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An in-vitro process for the quick determination of the infection status of an infec­
tion with an influenza virus type 

The present invention pertains to an in-vitro process for the quick determination 

5 of the infection status of an infection with an influenza virus type from whole 
blood in terms of an acute influenza infection or a lasting-immunization due to an 

previous influenza infection or vaccination. 

Influenza, commonly referred to as the flu, is an infectious disease caused by the 

10 influenza viruses, that affects birds and mammals. The most common symptoms 

of the disease are chills, fever, sore throat, muscle pains, severe headache, 
coughing, weakness/fatigue and general discomfort. 

New influenza viruses are constantly evolving by mutation or by reassortment. 

15 Mutations can cause small changes in the hemagglutinin and neuraminidase an­
tigens on the surface of the virus. This is called antigenic drift, which slowly cre­

ates an increasing variety of strains until one evolves that can infect people who 

are immune to the pre-existing strains. This new variant then replaces the older 
strains as it rapidly sweeps through the human population—often causing an epi-

20 demic. However, since the strains produced by drift will still be reasonably similar 
to the older strains, some people will still be immune to them. In contrast, when 
influenza viruses reassort, they acquire completely new antigens—for example by 

reassortment between avian strains and human strains; this is called antigenic 

shift. If a human influenza virus is produced that has entirely new antigens, eve-

2 5 rybody will be susceptible, and the novel influenza will spread uncontrollably, 

causing a pandemic. 

Typically, influenza is transmitted through the air by coughs or sneezes, creating 

aerosols containing the virus. Influenza can also be transmitted by direct contact 

3 0 with bird droppings or nasal secretions, or through contact with contaminated 
surfaces. Airborne aerosols have been thought to cause most infections, although 



WO 2013/037878 
- 2 -

PCT/EP2012/067928 

which means of transmission is most important is not absolutely clear. 

As influenza is caused by a variety of species and strains of viruses, in any given 

year some strains can die out while others create epidemics, while yet another 
5 strain can cause a pandemic. Typically, in a year's normal two flu seasons (one 

per hemisphere), there are between three and five million cases of severe illness 
and up to 500,000 deaths worldwide, which by some definitions is a yearly influ­
enza epidemic. 

10 Three influenza pandemics occurred in the 20th century and killed tens of mil­
lions of people, with each of these pandemics being caused by the appearance of 

a new strain of the virus in humans. Often, these new strains appear when an 

existing flu virus spreads to humans from other animal species, or when an ex­
isting human strain picks up new genes from a virus that usually infects birds or 

15 pigs. An avian strain named H5N1 raised the concern of a new influenza pan­

demic, after it emerged in Asia in the 1990s, but it has not evolved to a form 

that spreads easily between people. In April 2009 a novel flu strain evolved that 
combined genes from human, pig, and bird flu, initially dubbed "swine flu" and 

also known as influenza A/H1N1, emerged in Mexico, the United States, and sev-

2 0 eral other nations. The World Health Organization officially declared the outbreak 

to be a pandemic on June 11, 2009. 

In virus classification influenza viruses are RNA viruses that make up three of the 

five genera of the family Orthomyxoviridae: Influenza virus A, B, and C. 

25 

Influenzavirus A 
Wild aquatic birds are the natural hosts for a large variety of influenza A. Occa­

sionally, viruses are transmitted to other species and may then cause devastat­
ing outbreaks in domestic poultry or give rise to human influenza pandemics. The 

30 type A viruses are the most virulent human pathogens among the three influenza 

types and cause the most severe disease. The influenza A virus can be subdivid­
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ed into different serotypes based on the antibody response to these viruses. The 
serotypes that have been confirmed in humans, ordered by the number of known 

human pandemic deaths, are: 

5 • H1N1, which caused Spanish Flu in 1918, and Swine Flu in 2009 

H2N2, which caused Asian Flu in 1957 
H3N2, which caused Hong Kong Flu in 1968 

H5N1, which caused Bird Flu in 2004 

H7N7, which has unusual zoonotic potential[23] 

10 • H1N2, endemic in humans, pigs and birds 

H9N2 

H7N2 

H7N3 

H10N7 
15 

Influenzavirus B 

Influenza B almost exclusively infects humans and is less common than influenza 

A. The only other animals known to be susceptible to influenza B infection are 
the seal and the ferret. This type of influenza mutates at a rate 2-3 times slower 

2 0 than type A and consequently is less genetically diverse, with only one influenza 

B serotype. This reduced rate of antigenic change, combined with its limited host 
range (inhibiting cross species antigenic shift), ensures that pandemics of influ­

enza B do not occur. 

25 Influenzavirus C 
Influenzavirus C infects humans, dogs and pigs, sometimes causing both severe 

illness and local epidemics. However, influenza C is less common than the other 
types and usually only causes mild disease in children. 

3 0 As prophylaxis against an influenza A and B virus infections vaccination is possi­
ble. Influenza virus is frequently changing its structures which are recognized by 
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the immune system. Various types of influenza virus can be active at the same 
time e.g. influenza viruses which are responsible for the "normal" seasonal influ­

enza diseases for example H3N2 and more dangerous ones for example H5N1 
(bird's flue). Vaccinations against influenza are usually made available to people 

5 in developed countries. Farmed poultry is often vaccinated to avoid decimation of 
the flocks. The most common human vaccine is the trivalent influenza vaccine 

(TIV) that contains purified and inactivated antigens against three viral strains. 
Typically, this vaccine includes material from two influenza A virus subtypes and 

one influenza B virus strain. The TIV carries no risk of transmitting the disease, 

10 and it has very low reactivity. A vaccine formulated for one year may be ineffec­
tive in the following year, since the influenza virus evolves rapidly, and new 

strains quickly replace the older ones. Antiviral drugs can be used to treat influ­

enza, with neuraminidase inhibitors (such as Tamiflu or Relenza) being particu­

larly effective. 

15 

H3N2 and more dangerous ones for example H5N1 (bird's flue). Vaccinations 

against influenza are usually made available to people in developed countries. 

Farmed poultry is often vaccinated to avoid decimation of the flocks. The most 

20 common human vaccine is the trivalent influenza vaccine (TIV) that contains pu­

rified and inactivated antigens against three viral strains. Typically, this vaccine 

includes material from two influenza A virus subtypes and one influenza B virus 
strain. The TIV carries no risk of transmitting the disease, and it has very low 

reactivity. A vaccine formulated for one year may be ineffective in the following 
2 5 year, since the influenza virus evolves rapidly, and new strains quickly replace 

the older ones. Antiviral drugs can be used to treat influenza, with neuraminidase 
inhibitors (such as Tamiflu or Relenza) being particularly effective. 

WO 2007/107714 A2 discolses a method of assessing an intracellular pathogen 

30 infection and/or monitoring an intracellular pathogen infection in an individual 

comprising the determination whether the individual has (a) T-cells that secrete 
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IFN-y only, (b) T-cells that secrete IL-2 only or (c) T-cells that secrete both IFN- y 

and IL-2 in response to an intracellular pathogen antigen and optionally deter­

mining any change in this cytokine profile. The pathogens described in Detail are 

CMV, hepatitis virus, EBV or HSV. These viruses do not rapidly change its anti-
5 genie pattern like influenza viruses, so that the method known from 

WO 2007/107714 A2 cannot readily adopted to solve the problem underlying the 

invention. 

Urban Sester et al., in PLoS one, vol. 6, no. 3, pages E17813 disclose that T-cell 

10 based IFN-y release assays do not permit distinction of active tuberculosis (TB) 
from successfully treated disease or latent M. tuberculosis infection. The authors 
postulated that IFN-y and IL-2 cytokine profiles of antigen-specific T cells meas­

ured by flow-cytometry ex vivo might correlate with TB disease activity in vivo. 

Tuberculin (PPD), ESAT-6 and CFP-10 were used as stimuli to determine antigen-
15 specific cytokine profiles in CD4 T cells from 24 patients with active TB and 28 

patients with successfully treated TB using flow-cytometry. Moreover, 25 individ­

uals with immunity consistent with latent M. tuberculosis infection and BCG-

vaccination, respectively, were recruited. Although the frequency of cytokine se­
creting PPD reactive CD4 T cells was higher in patients with active TB compared 

20 to patients with treated TB (median 0.81% vs. 0.39% of CD4 T cells, p = 0.02), 

the overlap in frequencies precluded distinction between the groups on an indi­
vidual basis. When assessing cytokine profiles, PPD specific CD4 T cells secreting 

both IFN-y and IL-2 predominated in treated TB, latent infection and BCG-
vaccination, whilst in active TB the cytokine profile was shifted towards cells se-

25 creting IFN-y only (p<0.0001). Cytokine profiles of ESAT-6 or CFP-10 reactive 

CD4 T cells did not differ between the groups. Receiver operator characteristics 
(ROC) analysis revealed that frequencies of PPD specific IFN-y/IL-2 dual-positive 

T cells below 56% were an accurate marker for active TB (specificity 100%, sen­
sitivity 70%) enabling effective discrimination from non-active states. In conclu-

3 0 sion, a frequency lower than 56% IFN-y/IL-2 dual positive PPD-specific circulat­

ing CD4 T-cells is strongly indicative of active TB. 
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Prior to vaccination it is desirable to know whether a patient is not yet infected, 

is at present suffering from an active influenza and if so whether the patient is 
infected by "normal" influenza viruses or e.g. H5N1. 

5 
The invention is based on the observation that T cellular immune responses 

against different Influenza strains could be detected and characterized with the 
aid of antigen specific stimulation of T cells within whole blood samples. Influen­

za reactive T cells could be detected after leukocyte fixation and lysis of red 

10 blood cells with the aid of intracellular cytokine staining and subsequent analysis 
of their frequency among all respective T cells by flow cytometry. It was ob­
served in some individuals a low level pre existing influenza specific T cells and in 

all individuals a distinct increase of influenza specific T cells after vaccination. 
Interestingly this increase was accompanied by a change in the cytokine profile 

15 of the activated T cells which was most dominant one week after vaccination. 
In some other unvaccinated individuals, which presented with clinical signs sug­

gestive for acute influenza infection, the analysis of influenza specific T cells was 
performed to confirm a newly induced immune response. In these individuals, 

there was an even more striking change in cytokine profile of activated T cells. 

2 0 The in-vitro process of the invention allows for the determination of an actual 

infection status of an individual. 

Fig. 1: Immunisation with the pandemic influenza vaccine induces a specific 

CD4 T-cell response towards both pandemic and seasonal influenza 
25 antigens. 

Fig. 2: Vaccination mainly induces Thl-cells of an effector memory pheno-

type. 

Fig. 3: A pre-existing immunity prevents strong induction of antigen spe­

cific CD4 T cells. 

30 Fig. 4: Vaccine-induced antibodies show only minor cross-reactivity with 

seasonal antigens. 
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Fig. 5: Differences in the cytokine expression profile of pdmHINI - specific 

CD4 T cells discriminate memory or vaccination responses from 

acute infection. 

5 The process of the invention is an in-vitro process for the quick determination of 

the infection status of an infection with an influenza virus type from whole blood 

of humans and animals in terms of an acute influenza infection, and induced im­
mune response due to vaccination or a pre-immunization due to previous, over­

come influenza infection, comprising the steps of: 
10 

• stimulating an antigen-specific T cell that is present in a first sample of 
whole blood with antigens of the influenza virus type, optionally in the 
presence of antibodies against CD28, or CD28 and CD49d; 

• processing of the influenza antigens by antigen-presenting cells (APC) by 

15 incubation for a sufficient time, in particular by incubation of at least 0,5 h, 
particularly of 1.5 h to 2.5 h, especially for 2 h, at 35 °C to 39 °C, espe­

cially at 37 °C, optionally with adding C02; 

• then adding a secretion inhibitor; 

• effecting an intensive mixing; 

2 0 • followed by a second incubation step for a period of at least 1 h, in par­
ticular 2,5 h, particularly of 3.5 h to 6 h, especially for 4 h, at 35 °C to 
39 °C, especially at 37 °C, optionally with adding C02; 

• determining a cytokine profile from both the intracellular INF-y production 

and the intracellular IL-2 production of the antigen-specific T cell; wherein 
2 5 • the presence of an acute influenza infection is indicated by a shift of the 

profile towards IFN-y single positive cells accompanied by a ratio of IFN-

y/IL-2 single positive T cells larger than 1 compared to the ratio of IFN-

y/IL-2 single positive T cells of patients successfully vaccinated against, 

pre-infected or non-infected by the influenza virus which is smaller than 1. 
30 
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According to the invention a negative control can be performed by adding a 
physiological buffer such as PBS 0.9% NaCI or 5% Glucose to an antigen-specific 

T cell that is present in the whole blood of a second sample, which is authentic 
with said first sample. 

5 
A positive control can be performed by adding SEB to an antigen-specific T cell 

that is present in the whole blood of a third sample, which is authentic with said 
first sample. 

10 In still another embodiment of the invention a vaccination control can take place 
by adding the vaccination antigen to an antigen-specific T-cell that is present in 
the whole blood of a fourth sample which is authentic with said first sample. 

In the process according to the invention the secretion inhibitor is selected from 
the group consisting of brefeldin A, monensin or the like. 

15 

The determination of the cytokine profile can be effected by flow cytometry, au­

tomated microscopy or multiplex elisa methods. 

The invention is further illustrated by way of the following more specific exam-

20 pies and descriptions which are not intended to limit the scope of the claims. 

Induction of antigen-specific antibody responses is well-characterised after vac­

cination with pandemic H1N1 or seasonal influenza (Flu) vaccines. However, the 
kinetics of cellular immune responses towards pandemic H1N1 and cross-

reactivities towards seasonal Flu vaccine in respect to changes in cytokine pro-
2 5 files of antigen specific T cells are not known so far. 

19 immunocompetent individuals were vaccinated with the pandemic H1N1 vac­
cine Pandemrix and CD4-T-cell frequencies specific for pandemic H1N1 and for 

seasonal Flu vaccine were monitored before and 1, 2 and 10 weeks after vaccina-

30 tion using intracellular cytokine-staining (IFN-y, IL-2, IL-17). Stimulation with 

staphylococcus aureus enterotoxin B (SEB) served as positive control. Apart from 
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cytokine analyses, specific T-cells were phenotypically characterised by memory 

and maturation markers. Moreover, induction of specific antibodies was moni­

tored by ELISA and neutralisation assay. In addition, 7 patients with acute H1N1 
infection were analysed. 

5 
Prior to vaccination, levels of pandemic HINl-specific CD4-T-cells were below 

detection limit in 68% of cases. In contrast, immunity towards seasonal Flu was 
detectable in 79%. Specific T-cell responses after vaccination rose to above de­

tection limit in all cases. Median frequencies increased by 463% (IQR 291-715%) 

10 and remained stable throughout follow-up. Interestingly, median T-cell levels 
towards seasonal vaccine concomitantly rose from 0.10% to 0.24% whereas 
SEB-reactive T-cells were not specifically induced after vaccination. Influenza-

specific cells before and after vaccination were co-expressing IFN-y and IL-2, 

whereas IL-17 was not detectable. In contrast, T cells in patients with active 

15 H1N1 infection predominantly expressed IFN-y only. In contrast to the cellular 
immunity, only HINl-pandemic antibody responses but no cross-reactive anti­

bodies against the seasonal Flu vaccine were induced. 

In conclusion, besides specific induction of HINl-reactive T-cell immunity, pan-

20 demic H1N1 vaccination also induces a cross-protective T-cell response towards 
seasonal influenza vaccines. In addition, cytokine-profiling may be applied as 

diagnostic measure to identify patients with active H1N1 infection. 

Study subjects 
25 The vaccination study was conducted among 19 immunocompetent individuals in 

October/November 2009. Among them, 10 persons (mean age 43.64±10.05 

years) had been pre-vaccinated against seasonal influenza (Begrivac 2009/2010, 

Novartis, Marburg, Germany) about 3 weeks before (mean 18.9±7.9 days), 
whereas 9 (mean age 37.8±15.9 years) had not. All individuals received one 

30 standard dose of the pdmHlNl vaccine (Pandemrix, GlaxoSmithKline Biologicals 
s.a., Rixensart, Belgium), and all gave informed consent. Whole blood samples 
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were drawn prior to vaccination with Pandemrix as well as 1, 2, and 10 weeks 
thereafter. To characterize cellular immunity in acute infection, additional whole 

blood samples of 7 individuals (mean age 49.28±11.07 years) who were newly 
diagnosed with influenza A/H1N1 infection on a clinical/epidemiological or vi-

5 rological basis were analyzed. 

Quantitation and phenotypic analysis of influenza-specific CD4 T cells 
T cells from heparinized whole blood sample were stimulated in vitro for 6 h as 
described previously [1]. A total of 450|jl blood was used per stimulus. PdmHINI 

10 antigen (pdmHINI, 30|jg/ml HA content, derived from A/California(HlNl) was 
used in the pandemic vaccine Pandemrix) kindly provided by GlaxoSmithKline 

Biologicals s.a., Rixensart, Belgium and the seasonal influenza 2009/2010 vac­

cine Begrivac (Flu09, 30|jg/ml HA content; Novartis, Nurnberg, Germany) were 
used as stimuli in the presence of l|jg/ml anti-CD28 and anti-CD49d (clones 

15 L293 and 9F10; BD, Heidelberg, Germany), respectively, to induce antigen-

specific activation and cytokine expression. As negative and positive controls, 

respectively, cells were stimulated with phosphate buffered saline (PBS), and 

2.5|jg/ml Staphylococcus aureus Enterotoxin B (SEB, Sigma, Deisenhofen, Ger­

many). Stimulated cells were fixed and immunostained using titered amounts of 
20 anti-CD4 (clone SK3), anti-CD69 (clone L78), anti-IFN-y (clone 4S.B3), anti-IL-2 

(clone MQ1-17H12), anti-IL-17A (clone SCPL1362), anti-CD152 (CTLA-4, clone 

BNI3; all from BD) and anti-CD127 (clone eBioRDR5, eBioscience-NatuTec, 
Frankfurt, Germany). At least 10.000 CD4 T-cells were analyzed on a FACS 

Canto II (BD) using FACSdiva software V 6.1.3.. For analyses of antigen-specific 

2 5 CD4 T cells, frequencies of activated CD4 T cells after stimulation with the anti­

gen were subtracted for the respective negative controls. The detection limit was 
0.05% IFN-y-producing CD69+ CD4 T cells. 

Quantitation of influenza-specific antibody responses 
30 Kinetics of pdmHINl-specific IgG induction was analyzed using a standard ELISA 

(Virotech, Russelsheim, Germany), according to the manufacturer's instructions. 
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Moreover, the presence of virus-neutralizing antibodies against pdmHINI and 
against the individual components of the seasonal influenza vaccine 

(HINlseasonal, H3N2, Influenza B) in serum samples of subjects not pre-

vaccinated with Begrivac was determined by respective microneutralization as-
5 says based on previously described procedures [2, 3]. In detail, heat inactivated 

(30min, 56°C) sera were used to prepare two-fold serial dilutions in duplicate 

from 1:10 to 1:1280 in virus diluent [EMEM (Biochrom, Germany) + 0,1% anti­
biotics + 2% FBS (Biochrom, Germany)]. The diluted sera were mixed with an 

equal volume (100 |jl) of virus diluent containing influenza A virus [NYMC X-179A 

10 (H1N1) derived from A/California/7/2009] at 2xl03 TCID50/ml, incubated for 
90min (37°C, 5% C02) in a moist chamber and 100|jl were transferred to MDCK 
cell monolayers (ECCC, Salisbury, UK) in a 96-well plate. Eight control wells con­

taining influenza virus in virus diluent (virus control) or virus diluent alone (cell 
control) were included on each plate. After lh incubation, 100 |jl of overlay me-

15 dium [1:1 virus diluent and 3.2% carboxy-methylcellulose (CMC, Sigma-Aldrich)] 

was added to each well for 24 to 28h. Then, the monolayers were fixed with ice 

cold acetone:methanol (40%:60%; lOmin, RT). After blocking with 1% bovine 
serum albumin (Merck, Germany), 0.1% thimerosal (Sigma-Aldrich) in Dulbecco 
A wash buffer (8.0 g NaCI, 2.9 g Na2HP04, 0.2 g KCI and 0.2 g K2HP04 dissolved 

20 in 1000 ml of deionized water, pH 7.3) for 30 min at 37°C, 5% C02), fixed cells 
were subsequently incubated with 25|jl anti-influenza Monoclonal antibodies to 

nucleoprotein (MAB8251, Millipore), diluted to 1:10.000 in blocking buffer, and 
25 |jl/well horseradish peroxidase-labeled rabbit anti-mouse IgG (P0161, Dako-

Cytomation, Denmark) diluted 1:1000 in blocking buffer for 30 min at 37°C, 5% 

2 5 C02 respectively and substrate reaction was performed for 30min using 0.03% 
H202 in 50|jl/well freshly prepared 3-amino-9-ethylcarbazole (Sigma-Aldrich) dis­

solved in 4.0 ml N,N-dimethylformamide (Sigma-Aldrich) and 16ml 0.05 M ace­

tate buffer (pH 4.95-5.05). Immunostained foci were counted and recorded using 
automated ELISPOT instrumentation (AID Diagnostika GmbH, StraBberg, Ger-

3 0 many). The neutralizing-antibody titer was expressed as the reciprocal of the 
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highest dilution that reduced the number of immunostained foci to 50% or less of 
the control value. 

Results 

5 Immunisation with the pandemic influenza vaccine induces a specific CD4 T-cell 
response towards both the pandemic and seasonal influenza-antigens. 

The induction of influenza-specific cellular immunity was assessed in a total of 19 

individuals before as well as one, two and 10 weeks after immunisation with the 

10 pandemic vaccine Pandemrix. Among those, 10 individuals had been pre-

vaccinated using the seasonal influenza vaccine. The frequencies of CD4 T cells 
specific for both the pandemic (pdmHINI) and cross-reactive seasonal influenza-

antigens (Flu09) were determined directly ex vivo from whole blood samples. 

Antigen-specific CD4 T cells were identified using flow-cytometry based on the 

15 induction of the activation marker CD69 and the cytokine IFN-y after specific 
stimulation in vitro. When basal T-cell frequencies in all 19 individuals were as­

sessed, low levels of CD4 T cells specific for pdmHINI (median (IQR) 0.03% 
(0.04%)) and seasonal influenza antigens were found (0.10% (0.07%), table 1). 

Figure 1: Immunisation with the pandemic influenza vaccine induces a specific 

2 0 CD4 T-cell response towards both pandemic and seasonal influenza antigens. 

Whole blood samples taken prior to as well as one, two and 10 weeks after im­

munisation with the pandemic influenza vaccine were stimulated with phosphate 
buffered saline (PBS, negative control), the pandemic H1N1 antigen (pdmHINI), 

the 2009 seasonal influenza vaccine Begrivac (Flu09) and the Staphylococcus 

2 5 aureus enterotoxin B (SEB, positive control), respectively, and reactive CD4 T 
cells (CD69+/IFN-Y+) were counted using flow cytometry. Typical dotplots of one 

representative individual that was not pre-vaccinated with the seasonal vaccine 

are shown. The numbers indicate the percentage of antigen-reactive CD4 T cells. 
As shown in a representative example (Fig. 1), low levels of specific T cells pre-

3 0 sent prior to vaccination increased thereafter and peak values were found 1 week 

after vaccination (Fig. 1 and table 1). In general, Pandemrix vaccination resulted 
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in the strongest induction of specific CD4-T-cell frequencies towards the 
pdmHINI antigen present in the vaccine (4.63-fold median increase after one 

week, table 1). Interestingly, although less pronounced, this was associated with 
a concomitant increase in the percentage of cells cross-reacting towards seasonal 

5 influenza antigens (2.71-fold median increase). In contrast, frequencies of T cells 

reactive against the positive control stimulus SEB did not change over time (Fig. 

1 and table 1). These results show that vaccination with the pandemic influenza 
vaccine Pandemrix induces a specific CD4 T-cell immunity towards pandemic 

H1N1 antigens that cross-reacts with those of the seasonal influenza vaccine. 

10 Vaccination mainly induces Thl-cells of an effector memory phenotype. 

In order to analyse changes in phenotypical properties of vaccine-induced 

pdmHlNl-specific CD4 T cells in more detail, we monitored the expression of 
different functional markers (IFN-y, IL-2, IL-17, CD69, CTLA-4) and of the mem-

15 ory marker CD127. 

Figure 2: Vaccination mainly induces Thl-cells of an effector memory phenotype. 

Phenotypical characterisation of pdmHlNl-specific CD4 T cells after vaccination 
with Pandemrix. (A) Flow cytometric analysis of IFN-y and CD69, IL-2, IL-17, 

20 CTLA-4 and CD127 expression of CD4 T cells stimulated with pdmHINI antigen 

in blood samples of a representative individual (not pre-vaccinated against sea­

sonal influenza) one week after vaccination. (B) Mean fluorescence intensity 
(MFI) of the CTLA-4-signal of all IFN-y+ CD4 T cells and (C) percentage of 

CD127-expressing cells of all IFN-y+ CD4 T cells after stimulation with the 
25 pdmHINI antigen of all tested individuals are depicted over time (n = 10 in week 

10). Bars indicate median values and IQR. 

As shown in representative dotplots of pdmHlNl-specific T cells one week after 
Pandemrix vaccination, predominant co-expression of effector cytokines IL-2 and 

30 IFN-y with CD69 indicated that specific T cells were mainly Thl effector-type 
cells, whereas no IL-17-expressing cells were detected (Fig. 2A). In line with the 
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kinetics in frequency, CTLA-4, the most important negative co-stimulatory sur­
face receptor of T-cell activation, peaked one week after Pandemrix vaccination 

and then decreased to almost pre-vaccination levels (p<0.0001, Fig. 2B). On the 

other hand, median (IQR) percentages of CD127-expressing influenza-specific 
5 CD4 T cells initially decreased from 97.6% (5.0%) to 80.0% (12.1%) during the 

first week post vaccination, but increased again in the follow-up to 98.0% 

(6.0%) after 10 weeks indicating activation of naive T cells followed by differen­
tiation into effector memory cells (p<0.0001, Fig. 2C). The CD4 T cells that were 

specific for the seasonal influenza vaccine showed similar expression profiles and 

10 properties (data not shown). In summary, phenotypical characterisation of the 
influenza-specific CD4 T cells showed that the vaccine leads to induction of 
mainly Thl effector memory cells that show dynamic changes in the immediate 

post-vaccination period. 

15 A pre-existing immunity prevents strong induction of antigen specific CD4 T cells 

To assess the impact of pre-existing cellular immunity against seasonal influenza 

antigens on basal levels and on the induction of influenza specific immunity after 

Pandemrix vaccination, individuals were separated into those not pre-vaccinated 
and pre-vaccinated with the seasonal influenza vaccine. 

20 
Figure 3: A pre-existing immunity prevents strong induction of antigen specific 

CD4 T cells. Frequencies of reactive CD4 T cells specific for the pandemic H1N1 
antigen (pdmHINI), the seasonal influenza vaccine Begrivac (Flu09) and 

Staphylococcus aureus enterotoxin B (SEB, positive control) in individuals that 
2 5 have not been pre-vaccinated (A) and those that have been pre-vaccinated with 

the seasonal influenza vaccine (B) are depicted over time. The detection limit 
(0.05% IFN-y-producing CD69+ CD4 T cells) is represented by a horizontal line. 

(C) The increase of CD4 T-cell frequencies specific for pdmHINI, Flu09 and SEB 

during the first week after vaccination with the pandemic vaccine was expressed 

30 as a multiple of the basal frequencies obtained before vaccination. Tested indi­

viduals were subdivided according to pre-vaccination status (pre-vaccinated 
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against seasonal influenza or not). T-cell frequencies of each individual as well as 

median values and IQR are shown. 

The kinetics in influenza- and SEB-reactive CD4 T cells in both groups are shown 
5 in figure 3A and B. Interestingly, the median increase in pdmHINI specific T-cell 

frequencies was significantly stronger in individuals that had not been pre-
vaccinated against seasonal influenza (7.15-fold), as compared with individuals 
that had been pre-vaccinated (2.94-fold, p=0.01, Fig. 3C). Of note, this differ­

ence between the two groups was also found for CD4 T cells reacting towards 

10 seasonal influenza antigens (4.03-fold versus 1.74-fold, p=0.0041). The fre­
quencies of SEB reactive T cells did not increase in any of the groups (p=0.11, 

Fig. 3C). The results indicate that a pre-existing immunity is associated with a 

less pronounced induction of influenza specific CD4 T cells after vaccination with 
Pandemrix. 

15 

Vaccine-induced antibodies show only minor cross-reactivity with seasonal anti­

gens 

To compare the effects of the Pandemrix vaccine on cellular and humoral re­
sponses, induction of influenza-specific antibodies was determined. Importantly, 

20 vaccination induced a significant continuous increase in pdmHlNl-specific IgG 

titers which peaked about two weeks post vaccination and remained almost con­

stant over the following eight weeks. 

Figure 4: Vaccine-induced antibodies show only minor cross-reactivity with sea-
2 5 sonal antigens. The induction of specific antibody responses towards pandemic 

H1N1 antigen was monitored by ELISA in individuals that have not been pre-
vaccinated (A) and those that have been pre-vaccinated with the seasonal influ­
enza vaccine (B). Serum samples of not pre-vaccinated (C) and pre-vaccinated 

individuals (D) were tested for virus-neutralising antibodies against pdmHINI 

30 and the single components of the seasonal Flu vaccine (HINlseasonal, H3N2, 
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Influenza B (Inf B)). The IC50 value represents the respective serum dilution 

which leads to 50% virus neutralisation. 

These kinetics were independent of pre-vaccination status (Fig. 4A and B). In 

5 order to assess potential cross-reactivity of antibodies induced by Pandemrix, 
plasma samples were analysed from individuals that were not pre-vaccinated 

against seasonal influenza for the presence of neutralising antibodies against 
pdmHINI and the individual compounds of the seasonal influenza vaccine 

(HINlseasonal, H3N2, Influenza B), respectively. Consistent with results from 

10 ELISA (Fig. 4A), maximum titers of pdmHlNl-specific neutralising antibodies 

were induced already during the first two weeks following Pandemrix vaccination 
and remained stable throughout week 10 (Fig. 4C). In contrast, only a minor in­

crease in seasonal H1N1 titers was observed indicating only slight neutralising 
cross-reactivity against the seasonal H1N1 influenza strain. Likewise, there was 

15 no significant effect on H3N2- and Influenza B-neutralising antibody titers. Indi­
viduals that had been pre-vaccinated against seasonal influenza had higher lev­

els of neutralising antibodies towards the components of the seasonal vaccine 

that largely remained stable after Pandemrix vaccination (Fig. 4D). Interestingly, 
titers of pdmHINI neutralising antibodies before immunisation with the pan-

20 demic vaccine were also slightly elevated which may indicate a certain extent of 

cross-reactivity induced by the the seasonal vaccine. Of note, those titers 

showed an increase after Pandemrix vaccination, but did not reach the levels of 
those in individuals that had not been pre-vaccinated against seasonal influenza. 

Thus, these results demonstrate that vaccination with Pandemrix induces a 
25 pdmHlNl-specific antibody response with a certain extent of cross-reactivity to­

wards seasonal H1N1 antigens. In line with cellular immunity, a pre-existing hu­
moral immunity was associated with a less pronounced induction of pdmHlNl-

specific titers after vaccination with Pandemrix. 

30 Differences in the cytokine expression profiles of pdmHlNl-specific CD4 T cells 

discriminate vaccination responses from acute infection 
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Previous studies have indicated that acute viral or bacterial infections are associ­
ated with changes in cytokine expression profiles of antigen-specific T cells. To 

examine whether this is also the case in acute infection with pandemic H1N1 in­
fluenza virus, the IFN-y/IL-2 expression profiles of specific T cells induced after 

5 vaccination were comparatively analysed with that of 7 patients that were suffer­
ing from a symptomatic infection with pandemic HINl-influenza. Whole blood 

was stimulated with the pandemic and seasonal antigens as described before, 
and CD4 T cells were analysed flow-cytometrically for single or double expression 

of IFN-y and IL-2. Stimulation with SEB served as positive control for cells with 

10 specificities unrelated to influenza. 

Figure 5: Differences in the cytokine expression profile of pdmHlNl-specific 

CD4 T cells discriminate memory or vaccination responses from acute infection. 

Representative dotplots of the flow cytometric analysis of IFN-y and IL-2 expres-
15 sion in CD4 T cells after stimulation with pdmHINI antigen in blood samples of 

(A) one healthy individual (not pre-vaccinated against seasonal influenza) after 

vaccination with the pandemic influenza vaccine and (B) one patient with acute 

pandemic HINl-influenza infection within one week after onset of symptoms. 
IFN-y/IL-2 cytokine-profiling was performed in pdmHINI specific CD4 T cells of 

20 (C) all 19 individuals after immunisation with the pandemic influenza vaccine 

over time and (D) of 7 patients with acute pandemic H1N1 influenza infection. 
Shown are the median values and IQR of absolute numbers of IFN-y single posi­
tive (black circles), IFN-y/IL-2 double positive (grey circles) and IL-2 single posi­

tive (white circles) CD4 T cells per |jl whole blood. Respective values after stimu-

2 5 lation with SEB (positive control) are depicted for the vaccination cohort (E) and 

the infected patients (F). 

Representative dotplots of influenza-specific IFN-y/IL-2 cytokine profiles before 

and after vaccination and in an acutely infected patient are shown in figure 5A 
3 0 and B. Interestingly, the T-cell response in vaccinees was generally dominated 

by multifunctional CD4 T cells co-expressing both IFN-y and IL-2 whilst single-
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cytokine producing cells were less abundant (Fig. 5C). Among the latter, those 

exclusively expressing IL-2 generally dominated over those producing IFN-y 

only. This ratio changed only one week after vaccination. Thereafter, the profile 
largely normalised to that found prior to vaccination (Fig. 5C). As shown in figure 

5 5D, this cytokine profile was markedly different from that found in patients with 
acute infections, where IFN-y only expressing cells were most abundant and IL-2 
single producing cells were completely absent. Of note, these profiles are indeed 

influenza-specific, as the cytokine profiles of SEB-reactive CD4 T cells were unaf­
fected by vaccination (Fig. 5E) or acute infection (Fig. 5F). These results suggest 

10 that cytokine profiling of HINl-specific CD4 T cells may allow distinction between 
vaccination responses and acute infection with the pandemic H1N1 influenza. 



Table 

Table 1: Kinetics of antigen-specific CD4 T-cell frequencies prior to and after immunisation with the pandemic influenza 

vaccine and fold increase during the first week following vaccination in all individuals (n = 19). 

pdmHINI Flu09 SEB 

Median frequencies Basal (0 weeks) 0.03% (0.04%) 0.10% (0.07%) 3.40% (2.53%) 

% (IQR) 

1 week 0.18% (0.18%) 0.24% (0.18%) 3.21% (3.34%) 

2 weeks 0.14% (0.19%) 0.21% (0.19%) 3.13% (2.45%) 

10 weeks 0.12% (0.14%) 0.24% (0.18%) 4.01% (3.05%) 

Median fold increase Week 1 vs. basal 4.63 (4.16) 2.71 (2.26) 1.03 (0.25) 
in specific T cells 

(IQR) 

Shown are median (IQR) frequencies of antigen-specific CD4 T cells (CD69+ IFN-y+) that were calculated from 

values subtracted for the respective negative controls. 
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CLAIMS 

An in-vitro process for the quick determination of the infection status of an 

infection with an influenza virus type from whole blood in terms of an 

acute influenza infection or a pre-immunization after previous, overcome 

influenza infection or induced immune response due to vaccination, com­
prising the steps of: 

• stimulating an antigen-specific T cell that is present in a first sample 

of whole blood with antigens of the influenza virus type, optionally 

in the presence of antibodies against CD28, or CD28 and CD49d; 

• processing of influenza antigens by antigen-presenting cells (APC) 

by incubation for a sufficient time, in particular by incubation of at 

least 0,5 h, particularly of 1.5 h to 2.5 h, especially for 2 h, at 35 °C 
to 39 °C, especially at 37 °C, optionally with adding C02; 

• then adding a secretion inhibitor; 

• effecting an intensive mixing; 

• followed by a second incubation step for a period of at least 1 h, in 

particular 2.5 h, at a temperature of from 35 °C to 39 °C, and 

• determining a profile from both the intracellular INF-y production 

and the intracellular IL-2 production of the antigen-specific T cell; 

wherein 

• the presence of an acute influenza infection is indicated by a shift of 
the profile towards IFN-y single positive cells accompanied by a ratio 

of IFN-y/IL-2 single positive T cells larger than 1 compared to the 

ratio of IFN-y/IL-2 single positive T cells of patients successfully vac­

cinated against, pre-infected or non-infected by the influenza virus 

which is smaller than 1. 

The process according to claim 1, wherein a negative control is performed 

by adding a physiological buffer such as PBS 0.9% NaCI or 5% Glucose to 
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an antigen-specific T cell that is present in the whole blood of a second 
sample, which is authentic with said first sample. 

3. The process according to at least one of claims 1 or 2, wherein a positive 
control is performed by adding SEB to an antigen-specific T cell that is 

5 present in the whole blood of a third sample, which is authentic with said 
first sample. 

4. The process according to at least one of the claims 1 to 3 wherein a vac­

cination control took place by adding the vaccination antigen to an anti­
gen-specific T-cell that is present in the whole blood of a fourth sample 

10 which is authentic with said first sample. 

5. The process according to at least one of claims 1 to 4, wherein said secre­
tion inhibitor is selected from the group consisting of brefeldin A, monensin 

or the like. 

6. The process according to at least one of claims 1 to 5, wherein the deter-

15 mination of the profile is effected by flow cytometry, automated microsco­
py or multiplex elisa methods. 

7. The process according to at least one of claims 1 to 6, wherein the whole 

blood of the samples is derived from humans or animals. 


