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Background. It has been suggested that the true case-fatality rate of human H5N1 influenza infection is ap-
preciably less than the figure of approximately 60% that is based on official World Health Organization (WHO)-
confirmed case reports because asymptomatic cases may have been missed. A number of seroepidemiologic
studies have been conducted in an attempt to identify such missed cases.

Methods. We conducted a comprehensive literature review of all English-language H5N1 human serology
surveys with detailed attention to laboratory methodology used (including whether investigators used criteria set
by the WHO to define positive cases), laboratory controls used, and the clades/genotypes involved.

Results. Twenty-nine studies were included in the analysis. Few reported using unexposed control groups and
one-third did not apply WHO criteria. Of studies that used WHO criteria, only 4 found any seropositive results
to clades/genotypes of H5N1 that are currently circulating. No studies reported seropositive results to the clade
2/genotype Z viruses that have spread throughout Eurasia and Africa.

Conclusions. This review suggests that the frequency of positive H5 serology results is likely to be low; there-
fore, it is essential that future studies adhere to WHO criteria and include unexposed controls in their laboratory

assays to limit the likelihood of false-positive results.
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Recent debate about research on modified highly patho-
genic avian influenza H5N1 viruses has included con-
sideration of the true case-fatality rate of human H5N1
infection. It has been suggested that the case-fatality rate
of approximately 60% that is based on official World
Health Organization (WHO) case reports is too high
because many mild or asymptomatic cases may have
been missed [1]. In an attempt to identify such missed
cases, there have been several studies of mild and mod-
erate respiratory infections in endemic countries in
which patients were tested for H5N1. These have detect-
ed few mild or moderate H5N1 infections [2-6]. In ad-
dition, a number of seroepidemiologic studies have been

Received 21 September 2012; accepted 26 December 2012; electronically pub-
lished 5 February 2013.

Correspondence: Eric S. Toner, MD, Center for Biosecurity, University of Pitts-
burgh Medical Center, 621 East Pratt St, Baltimore, MD 21202 (etoner@upmc-
biosecurity.org).

Clinical Infectious Diseases  2013;56(9):1206-12

© The Author 2013. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.

DOI: 10.1093/cid/cit047

conducted over the last 15 years. These studies have re-
cently been reviewed by several groups, including by 2
of the authors of this paper [1, 7, 8]. Although there was
considerable overlap, the studies included in these
reviews were not identical; however, all 3 recent reviews
and prior reviews [9] have found that most serosurveys
reported no specimens showing antibody evidence of
H5NT1 infection and that of those serosurveys that did
have positive findings and followed WHO criteria for
serologic testing of patients with prior infection, the rates
of positives were <3%. However, the conclusions drawn
by the various reviews were quite different. One analysis
concluded that asymptomatic human H5Nlinfection is
likely widespread; others concluded just the opposite.
These differing conclusions have created considerable
debate [10, 11]. To better understand these differing
analyses, we conducted a new, more detailed review of
all published English-language H5N1 serosurveys.

METHODS

We conducted a keyword literature search in PubMed
using the terms H5NI, serology, seroprevalence,

1206 o CID 2013:56 (1 May) e Toner et al


mailto:etoner@upmc-biosecurity.org
mailto:etoner@upmc-biosecurity.org
mailto:journals.permissions@oup.com

serosurvey, and seroepidemiology from 1997 through 1 Novem-
ber 2012 identifying studies published in English that involved
serologic assays for H5N1 antibodies from asymptomatic
human subjects This search identified 30 unique studies. We
reviewed each of these studies in detail to determine (1) labo-
ratory methodology used (including whether investigators
used laboratory criteria set by the WHO to define positive se-
rology results for prior H5N1 infection); (2) laboratory con-
trols used; and (3) the geographic areas and specific viral clade
and genotype involved.

Although the WHO criteria specifically apply to people
with prior symptomatic infection (>14 days after the onset of
symptoms), we applied these criteria because, in our judg-
ment, they set a high enough threshold that it is likely that
positive results would be “true positives” and not due to cross-
reaction with other antigens. The WHO criteria were used by
a majority of the studies we reviewed and have been applied
by other researchers who have reviewed these serosurveys [1,
7]. There are no established criteria for serosurveys of asymp-
tomatic H5 infections.

We paid particular attention to whether unexposed control
groups were included. We defined an optimal unexposed
testing control, as inserting blinded samples from individuals
with essentially no chance of H5N1 infection (eg, people from
urban areas of the Americas with no history of travel to
endemic areas) into the serology runs. Cross-reactivity
between H5N1 and other strains of influenza is well docu-
mented, and, as shown in H5N1 vaccine trials [12], a surpris-
ingly high rate of elevated titers that react to H5 occurs even
in populations never known to have been exposed to the virus.
Therefore, the frequency of seropositivity among a study pop-
ulation must be compared to a control group to be meaning-
ful. An alternative would be to compare the serology results to
well-defined standard sera panels such as those that have been
created for use in H5N1 vaccine trials [13].

We also noted when and where each study was conducted
and the specific viral clade and genotype that were involved in
each study. Most of the studies included sufficient information
about the viral strain against which the specimens were tested
to determine the specific clade involved. Where this was not
reported, the clade was inferred from other sources that re-
ported the H5N1 viruses found in that location at that time.

RESULTS

Of the 30 unique studies that were identified and reviewed, 1
study [14] was excluded because all the subjects had been pro-
vided oseltamivir prophylaxis—leaving 29 studies that were in-
cluded in this analysis. See Tables 1 and 2.

Many of the studies did not describe the laboratory meth-
odology used in sufficient detail for us to judge the validity of

the results. Few of the studies stated whether or not unexposed
controls were used. None of the studies we reviewed reported
having used controls that fully met our definition of optimal
unexposed controls.

Of the 29 studies analyzed, 9 did not use the WHO criteria.
The WHO criteria state that

“paired sera, collected first during the acute phase of
illness and then 14 days or later after the onset of illness,
should be tested simultaneously. Retrospectively, infec-
tion with H5N1 is confirmed when one the following cri-
teria are met:

« Fourfold or greater rise in antibody titre against A(H5N1)
in paired sera (acute and convalescent) with the convalescent
serum having a titre of 1:80 or higher.

« Antibody titre of 1:80 or more in a single serum collected
at day 14 or later after onset of symptoms and a positive result
using different serological assay (eg titre of 1:160 or greater in
HI using horse red blood cell or an H5-specific western
blot).” [15]

Studies that use a lower cutoff, or are not confirmed by a sepa-
rate test, would be expected to show higher positivity rates due
to cross-reaction to other influenza viruses. Thus, low titer re-
activity to H5 antigen in such studies cannot be confidently
ascribed to prior H5N1 infection.

Seven of the 29 studies involved clades and genotypes of
H5N1 that have not been detected in many years and are dif-
ferent from strains that are currently circulating. Four were
conducted immediately following the original outbreak of
human cases in Hong Kong in 1997 [16-18, 36]. One of these
studies did not use WHO criteria [36]. The remaining 3 Hong
Kong studies did use WHO criteria and reported seropositiv-
ity rates of 3%-10%. Another of the 7 studies was conducted
in South Korea following the poultry outbreak there in 2003-
2004 and used WHO criteria [20]. This study reported 0.4%
seropositivity among poultry cullers. The sixth study was con-
ducted in Vietnam in 2001 and found seropositivity rates to
clade 0 viruses of 1.0-2.5% among poultry workers using
WHO criteria [19]. The seventh study was conducted in China
in 2004, did not use WHO criteria, and found a seropositivity
rate of 2.5% [38]. In general, these 7 studies, involving early
genotypes of H5N1, reported the highest seropositivity rates
among the 29 studies included in this analysis.

Among the studies that involved H5N1 genotypes that are
currently circulating, 7 did not use WHO criteria. Of the 16
studies that tested for antibodies against currently circulating
H5N1 viruses and used WHO criteria, 12 reported no posi-
tives. Four studies found at least 1 positive result by WHO
criteria [19, 29, 30, 32] (Figure 1).
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Table 1. Summary of H5N1 Serosurveys Meeting World Health Organization Criteria (N = 20)
Year of WHO
Reference Location Study? H5N1 Antigen(s) Used Clade(s)/Genotype  Survey Type®  Criteria [15]  Positives (%)
[16] Hong Kong  1997-1998  A/duck/Singapore/-Q/ 0/GsGd FSIP Yes 3%-10%"
F119-3/97
171 Hong Kong  1997-1998 A/Hong Kong/156/97 0/GsGD CT Yes 8/217 (3.7%)°
A/duck/Singapore/-Q/
F119-3/97
[18] Hong Kong 1999 A/Hong Kong/156/97 0/GsGD CT Yes 7/124 (5.6%)
A/duck/Singapore/-Q/
F119-3/97
[19] Vietnam 2001 A/goose/Vietnam/113/01 0/? FSP Yes 2/200 (1%)
A/Hong Kong/156/97 0/GsGD 5/200 (2.5%)¢
A/Hong Kong/213/03 112 6/200 (3%)°
[20] South Korea 2003-2004  A/chicken/Korea/ES/03 2.5/V FSP Yes 9/2512 (0.4%)
[21] Vietnam 2004 Not reported 1/2° CT Yes 0
[22] Thailand 2004 A/Thailand/16/04 1/Z CT Yes 0
[23] Thailand 2004 Not reported 1/2° FSP Yes 0
[24] Thailand 2005 A/Thailand/1(KAN-1)/04 1/Z FSP Yes 0
[25] Indonesia 2005 A/chicken/Bangli Bali/ 2.1/Z FSP Yes 0
BBPV6/04
[26] Vietnam 2005 ANietnam/1194/04 1/Z FSP Yes 0
A/Nietnam/30850/05 2.3/Z
271 Cambodia 2005 Not reported 1/2° FSP Yes 0
[28] Nigeria 2006 A/chicken/Nigeria/246/06 2.2/ FSP Yes 0
Alchicken/Nigeria/42/06
[29] China 2006 A/Hong Kong/486/97 0/GsGd FSP Yes 1/110 (0.9%)
ANNietnam/1194/04 1/Z
[30] Cambodia 2006 A/Nietnam/JP/14/05 1/Z FSP Yes 7/674 (1%)
[31] China 2007 AlJiangsu/1/07 2.3/Z CT Yes 0
[32] Cambodia 2007 A/Cambodia/R0405050/07 1/Z FSP Yes 18/700 (2.6%)
[33] Indonesia 2007 A/Ck/Banten/05-1116/05 2.1/7 FSP Yes 0
A/H5N1/Indo/05/IBCDC-RG 2.1/Z
[34] Bangladesh  2008-2009 A/Bangladesh/207095/08 2.2/ FSP Yes 0
[35] China 2009 H5N1 vaccine seed virus, 1/Z FSP Yes 0

PR8/vn1194 6:2 reassortant

Abbreviations: CT, contact tracing; FSP, focused seroprevalence (ie, seroprevalence among high-risk population); WHO, World Health Organization.

@ Year in which serum was obtained.

® Numerator and denominator not reported.

° Two of 309 (1%) of unexposed healthcare workers were also positive.
9 One percent of controls were also positive.

¢ Clade/genotype inferred from strains reported to be circulating at the time and place of the study.

One of these 4 studies that found a positive result was con-
ducted in Cambodia in 2006 and involved 2 villages where
there had been recent outbreaks of clade 1 H5N1 in poultry
and humans. This study found that 7 of 674 subjects (1%)
were seropositive [30]. Another study, conducted in 2007 in a
neighboring province of Cambodia where there had also been
an outbreak of clade 1 H5N1, showed a seropositivity rate of
2.6% (18/700) [32]. In both studies, seropositivity was most
strongly associated with bathing or swimming in outdoor
ponds that may have been contaminated with feces from in-
fected ducks. The third study was of poultry purveyors in
Guangzhou, China. One of 110 subjects was positive and he

reported slaughtering >100 birds per day for 5 years. He was
positive at high titer to both clade 0 and clade 1 antigens [29].
The previously mentioned study from Vietnam in 2001 tested
serum of poultry workers for antibodies to a clade 1 virus as
well as clade 0 viruses mentioned above—6 of 200 (3%) were
positive [19].

DISCUSSION

Of the 29 studies included in this analysis, nearly a third did
not use WHO criteria for establishing seropositivity. None of
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Table 2. Summary of H5N1 Serosurveys Not Meeting World Health Organization Criteria (n=9)

Year of H5N1 Antigen Clade(s)/ WHO
Reference Location Study Used Genotype  Survey Type  Criteria [15] Positives (%)
[36] Hong Kong 1997 Not reported 0/GsGd? CT, FSP 2 2%
[37] Vietnam 2004 ANietnam/1194/04 1/Z2 CT No 0
ANietnam/3212/04 1/Z
[38] China 2004 A/goose/Guangdong/1/96 0/GsGd FSP No (1:20) 2.5% by HI°
[39] Germany 2006 A/whooper swan/ 2.2/7 FSP No 0
R65-2/Germany/06 2.2/Z
A/bar-headed goose/ 2.2/7
Qinghai/1A/05
A/whooper swan/
Mongolia/244/05
[40] Turkey 2006 A/Turkey/13/06 2.2/ CT, FSP No 1/381 (0.3%)
[41] Guangdong, China  2007-2008  A/Hong Kong/486/97 A/ 0/GsGd FSP @ 4/2191 (0.2%)
Vietnam/1194/04 1/Z
[42] Thailand 2008 A/Thailand/676/05 1/Z FSP No (1:10) 9.1%P
A/Thailand/384/06 1/Z
[43] Vietnam 2008-2009  Not reported other than 1,2.3/Z FSP No 5%°
as clades 1 and 2.3.4
[44] Jiangsu, China 2010 A/Anhui/1/05 A/Hubei/1/10  2.3/Z FSP No 8/306 (2.6%)
2.3/

Abbreviations: CT, contact tracing; FSP, focused seroprevalence; HI, hemagglutination inhibition; WHO, World Health Organization.

# Insufficient information to determine.

® Numerator and denominator not reported.

¢ Nine of 10 were negative when tested by microneutralization.
9 Clade/genotype inferred from strains reported to be circulating at the time and place of the study.

the 29 serostudies included what we would consider to be
optimal, blinded unexposed controls in their published meth-
odologies, that is, including in the serology runs blinded
samples from individuals with essentially no chance of H5N1

infection. Serologic assays can easily produce misleading
results, especially when paired sera are not available. Because
antibody titers may wane over time, a low titer on a single
specimen does not preclude prior infection. This is especially

Total studies
identified (n=30)

Excluded (n=1)

Included in analysis

(n=29)
WHO criteria WHO criteria
not used (n=9) used (n=20)
[ I ]
Reported at All seronegative
least one (h=12)
positive
(n=8)
[
[ I [ [ 2
Studies that only 0.9% (1/110) 2.6% (18/700) 1% (7/674) 3% (6/200)
involved early positive (China positive (Cambodia | positive (Cambodia | positive
clades (n=5) 2006) 2007) 2006) (Vietnam 2001)
Figure 1. H5N1 serosurvey analysis flowchart. Abbreviation: WHO, World Health Organization.
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true if the serum is obtained long after the exposure. In some
of the serosurveys included in this review that involved tracing
of contacts of known human cases or surveys of people
exposed in discrete poultry outbreaks, the approximate time of
exposure was known and reported. For the most part, the in-
vestigators in these studies obtained serum within months of
the time of exposure. In other surveys, particularly those of
poultry workers in which repeated exposure over a prolonged
time was likely, the time of exposure was not known.

Conversely, because antibodies may cross-react with related
antigens, some elevation of H5 antibody titers (especially in
low titer) or infrequent “positive” results are likely to be “false
positives,” that is, a cross-reaction to another antigen. Using
unexposed controls could reduce the chance of misinterpret-
ing such false-positives. This is especially important when low
positivity rates are reported, because when a true positive is
very rare in a study population, even if cross-reactivity is rela-
tively uncommon, it is more likely that a positive result will be
the result of cross-reactivity than be a true positive (ie, low
positive predictive value). Therefore, because few of the
studies included unexposed controls, the low rates of positive
results reported by these studies must be interpreted with
caution.

Several of the studies included in this analysis involved
early H5N1 genotypes and clades that are no longer circulat-
ing. The 1997 Hong Kong strain is designated clade 0/geno-
type GsGd. The clade designation refers to mutations in the
hemagglutinin and the genotype refers to the constellation of
the individual gene segments. The 1997 Hong Kong virus de-
scended from a GsGd genotype virus that was isolated in 1996
in China. Though this ancestral virus is thought to be the pro-
genitor of all subsequent highly pathogenic avian influenza
H5N1 strains, it has since reassorted multiple times with other
avian influenza viruses to create many new genotypes. One of
these reassortants, genotype V (clade 2.5), caused the 2003-
2004 poultry outbreak in South Korea [45]. Neither the 1996
ancestral virus nor the clade 0/genotype GsGd virus that
caused the 1997 Hong Kong outbreak have been detected
since that outbreak was controlled [46].

All current human and most current poultry infections are re-
lated to genotype Z viruses, which first emerged in 2002 [47].
Thus, all currently circulating H5N1 viruses are reassortants
of viruses that preceded the Hong Kong and Korea viruses
and belong to separate evolutionary branches. They have dif-
ferent hemagglutinin antigens and different constellations of
internal genes. It seems reasonable, therefore, to question
whether they would have the same infectivity and transmissi-
bility characteristics. Consequently, the results from the seros-
tudies involving these early viruses cannot be extrapolated
with confidence to the subsequent genotypes and clades that
have caused human and poultry outbreaks elsewhere.

There were only 4 studies using WHO criteria that show
seropositive results to the genotype Z viruses that have spread
throughout Asia, Europe, and Africa, and all 4 involved clade
1 viruses prior to 2007. Clade 1 was only found in Indochina
and southern China and is has now largely been replaced by
clade 2.3 viruses [48].

None of the studies in this review were designed to be pop-
ulation-based seroprevalence studies (ie, looked for H5 anti-
bodies in a random sample of a general population); rather, all
were either seroepidemiologic prevalence studies of contacts
or focused seroprevalence studies of particular populations
thought to be at especially high risk of infection (eg, poultry
workers or residents of villages with known outbreaks). There-
fore, no conclusion can be made from the results about the
general populations of the countries involved; however, it is
unlikely that the seropositivity rates in the general population
would begin to approximate that in high-risk groups.

Thus, with the exception of 1 poultry seller in China, the
only convincing serologic evidence we can find of unrecog-
nized human infections to currently circulating H5N1 viruses
is in Cambodia and Vietnam with clade 1 viruses. In the 2
Cambodian studies, there seems to be an association with en-
vironmental exposure to water potentially contaminated with
bird feces. We can find no unequivocal serologic evidence of
unrecognized infection with any of the clade 2/genotype Z
viruses that are now circulating in most affected countries. Al-
though it is possible that an unknown number of other mildly
symptomatic or asymptomatic cases of H5N1 infection have
occurred, there is currently no unequivocal serologic evidence
to support this speculation.

As noted previously, antibody titers tend to wane over time
and thus serologic studies can miss prior infections, especially
if performed years after exposure. It is essential that more spe-
cific tests for prior H5N1 infection be developed. Other
testing approaches, such as measuring T-cell responses, may
provide evidence for prior asymptomatic H5N1 infections that
have been missed by serostudies [43].

CONCLUSIONS

It is critical that well-executed and well-controlled studies be
conducted to improve our understanding of the true preva-
lence and, therefore, the true severity of H5N1 infections.
Judgments about the true prevalence and severity of H5N1 in-
fections have been central to ongoing policy discussions. The
results of serologic studies have been an important component
in the deliberations and these can be expected drive policy de-
cisions in the future. The results of H5 serologic studies that
have been conducted to date and which have been used as ev-
idence in recent policy debates have been useful but are not
capable of establishing the true prevalence or severity of
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H5N1 human infections. None were designed to determine
the prevalence of H5N1 infections in the general population,
most did not include unexposed control groups, and many
used titer thresholds or methodologies that increase the likeli-
hood of false-positive results due to cross-reaction with other
viruses. More specific tests for prior H5N1 infection are des-
perately needed.

Despite the difficulties in undertaking effective population
studies throughout the diverse and underresourced areas
where cases have been occurring and with the limitations in
the laboratory resources available, important information has
accrued. Observations and conclusions from the serologic
studies are broadly in agreement: Surprisingly few mild cases
of H5N1 illness appear to have occurred or been able to be
detected. Because of this low frequency, it is essential that
future serologic studies adhere to WHO criteria and include
unexposed control groups in their laboratory assays to limit
the likelihood of misinterpreting false-positive results.
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