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Laboratory-confirmed cases of subclinical infection 
with avian influenza A(H5N1) virus in humans are rare, and 
the true number of these cases is unknown. We describe 
the identification of a laboratory-confirmed subclinical case 
in a woman during an influenza A(H5N1) contact investiga-
tion in northern Vietnam.

In 2012, a debate was published in Science about the 
number of humans who have experienced subclinical in-

fection with avian influenza A H5 and how this unknown 
denominator could affect the case-fatality rate reported by 
the World Health Organization (1,2). The controversy rests, 
to a large extent, on interpretation of serologic tests used to 
detect prior H5 infection and the paucity of virologically 
confirmed subclinical or mild cases. Here we describe a 
case of subclinical avian influenza A H5 infection, con-
firmed both virologically and serologically.

The Case
The subclinical case was detected in 2011 during a con-

tact investigation of a 40-year-old man suspected of having 
influenza A(H5N1) virus infection. The man’s household 
had sick poultry that were consumed by household mem-
bers. The chickens roamed close to the sleeping area of the 
household members. The index case-patient, his daughter, 
and his daughter-in-law were involved in slaughtering and 
preparing the chickens. The index case-patient had fever, 
cough, dyspnea, and diarrhea that progressed over 2 days, 

leading to hospital admission. Despite intensive care and 
treatment with oseltamivir and antibiotics, the disease pro-
gressed, and he died 2 days later.

A throat swab taken from the index case-patient on day 
3 of illness was tested by reverse transcription PCR, and 
results were positive for influenza A(H5N1) virus. Hemag-
glutination inhibition (HI) and microneutralization (MN) 
tests for H5N1-specific antibodies were negative in sam-
ples taken during the acute phase of illness (online Techni-
cal Appendix, wwwnc.cdc.gov/EID/article/19/10/13-0730-
Techapp1.pdf).

On day 5 of illness of the index case-patient, a contact 
investigation was initiated. Throat swab specimens were 
collected from 4 household members and 1 close contact of 
the index case-patient: his spouse (age 47 years), daughter 
(age 18 years), daughter-in-law (age 25 years), and grand-
son (age 1 year) and an unrelated man (age 43 years). None 
of the contacts had signs or symptoms. Infection control 
measures were initiated, and all household members were 
given oseltamivir (75 mg/d) for 1 week and instructed to 
seek immediate health care if fever or respiratory symp-
toms developed. Results of HI testing of serum samples 
collected during the acute illness phase of the index case-
patient were negative.

The human throat swab samples were tested by con-
ventional RT-PCR. The sample from the index case-
patient’s daughter, collected 6 days after the woman had 
slaughtered a chicken, was positive for influenza A/H5 by 
real-time RT-PCR, and virus was recovered on day 10 of 
inoculation on MDCK cells (online Technical Appendix). 
The virus was identified by sequencing as influenza A/H5, 
clade 2.3.2.1. The woman had no signs or symptoms at the 
time the throat swab was collected, nor did she report any 
symptoms to health authorities during the subsequent week. 
Chickens were also tested, and 4 chickens in the commune 
tested positive for influenza A(H5N1) virus by RT-PCR of 
throat and cloacal swab specimens.

Repeat throat swab specimens collected from the 4 
household contacts 6 days after the initial collection yield-
ed negative test results for influenza/H5. Serologic testing 
showed seroconversion only in the woman with subclinical 
infection; her HI titer increased from <20 to 160 against 
both clade 2.3.4 and 2.3.2.1 viruses (Table 1). During a sec-
ond contact investigation 1 month later, 20 other members 
of the commune were screened by RT-PCR of throat swab 
specimens and serologic testing. All results were negative 
for influenza A(H5N1) virus.

The full genome of the identified virus strain (A/
CM32/2011) was sequenced (online Technical Ap-
pendix) and confirmed to be clade 2.3.2.1 by using the 
Highly Pathogenic H5N1 Clade Classification Tool (3). 
The open reading frames of the genes were translated and 
aligned with all clade 2.3.2.1 sequences available from 
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the Influenza Research Database (www.fludb.org). Ami-
no acid changes are summarized in Table 2 (Appendix, 
wwwnc.cdc.gov/EID/article/19/10/13-0730-T2.htm). A 
phylogenetic analysis of clade 2.3.2.1 from Vietnam se-
quences showed a high homology between the samples, 
including A/CM32/2011 (Figure). To identify possible 
changes specific to human infection, the differences be-
tween the clade consensus and A/CM32/2011 were com-
pared with influenza A(H5N1) virus samples from Asia. 
No amino acid changes were preferentially seen in human 
samples compared with the avian samples. A/CM32/2011 
contains the N170D (4) and T172A mutations in HA that 
are associated with airborne transmissibility of influenza 
A(H5N1) virus in ferrets (5); these mutations are found 
in most avian influenza A(H5N1) clade 2.3.2.1 samples 
(Table 2, Appendix). The results indicate that the virus is 
a typical influenza A(H5N1) clade 2.3.2.1 virus, with no 
remarkable changes.

Conclusions
We report subclinical infection with avian influenza 

A(H5N1) virus in a human in Vietnam, confirmed by RT-
PCR, virus isolation from throat swab, and detection of 
specific antibodies. A subclinical case was also reported 
from Pakistan in 2008 (6). Sequence analysis of the Viet-
nam case showed that the infecting virus belonged to influ-
enza A(H5N1) clade 2.3.2.1. This clade was first detected 
in poultry in northern Vietnam in early 2010 and replaced 
clade 2.3.4 in that area, whereas clade 1 remains predomi-
nant in southern Vietnam, with 4 confirmed cases reported 
in early 2012 (7). The recent clade 2.3.2.1 has evolved 
from clade 2.3.2 viruses that has circulated among poultry 
in eastern Asia since 2005 and has become predominant in 
several Asian countries. Since clade 2.3.2.1 viruses were 
initially detected in Vietnam, prevalence has increased in 
poultry, but no associated rise in detection of human cases 
has been observed (7). Similarly, clade 2.3.2.1 virus has 
been circulating in poultry in India, but no human cases 

have been reported (8). The HA sequence of this virus is 
similar to an influenza A(H5N1) virus detected by RT-
PCR in a 3-year-old patient with influenza-like illness in-
vestigated as part of the National Influenza System Sur-
veillance in 2010 (M.Q. Le, unpub. data). This patient had 
mild symptoms and survived, which raises the possibility 
that this strain represents a less virulent form of influenza 
A(H5N1) in humans.

In our investigation, the case-patient with subclinical 
infection was treated with oseltamivir while she was as-
ymptomatic, which may explain why she did not develop 
clinical disease. Studies using human volunteers indicate 
that seasonal influenza virus shedding may occur ≈24 
hours before symptom onset in 25%–30% of patients (9). 
Likewise, community cohort studies show presymptom-
atic shedding and asymptomatic shedding in 15%–20% of 
patients infected with seasonal influenza viruses and with 
influenza A(H1N1)pdm09 virus (10–12). Oseltamivir is 
known to prevent disease when given before inoculation 
in human volunteers and to shorten duration and lessen the 
severity of illness in natural infection (13), but we found 
no evidence in clinical and volunteer studies from the lit-
erature suggesting that oseltamivir may prevent clinical 
illness once detectable infection has been established, as 
we found in this subclinical case (13,14). The patient we 
investigated probably was exposed during slaughtering of 
a chicken 6 days before her positive throat swab was col-
lected. However, because chickens in the commune tested 
positive at the time of the contact investigation, ongoing 
exposure to influenza A(H5N1) cannot be excluded as 
the source of infection. Furthermore, the patient may not  
have reported symptoms to the health authorities for per-
sonal reasons.

Thus far, evidence of subclinical influenza A(H5N1) 
virus infections has been collected on the basis of sero-
logic testing only (1), but it is unclear whether serologic 
testing reliably detects subclinical cases. According to the 
World Health Organization, MN titers >80 are indicative 
of infection but must be confirmed by a second serologic 
test because of the possibility of cross-reactivity (1). The 
interpretation of results from a single serum sample is lim-
ited by the specificity or sensitivity of serologic tests, and 
viral shedding times may mean that infected cases may be 
missed. Estimating the incidence of asymptomatic influ-
enza A(H5N1) virus infection in humans exposed to sick 
poultry or human case-patients requires further careful 
study using early collection of swab samples and paired 
acute and convalescent serum samples.
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Table 1. HHI and MN assay titers for serum samples from 
woman with subclinical influenza A(H5N1) virus infection, 
Vietnam, 2011 
Clade and sample HHI MN 
Clade 1   
 First sample, day 5 <20 ND 
 Second sample, day 11 40 <10 
 Third sample, day 41 40 <10 
Clade 2.3.2.1   
 First sample, day 5 <20 ND 
 Second sample, day 11 80 80 
 Third sample, day 41 160 160 
Clade 2.3.4   
 First sample, day 5 <20 ND 
 Second sample, day 11 80 40 
 Third sample, day 41 160 40 
*Sample days are days since disease onset in index case-patient. HHI, 
horse hemagglutination inhibition; MN microneutralization; ND, not done. 
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Figure. Phylogentic analysis of avian influenza A(H5N1) virus clade 2.3.2.1 hemagglutinin DNA sequences from Vietnam compared with 
other isolates. Solid black box indicates isolate from the subclinical human case investigated in this study, A/CM32/2011; dashed boxes 
indicate sequences from Vietnam in 2011; gray shading indicates World Health Organization vaccine candidates A/common magpie/Hong 
Kong/5052/2007 and A/Hubei/1/2010 for clade 2.3.2.1. The sequences were downloaded from the Influenza Research Database (www.fludb.
org), imported into MEGA 5.2 (www.megasoftware.net), and aligned by using MUSCLE (EMBL-EBI, Cambridgeshire, UK). The neighbor-
joining tree was generated from the aligned sequences using standard settings. Scale bar indicates nucleotide substitutions per site.
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Technical Appendix 

Detailed Methods 

Influenza Isolation 

A 100 μL sample inoculated onto MDCK cells (Madin-Darby canine kidney cells- 

American Type Culture Collection-ATCC, USA), which were maintained in minimum essential 

medium (MEM) supplemented with 5% newborn calf serum (Sigma, St. Louis, MO, USA) and 

antibiotics at 37°C in 5% CO2. All experiments were performed in a biosafety level 3 

containment laboratory at NIHE, Hanoi. MDCK cells were checked daily for cytophathic effects 

(CPE) and virus was harvested and stored in 80 C when CPE reached 80%. 

Serology 

Haemagglutination inhibition (HI) assays were performed as described (1) by using 

receptor-destroying enzyme (RDE) treated patient and reference sera at a starting dilution of 

1:20, 8 HA units of virus (in 50 µL), and 1% v/v horse erythrocytes. The viruses, inactivated by 

1% β propiolactone (BPL), used were: A/Vietnam/HN 30408/2004, A/HN 30850/2005, and 

A/CM32/2011, representing clade 1, clade 2.3.4, and clade 2.3.2.1, respectively. HI titers were 

read up to 60 minutes after the addition of erythrocytes and reported as the reciprocal of the 

highest serum dilution causing complete inhibition of agglutination. 

Microneutralization (MN) assays were performed according to WHO protocols, using 

100 x TCID50 of live viruses as above (2). Virus was incubated with 2-fold serial dilutions of 

sera starting at 1:10 and then incubated with MDCK cells overnight before virus quantitation by 

ELISA to detect influenza nucleoprotein. The titer was reported as the reciprocal of the highest 

dilution that reduced infection by at least 50%. 

http://dx.doi.org/10.3201/eid1910.130730
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Sequencing 

The RNA was isolated from the virus (1
st
 passage) isolated from the subclinical case and 

used for an8-segment RT-PCR to generate the full length 8 influenza segments as described 

previously (3). The RT-PCR reaction was performed with primers common-uni12R (5-

GCCGGAGCTCTGCAGATATCAGCRAAAGCAGG-3), and common-uni13 (5- 

CAGGAAACAGCTATGACAGTAGAAACAAGG-3) using the One-Step RT-PCR kit High 

Fidelity (Invitrogen, NY, USA). The cDNA was sheared (Adaptive Focused Acoustics, Covaris, 

USA) to yield fragments ranging from 300 to 1000 bp and y-primers from the Rapid library 454 

kit (Roche, USA) were ligated to the fragments with use of an automated SPRI works Fragment 

Library System II (For Roche GS FLX* DNA Sequencer) according to the manufacturer’s 

protocol (Beckman Coulter, CA, USA). The quantity of properly ligated fragments was 

determined based on the incorporation efficiency of the fluorescent primers using a FLUOstar 

OPTIMA (BMG Labtech, Germany). Emulsion PCR, bead recovery and enrichment were 

performed manually according to the manufacturer’s protocol. The sample was sequenced by the 

Laboratory of Genome Analysis at the Academic Medical Center (Amsterdam, The 

Netherlands). 

The resulting reads were analyzed as described before (3) and used to generate a 

consensus sequence for each segment. Since the coverage of the larger segment was relatively 

low, an additional PCR was performed for the PA, PB1 and PB2 segments and sequenced with 

standard Sanger sequencing using degenerate primers for H5N1 (4). The resulting consensus 

sequences were analyzed with the blast and H5N1 clade identifier at IRD site (5). All available 

clade 2.3.2.1 sequences were compared with the sample sequence. The differences between the 

samples and the clade 2.3.2.1 consensus were subsequently compared to Asian avian human 

H5N1 samples. 

References 

1. Stephenson I, Wood JM, Nicholson KG, Zambon MC. Sialic acid receptor specificity on erythrocytes 

affects detection of antibody to avian influenza haemagglutinin. J Med Virol. 2003;70:391–8. 

PubMed http://dx.doi.org/10.1002/jmv.10408 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12767002&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12767002&dopt=Abstract
http://dx.doi.org/10.1002/jmv.10408


Page 3 of 3 

2. World Health Organization. Manual for the laboratory diagnosis and virological surveillance of 

influenza. Geneva: World Health Organization; 2011. 

3. Watson SJ, Welkers MR, Depledge DP, Coulter E, Breuer JM, de Jong MD, et al. Viral population 

analysis and minority-variant detection using short read next-generation sequencing. Philos Trans 

R Soc Lond B Biol Sci. 2013;368:20120205. PubMed http://dx.doi.org/10.1098/rstb.2012.0205 

4. Herfst S, Schrauwen EJ, Linster M, Chutinimitkul S, de Wit E, Munster VJ, et al. Airborne 

transmission of influenza A/H5N1 virus between ferrets. Science. 2012;336:1534–41. PubMed 

http://dx.doi.org/10.1126/science.1213362 

5. Squires RB, Noronha J, Hunt V, Garcia-Sastre A, Macken C, Baumgarth N, et al. Influenza research 

database: an integrated bioinformatics resource for influenza research and surveillance. Influenza 

Other Respi Viruses. 2012;6:404–16. PubMed http://dx.doi.org/10.1111/j.1750-

2659.2011.00331.x 

 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23382427&dopt=Abstract
http://dx.doi.org/10.1098/rstb.2012.0205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22723413&dopt=Abstract
http://dx.doi.org/10.1126/science.1213362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22260278&dopt=Abstract
http://dx.doi.org/10.1111/j.1750-2659.2011.00331.x
http://dx.doi.org/10.1111/j.1750-2659.2011.00331.x

