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stockpiling antivirals in the hope of limiting the impact of a future 

pandemic virus. Since resistance to antiviral drugs would probably 

programmes to monitor the emergence of resistance are of 

an inventory was conducted by the European Surveillance Network 

determine virus susceptibility by 50% inhibitory concentration 

in one of the three countries with a rimantadine stockpile could 

However, including the 18 countries that had plans to introduce 

or extend antiviral susceptibility testing, the NIRLs of 21 of the 29 

countries with a stockpile would be capable of susceptibility testing 

appropriate to the stockpiled drug by the end of the 2007/2008 

capability by the NIRLs appropriate to the stockpiled antivirals is 

limited.

The continued circulation and spread of highly pathogenic avian 

with a case fatality rate of approximately 60% have been reported by 

the WHO [2]. Lack of human-to-human transmission has limited the 

of human morbidity and mortality following previous pandemics, 

developing counter measures is an important action to minimise 

the impact of a future pandemic. Many countries in Europe have 

already stockpiled antivirals as part of their pandemic preparedness 

plans. The ways in which national stockpiles would be used may 

vary substantially between countries, according to which drugs are 

stockpiled and how countries plan to use their resources at different 

stages of a pandemic [3].

Current licensed antivirals for therapy and/or prophylaxis of 

viruses.

become resistant and are readily transmitted [4]. In addition, in 

naturally resistant [4]. In Cambodia ,Vietnam and other parts of 

poultry are adamantane resistant, and although resistance has been 

have remained adamantane sensitive [5,6].

oseltamivir treatment in Japan [7,8]. Oseltamivir resistance in severe 

strains has not been reported, although these can be detected at 

in countries with high drug consumption [10]. Currently, the ease 

show reduced transmissibility in models in vivo [11]. 

In this context, VIRGIL and EISS have been collaborating since 

antiviral resistance within Europe [12,13]. VIRGIL (www.virgil-net.
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coordinates the activities of physicians and scientists from many 

institutions in 14 European countries in order to combat current and 

the creation of reference laboratories for antiviral susceptibility 

measurement, development of testing protocols for phenotypic 

and genotypic analysis, training for laboratory staff and linkage 

of susceptibility testing to clinical surveillance activities. EISS 

(http://www.eiss.org

physicians, epidemiologists and virologists that aims to contribute 

and has been operational since 1996 [14,15]. EISS is currently 

funded by the European Centre for Disease Prevention and Control 

to as NIRL for this paper, participate in EISS (http://www.eiss.

i

within EISS as the Community Network of Reference Laboratories 

specimens collected by sentinel physicians and of non-sentinel 

on improving the virological surveillance, which includes antiviral 

resistance monitoring.

Since the widespread emergence of antiviral resistance would 

therapy and prophylaxis, it is important to track resistance through 

regional and national surveillance programmes. In addition, it is 

important that these surveillance programmes are appropriate to 

the antivirals being stockpiled. Therefore, VIRGIL and EISS, as 

carried out this study in order to evaluate the actual and future 

antiviral susceptibility testing activities by the NIRLs in relation to 

the national antiviral stockpile in the 30 European countries that 

are members of EISS.

drugs?

2. If yes, which antiviral drugs?

phenotypic (virus susceptibility analysis, i.e. determination of 

5. Do you do any adamantane susceptibility testing? 

susceptibility testing in the season 2006/2007?

course by the EISS coordination centre in the period October 

completion by the remaining 23 NIRLs. 

coordination centre and reports were created by laboratory and 

by country. When a country had more than one NIRL the most 

positive answer was taken for the report by country. If the answer 

were interpreted in the analysis as no actual testing or no actual 

plans to introduce or extend testing.

The London NIC reported on behalf of the United Kingdom, 

which includes also the NICs in Northern Ireland, Scotland and 

Wales. Of those 33 NIRLs one NIRL did not provide information 

report on actual phenotypic testing for adamantane susceptibility. 

Tables 1 and 2 summarise the results.

Out of 33 NIRLs representing 30 countries, seven NIRLs (six 

phenotypic testing of adamantane susceptibility, of which only one 

of antivirals; 22 countries had stockpiled oseltamivir only, four 

oseltamivir and rimantadine. In six out of the 29 countries that 

the NIRL of one out of the three countries with a stockpile of 

rimantadine indicated actual testing of adamantane susceptibility, 

by genotypic means only.

In 21 of the 30 countries, NIRLs had plans to introduce or 

over the next winter seasons using either phenotypic analysis (17 

NIRLs in nine countries had no plans to introduce any testing. 

Taking into account these planned activities, NIRLs in 14 out of 

perform the phenotypic analysis, and NIRLs in 20 countries would 

resistance. For the monitoring of adamantane resistance, the NIRLs 

in two out of the three countries with a stockpile of rimantadine 

would have the capacity to conduct adamantane susceptibility 

analysis, by phenotypic and/or genotypic means.



174 EUROSURVEILLANCE  Vol .  12 ·  Issues 3–6 ·  Apr–Jun 2007 ·  www.eurosurveillance.org

Country(N=30)

National 
stockpile 

of antiviral 
drug

Laboratory(N=33)

Current laboratory antiviral susceptibility activities

Neuraminidase inhibitor susceptibility Adamantane susceptibility

Phenotypic testing1 Sequencing NA gene Phenotypic testing1 Sequencing M2 gene

Yes No Remark Yes No Remark Yes No Remark Yes No Remark

Austria Oseltamivir NIC, Vienna X X X X

Belgium Oseltamivir NIC, Brussels X X X X

Cyprus Oseltamivir 
+ Zanamivir IRL, Nicosia X X X X

Czech Republic Oseltamivir NIC, Prague X X Available X

Denmark Oseltamivir NIC, Copenhagen X X Missing X

Estonia Oseltamivir IRL, Tallinn X X Missing X

Finland Oseltamivir NIC, Helsinki X X Available X

France Oseltamivir NIC, Paris X X If 
necessary X

NIC, Lyon X X Missing X

Germany Oseltamivir 
+ Zanamivir NIC, Berlin X X Missing X

Greece Oseltamivir NIC, Thessaloniki X X Missing X

NIC, Athens X X Missing X

Hungary Oseltamivir NIC, Budapest X X X X

Ireland Oseltamivir NIC, Dublin X X X X

Italy Oseltamivir 
+ Zanamivir NIC, Rome X X Missing X

NIC, Milan X X Missing X

Latvia
Oseltamivir 

+
Rimantadine

NIC, Riga X X Missing X

Lithuania
Oseltamivir 

+
Rimantadine

IRL, Vilnius X Missing Missing Possibly

Luxembourg Oseltamivir NIC, Luxembourg X X X X

Malta Oseltamivir IRL, Malta X X X X

Netherlands Oseltamivir NIC/RIVM, Bilthoven X X X X

Norway
Oseltamivir 

+
Rimantadine

NIC, Oslo X X X X

Poland Oseltamivir NIC, Warsaw X X X X

Portugal Oseltamivir NIC, Lisbon X X Missing X

Romania Oseltamivir NIC, Bucharest X X X X

Serbia Oseltamivir NIC, Belgrade X X Missing X

Slovakia Oseltamivir NIC, Bratislava X X Missing X

Slovenia Oseltamivir NIC, Ljubljana X X X X

Spain Oseltamivir NIC, Madrid X X Missing X

Sweden Oseltamivir NIC, Stockholm X X Missing X

Switzerland Oseltamivir NIC, Geneva X X Missing X

Ukraine Planned IRL, Kiev X X X X

Rimantadine 
- in private 
pharmacies

United 
Kingdom

Oseltamivir 
+ Zanamivir NIC, London X Limited2 X2 Missing X

Total 
laboratories 7 26 15 17 1 12 7 25

Total 
countries 6 24 13 16 1 12 7 23

1 Phenotypic = IC50 determination using fluorescent assay (MUNANA) for NAI, or Cell ELISA or plaque inhibition assay for NAI and adamantanes
2 As part of the VIRGIL project

T a b l e  1

Overview of influenza antiviral susceptibility monitoring activities in Europe during the 2006/2007 influenza season
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 Country(N=30) National stockpile of 
antiviral drug Laboratory(N=33)

Planned laboratory antiviral susceptibility activities

Neuraminidase inhibitor 
susceptibility Adamantane susceptibility

Phenotypic 
testing1

Sequencing NA
gene Phenotypic testing1 Sequencing M2 gene

Yes No Remark Yes No Remark Yes No Remark Yes No Remark

Austria Oseltamivir NIC, Vienna Possibly X X X

Belgium Oseltamivir NIC, Brussels X X X X

Cyprus Oseltamivir + Zanamivir IRL, Nicosia X X X X

Czech Republic Oseltamivir NIC, Prague X X X X

Denmark Oseltamivir NIC, Copenhagen X X X X

Estonia Oseltamivir IRL, Tallinn Possibly X Possibly Possibly

Finland Oseltamivir NIC, Helsinki X X X X

France Oseltamivir NIC, Paris X X X X

NIC, Lyon X X X X

Germany Oseltamivir + Zanamivir NIC, Berlin X X If necessary If necessary

Greece Oseltamivir NIC, Thessaloniki X X X X

NIC, Athens X Possibly X X

Hungary Oseltamivir NIC, Budapest X X X X

Ireland Oseltamivir NIC, Dublin X X X X

Italy Oseltamivir + Zanamivir NIC, Rome X X X X

NIC, Milan X X X X

Latvia Oseltamivir + 
Rimantadine NIC, Riga X X X X

Lithuania Oseltamivir + 
Rimantadine IRL, Vilnius Possibly Possibly X Possibly

Luxembourg Oseltamivir NIC, Luxembourg X X X X

Malta Oseltamivir IRL, Malta X X X X

Netherlands Oseltamivir NIC/RIVM, Bilthoven X X X X

Norway Oseltamivir + 
Rimantadine NIC, Oslo Possibly X X X

Poland Oseltamivir NIC, Warsaw X X X X

Portugal Oseltamivir NIC, Lisbon X X X X

Romania Oseltamivir NIC, Bucharest Possibly Possibly X X

Serbia Oseltamivir NIC, Belgrade X X X X

Slovakia Oseltamivir NIC, Bratislava Possibly X X X

Slovenia Oseltamivir NIC, Ljubljana X X X X

Spain Oseltamivir NIC, Madrid X X X X

Sweden Oseltamivir NIC, Stockholm X X X X

Switzerland Oseltamivir NIC, Geneva X X X X

Ukraine Planned IRL, Kiev X X X X

Rimantadine - in private 
pharmacies

United Kingdom Oseltamivir + Zanamivir NIC, London X X2 X X

Total laboratories 17 10 22 8 15 16 16 14

Total countries 14 10 20 8 13 15 14 14

1 Phenotypic = IC50 determination using fluorescent assay (MUNANA) for NAI, or Cell ELISA or plaque inhibition assay for NAI and adamantanes
2 Pyrosequencing, as part of the VIRGIL project

T a b l e  2

Overview of influenza antiviral susceptibility monitoring activities planned to be introduced or extended during the 
2006/2007 influenza season
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study indicated that antiviral stockpiles are available. This is an 

encouraging observation as it relates directly to national pandemic 

preparedness activities. However, the number of countries in 

appropriate to the stockpiled antivirals was limited. 

antiviral drugs within Europe (Intercontinental Marketing Services 

drugs in particular [4]. The creation of antiviral stockpiles involves 

substantial allocation of resources, and in the event of a pandemic 

information about the potential for the development of resistance 

susceptibility of circulating strains should be taken into consideration 

for decisions on recommending drug use, in particular in those 

countries which have stockpiles of adamantane drugs, where the 

level of resistance is high, but not uniform, among circulating 

the stockpiling of antiviral drugs, to analyse the susceptibility of 

viruses to the stockpiled antivirals in the early stages of a pandemic 

and to assess possible treatment failure.

European antiviral susceptibility monitoring is currently 

European countries that undergo detailed analyses for the annual 

WHO vaccine recommendations have been analysed, representing 

approximately 5-10% of virus isolates in Europe each season. 

2005/2006 will shortly be available through the EISS/VIRGIL website 

and analysis of isolates from the 2006/2007 season is underway.

be developed. This should be done as a matter of urgency, as our 

inventory showed that NIRLs in only 13 out of 29 countries with 

the NIRL in only one out of three countries with a stockpile of 

rimantadine was testing for adamantane susceptibility. Therefore, 

VIRGIL in collaboration with EISS is working on improving this 

collected by sentinel doctors, of whom the patient lists are 

representative for the population in a country, this existing network 

offers an excellent opportunity for setting up antiviral susceptibility 

surveillance programmes [14,15].

that this type of analysis is much more widespread, compared with 

phenotypic susceptibility testing that is dependent on working with 

purely genotypic methods for assessment of resistance as only a few 

several more are likely to emerge. Therefore, we recommend that 

and phenotypic methods are used and data combined from both 

methods. In contrast, if a surveillance programme for adamantane 

susceptibility is developed, testing using genotypic methods would 

absolutely predictable so that either method for analysis is suitable. 

In addition, it will be necessary to ensure that capability for drug 

resistance surveillance is maintained, testing methodologies and 

data are shared and harmonised between countries as surveillance 

for drug susceptibility is expanded.

To facilitate the development of above-mentioned surveillance 

programmes the following actions have been taken:

that includes a form asking for a minimum set of data i.e. 

the kind of drugs that have been used and contacts with family 

Standard operating procedures for phenotypic and genotypic 

analysis of antiviral susceptibility have been published in the 

EISS laboratory protocol library.

and the WHO-CC, National Institute for Medical Research, 

London, was held in October 2006 to assist national laboratories 

susceptibility. This meeting was attended by representatives 

from NIRLs in 17 countries.

In addition to these activities, our inventory showed that several 

countries were planning to initiate or extend antiviral surveillance 

antiviral resistance in Europe.

almost all EISS countries in Europe, surveillance systems to track 

antiviral resistance necessary to support the use of the stockpiled 

drugs are not widely available. Through collaborative efforts of 

VIRGIL and EISS, countries are being facilitated to develop antiviral 

susceptibility surveillance systems. This will further strengthen the 

level of pandemic preparedness in Europe as enhancing antiviral 

susceptibility monitoring capacity and capability will improve ability 

to deliver rapid information on the appropriateness of using the 

stockpiled antivirals in case of an introduction of a new, possible 

The authors thank all colleagues from the participating 

laboratories, VIRGIL and EISS who provided information.
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