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Introduction and objectives
In the course of several reassortment events the novel swine influenza A virus subtype H1N2

emerged in the 1990s (1). This subtype had no reactivity in Hemagglutinition Inhibition (HI) tests
with antisera of the classical swine H1 and avian-like swine H1 viruses (2) and was not covered by

commercially available swine flu bivalent vaccines (3). Its lacking cross-reactivity to H1N1+H3N2
vaccines required the development of a new trivalent swine flu vaccine. Here we report the

development of such a trivalent vaccine and the results of investigations of its efficacy against
heterologous strains of the subtype H1N2 in experimental infection trials in pigs.

Materials and Methods
Three strains of subtypes H1N1, H3N2, and H1N2 were selected as vaccine strains (origin of H1N2:

see Fig. 1). Viruses were grown in cell culture and inactivated. A substance from the
carboxyvinylpolymers group was used as an adjuvant. Experimental batches were blended and

investigated in laboratory and clinical trials (Fig. 2). A major focus of investigation was the proof of
efficacy against heterologous H1N2 field strains in experimental infection trials. Five challenge

experiments were conducted on a total of 156 pigs (see Table 1). Three recently isolated field isolates
of subtype H1N2 were used for the experiments including the reassortant strain

sw/Cloppenburg/IDT4777/2005 (see ref. 4). The strains were sequenced and analysed
phylogenetically. Pigs were vaccinated twice and infected experimentally 7 days (TV0949/97), 4

months (TV 1060/06) or 6 months (TV 1059/06+1061/06) after second vaccination. Antibody kinetics
after vaccination were investigated by HI. A very efficient challenge model was developed using the

aerosol generator SAG-1 (5, see Fig. 3) that creates very fine droplets in a stable aerosol. SAG-1
consists of 2 containers, each of which can be filled with up to 1 L. There are 2 jets, one from each

container, directed against each other. Spraying was performed in isolation rooms, with the
generators suspended from the ceiling above the pigs, and all swine (up to 66 animals, see Tab. 1)

were housed in one room. The containers of 3 generators were filled with medium from cell-cultured
virus (1 L of medium with 104.75 TCID50/mL in trials 1050+1061/06, 10

6.75 TCID50/mL in trial 1060/06,

107.25 TCID50/mL in trial 0949/07a), the doors to the isolation rooms closed and an air pressure of 3-4
bar set on the generators. The generators produce droplets in the range 0.5 to 20 micrometers.
Droplets in the range 5 to 20 µm are deposited in the trachea, bronchi and alveoli. Smaller droplets of

2 – 5 µm reach the alveoli and very small droplets of 0.2 – 0.5 µm are exhaled again. The ventilation

system was switched off after starting of spraying so that the aerosol was constant for at least 2
hours. In one trial (0949/07, 108.55 TCID50 per pig) intratracheal infection was carried out in parallel in

a separated infection unit because EP monograph 0963 requires an intratracheal infection model.
Clinical scores were based on signs such as dyspnoea, fever, and body weight development.

Half of the animals (50% vaccinated and unvaccinated) from each trial were slaughtered on days 1
and 3 after challenge and necropsy performed. Tissue samples were taken from each lobe of the

lungs, pooled, homogenized, diluted (log2) and injected into the allantois cavity of 11-day old
embryonated chicken eggs to determine the virus titers over a period of days by hemagglutination.

Standard histological (HE, PAS) and immunohistochemical investigations (SABC staining based on
polyclonal rabbit sera against H1N2) were carried out with particular emphasis to investigate the

degree of inflammation and to demonstrate the viruses in the lungs.

Trial H1N2 Challenge strain

FLUAV/sw/…

Challenge Number 
of 

vaccinated 
pigs

Number 
of un-

vaccinated 
pigs

1059/06 Groitzsch/IDT6016/2007 aerosol 14 14

1060/06 Cloppenburg/IDT4777/2005 aerosol 15 15

1061/06 Groitzsch/IDT6016/2007 aerosol 20 18

0949/07 a Kitzen/IDT6142/2007 aerosol 15 15

0949/07 b Kitzen/IDT6142/2007 intratracheal 15 15

Table 1: Overview of the experimental design

Cloppenburg/IDT4777/2005 
(reassortant H1N2)

Kitzen/IDT6142/2007 
(H1N2)

Groitzsch/IDT6016/2007 
(H1N2)

Bakum/1832/2000 
(H1N2)

Fig. 1: Origin of H1N2 vaccine (1832/2000) and field 
strains; the red points reflect the density of the pig 

population (1 point corresponds to 500 pigs)

Fig. 3 a+b: Spraying of the infectious material

Results
All pigs developed antibodies against the three subtypes contained in the vaccine. The antibodies

were highest one week after second vaccination and decreased steadily thereafter (Fig. 8). The
challenge infections induced the symptoms typical for swine influenza in the control groups: fever

with two peaks and strong dyspnoea within the first three days after infection (Fig. 7). Vaccinated
animals had almost no clinical symptoms after infection, whereas unvaccinated animals exhibited

fever, dyspnoea and sleepiness. The viral load in the lungs was significantly lower in vaccinated pigs
compared to unvaccinated animals (Fig. 6). Lung lesions were observed in the apical parts of medial

and cranial lung lobes of the control animals, whereas vaccinated pigs showed no lesions (Fig. 4).
Moreover, histological investigations revealed a higher degree of inflammation in the unvaccinated

pigs (Fig. 5). The aerosol infection model was superior to intratracheal infection because it was more
efficient, induced stronger clinical symptoms, imitated better natural infections and did not lead to

artificial lung lesions as caused by intratracheal injection. Sequencing and phylogenetic analysis of the
challenge strains demonstrated that they are heterologous to the vaccine strain (Fig. 9).

Discussion
Vaccinated pigs were protected against all three H1N2 field strains used in the challenge trials.

Vaccinated pigs displayed a significantly lower viral lung load on day 1 and on day 3 after infection in
all five experiments therewith fully complying with the EP monograph EP 0963 which requires

significant lower viral lung loads in vaccinated pigs in comparison to control pigs after challenge with
heterologous field strains. The heterologous character of the field strains was demonstrated by

sequencing. The sequences differed from that of the vaccine strain. The field strains were 5 to 7
years younger than the vaccine strain. One field strain (Cloppenburg/IDT4777/05) reflected a newly

emerged reassortant which contains the N2 of the H3N2 swine influenza A viruses (Fig. 9). This strain
had shown limited neutralization by A/sw/Bakum/1832/00-like H1N2 viruses in in vitro experiments

(4). Nevertheless protection against this strain was induced by the vaccine.
Thus a trivalent vaccine is available that protects efficiently against the newly emerged swine flu

subtype H1N2. The vaccine is currently going through a centralised procedure of registration.

Fig. 2: Batch of 
the trivalent swine 

flu vaccine used 
for vaccination of 

the pigs in all 5 
experiments
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Fig. 4: Lung lesions (red arrows) 3 days after 
infection (trial 0949/07 a), a vaccinated, 

b unvaccinated

Fig. 5: Histological and immunohistological 
investigation, a HE vaccinated, b HE control, c 

SABC vaccinated, d SABC control
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Fig. 6 a-e: Viral lung load in egg infectious dose 50 (EID50) of vaccinated and nonvaccinated pigs after 
experimental infection with different H1N2 viruses; Statistics: Mann-Whitney U test (p= statistical 
probability, ≤ 0.005 significant *, ≤ 0.01 highly significant **, ≤ 0.005 very highly significant ***)
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Fig. 7 : Evaluation of clinical parameters: a fever induction, b 
dyspnoea, data of trial 0949/07 a; Statistics: Mann-Whitney U test

0,1

1

10

100

1000

-3 0 1 5 9 13 17 21 26

weeks after second vaccination

H
i 
ti
tr
e
 r
e
c
ip
ro
c
a
l

H1N1

H1N2

H3N2

Fig. 8 : HI antibody kinetics after 
vaccination, data of trial 1059/06
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Fig. 9 : Phylogenetic analysis of vaccine and challenge strains; Neighbor Joining, Mega 4; 10000 
bootstraps; Tamura Nei; a HAH1, b NAN2; blue inducated: strains from humans; blue background: 

vaccine strains; yellow background: challenge strains
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AJ344021, A/sw/Cotesd'Armor/1455/99 (H1N1)

AJ412712, A/sw/Cotes d'Armor /1488/99 (H1N1)

AJ517816, A/sw/Italy/110971/2001 (H1N1)

AJ517820, A/sw/Cotes dArmor/736/2001 (H1N1)

CY009892, A/sw/Spain/50047/2003 (H1N1)

A/sw/Hase luenne/IDT2617/03 (H1N1), parentalstr ain

A/sw/Hase luenne/2617/03-hp (H1N1), highly -passagednew vaccine str ain

A/sw/Greven/IDT2889/04 (H1N1)

CY010572,  A/sw/Spain/51915/2003 (H1N1)

CY010580, A/sw/Spain/53207/2004 (H1N1)

A/BadGriesbach/IDT5604/06 (H1N1)

A/sw/Enniger loh/IDT5803/2006 (H1N1)

AY590824, A/sw/Belgium/1/98 (H1N1)

AJ517817, A/sw/Italy /13260/2001 (H1N1)

AJ344013, A/sw/Italy/2064/99 (H1N2)

AJ517819, A/sw/Italy /3088/2000 (H1N1)

AJ517818, A/sw/Italy /10951/2001 (H1N1)

AJ344009, A/sw/Italy /1390-5/95 (H1N1)

AF320064, A/sw/Ne therlands/609/96 (H1N1)

U72667, A/sw/England/195852/92 (H1N1)

AF320063, A/sw/Nether lands/1743/93 (H1N1)

Z46434, A/sw/Germany /8533/91 (H1N1)

U72669, A/sw/Schleswig-H./ 1/93 (H1N1)

AJ344019, A/sw/Ita ly/1498-2/97 (H1N1)

AF320066, A/sw/Netherlands/477/93 (H1N1)

Z46435, A/sw/Schleswig-H./1/92 (H1N1)

A/sw/Gent/V230/92 (H1N1) , parental strain

A/sw/IDT/Re230/92 (H1N1), r eassor tant

A/sw/IDT/Re230/92-hp (H1N1), highly -passaged vaccine str ain

AJ344016, A/sw/Italy /1511/98 (H1N1)

AJ344008, A/sw/Italy /1456-1/96 (H1N1)

AJ344017, A/sw/Italy /1509-6/97 (H1N1)

AF320062, A/sw/Nether lands/1/87 (H1N1)

AJ412711, A/sw/Cotes d'Armor /1482/99 (H1N1)

AF320059, A/sw/France/525/94 (H1N1)

AJ311011, A/sw/Italy /Fr ance/2111/95 (H1N1)

AF320065, A/sw/Nether lands/386/86 (H1N1)

U96766, A/turkey /Germany /2482/90 (H1N1)

AF091315, A/sw/I ta ly-Virus/671/87 (H1N1)

AF320056,  A/sw/France/3614/84 (H1N1)

Z46441, A/turkey /Germany /3/91 (H1N1)

AF320060, A/sw/Ne therlands/97/81 (H1N1)

Z46437, A/sw/Arnsberg/6554/79 (H1N1)

AF091314, A/sw/Netherlands/3/80 (H1N1)

AF320067, A/sw/Netherlands/25/80 (H1N1)

Z30276, A/sw/Germany/2/81 (H1N1)

AJ344015, A/sw/Finister e/2899/82 (H1N1)

AF091316, A/sw/Belgium/1/83 (H1N1)

AJ344003, A/sw/Belgium/117/96 (H1N1)

AF091317, A/sw/Nether lands/12/85 (H1N1)

AF320057, A/sw/France/4203/85 (H1N1)

AF320058, A/sw/France/4510/86 (H1N1)

U72666, A/sw/England/117316/86 (H1N1)

U72668, A/sw/England/283902/93 (H1N1)

Z46436, A/sw/Italy /v147/81 (H1N1)

CY021957, A/New Jersey/1976 (H1N1) , vaccine str ain

K00992, A/sw/New Jersey /11/76 (H1N1)

AF091307, A/sw/Wisconsin/1/61 (H1N1)

AF222036, A/sw/Wisconsin/464/98 (H1N1)

L09063, A/sw/Nebraska/1/92 (H1N1)

AF091308, A/sw/Iowa/15/30 (H1N1)

AF116575, A/Brevig M ission/1/1918 (H1N1)

CY009604,  A/Wilson-Smith/1933 (H1N1)

U04858, A/sw/Northern Ireland/38 (H1N1)

D00837, A/sw/Cambridge/39 (H1N1)

AF389118, A/Puer to Rico/8/34/Mount Sinai (H1N1)

CY013271, A/Hickox/1940 (H1N1)

CY009612, A/For tMonmouth/1/47 (H1N1)

CY009332, A/For t Worth/1950 (H1N1)

CY008988, A/Denver/ 1957 (H1N1)

AJ489853, A/England/627/01 (H1N2)

AB126622, A/Yokohama/22/2002 (H1N2)

AF503484, A/Nevada/5/2001 (H1N2)

AJ344014, A/New Caledonia/20/99 (H1N1)

CY013597, A/Waikato/14/2005 (H1N1)

AJ457895, A/Hong Kong/470/97 (H1N1)

AJ457907, A/Bayern/7/95 (H1N1)

U85986, A/sw/England/191973/92(H1N7)

DQ508897, A/USSR/90/1977 (H1N1)

AF085416, A/sw/England/17394/96 (H1N2)

AF085417, A/sw/England/72685/96 (H1N2)

AF085413, A/sw/Scotland/410440/94 (H1N2)

AF085414, A/sw/England/438207/94 (H1N2)

AJ412710, A/sw/Cotes d'Armor /2433/98 (H1N2)

AJ344005, A/sw/Cotes d'Armor /800/00 (H1N2)

AJ344012, A/sw/Italy /1521/98 (H1N2)

AF085415, A/sw/England/690421/95 (H1N2)

A/sw/Groitz sch/IDT6016/2007 (H1N2), challengestrain

A/sw/Kitzen/IDT6142/2007 (H1N2) , challenge str ain

A/sw/Granstedt/IDT3475/04 (H1N2)

A/sw/Doetlingen/IDT4735/05 (H1N2)

A/sw/C loppenburg/IDT4777/05 (H1N2)  challenge strain

AY590822, A/sw/Gent/108/01 (H1N2)

A/sw/Bakum/1832/00 (H1N2) , parentalstr ain

A/Bakum/1832/00-hp (H1N2) , highly- passaged new vaccine strain

AY590823, A/sw/Gent/7625/99 (H1N2)

AJ344010, A/sw/Italy /1081/00 (H1N2)

CY014901, A/mallar d duck/New York /170/1982 (H1N2)
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A/sw/Melle/IDT5706/2006 (H3N2)

EU053143, A/sw/Cloppenburg/IDT4777/2005 (H1N2), challenge strain

A/sw/Bondelum/IDT5959/2007 (H3N2)

EU053135, A/sw/Doetlingen/IDT4735/2005 (H1N2)

CY02050, A/sw/Spain/42386/2002 (H3N2)

A/sw/Damme/IDT5673/2006 (H3N2)

CY010566, A/sw/Spain/54008/2004 (H3N2)

EU163948, A/sw/Bakum/1769/03(H3N2), parental strain

A/sw/Bakum/1769/03-hp (H3N2), highly-pass aged new vaccine s train

A/sw/Bissendorf/IDT1864/03 (H3N2)

AY590825, A/s w/Flanders/1/98 (H3N2)

CY009382, A/sw/Spain/39139/2002 (H3N2)

EF409257, A/sw/Lohne/1/97 (H3N2)

EF409255, A/sw/Bak um/909/93 (H3N2)

AM746617, A/wild boar/Germany/WS169/2006 (H3N2)

CY009374, A/sw/Spain/33601/2001 (H3N2)

EF409256, A/sw/Jena/5/96 (H3N2)

EF409258, A/sw/Bakum/8602/99 (H3N2)

AJ412707, A/sw/Italy/1475/96 (H3N2)

AJ293937, A/sw/Italy/1510/98 (H3N2)

AJ412706, A/sw/Italy/1510/98 (H3N2)

AJ311455, A/sw/Belgium/220/92 (H3N2), parental s train

A/sw/Gent/V220/92 (H3N2), parental strain

EU163949, A/sw/Re220/92-hp (H3N2), highly-pas saged vaccine strain

A/sw/IDT/Re/220/92 (H3N2), vaccine strain

AJ293936, A/sw/Italy/1461/96 (H3N2)

AJ293935 A/sw/Italy/636/87 (H3N2)

AY590827, A/sw/Gent/1/84 (H3N2)

AJ293934, A/sw/Gent/70/84 (H3N2)

DQ487337, A/Panama/2007/1999 (H3N2)

DQ487331, A/Moscow/10/99 (H3N2)

AJ291403, A/Sydney/5/97 (H3N2)

EF409253, A/sw/Karrenzien/2/87 (H3N2)

EF409254, A/sw/Leipzig/145/92 (H3N2)

AJ412697, A/sw/Scotland/410440/94 (H3N2)

AJ412700, A/sw/UnitedKingdom/119404/91 (H1N2)

AJ412702, A/sw/Cotes d'Armor/604/99 (H1N2)

AJ412694, A/sw/Cotes d'Armor/799/00 (H1N2)

AJ412695, A/sw/Cotes d'Armor/800/00 (H1N2)

AJ412705, A/sw/Cotes d'Armor/790/97 (H1N2)

AJ412704, A/sw/Cotes d'Armor/2433/98 (H1N2)

AJ412701, A/sw/Italy/1521/98 (H1N2)

AJ412693, A/sw/Italy/2064/99 (H1N2)

AY590826, A/sw/Gent/24/00 (H1N2)

AY590828, A/s w/Gent/108/01(H1N2)

A/Bakum/1832/00-hp (H1N2), highly-passaged new vaccine strain

EU053150, A/sw/Bakum/1832/2000 (H1N2), parental strain

AY590829, A/sw/Gent/7625/99 (H1N2)

A/sw/Granstedt/IDT3475/04 (H1N2)

A/sw/Groitzs ch/IDT6016/2007 (H3N2), challenge s train

A/sw/Kitzen/IDT6142/2007 (H1N2), challenge strain

EF409252, A/sw/Potsdam/35/82 (H3N2)

DQ508931, A/Udorn/307/1972 (H3N2)

CY009350, A/Port Chalmers /1/1973 (H3N2), vaccine strain

AF348184, A/Hong Kong/1/68 (H3N2)

CY022015, A/Albany/20/1957 (H2N2)
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