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THL duties on influenza surveillance, research
and prevention (National influenza center)

• surveillance of influenza virus infections

• identification of influenza viruses (150-200 virus isolates/year)

• epidemiology of influenza virus infections

• pandemic preparedness (surveillance, BSL-3, lab. preparedness)

• characterization of influenza viruses

• HA and HA gene sequencing and evolution

• antiviral drug resistance

• pathogenesis of influenza infection

• influenza immunity and vaccine research

• analysis of immune responses (innate, humoral and cell-mediated)

• protective efficacy of influenza vaccines

• emergence of viral strains resistant to vaccine-induced immunity



Oulu (THL, hcc)

Kuusamo (hcc)

Rovaniemi (garrison)

Sodankylä (hcc)

Ivalo (garrison)

Kuhmo (hcc)

Kajaani (garrison)

Valkeala (garrison)

Salo (hcc)

Aurora hospital

Primary health care centers

Hämeenlinna (garrison)

Riihimäki (garrison)

Lappenranta (garrison)

Säkylä (garrison)

Upinniemi

Vaasa (garrison)

Sentinel surveillance of respiratory viral infections in Finland



Weekly influenza finding at THL May 2009 April 2010



Epidemic in Northern Finland
Epidemic in Southern Finland

Vaccinations initiated

Number of pandemic H1N1 cases reported to National 
Infectious Disease Registry (NIDR)



Virology



Factors contributing to poor prognosis in patients
suffering from influenza A virus infection

1. Highly virulent virus (e.g. H5N1) 

2. Fast replication of the virus 

3. Excessive inflammatory response

(”cytokine storm”)

4. Poor innate antiviral immunity

5. Bacterial secondary infection

6. Host factors (IgG2 deficiency?) 



BSL-3 level laboratory work

• Double barrier
– Separate laboratory space, low

pressure, separate air flow, 
barriers at entrance, disposal
decomtamination, biosafety
cabinets (level II)

– Personal protection equipment: 
clothing, mask, goggles, double
gloves

• Material and personnel
expenses high

Pandemic H1N1 influenza (large virus amounts)
Prepandemic H5N1 influenza (all times)

Valtonen
Pirhonen



Pandemic influenza A H1N1 virus

NA (neuraminidase)

HA (hemagglutinin)

M1(membrane protein)

M2 (ion channel)

NS2
NS1 (virus infected cells)

Avian influenza
genes: 
PB2, PA

Human influenza
gene:
PB1

Swine influenza genes:
HA, NP, NS North American
lineage
NA, M Eurasian lineage
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Genetic diversity in hemagglutinin gene

• phylogenetic comparison of 
hemagglutinin gene of H1N1
(HA1 981 nt/327 aa)

• 122 pandemic Finnish strains
• imported or endemic strains
• strains between 10.5.09 - 2.2.10A/Brisbane/59/2007

seasonal vaccine virus

A/California/7/2009
pandemic vaccine virus

0 - 60 - 7epidemic strain vs. epidemic
strain

4 - 74 - 9California/7/09 vs. epidemic strain

89 - 93107 - 112Brisbane/59/07 vs. epidemic
strain

90108California/7/09 vs. Brisbane/59/07

HA1
327 aa 

HA
549 aa

Amino acid differences

Ikonen et al., unpublished



Genetic diversity in hemagglutinin
gene

• imported strains between
10.5 – 27.7.09

• endemic strains between
31.8.09 – 2.2.10

• fatal cases are marked in red
• severe cases are marked in blue

– pneumonia
– ARDS (acute respiratory distress

syndrome)
– intensive care

Ikonen et al., unpublishedMutation at site 222



Amino acid changes in three-dimensional
structure of hemagglutinin

N156S; 1 strain
N156K; 2 strains

N125D; 1 strain

L161F; 1 strain
S162R; 4 strains

S69L; 2 strains
T72K; 1 strain
A73V; 1 strain
A73T; 1 strain
S74N; 1 strain

P137S; 3+2 strains
P137L; 1 strain

D/G222E; 14+2 strains
D/G222D/G: 2 strains
D/G222D/Y; 1 strain

E235A; 1 strain

R205K; 1 strain

S203T; 113 strains

Sa

Ca2

Cb

Ca1

Sb

Receptor binding
pocket

Ikonen et al., unpublished



Characteristics of the pandemic virus 

• all strains are sensitive to oseltamivir (Tamiflu)
• amino acid changes between the HA and NA of vaccine strain

California/7/09 vs. currently circulating Finnish strains are 1,6 –
2,2% and 0,6-1,3%

• no specific changes in HA and NA genes that would explain the  
severity of the infection

• none of the mutations have resulted in a dominant strain with
high epidemic potential or replication advantage

• evolution of pandemic strains has been moderate � vaccine or
infection-induced antibodies are likely to provide protection
against the pandemic viruses for several years



Immunity to influenza



Macrophage

NK cell

T cells

Influenza A virus

Innate immunity

Lung epithelial
cells

Dendritic cell

B cells

Adaptive immunity

Activation of immune system
by cytokines and direct cellular
contacts

Cellular interplay in influenza virus infection
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Pandemic 2009 H1N1 and other influenza A viruses infect
primary human leukocytes (dendritic cells) very well

Time course of influenza virus gene expression

Österlund, et al., J. Virol. 2010



(pandemic H1N1)

(seasonal H1N1)

IU/ml            10  100 1000  10  100 1000/   0.1    1    10   0.1    1     10   ng/ml

Pandemic H1N1 influenza A 2009  virus is very sensi tive 
to antiviral actions of IFN- aaaa and IFN-bbbb

Österlund, et al., J. Virol. 2010



Humoral immunity against pandemic
H1N1 virus



Age distribution of pandemic H1N1 influenza cases 
in Finland (as of 21.4.2010)

Age group Cases (n=7683)
______________________________________________
Small children 0-4 y.  914 (11.9%) 

Children 5-14 y.  2385 (31.0%) 

Adults 15-64 y.  4148 (54.0%)

Elderly 65+ y.  236 (3.1%)



Seroepidemiological analyses

Retrospective seroepidemiological study

-pre-existing serum material (n=1031) collected in 2005 from
people born between 1909 and 2005

-specimens collected from samples sent for viral diagnostic
purposes to HUSLAB, Helsinki

-samples have been collected before influenza vaccinations in 
young children were initiated (2007)



Seropositivity against pandemic H1N1 virus in 
different age groups

Pandemic influenza H1N1 A/Finland/554/09-specific a ntibodies

year of birth (age at 2009)     n        mean titer  +/- SD (range)        % > 10      % >40

1909 – 1919     (90-100)          27         27.0 +/- 2.3    (<10 – 160)       96.3         55.6

1920 – 1929     (80-89)          104        11.8 +/- 2.7     (<10 – 320)       56.7         21.2

1930 – 1939     (70-79)          125          5.6 +/- 1.4     (<10 – 40)         13.6           1.6

1940 – 1949     (60-69)          116          5.4 +/- 1.3     (<10 – 20)           9.5           0.0

1950 – 1969     (40-59)          119          5.2 +/- 1.2     (<10 – 20)           3.4           0.0

1970 – 1989     (20-39)          120          5.2 +/- 1.3     (<10 – 40)           2.5           0.8

1990 – 1999     (10-19)          144          5.0 +/- 1.0     (<10)                   0.0           0.0

2000 – 2005     (4-9)               276          5.0 +/- 1.0     (<10)                  0.0           0.0

Ikonen et al., Eurosurveillance, 2010

Hemagglutination inhibition test (HI)
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Ikonen et al., Eurosurveillance, 2010
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1918 vs Finland/554/09 1918 vs Brisbane/59/07 Finland/554/09 vs Brisbane/59/07

90� 90� 90�

Comparison of 1918, 2007 ja 2009 H1N1 virus
HA structures

Ikonen et al., Eurosurveillance, 2010
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espanjantautivirus 1918

kausi-influenssavirus 1933

kausi-influenssavirus 1934

kausi-influenssavirus 1951

kausi-influenssavirus 1957

rokotevirus 2008 ja 2009

Suomesta eristetyt 
sikainfluenssavirukset
200964

99

97

98

99

74

0,02

Pandemic 2009 H1N1 
vs.

seasonal H1N1 viruses

Geneettinen sukulaisuus 83%

73%



Pandemic H1N1 influenza A virus

Majority of world population has no pre-existing
immunity against the pandemic H1N1 virus

-except for some elderly individuals (> 60 years; ca. 30% in the 
U.S. and 15-90% in Finland)

-past immunity likely due to Spanish flu virus and its immediate
decendant viruses

-seasonal influenza vaccines do not induce detectable (HI test) 
immunity against the pandemic virus



GSK H1N1 vaccine was used in Finland

H1N1 vaccine (4 mmmmg HA + adjuvant)

Inflammatory response

-Cytokines and other inflammatory
mediators

-pain, local swelling (>90%), fever (5-10%)

-correlates with good immune response

-severe side effects very rare



Visits due to influenza-like illness in Helsinki 
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Vaccinations initiated
(health professionals)



On-going or planned pandemic 2009 
influenza immunity studies

On-going
1. Vaccine-induced immunity in adults (n=200)

-healthy adults, 18-75 years
-humoral and cell-mediated immunity

2. Vaccine/disease-induced immunity in young children (n=200-300)
3. Vaccine-induced immunity in health professional (n=97)
4. Disease burden in early childhood (IA, RSV) (n=500-1000) 

Planned
1. Influenza immunity in pregnant women (n=500-1000)

-serum specimens collected for Finnish maternity cohort (THL, Oulu)
2. Influenza immunity in general population (n=2000)

-diagnostic specimens collected at HUSLAB, 0-100 years
3. Vaccine-induced immunity in chronically ill (n=200-300)

-HUCS patients suffering from rheumatic diseases
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