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Background: Validation of hemagglutination inhibition (HI) assays is important for evaluat-
ing antibody responses to influenza virus, and selection of erythrocytes for use in these 
assays is important. This study aimed to determine the correlation between receptor bind-
ing specificity and effectiveness of the HI assay for detecting antibody response to pandem-
ic influenza H1N1 (pH1N1) virus.

Methods: Hemagglutination (HA) tests were performed using erythrocytes from 6 species. 
Subsequently, 8 hemagglutinating units of pH1N1 from each species were titrated by real-
time reverse transcription-PCR. To investigate the effect of erythrocyte binding preference on 
HI antibody titers, comparisons of HI with microneutralization (MN) assays were performed.

Results: Goose erythrocytes showed most specific binding with pH1N1, while HA titers 
using human erythrocytes were comparable to those using turkey erythrocytes. The eryth-
rocyte binding efficiency was shown to have an impact on antibody detection. Comparing 
MN titers, HI titers using turkey erythrocytes yielded the most accurate results, while those 
using goose erythrocytes produced the highest geometric mean titer. Human blood group 
O erythrocytes lacking a specific antibody yielded results most comparable to those obtained 
using turkey erythrocytes. Further, pre-existing antibody to pH1N1 and different erythrocyte 
species can distort HI assay results.

Conclusions: HI assay, using turkey and human erythrocytes, yielded the most comparable 
and applicable results for pH1N1 than those by MN assay, and using goose erythrocytes 
may lead to overestimated titers. Selection of appropriate erythrocyte species for HI assay 
allows construction of a more reliable database, which is essential for further investigations 
and control of virus epidemics.
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INTRODUCTION

Since March 2009 the H1N1 influenza pandemic has continued 

to emerge worldwide [1]. The infection with human pandemic 

influenza H1N1 (pH1N1) virus can cause respiratory illness, such 

as fever, cough, and sore throat and may cause severe symp-

toms in people with underlying conditions, such as heart and 

lung diseases, obesity, and diabetes [2]. To date, more than 

18,398 individuals have died from pH1N1 infection [3]. Although 

the WHO has categorized pH1N1 virus as a seasonal influenza 

virus that continuously co-circulates with H3N2 and influenza B, 

observations of cross-species infection of the triple re-assortant 
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virus have raised suspicions. Various strategies have been de-

veloped to control outbreaks and detection of virus genomic 

material can be performed using multiplex PCR [4, 5]; however, 

this method cannot be used to identify the influenza infection 

record after the clearance of viral particles in host cells. 

 The hemagglutination (HA) test is based on the HA protein’s 

specific ability to agglutinate red blood cells, and thus facilitates 

quantification of viral antigen prior to performing the hemagglu-

tination inhibition (HI) assay [6], which is one of the various lab-

oratory techniques applied to validate antibody titer against the 

pH1N1 virus. The microneutralization (MN) assay, which is con-

sidered the gold standard of antibody evaluation, blocks virus 

infection of host cell cultures by specific binding of the HA pro-

tein to antibody. In comparison, the HI assay, which is cheaper 

and less laborious, relies on the HA antigen to suppress HA in 

serum in the presence of antibodies specific to pH1N1.

 Because of the different types of glycoprotein and glycolipid 

composition of sialic acid (SA) receptors in each species, the in-

fluenza A virus preferentially binds to specific host erythrocytes 

[7-9]. Hence, human influenza A virus preferentially binds to si-

alyloligosaccharides containing N-acetyl neuraminic acid α-2,6-

galactose (NeuAc α-2,6-Gal), while avian and equine influenza 

viruses favorably biwnd to oligosaccharides containing N-acetyl-

neuraminic acid and N-glycolylneuraminic acid α-2,3-Gal, re-

spectively [10, 11]. According to a previous study, there are more 

NeuAc α-2,6-Gal molecules than NeuAc α-2,3-Gal molecules on 

the surface of human erythrocytes (blood type O), turkey, pig, 

and guinea pig erythrocytes, than on those of chicken and 

goose erythrocytes [12, 13]. The aim of this study was to estab-

lish the correlation between receptor binding specificity and the 

likelihood of HA during HA tests and the effect of HA on anti-

body investigation by using the HI assay. To select the most ap-

propriate erythrocytes for the HI assay, potential interference 

with the assay of specific erythrocyte preferences was investi-

gated and compared with the results obtained by MN assay. We 

consider that the results of this study could facilitate the con-

struction of a more accurate database, which is essential for the 

study and control of virus epidemics.

METHODS

1. Viruses
Four strains of virus comprising 3 strains of human pandemic 

virus H1N1, A/Thailand/CU-H88/2009 (CU-H88), A/Thailand/CU-

B1400/2009 (CU-B1400), and A/Thailand/CU-H1492/2010 (CU-

H1492) (Genbank Accession Nos., HM446345 and HM446344), 

and a seasonal H1N1 influenza virus, A/Thailand/CU-41/2006 

(Accession No., EU021246.1) were used as the viral antigens in 

this study. These viruses had been isolated from previous out-

breaks of influenza virus in Thailand [5, 14]. The viruses were 

propagated in 10-day-old embryonated eggs at the Center of Ex-

cellence in Clinical Virology, Faculty of Medicine, Chulalongkorn 

University, as previously described [15].

2. Erythrocyte species
Six erythrocyte species derived from healthy turkeys (4), chicken 

(2), geese (3), pigs (3), horses (2), and humans (blood group O; 

4) were used in this study. Fresh blood samples were combined 

with equal volumes of Alsever’s solution and stored at 4ºC until 

used (within 72 hr). Because of reports of pH1N1 infection in 

human and swine populations, human and pig erythrocytes were 

tested for pre-existing antibodies against pH1N1 virus before per-

forming the HA test. Pig and human erythrocytes, which were 

used in HA did not have pre-existing antibody against pH1N1  

virus as determined by the HI assay. Because of lack of evidence 

for horse and avian pH1N1 infection, their sera were not tested 

for pH1N1 antibody.

3. Human sera
The human specimens used were anonymous and provided by 

the Director of King Chulalongkorn Memorial Hospital and 

Chumphae Hospital, Khon Kaen. The human specimens were 

used under the Institutional Review Board (IRB) No. 431/52, 

which was approved by the Ethics Committee of the Faculty of 

Medicine, Chulalongkorn University.

 The 96 serum samples used in this study were divided into 2 

groups, as described below.

 Group I: Paired sera of Influenza-Like Illness (ILI) patients 

with positive PCR for pH1N1 infection
Twenty-one paired sera (acute and convalescent paired samples) 

were obtained from outpatients diagnosed with acute respiratory 

tract illness with ILI at Chumphae Hospital, Khon Kaen province, 

Thailand. The participants in the study consisted of 8 males and 

13 females with average age of 14.86 years. Their nasal swabs 

were positive for pH1N1 when screened using real-time reverse 

transcription (RT)-PCR assays, as described in a previous study 

[16]. The acute sera were collected within the first 7 days after 

onset of symptoms, and the convalescent sera were collected at 

least 14 days after onset of the disease.

 Group II: Single sera of healthy individuals in Thailand
Fifty-four single sera were collected from healthy volunteers 

without respiratory symptoms, from Chumphae district, Khon 



Makkoch J, et al.
Effect of RBC binding preference of pH1N1 on HI assay

278 www.annlabmed.org http://dx.doi.org/10.3343/alm.2012.32.4.276

Kaen province, Thailand to be screened for antibodies against 

pH1N1 virus in the general population of Thailand. The partici-

pants in this study consisted of 30 men and 24 women with an 

average age of 47.6 yr [17].

 All samples were stored at -70°C until tested.

4. HA test
The HA assay against pH1N1 was performed on 6 erythrocyte 

species; turkey, chicken, goose, human, horse, and pig. Identi-

cal aliquots of pH1N1 strains A/Thailand/CU-H88/2009 (H1N1), 

A/Thailand/CU-B1400/2009, and A/Thailand/CU-H1492/2010 

(H1N1) and a seasonal H1N1 influenza virus A/Thailand/CU-

41/2006 were used as virus antigens in the HA test. Erythrocyte 

species were used at a 0.5% (for chicken, goose, and turkey) 

and 1% (for pig, horse, and human) concentrations suspended 

in phosphate buffered saline (PBS; pH 7.4). Each strain of virus 

was titrated by HA test in all 6 erythrocyte species in 96-well mi-

crotiter plates with V-shaped wells (Greiner Bio-One GmbH, 

Kremsmuenster, Austria). The HA test procedure was devel-

oped on the basis of a previous publication by the WHO [6, 18].

5. Real-time RT-PCR assays
The 8 hemagglutinating unit virus (HAU) detected by HA test 

with each erythrocyte species were 10-fold serially diluted. RNA 

was extracted from each virus dilution using the Viral Nucleic 

Acid Extraction Kit (RBC Bioscience Co, Taipei, Taiwan) follow-

ing the manufacturer’s instructions. RNA was used as template 

for viral titration by real-time RT-PCR with primers and probes as 

previously described; briefly, reactions were performed using the 

SuperScript III Platinum One-Step RT-PCR system (Invitrogen, 

Carlsbad, CA, USA) on a Rotor-Gene 3000 (Corbett Research, 

New South Wales, Australia) [5].

6. HI assays
To determine whether erythrocyte binding preference of pH1N1 

virus could alter the results of HI assays, sera were initially incu-

bated with receptor-destroying enzyme (RDE), as described pre-

viously [19]. In the HI assay, pH1N1 A/Thailand/CU-H1492 (CU-

H1492) was used as the viral antigen. Different erythrocyte spe-

cies (turkey, chicken, goose, and human O type) were tested at 

identical concentrations (0.5% v/v). The HI assay was performed 

as previously described [6, 18].

7. MN assays
The MN assay was performed following the Centers for Disease 

Control and Prevention (CDC) protocol [20, 21]. Serum samples 

were 2-fold serially diluted from 1:10 to 1:1,280 in 96-well microti-

ter plates using virus diluent (85.8% DMEM [GIBCO, Grand Is-

land, NY, USA], 0.56% bovine serum albumin fraction V [Merck, 

Darmstadt, Germany], 25 mM HEPES buffer [Invitrogen], 100 

mg/L streptomycin [Invitrogen], and 10,000 units/L penicillin 

[Invitrogen]). pH1N1 A/Thailand/CU-H1492 (CU-H1492) propa-

gated in embryonated eggs was used in the MN assay. After se-

rial dilution of sera, the 100 median tissue culture infective dose 

(TCID50) was added to the plate so that each well contained 100 

TCID50/50 µL of virus, calculated using the Reed-Muench 

method [22]. The mixture of serum and virus was incubated for 

60 min before 100 µL of 1.5×105 Madin-Darby Canine Kidney 

(MDCK) cells/mL in log phase growth, not exceeding the 25th 

passage, were added to the plate. The mixture was incubated 

for 18-22 hr at 37ºC, 5% CO2. After incubation, the plates were 

washed with PBS followed by cell fixation in cold 80% acetone. 

ELISA against the nucleoprotein (NP) of influenza A was per-

formed and endpoint titers were expressed as optical density (OD). 

 To compare HI titers to the titers obtained by the MN assay, 

percent accuracy and percent acceptability of the HI assay us-

ing different erythrocyte species were calculated. To calculate 

the percent accuracy, the number of HI titers that perfectly 

matched the MN titer were divided by total number of serum 

samples and then multiplied by 100. The number of HI titers 

matching the MN titer within±2-fold were used to calculate per-

cent acceptability by using the same formula.

8. Statistical analysis
The geometric mean titers (GMTs) of HI assays obtained using 

different erythrocyte species and MN titers were calculated. The 

Statistical Package for the Social Sciences (SPSS) software version 

17.0 (IBM, Somers, NY, USA) was used for statistical evaluation.

9. Ethical considerations
All participants were notified about their rights and the objectives 

of the study. Their written consent was obtained before specimen 

collection. The protocol of the immunological study was approved 

by the Ethics Committee of the Faculty of Medicine, Chulalong-

korn University.

RESULTS

1. HA titers
Four virus strains were employed in 3 different experiments, with 

6 distinct species of red blood cells. In the HA test, the erythro-

cyte binding efficiency was demonstrated by the HA titers ob-
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tained for each human influenza virus with the 6 different eryth-

rocyte species (Table 1). The results showed that the HA test 

conducted on goose erythrocytes gave the highest titers than 

those obtained using other erythrocyte species, while horse and 

pig erythrocytes did not agglutinate with both human seasonal or 

pandemic influenza virus. Human and turkey erythrocytes ap-

peared to express comparable HA titers, although turkey eryth-

rocytes are used as the standard erythrocytes according to WHO 

recommendation; HA test using chicken erythrocytes yielded 

lower HA titers than those using turkey erythrocytes (Table 1).

2. Real-time RT-PCR assay results
To confirm the quantity of virus in relation to different red blood 

cell binding specificity and to compare the viral titers obtained 

using the HA test, 8 HAU of seasonal and pH1N1 influenza A 

virus obtained using 4 erythrocyte species (turkey, chicken, 

goose, and human) were serially diluted and titrated by real-

time RT-PCR. The cycle threshold (CT) value of real-time RT-

PCR (Table 2) represents the amount of virus in each species. 

The 8 HAU of pH1N1 obtained using goose erythrocytes showed 

the highest CT values (19.7-33.0) using a 1 to 10-4 dilution for HA 

system, while the CT values obtained in turkey and human eryth-

rocytes were comparable (18.6-31.3 and 18.1-31.3, respectively). 

Low CT values were obtained for the 8 HAU pH1N1 using chicken 

erythrocytes (16.8-30.8). As expected, 8 HAU of seasonal influ-

enza virus had high CT values in all erythrocyte species (Table 2).

3. HI assay results compared to MN assay titers
Additionally, to investigate whether the erythrocyte binding pref-

erence of pH1N1 influenza virus had any effect on the level of 

HI antibody titers, the HI assay was performed on 96 serum 

samples with pH1N1 strain A/Thailand/CU-H1492/2010 in 4 dis-

tinct erythrocyte species (turkey, chicken, goose, and human). 

Table 2. CT values of 8 hemagglutination (HA) unit serial dilutions for 4 erythrocyte species of human pandemic H1N1 and seasonal H1N1*, 
obtained using real-time reverse transcription (RT)-PCR assays

Virus 
dilution

FluA (CT)* H1N1 (CT)†

Turkey Chicken Goose Human Turkey Chicken Goose Human

pH1N1 CU41 pH1N1 CU41 pH1N1 CU41 pH1N1 CU41 pH1N1 CU41 pH1N1 CU41 pH1N1 CU41 pH1N1 CU41

HA8-100 17.0 21.3 15.4 21.2 17.6 22.2 16.5 20.5 18.6 21.2 16.8 19.8 19.7 20.1 18.1 18.2

HA8-10-1 20.3 23.8 19.2 23.3 20.8 23.8 19.5 22.8 21.8 25.8 20.8 22.6 22.4 22.4 21.3 21.7

HA8-10-2 23.6 26.4 22.4 26.7 24.0 28.4 22.7 26.1 25.1 28.9 23.9 26.0 26.4 25.5 24.6 24.6

HA8-10-3 26.9 30.2 25.6 32.0 26.5 30.9 26.3 29.3 27.8 30.9 27.0 28.3 29.1 28.0 28.4 27.7

HA8-10-4 30.5 33.2 28.4 37.2 29.9 34.6 29.3 32.6 31.3 33.5 30.8 31.7 33.0 31.2 31.3 30.0

HA8-10-5 33.7 35.6 31.2 42.9 33.6 37.6 33.5 39.0 36.2 36.0 33.8 34.6 36.0 33.2 35.5 32.9

HA8-10-6 36.5 38.9 35.7 - 37.7 - 39.1 - 42.0 39.3 36.0 - 38.6 - 37.1 36.4

HA8-10-7 - - - - - - - - - - 39.5 - - - 43.6 -

*Data in left panel (FluA CT) express the mean CT value using primer for the M gene of influenza A virus and †data in the right panel (H1N1 CT) show the CT 
value using primers for the H1 gene of the influenza virus.
Abbreviation: CT, cycle threshold.

Table 3. GMTs, percent accuracy, and percent acceptability of HI 
assays obtained with each erythrocyte species, compared to MN 
assay titers

Turkey Chicken Goose
Human

(without Ab)*
Human

(with Ab)†

GMT 71.91 32.10 122.19 62.64 39.61

% accuracy 56.25 29.17 48.96 55.21 30.21

% acceptability 64.58 57.29 59.37 62.50 58.33

Human erythrocytes without antibody (*) and with Ab (†) were identified by 
testing for pre-existing antibody against the pH1N1 virus in human subjects 
whose erythrocytes were obtained for the HI assay.
Abbreviations: GMT, geometric mean titer; HI, hemagglutination inhibition; 
MN, microneutralization.

Table 1. HA titers of H1N1 obtained using 6 different erythrocyte 
species

Influenza 
virus

Type
Accession 

No.
HA titers by erythrocyte source

Turkey Chicken Goose Human Pig Horse

A/Thailand/
CU-H88/2009

pH1N1 HM446345 128 16 128 64 <2 <2

A/Thailand/CU-
B1400/2009

pH1N1 128 32 256 64 <2 <2

A/Thailand/CU-
H1492/2010

pH1N1 64 16 128 64 <2 <2

A/Thailand/
CU-41/2007

H1N1 EU 021246 64 32 64 32 <2 <2

Abbreviation: HA, hemagglutination.
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The 8 HAU were titrated following WHO recommendations. The 

GMT for the MN assay was 91.52. The HI titers obtained with 

each erythrocyte species were compared. Furthermore, the per-

cent accuracy (values exactly equal to MN titers) and percent 

acceptability (±2-fold of MN titers) were calculated after com-

paring with MN titers (Table 3).

 This study proved that pre-existing antibody can interfere with 

titers observed in the HI assay. Turkey erythrocytes were used 

for testing the HI titer of serum obtained from human subjects 

whose erythrocytes were used in the HI assay and found that 

performing the assay on human blood group O erythrocytes neg-

ative for antibody against pH1N1 yielded HI titers most closely 

related to those obtained using turkey erythrocytes. Goose eryth-

rocytes yielded the highest GMT (122.19), followed by that of tur-

key (71.91), human group O (62.64), and human blood group O 

with antibody (39.61). Using chicken erythrocytes in the HI assay 

provided the lowest GMT value (32.10). Comparison of HI results 

with those from MN assay indicated that turkey erythrocytes pro-

vided the most reliable results (% accuracy=56.25; % accept-

ability=64.58) and human erythrocytes (without antibody against 

pH1N1) showed similar results (% accuracy=55.21; % accept-

ability=62.50), followed by goose, human blood group O with 

antibody, and chicken erythrocytes (Table 3).

DISCUSSION

This study aimed to investigate the erythrocyte binding prefer-

ences of human pandemic influenza virus, H1N1 and their ef-

fects on antibody levels measured by HI titers of various erythro-

cyte species. Various studies have described different sialyloli-

gosaccharide distributions; however, their exact biological role is 

unknown [19, 23-27]. This phenomenon can cause differences 

in the erythrocyte binding efficiency of influenza virus, depend-

ing on receptor specificity in the host species of origin [8, 12].

 The HA molecules of the influenza virus interact in a different 

manner with specific types of SA molecules [13, 28]. Therefore, 

avian and equine influenza viruses prefer to interact with the 

different SA molecule in human [8, 10, 29]. According to a pre-

vious study, the classical swine influenza virus can bind to both 

galactose linkages, but the modified swine influenza virus is not 

able to bind to swine erythrocytes [30]. These previous findings 

correspond well with our results from the HA test and real-time 

RT-PCR. From the real-time RT-PCR results, high CT values for 

the same virus dilution (interpreted as low viral quantities) rep-

resent high binding efficiency, indicating the binding preference.

 Therefore, the results showed that the pH1N1 virus had the 

highest efficiency in binding with goose erythrocyte but its effi-

ciency was less than that of seasonal H1N1 virus. The binding 

efficiencies of human and turkey erythrocytes for pH1N1 virus 

were comparable, while the virus showed relatively low preference 

for chicken erythrocytes. These results indicated that pH1N1  

virus can recognize and bind to cells containing SA-α-2,6-Gal. It 

appears that pH1N1 agglutinates goose erythrocytes more than 

the erythrocytes of other avian species (chicken and turkey). 

This observation suggests that there are some differences on the 

erythrocyte membranes of chicken, turkey, and goose, which 

could be the proportion of SA-α-2,6-Gal and SA-α-2,3-Gal mole-

cules or that of the SAs, NeuGc and NeuAc. It may also indicate 

different distributions of other residues [13]. In addition, the re-

sults showed that neither pH1N1 nor seasonal H1N1 influenza 

virus were able to agglutinate equine erythrocytes. These results 

agree with those of a previous study showing that SA molecules 

on horse and cow cell membranes consist mainly of large 

amounts (93%) of glycolyl type, especially the α-2,3 linkage [31].

 The results obtained using goose erythrocytes should be con-

sidered. Our results, similar to those of a study by Wiriyarat et al. 

[32], showed that goose erythrocytes yielded more sensitive HA 

titers than that using turkey erythrocytes, while a study by Ily-

ushina et al. showed a significantly lower HA titer using goose 

erythrocytes than that using turkey erythrocytes [30]. This phe-

nomenon may be clarified by the fact that within the genus of 

goose, there are 3 genera of living true geese belonging to the 

subfamily Anserinae: Anser, referring to the gray geese or do-

mestic geese; Chen, referring to white geese, although some-

times included in the genus Anser; and Branta which are black 

geese, such as the Canada goose [33]. The use of different gen-

era of geese may affect the proportion of different types of SA 

molecules on the cell membrane, and thus result in different HA 

titers. Molecular sequencing of the SA receptor in these 3 genera 

of geese and comparison with the sequence of the pH1N1 influ-

enza virus at the receptor binding site should be considered.

 Our results of the HA test using chicken erythrocytes produced 

result similar to that by previous studies [30, 32]. However, in 

contrast to the results of our study, Wiriyarat et al. showed that 

pH1N1 virus could not agglutinate chicken erythrocytes [32]. Al-

though the HA titers obtained using chicken erythrocytes were 

quite low, our results showed that the pH1N1 virus can aggluti-

nate chicken erythrocytes, which was in concordance with the 

results of the study by Ilyushina et al. [30]. However, an alteration 

in the specificity for SA binding preference from SA-α-2,6-Gal to 

SA-α-2,3-Gal can occur because of a single amino acid change 

in the HA molecule [11]. This suggests that a mutation which po-



Makkoch J, et al.
Effect of RBC binding preference of pH1N1 on HI assay

281http://dx.doi.org/10.3343/alm.2012.32.4.276 www.annlabmed.org

tentially could have occurred during the emergence of this virus, 

may be correlated with the agglutination capacity of the virus. 

Potential mutations that might affect the binding affinity of HA 

molecules of pH1N1 species would require further investigation. 

 We also investigated whether different specificities in erythro-

cyte binding of pH1N1 resulted in variation in HI titers. The re-

sults showed that goose erythrocytes were the most sensitive in 

HI assays. However, although the HI assays performed with 

goose erythrocytes provided the highest HI titers among all spe-

cies tested, the accuracy compared to MN assay results was 

less than that obtained using turkey erythrocytes. According to 

a previous study, there are more α-2,6-Gal than α-2,3-Gal on 

erythrocytes of human, turkey, and pig and more α-2,3-Gal on 

those of chicken and goose [12]. Therefore, there may be an-

other general recognition mechanism for pH1N1 resulting in 

higher affinity of pH1N1 HA for the receptor molecule of goose 

erythrocytes; this requires further investigation. The HI titers ob-

tained with human blood group O (without antibody against 

pH1N1) ranked second, most closely related to HI titers obtained 

with turkey erythrocytes followed by human erythrocytes with 

pH1N1 specific antibody, however these yielded the lowest per-

cent accuracy, while the HI assay conducted on chicken eryth-

rocytes produced the least sensitive result, with the lowest per-

cent accuracy and also some incomplete inhibitions. 

 In addition, when comparing the HI titers obtained with human 

blood group O erythrocytes with and without specific antibody, 

the results showed an interference of specific antibodies with 

the HI assays. Therefore, substitution of human blood group O 

erythrocytes in HI assays in place of turkey erythrocytes would 

require prior testing of specific antibody. On the basis of a previ-

ous study, more than 40% of Thai people have already been in-

fected with pH1N1 [17]. Moreover, it appears difficult to identify 

naïve humans as the pH1N1 has been continuously erupting for 

more than 1 year. In addition, perinatal transmission of pH1N1 

has been reported [34]. pH1N1 displayed a host species-spe-

cific preference in its erythrocyte agglutination. Use of human 

blood group O (without antibody against pH1N1) will provide HI 

titers most closely related to those obtained with turkey erythro-

cytes. The various affinities in erythrocyte binding will affect the 

reliability of the results obtained using the HI assay. Appropriate 

selection of erythrocyte species for HI assay will allow construc-

tion of a more reliable database, which will be essential for fur-

ther investigation and control of virus epidemics, such as herd 

immunity and vaccine policy.
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