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Influenza virus is one of the most prevalent and highly contagious pathogens, which continues to 
have a significant impact on society. Despite the fact that this virus is thoroughly studied the 
disease is at best managed rather than controlled due to constant antigenic changes in two major 
viral coat proteins, haemagglutinin (HA) and neuraminidase (NA) that lead to the constant 
emergence of new virus strains against which there is sub-optimal immunity. The single radial 
immunodiffusion (SRID) assay is currently used to determine vaccine potency (Fig. 1). In order to 
perform SRID, HA must first be purified and then used for the production of HA-specific 
antiserum. This poses a potential bottleneck for vaccine manufacture and is of particular concern 
for the generation of SRID reference reagents and antisera for pandemic H5N1 and H1N1 vaccines. 
In addition, the test can be influenced by the physical state of the vaccine preparation (e.g. Tween-
ether split vs. monovalent whole virus); it does not provide any information concerning presence of 
other viral proteins and possible non-viral protein contaminations; and it cannot distinguish 
between drift variants of different strains. Alternative proteomics-based assays that are independent 
of such reagents would alleviate those problems. This work reports on an ongoing effort to develop 
a mass-spectrometry (MS)-based technique that provides both qualitative and quantitative analysis 
of monovalent and trivalent influenza vaccine preparations and on development of an antibody-
independent MS-based method that can determine the stability of HA in influenza vaccines without 
the need to generate or ensure stability of reagents (sheep antisera and reference antigens). 
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Figure 2: Scheme of mass specFigure 2: Scheme of mass spec--based influenza virus strain identificationbased influenza virus strain identification

Figure 3: Scheme of quantification of influenza virus proteinsFigure 3: Scheme of quantification of influenza virus proteins

• MS-based analysis of an influenza vaccine allowed rapid and accurate identification 
of each virus strain (Fig. 4). In addition, this approach enabled identification of other 
viral and host cell proteins coexisted in the viral preparation.

• 1DE separation of protein mixtures and tryptic digestion of excised bands followed 
by MALDI TOF/TOF analysis can be used as a label-free strategy for relative 
quantification of proteins (Fig. 5). We also confirmed the applicability of this 
technique in determining the relative quantities of proteins co-migrating in SDS 
PAGE of influenza virus preparations. 

• Preliminary results of mass spec-based stability study on rHAs show this approach 
could have a potential to determine the stability of HA in influenza vaccines (Fig. 6).

• These methods have potential significance in the development of quality control 
assay for influenza vaccines and are relevant to the oversight of current influenza 
vaccines for several reasons: 
� Licensed inactivated vaccines are now available from five manufacturers and 

while the current methods ensure equivalent potency, there are no tests in place 
that confirm the HA strain or specifically identify proteins present in the final 
formulation. 

� At present influenza vaccines use virus that is grown in eggs, but it is expected 
that virus cultured in mammalian cells or recombinant antigens expressed in 
various cell types may be licensed in the future. Analysis of influenza vaccines by 
MS can be used to confirm inclusion of the appropriate HA and characterize 
vaccine composition more fully. 

• Together with modern techniques to quantify the antigens and evaluate antigenic 
structure, these types of analysis can potentially be used for quality control of the 
final product that is distributed for human use.

aThe selected strains were:Influenza A strain (H1N1:A/Solomon Islands/3/2006, A/New Caledonia/20/99, and A/Beijing/262/95; H3N2:A/Brisbane/10/2007, 
A/Wisconsin/67/2005, A/Hiroshima/52/2005, A/New York/55/2004, A/California/7/2004, A/Wyoming/3/2003, A/Fujian/411/2002, A/Moscow/10/99, A/Panama/2007/99, 
and A/Sydney/5/97; H5N1:A/Turkey/15/2006, A/Indonesia/5/2005, A/Anhui/1/2005,  and A/Vietnam/1203/2004) and Influenza B strain (Victoria–like:B/Ohio/1/2005, 
B/Malaysia/2506/2004, B/Hong Kong/330/2001, B/Shandong/7/97, and B/Victoria/2/87; Yamagata-like:B/Florida/02/2006, B/Sichuan/379/99, B/Johannesburg/5/99, and 
B/Yamagata/16/88 

bRecombinant HAs from Influenza A virus (A/New Caledonia/20/99 (H1N1), A/Wisconsin/67/2005 (H3N2), A/New York/55/2004 (H3N2), A/Wyoming/3/03 (H3N2), and 
A/Vietnam/1203/2004 (H5N1)) and Influenza B virus (B/Ohio/01/2005) produced in insect cells using the baculovirus expression vector system

cWhole virus preparation from Influenza A virus (A/New Caledonia/20/99 (H1N1) and A/Wisconsin/67/2005 (H3N2)) extracted from virus inoculated into 10-day old 
embryonated hen’s eggs that were incubated at 33 oC for 3 days by ultracentrifugation

dThe 2006/2007 Influenza Trivalent Vaccine containing A/New Caledonia/20/99, A/Wisconsin/67/2005, and B: B/Malaysia/2506/2004 

Selection of Influenza A (H1N1, H3N2, 
and H5N1) and influenza B strainsa

Extraction of haemagglutinin sequences 
for the selected strains from influenza 

virus database

In-silico tryptic digestion of HA

Searching for unique peptides for each 
strain

In-silico Experiment Mass Spec Experiment

rHAb, whole virusc and trivalent vaccined

preparation of selected strains

In-solution tryptic digestion of the selected 
samples

Chromatographic separation and direct 
spotting on a MALDI plate using Tempo™

LC MALDI instrument

MS/MS analysis and database searching

Comparison

aPressure-assisted digestion was performed in a Barocycler NEP3229 instrument (Pressure BioSciences, Inc., South 
Easton, MA) by applying 45 cycles of high (35 kpsi for 55 s) and low (atmospheric pressure for 5 s) pressures.

bThe average peak intensity of the three most intense tryptic peptides for each protein was calculated and this value 
was normalized by the average peak intensity of the three synthetic tryptic peptides of catalase

Separation of proteins of primary liquid standard  
preparation of A/Uruguay/716/2007 on SDS PAGE

Excision of Coomassie Blue stained bands 

Pressure-assisteda in-gel tryptic digestion of the excised 
bands

Spiking of the digest with known quantities of three 
synthetic tryptic catalase peptides

Direct spotting of the digest on a MALDI target plate and 
MALDI TOF/TOF analysis

Relative protein quantificationb

Peptide identification by database searching
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Diagonal crosshatch bars represent unique peptides to the specific strain. Gray bars represent in silico tryptic peptides expected in more than one strain.
a underlined amino acids represent sites of mutation. 
b rHA from these strains were experimentally analyzed and peptides observed by MS/MS are marked by **, whereas those observed by MS only are marked by *.  

Figure 4: In silico tryptic digest of HA from influenza A H3N2 strains used in vaccine preparation over the last 10 
years

 1 998-2 000 Current

2519.27 3-27 LPG NDNSTATLCLGH HAVSNG TLV K
2529.29 3-27 LPG NDNSTATLCLGH HAVPNG TIVK
2464.22 28- 50 TITNDQ IEVTNATELV QSSSTGR
2701.26 58- 82 ILDGENC TLIDALLGD PHCDGFQNK
3481.58 51- 82 IC DSPHQILD GENC TLID ALLGDPHC DGFQNK

5818.70 28- 82
TITNDQ IEVTNATELV QSSSTGGICD SPHQILDG
ENCTLIDALLG DPQ CDGFQN K

1093.53 83- 90 EWDLFVER
96 4.4 9 84- 90 WDLFVER ** ** **

143- 150 S IKSFFSR
143- 150 SNK SFFSR

95 8.4 4 143- 150 SNNSFFSR **
1051.60 151- 158 LNWLHQLK
1024.59 151- 158 LNWLTHLK ** ** **
1015.59 151- 158 LNWLTQLK
1476.72 161- 173 Y PALNVTMPN N DK
1490.73 161- 173 Y PALNVTMPN NEK
2789.33 177- 201 LYIWGVHHP STDSDQTSIY AQASGR
2819.34 177- 201 LYIWGVHHPSTDSDQ TSLYTQASGR
2801.36 177- 201 LYIWGVHHPSTDSDQ ISLYAQASGR
2813.40 177- 201 LYIWGVHHPVTDSDQ ISLYAQASGR
2771.35 177- 201 LYIWGVHHPGTDSDQ ISLYAQASGR
2063.05 177- 193 LYIWGVHHP VTDNDQIR **
2797.38 177- 201 LYIWGVHHPGTNNDQISLYA QASGR
2900.45 177- 201 LYIWGVHHP VTDNDQIFLY AQASG R
2842.37 177- 201 LYIWGVHHPGTDNDQIFPYAQASG R
1838.00 209- 224 SQQTVIPNIGSRPWVR
1628.89 209- 222 SQQTVIPNIGY RPR ** **
1552.86 209- 222 SQQTVIPNIGSRPR **
1455.68 355- 368 H QNSEGTGQAADLK
1467.72 355- 368 H QNSEGIGQ AADLK
1244.66 369- 380 STQ AAINQINGK ** ** *
1245.64 369- 380 STQ AAIDQING K
1051.47 473- 482 C DNAC IGSIR ** *
1123.49 473- 482 C DNAC IESIR *
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Figure 5: 1D SDS PAGE separation and quantification of influenzaFigure 5: 1D SDS PAGE separation and quantification of influenza proteins from proteins from 
A/Uruguay/716/2007. Gel was run under nonA/Uruguay/716/2007. Gel was run under non--reducing conditions.reducing conditions.
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Figure 1: Scheme of Single Radial Immunodiffusion (SRID)

Figure 6: Mass specFigure 6: Mass spec--based stability study on based stability study on rHArHA from A/California/04/09 stored in a from A/California/04/09 stored in a 
refrigerator for 4, 6 or 8 weeks and digested with refrigerator for 4, 6 or 8 weeks and digested with typsintypsin for 10 or 120 minutes. for 10 or 120 minutes. 
Quantitative changes in relation to storage time and duration ofQuantitative changes in relation to storage time and duration of digestion of two of the digestion of two of the 
peptides, i.e., EFNHLEK (peptides, i.e., EFNHLEK (m/zm/z = 916.4) and MNTQFTAVGK (= 916.4) and MNTQFTAVGK (m/zm/z = 1096.5) are shown = 1096.5) are shown 
in the left and right panels, respectively. in the left and right panels, respectively. 


