iii will be from known risk

groups and the best strategy will be to start vaccinating in line with the recommendation from

the European Union Health Security Committee prioritising adults and children with chronic

conditions, pregnant women and healthcare workers. The composition of authorised vaccines is

reviewed in this article. The vaccine strain in all authorised pandemic vaccines worldwide is

based on the same initial isoiate of influenza AlCalifornial712009 (H1N1)v but the vaccines differ

in conditions for virus propagation, antigen preparation, antigen content and whether theyare

adjuvanted or not. The vaccines are Iikely to be effective since no significant genetic or

antigenic drift has occurred and there are already mechanisms for estimating clinical

effectiveness. Influenza vaccines have good safety records and no safety concerns have so far

been encountered with any of the vaccines developed. However, special mechanisms have been

devised for the early detection and rigorous investigation of possible significant side effects in

Europe through post-marketing surveillance and analysis. Delivery of the vaccines to the risk

groups will pose difficuıties where those with chronic illnesses are not readily identifiable to the

healthcare services. There is considerable scope for European added value through Member

States with excess vaccines making them available to other states.

Introduction

Vaccines from four manufacturers are now becoming available for protection against pandemic

infiuenza A(H1 N1) 2009 infection. Three vaccines have been authorised through the central European

Medicines Agency (EMEA) mechanism for use in any European Union (EU) Member State (MS) and a

fourth vaccine was recently authorised by the Hungarian National Regulatory Agency for use in

Hungary (Table 1). The central mechanism was streamlined by rehearsal through use of mock-up



protocols and experience of the development of human avian inftuenza vaccines including human

clinical trial data. Wıthin Europe, vaccination is known to have started in the Nordic countries and

Hungary and wilI shortly begin in other EU countries. Pandemic vaccines have during the last few

weeks been authorised for use in China, Australia and the United States (US), where vaccination

campaigns have also begun.

The new vaccines are important countermeasures to mitigate the effects of pandemic waves in Europe

however theyare arriving too Iate and in too low quantities to stop population transmission. Instead, the

vaccination strategy will have to be the usual one of inftuenza vaccination in Europe, namely that of

protecting the vulnerable [1,2J.

Adherence to pandemic vaccine recommendations issued in the vaccine campaigns will be dependent

on the current view of the pandemic in the general public, and more specifically among target groups

recommended by the European Union Health Security Committee (HSC) i Early Waming and

Response System (EWRS) for the initial rounds of vaccinations: healthcare workers, risk groups with

underlying conditions and pregnant women (2). Availability of sound data on safety and effectiveness

will also be of importance.

Vaccine composition

The composition of the authorised European pandemic vaccines differ significantly in conditions for

virus propagation, antigen preparation, antigen content and whether theyare adjuvanted or not (Table

1).

Table 1. Overview of vaccines against pandemic inftuenza A(Hl Nl) available in the European Union in

October 2009

The vaccine strain in pandemic vaccines worldwide is based on the initial isoiate of influenza

A/Califomia/?/2009 (H1Nl)v or a reassortment based on the same isolated strain and a more fast­

growing inftuenza A(H1Nl) strain (PR8) which is called inftuenza A/California/?/2009 (H1Nl)v-like, No

significant genetic or antigenic drift has occurred since the virus first was isolated in April 2009, which

is why these vaccines are expected to be effective against the pandemic waves expected in Europe

this winter season. However, the ability of a pandemic influenza vaccine to evoke an immune response

against drifted influenza viruses that are different from those included in the formulation would

obviously be of major clinical value [3,4) - if such a drift should occur.

Due to limitations in vaccine supply worldwide in the case of a pandemic and the propensity of

inftuenza viruses to antigenic drift, the World Health Organization encouraged development of vaccines

with adjuvants when avian flu vaccines were developed. The terrn is derived from the Latin 'adjuvans'

meaning 'to help', Adjuvants have been used for many years in many vaccines with good effect. In

inftuenza vaccines they can reduce the dose of antigen needed to produce the same immunological

(protective) response and improve their ability to provide longer-Iasting protection broad enough to

cover many antigenic drifted variants. They work naturally by prolonging the exposure time of antigen to

the immune system, enhancing the delivery of antigen to antigen-presenting cells, and providing

immunostimulatory signals that potentiate the immune response [5]. In the three current adjuvanted

pandemic vaccines the oil-in-water adjuvants (squalene-based) and the aluminium phosphate adjuvant

have allowed reduction of the haemagglutinin content per dose bya factor of between !wo and eight



(7.5 IJg to 1.875 IJg /dose) compared to seasonal influenza vaccines (15IJg/dose) (see Table 1).

Squalene is both anatural intermediate product of endogenous human cholesterol metabolism and a

component of human cell membranes. It is constantly detected in human blood. It is also found in fish

Iiver oil and vegetable oil (-0.7% in olive oil). When ingested, about 60-80% of squalenes are absorbed

from the intestinal tracl. The product for vaccine production is isolated from shark liver. There is aıready

a large body of experience from their use in vaccines for humans. No safety concerns of clinical

significance have arisen in more than 70 clinical trials with squalene-containing adjuvants. A seasonal

influenza vaccine containing the MF59 adjuvant, Fluad, has been used since 1997 with over 40 million

doses distributed. The MF59 safety database includes to this date information on more than 20,000

individuals [6). The AS03 adjuvant contains two oils, squalene and DL-o-tocopherol (vitamin E), both

with immunostimulating capacity. DL-o-tocopherol is a nutrient and the daily requirement for humans is

20-30 mg. The safety database for AS03 includes more than 10,000 individuals [personal

communication GSK Biologicals).

Both squalene-based adjuvants, MF 59 and AS03, have been shown to induce more local or systemic

reactions within three days of vaccination than non-adjuvanted vaccines but there are no major

reactions reported [6,7].

The aluminium phosphate adjuvant has been used extensively in vaccines for the past 5-6 decades,

and particularly in Hungary in the seasonal influenza vaccine, and has enabled the manufacturer to

reduce the dose almost three-fold (see Table 1) [8].

One of the European pandemic vaccines is non-adjuvanted. This is an inactivated wild-type who le­

virion vaccine. To reduce early experiences with seasonal influenza vaccines with increased

reactogenicity seen with vaccines based on the whole-virion concept compared to split and subunit

vaccines, current manufacturer have made a dose-reduction of the haemagglutinin from 15IJg to 7.5IJg

per dose (see Table 1) and shown that they stili provide a robust immune response [9-10].

Three pandemic vaccines contain thiomersal thiosalicylate (ethylmercury, containing 49.6% mercury per

weight), a long-used mercury-containing preservative needed to maintain sterility in many vaccines

during production and in their fina i injectable form. The pandemic vaccines contain thiomersal in

varying concentration from 5 to 50 IJg per dose (see Table 2). Mercury is commonly found as an

environmental contaminant in foods, notably in fish and seafood, principally in the form of

methylmercury. While exposure to methylmercury varies by country, intake estimates for European

consumers are close to internationally established safe intake limits. The Joint FAO/WHO Expert

Commiltee on Food Additives (JECFA) has established a Provisional Tolerable Weekly Intake (PTWl)

of 1.6 IJg/kg body weight [11]. Acknowledging that there are different chemical forms of mercury:

elemental, inorganic and organic, the conclusion is that in view of the recommendations for food

products the total dose of thiomersal provided in one or two doses of pandemic vaccine is regarded to

be of liltle significance and harmless to those vaccinated, which is also the experience from many years

of its use in other vaccines [12-16].

Table 2. Overview of thiomersal and immunostimulating compounds' included in vaccines against

pandemic influenza A(H1N1) available in the European Union in October 2009



Induced immunogenicity

The current European recommendation of two doses for the three centrally authorised vaccines (see

Table 1) separated by at least three weeks are based on clinical trials with the avian flu vaccines when

two doses were generally needed to achieve a good immunological response [17-19]. Initial reports on

immunogenicity using non-adjuvanted and adjuvanted pandemic vaccines from several companies

have concluded that a single dose of pandemic vaccine provides an unexpectedly good immune

response [20,21]. It is good news that the vaccine strain is so immunogenic and most probably

provides rapid protective immunity in the majority of vaccinated individuals. Immunogenicity data from

clinical tnals using the current pandemic vaccines authorised in Europe will soon become available and

if possible the Committee for Medicinal Product for Human Use (CHMP) at the EMEA will then consider

whether to adjust the recommendations for all or specific age groups. However, it will be important to

determine how long-Iasting this immune response will be and EMEA has therefore so far taken a safe

course of relying on the evidence from the clinical trials with avian flu vaccines that two doses are

needed for a robust long-term immune response.

The long-term immune response will be followed closely in vaccinated individuals and if subsequently

one dose is deemed enough to provide a sustained protective immunity at least in healthy adults, more

vaccine doses will become available for populations currently not targeted for the initial vaccine doses.

However, it is quite possible based on previous experience that young children, individuals with

congenital or acquired immunodeficiences and susceptible elderly will need two doses for obtaining a

good long-term immune response that will protect them through the whole 2009-10 season.

One European manufacturer of pandemic vaccine (Omninvest, Hungary) recommends one dose to all

age groups based on tnals with the avian and H1 N1 influenza vaccine (Table 1) [8,22].

Vaccine effectiveness

Immunogenicity does not directly reflect high effectiveness but with the use of specific pandemic

vaccines against viruses that are not drifted, vaccine effectiveness is expected to be good. In a

pandemic context vaccine effectiveness data should be provided by age group, by number of doses

received, and by vaccine brand. This requires very large sample sizes in order to produce reliable

effectiveness data in time to contribute to the success of vaccination campaigns. Vaccine effectiveness

will be studied on a European level through a project funded by the European Centre for Disease

Prevention and Control (ECDC) involving study centres in ten countries (I-MOVE project, coordinated

by aresearch group EpiConcept) [23]. These studies will be based on networks of physicians reporting

influenza·like iliness (lll) cases undergoing laboratory testing for influenza. Manufacturers mayaıso

undertake separate studies of pandemic vaccine effectiveness as recommended by EMEA. They may

use study protocols developed as part of the I-MOVE project and posted on ECDC web portal to

improve comparability between studies [24,25].

Vaccine safety

The safety of the vaccines is of prime concem to the authonties and the public. The safety profiles

already observed with seasonal and the human avian flu vaccines containing similar compounds

including adjuvants will be applicable to the corresponding vaccines containing the influenza A(H1N1)

2009 pandemic strain and they have been well tolerated. The pandemic H1N1 vaccines from all

European manufacturers used in the ongoing clinical trials in healthy children, adults and elderly have

so far been well tolerated with only minor side effects. The authonsed pandemic H1 N1 vaccines

undergo the same rigorous manufacturing oversight, product quality testing and lot release procedures

that apply to seasonal influenza vaccines. EMEA has in its reviewing process evaluated all available



published and unpublished safety data [26] for the three centrally authorised pandemic vaccines and so

far has found no safety signals that might indicate an increased risk following the use of these

vaccines.

At this stage longer-term safety data cannot be available and associations with very rare conditions can

only be nuled out by careful post-marketing surveillance. This is always the case with new vaccines and

medicines in general at the moment of their introduction. Those monitoring vaccine safety, will keep a

special watch for increased incidence of Guillain-Barre syndrome (GBS). GBS is a rare condition and

may be associated with several infections; campylobacter, influenza and Epstein-Barr virus [27]. GBS

was observed with one crude A(H1N1) vaccine derived from an influenza of swine origin and used in

the US in the 1976-7 influenza season. The observed attributable risk for all age groups in the six

weeks after vaccination was around nine cases per million vaccines [28J. As the exact causal

mechanism of this phenomenon has never been elucidated health officials worldwide will be on alert for

reports of GBS this year. However, the overwhelming evidence, including the best study to date in

Europe, points to no association of GBS with seasonal influenza vaccines, but instead a documented

significant association of GBS with influenza infection itself [29].

Post-marketing surveillance is therefore crucial and will take a number of fomrs. The routine

spontaneous pharmacovigilance system within EU Member States will continue and reports will be sent

as usual to the EMEA Eudravigilance database. In addition manufacturers are required to send

simplified periodic safety update reports (PSURs) to EMEA. These are usually required on a six-month

basis but that has been reduced to monthly reporting. In addition, ECOC in collaboration with a

consortium of researchers (VAESCO) are developing complementary vaccine safety monitoring and

hypothesis testing through Iinkage of large computerised clinical databases and immunisation registries

(http)lyaesco.neVjntemetlenlindex html) [30).

As with many vaccines, several of the pandemic vaccines are being produced in formulations that

contain thiomersal. Multiple analyses showed no increased risk of adverse events associated with

thiomersal-containing vaccines. Based on arecent review, Global Advisory Committee on Vaccine

safety (GACVS) concluded that 'there is no evidence supporting any change in WHO's

recommendations for thiomersal-containing vaccines" [31].

Risk benefit analyses and risk communication for making informed choices

Risk benefıt analysis is more difficult than usual given an infection that has mild effect on most people

but causes severe disease in some individuals, nevertheless it is clear that people in the target groups

should be immunised including healthcare workers [32,33). A European strategy for benefıt-risk

monitoring of the pandemic influenza A(H1N1) vaccine has been agreed upon by EMEA and ECOC. It

is important that those being offered the vaccines are given clear guidance and infomration on the

Iikelihood of them being affected by the pandemic influenza A(H1 N1) 2009 virus and of experiencing

severe outcomes to enable them to make infomred choices. The most recent risk assessment from

ECOC reports the experience from countries in the southem hemisphere temperate zone. These are

countries that have experienced the first winter of transmission [33). While it cannot be assumed that

the experience in Europe will be identical they give the best broad idea of what can be expected [34].

In countries such as Australia, Chile and New Zealand clinical attack rates were not high. However,

there were pressures experienced by primary care and hospital services, especially intensive care units

[35,36). The demand on secondary and higher levels of care have mostly, though not entirely, come

from sick people from the risk groups (Table 3). Hence the emphasis on these groups recommended by

the European Union Health Security Committee (HSC) i Early Waming and Response System (EWRS)

[2,37]. Individuals with chronic underlying diseases are at greater risk of developing severe disease.

Among the hospitalised and fatal cases, 60-70% suffer from some underlying condition [38). Estimates



for case fatality rates are under 0.1 % but it is stili expected that most pandemic influenza-associated

deaths will be in younger adults (those under the age of 60 years) [36]. This estimated case fatality rate

is lower than seen in any of the 20th century pandemics. It should be mentioned here that 12-22

deaths per week have been observed in EU and EEA Member States since 1 September 2009.

Among healthy individuals, pregnant women and young children are at greatest risk of severe disease

[39]. In the US the estimated rate of admission to hospital has been four to five times higher in

pregnant women than in the non-pregnant women general population (0.32 per 100,000 pregnant

women, 95% Ci 0.13 - 0.52 vs 0.076 per 100,000 population at risk, 95% Ci 0.07-0.09). Whether the

risk of severe disease increases with gestational age, as it does for seasonal influenza, is not known

yet [40]. Providing vaccines to pregnant women will also protect their infants through maternal

antibodies as these children cannot be Immunised until six months of age. The description of the first

fatal case series in children has been published in the US and it is expected that this information will

inform parents' decisions (41]. Similarly to cases in adults, chronic underlying conditions were a risk

factor and only a third of the children who died had previously been healthy.

These kinds of data are not yet available from Europe and apart from the above US study concerning

pregnant women, more analyses are necessary to answer the questions EU citizens offered

vaccination will reasonably ask: If i am affected what is my risk of going into hospital or dying from the

infection? What is the risk for my asthmatic son? My handicapped sister? My elderly father? We also

need to be sure that the risk groups are the same for Europe as theyare for North America and the

southem hemisphere [42].

The overall picture is complicated by the fact that although there are some healthy people who

experience severe disease in this pandemic (usually they constitute up to 30% of a series of severe

cases) the indications are that most of those infected will experience a mild self-resolving disease.

Hence the challenge for those promoting vaccination to healthy people is considerable. They have to

convey that if healthy adults and children are infected they will most likely not get very iII, however, at

the same time there is a smail risk of severe disease or even death. For healthcare workers it is

important to ensure that vaccines are readily available and to remind them of their responsibilily not to

infect their much more vulnerable patients [43J.

Vaccination scares

Wıth the implementation of the vaccination campaigns there will be vaccine scares because of

coincidence alone, Le. temporal but not necessarily causal association [44J. For example with the

average background incidence of GBS of 1-2 cases per 100,000 population per year it can be expected

that in a country of 20 million inhabitants 200-400 cases of GBS per year or four to eight cases per

week are registered [45]. If some of these cases occur in temporal proximity to vaccination, concems

may be raised aboutthe association with the vaccine. Special challenges for safety surveillance are

related to the fact that some of the groups being immunised initially, such as pregnant women and

people with chronic ilinesses, are anyway more likely to experience complications including

spontaneous abortion or reactivation of the chronic disease. Proper and timely investigation of

suspected cases and rapid assessment will be cruciaL. From recent experience, for example with the

HPV vaccines, it can be expected that once proper investigations are undertaken the scares will most

often turn out to be the result of coincidence not causation. However that will not be assumed and

plausible (and probably some non-plausible), observed associations will be investigated and tested.

One atlractive prospect of European added value is that observations and a hypothesised relationships

from one country can be tested in severalother countries enlarging the sample size to test and data

may be shared.



Vaccine availability and delivery

The newly authorised pandemic vaccines are nowavailable to European populations. The challenging

problem is that much of the manufacturing capacity is already spoken for through advance purchasing

contracts held by some but not all European countries. In addition, vaccines will be produced gradually,

so initially there will be a limited supply of vaccine doses in Europe and elsewhere. Prioritisation

activities have therefore been viewed necessary.

Several governmental and other official organisations worldwide have provided guidance or

recommendations on who should be offered vaccine first [46] (Table 3). The priority groups identified in

the Table should serve as indication onlyand countries may wish to adapt, and some have already

done so, the prioritisation in line with their epidemiology, health service provision and resources. All

organisations have Iisted healthcare workers, pregnant women and persons with underlying medical

conditions as the first three priority groups. These groups were also agreed on by EU Member States

through the Health Security Committee (HSC) and Early Warning and Response System (EWRS) [2].

Vaccinating people with chronic conditions will be difficult in countries where primary care services do

not maintain ready lists of such individuals.

Table 3. Recommendations and guidance of various bodies concerning priority groups i target groups

for specific pandemic vaccines against influenza A(H 1N1) 2009

The World Health Organization has asked wealthy countries to help poorer ones to purchase limited

amounts of these vaccines - cost should not be a barrier to access. A number of the best provisioned

European countries and vaccine manufacturers have stated that they would make available vaccine

doses to WHO for further distribution. What will be equally challenging is the distribution of vaccines

within Europe. Risk will be distributed more evenly than supply. Seasonal influenza vaccines are used

very unevenly in Europe. For example, vaccine coverage among people aged 65 years and older

varies 40-fold on a per capita basis [47]. If only single doses are needed after review of immune

responses to the various vaccines then there will be reasonable expectations that countries ordering

Iate may be able to purchase vaccines from countries that ordered early in large volumes. This

possibility was envisaged at the extraordinary EU Health Council under the Swedish Presidency on 12

October [48]. There are contractual and Iiability barriers that will need to be solved but it should be

hoped that the sharing of influenza vaccines will show a good example of European added value.
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