
In 2015, a novel influenza A(H1N1) virus was isolated from 
a boy in China who had severe pneumonia. The virus was a 
genetic reassortant of Eurasian avian-like influenza A(H1N1) 
(EA-H1N1) virus. The hemagglutinin, neuraminidase, and 
matrix genes of the reassortant virus were highly similar to 
genes in EA-H1N1 swine influenza viruses, the polybasic 
1 and 2, polymerase acidic, and nucleoprotein genes origi-
nated from influenza A(H1N1)pdm09 virus, and the non-
structural protein gene derived from classical swine influenza 
A(H1N1) (CS H1N1) virus. In a mouse model, the reassortant 
virus, termed influenza A/Hunan/42443/2015(H1N1) virus, 
showed higher infectivity and virulence than another human 
EA-H1N1 isolate, influenza A/Jiangsu/1/2011(H1N1) virus. In 
the respiratory tract of mice, virus replication by influenza A/
Hunan/42443/2015(H1N1) virus was substantially higher than 
that by influenza A/Jiangsu/1/2011(H1N1) virus. Human-to-
human transmission of influenza A/Hunan/42443/2015(H1N1) 
virus has not been detected; however, given the circulation of 
novel EA-H1N1 viruses in pigs, enhanced surveillance should 
be instituted among swine and humans.

Pigs are well known as genetic mixing vessels for human 
and avian influenza viruses (1,2), and swine influenza 

viruses (SIVs) occasionally infect humans (3–5). SIV was 
first reported in humans in 1958 in Czechoslovakia (6). The 
largest outbreak of classical swine influenza A(H1N1) (CS 

H1N1) virus occurred in Fort Dix, New Jersey, USA, in 
1976 (7,8). Human infections with variant influenza sub-
type H1N1 and H3N2 viruses with matrix (M) genes de-
rived from swine-origin influenza A(H1N1)pdm09 virus 
have occurred continuously since the virus was first de-
tected in 2009, and the number of infections has increased 
substantially in recent years (6). Two cases of Eurasian 
avian-like influenza A(H1N1) (EA-H1N1) infection have 
been reported in mainland China. The first case, which be-
gan in late December 2010 in a 3-year-old boy in Jiangsu 
Province, resulted in death; however, the child had a his-
tory of renal disease (9,10). The second case, which began 
in December 2012 in a 3-year-old boy in Hebei Province, 
caused mild influenza-like illness (11).

EA-H1N1 SIVs have been shown to preferentially bind 
to human-type receptors, and ferrets have been experimen-
tally infected with some EA-H1N1 SIVs via respiratory 
droplet transmission (12). EA-H1N1 SIVs reportedly have 
the potential to transmit efficiently and cause a pandemic 
among humans after long-term evolution in pigs (12). We 
report a severe human infection with a reassortant influenza 
virus in China and the results of genetic, infectivity, and 
virulence investigations of the novel virus.

Materials and Methods

Case Investigation
On June 30, 2015, a 30-month-old boy was admitted to a 
hospital in Changsha City, Hunan Province, China. The fol-
lowing data were recorded: demographic characteristics; un-
derlying medical conditions; clinical signs, symptoms and 
complications; chest radiograph findings; laboratory test re-
sults; antimicrobial drug treatment; and clinical outcomes.

Virus Isolation and Titration
We obtained a bronchoalveolar lavage sample from the pa-
tient and inoculated it onto MDCK cells for 72 h at 37°C 
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before conducting influenza virus testing. We used Sanger 
sequencing to subtype the hemagglutinin (HA)–positive 
isolate from the patient, and we evaluated the bronchoal-
veolar lavage sample by using next-generation sequenc-
ing as previously described (13). For additional studies, 
we propagated the virus in 9- to 11-day-old embryonated 
chicken eggs for 48 h at 37°C. The allantoic fluid was then 
harvested and stored at -80°C until use.

For infectivity and virulence analyses, we used influ-
enza A/Jiangsu/1/2011(H1N1) (JS/1/11 EA-H1N1) virus, 
which had been previously isolated from a child in China 
with fatal infection and was stored in the Chinese Na-
tional Influenza Center, Chinese Center for Disease Con-
trol and Prevention, Beijing, China. To propagate JS/1/11 
EA-H1N1 virus, we inoculated 9-day-old embryonated 
pathogen-free chicken eggs with 0.2 mL of virus stock and 
incubated the eggs for 48 h at 35°C. The allantoic fluid was 
then harvested and stored at –80°C until use.

We determined virus titrations for JS/1/11 EA-H1N1 
virus and the patient’s isolate by using MDCK cells. The 
50% tissue culture infectious dose (TCID50) was calculated 
by using the Reed–Muench formula (14).

Genetic Analyses
DNA sequences generated by Sanger sequencing of the 
patient-derived virus were assembled using DNASTAR 
(http://www.dnastar.com/). All sequences obtained in this 
study were submitted to the Global Initiative on Sharing 
Avian Influenza Data (GISAID) database (http://platform.
gisaid.org). Multiple sequence alignments were performed 
with MUSCLE software (http://www.drive5.com/muscle/) 
using MEGA6 (http://www.megasoftware.net/). To deter-
mine the identity of the patient’s isolate, we compared se-
quences for the isolate with those for viruses in the GISAID 
database. For comparison, we selected representative iso-
lates for each of the following H1N1 lineages: classical 
swine, Eurasian avian-like swine, Eurasian avian, North 
American avian, A(H1N1)pdm09, and seasonal human 
influenza viruses. We also included recent swine isolates 
from China with sequences available in GISAID. Phylo-
genetic relationships were estimated for each of 8 gene 
segments by using the maximum-likelihood method with 
the general time-reversible plus gamma distribution plus 
invariable site substitution model, which was implemented 
in MEGA6 with 1,000 bootstrap replications.

Virulence and Replication Studies in Mice
We used a mouse model to evaluate virulence and repli-
cation of the patient-derived virus and JS/1/11 EA-H1N1 
virus. All experimental protocols in mice were approved 
by the Ethics Committee of the National Institute for Viral 
Disease Control and Prevention, Chinese Center for Dis-
ease Control and Prevention (approval no. 201509280027). 

To determine the virulence of the 2 viruses, we used 8- to 
10-week-old female C57BL/6J mice (Vital River Laborato-
ries, Beijing, China). The mice were divided into 3 groups 
and anesthetized with 0.1 mL of pentobarbital sodium. Two 
groups then were inoculated intranasally with 10-fold serial 
dilutions (101–106 TCID50 in 50 μL of phosphate-buffered 
saline [PBS]) of patient-derived virus or JS/1/11 EA-H1N1 
virus; a control group was injected with PBS. Bodyweight 
was measured daily; mice that lost >25% of their original 
weight were euthanized for humane reasons. At 14 days 
postinoculation (dpi), we collected blood samples from 
all surviving mice and separated the serum for antibody 
testing. Hemagglutination inhibition (HI) assays were per-
formed, according to standard protocols, using 0.5% turkey 
erythrocytes (15,16). Serum samples with HI antibody ti-
ters of <20 were considered negative.

To determine virus replication in infected mice, we in-
tranasally inoculated all 3 groups of 8- to 10-week-old mice 
(9 mice/group) with 104 or 106 TCID50 of JS/1/11 EA-H1N1 
virus, the patient-derived virus, or PBS (control group). At 
1, 4, and 7 days dpi, we euthanized 3 mice in each group. 
Brain, nasal turbinates, trachea, lung, heart, spleen, kidney, 
liver, and intestines were collected for virus titer determi-
nation using the TCID50 assay and MDCK cells.

Results

The Patient
On June 30, 2015, fever (up to 39.5°C), cough, and dyspnea 
developed in a 30-month-old boy in Hunan Province. On 
July 2, he was admitted to the intensive care unit of Hunan 
Provincial People’s Hospital in Changsha, China. Compli-
cations (i.e., severe pneumonia, respiratory failure, acute 
respiratory distress syndrome, and heart failure) were ob-
served (Figure 1). A right pleural effusion and a collapsed 
lower right lung were noted on a chest radiograph from 
day 2 after illness onset (online Technical Appendix Fig-
ure 1, http://wwwnc.cdc.gov/EID/article/22/11/16-0181-
Techapp1.pdf). Oseltamivir was administered on July 3, 
and on July 10, closed drainage of the thoracic cavity was 
performed. On July 24, day 24 after illness onset, no obvi-
ous abnormalities of the cardiac diaphragm were observed 
(online Technical Appendix Figure 1). On July 27, the pa-
tient was transferred to the general hospital ward, where he 
recovered and was discharged on August 7 (Figure 1).

Virus Isolation and Genetic Analyses
The bronchoalveolar lavage sample from the patient was 
positive for subtype H1N1 influenza virus based on deep 
sequencing; no other virus sequences were found (online 
Technical Appendix Figure 2). Virus was isolated from the 
original patient sample, and Sanger sequencing confirmed 
the pathogen as a subtype H1N1 influenza virus. We termed 
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the virus influenza A/Hunan/42443/2015(H1N1) (HuN 
EA-H1N1) and deposited the nucleotide sequences in the 
GISAID database (accession nos. EPI691392–EPI691399).

Eight genes from HuN EA-H1N1 virus (PB2, PB1, PA, 
HA, NP, NA, M, and NS) consisted of 2,280, 2,274, 2,151, 
1,701, 1,497, 1,410, 982, and 838 nt, respectively. The ami-
no acid motif PSIQSR↓G at the HA cleavage site indicated 
that the virus was a low pathogenicity influenza virus, and aa 

190D and aa 225E (H3 numbering) in the HA protein sug-
gested preferential binding to human influenza virus-binding 
receptor SAα-2,6-Gal (a sialyl-galactosyl residue with α-2,6-
Gal linkage). Residues in the neuraminidase (NA) protein, 
which were associated with neuraminidase inhibitory drugs 
(17), implied that HuN EA-H1N1 might be sensitive to neur-
aminidase inhibitors, but an S31N substitution in M2 sug-
gested resistance to M2 ion channel inhibitors.

Figure 1. Clinical course for a 30-month-old patient infected with Eurasian avian-like influenza A(H1N1) virus and identification of the 
causative pathogen, Beijing, China, 2015. China CDC, Chinese Center for Disease Control and Prevention, Beijing; ICU, intensive care unit.

Figure 2. Phylogenetic analysis of Eurasian avian-like influenza A/Hunan/42443/2015 virus (HuN EA-H1N1). A) Analysis of the 
hemagglutinin gene of representative clades of Eurasian avian-like H1N1 viruses. B) Analysis of the polymerase basic 2 gene of 
influenza A(H1N1)pdm09 virus. Insets show evolutionary analyses for all lineages of subtype H1N1 viruses. The reliability of the trees 
was assessed via bootstrap analysis with 1,000 replications; only bootstrap values >60% are shown. The horizontal distances are 
proportional to the genetic distance. Red indicates HuN EA-H1N1 virus, the virus reported in this study; pink indicates A/swine/Guangxi/
BB1/2013(H1N1), which shared high similarity with HuN EA-H1N1 virus; and blue indicates 2 human Eurasian avian-like influenza 
A(H1N1) isolates. Scale bars indicate nucleotide substitutions per site.
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Complete sequences of HuN EA-H1N1 virus were 
98.2%–99.3% identical in all 8 gene segments with influ-
enza A/swine/Guangxi/BB1/2013(H1N1) virus, which was 
isolated in 2013 from a swine in Guangxi Province, China 
(18). Phylogenetic analysis of all genes showed that HuN 
EA-H1N1virus was a reassortment of EA-H1N1, A(H1N1)
pdm09, and CS H1N1 viruses (Figure 2) (online Technical 
Appendix Figure 3). HA, NA, and M genes of the virus 
shared highest similarity with those of 2 other human EA-
H1N1 viruses in China: JS/1/11 EA-H1N1 and A/Hebei-
Yuhua/SWL1250/2012 (HB/1250/12). The remaining 5 
genes (polybasic [PB] 1 and 2, polymerase [PA], nucleo-
protein [NP], and nonstructural protein [NS]) in HuN EA-
H1N1 virus differed from those in the 2 other EA-H1N1 
viruses: 4 internal genes (PB2, PB1, PA, and NP) clustered 
with A(H1N1)pdm09 virus (Figure 2, panel B) (online 
Technical Appendix Figure 3), and the NS gene shared a 
common ancestor with A(H1N1)pdm09 virus and derived 
from CS H1N1 virus.

Virulence and Replication in Mice
To evaluate the virulence of JS/1/11 EA-H1N1 and HuN 
EA-H1N1 viruses, we first determined the MID50 (50% 
mouse infectious dose) and MLD50 (50% mouse lethal 
dose) for each virus by inoculating 3 groups of mice, re-
spectively, with 10-fold serial dilutions (101–106 TCID50/50 
μL) of JS/1/11 EA-H1N1 virus, HuN EA-H1N1 virus, or 
PBS. By 14 dpi, no JS/1/11 EA-H1N1 virus–inoculated 
mice had lost >10% of their bodyweight, and none had 
died, indicating an MLD50 of >106.5 TCID50 for the virus 
(Figure 3, panel A). A similar trend in bodyweight loss was 
seen in mice inoculated with 101–104 TCID50 of HuN EA-
H1N1 virus. However, at 8 dpi, mice inoculated with 105 
or 106 TCID50 of HuN EA-H1N1 virus had lost >25% of 
their bodyweight (Figure 3, panel A), and by 14 dpi, all 
mice in these 2 groups (5 mice/group) had died, indicat-
ing an MLD50 value of 104.5 TCID50 for the virus (Figure 
3, panel B).

HI antibody testing showed that the MID50 for JS/1/11 
EA-H1N1 virus was much higher than that for HuN EA-
H1N1 virus (>104.7 vs. 102.9 TCID50, respectively) (Table 
1). The cross-reactive antibody response for JS/1/11 EA-
H1N1 and HuN EA-H1N1 indicated similar antigenicity 
(Table 1).

We also investigated the tissue tropism and replica-
tion of HuN EA-H1N1 and JS/1/11 EA-H1N1 viruses in 2 
groups of mice. Both viruses replicated in the respiratory 
tract, but infectivity was substantially divergent (Figure 
4). At 1, 4, and 7 dpi, no virus was detected in any tissues 
of mice inoculated with 104 TCID50 of JS/1/11 EA-H1N1 
virus. However, at the same time points, virus was clearly 
present in the respiratory tract, including the nasal tur-
binates, trachea, and lungs, of mice inoculated with 104 

TCID50 of HuN EA-H1N1 virus. These findings were con-
sistent with antibody responses in the mice (Table 1).

Mice inoculated with 106 TCID50 of JS/1/11 EA-H1N1 
virus had limited virus replication in nasal turbinates and 
tracheal tissues. However, virus was clearly present in 
lung tissues at 1 and 4 dpi, but titers decreased rapidly by 
7 dpi (Figure 4). Compared with JS/1/11 EA-H1N1 virus– 

Figure 3. Illness (A) and death (B) among C57BL/6 mice inoculated 
with Eurasian avian-like influenza A/Jiangsu/1/2011 (JS/1/11 EA-
H1N1) virus or Eurasian avian-like influenza A/Hunan/42443/2015 
(HuN EA-H1N1) virus. Eight-to-ten week old female C57BL/6J 
mice (5/group) were inoculated intranasally with various 50% tissue 
culture infectious doses (TCID50) of JS/1/11 EA-H1N1 virus or HuN 
EA-H1N1 virus (in 50-μL of PBS) or with 50 μL mL of PBS (control 
group). A) Illness was assessed by weight changes over 14 days 
and is graphed as a percentage of the average weights on the 
day of inoculation (day 0). Average bodyweight changes ± SD are 
shown. Dotted horizontal line indicates a bodyweight loss of 75%. B) 
Death was investigated by using a survival curve. On postinoculation 
day 14, mice with a bodyweight loss of >25% and those who died 
naturally (i.e., not including those that were euthanized) were 
recorded as fatalities.PBS, phosphate-buffered saline.



infected mice, those infected with HuN EA-H1N1 virus had 
substantially higher virus titers in nasal turbinates, trachea, 
and lungs (Figure 4) and occasionally in extrapulmonary 
organs, including the liver (102.0 TCID50/mL) and kidney 
(101.8 TCID50/mL) of 1 mouse. A high virus titer was per-
sistent in the respiratory tracts of HuN EA-H1N1–infected 
mice. These findings were consistent with bodyweight and 
survival data (Figure 3).

Serologic Investigation
We conducted a retrospective study to investigate the 
potential for human-to-human transmission of HuN EA-
H1N1 virus, a reassortant EA-H1N1 virus. A total of 12 
close contacts (4 family members and 8 healthcare work-
ers) of the patient were included in this investigation. 
No family members reported influenza-like symptoms, 
but 3 healthcare workers showed signs and symptoms 
of illness. Whole-blood specimens from all close con-
tacts were obtained for HI testing (15,16). An antibody 
response to HuN EA-H1N1 virus (HI titer of 40) was de-
tected in only 1 contact, a doctor who exhibited signs of 
illness (Table 2). However, fever developed in this person 
on the same day she had contact with the patient, making 
it unlikely that her symptoms were caused by exposure to 
the patient. Furthermore, the positive HI antibody result 
for this contact may have been caused by a cross-reaction 
with A(H1N1)pdm09 virus (11,20). Thus, these findings 
indicate that human-to-human transmission of HuN EA-
H1N1 virus did not occur.

Discussion
We identified a reassortant EA-H1N1 virus, HuN EA-
H1N1, in a child in China with severe pneumonia. HA, 

NA, and M genes of the HuN EA-H1N1virus were derived 
from EA-H1N1 viruses; PB2, PB1, PA, and NP genes 
were derived from A(H1N1)pdm09 virus; and NS gene 
was derived from CS H1N1 virus. Our virulence studies in 
C57BL/6 mice showed that HuN EA-H1N1 virus exhibited 
greater virulence than JS/1/11 EA-H1N1 virus, which had 
been previously isolated from a child with fatal infection 
(Figure 3; Table 1). The full genome of another EA-H1N1 
virus, HB/1250/12, which was isolated from a patient with 
mild illness, shared 98.9–99.6% nt identity with JS/1/11 
EA-H1N1 virus, and these viruses caused similar illness 
and fatality rates in mice (data not shown). These findings 
suggest that the internal genes of HuN EA-H1N1 virus 
could be one a cause of the severe clinical syndrome seen 
in the HuN EA-H1N1 virus–infected child. Furthermore, 
the presence of renal disease and a history of long-term  
steroid treatment could have been major contributors to the 
death of the JS/1/11 EA-H1N1 virus–infected child (10).

A previous study showed that EA-H1N1 SIVs pref-
erentially bind to human-type receptors, and some of 
the tested viruses were transmitted to ferrets by airborne  
droplets (12). That study concluded that EA-H1N1 SIVs 
have the potential to transmit efficiently and to cause a 
human influenza pandemic. We report a case of human 
infection with a reassortant EA-H1N1 swine influenza vi-
rus. Four internal genes of the virus were derived from 
A(H1N1)pdm09 virus. The 190D aa and 225E aa (H3 
numbering) in the HA protein of the HuN EA-H1N1 virus  
suggested preferential binding to the SAα-2,6-Gal receptor. 
Although human-to-human transmission was not detected in 
our study, EA-H1N1 viruses have been reported to transmit 
efficiently via respiratory droplets in the ferret model (12). In 
addition, EA-H1N1 virus gene segments (NA and M genes) 

 

 

 
Table 1. Seroconversion in C57BL/6 mice inoculated with JS/1/11 EA-H1N1 and HuN EA-H1N1 viruses* 
Virus and 
dose, log10 
TCID50/50 μL 

Hemagglutination inhibition titer† MID50, 
log10 

TCID50‡ 
JS/1/11 EA-H1N1 virus antigen 

 
HuN EA-H1N1 virus antigen 

Mouse 1 Mouse 2 Mouse 3 Mouse 4 Mouse 5 Mouse 1 Mouse 2 Mouse 3 Mouse 4 Mouse 5 
JS/1/11 EA-H1N1           4.7 
 6 40 20 >80 40 40  >80 40 >80 40 40  
 5 <10 40 20 20 40  10 >80 20 40 >80  

 4 10 10 <10 <10 <10  20 <10 <10 10 <10  

 3 <10 <10 <10 <10 <10  <10 <10 <10 <10 <10  

 2 <10 <10 <10 <10 <10  <10 <10 <10 <10 <10  

 1 <10 <10 <10 <10 <10  <10 <10 <10 <10 <10  

HuN EA-H1N1           2.9 
 6 ND ND ND ND ND  ND ND ND ND ND  
 5 ND ND ND ND ND  ND ND ND ND ND  

 4 >80 40 >80 >80 <10  >80 >80 >80 >80 <10  

 3 >80 40 40 <10 20  >80 >80 80 <10 40  

 2 <10 <10 <10 <10 <10  <10 <10 <10 <10 <10  

 1 <10 <10 <10 <10 <10  <10 <10 <10 <10 10  
PBS <10 <10 <10 <10 <10  <10 <10 <10 <10 <10  

*Serum samples were obtained from mice 14 d after inoculation. HuN EA-H1N1, Eurasian avian-like influenza A/Hunan/42443/2015(H1N1) virus; JS/1/11 
EA-H1N1, Eurasian avian-like influenza A/Jiangsu/1/2011(H1N1) virus; MID50, mouse infectious dose; ND, not determined due to death of the animal 
(treated as positive for determination of the MID50); TCID50, 50% tissue culture infectious dose. 
†Titers <20 were regarded as negative for seroconversion. 
‡MID50 was determined using the Spearman–Karber method (19). 
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have been reported to contribute to the efficient respiratory 
droplet transmission of A(H1N1)pdm09 viruses in the ferret 
model (21). Our studies in mice also showed that infectivity 
and virulence were increased in reassortants of EA-H1N1 vi-
rus and A(H1N1)pdm09 virus. Thus, given the prevalence of 
novel EA-H1N1 viruses in pigs and their potential transmis-
sibility to and pathogenicity in humans, enhanced influenza 
surveillance should be instituted among swine and humans.

Our study had several limitations. First, potential 
sources of infection for the HuN EA-H1N1 virus–infected 
patient were not identified. We collected 9 swab samples 
from pigs raised on the premises of the patient’s home, 
which was in a rural location, but EA-H1N1 virus was not 
isolated. Second, despite the high similarity of HA (98.9%) 
and NA (97.7%) genes from JS/1/11 EA-H1N1 and HuN 
EA-H1N1 viruses (online Technical Appendix Table), we 
could not conclude that the A(H1N1)pdm09 virus–derived 
internal genes were associated with the high virulence of 
HuN EA-H1N1 virus and the patient’s severe clinical syn-
drome. More investigations are needed to verify the viru-
lence factor of HuN EA-H1N1 virus. Third, because an 
acute-phase serum sample was not available, we could not 
determine whether a doctor who exhibited signs of illness 
became infected before or after exposure to the patient; 
however, the doctor had a fever the same day she had con-
tact with the patient.

In conclusion, EA-H1N1 swine influenza viruses oc-
casionally infect humans. We report on a novel EA-H1N1 
virus reassortant, HuN EA-H1N1 virus, which was iso-
lated from a boy in China with severe pneumonia. The 
virus contained 2 surface genes from an EA-H1N1 virus 
and 4 internal genes from A(H1N1)pdm09 virus. Com-
pared with JS/1/11 EA-H1N1 virus, the reassortant virus 
exhibited higher infectivity, virulence, and replication in 
C57BL/6J mice, demonstrating the need for further evalu-
ation of HuN EA-H1N1 virus to assess the threat it poses 
to public health. Our results indicate the need for height-
ened surveillance.

This study was supported by the National Mega-projects 
for Infectious Diseases (2014ZX10004002-002 to Y.S., 
2013ZX10004202-001-003 to J.L.) and The National Key Re-
search and Development Program of China (2016YFC1200201 
to Y.S.) and by grants from the Hunan Provincial Science and 
Technology Department (2014SK3246 to H.Z.) and the Hunan 

Figure 4. Replication of Eurasian avian-like influenza A/
Jiangsu/1/2011 (JS/1/11 EA-H1N1) virus and Eurasian avian-
like influenza A/Hunan/42443/2015 (HuN EA-H1N1) virus in the 
respiratory tracts of C57BL/6 mice. Eight- to ten-week-old female 
mice (3/group/time point) were inoculated intranasally with 50 μL 
of PBS containing 104 or 106 TCID50 of JS/1/11 EA-H1N1 or HuN 
EA-H1N1 virus. Mice from each group were euthanized at 1, 4, 
and 7 days postinoculation (dpi). Tissues from each animal were 
homogenized in 1 mL of PBS and then clarified by centrifugation, 
and virus titers in the supernatant were determined by TCID50 
assay using MDCK cells. Results are the mean ± SD. NT, nasal 
turbinate; Tr, trachea; Lu, lung; TCID50, 50% tissue culture 
infectious dose. Dotted horizontal line indicates the detection limit.

 

 

 
Table 2. HI antibody titers to HuN EA-H1N1 virus and CA07 virus in serum collected from an infected patient and his close contacts, 
Hunan Province, China, 2015* 
Contact type and 
age, y 

Contact date 
Fever 

Date of illness 
onset 

Date of serum 
sample collection 

HI titer 
Initial Final HuN EA-H1N1 CA07 

Doctor, 26 Unknown Unknown No NA Sep 21 5 40 
Doctor, 28 Unknown Unknown No NA Sep 21 5 5 
Nurse, 33 Unknown Unknown No NA Sep 21 20 40 
Doctor, 36 Jul 2 Jul 11 Yes Jul 11 Sep 21 5 5 
Doctor, 47 Jul 13 Jul 13 Yes Jul 13 Sep 28 40 80 
Doctor, 39 Jul 13 Jul 13 No NA Sep 28 5 160 
Doctor, 45 Jul 2 Jul 2 Yes Jul 2 Sep 28 5 40 
Nurse, 38 Jul 2 Jul 13 No NA Sep 28 5 40 
Parent, 43 Jun 30 Jul 1 No NA Sep 29 20 40 
Parent, 42 Jun 30 Jul 1 No NA Sep 29 5 5 
Grandparent, 67 Jun 30 Jul 1 No NA Sep 29 5 40 
Grandparent, 63 Jun 30 Jul 1 No NA Sep 29 5 5 
Patient, 2 NA NA Yes Jun 30 Sep 29 80 160 
*CA07, A/California/07/2009 [A( H1N1)pdm09 virus; HI, hemagglutination inhibition; HuN EA-H1N1, Eurasian avian-like influenza 
A/Hunan/42443/2015(H1N1) virus; NA, not available. 

 



Provincial Health and Family Planning Commission, China 
(A2011-006 and C2015-63).

Dr. Zhu is an influenza researcher at the Chinese National  In-
fluenza Center, National Institute for Viral Disease Control and 
Prevention, Chinese Center for Disease Control and  
Prevention. Her research interests include evolutionary analysis 
and pathogenicity mechanism of influenza viruses.

References
  1. Castrucci MR, Donatelli I, Sidoli L, Barigazzi G, Kawaoka Y,  

Webster RG. Genetic reassortment between avian and human  
influenza A viruses in Italian pigs. Virology. 1993;193:503–6. 
http://dx.doi.org/10.1006/viro.1993.1155

  2. Ma W, Kahn RE, Richt JA. The pig as a mixing vessel for influenza 
viruses: human and veterinary implications. J Mol Genet Med. 
2008;3:158–66.

  3. Claas EC, Kawaoka Y, de Jong JC, Masurel N, Webster RG.  
Infection of children with avian–human reassortant influenza  
virus from pigs in Europe. Virology. 1994;204:453–7.  
http://dx.doi.org/10.1006/viro.1994.1553

  4. Komadina N, Roque V, Thawatsupha P, Rimando-Magalong J,  
Waicharoen S, Bomasang E, et al. Genetic analysis of two  
influenza A (H1) swine viruses isolated from humans in  
Thailand and the Philippines. Virus Genes. 2007;35:161–5.  
http://dx.doi.org/10.1007/s11262-007-0097-9

  5. Shinde V, Bridges CB, Uyeki TM, Shu B, Balish A, Xu X, et al. 
Triple-reassortant swine influenza A (H1) in humans in the  
United States, 2005–2009. N Engl J Med. 2009;360:2616–25. 
http://dx.doi.org/10.1056/NEJMoa0903812

  6. Zhu WF, Shu YL. An overview of swine influenza virus infection 
in humans [in Chinese]. Bing Du Xue Bao. 2013;29:559–65.

  7. Gaydos JC, Hodder RA, Top FH Jr, Soden VJ, Allen RG,  
Bartley JD, et al. Swine influenza A at Fort Dix, New Jersey  
(January–February 1976). I. Case finding and clinical study of 
cases. J Infect Dis. 1977;136(Suppl 3):S356–62.  
http://dx.doi.org/10.1093/infdis/136.Supplement_3.S356

  8. Hodder RA, Gaydos JC, Allen RG, Top FH Jr, Nowosiwsky T,  
Russell PK. Swine influenza A at Fort Dix, New Jersey  
(January–February 1976). III. Extent of spread and duration of the 
outbreak. J Infect Dis. 1977;136(Suppl 3):S369–75.  
http://dx.doi.org/10.1093/infdis/136.Supplement_3.S369

  9. Qi X, Cui L, Jiao Y, Pan Y, Li X, Zu R, et al. Antigenic and genetic 
characterization of a European avian-like H1N1 swine influenza 
virus from a boy in China in 2011. Arch Virol. 2013;158:39–53. 
http://dx.doi.org/10.1007/s00705-012-1423-7

10. Zu R, Dong L, Qi X, Wang D, Zou S, Bai T, et al. Virological  
and serological study of human infection with swine influenza  

A H1N1 virus in China. Virology. 2013;446:49–55.  
http://dx.doi.org/10.1016/j.virol.2013.07.022

11. Wang DY, Qi SX, Li XY, Guo JF, Tan MJ, Han GY, et al. Human 
infection with Eurasian avian-like influenza A(H1N1) virus, China. 
Emerg Infect Dis. 2013;19:1709–11. http://dx.doi.org/10.3201/
eid1910.130420

12. Yang H, Chen Y, Qiao C, He X, Zhou H, Sun Y, et al. Prevalence, 
genetics, and transmissibility in ferrets of Eurasian avian-like 
H1N1 swine influenza viruses. Proc Natl Acad Sci U S A. 
2016;113:392–7. http://dx.doi.org/10.1073/pnas.1522643113

13. Chen H, Yuan H, Gao R, Zhang J, Wang D, Xiong Y, et al.  
Clinical and epidemiological characteristics of a fatal case  
of avian influenza A H10N8 virus infection: a descriptive  
study. Lancet. 2014;383:714–21. http://dx.doi.org/10.1016/
S0140-6736(14)60111-2

14. Reed LJ, Muench H. A simple method of estimating fifty percent 
endpoints. Am J Hyg. 1938;27:493–7.

15. Kendal AP, Skehel JJ, Pereira MS. World Health Organization 
Collaborating Centers for Reference and Research on Influenza: 
concepts and procedures for laboratory-based influenza  
surveillance. Geneva: World Health Organization; 1982. p. B17–35.

16. World Health Organization. WHO manual on animal influenza 
diagnosis and surveillance. WHO/ CDS/CSR/NCS/2002.5 [cited 
2015 Dec 22]. http://apps.who.int/iris/bitstream/10665/68026/1/
WHO_CDS_CSR_NCS_2002.5.pdf

17. Nguyen HT, Fry AM, Gubareva LV. Neuraminidase inhibitor  
resistance in influenza viruses and laboratory testing methods. Antivir 
Ther. 2012;17(1 Pt B):159–73. http://dx.doi.org/10.3851/IMP2067

18. Xie Z, Zhang M, Xie L, Luo S, Liu J, Deng X, et al. Identification 
of a triple-reassortant H1N1 swine influenza virus in a  
southern China pig. Genome Announc. 2014;2:e00229-14.  
http://dx.doi.org/10.1128/genomeA.00229-14

19. Karber G. 50% end point calculation. Archiv für Experimentelle 
Pathologie und Pharmakologie. 1931;162:480–3.

20. Zhu W, Yang S, Guo Y, Yang L, Bai T, Yu Z, et al. Imported  
pigs may have introduced the first classical swine influenza  
viruses into mainland China. Infect Genet Evol. 2013;17:142–6. 
http://dx.doi.org/10.1016/j.meegid.2013.03.007

21. Lakdawala SS, Lamirande EW, Suguitan AL Jr, Wang W,  
Santos CP, Vogel L, et al. Eurasian-origin gene segments contribute 
to the transmissibility, aerosol release, and morphology of the 2009 
pandemic H1N1 influenza virus. PLoS Pathog. 2011;7:e1002443. 
http://dx.doi.org/10.1371/journal.ppat.1002443

Address for correspondence: Yuelong Shu, National Institute for Viral 
Disease Control and Prevention, 155 Changbai Rd, Changping District, 
Beijing 102206, China; email: yshu@cnic.org.cn; Junhua Li, Hunan 
Provincial Center for Disease Control and Prevention, Changsha, China; 
email: hncdc_ljh@163.com

1936 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No.11, November 2016

RESEARCH


