














































































































































































































































RecombiJlaJlt proteins for influenza serology 

IgG antibodies have been shown to be more sensitive than the HI or the CF 
1101113,172223 I dd" ELISA bl I d ' f 'b d' f assay' " ", n a Itlon, s ena e t le etectlon 0 anti 0 les 0 

different isotypes3,6,18,19, For example, the demonstration of virus-specific IgA 
antibodies after influenza virus infections has been shown to be of diagnostic 
value5

,6,19, The preparation of viral antigens to be used in these ELISAs 
usually requires the concentration and purification of virus conventionally 
propagated in embryonated chicken eggs or cell culture, However, ELISAs 
with purified (recombinant) viral proteins have also been described8

,9,12,2o, In 
the present paper we describe the production of recombinant nucleoproteins 
(NPs) of influenza vimses A and B as a virtually unlimited source of viral 
antigen, By using highly purified recombinant NPs of influenza viruses A and 
B, ELISAs were developed for the detection of virus-specific iunl1unoglobulin 
A (IgA) and IgG senUl1 antibodies, With serum samples obtained from 
patients with confilmed influenza virus A and B infections, the value of these 
recombinant NP-based ELISA systems was demollstrated, 

MATERIALS AND METHODS 

Cloning of the NP genes of influenza viruses A and B 

The influenza vimses AINetherlands/018194 (H3N2) and B/Harhin17194 were obtained ft'orll 
the repository of the Dutch National Influenza Centre. Viral RNA was extracted ITom these 
vimses as described previously'. A reverse transcriptase (RT) reaction was performed to obtain 
single,stranded DNA copies of gene segment 5, which encodes the NP. To 10 ftl of viral RNA 
2 ftl forward primer (10 pmoVftl) was added and the mixture was incubated at 80'C for 2 min, 
followed by 5 min of incubation on ice. 111en, deoxynucleoside triphosphates (0.5 mM each), 
dithiothreitol (10 mM), RNasin (40 U) and Moloney murine lenkemia vims RT (200 U) were 
added in a total volume of25 ftl of I x RT buffer followed by incubation at 42'C for 45 min. 
The reaction was stopped by heating the mixture to 95'C for 3 min. 11le DNA obtained was 
used as a template in a PCR. Besides the DNA, the PCR mixture contained 20 pmol of forward 
and 20 pmol of reverse primer, deoxynucleoside triphosphates (0.2 mM each), and Pfit 
polymerase (5 units) in a total of 100 fllix Pfit buffer. 111e PCR cycles consisted of I min at 
94'C, 2 min at 52'C, and 4 min at noc for a total of 40 cycles. Primer sequences were based 
on the consensus sequence of the NP genes of recent influenza vil11s A and B strains obtained 
from the Wisconsin Sequence Analysis Package and designed in such a way that the ultimate 
PCR product contained an £CoRI (influenza vims A) or Xbal (influenza vims B) restriction 
endonuclease recognition sequence upstream of the stmt codon and a SalI restriction endonu
clease recognition sequence downstream of the stop codon of the NP genes. The PCR products 
of the NP gene of both vimses were cloned into the bacterial expression vector pMalC (New 
England Biolabs) in frame with the gene encodhlg the maltose binding protehl (MBP) by using 
the EcoRl or Xbal and Sail sites in the multiple c10nhlg site of this plasmid. Resh'iction 
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endonuclease digestion, ligation, transfollllation in Escherichia coli (E. colt) DH5a, plasmid 
DNA isolation and agarose gel electrophoresis were perfonned by standard procedures21 

Production, isolation and purification of recombinant NP 

A total of 500 ml of SOB medium21 containing ampicillin (50 ~Iglml) and supplemented with 
glucose (2g/L) was inoculated with 5 ml of an ovemight culture of recombinant E. coli, and 
incubated at 37"C in a shaking incubator. TIle optical density at wavelength 600 Illll was 
monitored, and at a value between 0.5 and 0.6 I mM isopropyl fl-D-thiogalactopyranoside was 
added to induce expression of the fusion gene. Four hours after induction, the bacteria were 
pelleted by centrifugation, resuspended in 25 ml column buffer (20 mM Tric-CI pH 7.4, 200 
mM NaCI, I mM EDTA) containing Pefablock protease inhibitor (Boehringer Mannheim), 
and lysed by sonication. TIle lysate was diluted to 100 ml in column buffer and 11m through an 
amylose resin column (New England Biolabs). After extensive washing of the column, 
recombUlant protein was eluted with colunlllbuffer containing 25 mM maltose. Peak fl'actions 
were pooled and the purified proteins were stored at -70°C until use. Protein concentrations 
were detenllined using the Bradford reagent'. TIle procedure was carried out for recombulant 
E. coli carryulg the pMalC plasmid without cloned sequences to obtain recombinant MEP 
(rMBP) and for recombinant E. coli canyulg the pMalC plasmid in which the NP gene of 
influenza vims A or B was cloned to obtain recombulant fusion proteins consisting of MBP 
and ulfluenza virus A NP (rNPA) or ulfluenza vims B NP (rNPB), respectively. 

SDS-PAGE and Westel'll blotting 

Sodium dodecylsulfate-polyaclylamide gel electrophoresis (SDS-PAGE) and Western blotting 
were perfonned accordulg to standard procedures2l

• Blots were incubated with blocking buffer 
(2% nonfat milk powder, 0.05% Tween 20 in phosphate-buffered salule [PBS] for I h, 
followed by I h of incubation with I: I 00 diluted polyclonal rabbit antisera specific for 
influenza vims A or B. After washing the blots with PBS, the blots were incubated for I h with 
1 :500 diluted horse radish peroxidase (HRP)-Iabeled swine-anti-rabbit IgG antibodies (Dako, 
Glostmp, Denmark). TIlen, the blots were washed with PBS followed by incubation in 
diaminobenzidinelH,O, in PBS (250 fIg diaminobenzidine/ml, 0.002% H,O,). TIle reaction 
was stopped with H20 when protein bands became visible. 

Sel'a 

Influenza vims A- and B-specific polyclonal rabbit and fenet antisera were obtained from 
rabbits injected with sucrose gradient-purified influenza vims AlHong Kongl2/68 (H3N2) or 
BlHarbin17 /94 and from fenets experimentally ulfected with influenza vims AlNether
lands/O 18/94 (H3N2) or BlHarbinl7l94. 
Human sera were obtained from adult patients with acute influenza vims B (n'"24) and 
influenza virus A (HINI; n~2, H3N2; n~15) infection; the patients were enrolled in clinical 
studies during the respiratory season in March 1995 and December 1995, respectively. 
Influenza vil1ls infection was confmned by an immunofll1oresence test or by vims isolation 
fl'om cell culture. Sera were collected on the day of onset of clinical symptoms (day I) and at 
several time points thereafter. For the influenza virus A-infected patients, additional selUll1 

samples collected on days 6, 21, and 60 were available. For the patients with influenza vims B 
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infection, additional semm samples collected on days 6 and 28 were available. Sera were 
stored at -20°C until use. 

Hemagglutination inhibition assay (HI assay) 

One volume of senllll was mixed with five volumes of cholera filtrate, and the mixhlre was 
incubated at 37°C for approximately 16 h, followed by I h of incubation at 56'C. To 50 fll of 
twofold dilution series of semm in PBS, 25 ftl of a solution of influenza vims 
NSingaporef6f86 (H I N I), NJohannesburgf33f94 (H3N2), or BfHarbinf7f94 containing 4 
hemagglutinating units (HAU) was added, and the mixture was incubated at 37°C for 30 min. 
Then, 25 fll of a I % turkey elythrocyte suspension in PBS was added, followed by I h of 
incubation at 4'C. Subsequently, the hemagglutination pattem was examined and expressed as 
the reciprocal value of the highest senllu dilution inhibiting hemagglutination. A fourfold titer 
rise for paired serum samples was considered indicative of a recent influenza virus infection. 

Enzyme-linked immunosorbent assay (ELISA) 

ELISA for detection of IgA serum antibodies (capture IgA NP-ELISA) 

Ninety-six-well plates coated with rabbit anti-human IgA antibodies (Meddens Diagnostics, 
Bnllumen, The Netherlands) were washed with demineralized H20 containing 0.05% Tween 
80, followed by incubation with patient sera diluted I: I 00 in ELISA buffer (Meddens Diagnos
tics). After I h of incubation at 37'C, the plates were washed and incubated with rNPA or 
rNPB, which were conjugated with HRP by previously described methods (24). Following I h 
of incubation at 37'C, the plates were washed again and incubated with tetramethylbenzidine 
substrate (Meddens Diagnostics) for 10 min. The reaction was stopped with 2M H2S04, and 
the 00 was measured at 450 nm. NP-specific reactivities were expressed as the following 
ratio: OD45Onm for patient serum/OD45Onm for negative control senllll. TIle negative control 
serum consisted ofa pool of sera negative for influenza vims A- and B-specific IgA antibodies. 
Ratios greater than 2.0 were considered positive. 

ELISA for detection ofIgG serum antibodies (indirect IgG NP-ELISA) 

For rabbit and ferret sera, 96 wells plates were coated overnight at room temperature with 50 
ng rNPA or rNPB in 100 ~I 0.1 M sodium carbonate buffer (pH 9.6). TIle plates were washed 
with demineralized H20 containing 0.05% Tween 80. Influenza VinlS A- and B-specific rabbit 
and ferret antisera were twofold diluted from I: I 00 to I :6,400 in ELISA buffer. A total of 50 
fll of each dilution was incubated in the recombinant NP-coated plates for I h at 37'C. After 
washing of the plates, 50 fll of 1:500 diluted goat anti-fen'et IgO antibodies (Kirkegaard & 
Peny) or I :500 diluted swine anti-rabbit IgO antibodies (Dako, Olostrnp, Denmark) 
cOluugated with HRP was added, and incubated for 1 hour at 37'C. The plates were washed 
agalll and ll!Cubated with 50 ftl of teo'aIuethylbenzidine substrate for 10 min. The reaction was 
stopped by adding 50 fll of 2M H2S04, and the 00450 was measured. 
For llUmaIl sera, ELISA was perfonned as described above. Human sera were diluted 
1:100,000 and IgO antibodies were detected with 1:5,000-diluted HRP-Iabeled goat anti
human IgO antibodies (Biosource Europe, Fleums, Belgium). In addition to reactivities with 
rNPA and rNPB, the reactivity of human sera with rMBP was also measured. NP-specific 
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reactivities were expressed as the following ratio: OD'50 measured with rNP A or rNPB/OD"o 
measured with rMBP. An "lCreaSe in this ratio for paired serum samples of at least a factor 2.0 
was considered indicative ofa recent influenza vims infection. 

RESULTS 

Recombinant NPs of influenza viruses A and B 

After induction of expression and purification by affinity chromatography, the 
recombinant proteins rNPA and rNPB were analyzed by SDS-PAGE. As 
shown in figure lA, highly purified protein preparations with molecular 
masses of 100 kD for rNP A and 107 kD for rNPB (including 40 kD for MBP) 
were obtained. The difference in the molecular masses between rNP A and 
rNPB is in accordance with the difference in the lengths of the coding 
sequences for both proteins (1,494 bp for the NP of influenza virus A and 
1,680 bp for the NP of influenza virus B). The identities of rNPA and rNPB 
were confirmed by Western blot analysis. Rabbit antiserum raised against an 
influenza virus A reacted only with rNP A and not with rNPB, whereas a rabbit 
antiserum directed against an influenza virus B showed reactivity with rNPB 
but not with rNPA (Figure 1B and C, respectively). The identities of the 
recombinant proteins were fmiher confirmed in indirect ELISAs with rabbit 
and ferret antisera raised against influenza viruses A and B which showed 
reactivity only with the homologous rNPA and rNPB, respectively (Figure 2). 

Detection oflgA antibodies in patient sera by capture IgA NP ELISA 

Serum samples collected at consecutive time points from patients with 
confirmed influenza virus A and B infections were analyzed for the presence 
of NP-specific IgA antibodies. For the group of patients infected with 
influenza virus A, an IgA response against the NP of influenza virus A but not 
influenza virus B was measured (Figure 3A). The IgA response peaked at day 
21 and subsequently declined. Sera from 10 of 17 patients (58.8%) showed 
reactivity with rNPA at day 21, while serum from only 1 patient (5.9%) 
showed reactivity with rNPB at this time point (Figure 4A). For the group of 
patients infected with influenza virus B, a type-specific IgA response against 
NP was observed. The response showed a peak 6 days after the onset of 
clinical symptoms and slowly declined by day 28 (Figure 3B). For tlllS group 
of patients, sera from two patients (8.3%) showed reactivity with rNPB on day 
1 (Figure 4B). TillS Illunber increased until sera from 16 patients (66.7%) 
showed reactivity by day 6. Sera from four patients (16.7%) showed reactivity 

125 



Recombinant proteins jor influenza serology 

with rNP A on day I but tillS number did not increase during the course of 
infection. 

2 3 2 3 2 3 

100kD __ 

A B c 

Figure 1. Analysis of rNPA and rNPB by SDS-PAGE and Westem blot. rMBP (lane I), 
rNPA (lane 2) and rNPB (lane 3) were separated on a 10% SDS-PAGE gel and stained with 
Coomassie Brilliant Blue (A) or transferred to nitrocellulose membranes which were 
incubated with a rabbit sennn specific for influenza virus A (B) or influenza vims B (C). 

Detection ofIgG antibodies in patient sera by indirect IgG NP ELISA 

The same serum samples were also analyzed for NP-specific IgG antibodies. 
For the group of patients infected with influenza virus A, a type-specific IgG 
response against NP was observed (Figure 3C). No reactivity was measured 
with the heterotypic rNPB. The NP-specific IgG response reached a maximum 
at 21 days after the onset of clinical symptoms and subsequently declined. For 
sera from 15 of 17 patients (88.2%) an increase in reactivity with rNPA was 
observed on day 21, whereas sera from none of these patients showed 
reactivity with rNPB (Figure 4A). In the influenza vinls B-infected patients, a 
strong IgG response against the homologous NP was observed, and this 
response increased at least until day 28 after the onset of clinical symptoms 
(Figure 3D). For this group, sera from 23 of 24 patients (95.8%) showed an 
increase in reactivity with rNPB on day 28, while only 3 patients (12.5%) 
showed an increase in reactivity with rNPA (Figure 4B). In addition to rNP A 
and rNPB, the reactivities of sera with rMBP were also measured. The 
reactivity with MBP did not change during the time course of influenza virus 
A or B infection (data not shown). 
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Figure 2. Confumation of the identity of rNPA and rNPB in indirect IgO NP-ELISA's. Plates 
were coated with rNPA (A and C) or rNPB (B and D) and incubated with ferret (A and B) or 
rabbit (C and D) antisera raised against influenza vims A (solid circles) or influenza vims B 
(open circles). 

Compat'ison of the indirect IgG NP ELISA and the HI assay 

In the ill assay, 13 of 16 (81.3%) patients infected with influenza virus A 
showed a fourfold rise in sel1lm antibody titer (between day I and day 21) 
against influenza vil1ls A, wlnle 88.2% showed an NP-specific IgO response 
(Figure 4A). Three patients who showed NP-specific IgO responses did not 
show a titer rise in the ill assay, whereas in two patients a rise in the HI titer 
was observed but no NP-specific IgO response was observed. None of the 
influenza virus A-infected patients showed an influenza virus B NP-specific 
IgO response, whereas by the ill assay the senUll of one patient showed a rise 
in titer against influenza virus B. Among the patients infected with influenza 
virus B, the sera of 16 of 22 (72.7%) patients showed rises in titers against 
influenza virus B (between day 1 and day 28) by the ill assay, while the sera 
of 95.8% showed NP-specific IgO responses (Figure 4B). For five patients, 
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IgG responses against NP were observed in the absence of at least fourfold 
rises in titer by the HI assay. The serum of one patient did not show an NP
specific IgG response and no rise in titer by the ill assay. The sera of three 
patients showed influenza virus A and B NP-specific IgG responses. Serum 
from one of those tluee patients and sera from another two patients showed 
rises in titer to influenza viruses A and B by the ill assay. 
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Figure 3. IgA (A and B) and IgG (C and D) responses in influenza vims A (A and C) or B (B 
and D) -infected patients as measured by capture IgA NP-ELISA's and indirect IgG NP
ELISA's using rNPA (solid circles) and rNPB (open circles). In the capture IgA NP-ELISA's, 
sera were measured against rNPA and rNPB and NP-specific reactivities expressed as the ratio: 
OD"~m' patient senull/OD"Onm negative control senUll. In the indirect IgG NP-ELISA's, sera 
were measured against rMBP, rNPA and rNPB and NP-specific reactivities expressed as the 
ratio: OD"Onm measured on rNPA or rNPB/OD4SO,,, measured on rMEP. 11,e mean values of 
the influenza vims A (n~17) and B (n~24) -infected patients on each time point are presented 
(+/- SEM). 
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Figure 4. Percentages influenza vims A (A) or influenza vims B (B) -infected patients 
showing NP-specific antibody responses as measured by the captnre IgA NP-ELISA's and 
indirect IgG NP-ELISA's, and percentages infected patients showing titre rises in the HI assay. 
Results of sera si (day i), s2 (day 6) and s3 (day 2i for influenza vims A-infected patients and 
day 28 for influenza vims B-infected patients) are sholVn for the capture IgA NP-ELISA's. For 
the indirect IgG NP-ELISA's, resuits of paired sampies (s2 and s3 compared to si) are 
shown. In the HI assays 83 was compared to s 1. Sera were measured against influenza virus 
type A (solid bars) and influenza vims type B (open bars). 

DISCUSSION 

In the present paper, recombinant NPs of influenza viruses A and B were used 
for the development of ELISA systems which can detect vims-specific IgA 
and IgG semm antibodies. By using serum samples fi-om laboratory animals 
experimentally immunized with influenza viruses A and B and from humans 
with confirmed influenza virus A or B infections, the specificities of these 
ELISAs were confirmed. In the majority of the patients with influenza, virus 
type-specific antibodies were detected, demonstrating the diagnostic value of 
these recombinant NP-based ELISAs. These assays may replace the 
commonly used ill and CF assays for the serodiagnosis of influenza vil'lls 
infections and can be performed when respiratory specimens are not available 
or to confirm results obtained by culture procedures with respiratOlY 
specimens. 
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Capture IgA NP-ELISAs were developed for the detection of influenza virus 
A and B NP-specific IgA senUll antibodies with virus type-specific 
recombinant NP directly labeled with HRP. IgA responses were detected 
within 21 days after the onset of clinical symptoms in 5S.S% of the influenza 
virus A-infected patients and 66.7% of the influenza virus B-infected patients. 
These perecentages are comparable to the percentages of patients with virus
specific IgA responses repot1ed in other studies (3,6, IS). The sera of four 
patients with confn'l1led influenza virus B infections had IgA antibodies 
directed to influenza virus A fi'Oll1 the fll'st day of clinical onset onward. These 
patients may have suffered fi'om a recent infection with an influenza A virus. 
Since influenza viruses of type A have also circulated in the 1994 and 1995 
influenza season, tllis is a likely explanation. Since the level of preexisting 
influenza NP-specific IgA antibody levels is low, the capture IgA NP-ELISAs 
do not require paired serum samples and, therefore, allow rapid serodiagnosis 
of influenza virus infections. Tllis ELISA can be considered an alternative to 
assays that measure IgG serum antibodies when only one serum sample is 
available. 
In addition to the capture IgA NP-ELISAs, virus type-specific recombinant 
NP was also used for the detection of influenza vil1ls A and B NP-specific IgG 
serum antibodies in indirect IgG NP-ELISAs. By these ELISAs, IgG antibody 
rises could be detected in almost all of the influenza vil1ls A and B-infected 
patients. Although in these ELISAs serum antibodies were measured against 
influenza vims NP, while in the HI assay serum antibodies directed against the 
hemagglutinin (HA) were measured, the results of both assays were compared 
to evaluate the diagnostic value ofthe IgG NP-ELISAs. The results of the IgG 
NP-ELISAs for the detection of influenza virus A-specific antibodies 
compared well with the results obtained by the HI assay. The IgG NP-ELISA 
for the measurement of influenza vil1ls B-specific antibodies, however, 
detected a hlgher percentage of patients with increased antibody titers than the 
HI assay, which is in agreement with the results of earlier studies2,11,14,16,17,22,2J. 

In contrast to antibodies of the IgA and IgG isotypes, the diagnostic value of 
IgM antibodies in influenza vil1ls infection seems to be limited. Although the 
measurement of IgM responses has been shown to be of diagnostic value in 
primmy influenza infection3

,18, IgA and IgG antibody responses predominate 
in influenza vims-infected patients5

,7,1I. Therefore, the measurement of IgG 
and IgA antibody responses is preferred for the serologic confn'11lation of 
influenza virus infections. 
The division of influenza A and B viruses is based on antigenic differences in 
the NPs and matrix proteins. Indeed, no rises in influenza virus B NP-specific 
IgG antibody titers were measured in the influenza vil1ls A-infected patients. 
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However, rises in influenza vil11s A and B NP-specific IgG antibodies titers 
were measured in 12.5% of the influenza vil11s B-infected patients. A recent 
influenza virus A infection or simultaneous infection with influenza viruses A 
and B may explain tllis observation. 
Since the NP is well conserved within the influenza A viruses, the IgG NP
ELISA enables the detection of antibodies induced by influenza A viruses of 
both circulating subtypes (HIN 1 and H3N2). Fmihermore, tllis assay does not 
require the atmual adjustment of the viral antigen preparations, in contrast to 
the HI assay, which measures antibodies against the llighly variable 
hemagglutinin. Two of the influenza virus A-infected patients seemed to be 
infected with an HINI virus since in the HI assay only rises in titer against an 
HINI virus were measured (data not shown). Rises in NP-specific IgG 
antibody levels could be measured in these individuals, even though the 
recombinant NP used in the IgG NP-ELISA was derived from an H3N2 virus. 
Although the reactivities with MBP differed between patients, none of them 
showed increases in MBP-specific IgG antibody levels during the time course 
after the infection. Thus, it does not seem to be necessary to measure MBP 
antibody titers separately to be able to detect rises in the levels of influenza 
virus-induced antibodies in the IgG NP-ELISAs. 
In conclusion, recombinant influenza vil11s NPs were produced in virtually 
unlimited quantities and were purified to a lligh degree. These bacterially 
expressed viral atltigens proved to be valuable reagents for the development of 
ELISA systems for tile detection of vil11s-specific IgA and IgG antibodies 
which can be used for tile serodiagnosis of influenza vil11s type A and B 
infections. Especially for the detection ofNP-specific IgA antibodies, the IgA 
NP-ELISA proved to be valuable since it allows early diagnosis and does not 
require paired serum samples. 
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Influenza viruses continue to be a major pathogen to man affecting a 
considerable percentage of the human population every year. While most 
influenza virus infected individuals completely recover from infection, 
infection with influenza virus can be accompanied with severe 
complications which even may result in death. This is especially true for 
people belonging to influenza risk groups. Vaccination remains the major 
means to prevent infection or to reduce influenza-associated illness in these 
people30

• The currently used influenza vaccines are trivalent, i.e. contain 
representatives of influenza virus A HINI and H3N2 as well as influenza 
virus B and are administered as inactivated whole virus, as split virus or as 
purified haemagglutinin (HA) and neuraminidase (NA). Due to antigenic 
drift of influenza viruses, influenza vaccines need to be reformulated 
regularly to ensure a close match between the viruses represented in the 
vaccine and those circulating in humans. Partly as a result of tlus antigenic 
drift, vaccination needs to be repeated annually. Influenza vaccines are 
produced using embryonated chicken eggs and the vaccine viruses usually 
are 'high-growth' reassoliant viruses. These reassOliant viruses are 
generated after dual infection of eggs with a selected vaccine strain and a 
virus adapted to replicate to high titers in eggs (a virus with a high-growth 
phenotype). Those reassortant viruses which contain the appropriate surface 
glycoproteins and display a high-growth phenotype are selected for vaccine 
production. 
The use of embryonated chicken eggs for vaccine production suffers from 
major disadvantages. Most importantly, virus production in eggs lacks 
flexibility. The use of eggs requires long-term plaruling by vaccine 
manufacturers and the availability of eggs may become a problem in case of 
a sudden need for large quantities of vaccine, for example in pandemic 
situations. One cannot just order chickens to lay more eggs! A more flexible 
source for production of influenza vaccines would thus be needed. The use 
of continuous cell lines for production of influenza vaccines may fulfil this 
need as they are easily maintained and their production can be scaled up in 
short periods of time, allowing vaccine production at any time in any 
quantities. Other advantages of the use of continuous cell lines would be 
that thus propagated influenza viruses usually more closely resemble the 
original human isolate than do viruses propagated in eggs. In general, they 
also constitute a more homogenous population of influenza viruses,7,39,4o,50, 
A disadvantage of most cell lines is the requirement to grow cells in the 
presence of fetal bovine serum which interferes with the activity of trypsin, 
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necessary for propagation of most influenza A viruses, and complicates 
standardization of culture conditions. A novel MDCK cell line, adapted to 
grow without serum, MDCK-SFl, has been developed and vaccine studies 
already have shown that MDCK-SFI cell-derived vaccines are equally 
efficient as egg-derived vaccines8

•
9
,l!. Chapter 2 describes the use of these 

MDCK -SF 1 cells for generation and propagation of high-growth reassortant 
influenza A viruses as a possible alternative to the current influenza vaccine 
production procedure in embryonated chicken eggs. It was shown that with 
these cells, like with eggs, high-growth reassOitant influenza A viruses 
containing the appropriate surface glycoproteins can be generated relatively 
easily by infection of MDCK-SFI cells with a virus containing the desired 
surface glycoproteins and a second virus with a high-growth phenotype. The 
use of a HINI virus with a high-growth phenotype (AlPRJ8/34) in dual 
infections with H3N2 viruses for generation of high-growth H3N2 viruses, 
and, conversely, the use of a H3N2 high-growth virus (AlHKl2/68) in dual 
infections with HIN I viruses to yield high-growth HINI viruses, were 
shown to be advantageous with respect to both selection of reassOitant 
viruses containing the desired surface glycoproteins (using antisera raised 
against HINI and H3N2 viruses) and subsequent genetic characterization of 
these viruses. The origin of HA was determined in haemagglutination 
inhibition (HI) assays while the origin of the other gene segments was 
determined by RT-PCR and restriction enzyme analysis, both of which 
assays allow easy discrimination between viruses belonging to different 
subtypes. In this way, it was shown that reassortant viruses obtained from 
dual infections of MDCK-SFl cells with AlPRJ8/34 and H3N2 viruses 
contained the HA and NA of the H3N2 viruses while the matrix protein and 
polymerase P A protein-encoding gene segments were derived from the 
high-growth parent. Reassortant viruses obtained from dual infection of 
MDCK-SFl cells with AlHKl2/68 and HlNl viruses contained the HA and 
NA of the HINI viruses wllile the matrix protein and polymerase PBl 
protein-encoding gene segments originated from the high-growth parent. 
Reassortant viruses propagated in MDCK -SF 1 cells, in general, yielded 
higher amounts of haemagglutinating units (HAU) per volume than the 
corresponding non high-growth parent. The procedure described to generate 
and characterize high-growth reassortant influenza A viruses in combination 
with the advantages of a continuous cell line in general, as well as the ability 
to culture cells in the absence of serum in pmticular, makes the use of 
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MDCK-SFI cells an attractive alternative to the current vaccine production 
procedure in embryonated chicken eggs. 
A relatively novel method to generate reassortant influenza viruses is 
reverse genetics. By tltis method, RNP complexes (RNPs) are transfected to 
influenza virus-infected cells allowing reassortment between the gene 
segments of the virus and the gene segment(s) contained within the 
transfected RNPs. While in double infected eggs or MDCK-SFI cells in 
principle 256 (28

) different combinations of gene segments can be made 
(and as many different viruses), by reverse genetics reassortment can be 
limited to the gene segments encoding HA and NA and this more controlled 
reassortment can be considered an advantage in the selection of reassortant 
viruses for vaccine purposes. However, infection of cells with a high-growth 
virus followed by transfection with RNPs containing the desired HA and 
NA gene segments only, may not always be suffcient to obtain (high
growth) reassortant viruses. Indeed, results obtained from studies in which 
reassortant viruses were generated by dual infection suggest that there are 
limitations towards reassOlimentl2·19.42.52.lhl, Iho;l, and not all combinations of 
gene segments may yield viable viruses. If reverse genetics will prove to be 
a universally applicable method, then it may replace current procedures for 
generating high-growth reassOliant viruses for vaccine purposes. 
Besides studies aiming at improvement of current influenza vaccine 
production procedures, numerous studies are foccussing on novel influenza 
vaccines making use of several adjuvant formulations and antigen 
presentation forms. One antigen presentation form that has received 
considerable attention is the immune stimulating complex (ISCOM). 
ISCOM-based experimental vaccines have been shown to be potent inducers 
of both humoral and cellular immune responses which, in mtimal models, 
have been shown to confer protection against challenge infection36

•
37

, and 
ISCOM-based influenza vaccines are currently being evaluated in clinical 
phase III trials in humans' ·

13
•
38

• In addition, an ISCOM-based influenza 
vaccine has already been licensed for use in horses. ISCOMs were originally 
developed as an antigen presentation form for viral membrane proteins" and 
most studies concerning the development of ISCOM-based vaccines for 
influenza have focussed on the surface glycoprotein HA as a model antigen. 
HA is considered the most important influenza virus antigen with regard to 
protection and, due to its highly hydrophobic membrane-spanning region, is 
incorporated well into the ISCOM structure. This feature is thought to be 
essential for optimal induction of immune responses. Incorporation of less 
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hydrophobic antigens usually requires modification of the antigen with 
hydrophobic sequences which can be achieved by coupling fatty acids to the 
antigen or by recombinant DNA technology. In chapter 3, this latter 
possibility was explored. The necessity of a hydrophobic sequence and 
incorporation into the ISCOM structure for ISCOM-facilitated entry of 
antigen into the MHC class I processing and presentation pathway was 
evaluated using the influenza virus A matrix Ml protein. Recombinant Ml 
protein (rMA) was modified with the transmembrane region of HA to yield 
rMAHA protein. rMAHA protein seemed to incorporate better into ISCOM 
than rMA protein and in vitro analysis of MHC class I presentation of the 
Ml protein-derived, HLA-A2-restricted, peptide GILGFVFTL (aa 58 to 66) 
showed that the addition of the transmembrane region of HA to the Ml 
protein favoured MHC class I presentation to specific cytotoxic T 
lymphocytes (CTL). To determine whether or not for this purpose 
incorporation into the ISCOM structure was essential, pre-formed 'empty' 
ISCOMs were mixed with the respective proteins. MHC class I processing 
and presentation was observed for both rMA and rMAHA protein mixed 
with empty ISCOMs indicating that incorporation of antigen is not 
necessary for its delivelY into the MHC class I pathway. In fact, MHC class 
I presentation of both antigen preparations was more efficient than rMAHA 
protein incorporated into ISCOMs and was best for rMAHA protein mixed 
with empty ISCOMs. FUl1hermore, it was shown that mixing of the 
respective proteins with empty ISCOMs was necessary for ently of the 
proteins into the MHC class I pathway, since pre-incubation of cells with 
empty ISCOMs followed by washing the cells and subsequent incubation 
with the proteins did not result in MHC class I presentation. Thus, 
presumably rMA and lMAHA protein associate with empty ISCOMs and 
the presence of the transmembrane region of HA added to this. In another 
experiment using recombinant nucleoprotein (rNP) it was found that rNP 
mixed with empty ISCOMs was processed for MHC class I presentation of 
the HLA-A3-restricted peptide ILRGSVAHK (aa 265 to 273) equally well 
as rNP incorporated into ISCOMs (unpublished data). These results seem to 
conflict with those obtained with the measles virus fusion (F) protein which 
was shown to be processed for MHC class I presentation when it was 
incorporated into ISCOMs but not after mixing with empty ISCOMs'. This 
discrepancy most likely reflects differences in the preparation and nature of 
the antigens. The results of the studies with recombinant matrix protein and 
NP strongly suggest that incorporation of antigen into ISCOMs per se is not 
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necessary for ISCOM-facilitated entry into the MHC class I pathway and 
implicates that the use of ISCOM as an antigen presentation form, for the 
induction of humoral and cellular immune responses, is not restricted to 
antigens containing highly hydrophobic sequences like membrane-spanning 
envelope proteins. 
The observation that ISCOMs facilitate the processing of matrix protein and 
NP for MHC class I presentation to specific CTL in vitro, indicates that 
ISCOM-based vaccines may be used to induce in vivo CTL responses 
against these proteins, which are the most abundant viral antigens and 
important targets for CTL6.15.25.26.'7,53. Since the matrix protein and NP are 
relatively well conserved, vaccines based on these proteins would not suffer 
from the necessity of regular reformulation as is the case for the currently 
used vaccines. However, although experimental NP-based vaccines have 
been shown to induce CTL which conferred protective immunity in animal 
models",4'·',·51, it is generally believed that in humans protective immunity 
is primarily mediated by virus-neutralizing antibodies raised against HA and 
NA, and that CTL merely contribute to the clearance of virus-infected cells 
and reduce spread of virus1.2.10.'3.'6. Thus, ISCOM-based vaccines aiming at 
the induction of CTL responses against conserved influenza virus antigens 
only, probably would not suffice to establish long-lasting immunity against 
influenza in humans. ISCOM-based vaccines containing matrix protein and 
NP in addition to the influenza virus surface glycoproteins may be useful for 
the induction of both CTL and virus-neutralizing antibody responses against 
the major influenza virus antigens. 
The conventional MHC class I processing and presentation pathway usually 
requires endogenous protein synthesis. In vil'lls-infected cells, viral proteins 
produced in the cytoplasm are degraded by the proteasome to yield peptides 
which are transpOlied to the ER by TAP. In the ER, the peptides associate 
with MHC class I molecules and the resulting complexes traverse the Golgi 
system to be presented at the cell surface for recognition by specific CD8+ 
CTL. However, numerous studies have already shown that exogenous 
proteins, which normally are processed in endosomes for MHC class II 
presentation to CD4+ Th cells, can be processed for MHC class I 
presentation to CD8+ CTL as well, and several alternative mechanisms for 
MHC class I processing and presentation have been proposed,s.".'1,45.5'. 
These studies mainly focussed on macrophages and dendritic cells and the 
antigen used was often particulate (e.g. bacteria or antigen coupled to 
beads). MHC class I processing and presentation by B-Iymphoblastoid cell 
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line (B-LCL) cells has been described for exogenous proteins incorporated 
into or associated with ISCOM7"h;, th";,, Alternatively, exogenous proteins 
have been shown to enter the MHC class I pathway of B-Iymphocytes by 
receptor-mediated endocytosis",,20,23, Chapter 4 describes MHC class I 
processing and presentation of exogenous protein by B-LCL cells not 
attributable to these mechanisms. MHC class I presentation of exogenous 
rNP by B-LCL cells was demonstrated in CTL assays and lymphocyte 
stimulation tests (LST) using HLA-A3 and HLA-B27-restricted CTL with 
specificity for the NP-derived epitopes ILRGSVAHK (aa 265 to 273) and 
SRYWAIRTR (aa 383 to 391), respectively. HLA-B27-associated 
presentation required low amounts of protein (as little as 0.2 ~lg/ml was 
sufficient) and was demonstrated for rNP containing the proper epitope but 
not for rNP with a mutated epitope, for rNP of influenza virus B or for 
control rMBP. MHC class I presentation associated with HLA-A3 required 
significantly higher doses of protein and, like HLA-B27, was observed only 
for rNP containing the appropriate epitope. Using inhibitors of the 
conventional MHC class I pathway (the proteasome inhibitor lactacystin and 
the ER transport inhibitor brefeldin A), and inhibitors of proteolysis in 
endosomes (chloroquine and NI-I,CI), it was demonstrated that processing 
and presentation of rNP most likely followed the conventional MHC class I 
pathway. In contrast, results obtained with cells lacking a functional TAP 
suggested alternative mechanisms for MHC class I processing and 
presentation. Processing of rNP in endosomes and loading of recycled MHC 
class I molecules with peptide in these compartments may be a major route 
exploited by these cells. The results of this study thus not only demonstrate 
that B-LCL cells can process exogenous rNP for presentation to CTL but 
also that multiple pathways may exist for MHC class I processing and 
presentation of exogenous proteins. 
Although NP is relatively well conserved, mutations in this protein do 
OCCUI'. Since NP harbours many CTL epitopes (at least eight epitopes are 
known), amino acid mutations in this protein may affect processing and 
presentation of these epitopes andlor recognition by specific CTL. In 
chapter 5, the effect of mutations, found within a CTL epitope of the 
influenza virus A NP, with respect to MHC class I presentation and 
recognition by specific CTL was studied. Part of the NP gene, containing 
four different CTL epitopes, of influenza A H3N2 viruses isolated from 
1989 to 1999 in The Netherlands was sequenced. A R384K mutation in the 
HLA-B8 and HLA-B27-restricted CTL epitopes ELRSRYWAI (aa 380 to 
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388) and SRYWAIRTR (aa 383 to 391), respectively, was found in part of 
the influenza A viruses isolated in the influenza season 1989-1990, but not 
in the influenza A viruses isolated in later seasons. This mutation has 
previously been described for two viruses isolated in 1971 and 1972". In the 
influenza season 1993-1994, another mutation at the same position 
(R384G), that did not occur before 1993, was found in all sequenced 
isolates of this season and showed to be conserved. Indeed, this mutation 
was found in all sequenced influenza A viruses isolated from 1993 onwards, 
and has also been found in viruses isolated in Japan after 199324

• In contrast 
to the HLA-B8 and HLA-B27 epitopes, no mutations were found that 
affected the other two CTL epitopes (HLA-A3 and HLA-B37) present in the 
sequenced NP region. In CTL assays, it was shown that B-LCL cells 
infected with mutant influenza viruses or recombinant vaccinia virus 
expressing NP with a R384G mutation, or B-LCL cells pulsed with a 9-mer 
peptide (representing the epitope) containing the R384K or R384G mutation 
were no longer recognized by HLA-B27-restricted CTL. Exactly the same 
type of mutations (R264K and R264G) have been associated with loss of 
recognition of the HLA-B27-restricted HIV-l Gag epitope KRWIILGLNK 
(aa 263 to 272) by specific CTL29. Thus, a mutation at the second residue of 
HLA-B27-restricted epitopes, which is a critical anchor residue position, 
completely abrogates MHC class I presentation and subsequent recognition 
by HLA-B27-restricted CTL. 
The introduction of mutations in CTL epitopes as a possible mechanism to 
escape CTL-mediated immunity has thus far only be described for viruses 
causing persitent infections, like HIV-l, and a mutation in a HLA-B27-
restricted epitope of the HIV -I Gag protein has been associated with 
progression to AIDS"·I6·,,·27.33.3'. It has been questioned whether such a 
mechanism could be exploited by influenza viruses". First, influenza 
viruses cause acute infections in immunocompetent individuals and, as a 
result, there may be little time for evolution of influenza viruses and the 
emergence of CTL escape mutants within an individual. Second, most of the 
currently known CTL epitopes are located within NP. This protein plays a 
crucial role in transcription and replication of the virus and mutations at a 
certain position will not be tolerated because of functional constraints, again 
limiting the oppertunities for the emergence of CTL escape mutants. The 
fact that we did not find any amino acid mutations in the HLA-A3- and 
HLA-B37-restricted epitopes may reflect this limitation. Nevertheless, the 
results of our study suggest that mutations introduced in CTL epitopes 
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within NP, that do not impose functional constraints on NP, are selected for 
by influenza virus to allow escape from CTL-mediated immunity. In 
support of this, CTL escape mutant viruses with amino acid changes in a 
CTL epitope of NP have been isolated recently from influenza virus
infected mice transgenic for a NP-specific T cell receptor". Although it is 
unknown from where the R3840 mutant virus originated, it may have 
emerged in HLA-B27 positive individuals which constitute approximately 
8% of the Caucasian population. The immune pressure mediated by HLA
B27-restricted CTL in these individuals may have been sufficient to drive 
the selection process. Since the R3840 mutation did not have a negative 
effect on virus replication, the mutant viruses may have spread in the human 
population ultimately replacing viruses containing the intact epitope. 
In addition to studies related to vaccine development and to MHC class I 
processing and presentation of influenza virus antigens, one chapter deals 
with influenza serology. Chapter 6 describes the development of ELISAs for 
detection of NP-specific antibodies of the IgA and IgO isotypes in sera of 
influenza virus A or B-infected patients using rNP derived from 
NNetheriandsl18/94;H3N2 and B/Harbin!7l94. Both the IgA and IgO 
ELISA were shown to be specific and the IgO ELISA compared well with 
the commonly used HI assay. Wllile in the HI assay serum antibodies 
against the highly variable HA are measured, the IgO ELISA measures 
antibodies against the relatively well conserved NP. The use of NP in 
ELISAs can be considered an advantage since these ELISAs, in contrast to 
the HI assay, do not require annual adjustments of the antigen used. 
Moreover, these ELISAs can be used to measure NP-specific antibodies in 
patients infected with either of the currently circulating influenza virus A 
subtypes (HINI and H3N2), while in the HI assay representatives of both 
these subtypes need to be included. In addition, there are some practical 
advantages of the NP-based ELISAs over the HI assay. The recombinant 
NPs of influenza virus A and B can be produced in large quantities with 
high purity and the amount of antigen used can be defined accurately. In 
contrast, in the HI assay whole virus and erythrocytes are uscd of which the 
quality may vary and the appropriate amount of antigen used is more 
difficult to determine since it is related to the amount of haemagglutinating 
units (HAU). Also, the read out ofELISAs, unlike that of HI assays, can be 
incorporated easily into automated procedures. While for influenza 
serology, NP-based ELISAs may be a useful alternative to the currently 
used HI assays, the latter still will be required for influenza virus subtype-
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specific surveillance purposes. Indeed, unlike the NP-based ELISAs, the HI 
assay can be used to discriminate between influenza virus A subtypes and 
variants of influenza virus A subtypes as well as influenza virus B and thus 
provide information about antigenic properties of the circulating influenza 
viruses. 
In conclusion, the studies described in this thesis have largely focussed on 
vaccine development and on MHC class I processing and presentation of 
influenza virus antigens. It was shown that a continuous cell line offers 
opportunities to improve current vaccine production procedures and that the 
main goal of current vaccines, the induction of virus-neutralizing antibodies 
against the surface glycoproteins HA and NA, may be extended to the 
induction of CTL responses against the internal matrix protein and NP by 
using ISCOM as an antigen presentation form. The observation that 
incorporation of these influenza virus antigens in the ISCOM structure is 
not a prerequisite for entry into the MHC class I pathway adds value to the 
use of ISCOMs as the basis of alternative influenza vaccines. The efficacy 
of vaccines aiming at the induction of virus-neutralizing antibodies and CTL 
responses, however, would not only depend on the antigenic match between 
the surface glycoproteins contained within the vaccine virus and those of 
the circulating viruses, but also on the match of CTL epitopes between these 
viruses. Indeed, like mutations in HA and NA allowing escape from 
antibody-mediated immunity, mutations in CTL epitopes may allow escape 
from CTL-mediated immunity and the emergence of CTL escape mutant 
viruses in the population may limit the efficacy of such vaccines. Thus, in 
developing influenza vaccins aiming at the induction of both virus
neutralizing antibodies and CTL responses one has to take into account both 
antigenic drift of HA and NA and the possibility of CTL escape mutants. 
Although the variability of influenza viruses will remain and will continue 
to limit the efficacy of vaccination against influenza, the development of 
novel generations of influenza vaccines as well as alternative production 
procedures undoubtedly will contribute to the prevention and control of 
influenza. 
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Influenza A en B virussen zijn de veroorzakers van een acute respiratoire 
infectieziekte bekend als influenza of griep. Influenza A virussen worden 
onderverdeeld op basis van de typen oppervlakteglycoproteinen 
haemagglutinine (HA) en neuraminidase (NA) waarvan respectievelijk IS 
(HI tim HIS) en 9 typen (NI tim N9) kUlmen worden onderscheiden. Op dit 
moment komen bij mensen, naast influenza virus B, de influenza virus A 
subtypen HINI en H3N2 voor. Het continu veranderen van influenza 
virllssen door introductie van mutaties in HA en NA (antigene drift) is de 
drijvende kracht achter de jaarlijks in de winter terugkerende 
griepepidemieen. HoeweI de meeste mensen zonder blijvende schade 
herstellen van griep, kan infectie met het influenzavirus gepaard gaan met 
complicaties met verstrekkende gevolgen, met name bij mensen die tot de 
influenzarisicogroepen gerekend worden zoals 65+ -ers, diabetici, mensen 
met chronische hart of luchtwegaandoeningen en mensen met een 
venninderde werking van het inunuunsysteem. Om de ernst en het 
voorkomen van infectie met het virus te voorkomen en eventuele 
complicaties te venninderen, wordt vaccinatie als preventieve maatregel 
aanbevolen. Thans gebruikte influenzavaccins bevatten geinactiveerd virus 
of virale antigenen (HA en NA) en zijn trivalent, dat wil zeggen dat de 
beide typen influenza A virussen (HINI en H3N2) en influenzavirus B er in 
vertegenwoordigd zijn. De in dit proefschrift besclueven studies zijn in de 
meest algemene zin gerelateerd aan vaccinontwikkeling met speciale 
aandacht voor MI-IC klasse I-gerestricteerde processing en presentatie van 
virale antigenen. Een hoofdstuk is gewijd aan serologische diagnostiek van 
influenzavirusinfectie. 
Influenzavirussen die in het vaccin worden opgenomen worden 
geproduceerd in geembryoneerde kippeneieren. Hiervoor worden veelal 
'high-growth' reassortant influenza A virus sell gebruikt die zich tot hoge 
titers vermeerderen. Deze virus sen worden verkregell door dubbelinfectie 
van geembryoneerde kippeneieren met het virus waartegen bescherming 
moet worden opgewekt (vaccinvirus) en een virus met een high-growth 
fenotype, en die reassortant virussen welke de oppervlakteglycoproteinen 
(HA en NA) van het vaccinvirus en een high-growth fenotype bezitten 
worden geselecteerd voor vaccinproductie. Het gebruik van kippeneieren 
voor de productie van influenzavaccins kent een aantal nadeIen wam'van het 
gebrek aan flexibiliteit, met als consequentie een noodzakelijke lange-
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tenuijn plmming, de belangrijkste is. Hoofdstuk 2 besclu'ijft het gebruik van 
een continue cellijn, geadapteerd aan groei in serum-vrij medium (MDCK
SF 1), als mogelijk alternatief voor de tl13ns toegepaste influenzavaccin
productieprocedure in kippeneieren. Analoog aan de methode in 
kippeneieren werden reassortant influenza A virussen gegenereerd in 
MDCK-SFI cell en door dubbelinfectie met geselecteerde HINI of H3N2 
vaccinvirussen en H3N2 ofHINI high-growth virussen. De origine van elk 
van de gensegmenten van de reassOliantvirussen alsmede hun 'groei
eigenschappen' in MDCK-SFI cellen werden bepaald. Uit deze studie is 
gebleken dat reassortant influenza A virussen in deze cellen, net als in 
kippeneieren, gegenereerd kunnen worden door dubbelinfectie, dat de 
genetische samenstelling van deze virussen vrij eenvoudig en snel kan 
worden bepaald, en dat de aldus verkregen reassortant virus sen, die allemaal 
het MA eiwit coderende RNA segment van het high-growth virus bezitten, 
meestal tot hogere virusproduktie leiden. 
Naast studies gericht op het verbeteren van huidige vaccinproductie
procedures, wordt veel aandacht besteed aan de ontwikkeling van 
alternatieve influenzavaccins waarbij gebruik wordt gemaakt van 
verschillende adjuvantia en antigeenpresentatievonuen. Een voorbeeld 
hiervan zijn vaccins gebaseerd op de zogenaamde immuunstimulerend 
complex (ISCOM) structUUl', opgebouwd uit lipiden, cholesterol en het 
adjuvans QuilA waarin virale eiwitten geYncorporeerd kUlmen worden. 
Talrijke studies met ISCOM-gebaseerde experimentele vaccins in 
dienuodellen hebben aangetoond dat zowel humorale als cellulaire 
inlluuumesponsen ge1nduceerd ktlmlen worden die meestal een excellente 
bescherming bieden tegen challenge infecties. Bovendien zijn ISCOM
gebaseerde influenzavaccins reeds getest in fase III studies in mensen en is 
een ISCOM-gebaseerd influenzavaccin voor pam'den op de markt. De 
meeste studies met ISCOM-gebaseerde vaccins zijn uitgevoerd met virale 
envelopeiwitten (bijvoorbeeld influenzavirus HA en NA) omdat deze, 
dankzij de hydrofobe transmembraansequenties, gemakkelijk te 
incorporeren zijn in de ISCOM structuur. Incorporatie van de meer 
hydrofiele interne virale eiwitten is doorgaans aileen mogelijk na 
modificatie van het eiwit met hydrofobe sequenties bijvoorbeeld door 
koppeling van vetZUl'en aan het eiwit of door middel van recombinant DNA 
technologie. Hoofdstuk 3 bescluijft een studie waarbij deze laatste 
mogelijkheid werd onderzocht. ISCOMs werden gemaakt in aanwezigheid 
van recombinant matrixeiwit met (rMAHA) of zonder (rMA) 
transmembraansequentie van HA. De noodzaak van een hydrofobe 
sequentie en incorporatie in de ISCOM structUUl' van het matrixeiwit met 
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betrekking tot MHC klasse I processing en presentatie van het HLA-A2-
gerestricteerde epitoop GILGFVFTL (aminozlll'en 58 tim 63) werd 
onderzocht gebruikmakend van cytotoxische T lymphocyten (CTL) die dit 
epitoop herkennen. rMAHA leek betel' ge¥ncorporeerd te worden in 
ISCOMs dan rMA, en MHC klasse I presentatie aan specifieke CTL in vitro 
werd aileen waargenomen voor rMAHA-ISCOMs. Echter, MHC klasse I 
presentatie werd ook waargenomen voor rMA en rMAHA gemengd met 
ISCOMs, waarbij de combinatie van ISCOMs en rMAHA de beste bleek. 
De conclusie van deze studie is dat incorporatie van influenzavirus 
Illatrixeiwit in ISCOMs niet noodzakelijk is, maar dat associatie met 
ISCOMs voldoende is voor ISCOM-gemedieerde processing en presentatie 
via de MHC klasse I pathway. Het feit dat incorporatie niet noodzakelijk is 
betekent dat het gebruik van ISCOMs als antigeenpresentatievorm niet 
gerestricteerd is tot de hydrofobe oppervlakteglycoprote¥nen HA en NA, 
maar ook toegepast zou kunnen worden voor het induceren van 
imll1uunresponsen tegen de ll1eer hydrofiele interne influenzaviruseiwitten 
zoals matrixeiwit en het nUcleoproteine (NP) welke waarschijnlijk 
belangrijke targets zijn voor CTL responsen. Theoretisch zou incorporatie 
van dergelijke eiwitten in ISCOM-gebaseerde influenzavaccins een bredere 
beschenning kunnen geven en wellicht zelfs de jaarlijkse aanpassing aan 
circulerende stannnen mindel' noodzakelijk Illaken. 
Processing van eiwitten voor MHC klasse I-gerestricteerde presentatie aan 
CTL vereist in het algell1een eiwitsynthese in het cytoplasma van cellen. 
Echter, exogene eiwitten (niet gesynthetiseerd door de cel), welke nonnaal 
worden geprocessed voor MHC klasse II -gerestricteerd presentatie aan T 
helpercellen, kUlmen via alternatieve routes geprocessed worden voor MHC 
kIasse I-gerestricteerde presentatie. Hoofdstuk 4 beschrijft MHC klasse I 
processing en presentatie van exogeen recombinant influenzavirus A NP 
(rNP) door B-lymphoblastoide cellijnen (B-LCL). MHC klasse I presentatie 
van het HLA-A3-gerestricteerde epitoop ILRGSVAHK (265 tim 273) en 
het HLA-B27-gerestricteerde epitoop SRYWAIRTR (383 tim 391) werd 
aangetoond gebruikmakend van specifieke CTL clones. HLA-A3-
geassocieerde presentatie vereiste ongeveer 100 maal hogere concentraties 
exogeen rNP dan HLA-B27-geassocieerde presentatie. De route waarlangs 
exogeen rNP werd geprocessed voor MHC klasse I presentatie we I'd 
onderzocht gebruiklllakend van remmers van de conventionele MHC klasse 
I processing en presentatie pathway (lactacystine en brefeldine A), remmel'S 
van processing in endosomen (chloroquine en NH4CI) en een cellijn zonder 
een functionele transporter geassocieerd met antigeenprocessing (TAP). De 
resultaten die hiennee werden verkregen duiden erop dat in normale B-LCL 
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cellen processing en presentatie voornamelijk ver/oopt via de conventionele 
MHC klasse I pathway en dat in cellen zonder functioneel TAP processing 
van rNP en associatie van peptiden met MHC klasse I moleculen in 
endosomen waarschijnlijk de meest belangrijke route is. 
De invloed van een mutatie in een CTL epitoop met betrekking tot MHC 
klasse I presentatie en herkenning door specifieke CTL is beschreven in 
hoofdstuk 5. Van 162 influenza A (H3N2) virussen die hlssen 1989 en 1999 
in Nederland werden gelsoleerd, werd van een deel van het NP gen dat vier 
CTL epitopen bevat, de aminozuurvolgorde bepaald. Een deel van de 
influenzavirussen uit het seizoen 1989-1990 bevatte een R384K mutatie in 
het HLA-B8-gerestricteerde epitoop ELRSRYWAI (380 t/m 388) en het 
HLA-B27-gerestricteerde epitoop SRYWAIRTR (384 t/m 391). Deze 
R384K mutatie werd niet meer aangetroffen bij influenzavirussen 
gelsoleerd na 1990. Een andere mutatie op dezelfde positie, R384G, werd 
gevonden in aile influenza A H3N2 virussen gelsoleerd vanaf het seizoen 
1993-1994 en leek dus geconserveerd. Geen aminozuunnutaties werden 
aangetroffen in de HLA-A3 en HLA-B37-gerestricteerde epitopen aanwezig 
in het NP. In CTL assays werd getoond dat cellen gelnfecteerd met 
influenza A virussen of recombinant vacciniavirus welke mutant NP tot 
expressie brengen, of gelncubeerd waren met mutante peptides, niet herkend 
werden door HLA-B27-gerestricteerde CTLs. Het introduceren van 
mutaties in CTL epitopen is een strategie die gebruikt word door vil'l1ssen 
die persistente infecties veroorzaken (bv. HIV) om CTL-gemedieerde 
i1l11l1uniteit te omzeilen en mutaties op het tweede aminozuUJ' (ankerresidu) 
van een HLA-B27 epitoop van het HIV -I Gag eiwit zijn in verband 
gebracht met verlies van specifieke CTL activiteit en progressie naar AIDS. 
De resuItaten van deze studie suggereren eenzelfde strategie voor 
influenzavirussen. Dit zou betekenen dat net zoals de continue introductie 
van mutaties in de oppervlakteglycoprotelnen HA en NA influenzavirussen 
de mogelijklleid bieden antilichaam-gemedieerde im1l1uniteit te omzeilen, 
mutaties in CTL epitopen influenzavil'l1ssen in staat stellen te ontsnappen 
aan CTL-gemedieerde immuniteit. 
Tenslotte beschrijft hoofdstuk 6 de ontwikkeling van enzyme-linked 
im1l1unosorbent assays (ELISAs) voor het meten van NP-specifieke IgA en 
IgG antistoffen in sera van influenzavil'l1s A of B-gelnfecteerde patienten 
gebl'l1ik1l1akend van rNP van influenzavirus A en B. Zowel de IgA als de 
IgG ELISA bleken antistoffen zeer specifiek te kunnen aantonen en de 
resultaten van de IgG ELISA verhielden zich goed tot de thans toegepaste 
haemagglutinatie-inhibitie (HI) test, die HA-specifieke antistoffen meet. 
NP-gebaseerde ELISAs zijn voor bepaalde doeleinden dus een bl'l1ikbaar 
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alternatief voor de HI test en hebben daarnaast nog een aantal voordelen. 
NP is een relatief geconserveerd eiwit en derhalve is het niet nodig om NP 
regelmatig te vervangen en kan in het geval van influenza A Vil'llSSen 
hetzelfde NP gebruikt worden voor het ll1eten van antistoffen geYnduceerd 
door zowel influenza A HINI en H3N2 virussen. Bovendien kan 
recombinant NP in ongelill1iteerde hoeveelheden en met een constante 
kwaliteit worden geproduceerd. Bovendien en is het aflezen van ELISAs 
eenvoudiger en ll1eer objectief dan het aflezen van de HI test. 
Samenvattend kan gesteld worden dat de studies beschl'even in dit 
proefschrift hebben getoond dat het gebrllik van een continue cellijn goede 
mogelijkheden biedt als alternatief voor de huidige vaccinproductie
procedure in kippeneieren en dat een mogelijke nieuwe generatie 
influenzavaccins gebaseerd op de ISCOM structuur de mogelijkheid biedt 
CTL activiteit te induceren tegen de interne virale antigenen. Hoewel deze 
antigenen relatief goed geconserveerd zijn, dient bij de ontwikkeling van 
influenzavaccins gericht op het induceren van CTL responsen rekening te 
worden gehouden met de mogelijkheid op het ontstaan van CTL escape 
mutanten. Ondanks dat influenzavirussen continu veranderen en dit de 
ontwikkeling van een uniform vaccin moeilijk, zo niet olUllogelijk, maakt, 
zullen nieuwe vaccinproductieprocedures en nieuwe genel'aties 
influenzavaccins bijdragen aan preventie en controle van influenza. 
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