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Anti-H5N1 antibody was determined by microneutralization, hemagglutination inhibition, and Western
blotting assays in serial blood samples collected from eight Thai patients, including four fatal cases and four
survivors. The antibody was detected as early as 5 days and, typically, with an increase in titer in paired blood
at about 15 days after disease onset. The anti-H5 antibody response was long-lasting, for almost 5 years in
cases which can be followed that far. In addition, cross-neutralizing activity to related clade 1 viruses was
observed.

During the first outbreak of human highly pathogenic avian
influenza (HPAI) virus H5N1 disease in Hong Kong in 1997,
the microneutralization (microNT) assay was used to detect
acute antibody responses in virologically confirmed cases, but
the durability of the response was not assessed (4). The
microNT assay was more sensitive than the traditional hemag-
glutination inhibition (HI) assay, which used erythrocytes from
avian species in detecting human antibodies induced by H5
viruses (7). The sensitivity and specificity of microNT could be
improved when it was combined with a confirmatory Western
blot (WB) assay (7).

Since late 2003, highly pathogenic avian influenza (HPAI)
H5N1 viruses have caused unprecedented outbreaks in poultry
in 61 countries (10). Human disease has accompanied the
global spread of the virus, and as of 14 January 2009, 394
human H5N1 virus infections had been reported by the World
Health Organization (WHO), with an overall fatality rate of
over 60% (13). Despite these case numbers, information on
the kinetics, and in particular the persistence of H5 virus-
specific antibody in humans infected with H5N1 viruses, is
lacking. This information could guide H5N1 vaccine studies
and the optimal design of seroepidemiological investigations to
better understand the extent of and risk factors associated with
human H5N1 infection. In 2006, WHO included serodiagnosis
as one among other criteria for an H5N1 confirmed case, i.e.,
(i) a fourfold or greater rise in neutralizing antibody titer in
paired blood samples of which the acute blood has been col-
lected within 7 days after symptom onset and the convalescent
sample achieves a titer of �1:80, or (ii) presence of a neutral-
izing antibody titer of �1:80 in a single serum sample collected
14 or more days after symptom onset together with a positive

result using a different serological assay, such as the horse
erythrocyte HI assay or an H5-specific WB positive result (12).

Thailand reported the first human case of H5N1 disease on
23 January 2004. No human case has occurred after July 2006;
in total, there have been 25 human cases with 17 deaths. The
diagnosis of H5N1 infection in human cases in Thailand is
primarily based on results of conventional and real-time re-
verse transcription-PCR (RT-PCR) and virus isolation meth-
ods. Serological tests have been introduced more recently. The
present study reports the results of serological analyses con-
ducted by using the microNT, HI, and WB assays to explore
the kinetics and longevity of the antibody response to H5N1
virus infection in fatal cases and survivors.

MATERIALS AND METHODS

Ethical issues. This study has been approved by two Ethical Committee for
Human Research panels: one from the Faculty of Medicine Siriraj Hospital,
Mahidol University, and the second one from the Ministry of Public Health,
Thailand. Subjects or parents gave consent to participate in the follow-up blood
collection.

Subjects. Eight individuals, four fatal cases and four survivors, were included
in this study. All of them were diagnosed with H5N1 virus infection by both
RT-PCR and virus isolation methods. Nucleotide sequencing showed that all of
the isolated viruses belonged to clade 1. The demographic data for these subjects
are shown in Table 1. Serial blood samples from the four survivors were collected
at approximately 6-month intervals. Serum or plasma samples were kept frozen
at �20°C until tested.

Viruses. Two human H5N1 isolates belonging to genotype Z, clade 1, were
used for serodiagnosis in this study. A/Thailand/1(KAN-1)/04 (KAN-1), the first
human virus isolated in the country, was isolated in January 2004, and A/Thai-
land/676(NYK)/05 (NYK) was isolated in December 2005 during the third wave
of the epidemic. The latter virus contains two mutational changes: A134V in the
receptor binding site and R325K in the cleavage site of the hemagglutinin (HA)
molecule (1, 6). Complete genomic sequences of the two virus isolates used in
this study are available through GenBank. KAN-1 preferentially binds sialic acid
�2,3-linked galactose (SA�2,3Gal), while NYK preferentially binds sialic acid
�2,6-linked galactose (SA�2,6Gal) (1). The viruses were propagated in MDCK
cell monolayers without serum supplement. Experiments related to infectious
viruses were conducted in biosafety level 3 facilities.

Microneutralization assay. An enzyme-linked immunosorbent assay (ELISA)-
based microNT assay was conducted for detection of NT antibody. The test
protocol followed what is described in the WHO manual, with a small modifi-
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cation (11). The test serum was heat inactivated at 56°C for 30 min and then
twofold diluted with maintenance medium starting from a dilution of 1:5 to
1:2,560. The assay was performed by mixing 60 �l of the diluted serum with 60
�l of the virus suspension at a concentration of 200 50% tissue culture infective
doses (TCID50) and incubated at 37°C for 2 hours. Then, 100 �l of the mixture
was transferred onto an MDCK cell monolayer and further incubated at 37°C for
18 to 20 h. In order to verify the amount of virus inoculum, virus back-titrations
at doses of 0.1, 1, 10, and 100 TCID50 were included in every assay plate, together
with the positive control serum and cell culture control. The test reaction was run
in duplicate. Viral nucleoprotein produced in the infected MDCK cells was
detected by indirect ELISA using mouse monoclonal antibody to influenza A
virus nucleoprotein (Chemicon International, Inc., CA) as the primary antibody
and goat anti-mouse immunoglobulin (Ig) conjugated with horseradish peroxi-
dase (Southern Biotechnology Associates, Inc. Birmingham, AL) as the second
antibody. The tetramethylbenzidine (TMB) peroxidase substrate system (Kirke-
gaard & Perry, Gaithersburg, MD) was used as the chromogenic substrate. The
color product was read for the optical density (OD) at dual wavelengths of 450
and 630 nm. The corrected OD value of the test serum was obtained after
subtracting the cell control OD from the original OD value. The corrected OD
value of the virus control at a working concentration of 100 TCID50 was also
obtained in the same manner. A positive microNT result was obtained when the
test serum yielded a �50% reduction in the corrected OD value compared with
that of the virus control. The antibody titer was defined as the reciprocal value
of the highest serum dilution that gave �50% neutralization of 100 TCID50 of
the test virus. It should be noted that the antibody titer value as determined by
our definition was twofold lower than that defined by WHO and CDC, such that
our titer of 1:40 is equivalent to 80 as defined by WHO and CDC. In our assay
protocol, the volume of the test virus in the reaction well was not taken into
account in the calculation for the NT antibody titer; meanwhile, this volume is
included in the WHO/CDC protocol (I. Stephenson, WHO manual on influenza
microneutralization assay: CDC Influenza Training Course at Faculty of Medi-
cine Siriraj Hospital, Mahidol University, November 2004). In addition, we found
no significant difference in the NT titers, as the CDC reference serum samples
were assayed in an MDCK cell monolayer or cell suspension such that under two
types of cell conditions, a test serum showed the same antibody titer or the
variation was within twofold of the difference.

Hemagglutination inhibition test. The two H5N1 isolates and horse and goose
erythrocytes were used for antibody detection by an HI test. The protocol was as
described previously (8, 11). A test serum was mixed with receptor-destroying
enzyme (Denka Seiken, Japan) to obtain a dilution of 1:4, followed by incubation
for 16 h at 37°C, heat inactivation at 56°C for 30 min, and adsorption with packed
red blood cells (RBC) for 60 min at 4°C. The treated serum was serially diluted
twofold to yield the starting dilutions of 1:20 to 1:2,560 and then added with 4
HA units of the test virus. One HA unit is defined as the highest virus dilution
that yields complete hemagglutination. A reaction well containing 25 �l of the
diluted serum and 25 �l of the virus suspension was incubated at room temper-
ature for 30 min before adding 50 �l of the erythrocyte suspension and further
incubated for 1 hour at 4°C. Either a 0.5% goose red blood cell (GRBC) or 1%
horse red blood cell (HRBC) suspension was employed in our HI assay. Hem-
agglutination patterns of the test wells were examined. The HI antibody titer was
defined as the reciprocal of the highest serum dilution that gave complete
inhibition of hemagglutination.

Western blot assay. Based on WHO criteria, a human serum sample that
possesses an NT antibody titer of �80 (or �40 by our assay) should be further
confirmed for its specificity to H5 HA in a WB assay. The serum sample at the
dilution of 1:100 was tested against baculovirus recombinant H5 HA antigen
(Protein Sciences Corporation, CT). According to the product brochure, the

HA1 and HA2 subunits possess molecular masses of 45 and 25 kDa, respectively.
Goat antiserum against purified HA of A/Vietnam/1203/04(H5N1), kindly pro-
vided by Robert G. Webster and Richard Webby, St. Jude Children’s Research
Hospital, and a commercial monoclonal antibody to H5 HA (US Biological,
Swampscott, MA) was used as the reference antibody control. The nitrocellulose
membrane blotted with antigens was blocked with 5% skim milk in Tris-buffer
saline plus 0.1% Tween 20 (TBS-T). The test sera were incubated with the
blotted membrane overnight at 4°C before washing three times with TBS-T,
followed by the secondary antibody, horseradish peroxidase enzyme conjugated
with either rabbit anti-goat Ig (Dako Cytomation, Denmark), goat anti-mouse
IgG (Santa Cruz Biotechnology Inc., Santa Cruz, CA), or goat anti-human IgG
(Zymed Laboratories Inc., San Francisco, CA) for 2 hours at room temperature.
Diaminobenzidine (Sigma-Aldrich, St. Louis, MO) mixed with NiCl2 and H2O2

was used as the chromogenic substrate.

RESULTS AND DISCUSSION

A fourfold rise in antibody titer either by microNT or HI
assay was noted in paired blood specimens, typically when the
second specimen was collected 15 or more days after onset of
disease (patient nos. 1, 4, and 6). The highest microNT and HI
titers of 1:1,280 were detected in sera collected at 15 days
(patient no. 6) or 21 days (patient nos. 1 and 4) after onset of
disease (Table 2). In one surviving subject from whom re-
peated serial blood specimens were collected (patient no. 6),
the early peak antibody level was followed by a marked de-
crease in titer about 5 months later, after which the antibody
titer remained stable for at least another year. Similarly, all
four survivors (patient nos. 2, 3, 4, and 6) also demonstrated
microNT titers of �1:40 that persisted in all serial serum sam-
ples collected at over 3 or almost 5 years after disease onset,
the longest periods that we could follow for an individual
subject. Our titer of 1:40 was a critical value for indicating
previous H5N1 infection, because it was not found in the
general Thai population. When establishing the microNT as-
say, we had investigated more than 200 serum samples from
healthy subjects. The results showed that 70% of the subjects
had NT antibody to H1N1 virus as tested against A/New Cale-
donia/20/99 (H1N1) but none had antibody to KAN-1 virus
(data not shown). We previously reported the result of an
ELISA-based microNT assay in 901 residents of four villages
with H5N1 human cases and found that 888 (98.6%) had no
NT antibody titer to KAN-1 virus as screened at the serum
dilution of 1:5. Among 13 positive cases, 11 had an NT titer of
5 and the other 2 had titers of 10 and 20 (2).

There were two patients (nos. 5 and 7) who died before
convalescent blood samples were collected. No anti-H5 anti-
body was detected in patient no.7, whose acute blood was
collected 9 days after onset of disease; even the NT assay was
performed against NYK, which was the autologous virus. On
the other hand, patient no. 5, who had a single serum sample
collected 5 days after onset of disease, remarkably exhibited a
serum antibody titer of about 1:320 by either microNT or HI
assay. Finally, patient no. 8 had no detectable anti-H5 antibody
in two blood samples collected at 24 and 27 days after onset of
symptoms, beyond the time when a response was typically seen
in other patients. Patient no. 8 was negative for anti-human
immunodeficiency virus and anti-hepatitis C virus antibodies
and was naturally immune to hepatitis B virus infection (pos-
itive anti-HBs, positive anti-HBc, and negative HBs antigen).
However, he was an alcohol abuser, an underlying condition
that might lead to the inability to develop high antibody re-

TABLE 1. Demographic data for H5N1 patients

Subject
no. Age (yrs) Gender

Estimated
incubation

period (days)
Disease outcome Yr of

infection

1 6 M Death 2004
2 2 M 5 Survival 2004
3 29 M 3 Survival 2004
4 32 F Survival 2004
5 48 M 12 Death 2005
6 7 M 8 Survival 2005
7 5 M 10 Death 2005
8 59 M Death 2006
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sponse. He received standard oseltamivir treatment beginning
14 days after onset of symptoms but died 13 days later. We
further tested these two blood samples against autologous vi-
rus (A/Thailand/1(NBL)/06 (H5N1), but still no NT antibody
titer was detected (data not shown). Katz et al. (4) previously
reported an adult H5N1 patient in whom no H5-specific anti-
body response was detected, despite the collection of appro-
priately timed paired blood specimens. The diagnosis of H5N1
virus infection in this case was similarly based on positive
RT-PCR and virus isolation. However, in this case, the inabil-
ity to mount an H5 antibody response was attributed to the
immunocompromised status of the patient due to systemic
lupus erythematosus.

Interestingly, we found that sera obtained from patients
infected in 2004 could cross-neutralize the two virus isolates to
comparable antibody titers. Similarly, sera collected in 2005
cross-neutralized the earlier H5N1 strain, despite the two vi-
ruses sharing 96% amino acid identity in the HA sequence
(GenBank accession nos. AAS65615 and ABC72655) and 90%
identity in NA sequence (GenBank accession nos. AAS65616
and ABC72646) and the difference in receptor site binding
preference of SA�2,3Gal or SA�2,6Gal (1, 6). These results
suggest that the two H5N1 viruses examined were antigenically
closely related with respect to the human antibody response.

This study used infectious viruses as the test antigens in the
HI assay. The protocol as described previously employed ei-

TABLE 2. Kinetics and longevity of antibody response to H5N1 virus infection

Subject
no.

Blood sample
No.

Specimen collection
(time after disease onset)

Antibody titer to:

A/Thailand/1(KAN-1)/04a as
determined by:

A/Thailand/676(NYK)/05b as
determined by:

NT
HI with:

NT
HI with:

GRBC HRBC GRBC HRBC

1 1 10 days �5 20 20 20 20
2 21 days 1,280 640 1,280 1,280 640

2 1 2 yrs, 3 mos 80 80 160 160 160 80
2 2 yrs, 9 mos 160 80 160 160 160 160
3 3 yrs, 3 mos 80 80 80 160 160 160
4 3 yrs, 11 mos 80 80 160 160
5 4 yrs, 5 mos 40 40 160 160
6 4 yrs, 11 mos 40 40 160 160

3 1 2 yrs, 2 mos 160 80 160 80 160 80
2 2 yrs, 8 mos 160 80 160 160 160 160
3 3 yrs, 2 mos 160 80 160 160 160 160
4 3 yrs, 10 mos 160 80 160 160
5 4 yrs, 3 mos 80 80 160 160
6 4 yrs, 10 mos 80 80 160 160

4 1 10 days �5 20 20
2 12 days 5 20 20 20 20
3 21 days 1,280
4 1 yrs, 6 mos 160 80 80 320 160 160
5 2 yrs 160 80 160 320 160 160
6 2 yrs, 6 mos 160 80 160 160 80 160
7 3 yrs, 3 mos 80 80 160 160
8 3 yrs, 8 mos 80 80 160 160
9 4 yrs, 2 mos 80 80 160 160

5 1 5 days 320 80 320 160 640 640

6 1 4 days 5 �20 �20 �10 20 �20
2 15 days 1,280 320 640 2,560 1,280 1,280
3 20 days 640 160 320 640 640
4 5 mos 80 80 160 80 160 160
5 11 mos 80 80 160 80 160 160
6 1 yrs, 5 mos 40 80 80 80 160 160
7 2 yrs, 2 mos 40 40 80 80
8 2 yrs, 7 mos 40 40 80 80
9 3 yrs, 1 mos 40 40 80 80

7 1 9 days �5 �20 �20 �5 20 20

8 1 24 days 5 �20 �20 �20 �20
2 27 days 5 �20 �20 �20 �20

a Autologous virus of patient no. 1.
b Autologous virus of patient no. 7.
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ther 1% horse or 0.5% goose erythrocytes (5, 8). Even though
horse erythrocytes have been recommended by previous inves-
tigators and WHO (8, 11) for detection of antibody to AI virus
by HI assay, we did not see a marked difference in the antibody
titers obtained when either kind of erythrocytes was used (Ta-
ble 2). Our finding provides an alternative choice of erythro-
cytes that can be accessed more easily for Asian countries. We
previously reported this finding in a smaller number of blood
samples (5).

The result from the WB assay in 20 serum samples from
healthy subjects was clearly negative, including the serum sam-
ple with anti-H5N1 NT antibody titers of 10 and 20 (data not
shown). On the other hand, sera from all four survivors, in-
cluding when using goat anti-H5 HA, reacted with both HA1
and HA2 domains of the H5 HA, while the monoclonal anti-
body reacted with the HA1 domain only. The WB assay con-
firmed the persistence of H5N1 antibody in serial serum sam-
ples collected at all time points in all survivors. Examples of
serum specimens from patients 4 and 6 are shown in Fig. 1.

Our study was limited by the amount and number of blood
specimens available for investigation for several reasons: diag-
nosis of H5N1 virus infection is generally performed on respi-
ratory samples, not sera; criteria for serologic diagnosis have
only been established more recently and are not useful for
acute clinical care; based on early disease manifestations, cli-
nicians were more likely to suspect other more common dis-
eases, such as dengue, resulting in only small volumes of sera
remaining after dengue serodiagnosis; most important is the
high fatality rate of human H5N1 disease. Another limitation
was the inability to obtain the exact time of exposure and
infection of an individual. During a poultry die-off in a village,
it was difficult to pinpoint the exact date of exposure, and some
cases may have experienced multiple exposures. The incuba-
tion period for H5N1 virus infection in humans after exposure
to infected poultry in many cases is 2 to 5 days and is generally
7 days or less. In clusters with probable human-to-human
transmission, the incubation period appeared to be approxi-
mately 3 to 5 days but in one instance was estimated to be 8 to
9 days (3, 9, 14).

In summary, our study demonstrated high neutralizing anti-

body titers were achieved 2 to 3 weeks after disease onset in
the majority of H5N1-infected symptomatic individuals tested.
Furthermore, the anti-H5 neutralizing antibody response was
long-lasting and cross-neutralizing for related clade 1 viruses.
To what extent these features are implicated among asymp-
tomatic individuals remains to be determined.
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FIG. 1. Detection of anti-H5 HA antibody by WB assay using H5
HA recombinant protein as the test antigen. Lane M, protein molec-
ular mass markers; lane 1, goat antiserum to purified H5 HA; lane 2,
mouse monoclonal antibody to H5 HA; lane 3, serum from patient no.
4 at 1 year 6 months after disease onset; lane 4, serum from patient no.
6 at 11 months after disease onset.
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