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Abstract

Introduction: South China has a proven role in the global epidemiology of previous influenza outbreaks due to its dual seasonal pattern. We
present the virologic, genetic and clinical characterization of pandemic H1N1 influenza infection (pH1NZ1) in Shantou and Nanchang, cities
in southern China, during the second wave of the 2009-2010 pandemic.

Methodology: Nasopharyngeal swabs were collected from 165 individuals with influenza-like illness (ILI) who presented to the hospitals in
Shantou and Nanchang. Laboratory diagnosis and characterization was performed by real-time PCR, virus isolation in embryonated chicken
eggs, and sequencing.

Results: pH1IN1 activity was sustained in three different temporal patterns throughout the study period. The overall positivity rate of pH1N1
was 50% with major distribution among young adults between the ages of 13 and 30 years. High fever, cough, expectoration, chest pain,
myalgia, nasal discharge and efficient viral replication were observed as major clinical markers whereas a substantial number of afebrile
cases (17%) was also observed. Rate of hospitalization and disease severity (39%) and recovery (100%) were also high within the region.
Furthermore, severe complications were likely to develop in young adults upon pH1N1 infection. Genetic characterization of the HA and NA
genes of pHIN1 strains exhibited homogenous spread of pH1N1 strains with 99% identity with prototypic strains; however, minor unique
mutations were also observed in the HA gene.

Conclusion: The study illustrates the detailed characteristics of 2009 influenza pandemic in southern parts of China that might help to
strategize preparedness for future pandemics and subsequent influenza seasons.
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Introduction sustained its infectivity ratio and severity of illness

In 2009, the novel strain influenza A (H1N1)
virus that carried a unigque combination of gene
segments from four different lineages emerged and
quickly attained pandemic status. With a high attack
rate similar to those of contemporary strains,
pandemic 2009 influenza HIN1 virus (pH1N1
hereafter) penetrated globally but more specifically in
school-aged children, young adults, and patients with
underlying co-morbidities [1-3]. The clinical
spectrum of the disease ranged from mild to severe
illness with increased rate of hospitalization and case
fatality. Notably unlike previous pandemics, pHIN1

during multiple waves of the pandemic, claiming
more than 15,000 mortalities and infecting 1.5
million people in 208 countries (World Health
Organization,

http://www.who.int/csr/disease/swineflu/en/ date of
access 12 December 2010). However, the actual
numbers might be much higher due to the
unavailability of data from patients with mild
sickness and insufficient surveillance in certain areas
of the world. Although the transmission of pHIN1
has been demoted to the level of seasonal influenza,
the continued circulation of the virus gives it the
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potential to mutate. This situation might present more
complex challenges to health-care providers and
researchers alike as we move into next influenza
seasons. Therefore, it is critical to understand the
global dynamics of the 2009-2010 pandemic.
Although valuable information has been generated,
clinico-epidemiological data is still emerging from
different parts of the world.

China declared its first few cases of pH1IN1
infection in May 2009 [4] and these were followed by
a rapid transmission of infection in the community.
According to the Chinese Ministry of Health,
approximately 197,000 suspected cases of influenza-
like illness (ILI) were observed during the 2009-2010
flu season (http://www.cnic.org.cn/eng) with a
considerably high proportion of hospitalizations, ICU
admissions, and deaths [5-8]. However, available
data, mostly based on case reports and retrospective
analyses, portray the clinical picture of cases as
situated in urban areas of the country, especially in
Beijing and Shanghai, which are more likely to have
been affected by international travel and do not
represent a large portion of the Chinese population
[4,6-12]. Southern parts of mainland China, where
Shantou and Nanchang are located, represent smaller
urban centers more than the typical Chinese
demographics. Interestingly, due to unique seasonal
variation, influenza activity is sustained in the region
throughout the year with a sharp peak in summer and
a moderate peak in winter season [13], and thus the
area exhibits the gross impact of the influenza
epidemiology in the country. Therefore, it merits
knowing the epidemiological picture of influenza
activity in this region during the 2009 pandemic,
which is largely missing in the current body of
literature.

In this study we summarize the clinical and
virological profile of influenza activity in southern
parts of mainland China during the second pandemic
wave. To assess the situation, we conducted a
hospital-based study on the patients who reported
with ILI in two different cities located in southern
provinces of China during December 2009 to March
2010. The study period covered the second pandemic
wave in the winter season of 2009 as well as the
spring festival of 2010, when a large proportion of
the population travels inside the country.

Methodology
Patients and inclusion criteria

A hospital-based study was conducted from
December 2009 through March 2010 in Shantou and
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Nanchang, two highly populated cities of Guangdong
and Jiangxi provinces respectively, located in the
south of China. Following examination by
physicians, a total of 172 patients who met the
clinical definition of ILI (presence of two or more
upper respiratory tract symptoms with/without fever)
as defined by the United States Centers for Disease
Control and Prevention (CDC) [14], were included
in the study. Two nasopharyngeal (NP) swabs were
collected in viral transport medium from each patient
and immediately transported to the laboratory.
Further clinical and demographic details including
age, sex, height, weight, history of infection, travel
and antiviral treatment, co-morbidities, and clinical
signs were obtained by clinical examination and
direct interviews. Hospitalized cases remained under
observation for disease progression, complications,
treatment outcome, and case mortality, if any.
Complications that developed in hospitalized cases
included pneumonia, shortness of breath, acute
respiratory distress (ARD), sinus tachycardia, pleural
effusion and respiratory failure. Pneumonia was
defined as the presence of increased alveolar marking
observed by chest X ray.

The study was approved by the ethical board of
Infectious Disease Hospital, Nanchang University,
Nanchang 9th Hospital, China. Written consents were
obtained from all participants involved in the study.

Virus isolation

Presence of pH1N1 virus was also evaluated by
virus isolation. Samples were inoculated in 9- to 11-
day-old embryonated eggs as described previously
[16] with the exception of incubation at 33°C for 48
hours. Samples with hemagglutination titer > 1:2
were considered positive, which was further
confirmed by real-time RT-PCR for pH1N1 virus
according to World Health Organization (WHO) and
US CDC protocols [15]. Egg Infectious Dosesg
(EIDsp) of positive samples was further determined
by standard method for future virological studies
[16].

Molecular diagnosis and virus typing

Molecular diagnostic procedures were performed
according to WHO and US CDC protocols [15].
Briefly, RNA was extracted from NP swabs and
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Table 1. List of primers used for Influenza virus typing
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Primer pair  Sequences

Product size

MP-FIuA

F -5 AAGACCAATCCTGTCACCTCTGA 3’ 94

R-5_ CAAAGCGTCTACGCTGCAGTCC 3’
HA-H1® F-5"_GTAAAACGACGGCCAGTTATAAACAGCAGTCTTC_3" 444

R-

5_GGAAACAGCTATGACCATGATATGTCCAAATGTCTA_3'

HA-H3 F-5"_ GTAAAACGACGGCCAGTC
TGTATGCTCAAGCATCAGG _3

286

R-5_ GGAAACAGCTATGACCATG

ATTTGCCAATGGGTGTATCT _3
F-5_GTAAAACGACGGCCAGTAATCTTCTCAGAGGATA_ 3" 647

HA-FluB
R-

5'_GGAAACAGCTATGACCATGTTCTCCTGTGTAGTAAG_3'
B-actin F-5'-ATG GGT CAG AAG GAT TCC TAT GTG-3’ 359
(human) R-5'-CTT CAT GAG GTA GTC AGT CAG GTC-3'

$ HA of A/Brisbane/59/2007 like virus

subjected to real-time RT-PCR for the detection of
pHIN1 virus using a commercial kit (Liferiver,
Shanghai, China).

Real-time RT-PCR assays were also developed to
detect contemporary flu strains including Influenza
A- H3N2, HIN1 (A/Brisbane/59/2009 lineage, the
then seasonal strain) and Influenza B. For this
purpose, RNA samples were reverse transcribed by
using a high-capacity cDNA RT kit (Applied
Biosystems, Foster City, USA) followed by
amplification in a MyCycler PCR machine (BioRad,
Shanghai, China) using SYBR Green master mix
(Invitrogen, Guangzhou, China) and 0.5pmol/pl of
forward and reverse primers as listed in Table 1.
Positive and negative controls were processed with
each run. Amplification of human pg-actin gene
served as housekeeping control.

Sequencing

A total of 10 pHIN1" samples were selected for
the sequencing of hemeagglutinin (HA) and
neuraminidase (NA) genes. Four primer pairs
covering 400 to 500 bp length with 100bp
overlapping sequence were designed for each gene.
RNA were reverse transcribed and subjected to PCR
amplifications in a final volume of 180pl. Purified
PCR preps (Promega, Madison, USA) were
sequenced from Invitrogen (Guanzhou, China).
Sequences were aligned and assessed by NCBI
nBLAST and ClustalWw multiple alignment tools.
Phylograms were constructed by MEGA version 4
using the neighbor joining (NJ) method in the
nucleotide model of Kimura two-parameters, with
1000 replicate bookstrapping. Evolutionary distances

at amino acid and nucleotide levels were assessed by
pairwise p-distances.

Statistics

Statistical analyses were performed using PSAW
Statistics 18 (SPSS Inc., Chicago, IL, USA). Fisher’s
exact and Chi square tests were used for comparison
of categorical data, and the two-tailed t-test was
applied in case of continuous variables. Relative risks
and odds ratios (OR) were estimated with 95%
confidence intervals (CI) by multivariate analysis.

Results
Characterization of influenza activity

From December 2009 to March 2010, NP swabs
were collected from 172 patients (116 from Shantou
and 56 from Nanchang) who reported with ILI
symptoms. Of these, 165 were included in the study
on the basis of complete clinical information and
sample quality. The pandemic 2009 H1IN1 virus was
present in 82 (50%) out of 165 ILI cases with the co-
circulation of seasonal strains as follows: influenza A
H1IN21 (A/Brisbane/59/2007-lineage), 4 cases (2%); A
(H3N2), 1 case (0.6%); type B influenza, 2 cases
(1%); and unsubtyped influenza A, 26 cases (16%).
Laboratory investigation revealed that influenza
activity occurred in three different temporal patterns
during this period. As shown in Figure 1, pHIN1
cases peaked during the first five weeks with a 55%
(43%-73%) detection rate per week followed by an
ebb of 22% in February 2010. In the last two weeks
of March 2010, although ILI cases were fewer, the
virus resumed a positivity rate of 55%. The median
age of pH1NL1 infected cases was 21 + 13.8 years
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Table 2. Clinical information of patients infected with 2009 pandemic H1N1 influenza virus

H1N1 confirmed cases

Other ILI cases

Parameters (n=82) (n=83)
n % n %

Symptoms

Fever 62 76 48 58

Cough 52 63 46 55

Nasal discharge 36 44 26 31

Myalgia 22 27 18 22

Fatigue 20 24 17 20

Headache 14 17 30 36

Conjunctivitis 9 11 6 7

Expectoration 5 6 0 0

Chest pain 2 2 0 0

Dyspnea 2 2 0 0

Diarrhea 0 0 1 1
Hospitalization 32 39 21 25
Co-morbidities

Pregnancy 3 4 2 2

Others 6 7 27 32
Disease Progression

Pneumonia with other

complications 21 26 25 30
Deaths 0 0 0 0
Antiviral treatment 9 11 0 0

with a male:female ratio of 1:1.2; however, 55%
were between the ages of 13 and 30 years. There was
no difference in the positivity rate of samples
collected from Shantou and Nanchang, but the
respective mean age, 18.37 and 27 years, differed
significantly (P < 0.05). A total of 14 (17%) of the
pH1N1 infected cases were children under the age of
12 years. Patients younger than 30 years of age were
more likely to be infected with pH1N1 virus than
those over 30 years, with an odds ratio (OR) of 1.556
(0.27-1.56 95% CI) (Figure 1). The observation
confirmed the sustained influenza activity in the
region with the predominance of pH1N1 throughout
the study period. It also indicated that, as expected,
young healthy people were the primary population
affected during the second pandemic wave.

Clinical picture

Relative comparison between pH1N1 infected
and uninfected patients showed that cough (63% vs
55%, P < 0.05), nasal discharge (44% vs 31%, P
<0.001) and myalgia (27% vs 22%, P < 0.05) were
more frequently associated with pH1N1 infection
(Table 2). Other less frequently observed symptoms
included fatigue, expectoration, chest pain,
conjunctivitis, headache, and dyspnea whereas no

case of diarrhea or vomiting was seen. It is also
observed that a considerable number (24%, n = 40) of
ILI cases were afebrile at the time of sample
collection while 66% (n = 110) had fever.
Temperature records were missing for 15 cases.
Among pHIN1 infected patients, 62 (76%) were
febrile and 14 (17%) were afebrile (Table 2). No
significant difference in average temperature was
found between pHIN1 infected and uninfected
patients (P = 0.9287). To determine the difference
between febrile and afebrile patients, we further
examined the viral replication in nasopharyngeal
(NP) swabs. Not surprisingly, median viral loads
were significantly higher in febrile compared with
afebrile patients (P<0.05) as shown in Figure 2.
Further analysis revealed that samples from 11 febrile
cases that were collected between 7 and 12 days post-
onset of illness had detectable pHIN1 RNA levels,
while none of the samples from afebrile patients was
found positive with pH1N1 if sampling was late with
the course of illness. Age specific characterization
showed that the former group mainly consisted of
children younger than 12 vyears of age. To
summarize, febrile and afebrile pH1N1 infected cases
were simultaneously present in the community and
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Figure 1. Demographic description of ILI cases and pH1N1 infected cases
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Figure 3. Multivariate analysis illustrating factors increasing the risk of complication development in pH1N1 cases.
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viral replication actively contributed to the clinical
course of infection.

Disease progression in pH1N1 infected patients

We also noticed increased hospitalization rates
among patients with laboratory-confirmed pH1N1
infection. Out of 82 patients, 32 (39%) pH1N1
infected cases were hospitalized because of the
development of intense respiratory tract symptoms
while 12 (15%) such patients refused to be
hospitalized. Out of 32 hospitalized cases, 21
developed  pneumonia  while  other  severe
complications such as shortness of breath, acute
respiratory distress (ARD), sinus tachycardia, pleural
effusion and respiratory failure were observed in a
few cases. According to multivariate analysis,
patients with underlying co-morbidities were more
prone to develop complications. In addition,
complications were less likely to occur among those
patients who were less than 40 years of age and those
who were treated with antiviral drugs (Figure 3). The
inverse correlation of antiviral treatment and age with
the development of complications was perhaps due to
the low prevalence of underlying illnesses in such

Odd ratio (95% CI)

cases. Median viral loads of hospitalized cases were
not significantly different from non-hospitalized and
non-complicated cases. Antiviral treatment with
oseltamivir was given to 9 (28%) of the hospitalized
cases. There were no cases with fatalities in this
study.

Genetic characterization of HA gene

HA genes of 10 pH1NL1 strains were sequenced.
BLAST analysis based on the number of nucleotides
present in HA gene exhibited 99% identity with the
prototypic A/California/07/2009 H1N1 strain. It also
indicated a close identity ( > 99%) with
A/Nanjing/3/2009 and other Chinese isolates,
indicating the spread of homogenous strains in China.

Multiple alignments revealed several nucleotide
substitutions in our strains as shown in Figure 4.
Several mutations such as E391K, P100S, 1208L,
T214A, S220T and 1338V were also present in our
strains as they were in other representative global
isolates. Our samples also contained unique
mutations such as A409V, D144E, K71N, S340F and
H416P; however, no correlation with respect to
demography, disease progression, and clinical
findings was found (Table 3).
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Figure 4. Genetic characterization of 2009 pandemic H1N1 influenza
a

A/Nanchang/8021/2009  CGCA 45 ATGTAACA 220 TCTCCA 265 CAICT 300 CAAGTT 415 AATCG 395 GTCTCT 625 Gjjca 660
A/Nanchang/8029/2009 lGCA 45 ATGTAACA 220 TCTCCA 265 CANMCT 300 CAAGTT 415 AATCG 395 G’I"I’CT 625 GHCA 660
A/Shantou/8028/2010 CGCA 45 ATGTAACA 220 TCTCCA 265 CAMCT 300 CAAGTT 415 AATCG 395 GTCTCT 625 GficA 660
A/Shantou/8064/2010 cGea 45 aAflGTAACA 220 TCTCCA 265 CAfCT 300 CAGTT 415 AATCG 395 GTCTCT 625 GfICA 660
A/Shantou/8027/2009 CGCA 45 ATGTAACA 220 TCTCCA 265 CANCT 300 CAAGTT 415 AATCG 395 GTCTCT 625 GfICA 660
A/Shantou/8049/2010 CGCA 45 ATGTAACA 220 TTCCA 265 CAMCT 300 CAAGTT 415 AATCG 395 GTCTCT 625 GfCA 660
A/Nanchang/8014/2009  CGCA 45 ATGTAACA 220 TCTCCA 265 CANCT 300 CAAGTT 415 CG 395 GTCTCT 625 GJjcA 660
A/Nanchang/8015/2009 CGCA 45 ATGTAACA 220 TCTCCA 265 CANCT 300 CAAGTT 415 CG 395 GTCTCT 625 GECA 660
A/Shantou/8012/2010 CGCA 45 ATGTAACA 220 TCTCCA 265 CAfCT 300 CAAGTT 415 cG 395 GTCTCT 625 GfjcA 660
A/Nanchang/8009/2009 CGCA 45 ATGTAACA 220 TCTCCA 265 CARCT 300 CAAGTT 415 [CG 395 GTCTCT 625 GRCA 660
A/California/07/2009 CGCA 45 ATGTAACA 220 TCTCCA 265 CACCT 300 CAAGTT 415 AATCG 395 GTCTCT 625 GTCA 660
A/Nanchang/8021/2009 CAC 895 ACAAT 950 ATTGAGGAATGTCCCG’I.T 1020 GATATG 1135 GAT 1175 TTATT 1200
A/Nanchang/8029/2009 CAC 895 ACAAT 950 ATTGAGGAATGTCCCGTCT 1020 GATATG 1135 GAT 1175 TTATT 1200
A/Shantou/8028/2010 CAC 895 ACAAT 950 ATTGAGGAATJJTCCCGTCT 1020 GATATG 1135 GAT 1175 TTATT 1200
A/Shantou/8064/2010 CAC 895 ACAAT 950 AJJTGAGGAATRTCCCGTCT 1020 GATATG 1135 GAT 1175 TTATT 1200
A/Shantou/8027/2009 CAC 895 ACAAT 950 ATTGAGGAATTCCCGTCT 1020 GATATG 1135 GAT 1175 TTATT 1200
A/Shantou/8049/2010 cac 895 ACPAT 950 ATTGAGGAATRTCCCGTCT 1020 GTATG 1135 GAT 1175 TTATT 1200
A/Nanchang/8014/2009 CAC 895 ACAAT 950 ATTGAGGAATETCCCGTCT 1020 GATATG 1135 CGAGAT 1175 TTATT 1200
A/Nanchang/8015/2009 CAC 895 ACAAT 950 ATTGAGGAATRTCCCGTCT 1020 GATATG 1135 CGAGAT 1175 TTATT 1200
A/Shantou/8012/2010 CAC 895 ACAAT 950 ATTGAGGAATETCCCGTCT 1020 GATATG 1135 CGAGAT 1175 'I'ATT 1200
A/Nanchang/8009/2009 CAC 895 ACAAT 950 ATTGAGGAA CCCGTCT 1020 GATATG 1135 CGAGAT 1175 TTATT 1200

A/California/07/2009 AAACAC 895 ACAAT 950 ATTGAGGAATGTCCCGTCT 1020 GATATG 1135 CGAGAT 1175 TTATT 1200

A/Nanchang/8021/2009  GAGTAGGTAAAGAGTTCAACCH 1247 ACTT 1385 CAGJjrA 1410 GAJJAAC 1470 TTTA 1583 ATTCA 1605
A/Nanchang/8029/2009  GCAGTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGHTA 1410 GAJAAC 1470 TTTA 1583 ATTCA 1605

A/Shantou/8028/2010 GTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGHTA 1410 cGAfAAC 1470 Tra 1583 afjrca 1605
A/Shantou/8064/2010 GTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGETA 1410 GAEAAC 1470 TTTA 1583 ATTCA 1605
A/Shantou/8027/2009 GCAGTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGETA 1410 GAgAAC 1470 TTTA 1583 ATTCA 1605
A/Shantou/8049/2010 GCAGTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGETA 1410 GATAAC 1470 TTTA 1583 ATTCA 1605
A/Nanchang/8014 /2009 GTAGGTAAAGAGTTCAACCA 1247 AJTT 1385 CAGTA 1410 GATAAC 1470 TTTA 1583 ATTCA 1605
A/Nanchang/8015/2009 AGTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGQTA 1410 GATAAC 1470 TTTA 1583 ATTCA 1605
A/Shantou/8012/2010 GTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGETA 1410 GATAAC 1470 TTTA 1583 ATTCA 1605

A/Nanchang/8009/2009 GCAGTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGHTA 1410 GATAAC 1470 TTTA 1583 ATTCA 1605
A/California/07/2009 GCAGTAGGTAAAGAGTTCAACCA 1247 ACTT 1385 CAGCTA 1410 GATAAC 1470 TTTA 1583 ATTCA 1605

b

A/Nanchang/8015/2009  TAATJJACCATT 30 GGGAATCAAAA 120 AAAACA 175 GIJJTAAG 320 AGAACACA 680 GGJJTACAT 950
A/Nanchang/8009/2009  TAATJACCATT 30 GGGAATCAAAA 120 AAAACA 175 GTTAAG 320 AGAACACA 680 GGETACAT 950
A/Nanchang/8029/2009  TAATACCATT 30 GGGAATCAAAA 120 AAAACA 175 GTJTAAG 320 AGAACACA 680 GGETACAT 950
A/Shantou/8027/2009 TAATQACCATT 30 GGGAATCAAAA 120 AAAACA 175 GTTAAG 320 AGAACACA 680 GGRTACAT 950
A/shantou/8028/2010 TAATRACCATT 30 GGGAATCAAAA 120 AAAACA 175 G TAAG 320 AGAACACA 680 GGETACAT 950
A/Nanchang/8021/2009  TAATHEACCATT 30 GGGAATCAAAA 120 AAAACA 175 GT§TAAG 320 AGAACACA 680 GGETACAT 950
A/Shantou/8012/2010 TAATHACCATT 30 GGGAATCAAAA 120 AAAACA 175 GTHETAAG 320 AGJAcaca 680 GGETACAT 950
A/Shantou/8064/2010 TAAT) CCATT 30 GGGI\.TCAAAA 120 AAAACA 175 G TAAG 320 AGAACACA 680 GGATACAT 950
A/Nanchang/8014/2009  TAATACCATT 30 GGGAATCAAAA 120 AAAACA 175 GT§TAAG 320 AGAACACA 680 GGATACAT 950
A/Shantou/8049/2010 TAATHACCATT 30 GGGAATCAAAA 120 AfAACA 175 GTHETAAG 320 AGAACACA 680 GGATACAT 950
A/California/07/2009 TAATAACCATT 30 GGGAATCAAAA 120 AAAACA 175 GTGTAAG 320 AGAACACA 680 GGATACAT 950
A/Nanchang/8015/2009 TTTTCATjcAAAT 1060 GAGATGA 1120 ACTAAT 1280 ACAATCTG 1310 ATCCTTTTGJjGG 1340
A/Nanchang/8009/2009 ITTTTCAT] ARAT |G 1060 GAGATGA 1120 ACTAAT 1280 ACAATCTG 1310 ATCCTTTTGRGG 1340
A/Nanchang/8029/2009 TTTTCATCAAATANG 1060 GAGATGA 1120 ACTAAT 1280 ACJJATCTG 1310 ATCCTTTTGRGG 1340
A/Shantou/8027/2009 TTTTCATRCAAATAMG 1060 GAGATGA 1120 ACTAAT 1280 ACHATCTG 1310 ATCCTTTTGRGG 1340
A/Shantou/8028/2010 TTTTCATRCAAAT. 1060 GAGATGA 1120 ACTAAT 1280 A TCTG 1310 ATCCTTTTGRGG 1340
A/Nanchang/8021/2009 [ TTTTCATQCAAAT 1060 cafjatca 1120 ACTHAT 1280 ACAATCTG 1310 ATCCTTTTGEGG 1340
A/Shantou/8012/2010 TTTTCATCAAAT 1060 GAGATGA 1120 ACTAAT 1280 ACAATCTG 1310 ATCCTTTTGTGG 1340
A/Shantou/8064/2010 TTTTCAT) AAAT 5 1060 GAGATGA 1120 ACTAAT 1280 ACAATCTG 1310 ATCCTTTTGTGG 1340
A/Nanchang/8014/2009 TTTTCATCAAAT 1060 GAGATGA 1120 ACTAAT 1280 ACAATCTG 1310 ATCCTTTTGTGG 1340
A/Shantou/8049/2010 TTTTCATHCAAATARG 1060 GAGATGA 1120 ACTAAT 1280 ACAATCTG 1310 ATCCTTTTGTGG 1340

A/California/07/2009 GGTTTTCATACAAATATG 1060 GAGATGA 1120 ACTAAT 1280 ACAATCTG 1310 ATCCTTTTGTGG 1340
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Sequences of (a) HA and (b) NA genes were aligned with prototype pH1N1 influenza strains using ClustalW multiple alignment tools.
Nucleotide substitutions are marked as grey, (c) Phylogenetic analysis of HA gene with other representative isolates from China
(unlabelled) and United States by neighbor joining method. Bookstrap values represent 1000 replicates.
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Table 3. Mutation analysis of selected strains of pH1N1 influenza virus
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o0 o0 o0 o o o0 o0 o o o
Strain > = =2 < g E EL < = e
sz 22 2 2 &8 &8 & ¢
e e e 8 8 e e 8 8 8
© © © 1%} %) © © %) %) 1%}
prd prd Z Q@ prd prd 2 < Y
2 2 z < < z 3 < < <
Sample collection Dec7 Dec12 Dec08 Decl13 Jan5 Decl6 Dec18 Jan5 Jan6 Jan2
P 2009 2009 2009 2009 2010 2009 2009 2010 2010 2010
Age (yrs) 32 21 19 6 25 20 8 21 21 NA
Gender F M F M M F M F M NA
Temp. (°C) 39.1 38.5 39.2 38.8 37 39.1 38.5 37 37 37
Hospitalization v v v v v
Complication v 4
Pregr1_ar_19y/ Co- v v v
morbidities
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< < L0 L0 o) Lo o) O (o] O
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K71N (8} (8} (8 O O O O O ($) ($)
v
P100S v v v v v v v v v v
D144E v v
HA S145P v v v v
1208L v v v v v v v v v
T214A v v v v v v v v v v
S220T v v v v v v v v v v
1338V v v v v v v v v v v
S340F v
E391K v v v v v v
A409V v v v v v v
H416P 4
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N42S v
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N248D v v v v v v v v v v

mutations are compared with prototypic strain: A/California/07/2009 HIN1, NA — not available, ND — Not done
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To analyze the pattern of the pandemic in two
different pandemic waves in China, we performed
HA based phylogenetic analysis of pH1INL1 strains
with other Chinese isolates that are available on the
NCBI influenza database. In addition, HA-pH1
sequences of Chinese strains which were isolated
during: 1) first pandemic wave (from March to
August 2009,n = 29); 2) second pandemic wave
(from September 2009 to March 2010, n = 49) were
compared with HA-pH1 sequences reported from the
United States of America (USA) during the same
time periods: 1) first pandemic wave (March to
August 2009, n = 347); and 2) second pandemic
wave (September 2009 to March 2010, n = 336).
Sequences were randomly selected from the NCBI
influenza resource database. Phylogenetic analysis
revealed that dominant homogenous strains in China
were closely related to the prototypic global strains
Al/California/04/2009 and  A/California/07/2009
irrespective of flu season (Figure 4). The results also
indicated the minor epidemiological differences
between pH1N1 strains that circulated in China and
the USA during the second pandemic wave.

Genetic characterization of NA gene

Sequence analysis of the NA gene exhibited
several mutations in the nucleotide sequence leading
to amino acid substitutions N248D and V1061, which
previously have been identified in other Chinese
isolates including A/Nanjing/3/2009 and
A/Shanghai/1/2009. No H274Y substitution targeting
oseltamivir resistance was observed. An additional
substitution of Asparagine to Serine at residue 42 was
found in one strain (Figure 4).

Discussion

In this study, the sample collection took place
from December 2009 to March 2010, thereby
covering the second pandemic wave that occurred
during the winter of 2009-2010 in the northern
hemisphere. Interestingly, the initial wave of
influenza activity faded and it was followed by a
modest resurgence of the disease, which may have
been caused by the large movement of people that
takes place during the Chinese Spring Festival.

During the previous influenza seasons, severe
respiratory complications were more prevalent
among the elderly; however, a shift in the age
distribution towards younger patients has previously
been observed in the 2009 influenza pandemic,
although the reasons for this phenomenon remain
unclear. In our study the median age was 21 years,

J Infect Dev Ctries 2011; 5(10):700-710.

which is comparable to those of other studies done in
China that reported median ages of 24 years [7] and
21 years [17] and also studies in North America with
20 years [18], Spain with 29 years [19] and Russia
with 18 years [20]. We found that during the
pandemic period 17% of overall pHIN1 infected
cases were children ( < 12 years). This observation
agrees with the published data from China and
neighboring countries [7,21] but is in contrast with
that of North America where pediatric infections
were more prevalent [22,23].

Our results confirm previous reports indicating
that young and middle-aged individuals infected with
pHLIN1 are more prone to develop severe
complications, as opposed to patients with seasonal
influenza where the elderly was the most affected
group [9,24]. In the areas of southern China covered
in this study, human Infection with pHIN1 virus
culminated in 50% of ILI cases with higher rates of
hospitalization (39%) and recovery (100%) compared
with other cohorts from the United States, Mexico,
Canada, and Beijing [3,10,25,26], illustrating a
slightly different trend of pandemic infection in this
region.

High fever is often associated with increased
viral loads and prolonged shedding that provides an
extended opportunity for disease establishment;
therefore, it is often considered a key determinant of
disease severity. In our studied population, clinical
(febrile) and subclinical (afebrile) cases were
simultaneously present with efficient viral replication
in the former group as reported elsewhere [27].
Interestingly, unlike other reports, we observed a
higher rate of subclinical infection [7,17,28] that
probably contributed toward the overall low mortality
rate and may have acted as a silent source of
infection in the community. One possible reason for
the difference in observations is population
characteristic because south China is dominated by
the Han ethnic group so it may be possible that host
factor contributes towards the susceptibility and
clinical course of disease.

Genetic analysis indicated the presence of several
mutations in NA and HA genes including HA-
E391K, P100S, T214A, 1338V, 1208L, S220T and
NA- N248D, V1061, which have already been
observed in various strains globally [29,30].
Phylogenetic analysis of HA sequences reported by
us and other Chinese labs showed that, during first
pandemic wave, HIN1 virus was predominantly
homogenous with prototypic strains with some minor
mutations, unlike reports from the USA which
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showed distinct heterogeneities at that time [31].
Thus we speculate that in the second pandemic wave
from September 2009 onward, China and the United
States might have experienced different patterns of
viral circulation. However, this observation is based
only on HA gene sequences available in the NCBI
influenza resource database. Genome-wide analysis
is necessary to draw final conclusions.

This study provides the description of pandemic
influenza activity in southern parts of China showing
the sustained pH1N1 infection, less frequent pediatric
infection, simultaneous presence of febrile and
afebrile cases, as well as higher rate of hospitalization
and recovery as unique features that contribute
valuable information to the current understanding of
the 2009 influenza pandemic.

Acknowledgments

This study was supported by the Li Ka-Shing Foundation of
Canada, Canadian Institutes of Health Research, IDR, and
Shantou University Medical College.

References

1. Webb SAR, Pettila V, Seppelt I, Bellomo R, Bailey M,
Cooper DJ, Cretikos M, Davies AR, Finfer S, Harrigan PWJ
(2009) Critical care services and 2009 H1N1 influenza in
Australia and New Zealand. New Engl J Med 361: 1925-
1934,

2. Libster R, Bugna J, Coviello S, Hijano DR, Dunaiewsky M,
Reynoso N, Cavalieri ML, Guglielmo MC, Areso MS,
Gilligan T, Santucho F, Cabral G, Gregorio GL, Moreno R,
Lutz MI, Panigasi AL, Saligari L, Caballero MT, Egles
Almeida RM, Gutierrez Meyer ME, Neder MD, Davenport
MC, Del Valle MP, Santidrian VS, Mosca G, Garcia
Dominguez M, Alvarez L, Landa P, Pota A, Bolofiati N,
Dalamon R, Sanchez Mercol VI, Espinoza M, Peuchot JC,
Karolinski A, Bruno M, Borsa A, Ferrero F, Bonina A,
Ramonet M, Albano LC, Luedicke N, Alterman E, Savy V,
Baumeister E, Chappell JD, Edwards KM, Melendi GA,
Polack FP (2010) Pediatric hospitalizations associated with
2009 pandemic influenza A (HIN1) in Argentina. New Engl
J Med 362: 45-55.

3. Jain S, Kamimoto L, Bramley AM, Schmitz AM, Benoit SR,
Louie J, Sugerman DE, Druckenmiller JK, Ritger KA,
Chugh R, Jasuja S, Deutscher M, Chen S, Walker JD,
Duchin JS, Lett S, Soliva S, Wells EV, Swerdlow D, Uyeki
TM, Fiore AE, Olsen SJ, Fry AM, Bridges CB, Finelli L,
Team PIAHNVHI (2009) Hospitalized patients with 2009
H1N1 influenza in the United States, April-June 2009. New
Engl J Med 361: 1935-1944.

4. Bin C, Xingwang L, Yuelong S, Nan J, Shijun C, Xiayuan
X, Chen W (2009) Clinical and epidemiologic
characteristics of 3 early cases of influenza A pandemic
(HINT) 2009 virus infection, People’s Republic of China,
2009. Emerg Infect Dis 15: 1418-1422.

5. Cao B, Li XW, Mao Y, Wang J, Lu HZ, Chen YS, Liang
ZA, Liang L, Zhang SJ, Zhang B, Gu L, Lu LH, Wang DY,
Wang C, China NIAPHNCIGo (2009) Clinical features of

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

J Infect Dev Ctries 2011; 5(10):700-710.

the initial cases of 2009 pandemic influenza A (H1N1) virus
infection in China. New Engl J Med 361: 2507-2517.

Shen Y, Lu H (2010) Pandemic (H1N1) 2009, Shanghai,
China. Emerg Infect Dis 16: 1011-1013.

Mu YP, Zhang ZY, Chen XR, Xi XH, Lu YF, Tang YW, Lu
HZ (2010) Clinical features, treatments and prognosis of the
initial cases of pandemic influenza HIN1 2009 virus
infection in Shanghai China. QJM 103: 311-317.

Yang P, Deng Y, Pang X, Shi W, Li X, Tian L, Zhang Y,
Wang X, Huang F, Raina MIC, Wang Q (2010) Severe,
critical and fatal cases of 2009 HIN1 influenza in China. J
Infect 61: 277-283.

Cui W, Zhao H, Lu X, Wen Y, Zhou Y, Deng B, Wang Y,
Wang W, Kang J, Liu P (2010) Factors associated with
death in hospitalized pneumonia patients with 2009 H1IN1
influenza in Shenyang, China. BMC Infect Dis 10: 145.

Xi X, Xu 'Y, Jiang L, Li A, Duan J, Du B, Group CCCCT
(2010) Hospitalized adult patients with 2009 influenza A
(HAIN1) in Beijing, China: risk factors for hospital mortality.
BMC Infect Dis 10: 256.

Chen H, Cheung CL, Tai H, Zhao P, Chan JFW, Cheng
VCC, Chan KH, Yuen KY (2009) Oseltamivir-resistant
influenza A pandemic (H1N1) 2009 virus, Hong Kong,
China. Emerg Infect Dis 15: 1970-1972.

Wang X, Yang P, Seale H, Zhang Y, Deng Y, Pang X, He
X, Wang Q (2009) Estimates of the True Number of Cases
of Pandemic (H1N1) 2009, Beijing, China. Emerg Infect Dis
16: 1786-1788.

Shu YL, Fang LQ, de Vlas SJ, Gao Y, Richardus JH, Cao
WC (2010) Dual seasonal patterns for influenza, China.
Emerg Infect Dis 16: 725-726.

CDC- Morbidity and mortality weekly report (MMWR)
(2009) Update: Swine influenza A (H1N1) infections---
California and Texas, April 2009. 58: 435-437

CDC, WHO (2009) CDC Protocol for realtime RTPCR for
influenza A(H1NZ1) - revision 1 30 April 2009.

Szretter KJ, Balish AL, Katz JM (2006) Influenza:
propagation, quantification, and storage. Current Protocols
in Microbiology. John Wiley & Sons Inc: 15G.11.11-
15G.11.22

Zhou BT, Fan YM, Li TM, Liu XQ (2010) Clinical features
of initial cases of 2009 pandemic influenza A (HIN1) in
Macau, China. Chin Med J (Engl) 123: 2651-2654.

Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom S, ,
Garten RJ, Gubareva LV, Xu X, Bridges CB, Uyeki TM
(2009) Emergence of a novel swine-origin influenza A
(HINL1) virus in humans. New Engl J Med 360: 2605-2615
Bermejo-Martin J, de Lejarazu RO, Pumarola T, Rello J,
Almansa R, Ramirez P, Martin-Loeches I, Varillas D,
Gallegos M, Seron C, Micheloud D, Gomez JM, Tenorio-
Abreu A, Ramos MJ, Molina ML, Huidobro S, Sanchez E,
Gordén M, Fernandez V, Del Castillo A, Marcos MA,
Villanueva B, Lopez CJ, Rodriguez-Dominguez M, Galan
JC, Canton R, Lietor A, Rojo S, Eiros JM, Hinojosa C,
Gonzalez I, Torner N, Banner D, Leon A, Cuesta P, Rowe
T, Kelvin DJ (2009) Thl and Th17 hypercytokinemia as
early host response signature in severe pandemic influenza.
Crit Care 13: R201.

llyicheva T, Susloparov |, Durymanov A, Romanovskaya
A, Sharshov K, Kurskaya O, Ignashkina M,Shestopalov A
(2011). Influenza A/H1N1pdm virus in Russian Asia in
2009-2010. Infect Genet Evol. In press.

Cutter JL, Ang LW, Lai FYL, Subramony H, Ma S, James L
(2009) Outbreak of pandemic influenza A (H1N1-2009) in

709



Farooqui et al. - Assessment of 2009 pandemic influenza in southern China

22.

23.

24.

25.

26.

Singapore, May to September 2009. Ann Acad Med
Singapore 39: 273-282.

Bettinger JA, Sauvé LJ, Scheifele DW, Moore D, Vaudry
W, Tran D, Halperin SA, Pelletier L (2010) Pandemic
influenza in Canadian children: a summary of hospitalized
pediatric cases. Vaccine 28: 3180-3184

Balter S, Gupta LS, Lim S, Fu J, Perlman SE (2010)
Pandemic (H1N1) 2009 Surveillance for Severe lllness and
Response, New York, New York, USA, April-July 2009.
Emerg Infect Dis 16: 1259-1264.

Pebody RG, McLean E, Zhao H, Cleary P, Bracebridge S,
Foster K, Charlett A, Hardelid P, Waight P, Ellis J,
Bermingham A, Zambon M, Evans B, Salmon R,
McMenamin J, Smyth B, Catchpole M, Watson JM (2010)
Pandemic Influenza A (H1N1) 2009 and mortality in the
United Kingdom: risk factors for death, April 2009 to March
2010. Euro Surveill 15: 1-11.

Kumar A, Zarychanski R, Pinto R, Cook DJ, Marshall J,
Lacroix J, Stelfox T, Bagshaw S, Choong K, Lamontagne F,
Turgeon AF, Lapinsky S, Ahern SP, Smith O, Siddiqui F,
Jouvet P, Khwaja K, Mcintyre L, Menon K, Hutchison J,
Hornstein D, Joffe A, Lauzier F, Singh J, Karachi T, Wiebe
K, Olafson K, Ramsey C, Sharma S, Dodek P, Meade M,
Hall R, Fowler RA, Collaborative CCCTGHN (2009)
Critically ill patients with 2009 influenza A (H1N1)
infection in Canada. JAMA303: 939-940.

Perez-Padilla R, de la Rosa-Zamboni D, Ponce de Leon S,
Hernandez M, Quifiones-Falconi F, Bautista E, Ramirez-
Venegas A, Rojas-Serrano J, Ormsby CE, Corrales A,
Higuera A, Mondragon E, Cordova-Villalobos JA, Influenza
WG (2009) Pneumonia and respiratory failure from swine-
origin influenza A (HLN1) in Mexico. New Engl J Med 361:
680-689.

J Infect Dev Ctries 2011; 5(10):700-710.

27. LiCC,Wang L, Eng HL, You HL, Chang LS, Tang KS, Lin
YJ, Kuo HC, Lee K, Liu JW, Huang EY, Yang KD (2010)
Correlation of Pandemic (H1N1) 2009 Viral Load with
Disease Severity and Prolonged Viral Shedding in Children.
Emerg Infect Dis 16: 1265-1272.

28. Kim CO, Nam CM, Lee DC, Han SH, Lee JW(2010)
Clinical Predictors of Novel Influenza A (H1N1) Infection
in Korea. Yonsei med J 51: 895-900.

29. Potdar VA, Chadha MS, Jadhav SM, Mullick J, Cherian SS,
Mishra AC (2010) Genetic characterization of the influenza
A pandemic (H1NZ1) 2009 virus isolates from India. PLoS
One 5: €9693.

30. Barrero PR, Viegas M, Valinotto LE, Mistchenko AS (2011)
Genetic and phylogenetic analyses of Influenza A
H1N1pdm in Buenos Aires, Argentina. J Virol 85: 1058-
1066.

31. Nelson MI, Tan Y, Ghedin E, Wentworth DE, St George K,
Edelman L, Beck ET, Fan J, Lam TTY, Kumar S (2011)
Phylogeography of the Spring and Fall Waves of the
H1N1/09 Pandemic Influenza Virus in the United States. J
Virol 85: 828-834.

Corresponding author

David J. Kelvin

Division of Immunology

International Institute of Infection and Immunity, Shantou
University Medical College, 22 Xinling Road, Shantou 515041,
Guangdong, China,

Phone: +86 754 88573991

Fax: +86 754 88573991

Email address: dkelvin@uhnresearch.ca

Conflict of interest: No conflict of interest is declared.

710



