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ABBREVIATION 

 
ARIs    = Acute respiratory infections 

CPE    = Cytopathic effect 

CT     = Cycle threshold 

dATP, dCTP, dGTP and dTTP 

ddNTPs   = Dideoxynucleotide triphosphates 

DNA/RNA   = Deoxyribonucleic acid / ribonucleic acid   

dNTPs    = Deoxynucleotide triphosphates 

dsDNA   = Double stranded DNA 

ELISA   = Enzyme linked immunosorbant assay 

FRET    = Fluorescence resonance energy transfer 

NP    = Nucleoprotein  

H or HA   = Hemagglutinin  

N or NA   = Neuraminidase  

HAI    = Hemagglutination inhibition 

HBoV    = Human bocavirus  

HCoV-HKU1  = Human coronavirus- HKU1 

HCoV-OC43  = Human coronavirus- OC43 

HCoV-NL63  = Human coronavirus- NL63 

HCoV-229E   = Human coronavirus- 229E 

HEK    = Human embryonic kidney cells 

HMPV or hMPV  = Human Metapneumovirus 

HPIV or PIV  = Human Parainfluenza Virus (Parainfluenza Virus)  

IgG, IgA and IgM  = Immunoglobulin G (A, M) antibody molecule 

IFA    = Immunofluorescent assay  

LRTI (LRI)   = Lower respiratory tract infection 

LLC-MK2   = A rhesus monkey cell line  

MDCK    = Madin-Darby Canine Kidney cells 

MGB    = Minor Groove Binding probes  

PA    = Polymerase A protein  

PB1    = Polymerase basic 1 protein 

PB2    = Polymerase basic 2 protein 

PCR    = Polymerase chain reaction 

RSV    = Respiratory Syncytial Viruses 

RT- PCR   = Reverse transcription- polymerase-chain-reaction 

SARS    = Severe acute respiratory syndrome  

SARS-CoV    = SARS-associated coronavirus.   

URT     = Upper respiratory tract  

WHO    = World Health Organization   
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ABSTRACT 
 

 

Respiratory infections are the most important cause of worldwide burden of 

disease in children and a major cause of mortality. In this study, viral etiologies 

of lower respiratory infections from children hospitalized in central Vietnam 

were detected by polymerase amplification assays. Total viral etiology was 46% 

and relative frequencies were 45% for influenza A virus, 42% for respiratory 

syncytial virus, 12% for adenoviruses, 8% for influenza B virus, and 5% both 

for parainfluenza type 1 and 3 virus.  Influenza A (H1N1) 2009 virus was 

mainly responsible for infections in children from 3 months to 5 years of age. 

Detection of influenza A (H1N1) 2009 virus was performed both by isolation on 

MDCK cell culture and embryonated eggs and by amplification assays. In a 

group of 53 suspected patients A (H1N1) 2009 virus was detected in 32(60.4%) 

with a combination of both methods, and virus was isolated by cell culture in 24 

patients. Characterization of HA and NA genes from representative isolates of 

influenza A (H1N1) 2009 virus was performed. Similarity of HA gene among 

Hue representative isolates are from 99.48% to 99.77% and similarity of NA 

sequences are from 99.57% to 99.86%. The sequences of HA and NA of Hue 

representative isolates were compared with 18 reference isolates from different 

countries showing similarity from 99.07% to 99.77%  for HA  and  from 98.65% 

to 99.36% for NA sequences. Phylogenetic trees based on HA and NA 

sequences were constructed.  
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1. INTRODUCTION 
 

 

1.1. Epidemiology and classification of lower respiratory infections 

 

1.1.1. Epidemiology of lower respiratory infections 

Respiratory infections are the most important cause of worldwide burden 

of disease in young children and a major cause of child mortality (62). Based on 

the data from the Global Burden Disease in 2004, the number of death caused by 

lower respiratory infections at all age worldwide was 4.2 million which 

contributed to 7.1% of total death. The number of death in low-income countries 

was 2.9 million which resulted in 11.2% of total death, while the number in 

high-income countries was 0.3 million corresponding to 3.8% of total death 

(127). Acute respiratory infections, mainly pneumonia, were responsible for 

17% of total death in children younger than 5 years of age. Distribution of the 

world‘s child deaths due to pneumonia was 50% in Africa, 25% in Southeast 

Asia and 25% for the rest of the world (127). Each infected child had annually 

an average of three to six episodes of acute respiratory infections (ARIs) 

regardless of where they lived or what their economic condition was (102). 

Especially pneumonia is the leading cause of childhood mortality responsible for 

approximately 21% of deaths in children under 5 years of age in Africa each 

year (136). A survey on respiratory infections in children in USA from 1996 to 

1998 showed that the incidence of lower respiratory infections hospitalized was 

19% in children of preschool age, and the estimated percentage of children with 

acute lower respiratory infections hospitalized was 21,3% (40). In the Asia–

Pacific area, the death incidence due to respiratory infections generally was 

16,8%, and was mainly due to pneumonia (47). According the report of the 

Australian Lung Foundation in 2007, lower respiratory tract infections 

accounted for 3 million visits to the general doctors each year, and croup and 

bronchiolitis accounted for majority of winter hospitalizations in children (27). 

 

1.1.2. Classification of lower respiratory infections 

Acute respiratory infections from an anatomy point of view, are classified 

into upper respiratory infections, above the epiglottis, and lower respiratory 

infections, below the epiglottis (22). Although infection can cause injuries in 

more than one sites of the lower respiratory tract, most infected patients have a 

single site of major injury.  
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Figure 1 

Schema of respiratory tract  

 

 
 

The classification of lower respiratory infections based on anatomical 

location is useful because there is a close association between anatomical 

location of clinical syndrome and the causative agents as well as the severity of 

infections (22, 126). Thus anatomical classification of acute lower respiratory 

infections includes Bronchitis, Bronchiolitis and Pneumonia according to the 

site of major involvement (126). 

 

1.1.3. Epidemiology of viral etiologies of acute lower respiratory tract 

infections  

Among the numerous etiologic agents described, viruses are recognized as 

the predominant etiologic agents in ARI, in adults as well as children both in 

developing and industrialized countries (124). Several studies recently carried 

out worldwide to identify viral agents causing lower respiratory infections, 

showed that the most frequently detected virus was respiratory syncytial virus, 

which was annually varied from 30-80% in hospitalized infants and children 

younger than 5 years (40, 87, 104, 113, 117, 118), followed by influenza viruses, 

which accounted for between 20-30% (40), adenoviruses and parainfluenza 

viruses from 3-5% (118).  

In Viet Nam, the dominant respiratory viruses causing acute respiratory 

infections are poorly understood, because of limited resources and laboratory 

facilities in most hospitals for detection of viruses. However, some studies on 

viral etiologies of acute respiratory infections carried out in recent years showed 

that respiratory viruses can be commonly detected in hospitalized Vietnamese 
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children. In these studies, the investigators included in their sample all the 

hospitalized pediatric patients with upper and lower respiratory infections. 

Specifically, in a recent study using multiplex polymerase chain reactions to 

identify respiratory viruses in 1766 hospitalized children with acute respiratory 

infections in a general hospital in Khanh Hoa province in the southern from 

February of 2007 through July of 2009, Yoshida and others showed that the 

commonest viruses were human rhinoviruses with rate from 23 to 28%, 

respiratory syncytial virus was encountered from 20 to 23%, influenza A viruses 

were from 13 to 15%, adenoviruses were 5% and parainfluenza virus type 3 was 

4% (136). Another recently study carried out by investigators of the clinical 

research unit of Oxford University in Ho Chi Minh city for defining viral 

etiologies of acute respiratory infections among 306 hospitalized children 

younger than 5 years from November 2004 to January 2008 found that RSV also 

was the most frequently detected with rate of 24%, followed by influenza 

viruses with the percentage of 17%, while parainfluenza viruses were 7% and 

adenoviruses were 5% (4).  

Besides the above-mentioned common respiratory viruses, other should 

be taken into consideration.  In Hong Kong in 1997 eighteen cases of H5N1 

infections in humans with severe respiratory symptoms occurred for the first 

time (20). This was a subtype of influenza A virus well known for causing the 

outbreaks in the poultry population.  

Human cases of H5N1 infection with severe pneumonia have been 

reported in Viet Nam since 2003 and have continuously increased in the two 

consecutive years 2004 and 2005, with many fatal cases of severe pneumonia 

reported among the infected patients (20). Outbreaks of H5N1 infections in 

humans have spread in the following years in Asian countries such as China, 

Laos Cambodia, Indonesia and Philippines. The cumulative number of 

confirmed human influenza A (H5N1) infection reported to WHO on the 2
nd

 

August of 2011 was 563 human cases, with 330 fatal, among which 119 human 

cases and 59 deaths were from Viet Nam (129).  

Another uncommon virus that responsible for a severe acute respiratory 

syndrome (SARS) in humans is the SARS-associated coronavirus (SARS-CoV).  

An outbreak of SARS started in late 2002, when cases of life-threatening 

respiratory disease with no identifiable cause were reported from Guangdong 

Province, China.  The infections of SAR-CoV have spread out through the Asian 

region and other countries of the World in February-March of 2003 (56). SARS-

CoV was isolated in April of 2004 and confirmed as a causative agent of this 

severe respiratory infection. In Viet Nam a total of 63 patients contracted SARS 

and five patients died of the disease (83). 

 

 

 

 



 

8 
Le Van An- A Study on Viral Etiologies of Lower Respiratory Infections and Molecular Characterization of 

Influenza Virus H1N1 2009 Circulating in Central Vietnam- Ph.D thesis in Clinical and Molecular Microbiology 

of Ph.D School in Biomolecular and Biotechnological Science - University of Sassari 

 

 

1.2. Viral etiologies of acute lower respiratory tract infections 

 

1.2.1. Respiratory Syncytial Viruses 

  

1.2.1.1. Virology 

RSV is an enveloped RNA virus of the genus Pneumovirus within the 

family Paramyxoviridae, this virus consists of two antigenic distinct groups, 

designated as A and B. Under electron microscopy, RSV has a pleomorphic 

spherical or filamentous form with the size of 80-350nm in diameter and up to 

10μm in length. Glycoprotein spikes protrude from the lipid envelope which 

surrounds a tightly coiled nucleocapsid complex containing single stranded 

negative sense RNA (19, 22). RSV genome encodes 10 proteins, two of which 

are non-structural protein found only in infected cells and eight of the proteins 

are found in virions.  

RSV grows well in many cell lines including HEp-2, HeLa, Vero and 

fibroblasts and replicates to a lesser degree in macrophages, RSV also replicates 

in primary human nasal and bronchial epithelial cells. 

1.2.1.2. Epidemiology and pathogenesis 

Humans are considered natural hosts of human RSV; infection results 

from direct contact with secretions from infected persons, other way of 

transmission may be through inoculation of virus into eye or nasal mucosa by 

contaminated hands. Once infected, virus replicates locally in nasopharynx and 

can persist in the infected child for up to three weeks. The virus can spread from 

the upper airway to the lower parts of respiratory tract through the respiratory 

epithelium or through the aspiration of infected secretions (124). The infected 

child may shed virus for several days and in the hospital environment, RSV can 

cause the outbreak of nosocomial infections (22, 124). 

RSV causes annual epidemics during the cold months which began 

usually from late fall and continue throughout early spring. Fifty to 70% of 

infants are infected during the first year of life and up to three years of age all 

children are infected with RSV. Majority of primary infections are often mild, 

however, the virus can cause lower respiratory infections severe enough to 

require hospitalization such as bronchiolitis and pneumonia (104). Several 

studies worldwide in winter seasons identified the RSV as the most common 

causative agent in children younger than 3 years of age hospitalized with 

bronchiolitis. Approximately 70% to 89% of cases of bronchiolitis can be 

attributed to infection by RSV (87). A study by Shay et al showed that RSV may 

cause pneumonia from 30% to 60% of children younger than 5 years of age 

hospitalized in the winter time of 1994 and 1996 (104). 
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1.2.1.3. Virological diagnosis 

Cell culture approaches are widely used for detection of RSV from 

clinical samples. RSV can infect many cell lines, but Hep-2 cells are commonly 

used for RSV isolation because of high sensitivity of viral recovery (63, 69). 

RSV is the most labile of the respiratory viruses, so the specimens should be 

inoculated into cell culture after collection. Cytopathic effect (CPE) in form of 

syncytial cells appears after 2 and 7 days of incubation at 36
0
C.  

At present, many commercially rapid antigen- detection assays are 

available for use in most hospitals and health care centres such as fluorescence 

assay, ELISA assay. The sensitivity and specificity of these tests are from 70-

95% and 90-100% respectively (69). 

Nucleic acid amplification techniques (PCR) in conventional and real-

time platform have been developed since 2 decades for detection of this virus 

and this approach has become a standard assay for RSV diagnosis worldwide 

(30). 
 

1.2.2. Adenoviruses 

 

1.2.2.1. Virology 

Adenoviruses constitute the family Adenoviridae, which has been 

previously divided into two genera: Mastadenovirus and Aviadenovirus. Genus 

Aviadenovirus is limited to viruses of birds, whereas, all human adenoviruses 

are belonging to Mastadenovirus genus. 

Human adenoviruses have so far had 51 serotypes divided into species ( 

or subgroups) from A to F based on their capacity of agglutination of 

erythrocytes of human, rat and monkey as well as their oncogenicity in rodents 

(96, 133). Each species contains one or more serotypes, which were 

distinguished on the basis of their ability to be neutralized by type specific 

antisera. 

In structure, adenoviruses are icosahedral particles (20 triangular surfaces 

and 12 vertices) that are 70 -100 nm in diameter. Particles contain a single 

linear, double stranded DNA molecule, proteins and no lipid envelop or outer 

membrane. Virion consists of a protein capsid surrounding a DNA containing 

core and capsid is composed of 252 capsomeres, of which 240 were hexons and 

12 are pentons. Protruding from each of the penton base is an antenna like 

structure called the fiber. The hexon, penton and fibers constitute the major 

adenoviral antigens important in viral classification and diagnosis (22, 133).  

All adenoviruses have the same organization of genomes, which means 

genes encoding specific functions are located at the same position on the viral 

chromosome (133). The DNA sequence coding for proteins with common 

functions among adenoviral serotypes can be divergent. This divergence can be 

used for analysis of adenoviral phylogeny and genetic diversity (22). 

Adenovirus can grow and produce CPE on continuous human cell lines and 
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replicate at very low or poor yield in non human cell cultures. In human cell 

lines, adenovirus can replicate in HeLa, KB, HEp-2, A549, primary human 

embryonic kidney (HEK). In nonhuman cell cultures, adenovirus can grow 

poorly in Cynomolgus Monkey kidney cells, Graham-293 cell line (41).  

 

1.2.2.2. Transmission and pathogenesis 

Adenoviral infections are common, and have a worldwide distribution, 

and no seasonal occurrences (26, 78). Adenoviral infections are frequent during 

childhood and there is a broad spectrum of adenovirus associated diseases due to 

the various serotypes and different tissue tropisms. Adenovirus can commonly 

infect and replicate at various sites of the respiratory tract, in the eye and 

gastrointestinal tract, although the virus can cause disease in many organs.  

Adenoviruses are spread by human to human transmission, mainly by 

respiratory or fecal-oral contact (78), close interaction among people promotes 

spread of the viruses such as in classrooms and military barracks. The virus may 

be shed intermittently and over long periods from the pharynx and in feces.  

 

1.2.2.3. Epidemiology and lower respiratory infections of 

adenoviruses   

With respiratory diseases, adenovirus causes about 5% of upper 

respiratory tract infection in children younger than 5 years of age, these 

infections are frequently mild and self-limited. Adenoviruses are also causative 

agents of lower respiratory infections, they may be responsible for about 10% of 

the pneumonia in childhood, and most patients recover from these lower 

respiratory infections: however, some epidemics have resulted in a certain 

degree of mortality. Sequelae in those who recover can include bronchiectasis 

that can clinically manifest years after the primary infection (133). In a study 

from 1472 children hospitalized with lower respiratory infections from 1990 to 

1998 in Korea, adenoviruses were found in 6% of patients, the main serotypes 

were type 2 (15%), type 3 (15%) and type 7 (41%). Mortality rate was 12% 

overall, and 19% was among the patients infected with type 7 (41). A 

surveillance for adenoviruses as causative agents in lower respiratory infections 

in children younger than 2 years of age in Santiago in Chile was carried out 

from 1989 to 2001, the virus was detected in 9.3% of the enrolled patients, and 

adenoviral cases were 13.7% in children over 6 months of age and in the 

younger than 6 months were 6.8%. Pneumonia and bronchitis were the most 

frequent diagnoses (86). 

 

1.2.2.4. Virological diagnosis 

Cell culture remains the gold standard for detection of adenoviruses in 

clinical laboratory (26, 72, 133), Cell line cultures of human origin, such as 

A549, Hep-2, and HeLa, can be used for the recovery of adenoviruses from all 
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clinical specimens. Cytopathic effect is usually visible in 2 to 7 days, although it 

may take up to 28 days (26).  

Direct antigen detection is widely used for diagnosis of respiratory 

because it is rapid and reasonably sensitive, immunofluorescence is used for 

detection of adenovirus from respiratory samples although the sensitivities of 

adenovirus immunofluorescence assays with respiratory specimens are 40 to 

60% compared to culture. Other antigen detections are also available such as 

ELISA, latex agglutination, but these assays are commonly used for detection of 

adenoviruses in stool samples and not for respiratory samples (26, 72).  

Molecular methods are highly sensitive and are especially applicable 

when noninfectious virus is present, when the viral load is too low to be detected 

by culture, or when results are needed rapidly. The conventional and real-time 

PCR platforms are available in many clinical laboratories for diagnosis, these 

assays can be used with a variety of clinical samples (133), and some real-time 

protocols are also commercial for analysis of subtype of adenoviruses (30). 

 

1.2.3. Human Parainfluenza Virus (HPIV) 

 

1.2.3.1. Virology 

Parainfluenza viruses belong to the family Paramyxoviridae comprising 

two genera: Respirovirus (PIV1 and PIV3) and Rubulavirus (PIV2 and PIV4). 

Parainfluenza viruses are similar in their appearance and in their biophysical 

characteristics. They have pleomorphic, spherical virions with average diameter 

from 150 to 200nm. HPIV 2 has been in some cases seen in filamentous forms 

(51). The virion consists of a nucleocapsid packaged in a lipid envelope spiking 

with projections of hemmaglutinin and neuraminidase glycoprotein or F 

transmembrane glycoprotein, the inner surface of the envelope is coated with 

nonglycosylated matrix protein. Nucleocapside contains a single strand of 

negative-sense RNA of 15500 nucleotides in length (39, 51).  

HPIV can grow in primary rhesus monkey kidney cells or continuous cell 

line of LLC-MK2 (22). HPIV 1, 2 and 3 can replicate in embryonated chicken 

egg. However, eggs are not reliable and sensitive for the isolation of virus from 

patient samples (51).  

 

1.2.3.2. Epidemiology and lower respiratory infections of HPIV 

Similar to RSV, HPIV are causative agents of acute lower respiratory 

infections in young children. Serologic surveys indicate that at least 60% of 

children have been infected with HPIV3 by 2 years of age and that about 80% 

have been infected by 4 years of age (51). HPIV can also cause upper 

respiratory infections with cold-like symptoms. Approximately 25% of cases in 

which HPIV spread down to lower respiratory airway and cause severe lower 

respiratory infections that need to be hospitalized such as bronchiolitis, 

pneumonia (39, 78). A study of respiratory infections of parainfluenza viruses in 
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children younger than 5 years of age indicated that the frequency of HPIV 

infections was 12/1000 children/year, and children younger than 6 months of 

age represented 30% of the bronchiolitis cases (92). A study on 1347 children 

with acute lower respiratory infections in 1996-1998 reported that the rate of 

infections with HPIV 1 was 5%, HPIV 2 was 3% and HPIV 3 was 9% (40).  

In Viet Nam recent studies showed that the rate of infections with HPIV 

in hospitalized children younger than 15 years of age were from 4 to 7% of all 

hospitalized children with acute respiratory infections (4, 136). 

HPIV can cause nosocomial infections when pediatric patients are in the 

same wards. Immunity obtained after primary infection of HPIV can be short 

lived, thus reinfection of HPIV can occur throughout life, and disease is often 

milder (51, 78). 

 

1.2.3.3. Laboratory diagnosis 

Isolation of HPIV from clinical samples can be done on animal cell 

cultures such as primary rhesus monkey kidney cells or continuous monkey 

kidney cell line LLC-MK2. Cell cultures are observed for 10 days; HPIV 

clinical isolates rarely show CPE during primary isolation in tissue cultures, 

some HPIV cause varying degrees of CPE after 7 to 10 days of inoculation. 

Presence of HPIV is screened by hemadsorption of guinea pig red blood cells 

onto the tissue culture monolayer; immunofluorescence is more reliable and 

earlier to detect HPIV on cell cultures (38). 

Antigen detection of HPIV directly in nasopharyngeal specimens can be 

performed with immunological assays such as ELISA and Immunofluorescence 

assays, the sensitivity of these assays was varying from 75-90% as reported by 

investigators (39). 

Molecular amplification are widely used for detection of HPIV in clinical 

samples, especially RT-PCR can be used easily and efficiently to detect small 

numbers of virus in different fluids. Several laboratories have recently 

developed and used the multiplex RT-PCR assays to detect HPIV and also other 

respiratory viruses such as adenovirus, RSV, influenza A and B viruses (4, 61, 

69). 

 

1.2.4. Human Metapneumovirus (HMPV) 

 

HMPV was first described in 2001 following its isolation from infants and 

children having a RSV-like disease and it is known as a member of family 

Paramyxoviridae like RSV. HMPV virions were visualized by electron 

microscope as pleomorphic spheres and filaments. The spherical particles had a 

reported diameter of 150 to 600nm with enveloped spike projections of 13 to 17 

nm, Nucleocapsid contains a single strand of negative sense RNA molecule (19, 

25). Based on genomic sequencing and phylogenetic analysis, there are two 
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major genotypes of HMPV, designated A and B and each genotype appears to 

have at least two distinct subgroups (49). HMPV can be isolated in rhesus LLC- 

MK2 cell line or African green monkey vero cells but replicates more slowly 

and its cytopathic affect is less prominent than with RSV (19). 

HMPV has a worldwide and a seasonal distribution, with most infections 

occurring during the winter and spring (19, 31). HMPV infection accounts for 

approximately 2% to 12% of pediatric lower respiratory illnesses and a lesser 

percentage in adults (31). In young children, the clinical symptoms associated 

with hMPV infection are virtually indistinguishable from those caused by RSV, 

varying from mild upper respiratory tract infections to severe pneumonia (31). 

HMPV can also cause severe and fetal infections in patients with malignancy 

and hematopoietic stem-cell transplant (19). 

For laboratory diagnosis, HMPV can be isolated in cell cultures; however, 

this method is not used routinely in many laboratories. Immunofluorescent 

staining assays have been developed and used for identification of HMPV from 

nasopharyngeal samples with sensitivity and specificity of 73.9% and 94.1% 

respectively. But commercial diagnostic kits are not available yet (19). An 

ELISA to measure HMPV antibody has been described; however, antibody 

detection did not correlate well with RT-PCR results, limiting the usefulness of 

serology for diagnosing infections (69). RT-PCR assays in conventional and 

real-time formats have been developed and used in many laboratories for 

diagnostics because of their highly sensitivity and specificity (4, 19, 69). 

Currently, RT-PCR assays are the most common methods used to detect HMPV 

(49, 69).  

 

1.2.5. Coronaviruses 

 

Members of the Coronaviridae are known to cause respiratory or 

intestinal infections in humans and other animals. Coronaviruses are spherical 

enveloped particles about 100 to 160nm in diameter. Nucleocapsid has a long 

flexible, helical shape containing inside a single stranded, positive sense RNA 

27 to 32 kb in size. The virus core is enclosed by a lipoprotein envelope, on 

which two types of prominent spikes project out. The long spikes about 20nm in 

length are present on all coronaviruses, whereas, the short spikes consisting of 

the hemagglutinin esterase glycoprotein are present in only some coronaviruses. 

The envelope also contains the transmembrane glycoprotein (M glycoprotein) 

and an envelope protein (E protein) (15, 59). 
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Figure 2  

Structure of coronavirus and electron microscopic image of SARS-CoV 

(reproduced from 7, 43) 

 

 
 

Coronaviruses can be divided into three serologically distinct groups. In 

present, group I and II have been isolated from mammals and group III from 

birds. Most coronaviruses naturally infect only one animal species or a limited 

number of closed related species (59). SARS-CoV is an exception, it has been 

shown to infect a wide range of mammals, including humans, nonhuman 

primates, Himalayan palm civets, raccoon dog, cats, dogs and rodents (59).   

Coronaviruses causing diseases in humans can be described as follows. 

 

Table 1 

Human coronaviruses and diseases (adapted from 7, 59). 

 

Group Virus Host Respiratory 

infection 

Enteric 

infection 

I HCoV-229E Human X  

 HCoV-NL63 Human X  

II HCoV-OC43 Human X  

 HCoV-HKU1 Human X  

 SARS-Cov Human X x 
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Natural infection in humans is through inoculation of infectious secretions 

from infected persons or fomites onto mucous membrane of the upper 

respiratory tract or inhalation of infectious droplets (7, 59).  

Human infection due to HCoV-229E and HCoV-OC43 is often mild and 

limited in upper respiratory tract infections (59). The two recently identified 

human coronaviruses HCoV-NL63 and HCoV-HKU1 have been detected in 

persons with acute upper and lower respiratory tract infections (31, 59). SARS-

CoV infection of humans nearly always resulted in a serious lower respiratory 

illness that required hospitalization. The overall fatality rate was around 10% but 

reached 50% in elderly patients and those with underlying illness (7, 59). 

Etiological diagnosis and differentiation from other causes of atypical 

pneumonia can be made only by laboratory confirmation (15, 59). Isolation of 

SARS-CoV in cell culture must be carried in a biosafety level 3 laboratory, 

which is not available in most hospitals (15). Some serology assays have been 

developed to detect antibodies in the serum of SARS patients such as enzyme-

linked immunosorbent assay (ELISA) and immunofluorescent assay (IFA), 

these tests can produce positive results from 10 days to 21 days after the onset of 

illness. Varieties of molecular tests based on amplification techniques have been 

developed and used for detection of coronavirus infections in humans including 

SARS, and have become the standard for detecting coronavirus infections in 

humans and animals. Great care must be taken to prevent and recognize false 

positive test results due to contamination (7, 59, 69).  

 

1.2.6. Rhinovirus and Bocavirus 

 

1.2.6.1. Rhinovirus 

Rhinoviruses are positive-sense single-stranded RNA viruses belonging to 

the family Picornaviridae.  Rhinovirus infections occur year round, with peaks 

in late spring and early September in temperate climates (69, 120).  Rhinovirus 

infections are spread from person to person by means of virus contaminated 

respiratory secretions. Nasal secretions contain a high concentration of virus, 

and infected persons readily contaminate their hands (120). Rhinovirus is 

transmitted either by direct contact with contaminated fomites followed by self-

inoculation of the eye or nose or by aerosolized droplets (69, 120). Virus 

replicates primarily in nasal epithelial cells, and the shedding of virus coincides 

with acute rhinitis and may persist for 1 to 3 weeks (69).  

Rhinovirus infections are mostly established in the upper respiratory tract, 

and cause upper respiratory tract (URT) infections, traditionally defined as 

common colds (120). Several studies recently using RT-PCR to detect 

respiratory viruses from respiratory samples showed that rhinoviruses were very 

common in lower respiratory infections, and in one study they were responsible 

for 21.8% of bronchiolitis in infants less than 12 months of age (69, 87). HRV- 
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infection is the most common virus associated with exacerbations of asthma of 

all ages and with COPD in adults and the elderly (69, 87). 

Rhinoviruses have traditionally been isolated in cultures of human diploid 

fibroblast cell lines such as WI38 cells, HeLa cells; however, isolation was 

rarely done because use of more than one type of cell culture is required for 

optimal isolation (68, 69). RT-PCR assays become the methods of choice for 

diagnosis of rhinoviruses because of their high sensitivity in comparison to virus 

culture (68, 69, 87). 

 

1.2.6.2. Bocavirus 

Human bocavirus (HBoV) is a small, nonenveloped, single-stranded DNA 

virus within the family Parvoviridae, subfamily Parvovirinae, and genus 

Bocavirus (3, 99). HBoV was discovered in September 2005 by Allander and 

colleagues in Sweden. There have been numerous studies reporting HBoV 

prevalences ranging from 2 to 11% in respiratory tract specimens from over 12 

countries on five continents including Europe, North America, Asia, and 

Australia (69), indicating that this virus is distributed worldwide (69). HBoV has 

been detected in children with LRTI and has been associated with abnormal 

chest radiographic findings in several studies, but the causative role was not 

clearly established (3, 69, 99).  

Human bocavirus has not been replicated in vitro, and HBoV infections 

have been diagnosed almost exclusively using molecular methods (3, 69). 

 

1.2.7. Influenza viruses 

Influenza viruses belong to the family Orthomyxoviridae. AT present, the 

family Orthomyxoviridae has three genera or types: influenza A virus, influenza 

B virus and influenza C virus. They are distinguished by major antigenic 

differences in the nucleoprotein and matrix proteins, besides there are other 

differences in genetic organization, viral structure, host range, epidemiology and 

clinical characteristics between the three influenza virus types that are 

summarized in the table below 
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Table 2 

Differences among influenza viruses (reproduced from Treanor J (115) 

 

Influenza 

type 

Genome  Host range Epidemiology Disease 

Influenza A 

viruses 

8 gene 

segments 

Humans, avian, 

swine, equine, 

marine 

mammals 

Antigenic 

shift and drift 

May cause 

large 

pandemics 

with high 

mortality  

Influenza B 

virus 

8 gene 

segments 

Humans only Antigenic 

drift only 

severe disease 

to older adults 

or high risk 

patients 

Influenza C 

virus 

7 gene 

segments 

Humans and 

swine 

Antigenic 

drift only 

mild diseases,  

without  

seasonality 

 

1.2.7.1. Influenza A viruses 

Influenza A viruses are small pleomorphic or spherical particles with 

diameter of 80-100nm, the typical virion consists of a host derived lipid bilayer 

envelope, which is internally lined with a matrix protein (M) and externally with 

spikes in rod shape of glycoprotein hemaglutinin (HA) and in mushroom shape 

of neuraminidase molecules (NA). In the core is a nucleocapsid of helical 

symmetry surrounding a segmented genome of negative-sense single stranded 

RNA. The genomic RNA is made of eight segments encoding for 11 known 

proteins: these gene segments, proteins and their functions are summarized in 

table 3 (35, 85, 103). 

Influenza A viruses are further classified into subtypes based on two 

surface antigens, hemaglutinin (H) and neuraminidase (NA), and so far there are 

16 hemaglutinin antigens (HA1 to HA16) and 9 neuraminidase antigens (NA1 to 

NA9). So each virus always contains one HA and one NA antigen in any 

combination. 
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Table 3 

Genomic segments and their functions of influenza A viruses 

 

Segment Segment length 

       

Protein Functions 

1 2340 nucleotides PB2 polymerase B2 protein 

2 2340 nucleotides PB1 polymerase B1 protein 

2 2230 nucleotides PA polymerase A protein 

4 1775 nucleotides HA Hemaglutinin, viral attachment 

protein 

5 1565 nucleotides NP Nucleoprotein 

6 1410 nucleotides NA Neuraminidase, cleaves sialic 

acid and promote viral release 

7 1025 nucleotides M1 Matrix protein: viral structural 

protein 

 M2 Membrane protein: form 

membrane channel 

8 890 nucleotides NS1 Nonstructural protein: inhibit 

cellular mRNA translation  

 NS2 Nonstructural protein 

 

Figure 3 

Viral structure of influenza viruses (reproduced from Webster RG (123) 
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Influenza A viruses infect a variety of animals consisting of humans, 

swine, horse, sea animals and birds and establish a reservoir of influenza A 

viruses in nature. 

 

 Human influenza A viruses 

Influenza A viruses have been known to infect humans for very long time. 

However, there are only some defined subtypes of influenza A viruses causing 

infections in humans, and they have always been belonging to the HA subtypes 

1, 2 and 3 and NA subtypes 1 and 2 (122). The first subtype of influenza virus 

known to cause pandemic in humans was H1N1 in 1918 and the sequence data 

of influenza strains obtained from patients who died during this outbreak 

showed that the sequences of HA of the H1N1 1918 were similar to the 

mammalian viruses and not to the avian viruses (93, 114). The major subtypes 

of influenza A viruses responsible for the consecutive pandemics were H2N2 

(1957), H3N2 (1968) and H1N1 (1977).   

New subtype H1N1 from swine origin occurred and caused pandemic in 

2009 in humans (52, 138). 

 

 Avian Influenza A virus  

Aquatic birds are known to be natural reservoirs of influenza viruses and 

so far all of the known 16 HA and 9 NA subtypes of influenza A viruses have 

been isolated from birds, particularly in migrating water fowls (1, 115, 123). 

Infections of influenza A virus in aquatic birds are mostly asymptomatic, only 

few subtypes can cause infections with systemic involvement and high rate of 

death in some water birds such as H5N1 and H7N7 (58, 134). In water birds, 

influenza viruses replicate in the epithelial cells in intestinal tract and to lesser 

extent in cells of respiratory tract, consequently, influenza viruses can be 

excreted in high concentrations in feces. Contaminated water and feces serve as 

major routes of transmission of influenza viruses among wild water birds (134). 

International migration of aquatic birds can be responsible for transmission of 

avian influenza A viruses to other parts of the world. 

 

 Swine influenza A viruses 

Two subtypes of influenza A virus, H1N1 and H3N2, have been isolated 

from pigs (1, 123). These include classic swine H1N1, avian-like H1N1 and 

human- and avian-like H3N2 (123). Influenza A virus of H1N1 subtype 

(Hsw1N1) was first isolated from pigs in the USA in 1930 and subtype H3N2 

was circulating in swine population in the USA since 1988, having its antigenic 

H3 similar to the human strain (134). The swine H3N2 subtype was also isolated 

in pig in other countries in Europe and Asia. Pigs have been known to serve as 

major reservoirs of HlNl and H3N2 influenza viruses and are frequently 

involved in interspecies transmission of influenza viruses (123, 134). 
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 Influenza A viruses in other animals 

Besides three above mentioned species as reservoirs of influenza A virus, 

other animals are known to be infected with influenza A viruses.  

Influenza A virus subtypes of H3N8, H7N7 can be commonly isolated 

from horse worldwide and other subtypes of H3N2, H2N2 and HINI have also 

been occasionally isolated in horse (123, 134). 

H7N7 and H4N5 subtypes have been isolated from lung and brain of seal 

(123, 134). 

H13N2 and H13N9, H1N3 have been isolated from whale and H10N4 

from mink (123, 134). 

 

1.2.7.2. Epidemiology and antigenic variations of influenza A virus   

Transmission of human influenza viruses from person to person is 

primarily by airborne rout and secretions from infected individual, released by 

coughing as small virus containing particles of 1-5μm in diameter are inhaled by 

susceptible people. This mode of transmission is very efficient in winter time 

with high humidity and accounts for the abrupt onset and rapid spread of 

epidemic influenza in the community (66, 123). An influenza outbreak can be 

detected by the increase absenteeism in school and work and the increased 

number of emergency room visits (78).  

The influenza outbreaks occur yearly among populations in temperate 

region throughout the world, normally one subtype become dominant in a given 

season. The main reason for annual occurrences of influenza epidemics is the 

emergence of a new strain of influenza A virus. When a new strain replaces the 

previous one, it can escape the host immunity generated by previously 

circulating strains and cause infection in humans. There are two different 

mechanisms of antigenic change: antigenic drift and antigenic shift. 

Antigenic drift occurs when the genes encoding the viral surface antigens, 

the NA and the HA, undergo stepwise mutation each time the virus replicates.  

As a result of this, their proteins on the virus particle are so different enough that 

antibodies available in the host are unable to neutralize the virus, giving rise a 

variant capable of causing infection (1, 123, 134). This change happens every 2 

to 3 years, producing local outbreaks of influenza A virus. 

Antigenic shift occurs when two viruses from different host species co-

infect an intermediate animal host. By reassortment of genetic segments from 

two viruses, a new virus arises that contains the necessary genes to enable 

infection in humans and also has surface antigens new to the host immune 

system. Antigenic shifts occur infrequently, taking place on average every 10 

years (1, 115, 123, 134).  

There have been several pandemics of influenza A viruses in humans 

associated with the reassortment of the current circulating strain of human 

influenza A virus.  
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In 1947 the prevalent strain was the H1N1 subtype and in 1957, there was 

a shift in both antigens of HA and NA, resulting in an H2N2 subtype (Asian 

influenza A strain). This Asian influenza A strain obtained its HA, NA and PB1 

genes from an avian virus and the remain genes from human H1N1 subtype.  

In 1968 when Hong Kong strain (H3N2) appeared, this strain was a 

reassortment of HA3, PB1 from avian virus and of NA2, plus five other genes, 

from the human H2N2 subtype circulating since 1957.  

In April 2009, a human strain of novel H1N1 subtype appeared in 

Mexico, USA and Canada and then spread to other countries all over the world 

(79). The 2009 H1N1 virus contains a combination of gene segments that 

previously has not been reported in swine or human influenza viruses in the 

United States or elsewhere (33). The NA and M gene segments are from the 

Eurasian swine population and HA, NP, and NS gene segments are similar to 

those of classical swine viruses (33, 79, 109). The PB2 and PA gene segments 

are in triple reassortant lineage. The PB1 segment is from the swine triple 

reassortant viruses, this lineage of PB1 was seeded into swine from humans 

around 1998 (33). 

 

Figure 4 

Reassortment of novel H1N1 (2009) subtype of influenza A virus (adapted 

from Garten RJ (33). 
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Avian influenza viruses of the H5, H7 and H9 subtype do not currently 

possess the ability of sustained human-to-human transmission; this is associated 

with the difference in binding receptors and surface glycoproteins. Avian 

influenza viruses are binding preferentially to α 2,3-linked sialic acid (SA) 

residues existing in the ciliated cells of the respiratory tract and gut of aquatic 

birds and in the non-ciliated cuboidal bronchial cells at the junction between the 

respiratory bronchiole and type II cells lining the alveolar wall alveolus of 

human lower respiratory tract. In contrast, human influenza viruses 

preferentially bind to α 2,6-linked sialic acid (SA) residues, which are located 

predominantly on epithelial cells in nasal mucosa, paranasal sinuses, pharynx, 

tracheal, and bronchi of human respiratory tract (7, 58, 134). The different 

distribution of the viral specific binding receptors in human respiratory tract can 

explain for the facts that the recently reported infections of highly pathogenic 

avian H5N1 virus have had severe involvements of pneumonia and that the 

human to human transmission of avian H5N1 influenza viruses have been still 

limited because viral replication in upper respiratory tract is necessary for 

shedding out of virus containing droplets (20, 54, 134).   

The hundreds of documented cases of human disease caused by viruses 

within the H5, H7 subtypes show the ability of influenza A viruses to infect 

humans by different routes. The majority of human cases of avian H5 and H7 

virus infections have been associated with direct contact transmission from 

exposure to sick or dead poultry, often following slaughtering and preparing sick 

poultry for cooking. In a few cases of H5N1 subtype, transmission route might 

be inhalation of aerosolized infectious poultry feces or other material; 

consumption of uncooked blood from H5N1-infected ducks has been 

documented in some cases of H5N1 infection (7, 20).  

 

1.2.7.3. Infections of influenza A viruses in humans 

Human influenza viruses replicate almost exclusively in superficial cells 

of the respiratory tract, influenza virus is released from the apical surface of the 

cell, which may limit more systemic spread but facilitate accumulation of virus 

in the lumen of the respiratory tract for transmission to the new host susceptible 

host (134). Influenza virus replicates throughout the respiratory tract with virus 

being isolable from the upper and lower tracts of people naturally and 

experimentally infected with virus. The site of optimal replication in the 

respiratory tract for some strains may be regulated by the prevalence of the 

specific binding receptors of influenza virus. Majority of influenza virus 

infections result in clinical responses ranging from asymptomatic infection to 

primary viral pneumonia that progresses rapidly to a fatal outcome. The typical 

uncomplicated influenza syndrome is a tracheobronchitis with some 

involvements of small airway; the severe cases with primary viral pneumonia 

are seen in the patients with high risk factors such as elderly people, pregnant 

women, immunocompromised hosts (115, 134). 
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1.2.7.4. Laboratory diagnosis of influenza viruses 

Isolation of influenza virus in cell culture or embryonated eggs is the most 

sensitive method for detection of virus in a clinical specimen of good quality; 

this method allows detection of virus relatively rapid around 3 days. The 

available system of cell cultures is commonly used and sufficiently sensitive to 

replace for embryonated eggs for isolation of currently circulating strains. 

- Isolation of influenza virus on tissue culture or embryonated eggs 

The most widely used cell culture for isolation of influenza viruses is 

Madin-Darby Canine Kidney (MDCK) tissue cultures. A combination of MDCK 

and LLC-CK2 continuous line of rhesus cells provides a sensitive system for 

influenza and parainfluenza viruses (21). Specimen is inoculated into the cell 

culture at the phase of confluence and incubated at temperature of 33-34
0
C in 

5% CO2 atmosphere. Growth of influenza virus can be seen with occurrence of 

cytopathic effect after 2-3 days of inoculation (128). Another approach for 

isolation of influenza viruses is inoculation of clinical samples into embryonated 

chicken 9-10 days of age. Three embryonated eggs are essentially inoculated 

with a specimen to ensure one good test, incubation of eggs for 2-3 days at 33-

34
0
C. In both cell cultures and embryos the presence of influenza virus in the 

harvested fluids can be detected by hemagglutination of chicken RBC (21, 128). 

Identification of influenza viruses can be done by immunoassays with available 

specific antiserum (21). Immunofluorescence is commonly used for this 

purpose, however, other assays as ELISA or HAI can be used, and especially 

HAI is useful for serotype identification of the circulating isolates (21, 115). 

Molecular amplifications are used commonly for detection and identification of 

the serotype of influenza virus with the specific subtype primers. 

- Antigenic detection 

Identification of influenza virus within a few hours as the cause of an 

acute respiratory infection is of considerable value to the clinical practice. 

Immunoassays as immunofluorescence (IF) and ELISA (enzyme linked 

immunosorbent assay) are most commonly employed for direct detection of 

viral antigen in clinical samples (115). Both direct and indirect 

immunofluorescent methods have been used for rapid detection of influenza 

viruses. Monoclonal antibodies are commercially available for these procedures, 

in which antibodies recognize the NP and M1 proteins of all type A and B. 

Sensitivity of IF assay is ranging from 70 to 100% in several studies (134). 

ELISA for antigen detection may have many formats, the most common of 

which uses a capture antibody bound to the solid phase. Incubation with a 

specimen results in the binding of viral antigen present in that specimen to the 

antibody. The bound viral antigen is then detected with another antibody using 

the direct or indirect method. The sensitivity of ELISA assay is similar to IF 

assay in many studies (115). 
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- Serology 

A serum antibody response can be documented in 80% of human 

influenza infections, after infection; HA specific IgG, IgA and IgM antibodies 

are detected, whereas, in the secondary response, IgG and IgA antibodies are 

predominant (134). A variety of influenza-specific assays are available, 

including complement fixation, haemagglutination inhibition assay, single radial 

haemolysis, neutralisation, immunofluorescence and enzyme immunoassay. The 

traditional ―gold standard‖ techniques for detecting influenza-specific antibodies 

are neutralization and the haemagglutination inhibition assay, as they can 

differentiate subtype-specific (including H5N1) and strain-specific serological 

responses (24). Serology assays are often used for epidemiological studies, 

evaluating the immune response of a vaccine, and are not useful for diagnosis of 

an acute influenza infection because the confirmation can be made after 1-3 

weeks and the double serum samples are needed for demonstration of increasing 

antibody titres (24, 40).   

 

- Molecular techniques 

Detection of specific viral nucleic acid has become a principle method for 

rapid viral diagnosis in clinical setting and in epidemiological surveillance 

because they are sensitive and specific, can be done with high input of 

specimen, and for typing and subtyping of influenza viruses, they can also detect 

other respiratory viruses with the multiplex format (4, 37, 61). Several different 

types of molecular diagnostic tests are available; the most commonly used are 

traditional reverse transcription-polymerase chain reaction (RT-PCR), RT-PCR 

with detection by enzyme-linked immunosorbent assay (ELISA RT-PCR), real-

time reverse transcription-polymerase chain reaction (Real-time RT-PCR) and 

nucleic acid sequence-based amplification (NASBA) (69, 110, 111). The 

traditional RT-PCR, ELISA RT-PCR, and Real-time RT-PCR are similar tests, 

except the PCR product is detected by different methods. These molecular 

methods can be described in more detail in the next section.  

 

1.3. The role of molecular techniques for identification of respiratory 

viruses 

 

1.3.1. Amplification 

This enzymatic reaction allows in vitro amplification of specific DNA 

fragments from complex DNA samples and can generate microgram quantities 

of target DNA. Since its development in 1985, this technology has evolved into 

an increasingly powerful versatile tool in gene cloning, DNA sequencing, the 

study of molecular evolution, clinical diagnosis of microbial agents and genetic 

diseases veterinary medicine, food and agriculture, environment science, 

forensic medicine and analysis of human genome. Polymerase chain reaction is 

a powerful method with widespread applications in clinical microbiological  
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laboratory for research and diagnosis of bacterial and viral pathogens (65, 70, 

88, 90, 108, 111). 

 

Principle of polymerase chain reaction 

 

Polymerase chain reaction allows the exponential amplification of specific 

DNA fragment by in vitro DNA synthesis. A standard method requires a DNA 

template containing a target region to be amplified; two oligonucleotide primers 

flanking this target region; an enzyme thermostable DNA polymerase isolated 

from Thermus aquaticus is needed for new DNA fragment synthesis and other 

chemicals including deoxynucleotide triphosphates (dNTPs), reaction buffer and 

magnesium. All the PCR components are prepared and processed in a procedure 

of repetition of three successive steps (53, 90, 108):  

(i) Denaturation of double stranded DNA (dsDNA) into single stranded DNA 

(ssDNA) at high temperature of 90-96
0
C for 30 to 90 seconds.  

(ii) Annealing (hybridization) of two specific primers to each single stranded 

DNA at 5- 3‘ terminal at temperature of 50-60
0
C for 1- 2 minutes.  

(iii) Extension at temperature of 72
0
C for 1- 2 minutes for synthesis of 

complementary DNA strands.  

These three steps create a cycle of PCR and the number of the target DNA 

sequences doubles at the end of each cycle. In the next cycles, the newly 

synthesized DNA strands are separated again at the denaturation and each strand 

becomes a new template for annealing and synthesis. A PCR procedure is often 

carried out for 35 to 45 cycles (53, 108). The amplification procedure is 

automatically performed in a thermocycler with programmed heating and 

cooling. 

Products of a PCR can be determined by a variety of methods, the most 

common method is to separate the products according to their sizes on agarose 

or polyacrylamide gels by electrophoresis, and they are visualized after staining 

with ethidium bromide. The standard DNA ladder with known size is analyzed 

in parallel with the samples to compare with the PCR products.  
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Figure 5 

Exponential accumulation of target DNA products in PCR (reproduced from 

M. Somma M and Querci M (108) 

 
 

1.3.2. Variants of PCR assays 

 

1.3.2.1. Reverse transcription- polymerase chain reaction (RT-PCR) 

PCR has been modified to amplify RNA molecules from living cells or 

viruses containing RNA. Numerous respiratory viruses with RNA genome such 

as influenza viruses, RSV, parainfluenza viruses, hMPV, rhinoviruses, 

enteroviruses and coronavirus especially SAR-CoV virus, the amplification in 

RT-PCR format is needed for molecular diagnostics (30). With this procedure, a 

step of synthesis of RNA molecule into a complementary DNA by reverse 

transcriptase is included before amplification of cDNA as the basic PCR 

protocol with Taq DNA polymerase. The RT-PCR is widely used for 

identification and quantification of RNA viruses and mRNA or rRNA in 

bacteria and fungi.  

 

1.3.2.2. Nested PCR 

A popular modification of PCR uses nested sets of primers to amplify a 

specific sequence by performing PCR procedure into two rounds. The first 

round uses a pair of external primers to amplify a long sequence, and the second 

round amplifies a shorter sequence from the first round sequence by using a pair 

of internal primers (70). Sensitivity of most nested PCR procedure is extremely 

high; the reamplification with the second set of internal primers serves to verify 

the specificity of the first round product. The transfer of reaction products from 

the first reaction will dilute out inhibitors that might be present in the sample (1, 

69, 70). 
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1.3.2.3. Multiplex PCR  

Multiplex polymerase chain reaction (PCR) is a variant of PCR in which 

two or more target DNA sequences are simultaneously amplified in the same 

reaction. Multiplex PCR is very cost-effective and useful in clinical 

microbiology for detection of multiple viral pathogens from clinical samples at 

the same time in one testing reaction (29, 29, 69). 

In acute respiratory infections, several studies have utilized multiplex 

PCR to both detect and type or subtype influenza viruses, PIVs, and RSV in 

clinical specimens (37, 69, 111). Lam and others used multiplex nested PCR to 

detect respiratory viruses from 304 clinical samples and showed that the overall 

positive rate as determined by multiplex nested PCR was 48.5%, which was 

significantly higher than those of virus isolation (20.1%), besides, their 

multiplex nested PCR assay also detected non cultivable viruses, particularly 

rhinoviruses, coronavirus OC43, and metapneumoviruses, contributed a major 

gain (15.6%) in the overall positive rate (61). Another study on developing and 

using a multiplex PCR for typing of influenza A and B viruses and subtyping of 

influenza A viruses from 206 clinical samples, the results showed that 179 was 

positive with influenza A virus, in which 110 samples were with swine origin 

influenza A H1N1 (2009), 62 with influenza A H1N1 (human) virus, 6 with 

H3N2 virus, 1 with untyped influenza A virus and 3 were positive for influenza 

B virus (37). 

 

1.3.2.4. Real-time PCR 

Real-time PCRs have many advantages in comparison with the 

conventional PCR in diagnosis of viral pathogenic pathogens from clinical 

samples; they can provide rapid diagnosis for clinical management and 

prevention; limit cross-contaminations; quantify DNA/RNA levels and more 

sensitivity. The real-time amplification reaction with the accumulation of the 

newly amplified products can be monitored by using specific fluorescent probes. 

This method combines PCR chemistry with fluorescent probe detection of 

amplified product in the same reaction vessel. Generally, both amplification and 

detection of amplified products are completed in an hour or less, which is 

considerably faster than conventional PCR and detection methods (30, 57, 121).  

Real-time PCR needs a fluorescent reporter that binds to the product formed and 

generates a fluorescence signal that reflects the amount of product formed. 

During the initial cycles the signal is weak and cannot be distinguished from the 

background. As the amount of product accumulates a signal develops that 

initially increases exponentially. Thereafter the signal levels off and saturates 

(29, 68). Real-time PCR can be used for quantification of target DNA or RNA 

sequences in the human body fluid, which is done by measuring the number of 

cycles required for the signal to reach a threshold level which is called the CT 

value; the quantity of target DNA molecules of the sample is reciprocal to the 
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CT value, this means that the more amount of initial DNA molecules the sample 

has, the lesser number of cycles is to reach a threshold level (30, 57). 

 

Figure 6 

Kinetics of amplification - real-time PCR response curve (reproduced from 

Kubista et al. (57). 

 

 
 

Many detection formats of PCR products have been developed for use in 

real-time PCR; the earliest and nonspecific format has been DNA binding dyes 

like ethidium bromide, SYBR
®
 Green. These fluorescent dyes intercalate into 

double stranded DNA molecule and, in the bound state, emit fluorescent when 

excited by an appropriate light source (121). Detection formats by using 

fluorescence probes to hybridize to the target sequence during amplification are 

highly sensitive and extremely specific for diagnosis of viral pathogens on 

clinical samples. Three types of nucleic acid detection methods have been used 

most frequently with real-time PCR testing format: 5‘nuclease (TaqMan 

probes), molecular beacons, and FRET hybridization probes.  

In TaqMan probe format, a fluorescent reporter dye (FAM or VIC) 

covalently is attached to the 5‘end of the probe, and a quencher dye (TAMRA) 

is covalently attached to the 3‘end. When the reporter molecule on the TaqMan 

probe is stimulated by an appropriate light source to emit fluorescence, the 

energy is transferred to the quencher, thereby suppressing the emission of 

fluorescence by the reporter. During PCR, when the DNA polymerase extends 

the primers, the hybridized probes are cleaved by the 5‘exonuclease activity of 

the enzyme and the corresponding quencher and reporter molecules are 

separated. The energy transfer to the quencher molecule is thus abrogated, and 

the reporter starts emitting fluorescence (63, 121). 
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Figure 7 

TaqMan probe and FRET probes (reproduced from 67 ) 

 

             
 

 

Another detection format used also very often is fluorescence resonance 

energy transfer (FRET). This method relies on the use of two probes that 

hybridize next to each other to a sequence located between the primers. One of 

these probes is labelled with a donor dye at the 3‘end (Fluorescein, emitting 

green light), the other is labelled with an acceptor dye at the 5‘end (LC Red 640 

or LC Red 705, emitting red light). The probes are designed to hybridize during 

the annealing step to the same strand in a head-to-tail arrangement, at a distance 

of 1–5 nucleotides to bring the two dyes in close proximity (‗‗kissing‘‘ probes). 

The donor dye is stimulated by an appropriate light source to emit fluorescence. 

If both probes are bound to the specific target sequences, the fluorescence 

energy is transferred from the donor to the acceptor molecules (FRET), and the 

excited fluorophore emits a fluorescent signal (63, 121). 

The third detection format is using molecular beacon, this format is less 

common used. In design, the probes have a fluorescent dye on the 5‘ end and a 

quencher dye on the 3‘end of the probe. A region at each end of the molecular 

beacon probe is able to hybridize to itself to create a hairpin structure at low 

temperatures. The central region of the probe can be able to hybridize with a 

region of the target DNA product. At the annealing temperature in PCR cycle, 

the central region of the molecular beacon probe binds to the PCR product and 

forces the separation of the fluorescent reporter dye from the quenching dye. 

The effects of the quencher dye are obviated and a light signal from the reporter 

dye can be detected (30, 63, 121).  

Other new probes can be used in real-time PCR for quantitative detection 

of viral infections such as TaqMan Minor Groove Binding probes (MGB probe), 

the term locked nucleic acid (LNA), and these probes can provide more accurate 

target discrimination and quantification (121). 

During the last few years, several real-time PCR procedures have been 

developed and applied for diagnosis of viral pathogens of respiratory infections 



 

30 
Le Van An- A Study on Viral Etiologies of Lower Respiratory Infections and Molecular Characterization of 

Influenza Virus H1N1 2009 Circulating in Central Vietnam- Ph.D thesis in Clinical and Molecular Microbiology 

of Ph.D School in Biomolecular and Biotechnological Science - University of Sassari 

 

such as influenza viruses, RSV, adenovirus and hMPV. Numerous real-time 

PCRs for diagnosis of these respiratory viruses can be summarized as following:  

 

Table 4  

The real-time PCR for diagnosis of respiratory viruses 

 

Respiratory viruses Format Clinical 

sample 

Reference 

Influenza A viruses subtype 

H5N1 

TaqMan 20 28 

Pandemic H1N1/09 TaqMan 359 125 

H1N1(09) and H3N2, H1N1, 

Flu B 

TaqMan MBG 307 100 

H1N1(2009), Influenza viruses 

A and B 

TaqMan 317 44 

RSV TaqMan  74 

Adenoviruses TaqMan 2331 54 

Parainfluenza viruses TaqMan 2331 54 

 

 

1.3.3. DNA Sequencing 

Sequencing plays an important role in characterization of genome or 

DNA/RNA sequence of bacteria and viruses; typing bacteria and viruses, to 

confirm the identity of a mutation, check the fidelity of a newly created mutation 

or product of a PCR (97). In respiratory viruses, especially with some viral 

agents causing pandemics like influenza A viruses, characterization of genome 

sequences or gene fragment is essential to provide genetic sequence data for 

constructing phylogenetic tree for tracking the origin and viral genetic evolution, 

for monitoring and predicting emergence of a novel strain of influenza A 

viruses. 

DNA sequencing includes several methods and technologies that are used 

for determining the order of the nucleotide bases in a molecule of DNA.  The 

technology for sequencing has been advancing rapidly during recent years, and 

many approaches for DNA sequencing have been developed recently (105), 

some key approaches are shortly described as follows  

 

1.3.3.1. The classical chain-termination method 

The classical chain-termination method or Sanger sequencing, in which 

four separate primer extension reactions are carried out, each containing only 

one of the four chain-terminating dideoxynucleotide triphosphates (ddNTPs) 

including ddATP, ddGTP, ddCTP, ddTTP, along with template, polymerase, 

dNTPs, and a radioactively labeled primer.  The result is a collection of many 

terminated strands of many different lengths within each reaction. The four 

http://en.wikipedia.org/wiki/Nucleotide
http://en.wikipedia.org/wiki/DNA
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reactions are then electrophoresed in four lanes of a denaturing polyacrylamide 

gel to yield size separation with single-nucleotide resolution. The pattern of 

bands across the four lanes allows to be interpreted the primary sequence of the 

template under analysis (97, 105). 

Dye-terminator sequencing is a modification of classical Sanger 

sequencing, in which fluorescent labeled ddNTPs are employed and a single 

primer extension reaction containing all four labeled ddNTPs is performed. The 

four ddNTPs are labeled with fluorescent dyes that have the same excitation 

wavelength but each of which emit different wavelength (105). 

 

1.3.3.2. Chemical sequencing  

Chemical sequencing was described by Maxam & Gilbert. In this method, 

end-labeled DNA fragments are subjected to random cleavage at adenine, 

cytosine, guanine, or thymine positions using specific chemical agents. The 

chemical attack is based on three steps: base modification, removal of the 

modified base from its sugar, and DNA strand breaking at that sugar position. 

The products of these four reactions are then separated using polyacrylamide gel 

electrophoresis. The sequence can be easily read from the four parallel lanes in 

the sequencing gel (32, 97). 

 

1.3.3.3. Pyrosequencing method 

Pyrosequencing method is based on the detection of the inorganic 

pirophosphate (PPi) released during the DNA polymerization reaction, each 

dNTP is incorporated into the chain extension by DNA polymerase and PPi is 

released. This liberated PPi is then converted into ATP by ATP sulphurylase and 

light is emitted via the firefly luciferase that catalyses luciferin into oxyluciferin 

(87). The average number of emitted photons per template chain in a given step 

is proportional to the number of deoxynucleotides incorporated per chain at that 

step. The sequence can then be determined by simply noting if incorporations 

occur and by counting the number of incorporations (by measuring the light 

intensity) in a given attempt (75). 

 

1.3.3.4. Single-molecule sequencing with exonuclease  

This method is based on the detection of individual fluorescent 

nucleotides in a flowing sample stream; this method is divided into steps: 

fluorescent labeling of the bases in a single fragment of DNA; attachment of this 

labeled DNA fragment onto a bead,  movement of the labeled DNA bead into a 

flowing buffer steam, digestion of labeled DNA by an exonuclease that cleaves 

the 3‘- end nucleotides, and identification of individual fluorescent labeled bases 

as they cross a focused laser beam (32).  
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1.4. Molecular epidemiology of influenza A virus 

 

Molecular techniques have taken an important role in rapid diagnosis and 

epidemiological surveillance of influenza virus infections in humans and animal 

for the past several years (69, 88). Development of molecular diagnostic 

methods based on reverse transcription-polymerase chain reaction (RT-PCR), 

real-time RT-PCR, nucleic acid sequence-based amplification has made 

detection and genomic characterization of influenza virus isolates much easier 

and more rapid than the conventional methods such as cell culture and 

serological assays. They are particularly useful in rapid detection, surveillance 

of influenza virus outbreak, and also in monitoring for viral changes in their host 

specificity and pathogenicity ( 24, 69, 88, 91).  

As described previously influenza A viruses change very often their 

antigenic characteristics over time, among their 8 genomic segments of genes, 

HA surface protein genes are always under host immune selective pressure, so 

they are evolving much more rapidly than the internal protein genes PB1, PB2, 

PA, NP, and M1 (123). The new strain of influenza A virus can emerge and 

cause the outbreak by antigenic drift or antigenic shift (60, 72).  

  Phylogenetic methods play an important role in the analysis of genomic 

sequence data of influenza virus (36, 60, 72, 84, 123). They are used to 

reconstruct the evolutionary relationships between different viral strains (72, 

123). Three main approaches exist to phylogenetic tree reconstruction: distance-

based methods, parsimony, and probabilistic methods based on maximum 

likelihood or Bayesian statistics (60, 80, 84).  

Distance-based methods start by defining an evolutionary distance 

between sequences and then apply hierarchical clustering algorithms to obtain a 

phylogenetic tree (84). Neighbor-joining (NJ) is the most common distance 

method used to construct a distance tree. It is a clustering method that joins the 

two most closely related sequences (i.e. neighbor) according to the computed 

distance matrix to form subsets of the tree, which gradually build up the whole 

tree (60, 80). Distance-based methods are computationally efficient, but the 

reduction of the observed data to a distance matrix presents a loss of information 

(84). NJ trees are a useful starting point for estimating the minimum evolution 

(ME) tree, as well as for constructing trees using discrete methods, such as 

maximum likelihood and Bayesian approaches (60, 80). 

Unlike distance-based methods, maximum parsimony is based on the 

minimum evolution principle and tries to find the tree that explains the data by 

the minimum number of mutations. The method has been applied successfully to 

the analysis of influenza virus sequence data. It is also computationally efficient, 

but lacks an explicit evolutionary model (other than minimum evolution), and it 

is not statistically consistent (84).  

Probabilistic phylogenetic models have these desirable properties, 

Maximum Likelihood methods are currently the most commonly used ones in 
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phylogenetic tree construction, as long as sufficient computation power and time 

are available (60). Bayesian phylogenetic inference is based on the posterior 

probability of the tree. The posterior probability is calculated from the prior 

probability of the phylogeny and the tree likelihood by Bayesian theorem (60). 

With influenza viruses, phylogenetic analysis can be helpful in  

(i) Tracing the genetic origin of a particular virus strain through analysis 

of the viral genetic sequences (60, 72).  

(ii) Monitoring genome reassortment and recombination (72, 106). 

(iii) Predicting the evolution rate of influenza viruses (60). 

(iv) Understanding the evolutionary dynamics and the geographical 

epidemiology of influenza A virus, which is essential in designing and optimal 

matching of vaccine strains (60, 84). 
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1.5. The aims of this study 

 

Thua Thien Hue Province is located in the northern part of the central 

region of Viet Nam, and the presence of more than 1000 beds both in Hue 

Central Hospital and in the Hospital of Hue College of Medicine and Pharmacy 

makes Thua Thien Hue province the biggest health facility for the whole central 

Viet Nam. However, the limitation in clinical laboratories for diagnosis and 

surveillance for outbreak of viral infections has reduced the possibility of 

collecting and documenting data on viral etiologies of respiratory infections for 

many years.  

Since 2008, the Carlo Urbani centre has been established in Hue College 

of Medicine and Pharmacy for improving capacity of training, research 

diagnosis and management of acute respiratory infections with the support of 

Italian Government and Sassari University. A microbiology laboratory with 

BSL3 facilities and equipments for molecular biology was included in this 

centre. Extensive training for reinforcing the existing expertise of the local staff 

in determining and identifying respiratory viruses in the region was carried out 

both in Vietnam and abroad.  

In order to provide further knowledge on epidemiology of viral etiologies 

of acute respiratory infections in central Vietnam, needed for improving the 

strategies of prevention and patient management and also developing the 

capacity of laboratory diagnosis of respiratory viruses, we carried out this study 

on viral etiologies of lower respiratory infections and characterization of HA 

and NA gene segments of novel H1N1 subtype of influenza A virus causing 

respiratory infections in Hue with the following objectives:  

1. To determine the viral etiology of lower respiratory infections in children 

hospitalized in Hue Central Hospital using molecular techniques (polymerase 

chain reaction). 

2. To conduct a study for isolation and identification of the novel influenza A 

(H1N1) 2009 virus in the pandemic 2009 by virological methods (cell culture on 

MDCK) and reverse transcription-polymerase chain reactions.    

3. To analyze and sequence relevant genes from swine-origin influenza A virus 

H1N1 isolated in Hue in 2009 in order to identify gene polymorphism and 

compare with referenced strains for molecular epidemiology purpose. 
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2. MATERIALS AND METHODS 

 

2. 1. Study design 

This study is a prospective, cross-sectional survey carried out on two 

population samples of patients hospitalized in Hue Central Hospital and Hue 

City Hospital. 

Sample for the objective of determining the viral etiology of lower 

respiratory infections in ill children was constituted by pediatric patients with 

lower respiratory infections hospitalized in the section of lung and pulmonary 

diseases of the pediatric department of Hue Central Hospital from the middle of 

March 2010 to the sixth of April 2011.  

Sample for the objective of isolating and identifying the novel influenza A 

(H1N1) 2009 virus was children and adult patients with suspected infections 

hospitalized in the isolation ward in Hue City Hospital from the beginnings of 

October to the middle of November 2009. 

The study was conducted at the Department of Medical Microbiology and 

Microbiological Laboratory of Carlo Urbani Centre of Hue College of Medicine 

and Pharmacy and with close collaboration of medical doctors in the 

departments of Hue City Hospital and Hue Central Hospital. 

Before implementing the study, a case-recorded form was constructed and 

a short discussion with collaborating clinical doctors was organized to introduce 

the procedure of selecting patients and collecting data and respiratory specimens 

from the selected patients. A complete package including all material and tools 

for collection of respiratory specimens was provided to the clinical staffs.  

 

Ethics 

Before carrying out the study, a written proposal was submitted for 

permission to the ethical boards of Hue College of Medicine and Pharmacy, Hue 

Central Hospital and Hue City Hospital for their approvals. The approvals for 

this study were also obtained from the heads of the clinical departments or units 

participating to the study.  

Before collecting patient data and respiratory specimen, children parents 

or guardians were asked to give their oral consent to include the children into the 

study.  

 

2.2. Definitions and selection of patients for study 

2.2.1. Pediatric patients of viral lower respiratory infections 

Children with symptoms of acute lower respiratory tract infections of 

suspected viral etiology hospitalized in the pediatric department of the section of 

lung and pulmonary diseases, Hue Central Hospital were chosen for collection 

of data and respiratory specimens. Acute viral lower respiratory infections were 

clinically defined as bronchitis, bronchiolitis and pneumonia (126).  
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- Acute bronchitis was diagnosed if patients have following symptoms: 

fever, sore throat, cough, wheezing (16). 

- Acute bronchiolitis was defined as children have coryzal symptoms 

including rhinorrhea and fever and develop increased work of breathing with 

wheeze, and cough (17). 

- Pneumonia was diagnosed when patients presented with symptoms of 

fever, coryza, cough, vomiting, refusal to feed, breathlessness. On clinical 

examination, respiratory rate, significant pallor, stridor, presence of crepitations 

and rhonchi were recorded (11). 

The following patients were not eligible for this investigation:  

- Suspected bacterial lower respiratory tract infections if patients have 

similar symptoms and signs of those above categories but the WBC, at the time 

of admission, were higher than 7.0 x 10
9
 cells/L. 

- Asthmatic patients.  

 

2.2.2. Patients suspected with influenza A (H1N1)2009 infection 

Patients suspected with influenza A (H1N1) 2009 infection had an 

abrupt onset with symptoms of fever, malaise, fatigue, headache, and muscular 

ache and signs of sore-throat, coryza, cough and/or presence of crepitations on 

clinical examination (79). 

 

2.3. Collection of respiratory specimens and patient data 

2.3.1. Collection of data and specimens from pediatric patients  

The following data were collected from the patients by a clinical doctor in 

a case-recorded form. 

- Demographic data (age, gender). 

- Time of the onset of respiratory infections.  

- Time of admission to the hospital.   

- Clinical features and laboratory data.  

- Clinical diagnosis.  

Nasal pharyngeal swabs and or throat swabs from children patients with 

acute lower respiratory infections were collected and placed in the 3ml vial of 

DB universal viral transport (cat DB-220220).  

The specimens were kept at minus 20
0
C in freezer until transporting to the 

laboratory (normally 24 hours). 

In the group of pediatric patients, a total of 216 patients were chosen and 

had their respiratory specimens collected for determination of viral etiologies.  

 

2.3.2. Patients and specimens in the 2009 influenza outbreak  

Patients suspected influenza virus infection with acute respiratory 

symptoms admitted to Hue City Hospital were chosen to collect the specimens 

for virus detection. The specimens were placed into 3ml of viral transport 

medium (VTM) and transferred immediately to the laboratory.  
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With this group of patients, nasal pharyngeal swabs or throat swabs were 

taken for identification of influenza A (H1N1)2009 virus from 53 suspected 

patients. 

 

2.4. Preparation of respiratory specimens in the laboratory 

 Preparation of the respiratory specimens in both patients groups was 

carried out with the same procedure. However isolation on the cell culture was 

only carried out with the patient group for identification of the novel influenza A 

(H1N1) 2009 virus. The laboratory flow of working procedures for this study is 

shown in figure 8. 

 

Figure 8 

Laboratory procedures for this study  
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In the laboratory, 3ml VTM was mixed well and divided into four sterile 

cryogenic tubes, the first two tubes of 0.5ml each were for amplification assays, 

one 0.5ml tube was stored at minus 70
0
C for later use and the other 0.5ml tube 

was used for RNA extraction by Qiagen viral RNA mini kit for RT-PCR as the 

manufacturer guidance; the other two tubes (1ml each) were used for isolation, 

which was carried out for diagnosis of influenza A (H1N1) 2009 virus in the 

influenza pandemic 2009. The isolation procedures on cell culture of MDCK 

and embryonated eggs are described in detail in the section for diagnosis of 

influenza A (H1N1)2009 virus. 

 

2.5. Amplification assays for determination of viral etiologies of LRTI 

 

2.5.1. Viral acid nucleic extraction from sample 

Qiagen viral RNA mini purification kit (cat 52904) was used for 

extracting and purifying viral RNA/ DNA from all the specimens according to 

manufacturer s‘ specifications. Briefly, 140μl of specimens were added to a tube 

containing 560 μl of lysis buffer with RNA carrier, mixed well by vortex, 

incubated at room temperature for 10 min; applied all of this solution to the 

QIAamp mini spin column, centrifuged, washed twice with buffer AW1 and 

buffer AW2; viral RNA/DNAs was finally eluted in 60 μl of AVE solution and 

kept at - 20
0
C. The RNA/DNA extraction from each specimen was used for all 

amplification assays for identification of viral etiologies of LRTI. 

 

2.5.2. Amplification assays for detection of respiratory viruses 

 

2.5.2.1. Amplification assays for identification of influenza viruses 

In order to identify influenza viruses, three RT-PCR protocols were used. 

The first protocol was for amplification of matrix genes of influenza A virus and 

influenza B virus with the primers and protocol adapted from Boonsuk et al 

(10); the second protocol was for subtyping influenza A H1N1 (2009) with 

primer and the protocol adapted from WHO (128); the third protocol was for 

subtyping of subtypes seasonal H1N1 and H3N2 by the primers and protocol 

adapted from the national protocol for surveillance on influenza virus, Istituto 

Superiore di Sanita, Roma, Italia (13) and Percivalle et al (89).  

For the positive controls of influenza viruses, the following isolates were used 

- Influenza A H1N1 (2009) virus from the laboratory of respiratory 

viruses, Pasteur Institute, Ho Chi Minh city. 

- H3N2/HongKong/8/68 from the laboratory of virology, San Raffaele 

Hospital, Milan, Prof. Massimo Clementi 

- Seasonal H1N1/Puerto Rico/8/34 from the laboratory of virology, San 

Raffaele Hospital, Milan, Prof. Massimo Clementi. 
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- Flu B/ Lee/40 from the laboratory of virology, San Raffaele Hospital, 

Milan, Prof. Massimo Clementi. 

 

The RT-PCR protocol for detecting influenza virus type A and type B 

  A multiplex RT-PCR for typing influenza A and B was carried out with 

the primers shown in table 5. 

Table 5 

The primers for amplification of matrix genes (10) 

 
Type 

/subtype 

Target gene  Primer Primer Structure  ( 5‘ - 3‘) 

Influenza 

type A 
Matrix (M) FluA -M-F TCAGGCCCCCTCAAAGCCG 

FluA -M-R  AGGGCATTTTGGACAAAKCGTCTA 

Influenza 

type B 

Matrix (M) FluB -M-F ATCTCGCTGTTTGGAGACACAAT 

FluB -M-R TCAGCTAGAATCAGRCCYTTCTT 

 

Synthesis of cDNA from RNA extraction and amplification were carried 

out with the one-step multiplex RT-PCR in one tube with the RT-PCR mixture.  

Components for one reaction were 2x One-Step RT-PCR buffer 12.5 μl 

[SuperScript III Platinum One-step RT-PCR kit (Invitrogen, cat 11732-020)], 

4μl of primers mixture of Flu A-M-F/R (10μM) and Flu B-M-F/R (10μM) (0.4 

nM for each primer), added 0.5 μl of RT/Taq DNA polymerase, 5μl of RNA 

extraction, then sterilized water of 3μl was added to reach the final volume of 

25μl. The programme condition was reverse transcription at 50
0
C for 30min, 

then initial denaturation of 94
o
C for 3min, followed by 35 cycles with 

denaturation at 94
o
C for 30 sec, annealing at 58

o
C for 30sec, then extension at 

72
o
C for 1min, and final extension at 72

o
C for 7min and storage at 4

o
C. Positive 

controls with influenza A and B virus were run in parallel with the samples. 

The amplified products were separated by electrophoresis on agarose gel 

of 1.5% (0.45g agarose + 30ml of 0.5 x TBE buffer, dissolved the agar by 

heating in microwave oven for 5min, cooled the melted agarose to about 60
0
C 

and poured into the gel-casting tray and allowed the gel to solidify at room 

temperature, removed gently the comb and place the gel tray into the 

electrophoresis chamber containing 0.5 x TBE buffer, added the buffer into the 

chamber to cover the top of the gel, applied the electricity at 70 volt/ 30 -35 min 

for electrophoresis). 

The gel tray was gently taken out and placed into a lidded chamber 

containing 0.5 x TBE buffer dissolved with ethidium bromide 0.5μg/ml for 

staining for 15 min and read under UV transilluminator (UVP). A 100bp DNA 

ladder was used as a molecular weight marker. 
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Influenza A was recorded as positive with the presence of 214 bp product 

for M gene of influenza A virus, and presence of 296 bp product for M gene of 

influenza B virus. 

 The RT-PCR protocol for identifying subtype (H1N1) 2009 

When the sample was positive for influenza A virus, further subtyping of was 

carried using primers and procedures as follows 

 

Table 6 

Primers of gene HA1 of (H1N1) 2009 subtype (128) 

 
Type 

/subtype 

Target gene  Primer Primer Structure  ( 5‘ - 3‘) 

Influenza 

type A 

HA1 (2009) NIID-swH1 - F1 TGCATTTGGGTAAATGTAACATTG 

NIID-swH1 -R1 AATGTAGGATTTRCTGAKCTTTGG 

 

The reverse transcription and amplification were carried out with the one-

step RT-PCR in one tube with the RT-PCR mixture for one reaction. the 

components for one reaction were 2x One-Step RT-PCR buffer (superscript one 

step, invitrogen) of 12.5 μl, and 1μl (0.4 nM) of each primer NIID-swH1- F1 

(10μM) and NIID-swH1 -R1(10μM), 0.5 μl of RT/Taq DNA polymerase (Invitrogen), 

5 μl of RNA extraction and 5 μl of sterilized water was added to reach the final 

volume of 25μl. The cycling condition was reverse trancription at 50
o
C for 30 

min, then initial PCR activation at 95
o
C for 15min, followed by 45 cycles with 

denaturation at 94
 o

C/ 30 sec, annealing at 50
 o

C/ 30 sec, and extension at 72
 o

C/ 

1 min, completed amplification with final extension at 72
 o

C for 10 min. Positive 

control with RNA extraction of influenza A (H1N1) 2009 virus and negative 

control with H2O were run in parallel with the samples. 

Amplified products were run on agarose 1.5% (preparation as described 

above) for electrophoresis for 30min, then staining in 0.5 x TBE buffer 

dissolved with ethidium bromide 0.5μg/ml for 15min. 

The product band was visualized under UV light and the presence of 349 

bp product of HA1 gene was recorded as positive for the subtype (H1N1) 2009 

of influenza A virus. 

 Multiplex RT-PCR protocol for identifying subtypes of H3N2 

and seasonal H1N1 

If the sample was positive with influenza A virus but negative for subtype 

(H1N1) 2009, the sample was analyzed further for the subtypes of H3N2 and 

seasonal H1N1 with a multiplex RT-PCR protocol with primers specific for 

these subtypes as follows 
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Table 7 

Primers for amplification of H3N2 and seasonal H1N1 (13, 89) 

 
H3N2  HA3 H3 F1           CCTTGATGGAGAAAACTGCACAC‘ 

H3 R1           TGTTTGGCATAGTCACGTTCA 

Seasonal H1N1  HA1s H1 F1          GAATCATGGTCCTACATTGTAGAAA 

H1 R1  ATCATTCCAGTACATCCCCCTTCAAT 

 

The reverse transcription and amplification were carried out with the one-

step multiplex RT-PCR in one tube with the RT-PCR mixture for one reaction. 

Components of one reaction were 12.5μl of 2x One Step RT-PCR buffer, and 

0.5μl of each primer (10μM), 0.5μl of RT/Taq DNA polymerase (Invitrogen), 

and 5μl RNA extraction, and sterilized water was finally added to reach the final 

volume of 25μl. 

The cycling condition was reverse transcription at 40
o
C for 40 min, then 

amplification with activating denauration at 95
o
C/10 min, followed by 40 cycles 

with initial denaturation at 94
o
C/ 45 sec, annealing at 52

o
C/ 1min 30 sec, 

extension 72
o
C/ 2 min 30sec, completed amplification by final extension at 72

o
C 

/5 min. 

The samples were always run with positive controls with the above 

mentioned strains and negative control with sterilized water. 

The amplicons were run in 2% agarose gel (0.60g agarose in 30ml of 0.5 

x TBE buffer, and preparation as described) for electrophoresis, and stained with 

EtBr 0.5μg/ml in 0.5 x TBE buffer for 15 min and read under the UV 

transilluminator. A 100bp DNA ladder was used for molecular weight marker.  

The testing samples were always run in parallel with positive control 

tubes with the specific subtypes described above and negative tube with 

sterilized water.  

The presence of DNA band with the size of 814bp was positive for 

seasonal H1N1 subtype and with the band of 388bp was positive for H3N2 

subtype. 

 

2.5.2.2. Amplification assay for identification of syncytial respiratory 

virus (RSV) 

  Amplification for detection of RSV was carried out by a nested RT-PCR 

protocol described previously (74, 95) to amplify a 244 bp segment of the F 

gene as shown in figure 9. 
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Figure 9 

Target products of nested amplification for RSV  

 
 

 Synthesis of complementary DNA 

Reverse transcription for synthesis of cDNA was carried out by a 

domestic kit (Viet Phat company, HMC) as the manufacturer ‗s specifications, 

Briefly, a volume of 12.5l of RNA extraction was mixed with 6.5l of reverse 

transcription buffer in a 0.2ml Eppendorf tube, added 1l of standard RT 

enzyme, mixed well. Synthesis of complementary DNA was performed in 

thermocycler with the program at 25
0
C for 5 min, then 42

0
C for 30 min, and 

85
0
C for 5min.  

 Amplification 

The PCR protocol was implemented in two rounds, the first one was 

aiming at amplifying a segment of 538 bp, and the second round is to amplify an 

inn segment of 242 bp. The control positive was positive RSV sample identified 

by real-time RT-PCR provided by professor Drosten of the institute of Virology, 

in Bonn University. The primer pairs for nested amplification are in table 8. 

 

Table 8 

The primer pairs for nested amplification for identification of RSV (74, 95) 

 

Primer name RSV  Target gene 

F1 Forward primer GTTGGATCTGCAATCGCCAGTGGC     F 

F2 Reverse primer GTACATAGAGGGGATGTGTG F 

F3 Forward primer TTAACCAGCAAAGTGTTAGA F 

F4 Reverse primer TTTGTTATAGGCATATCATTG    F 

 

The first round of PCR was performed with reagent components and their 

volumes presented in the table 9. 
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Table 9 

Components and volumes of one reaction 

 

Components Volume in μl Working concentration 

PCR master mixture 

(Fermentas)  

12.5 μl  

F1 forward (10μM)     1 μl 0.4nM 

F2 reverse (10μM)  1 μl 0.4nM 

Sterilized water 5.5 μl  

cDNA template 5 μl  

Total volume 25 μl  

 

The PCR mixture was prepared in a 0.2ml eppendorf PCR tube in a tray 

with ice. Amplification reaction was run in the Veriti thermocyler (Applied 

Biosystems) with the cycling condition as follows: initial activation at 95
0
C for 

15 min, followed by 40 cycles with denaturation at 95
0
C for 1 min, annealing at 

55
0
C for 1 min, and extension at 72

0
C for 1min. 

The second round of PCR was with 3 μl of product from the first PCR and 

0.4nM for each of primer F3 (10μM) and F4 (10μM); 12,5μl of PCR master 

mixture (Fermentas), and sterilized water finally added to reach the total volume 

of 25μl. The thermo-cycling condition was initial activation at 95
0
C for 5min, 

followed by 40 cycles with denaturation at 95
0
C for 1 min, annealing at 50

0
C for 

1 min and extension at 72
0
C for 2 min, then final extension at 72

0
C for 5min. 

The amplified product was run on 1.5% agarose gel for electrophoresis; 

stained with ethidium bromide 0.5μg/ml in 0.5x TBE buffer for 15 min; and 

visualized the product bands under UV light as described above for the products 

of influenza viruses.  

The testing samples were always performed in parallel with negative 

control with sterilized water and positive control with positive sample. The 

presence of product 242bp was positive for RSV as the band of the positive 

control. 

 

2.5.2.3. Amplification for identification of adenovirus 

This protocol was adopted from McDonough et al (71) to amplify a 

fragment of 134 bp of the hexon gene of adenoviral genome (71). The primers 

for this protocol are presented in table 10. 
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Table 10  

Primers pairs for amplification of adenovirus 

 

Name  Primer structure size 

ADE 1 forward     ATGACTTTTGAGGTGGATCCCATGGA  134bp 

ADE 1 reverse GCCGAGAAGGGCGTGCGCAGGTA‘ 

 

DNA plasmid for adenovirus control from Clinical Microbiological 

Laboratory of Sassari University, Prof. Caterina Serra 

DNA of viruses was extracted from the patient sample with the same Mini 

Qiagen RNA purification kit as other RNA viruses in this study. Components of 

reagents for one reaction were 12.5µl of PCR master mixture (Fermentas), 1.25 

µl (0.5µM for final concentration) of each primer ADE 1 F (10 µM) and ADE 1 

R (10 µM), 0.25µl (0.5U) of thermo DNA polymerase (2U/µl ), 5µl DNA 

extraction, and sterile, free DNA water was added to reach the final volume of 

25µl.  

The thermalcycling condition was heating at 94
0
C for 5 minutes for the 

initial denaturation, followed by 30 cycles with denaturation at 94
0
C for 30 

seconds, annealing at 52
0
C for 30 sec and extension at 72

0
C for 60 sec. 

completed amplification with the final extension at 72
0
C for 5 minutes.  

The control positive with DNA plasmid and negative with sterile water were 

always run with the testing samples. PCR product was identified by 

electrophoresis with 1.5% agarose gel and stained in ethidium bromide 0.5μg/ml 

in 0.5x TBE buffer for 15min and visualized the DNA product under UV reader 

as described above. 

The presence of product 134bp was recorded to be positive for adenovirus 

as the band of the positive control. 

 

2.5.2.4. Multiplex RT-PCR procedures for parainfluenza viruses 

For detection of human parainfluenza viruses, a modified multiplex nested 

RT-PCR protocol was used (61). All the amplification reactions were carried out 

in the Viriti thermocycler (Applied Biosystems). The primers for amplification 

of parainfluenza viruses were as follows 
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Table 11 

Name and primer structure for parainfluenza virus (61) 

 

Name Parainfluenza viruses Gene Size 

(bp) 

PIV-1-OF1 TCTGGATCCACCACAATTTCAG HA-

NA 

848 

PIV-1-OR1 WACCAGTTGCAGTCTKGGTTTC 

PIV-1-IF1 AATTGGTGATGCAATATATGCKTATTC HA-

NA 

600 

PIV-1-IR1 TCGACAACAATYTTTGGCCTATC 

PIV2-F1 CTTGCAGCATTTTCTGGGGAACTCC HA-

NA 

716 

PIV2-OR1 GCATCATCATCCTGGGAGCCTCTGT 

PIV2-F2 AGGACAGCAGAGGACCTCGGCATG HA-

NA 

343 

PIV2-R2         ACCTGATGTTCTTTGCGGTATGGGG 

PIV-3-OF1 GATTTTTGGAGATGCACGTCTG HA-

NA 

1.118 

PIV-3-OR1        GAGAGTGTTYTGTTTCGGATGG 

PIV-3-IF1 CAACTGTGTTCRACTCCCAAAG HA-

NA 

717  

PIV-3-IR1 TGGGTTYACTCTCGATTTTTGY 

PIV-4 AB-IF1 AYGGATGCATTCGAATTCCATCATTC HA-

NA 

432  

PIV-4AB-OR1      TCCRTRAGRCCYCCATACAARGG 

PIV-4AB-IF2         GACGGATGYYTRCKGWATTGTGT HA-

NA 

231  

PIV-4AB-IR2         CCRTRAGRCCYCCATACAARGGAA 

 

Reverse transcription for synthesis of cDNA was carried out by a 

domestic kit (Viet Phat company, HMC) as the protocol described in RSV. 

 Parainfluenza viruses for positive control were provided by Dr. Helmer 

and prof. Drosten, Medical Virology Institute of Bonn University. 

Amplification was carried out in two rounds. The first round was run with 

the following PCR mixture.  

 

PCR Master Mixture (Fermentas)                12.5µl 

Primer solution                        6.2µl 

Sterilized water                                               1.3µl 

cDNA Template                                              5.0µl 

Total volume                                                 25.0µl 

 

In which the primers solution was a 6.2 µl primer mixture including 2.3 µl 

for each of PIV1 OF1 and OR1; 0.1 µl for each of PIV2 F1 and OR1; 0.5 µl for 

each of PIV3 OF1 and OR1; and 0.2 µl for each of PIV4-OF1 and OR1. 
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The thermal-cycling program for the first round was at 95
0
C for 3min for 

activating denaturation, followed by 30 cycles with denaturation at 95
0
C for 

1min, annealing at 64
0
C for 40 sec and extension at 72

0
C for 5min, then final 

extension at 72
0
C for 5min. 

The second round was run with 2µl of the first round products and PCR 

reagent components per reaction as follows 

 

Master Mix PCR (Fermentas)                       12.5µl 

Primer mixture of the second round               6.2µl 

Sterilized water                                              4.3µl 

DNA Template of the first round                   2.0µl 

Total volume                                                  25.0µl 

 

In which the primer mixture of the second round was a 6.2 µl primer 

solution including 1.5µl for each of PIV1-IF1 and IR1; 0.1 µl for each of PIV1-

IF1 and IR1; 1.1 µl for each of PIV3-IF1 and IR1; and 0.4 µl for PIV4- AB IF2 

and AB IR2. 

The thermal-cycling program for the second round was initial 

denaturation at 95
0
C for 3min, followed by 30 cycles with denaturation at 95

0
C 

for 1 min, annealing at 64
0
C for 40 min and extension at 72

0
C for 3 min, and 

then final extension at 72
0
C for 5 min. 

The tubes with positive controls and negative with sterile water were run 

in parallel with the testing samples. The products of the second round was run 

on 2% agarose gel (0.6gr agarose + 30ml 0.5 x TBE buffer and preparation of 

gel was described in the section for influenza virus) for electrophoresis at 70 

volt/ 30 -35 min.  

The gel was stained with ethidium bromide 0.5 μg/ml in 0.5 x TBE buffer 

and visualized the presence of PCR product bands and marker under the UV 

light. The presence of the product bands with the specific sizes was recorded as 

positive by comparing to the DNA ladder of 100bp in length. 

 

2.6. Diagnosis of influenza A (H1N1) 2009 virus by isolation on cell culture 

and amplification assay 

 

2.6.1. Isolation of influenza virus on cell culture and embryonated eggs 

Isolation of influenza virus was carried out according to a standard 

procedure (128). Briefly, 1ml portion of samples in VTM was pretreated by 

filtration with 0.4 m size filters and then inoculated into the T-25 flash of 

Madin -Darby Canine Kidney (MDCK) cells grown at confluent phase in MEM 

(pH 7.2) containing 10% fetal bovine serum, penicillin [10U/ml], streptomycin 

[10mg/ml] and amphotericin B [0,25mg/ml]; cultures were incubated at 35.5
0
C  

in a 5% CO2 incubator and followed daily for cytopathic effect (CPE) under the 

inverted microscope (10x and 20x) for 7 days. When the CPE was visualized, 
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the supernatant fluid was harvested for viral RNA extraction with the Qiagen 

viral RNA mini kit (Qiagen, USA) for typing and subtyping by RT-PCRs. 

Embryonated eggs were recently put into use for isolation of in influenza 

virus in our laboratory in addition to MDCK cells method; chicken embryos 9-

10 days old were used for inoculation of clinical samples. Three embryonated 

eggs were used for each clinical sample (128); briefly, 300μl of each sample was 

mixed well with 300μl antibiotic solution (gentamycin 40μg/ml, 

chloramphenicol 50μg/ml; penicillin 100UI/ml; streptomycin 100μg/ml; 

amphotericin B 5pg/ml), wiped the top of each egg with 70% ethanol and 

punched a small hole in the shell over the air sac, then inoculated with 200μl of 

antibiotic mixed sample, sealed the hole with paraffin and incubated the eggs at 

34
0
C for 2 days. Harvesting of allantoic and amniotic fluids was performed by 

chilling the eggs at 4
0
C over night, then breaking the shell over to collect all the 

fluids. The presence of virus growth was tested by agglutination assay of 

chicken red blood cells. If hemagglutination was positive, confirmation was 

carried out by RT-PCR assays for H1N1 2009. If hemagglutination was 

negative, the harvested fluids were inoculated into the embryonated eggs two 

more times for negative confirmation of viral isolation.       

 

2.6.2. Amplifications for identification of influenza A (H1N1) 2009 subtype  

Besides isolation of the virus on cell culture, for detection and 

identification of influenza A (H1N1) 2009 subtype directly from respiratory 

specimens and also from cell culture for confirmation, two RT-PCR protocols 

were used.  

(i) A modified multiplex RT-PCR for identification of influenza A 

(H1N1) 2009 subtype with protocol and primers adapted from WHO (128), this 

RT-PCR was also used to identify the virus from the cell culture.  

(ii) When the specimen was positive with matrix gene but negative for 

HA1 (2009) gene, the specimen was analyzed further for detection of subtype 

H2N3 and seasonal H1N1 with the multiplex RT-PCR described above for 

identifying subtypes of H3N2 and seasonal H1N1 (13, 89).  

 

A modified multiplex RT-PCR protocol for identification of influenza A 

(H1N1) 2009 virus 

A multiplex RT-PCR was set up with the primers from WHO (128) 

described in the following table. 
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Table 12 

Primers for amplification of influenza A (H1N1) 2009 virus (128) 

 
Type 

/subtype 

Target 

gene 

Primer Primer Structure  ( 5‘ - 3‘) 

Influenza 

type A 

Matrix 

(M) 

M30F2/08  ATGAGYCTTYTAACCGAGGTCGAAACG  

M264R3/08    TGGACAAANCGTCTACGCTGCAG  

Subtype 

H1N1(2009) 

HA1 NIID-swH1-F1   TGCATTTGGGTAAATGTAACATTG 

NIID-swH1-R1   AATGTAGGATTTRCTGAKCTTTGG 

 

Synthesis of cDNA and amplification were performed with the one-step 

multiplex RT-PCR in one tube with the RT-PCR mixture. Reagent components 

for one reaction were 12.5μl of 2x One Step RT-PCR buffer (invitrogen), 1μl of 

each primer (10μM), 0.5μl RT/ Taq Polymerase, 5μl of RNA extraction, finally 

sterile water was added to reach the final volume of 25μl. Amplification was 

implemented in Veriti thermocycler with cycling programme: reverse 

transcription at 50
0
C for 30min, initial PCR activation at 95

0
C for 15 min, 

followed by 45 cycles with denaturation at 94
0
C for 30 sec, annealing at 50

0
C 

for 30sec, and extension at 72
0
C for 1 min, completed amplification by final 

extension at 72
0
C for 10 min. 

Positive controls with RNA extraction of influenza A virus subtype 

H1N1(2009) and negative with sterile water were run with testing samples. 

Amplified products were separated by electrophoresis in agarose gel 

1.5%, then stained with EtBr 0.5 μg/ml in 0.5 x TBE buffer for 15min. the bands 

of DNA products were visualized with UV light. The presence of DNA bands 

with the size of 244bp was positive for matrix gene and with the size of 349bp 

for the gene of HA1 (2009), 100bp DNA ladder was used for marker. The 

presence of both DNA bands are essential for confirmation of influenza A 

(H1N1) 2009 subtype, presence of band with the 244bp size and without the 

349bp band was recorded for influenza A virus. 

 

2.6.3. Sequencing HA and NA genes of 2009 H1N1 subtype  

Four strains of novel H1N1 subtype were randomly chosen for sequencing 

HA, NA genes. The supernatants of MDCK cell culture were collected and 

140μl of each were processed for RNA extraction with Qiagen viral RNA mini 

purification kit as the above-described procedure. Synthesis of viral RNA into 

cDNA was implemented by the primer Uni 12(M) with the ThermoScript™ RT-

PCR System (Invitrogen). Briefly 8μl of the RNA extraction was mixed with 

2μl of of 5μM primer Uni 12(M) and 2 μl of 10 mM dNTPs to a volume of 12μl. 

The mixture was incubated at 65
0
C for 5min. Then the following cDNA 

synthesis mixture containing 4 μl of 5x cDNA buffer, 1 μl of 0.1M DDT, 1 μl of 

RNaseOUT, 1 μl of sterilized, distilled water and 1 μl of Thermoscript
TM

 RT 
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were added into the tube. The reaction was carried out at 65
0
C for 60min and 

was terminated by heating at 85
0
C for 5min.   

The primers and protocol from Chan et al (14) were used for amplification 

of the full lengths of HA and NA genes of (H1N1) 2009 subtype.  

 

Table 13 

Primers for sequencing HA and NA genes of (H1N1) 2009 subtype (14) 
Target sequence primer Primer structure ( 5‘-3‘)  

HA HA-1 AGCAAAAGCAGGGGAAAATA 1778bp 

HA-1778 AGTAGAAACAAGGGTGTTTT 

NA NA-1 AGCAAAAGCAGGAGTGAAAA 1413bp 

NA-1413 AGTAGAAACAAGGAGTTTTTT 

 Uni 12(M) AGCRAAAGCAGG  

 

PCR amplification of entire HA and NA genes was performed by the 

protocol described previously (14) with the GoTaq PCR core systems (Promega, 

cat. 7660). Briefly, reaction mix including 5X green GoTaq flexi buffer of 10μl, 

1μl of  10 mM dNTPs, 4 μl of 25 mM MgCl2, 0.5μl of GoTaq DNA polymerase 

(5U/μl), 5μl of each primer (10μM), 2 μl of cDNA and free- nuclease water to a 

final volume of 50μl. The amplification reaction was run in the Veriti 

thermocycler with the cycling conditions: initial denaturation at 94
o
C for 4min, 

then followed by 30 cycles with denaturation at 94
o
C for 20 sec, primer 

annealing at 43
o
C for 30 sec and extension at 72

o
C for 7 min, and terminated by 

final extension at 72
o
C for 7 min.   

The PCR products were purified by GenElute PCR Clean-up Kit (Sigma 

cat. NA1020). Briefly, 500 μl column preparation solution was added into to 

each mini spin column inserted in a collection tube, centrifuged at 12000g for 1 

min, discarded the eluate. 500 μl of binding solution and 100 μl of PCR reaction 

were mixed well by vortex, and transferred into the binding column, the solution 

was centrifuged at 16,000g/m for 1 min and the eluate was discarded, the spin 

column was washed with 0.5 ml of diluted wash solution, and then centrifuged 

at maximum speed to remove excess ethanol. DNA bound in the spin column 

was incubated with 50 μl with elution solution or water for 1min and finally 

eluted by centrifuging the column at maximum speed for 1 minute. The 

amplification product is in the eluate which was stored at -20
0
C.  

Checking the purification of DNA product by running on 1% agarose gel 

for electrophoresis and stained with ethidium bromide, the DNA bands of 1778 

bp for HA gene and 1410bp for NA gene were visualized on a UV 

transilluminator. The purified amplification products of HA and NA genes were 

sent for direct sequence (BMR Genomics, Padova, Italia). 
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2.6.4. Phylogenetic analysis 

The complete sequence of HA and NA of the isolate 15 from our study 

was chosen for comparison with sequences of influenza A (H1N1) 2009 in the 

GenBank (45). The entire HA and NA sequences of influenza A (H1N1) 2009 

viruses isolated from humans in neighboring countries of Asia (Cambodia, 

China, Hong Kong, India, Japan, Taiwan and Thailand); Europe (England, 

Germany, Italy and France); Australia; and America ( USA, Mexico, Canada) 

from April 2009 to November 2009 were chosen and obtained from the 

GenBank at http://www.ncbi.nlm.nih.gov/genomes /FLU/Database/.  

Table 14 

Accession of HA sequences of influenza virus 
  S-OIV A H1N1 (2009) Region segment Accession No 

1 Influenza A virus 

(A/Australia/6/2009(H1N1)) 

Australia 4 (HA) CY055075 

2 Influenza A virus 

(A/Vienna/INS291/2009(H1N1)) 

Austria 4 (HA) CY066703. 

3 Influenza A virus 

(A/Cambodia/NHRCC00011/2009(H1N1) 

Cambodia 4 (HA) CY080344. 

4 Influenza A virus 

(A/Toronto/0462/2009(H1N1) 

Canada 4 (HA) GQ385300 

5 Influenza A virus 

(A/Guangdong/06/2009(H1N1)) 

China 4 (HA) HM780470 

6 Influenza A virus 

(A/Paris/2580/2009(H1N1) 

France 4 (HA) GQ214144 

7 Influenza A virus (A/Sachsen-

Anhalt/101/2009(H1N1) 

Germany 4 (HA) CY045482 

8 Influenza A virus (A/Hong 

Kong/01/2009(H1N1) 

Hong Kong 4 (HA) GQ168606 

9 Influenza A virus 

(A/Delhi/NIV0951830/2009(H1N1)) 

India 4 (HA) CY075884 

10 Influenza A virus 

(A/Firenze/10/2009(H1N1)) 

Italy 4 (HA) GQ351319 

11 Influenza A virus 

(A/Japan/NHRC0001/2009(H1N1) 

Japan 4 (HA) CY065952 

12 Influenza A virus (A/Mexico 

city/CIA2/2009(H1N1) 

Mexico 4 (HA) CY062498 

13 Influenza A virus 

(A/Mexico/InDRE4487/2009(H1N1)) 

Mexico 4 (HA) FJ998208 

14 Influenza A virus 

(A/Netherlands/1039/2009(H1N1) 

Netherland 4 (HA) CY065792 

15 Influenza A virus 

(A/Taiwan/526/2009(H1N1)) 

Taiwan 4 (HA)  CY047744. 

16 Influenza A virus (A/Thailand/CU-

H104/2009(H1N1)) 

Thailand 4 (HA) CY075672 

17 Influenza A virus (A/New 

York/3177/2009(H1N1)) 

New York 4 (HA) CY041597 

18 Influenza A virus 

(A/England/313/2009(H1N1) 

England 4 (HA) HM567600 

http://www.ncbi.nlm.nih.gov/genomes%20/FLU/Database/
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Table 15 

Accession of NA sequences of influenza virus 

 
 S-OIV A H1N1 (2009) Region segment Accession 

No 

1 Influenza A virus 

(A/Australia/6/2009(H1N1) 

Australia 6 (NA) CY055077 

2 Influenza A virus 

(A/Vienna/INS291/2009(H1N1) 

Austria 6 (NA) CY066705 

3 Influenza A virus 

(A/Cambodia/NHRCC00011/2009(H1N1) 

Cambodia 6 (NA) CY080346 

4 Influenza A virus 

(A/Toronto/0462/2009(H1N1) 

Canada 6 (NA) GQ385302 

5 Influenza A virus 

(A/Guangdong/03/2009(H1N1) 

China 6 (NA) GQ250162 

6 Influenza A virus 

(A/Paris/2573/2009(H1N1) 

France 6 (NA) GQ214152 

7 Influenza A virus (A/Sachsen-

Anhalt/101/2009(H1N1)) 

Germany 6 (NA) CY045484 

8 Influenza A virus (A/Hong 

Kong/415742/2009(H1N1) 

Hong Kong 6 (NA) GU931805 

9 Influenza A virus 

(A/Delhi/NIV3610/2009(H1N1) 

India 6 (NA) CY088675 

10 Influenza A virus 

(A/Firenze/10/2009(H1N1) 

Italy 6 (NA) GQ351320 

11 Influenza A virus 

(A/Japan/NHRC0001/2009(H1N1)) 

Japan 6 (NA) CY065954. 

12 Influenza A virus 

(A/Mexico/InDRE4487/2009(H1N1) 

Mexico 6 (NA) FJ998214 

13 Influenza A virus (A/Mexico 

city/CIA2/2009(H1N1) 

Mexico 6 (NA) CY062499 

14 Influenza A virus 

(A/Netherlands/1039/2009(H1N1) 

Netherland 6 (NA) CY065794 

15 Influenza A virus 

(A/Taiwan/526/2009(H1N1) 

Taiwan 6 (NA) CY047746  

16 Influenza A virus (A/Thailand/CU-

H106/2009(H1N1) 

Thailand 6 (NA) GQ866936 

17 Influenza A virus (A/New 

York/3177/2009(H1N1) 

USA 6 (NA) CY041599 

18 Influenza A virus 

(A/England/313/2009(H1N1) 

United 

Kingdom 

6 (NA) HM567602 

 

The MEGA5 software was used for phylogenetic analysis of HA and NA 

sequences. Following sequence alignment with CLC genomic workbench, the 

evolutionary distance was inferred by Maximum likelihood Method based on the 

Tamura-Nei model. The bootstrap consensus tree inferred from 100 replicates is 

taken to represent the evolutionary history of the taxa analyzed. The percentages 

of replicate trees in which the associated taxa clustered together in the bootstrap 
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test (100 replicates) are shown next to the branches. The MEGA5 automatically 

produce the phylogenetic tree diagram. 

 

2.7. Data analysis 

 

2.7.1. Viral etiologies on pediatric patients 

- A positive case was defined as presence of any viral pathogen detected by 

PCR/ RT-PCRs in the samples of a given patient. 

- Single infection was defined if only one viral pathogen was detected by PCR in 

the samples of a patient 

- When more than one viral pathogen was detected in the samples of a patient, 

the case was classified as co-infection of respiratory viruses. 

We categorized the age of patients by months /12 e.g 06 months = 0.5 year of 

age.  

2.7.2. Diagnosis of influenza A (H1N1)2009 virus 

- A positive case was defined as presence of any positive result produced by 

viral isolation and/ or RT-PCR. 

2.7.3. Phylogenetic analysis 

- The Geneious software, version 4.8.5 was used for reading the sequences 

- MEGA5 software was used for phylogenetic analysis and phylogenetic tree 

construction (119).  

2.7.4. Statistic calculation and comparison 

Statistic calculation and comparison between proportions were performed with 

the MedCalc software - version 8.0.1.0. 
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3. RESULTS 
 

 

3.1. Identification of viral etiology by polymerase chain reactions 
 

3.1.1. Demographic data of the population  

The study was carried out in 216 children with clinically diagnosed lower 

respiratory infections. The age of the patients ranged from 3 months to 15 years. 

The mean age was 2 years, and the median was 1.2 years, among the 

hospitalized patients, 78% of patients were from 3 months to 2 years of age, and 

93% of patients were below 5 years of age. 

Male were 127 (59%) and female 89 (41%). The rate of male patientswas 

significantly higher than that of the female (p= 0.01, p< 0.5). 

Distribution of age and sex of the sample and children positive with viral 

respiratory viruses is presented in detail in table 16.   

 

Table 16 

Demographic data of the children population 

 

Characteristics Hospitalized children 

(N= 216) 

Patients infected with 

respiratory viruses 

(N = 91) 

Age 

0.3- 1 

>1- 2 

>2- 5 

> 5 

- 

99 (46%) 

64 (30%) 

38 (17%) 

16 (7%) 

- 

42 (46%) 

22 (24%) 

20 (22%) 

7 (8%) 

Mean age 2 2.1 years 

Median age 1.2 1.1 

Male 127 (59%) 58 (64%) 

Female 89 (41%) 33 (36%) 

 

3.1.2. Viral etiology identified 

The number of positive cases for respiratory viruses was 91 with the rate 

of 42%; among which 15 cases (16%) were co-infections, and 76 cases (86%) 

were single infection. 
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Figure 10   

Respiratory viruses identified from 216 patients 
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The total amount of 107 viruses was detected in 91 patients; of these 

influenza A viruses were detected in 41 cases with the rate 45%, Influenza B 

virus was in 7 with the rate of 8%. RSV was in 38 patient with the rate of 42%, 

adenoviruses were in 11 patients (12%), parainfluenza virus type 1 (PIV1) was 

detected in 5 cases (5%), and parainfluenza type 3 was found in 5 patients (5%). 

PIV2 and PIV4 were not detected in our samples.  
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Figure 11 

Distribution of single infections and co-infections  
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In single infections, influenza A viruses was the most frequent with 32 

cases (rate 42%), followed by RSV in 26 cases (rate of 34%), influenza B virus 

and adenovirus in 7 patients (9%) each, parainfluenza viruses 1 in 2 cases (3%) 

and parainfluenza virus 3 in 2 cases (3%). Respiratory viruses detected in single 

infection are presented in figure 12. 

 

Figure 12 

Respiratory viruses detected in single infections 

32

26

7 7

2 2

0

5

10

15

20

25

30

35

influenza A

viruses

RSV influenza B

virus

Adenovirus PIV1 PIV3

n
u

m
b

er
 o

f 
p

a
ti

en
ts

 
In 15 patients with co-infection, 8 children were infected with both 

influenza A virus and RSV, 3 children with RSV and adenovirus, 2 with 

parainfluenza virus 1 and 3, one with RSV and parainfluenza virus and one 

children was infected with three viruses including RSV, adenovirus and 

influenza virus. The details of co-infection of viruses are shown in table 17. 
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Table 17 

Co-infection of viruses 

 

Co-infection of viruses Quantity 

RSV + influenza A virus 8 

RSV + adenovirus 3 

Parainfluenza virus 1 and 3 2 

RSV +  parainfluenza virus  1 

RSV + adenovirus + influenza A virus 1 

Total 15 

  

 

3.1.3. Viral etiology distribution with different type of lower respiratory 

infections 

  

3.1.3.1. Type of lower respiratory tract infections 

In the 91 patients positive for virus, bronchitis was diagnosed in 29 patients with 

the rate of 32%, bronchiolitis was in 20 patients (22%) and pneumonia in 42 

patients (46%). The differences between the locations of lower respiratory 

infections are not significant (p > 0.05). The frequency of the lower respiratory 

infections is described in figure 13. 

 

Figure 13   

Frequency of lower respiratory infections 

 

29, 32%

20, 22%

42, 46%

Bronchitis Bronchiolitis Pneumonia

 
 

 

 



 

57 
Le Van An- A Study on Viral Etiologies of Lower Respiratory Infections and Molecular Characterization of 

Influenza Virus H1N1 2009 Circulating in Central Vietnam- Ph.D thesis in Clinical and Molecular Microbiology 

of Ph.D School in Biomolecular and Biotechnological Science - University of Sassari 

 

 

 

 

 

3.1.3.2. Viral etiology distribution and lower respiratory infections  

 

 Viral agent distribution in pneumonia  

RSV and Influenza A viruses were detected in 19 (21%) and 18 (20%) 

cases respectively, adenovirus was detected in 7 (8%), influenza B in 2 (2%), 

parainfluenza 3 encountered in 5 (5%) and PIV1 in 2 cases (2%).  Distribution 

of viral agents in pneumonia is depicted as figure 14.  

 

Figure 14  

Viral agents in pneumonia 
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 Viral agent distribution in bronchiolitis 

Influenza A viruses were detected in 10 cases (11%), followed by RSV in 

7 (8%), influenza B virus in 3 (3%), adenovirus and PIV1 were equally in 2 

(2%) for each. Viral agents in bronchiolitis are presented in the figure 15.  
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Figure 15   

Viral agents in bronchiolitis 
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 Viral agent distribution of bronchitis,  

Influenza A viruses were detected in 13 (14%), followed by RSV in 12 

(13%), influenza B virus and adenovirus were equally responsible in 2 (2%) for 

each, and PIV1 in 1 case (1%). Viral agents in bronchitis are illustrated in figure 

16. 
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Figure 16  

Viral agent detected in bronchitis 
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3.1.4. Status of viral infections and lower respiratory infections 

 

3.1.4.1. Single virus infections of lower respiratory infections 

In 76 patients with single infections, pneumonia was diagnosed in 32 

patients (42%), followed by bronchitis in 28 patients (37%), and bronchiolitis in 

16 patients (21%). The differences are not significant (p > 0.05). The 

frequencies of single virus infection of lower respiratory tract infections are 

shown in figure 17. 
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Figure 17  

Frequency of lower respiratory infections of single infections 
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3.1.4.2. Co-infections of lower respiratory tract infections 

 Distribution of co-infections  

In 42 patients with pneumonia, 10 patients (24%) had co-infections of 

more than one respiratory virus, and 32 patients (76%) were single infections. 

Among 20 patients with bronchiolitis, 4 patients (20%) were recognized co-

infections, and 16 patients (80%) were single infections; and among 29 patients 

with bronchitis, only one patient (3%) was co-infection and 28 (97%) were 

single infections. No difference was found in co-infections between pneumonia 

and bronchiolitis or between bronchiolitis and bronchitis. However, co-infection 

in pneumonia was slightly higher than in bronchitis (p = 0.03).   

Percentage distribution of co-infections of lower respiratory tract infections is 

presented in figure 18. 
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Figure 18   

Percentage distribution of co-infections of lower respiratory tract infections 
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3.1.4.3. Respiratory viruses of co-infections 

 Viral co-infections of pneumonia  

Co-infection of influenza A viruses and RSV was detected in 5 cases 

(30%), RSV and adenovirus was in 2 cases (13%), combination of PIV1 and 

PIV3 was detected in 2 cases (13%), and combination of three viruses including 

RSV, influenza A virus and adenovirus in 1 case (7%).  

 

Table 18 

Viral co-infections in pneumonia 

 

Respiratory virus combinations Pneumonia 

RSV - influenza A viruses 5 

RSV- adenoviruses 2 

RSV-adenovirus- influenza virus 1 

Parainfluenza virus 1 and 3 2 

Total 10 

 

 Viral co-infections of bronchiolitis 

Co-infection of RSV and influenza virus was found in 3 cases and RSV 

and parainfluenza in 1 case. 
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Table 19 

 Co-infection of viral agents in bronchiolitis 

 

Respiratory virus combinations  Bronchiolitis 

RSV - influenza A viruses 3 

RSV- parainfluenza virus 1 1 

Total 4 

 

 

 Viral co-infection of bronchitis 

One patient was found to co-infected with RSV and adenovirus 

 

3.1.5. Viral etiology distribution according to age 

Among 91 infected with respiratory viruses, 42 children were from 3 

months to 1 year of age, in this age group 34 patients had single infections and 8 

children had co-infections. RSV and influenza A viruses were identified in 20 

and 19 children, respectively; adenovirus was found in 5, influenza B virus in 3 

and PIV1 and PIV3 in 3 children. 

Among 22 children from 1 to 2 years of age, five children had co-

infections and 17 children had single infections. RSV and influenza A virus 

were found in 9 children for each, followed by Parainfluenza virus 1 and 3 in 5 

children, adenovirus in 4 children.  

Among 20 children from 2 and 5 years of age, two children infected more 

than one viral agent, influenza A virus was dominant in 10 children, the second 

was RSV in 7, influenza B in 2, parainfluenza virus 1 and 3 in 2 and adenovirus 

in 1 children. 

In the age group over 5 years of age, seven children had single virus 

infections, influenza A virus was identified in 4 children, RSV was also found in 

2 children, adenovirus in 1 and influenza B virus in 1 children. 

Distribution of age group and viral etiologies is presented in detail in 

figure 19. 
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Figure 19 

Distribution of age group and viral etiologies 
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3.1.6. Seasonality of respiratory virus distribution  

In 216 specimens collected in children hospitalized from the middle of 

March, 2010 to the sixth of April 2011, specimen numbers were different during 

the study time. The highest number was 49 in February of 2011, and the smallest 

number (5 specimens) was in April 2011. The mean of collected specimens was 

22 per month.  

From July to October of 2010, an outbreak of dengue fever occurred in 

Thua Thien Hue province and the section of lung and respiratory diseases was 

used for admission of children with dengue fever; no respiratory specimen was 

collected during this period of time. 

The percentages of identified viruses varied in different months; in April 

of 2011, only 5 specimens were collected during 6 days and one positive case 

was identified (20%). Among the remaining months the rates of positive viral 

diagnosis were from 20 to 69% and the overall rate of positive viral detection 

was 42%. 
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The numbers of collected specimens and the rate of viral positive 

specimens during the study time are presented in table 20. 

 

Table 20  

Distribution of the rate of viral detection during study time 

 

Month Collected 

specimens 

Viral positive 

specimens 

Rate of viral positive 

specimens (%) 

March-2010 19 8 42 

April 30 12 40 

May 37 9 24 

June 9 4 44 

November 16 11 69 

December 22 11 50 

January-2011 16 9 56 

February 49 24 49 

March 13 2 15 

April 5 1 20 

Total 216 91 42 

 

 

3.1.7. Time distribution of specific viral etiologies 

Among the respiratory viruses identified, influenza viruses and RSV were 

most frequently detected. Infections of these viruses were found throughout the 

study time; however, influenza viruses were higher during raining season with c 

9 cases in December of 2010, and the highest number with 21 positive in 

February, 2011.  

RSV infection was slightly higher in April of 2010 with 11 cases, but in 

the other months of this study the numbers of RSV infection were lower with a 

frequence from 2 to 6 cases/ month. The numbers of remaining viruses were 

insufficient to show time distribution. The distribution of infections of influenza 

viruses and RSV during time is presented in the figure 20 and figure 21. 
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Figure 20 

Time distribution of influenza virus infections 

No case was detected from July to October in 2010 because specimens were not 

available during this period.  
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Figure 21 

Time distribution of RSV infections  

No case was detected from July to October in 2010 because specimens were not 

available during this period.  
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3.1.8. Influenza A viruses and subtype 

 

Influenza A viruses were identified in 41 patients (45%), and influenza A 

(H1N1) 2009 virus was the prominent subtype in 31 cases (76%), followed by 

seasonal H1N1 in 7 cases (17%), and H3N2 subtype in 3 cases (7%). 

Distribution of influenza A virus subtypes is shown in figure 22. 

 

Figure 22  

Distribution of influenza A virus subtypes 
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3.2. Isolation and identification of the novel influenza A (H1N1) 2009 virus in 

the pandemic 2009 by virological methods (cell culture on MDCK/ 

embryonated chicken egg inoculation) and reverse transcription- polymerase 

chain reactions  

  

3.2.1. Detection of influenza A virus 

 

This study was carried out in 53 patients suspected influenza A (H1N1) 

2009 virus infection admitted to the isolation department of Hue City Hospital in 

October and November 2009. Patients consisted of children and adults from 4 to 

40 years of age; the mean of age was 14.3 years and median 14 years of age.  

Both viral isolation and RT-PCR were carried out in 41 specimens and 12 

specimens were tested only by RT-PCR. In the 41 samples tested by both 

methods, RT- PCR yielded positive result in 27, among which 5 were negative 

by isolation. Isolation yielded positive result in 24 specimens (58.5%), among 

which 22 were positive by both methods and 2 were positive only after isolation. 

Among 12 specimens tested only by RT-PCR, three specimens were positive for 

influenza A virus. Thus RT-PCR gave positive result in 30 specimens and two 

were positive after isolation.  

According to the definition for a positive case of influenza A infection 

given in the previous chapter and the combination of results of the both methods 
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of detection, 32 cases (60.4%) were confirmed to be positive for influenza A 

virus, of these 8 (25%) were detected only by RT-PCR.  

These results are summarized in table 21. 

 

Table 21 

Detection of influenza virus by isolation and RT-PCR in 53 specimens 

 

No of 

specimens 

Viral isolation (%) RT-PCR 

Positive Negative Positive Negative 

41 24 (58.5) 17 (41.5) 27 (65.9) 14 (34.1) 

12 - - 3 (25) 9 (75) 

53 24 17 30 23 

 

In addition, in the group of 41 samples tested by both methods, a total of 

29 yielded positive result. RT-PCR with 27 positive specimens show a 

sensitivity of 93.1%, and virus isolation with 24 positive results has a sensitivity 

of 82.7%.  

 

3.2.2. Identification of subtypes of influenza A virus 

 

In 32 positive specimens with influenza A viruses, influenza A (H1N1) 

2009 virus was identified in 30 (93.7%) and seasonal H1N1 subtype of influenza 

A virus in 2 specimens (6.2%). Subtype (H3N2) of influenza A virus was not 

identified. 

 

Figure 23  
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3.3. Characterization of the genes of HA and NA of influenza A (H1N1) 2009 

virus and molecular epidemiology 

 

3.3.1. Sequence analyses of the HA and NA in Hue isolates 

Four sequences of the entire HA genes of isolates 6, 7, 10, 15 and three 

full length NA segments of isolates 6, 10 and 15 from Hue city were analyzed. 

The HA and NA sequences of three isolates 6, 10 and 15 were submitted to the 

GenBank database and are now available with the following access number:  

Isolate 6: JN896300 for HA, JN896301 for NA;  

Isolate 7: JN935017 for HA 

Isolate 10: JN896302 for HA, JN896303 for NA; 

Isolate 15: JN393307 for HA,  JN656969 for NA (45). 

 

Alignment of 4 HA gene sequences of isolates 6, 7, 10, 15 from Hue 

showed high similarity and percent identities of nucleotides were ranging from 

99.48% to 99.77%, with nucleotide differences from 9 to 4 nucleotides as 

presented in table 22.   

 

Table 22  

Identity of HA sequences and nucleotide difference of 4 isolates from Hue city  

 

HA sequence - isolate code Identity (%) Nucleotide difference 

HA -10 /  HA-15,  HA- 7 99.77 4 

HA-15 /   HA-7 99.65 6 

HA-10 /  HA- 6 99.59 7 

HA- 6 /  HA -15,  HA - 7 99.48 9 

 

Comparison of NA gene of three isolates 6, 10, 15 was carried out 

similarly, their identity percentages were from 99.57% to 99.86%. Similarities 

among three NA sequences and the number of nucleotide difference are shown 

in table 23. 

 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=JN393307
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=JN656969
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Table 23 

Similarities of three NA sequences and number of nucleotide difference 

 

NA sequence - isolate code Identity (%) Nucleotide difference 

NA-10 / NA-15 99.86 2 

NA-6 / NA-15 99.72 4 

NA-10 / NA- 6 99.57 6 

                                                                                                                                

 

3.3.2. Phylogenies of the HA and NA segments with referenced isolates 

 

Comparison between the HA sequences of 4 representative isolates 6, 7, 

10, 15 with reference HA sequences by using Maximum Likelihood method 

shows very close similarities with percentages from 99.77% (4 different 

nucleotides) to 99.07% (16 different nucleotides). The HA sequences of Hue 

influenza A (H1N1) 2009 viruses are more similar in HA gene sequence to the 

following referenced isolates: A/Japan/NHRC0001/2009(H1N1), 

A/Firenze/10/2009(H1N1), A/Cambodia/NHRCC00011/2009(H1N1). The 

representative isolates of Hue influenza A (H1N1) 2009 virus cluster together in 

the phylogenetic tree of HA gene. 

Comparison between the NA gene sequences of 3 representative isolates 

with 18 reference NA sequences similarily, percentages of similarities are from 

99.36% (9 different nucleotides) to 98.65% (19 different nucleotides). In 

phylogenetic tree pattern of NA gene sequences, 3 Hue representative isolates 

cluster together in a separated cluster, and they are similar to the following 

referenced isolates: A/Vienna/INS291/2009(H1N1), A/Firenze/10/2009(H1N1),  

A/Japan/NHRC0001/2009(H1N1), A/Taiwan/526/2009(H1N1), and A/ 

England/313/2009(H1N1).  

Differences in detail between Hue representative sequences in HA gene 

and 18 reference sequences are summarized in table 24 and percentage 

similarities of Hue HA sequences and 18 reference sequences are in table 25. 

Differences between of the NA gene sequences of 3 Hue representative 

isolates of influenza A (H1N1) 2009 virus and 18 referenced NA sequences are 

shown in detail in table 26 and table 27. 



 

 

Table 24 

Different locations of nucleotide sequences of HA gene between Hue representative isolates and 18 reference HA 

sequences 

 
 

Differences at nucleotide sequences in HA gene 
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CY062498a A C G A A C T G G T G A G G C C T A T T A C A T G A A G T A T T G G T C A A G A T C C G T T A G G A G 

JN393307  – – – – – – C – A C – – A – – – – T – A – – G – – – – – – – – – – – – – – G – – – – – – – – – – – – – 

HUE/6/2009 – – – – – – C – – C T – – – – – – T – A – – – – – – – – – – – – – – – – – G – – – – – – – A G A T C – 

HUE/7/2009 – – – – – – C – – C – – – A – – – T G A – – – – – – – – – – – – A – – – – G – – – – – – – – – – – – – 

HUE/10/2009 – – – C – – C – – C – – – – – – – T – A – – – – – – – – – – – – – – – – – G – – – – – – – – – – – – – 

CY075672 – – – – – – C – – C – – – – – – – – – A – – – – – – G – – – – – – – – – – – – – – – – – – – – – – – – 

CY066703 – – – – G – C – – C – – – – – A – – – A G – – – – – – – – – C C – – – – – – – – – – – – – – – – – – – 

GQ385300 – – – – – – C – – C – – – – T – C – – – – – – – – – – – – – – – – – – – – – – – C – – – – – – – – – – 

CY047744 – – – – – – C – – C – – – – – – – – – A – – – – – C – – – – – – – – – – – – – – – – – – – – – – – – A 

CY045482 – A – – – – C – – C – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – C – – – – – – – – – – 

GQ214144 – – – – – A C – – C – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – C – – – – – – – – – – 

CY041597 – – – – – A C – – C – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – C – – – – – – – – – – 

CY065792 – – A – – – C – – C – – – – – – – – – A – – – – – – – – – – – – – – – – – – A – – – – – – – – – – – – 

FJ998208 – – – – – – C – – C – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – C – – – – – – – – – – 

CY065952 – – – – – – C – – C – – – – – – – – – A – – – – – – – – – – – – – – – – – G – – – – – – – – – – – – – 

GQ168606 – – – – – – C A – C – – – – – – – – – – T – – – – – – – – – – – – – – T – – – G C – – – – – – – – – – 

HM780470 – – – – – – C – – C – – – – – – – – – A – – – – – – – – – – – – – – – – – – – – C – – A A – – – – – – 

GQ351319 – – – – – – C – – C – – – – – – – – – A – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – 

HM567600 G – – – – – C – – C – – – – – – – – – – – – – – – – – T – – – – – – – – – – – – – T T – – – – – – – – 

CY075884 – – – – – – C – – C – – – – – – – – – A – – – – A – – – – G – – – A C – – – – – – – – – – – – – – – – 

CY080344 – – – – – – C – – C – – – – – – – – – A – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – 

CY055075 – – – – – – C – – C – G – – – – – C – A – – – C – – – – C – – – – – – – G – – – – – – – – – – – – – – 

a 
Complete HA sequence of Influenza A virus (A/Mexico city/CIA2/2009(H1N1); .Hue isolates are in red



 

 

 

 

 

Table 25 

Identity percentages of Hue HA gene sequences and reference sequences  

 
Acession 

No. 

A/ Hue/ 6/2009 

(H1N1) 

A/ Hue/ 7/2009 

(H1N1) 

A/ Hue/ 10/2009 (H1N1) A/ Hue/ 15/2009 

(H1N1) 

Different 

nucleotides 

Identity 

(%) 

Different 

nucleotides 

Identity 

(%) 

Different 

nucleotides 

Identity 

(%) 

Different 

nucleotides 

Identity 

(%) 

CY062498 11 99.38 8 99.55 6 99.66 8 99.55 

CY075672 14 99.19 7 99.59 6 99.65 5 99.71 

CY066703 16 99.07 11 99.36 10 99.42 9 99.48 

GQ385300 13 99.24 8 99.54 7 99.59 8 99.54 

CY047744 12 99.30 8 99.54 7 99.59 6 99.65 

CY045482 12 99.30 7 99.59 6 99.65 6 99.65 

GQ214144 12 99.30 7 99.59 6 99.65 6 99.65 

CY041597 12 99.30 7 99.59 6 99.65 7 99.59 

CY065792 13 99.24 8 99.54 7 99.59 6 99.65 

FJ998208 12 99.30 6 99.65 5 99.71 5 99.71 

CY065952 10 99.42 6 99.65 5 99.71 4 99.77 

GQ168606 15 99.13 10 99.42 9 99.48 9 99.48 

HM780470 14 99.19 8 99.54 8 99.54 7 99.59 

GQ351319 11 99.36 6 99.65 5 99.71 4 99.77 

HM567600 14 99.19 9 99.48 8 99.54 8 99.54 

CY075884 15 99.13 10 99.42 9 99.48 8 99.54 

CY080344 11 99.36 6 99.65 5 99.71 4 99.77 

CY055075 16 99.07 11 99.36 10 99.42 9 99.48 

                                                                                                                                       

 

 

 



 

     

Table 26 

Different locations of nucleotide sequences of NA gene between Hue representative isolates and the reference isolates 

 
 

Difference of nucleotide sequences of NA gene 
 

27 104 126 144 160 163 192 217 255 256 283 284 294 297 307 316 254 389 411 456 467 529 532 541 595 714 742 820 894 954 990 1113 1115 1176 1179 1221 1357 1408 

CY062499 C G T C A A G A G G A G T G G A G G G G G G G G G C G C C T T T A T C T A G 

HUE/15/2009 – A – – C – A – A A – A – A A – – A – – C A C A A – – T – C – – – – – – G – 

HUE/6/2009 – A – – C – A – A A – A – A A – – A – – C – – – – – – T – C – – – – – – – – 

HUE/10/2009 – A – – C – A – A A – A – A A – – A – A C A C A A – – T – C – – – – – – – – 

CY041599 – – C – – – – – A – – – – – – G – – – – – – – – – – A T – C – – – – – – G – 

CY045484 – – – T – – – – A – G – – – – G – – – – – – – – – – A T – C – – – – – – G – 

CY047746 – – – – – – – – A – – – – – – – – – – – – – – – – – G T – C  – – – – – G – 

CY055077 – – – – – – – – A – – – – – – – – – – – – – – – – – G T – C C – – – – – G – 

CY065794 T – – – – – – – A – – – – – – – – – – – – – – – – – G T – C – – – – – – G – 

CY065954 – – – – – – – – A – – – – – – – – – – – – – – – – – G T – C – – – – – – G – 

CY066705 – – – – – – – – A – – – – – – – – – – – – – – – – – G T – C – – – – – – G – 

CY080346 – – – – – – – – A – – – – – – – – – – – – – – – – T G T – C – – – – – – G – 

CY088675 – – – – – – – – A – – – C – – – – – – – – – – – – – G T – C – – – – T – G – 

FJ998214 – – – – – – – – A – – – – – – G – – – – – – – – – – A T – C – – – – – – G – 

GQ214152 – – – – – – – – A – – – – – – G – – A – – – – – – – A T G C – – – – – – G – 

GQ250162 – – – – – – – – A – – – – – – – – – – – – – – – – – G T – C – – – – – C G – 

GQ351320 – – – – – – – – A – – – – – – – – – – – – – – – – – G T – C – – – – – – G – 

GQ385302 – – – – – – – – A – – – – – – G A – – – – – – – – – A T – C – – – C – – G – 

GQ866936 – – – – – G – G A – – – – – – – – – – – – – – – – – G T – C – G G – – – G T 

GU931805 – – – – – – – – A – – – – – – G – – – – – – – – – – A T – C – – – – – – G – 

HM567602 – – – – – – – – A – – – – – – – – – – – – – – – – – G T – C – – – – – – G – 

 

CY062499: complete NA sequence of influenza A virus (A/Mexico city/CIA2/2009(H1N1). 

Hue isolates are in red



 

 

Table 27 

Percentages of similarity between of NA gene sequences of 3 Hue 

representative isolates and the reference NA sequences 

 
Acession No. A/ Hue/ 6/2009 (H1N1) A/ Hue/ 10/2009 (H1N1) A/ Hue/ 15/2009  

(H1N1) 

Different 

nucleotides 

Identity (%) Different 

nucleotides 

Identity  

(%) 

Different 

nucleotides 

Identity  

(%) 

CY062499 12 99.15 17 98.79 17 98.79 

CY041599 13 99.08 18 98.72 16 98.87 

CY045484 13 99.08 19 98.65 17 98.79 

CY047746 9 99.36 15 98.94 14 99.01 

CY055077 10 99.29 16 98.87 15 98.94 

CY065794 10 99.29 16 98.87 15 98.94 

CY065954 9 99.36 15 98.94 14 99.01 

CY066705 9 99.36 15 98.94 13 99.08 

CY080346 10 99.29 16 98.87 14 99.01 

CY088675 11 99.22 17 98.79 15 98.94 

FJ998214 11 99.22 17 98.79 14 99.01 

GQ214152 13 99.08 19 98.65 15 98.94 

GQ250162 10 99.29 16 98.87 14 99.01 

GQ351320 9 99.36 15 98.94 13 99.08 

GQ385302 11 99.22 18 98.72 16 98.87 

GQ866936 13 99.08 19 98.65 17 98.79 

GU931805 11 99.22 17 98.79 14 99.01 

HM567602 9 99.36 15 98.94 13 99.08 
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Figure 25 

Phylogeny of HA genes of 4 influenza A (H1N1) 2009 viruses in Thua Thien 

Hue and 18 reference sequences by using Maximum Likelihood method, the 

length scale measured the number of substitutions per site 
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Figure 26 

The phylogeny of NA genes of three influenza A H1N1(2009) viruses in Thua 

Thien Hue and 18 reference sequences by using Maximum Likelihood method, 

the length scale measured the number of substitutions per site. 

  

.  
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4. DISCUSSION 
 

4.1. Identification of viral etiology by polymerase chain reactions. 

Our study carried out in 216 children hospitalized with clinical diagnosis 

of lower respiratory infections during 10 months from the middle of March of 

2010 to the sixth of April, 2011, forty two percents (42%) of the patients with 

lower respiratory tract infections were confirmed to be infected by respiratory 

viruses, among them 86% were single infections and 16% were co-infected with 

more than one respiratory virus. Sixty nine percent (69%) of the infected 

children were from 3 months to 2 years of age and 91% were less than or 5 years 

of age.     

Influenza A virus was the most common detected virus, and accounted for 

45% of children with viral lower respiratory tract infections. RSV (42%) was the 

second common virus detected, adenovirus was in 12% and other viruses 

including influenza B virus and parainfluenza viruses 1 and 3 were detected at 

lower frequencies of 8%, 5%, and 5 %, respectively.  

Our results on viral etiologies can be compared with other reports from 

recent studies on viral etiologies of lower respiratory tract infections in Asia (9, 

112, 113, 137). Their findings indicated that viral agents was identified from 

32.2% to 73.92% of acute lower respiratory tract infections and that RSV was 

the most frequently detected virus. Specifically, a study carried out by Tang et al 

in Hangzhou, China on 34,885 children with LRTI from January 2001 to 

December 2006 found viral pathogens in 11,297 patients (32.3%). RSV was 

found in 40.7%, followed by parainfluenza viruses 3 in 4.3%, influenza A virus 

in 2% and adenovirus in 1.7% (113). In another study by Zhang et al in Harbin, 

China, respiratory viruses were found in 63.1% (260/412) of patients 

hospitalized with lower respiratory tract infections and RSV was the most 

frequent detected virus in 25% of 260 children, followed by influenza A viruses 

in 14.4%, and PIV3 in 10.9%, flu B in 4.9% and adenovirus in 4.1%(137). A 

study from India by Bharaj et al using PCR to detected viral etiologies in 

children hospitalized with lower respiratory tract infections from 2005 to 2007 

in Delhi also indicated that respiratory viruses were detected in 35.2% of LRTI 

and RSV was the prominent virus in 61 of 130 positive cases, the second 

detected virus was parainfluenza virus 3 in 22, parainfluenza virus 2 in 17, 

hMPV in 11, parainfluenza virus 1 in 10 and influenza A in 9 cases (9). A study 

of multiple centers in Hokkaido, in the north of Japan on etiologies of lower 

respiratory tract infection from 2000 to 2001 on 921 patients with pneumonia 

and bronchitis showed that among viral etiologies, RSV, influenza A virus and 

adenovirus were the most common virus detected in 20.4%, 11.9% and 2.9% of 

all the causative pathogens respectively (81).  

As reported in the introduction, recent studies in southern city of Viet 

Nam on viral etiology of acute respiratory tract infections indicated that RSV 

and influenza viruses were dominant causes of acute respiratory infections in 
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young children hospitalized with respiratory infections (4, 136). The results 

from our study also provide further information on viral etiologies of lower 

respiratory tract infections in children population, especially in the central 

region of Viet Nam. Influenza A virus was prominent in our study may be due to 

the local epidemiological situation during the study time, where a mild outbreak 

of influenza A virus infection possibly occurred in rainy season from November 

of 2010 to March in 2011(137), and the trend of increasing number of influenza 

virus infections was shown in the seasonal distribution of identified viruses in 

Figure 20. 

In some of the above-mentioned studies, a wide spectrum of respiratory 

viruses was included in their testing assays and some novel described viruses 

were found with high frequencies in lower respiratory infections such as hMPV, 

HBoV, hCoV-NL63, hCoV-HKU1 (9, 48). These respiratory viruses were not 

included in our panel of viruses for detection because this study was in starting 

years of establishment of molecular techniques for detection of respiratory 

viruses, setting-up of more molecular techniques for the novel respiratory 

viruses is necessary in the coming time.  

Our results showed that 16% of LRTI were co-infection of more than one 

respiratory virus and RSV was the most commonly found in co-infection with 

80% (12/15), and influenza A virus in 60% (9/15), adenovirus in 27% (4/15). In 

other recent reports, the rate of co-infection in Asian countries varied from very 

low number with 27 co-infections among 11270 specimens positive for 

respiratory viruses to a high frequency of 46.59% (4, 48, 113). Specifically, in a 

study in which novel viruses were not included, co-infection with RSV was very 

high at 85.2% (23/27), followed by parainfluenza virus 3 in 33.3% (9/27) and 

influenza A virus in 29.6% (8/27) (113). Whereas, in a recent study (48), in 

which, novel respiratory viruses were included, HBoV and influenza A virus 

were present in co-infection at high rate (79.8% and 75.86 respectively). In 

another recent study co-infection was found in 23.5% of 34 children with 

identified viruses and hMPV showed high rate of co-infection at 69% and RSV 

in 30% (112). All studies show a great variability of the co-infection rate 

probably due both to the methodology used and the sample characteristic and 

our study is in agreement with this behavior. 

In our results, pneumonia was the most frequent diagnosis of lower 

respiratory infections in hospitalized children with 46%, followed by bronchitis 

in 32% and bronchiolitis in 22%. In pneumonia RSV and influenza A virus were 

commonly detected, followed by adenovirus, PIV3, influenza B virus and PIV1. 

In bronchiolitis and bronchitis influenza A virus was the most common viral 

agent, followed in descending order of frequencies by RSV, influenza B virus 

and adenovirus and PIV1. The distribution of lower respiratory infections and 

viral etiologies in our study were similar to the recent reports (9, 48, 87). 

Especially, in the report by Zhang et al in Harbin China, among 260 virus 

positive samples, pneumonia was diagnosed in 53.1% and RSV, parainfluenza 

viruses 1, 3 were commonly detected in children less than 6 months and in those 
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2-4 years of age; bronchiolitis was found in 25.8% and RSV was the most 

frequent cause; and tracheobronchitis in 21.2% and influenza A virus was 

associated with that infection (137).  

Our results showed co-infections in 24% of patients with pneumonia, 

while only 3% patients with bronchitis had co-infections. Our dominant co-

infection was influenza A virus and RSV in pneumonia (in 5 patients) also in 

bronchiolitis (in 3 patients), this suggest that co-infections in our study may be 

associated with the epidemic situation of influenza A virus infection in the 

region as mentioned above and higher co-infection in lower respiratory 

infections may be a cause for hospitalization of children younger than 1 years of 

age (8 children with co-infections among 42 patients in this age group). Severity 

of respiratory infections is increased by co-infection of multiple viral pathogens 

as reported in certain recent studies (94, 101). However, several studies found 

no connection between co-infection of viral pathogens with severity of 

respiratory infections (18, 33, 48, 50). Additional studies are needed to 

understand better the role of co-infection in severity of respiratory infections. 

The interruption of patient availability from June to October in 2010 led 

to the lack of data showing the distribution of respiratory viruses during these 

months of the year. However, during the remaining months, our results showed 

lower respiratory tract infections due to RSV and influenza A virus occurred 

throughout several months of the year. Several cases of RSV infections were 

found in April and May, suggesting that RSV infection occurs also in hot and 

high humidity season. A recent study on ARI in Ho Chi Minh city showed that 

RSV infection occurred during rainy season from May to October (4); however, 

the climate in the southern region is rather different from that of the northern 

part of the central region with raining season from September to the end of 

March (115). Additional study for a longer period of time lasting 3 to 4 years is 

needed to define a specifically seasonal pattern of RSV infections in this region.  

Influenza A virus infections occurred also in several months of the year; 

however, the majority of influenza A infections were detected during the winter 

time from November and up to the peak in February. Seven influenza B virus 

infections were found only during winter time from December to February. 

Occurrence of influenza virus infections in our study was also in agreement with 

Vietnam national data on influenza epidemic in 2010 to August 2011 reported 

by WHO, in which the number of positive specimens for influenza A virus was 

increasing from the 46
th

 week (November) of 2010, approached the peak in the 

9th week of 2011, and the positive number was descending at a minimun in the 

end of April (the week 15-16) of 2011 (129). Our results also showed that the 

subtype (H1N1) 2009 of influenza A virus was currently responsible for 

majority of human infections (76% of total influenza A virus) in the central 

region, the previously subtypes causing seasonal influenza epidemic in humans 

including H1N1 and H3N2 were detected in low rate 17% and 7% respectively. 

Our finding is consistent with the recent report on Influenza Laboratory 

Surveillance Information from WHO, subtype (H1N1) 2009 has prevalently 
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circulated in many countries during the last winter all over the world, subtype 

(H1N1)2009 was the most frequent identified among all the subtypes of 

influenza A virus and influenza B virus (4, 112, 129). 

 

4. 2. A study for isolation and identification of the novel influenza A (H1N1) 

2009 virus in the pandemic 2009 

This study was aimed at setting up the two virological methods of viral 

isolation in cell culture and amplification assay to detect the novel H1N1 swine-

origin influenza virus during the flu pandemic 2009 in Thua Thien Hue 

province. Viral isolation of influenza virus on MDCK was set up and 

implemented on 41 specimens from patients with flu symptoms, and yielded 

positive result in 24 specimens (58.5%), RT-PCR was used in the same time to 

detected influenza virus directly from the same specimens and produced 27 

positive (65.9%). A total of 12 other specimens were collected in the end of 

2009 pandemic in the province and were  transferred to our laboratory 

irregularly, that  explained why RT-PCR was only used for those specimens, 

among which 3 positive specimens were detected.  

Isolation of influenza virus on culture cells is considered a traditional and 

standard method for diagnosis of virus, this method is difficult to use in most 

clinical laboratories for  diagnostic purposes, because it is time consuming, and 

of low sensitivity in comparison to other rapid assays. Furthermore it requires 

that laboratory has facilities for cell culture, and well trained staffs in cell culture 

(24, 69, 111). However isolation is still needed in reference and research 

laboratories, since it is necessary for standardizing other utilized assays, and 

confirmation of the positive isolates for reference purpose; isolation of virus on 

cell cultures also produces a large amount of virus for biological and genetic 

characterization of virus and vaccine development (24, 40, 111).  

Isolation of influenza virus on embryonated chicken eggs was classically 

employed for detection of influenza virus from clinical samples; this isolation 

method was found to be equal in sensitivity to cell cultures for detection of 

influenza A virus H3N2 (21). In developing countries, the embryonated eggs 

can be easy to be available from the local suppliers; it is especially useful for 

production of influenza vaccine because inoculation of influenza virus into 

embryonated eggs yields higher viral titres (24, 130). However, virus isolation in 

embryonated chicken eggs is labour intensive and time consuming and has a 

very low sensitivity for detection of influenza B virus (21, 76). 

In our study, embryonated chicken eggs were employed as an additional 

isolation method with the specimens positive on MDCK cells isolation and 

positive results were confirmed. Isolation of influenza virus on embryonated 

chicken eggs from clinical specimens will be implemented in our laboratory in 

the coming months.  

Although isolation of influenza virus on cell culture was a new technique 

for our laboratory, it showed positive results in 58.5% of the samples and, if 

compared with RT-PCR (65.9%), has no significant difference (p=0.45) using 
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McNemar‘s test. Our results were similar to the previous report of Lam et al. 

when they compared their RT-PCR results with those of viral isolation and 

immunofluorescent assay. From 303 clinical samples, influenza A virus was 

isolated in 15 (5%) specimens and multiplex RT-PCR yielded positive in 19 

(6.3%) specimens and the difference was not significant (61). In another study 

by Percivalle et al during the winter-spring season 2006-2007, 38 influenza virus 

strains were detected in respiratory specimens from patients hospitalized in a 

pediatric department in Pavia (Italy). A total of 35 (80.4%) were detected and 

typed by RT-PCR, 34 (80.1%) by direct immunofluorescent antibody test and 27 

(71%) by conventional virus isolation (89). In our results, multiplex RT-PCR 

was able to detect more cases (27 or 65.9%) than viral isolation did (24 or 

58.5%), in agreements with the results of the above mentioned studies. Several 

studies indicated that sensitivity of PCR is higher than the conventional methods 

including viral isolation and antigenic detection assays (69, 61, 89).  

Multiplex RT-PCR was very useful in detection of influenza virus 

because it can identify type and subtypes and also give result from 8 to 12 hours 

after receiving specimens (128). In this study we used the multiplex RT-PCR 

with primers recommended from WHO for identification of swine origin 

influenza A virus. This standard protocol was set up for use not only in our 

study but also for training of laboratory staffs working in clinical 

microbiological laboratories in the central region for diagnosis of influenza A 

(H1N1) 2009 virus during the pandemic 2009 as recommended by the 

Vietnamese national reference centre.  

 

4. 3. Molecular epidemiology of influenza A (H1N1) 2009 viruses isolated 

from Thua Thien Hue  

The term of molecular epidemiology was firstly used by Kilbourne in 

1973 for describing epidemiology of influenza virus infection and, since that 

time, the analysis of gene sequence variation, with the advent of sophisticated 

molecular techniques, especially high-throughput sequencing technologies, has 

become a standard practice for molecular epidemiology (77). Molecular 

methods have produced an enormous amount of data on molecular typing 

(subtyping) of specific viruses and datasets of complete genome sequences of 

viral isolates. The integration of epidemiological analysis with phylogeny and 

genealogy data can provide valuable information on the evolution of viral 

pathogens (36 ,42), on the origin of new viruses and the source of outbreaks of 

infection (42, 77, 107), on pattern of transmission and spread, and on the 

evolutionary genetics of viral emergence and virulence (72, 77). 

Influenza viruses can rapidly acquire genetic diversity because of high 

replication rates in infected hosts, the presence of an error-prone RNA 

polymerase (which introduces mutations during genome replication), and 

segment reassortment. The rates of change are higher in HA and NA genes than 

the other internal genes. In particular, the accumulation of mutations of HA gene 

can result in changes in amino acid residues on the viral surface glycoproteins or 
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hemagglutinin, especially in regions recognized by antibodies. These changes 

can reduce the protective effect of antibodies produced previously against the 

currently circulating viral subtype. The segment reassortment can result in major 

changes in antigenicity (antigenic shift) that can lead to emergence of a novel 

virus, which has a hemagglutinin segment of influenza A virus from another 

host species, and can be transmitted efficiently among humans (72). Change in 

the genetic structure of NA gene may result in reduced sensitivity or resistance 

to antiviral drugs (135). 

The WHO Global Influenza Surveillance Network (GISN) was 

established in 1952 to monitor for novel emerging strains, the global 

surveillance programme is still operating and a panel of experts meets twice a 

year to review antigenic, genetic and epidemiological data on the evolution of 

influenza viruses and provides recommendations in areas including laboratory 

diagnostic, vaccines, antiviral susceptibility and risk assessment (72, 132, 135).  

The pandemic influenza A (H1N1) 2009 was firstly reported in spring 2009 in 

Mexico and the US and the virus spread rapidly to many countries and regions 

of the world (33, 79). This emerging influenza A virus (H1N1)`2009 subtype is 

a new reassortment of six gene segments from the known triple reassortant 

swine virus, and two gene segments (NA and matrix protein) from the Eurasian 

influenza A (H1N1) swine virus lineage (139). In Viet Nam the pandemic 

influenza A H1N1 virus infection was firstly reported on 30
th

 of May 2009 in a 

student returning from the US, and in a short period of time from May to the 

middle of July, 309 confirmed cases of influenza A (H1N1) 2009 infection were 

reported. Most of the cases (87%) were imported to Viet Nam through airline 

passengers arriving in Ho Chi Minh City (81) and infected people were coming 

from Australia, the United State, Thailand, Singapore, Germany, Hong Kong 

where the pandemic influenza A H1N1 infection was in active phase. So far 

there has not been any genetic sequence of the influenza A (H1N1) 2009 virus 

isolated in Vietnam available in the influenza virus resource database for 

sequence comparison. The representative isolates of influenza A (H1N1) 2009 

virus causing influenza infection in Thua Thien Hue were highly similar in HA 

gene sequences and they cluster together in a phylogenetic tree. Phylogenetic 

tree pattern of HA showed that our influenza A virus isolates were closely 

related to the HA sequences of worldwide circulating isolates, and especially to 

Influenza A/Japan/NHRC0001/2009(H1N1) followed by Influenza 

A/Cambodia/NHRCC00011/2009(H1N1 and Influenza A/Firenze/10/2009(H1N1).  

Comparison of the NA genetic sequences among 3 representative isolates in Thua 

Thien Hue also shows high similarities (from 99.57% to 99.86%) and clustering 

together in phylogenetic tree. In the phylogenetic pattern comparison of our NA 

sequences with 18 reference worldwide isolates of influenza A (H1N1) 2009 virus, 

the isolates in Thua Thien Hue are splitted out in a separated cluster althought they 

are highly similar to the referenced isolates. In particular, the representative isolates 

in Thua Thien Hue are more similar to the following isolates: 

A/Vienna/INS291/2009(H1N1, A/Japan/NHRC0001/2009 (H1N1), 
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A/Firenze/10/2009(H1N1), A/Taiwan/526/2009(H1N1) and A/ 

England/313/2009(H1N1). Point mutation in gene can frequently occur resulting 

in increased diversity of the pandemic isolates of influenza A (H1N1) 2009 

virus; strains isolated in the end of the epidemic are often more diversified from 

the initial isolates due to several passages and replications in human hosts. The 

outbreak in Vietnam was starting at the end of May, 2009; unfortunately we 

were not able, up to now, to obtain the isolates of the initial cases of the 

outbreak in the province of South Vietnam for further analysis and comparison. 

Hopefully, this could be done in the future if the national collection of influenza 

A (H1N1) 2009 virus isolated from the provinces will be available for analysis.   
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CONCLUSIONS 
 

Respiratory viruses were common in lower respiratory infections and 

most of viral lower respiratory infections were in children from 3 months to 5 

years of age. Viral etiologies including Influenza A virus and RSV, adenovirus, 

influenza B virus and parainfluenza virus 1 and 3 were identified in hospitalized 

children with clinically diagnosed lower respiratory infections. Influenza A 

(H1N1) 2009 subtype were mainly responsible for most of influenza virus 

infections, and found highly in raining season from November to February. 

Viral isolation and polymerase chain reaction are useful and sensitive for 

identification of influenza A (H1N1) 2009 virus in 2009 pandemic. 

Characterization and comparison of HA and NA sequences among Hue 

representative isolates of influenza A (H1N1) 2009 was done and showed their 

high similarities; the representative isolates are also highly similar to reference 

isolates worldwide and cluster together in phylogenetic trees based on HA and 

NA sequences.  
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APPENDIX 

 

Appendix 1 

Results of PCR / RT-PCR assays and viral isolation on cell culture 
 

Picture A1-1 

Multiplex RT-PCR result for diagnosis of influenza A virus and influenza B 

virus 
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Picture A1-2 

The results of multiplex RT-PCR for S-OIV H1N1 (2009) 

 

 
 

 

Picture A1-3 

The results of Multiplex RT-PCR for H3N2 and seasonal H1N1 
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Picture A1-4 

The result of Nested RT-PCR for RSV 

 

 
Picture A1-5 

PCR result for adenovirus 
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Picture A1-6 

Isolation of Influenza virus on MDCK 
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Picture A1-7 

Amplification and purification of HA genes of the isolates for sequencing 

 
Picture A1-8 

Amplification and purification of NA genes of the isolates for sequencing 
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Appendix 2 

Results of sequencing HA and NA genes of the representative 

isolates of influenza A virus H1N1 (2009) in Hue 

 

HA Sequences of the Representative Isolates 6, 7, 10, 15 in Hue 
 

HA sequence of the isolate 6 in Hue (HA_6) 

(A/Hue/6/2009(H1N1) - Accession number: JN896300 

 
TAGTTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGTTATCATGC

GAACAATTCAACAGACACTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACT
CTGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCAAACTAAGAGGGGTAGCC

CCATTGCATTTGGGTAAATGTAACATTGCTGGCTGGATCCTGGGAAATCCAGAGTGTGAA

TCACTCTCCACAGCAAGCTCATGGTCCTACATTGTGGAAACATCTAGTTCATACAATGGA
ACGTGTTACCCAGGAGATTTCATCGATTATGAGGAGCTAAGAGAGCAATTGAGCTCAGTG

TCATCATTTGAAAGGTTTGAGATATTCCCCAAGACAAGTTCATGGCCCAATCATGACTCG

AACAAAGGTGTAACGGCAGCATGTCCTCATGCTGGAGCAAAAAGCTTCTACAAAAATTTA
ATATGGCTAGTTAAAAAAGGAAATTCATACCCAAAGCTCAGCAAATCCTACATTAATGAT

AAAGGGAAAGAAGTCCTCGTGCTATGGGGCATTCACCATCCATCTACTAGTGCTGACCAA

CAAAGTCTCTATCAGAATGCAGATGCATATGTTTTTGTGGGGACATCAAGATACAGCAAG

AAGTTCAAGCCGGAAATAGCAATAAGACCCAAAGTGAGGGATCAAGAAGGGAGAATGA
ACTATTACTGGACACTAGTAGAGCCGGGAGACAAAATAACATTCGAAGCAACTGGAAAT

CTAGTGGTACCGAGATATGCATTCGCAATGGAAAGAAATGCTGGATCTGGTATTATCATT

TCAGATACACCAGTCCACGATTGCAATACAACTTGTCAGACACCCAAGGGTGCTATAAAC
ACCAGCCTCCCATTTCAGAATATACATCCGATCACAATTGGAAAATGTCCAAAATATGTA

AAAAGCACAAAATTGAGACTGGCCACAGGATTGAGGAATGTCCCGTCTATTCAATCTAGA

GGCCTATTTGGGGCCATTGCCGGTTTCATTGAAGGGGGGTGGACAGGGATGGTAGATGGA

TGGTACGGTTATCACCATCAAAATGAGCAGGGGTCAGGATATGCAGCCGACCTGAAGAG
CACACAGAATGCCATTGACGAGATTACTAACAAAGTAAATTCTGTTATTGAAAAGATGAA

TACACAGTTCACAGCAGTAGGTAAAGAGTTCAACCACCTGGAAAAAAGAATAGAGAATT

TAAATAAAAAGGTTGATGATGGTTTCCTGGACATTTGGACTTACAATGCCGAACTGTTGG
TTCTATTGGAAAATGAAAGAACTTTGGACTACCACGATTCAAATGTGAAGAACTTATATG

AAAAGGTAAGAAGCCAGTTAAAAAACAATGCCAAGGAAATTGGAAACGGCTGCTTTGAA

TTTTACCACAAATGCGATAACACGTGCATGGAAAGTGTCAAAAATGGGACTTATGACTAC
CCAAAATACTCAGAGGAAGCAAAATTAAACAGAGAAGAAATAGATGGGGTAAAGCTGG

AATCAACAAGGATTTACCAGATTTTGGCGATCTATTCAACTGTCGCCAGTTCATTGGTACT

GGTAGTCTCCCTGGGGGCAATCAGTTTCTGGATGTGCTCTAATGGGTCTCTACAGTGTAG

AATATGTATTTAACATAGATC 
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HA sequence of the isolate 7 in Hue (HA_7) 

(A/Hue/7/2009(H1N1) - Accession number: JN935017 

 
TAGTTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGTTATCATGC

GAACAATTCAACAGACACTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACT

CTGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCAAACTAAGAGGGGTAGCC

CCATTGCATTTGGGTAAATGTAACATTGCTGGCTGGATCCTGGGAAATCCAGAGTGTGAA
TCACTCTCCACAGCAAGCTCATGGTCCTACATTGTGGAAACATCTAGTTCAGACAATGGA

ACGTGTTACCCAGGAGATTTCATCGATTATGAGGAGCTAAGAGAGCAATTGAGCTCAGTG

TCATCATTTGAAAGGTTTGAGATATTCCCCAAGACAAATTCATGGCCCAATCATGACTCG
AACAAAGGTGTAACGGCAGCATGTCCTCATGCTGGAGCAAAAAGCTTCTACAAAAATTTA

ATATGGCTAGTTAAAAAAGGAAATTCATACCCAAAGCTCAGCAAATCCTACATTAATGAT

AAAGGGAAAGAAGTCCTCGTGCTATGGGGCATTCACCATCCATCTACGAGTGCTGACCAA

CAAAGTCTCTATCAGAATGCAGATGCATATGTTTTTGTGGGGACATCAAGATACAGCAAG
AAGTTCAAGCCGGAAATAGCAATAAGACCCAAAGTGAGGGATCAAGAAGGGAGAATGA

ACTATTACTGGACACTAGTAGAGCCGGGAGACAAAATAACATTCGAAGCAACTGGAAAT

CTAGTGGTACCGAGATATGCATTCGCAATGGAAAGAAATGCTGGATCTGGTATTATCATT
TCAGATACACCAGTCCACGATTGCAATACAACTTGTCAGACACCCAAGGGTGCTATAAAC

ACCAGCCTCCCATTTCAGAATATACATCCGATCACAATTGGAAAATGTCCAAAATATGTA

AAAAGCACAAAATTGAGACTGGCCACAGGATTGAGGAATGTCCCGTCTATTCAATCTAGA
GGCCTATTTGGGGCCATTGCCGGTTTCATTGAAGGGGGGTGGACAGGGATGGTAGATGGA

TGGTACGGTTATCACCATCAAAATGAGCAGGGGTCAGGATATGCAGCCGACCTGAAAAG

CACACAGAATGCCATTGACGAGATTACTAACAAAGTAAATTCTGTTATTGAAAAGATGAA

TACACAGTTCACAGCAGTAGGTAAAGAGTTCAACCACCTGGAAAAAAGAATAGAGAATT
TAAATAAAAAGGTTGATGATGGTTTCCTGGACATTTGGACTTACAATGCCGAACTGTTGG

TTCTATTGGAAAATGAAAGAACTTTGGACTACCACGATTCAAATGTGAAGAACTTATATG

AAAAGGTAAGAAGCCAGTTAAAAAACAATGCCAAGGAAATTGGAAACGGCTGCTTTGAA
TTTTACCACAAATGCGATAACACGTGCATGGAAAGTGTCAAAAATGGGACTTATGACTAC

CCAAAATACTCAGAGGAAGCAAAATTAAACAGAGAAGAAATAGATGGGGTAAAGCTGG

AATCAACAAGGATTTACCAGATTTTGGCGATCTATTCAACTGTCGCCAGTTCATTGGTACT
GGTAGTCTCCCTGGGGGCAATCAGTTTCTGGATGTGCTCTAATGGGTCTCTACAGTGTAG

AATAT 
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HA sequence of the isolate 10 in Hue (HA_10) 

(A/Hue/10/2009(H1N1) - Accession number: JN896302 

 
TAGTTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGTTATCATGC

GAACAATTCAACAGACACTGTAGACACAGTACTAGAAAAGAATGTCACAGTAACACACT

CTGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCAAACTAAGAGGGGTAGCC

CCATTGCATTTGGGTAAATGTAACATTGCTGGCTGGATCCTGGGAAATCCAGAGTGTGAA
TCACTCTCCACAGCAAGCTCATGGTCCTACATTGTGGAAACATCTAGTTCAGACAATGGA

ACGTGTTACCCAGGAGATTTCATCGATTATGAGGAGCTAAGAGAGCAATTGAGCTCAGTG

TCATCATTTGAAAGGTTTGAGATATTCCCCAAGACAAGTTCATGGCCCAATCATGACTCG
AACAAAGGTGTAACGGCAGCATGTCCTCATGCTGGAGCAAAAAGCTTCTACAAAAATTTA

ATATGGCTAGTTAAAAAAGGAAATTCATACCCAAAGCTCAGCAAATCCTACATTAATGAT

AAAGGGAAAGAAGTCCTCGTGCTATGGGGCATTCACCATCCATCTACTAGTGCTGACCAA

CAAAGTCTCTATCAGAATGCAGATGCATATGTTTTTGTGGGGACATCAAGATACAGCAAG
AAGTTCAAGCCGGAAATAGCAATAAGACCCAAAGTGAGGGATCAAGAAGGGAGAATGA

ACTATTACTGGACACTAGTAGAGCCGGGAGACAAAATAACATTCGAAGCAACTGGAAAT

CTAGTGGTACCGAGATATGCATTCGCAATGGAAAGAAATGCTGGATCTGGTATTATCATT
TCAGATACACCAGTCCACGATTGCAATACAACTTGTCAGACACCCAAGGGTGCTATAAAC

ACCAGCCTCCCATTTCAGAATATACATCCGATCACAATTGGAAAATGTCCAAAATATGTA

AAAAGCACAAAATTGAGACTGGCCACAGGATTGAGGAATGTCCCGTCTATTCAATCTAGA
GGCCTATTTGGGGCCATTGCCGGTTTCATTGAAGGGGGGTGGACAGGGATGGTAGATGGA

TGGTACGGTTATCACCATCAAAATGAGCAGGGGTCAGGATATGCAGCCGACCTGAAGAG

CACACAGAATGCCATTGACGAGATTACTAACAAAGTAAATTCTGTTATTGAAAAGATGAA

TACACAGTTCACAGCAGTAGGTAAAGAGTTCAACCACCTGGAAAAAAGAATAGAGAATT
TAAATAAAAAGGTTGATGATGGTTTCCTGGACATTTGGACTTACAATGCCGAACTGTTGG

TTCTATTGGAAAATGAAAGAACTTTGGACTACCACGATTCAAATGTGAAGAACTTATATG

AAAAGGTAAGAAGCCAGTTAAAAAACAATGCCAAGGAAATTGGAAACGGCTGCTTTGAA
TTTTACCACAAATGCGATAACACGTGCATGGAAAGTGTCAAAAATGGGACTTATGACTAC

CCAAAATACTCAGAGGAAGCAAAATTAAACAGAGAAGAAATAGATGGGGTAAAGCTGG

AATCAACAAGGATTTACCAGATTTTGGCGATCTATTCAACTGTCGCCAGTTCATTGGTACT
GGTAGTCTCCCTGGGGGCAATCAGTTTCTGGATGTGCTCTAATGGGTCTCTACAGTGTAG

AATATGTATTTAA 
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HA sequence of the isolate 15 in Hue - Influenza A virus 

(A/Hue/15/2009(H1N1) - Accession number JN393307 (HA_15) 

 

 
TAGTTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGTTATCATGC
GAACAATTCAACAGACACTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACT

CTGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCAAACTAAGAGGGGTAGCC

CCATTACATTTGGGTAAATGTAACATTGCTGGCTGGATCCTGGGAAATCCAGAGTGTGAA
TCACTCTCCACAGCAAGCTCATGGTCCTACATTGTGGAAACATCTAGTTCAGACAATGGA

ACGTGTTACCCAGGAGATTTCATCGATTATGAGGAGCTAAGAGAGCAATTGAGCTCAGTG

TCATCATTTGAAAGGTTTGAGATATTCCCCAAAACAAGTTCATGGCCCAATCATGACTCG
AACAAAGGTGTAACGGCAGCATGTCCTCATGCTGGAGCAAAAAGCTTCTACAAAAATTTA

ATATGGCTAGTTAAAAAAGGAAATTCATACCCAAAGCTCAGCAAATCCTACATTAATGAT

AAAGGGAAAGAAGTCCTCGTGCTATGGGGCATTCACCATCCATCTACTAGTGCTGACCAA

CAAAGTCTCTATCAGAATGCAGATGCATATGTTTTTGTGGGGACATCAAGATACAGCAAG
AAGTTCAAGCCGGAAATAGCAATAAGGCCCAAAGTGAGGGATCAAGAAGGGAGAATGA

ACTATTACTGGACACTAGTAGAGCCGGGAGACAAAATAACATTCGAAGCAACTGGAAAT

CTAGTGGTACCGAGATATGCATTCGCAATGGAAAGAAATGCTGGATCTGGTATTATCATT
TCAGATACACCAGTCCACGATTGCAATACAACTTGTCAGACACCCAAGGGTGCTATAAAC

ACCAGCCTCCCATTTCAGAATATACATCCGATCACAATTGGAAAATGTCCAAAATATGTA

AAAAGCACAAAATTGAGACTGGCCACAGGATTGAGGAATGTCCCGTCTATTCAATCTAGA

GGCCTATTTGGGGCCATTGCCGGTTTCATTGAAGGGGGGTGGACAGGGATGGTAGATGGA
TGGTACGGTTATCACCATCAAAATGAGCAGGGGTCAGGATATGCAGCCGACCTGAAGAG

CACACAGAATGCCATTGACGAGATTACTAACAAAGTAAATTCTGTTATTGAAAAGATGAA

TACACAGTTCACAGCAGTAGGTAAAGAGTTCAACCACCTGGAAAAAAGAATAGAGAATT
TAAATAAAAAGGTTGATGATGGTTTCCTGGACATTTGGACTTACAATGCCGAACTGTTGG

TTCTATTGGAAAATGAAAGAACTTTGGACTACCACGATTCAAATGTGAAGAACTTATATG

AAAAGGTAAGAAGCCAGTTAAAAAACAATGCCAAGGAAATTGGAAACGGCTGCTTTGAA
TTTTACCACAAATGCGATAACACGTGCATGGAAAGTGTCAAAAATGGGACTTATGACTAC

CCAAAATACTCAGAGGAAGCAAAATTAAACAGAGAAGAAATAGATGGGGTAAAGCTGG

AATCAACAAGGATTTACCAGATTTTGGCGATCTATTCAACTGTCGCCAGTTCATTGGTACT

GGTAGTCTCCCTGGGGGCAATCAGTTTCTGGATGTGCTCTAATGGGTCTCTACAGTGTAG
AATATGTATTTAA 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=JN393307
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Na Sequences of the Representative Isolates in Hue 

 
NA sequence of the isolate 6 in Hue (6_NA) 

(A/Hue/6/2009(H1N1) - Accession number:  JN896301 

 
TTGGTTCGGTCTGTATGACAATTGGAATGGCTAACTTAATATTACAAATTGGAAACATAA

TCTCAATATGGATTAACCACTCAATTCAACTTGGGAATCAAAATCAGATTGAAACATGCA
ATCAAAGCGTCCTTACTTATGAAAACAACACTTGGGTAAATCAAACATATGTTAACATCA

GCAACACCAACTTTGCTGCTGGACAGTCAGTGGTTTCCGTGAAATTAACGGGCAATTCCT

CTCTCTGCCCTGTTAATGGATGGGCTATATACAGTAAAAACAACAGTATAAGAATCGGTT
CCAAGGGGGATGTGTTTGTCATAAGGGAACCATTCATATCATGCTCCCCCTTGGAATGCA

AAACCTTCTTCTTGACTCAAGGGGCCTTGCTAAATGACAAACATTCCAATGGAACCATTA

AAGACAGGAGCCCATATCCAACCCTAATGAGCTGTCCTATTGGTGAAGTTCCCTCTCCAT
ACAACTCAAGATTTGAGTCAGTCGCTTGGTCAGCAAGTGCTTGTCATGATGGCATCAATT

GGCTAACAATTGGAATTTCTGGCCCAGACAATGGGGCAGTGGCTGTGTTAAAGTACAACG

GCATAATAACAGACACTATCAAGAGTTGGAGAAACAATATATTGAGAACACAAGAGTCT

GAATGTGCATGTGTAAATGGTTCTTGCTTTACTGTAATGACCGATGGACCAAGTGATGGA
CAGGCCTCATACAAGATCTTCAGAATAGAAAAGGGAAAGATAGTCAAATCAGTCGAAAT

GAATGCCCCTAATTATCACTATGAGGAATGCTCCTGTTATCCTGATTCTAGTGAAATCACA

TGTGTGTGCAGGGATAACTGGCATGGCTCGAATCGACCGTGGGTGTCTTTCAACCAGAAT
CTGGAATATCAGATAGGATACATATGCAGTGGGATTTTCGGAGACAATCCACGCCCTAAT

GATAAGACAGGCAGTTGTGGTCCAGTATCGTCTAATGGAGCAAATGGAGTAAAAGGATT

TTCATTCAAATACGGCAATGGTGTTTGGATAGGGAGAACTAAAAGCATTAGTTCAAGAAA
CGGTTTTGAGATGATTTGGGATCCGAACGGATGGACTGGGACAGACAATAACTTCTCAAT

AAAGCAAGATATCGTAGGAATAAATGAGTGGTCAGGATATAGCGGGAGTTTTGTTCAGC

ATCCAGAACTAACAGGGCTGGATTGTATAAGACCTTGCTTCTGGGTTGAACTAATCAGAG

GGCGACCCAAAGAGAACACAATCTGGACTAGCGGGAGCAGCATATCCTTTTGTGGTGTA
AACAGTGACACTGTGGGTTGGTCTTGGCCAGACGGTGCTGAG 
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NA sequence of the isolate 10 in Hue (10_NA) 

(A/Hue/10/2009(H1N1) - Accession number:  JN896303 

 
TTGGTTCGGTCTGTATGACAATTGGAATGGCTAACTTAATATTACAAATTGGAAACATAA

TCTCAATATGGATTAACCACTCAATTCAACTTGGGAATCAAAATCAGATTGAAACATGCA

ATCAAAGCGTCCTTACTTATGAAAACAACACTTGGGTAAATCAAACATATGTTAACATCA

GCAACACCAACTTTGCTGCTGGACAGTCAGTGGTTTCCGTGAAATTAACGGGCAATTCCT
CTCTCTGCCCTGTTAATGGATGGGCTATATACAGTAAAAACAACAGTATAAGAATCGGTT

CCAAGGGGGATGTGTTTGTCATAAGGGAACCATTCATATCATGCTCCCCCTTGGAATGCA

AAACCTTCTTCTTGACTCAAGGGGCCTTGCTAAATGACAAACATTCCAATGGAACCATTA
AAGACAGAAGCCCATATCCAACCCTAATGAGCTGTCCTATTGGTGAAGTTCCCTCTCCAT

ACAACTCAAGATTTGAGTCAATCCCTTGGTCAACAAGTGCTTGTCATGATGGCATCAATT

GGCTAACAATTGGAATTTCTGGCCCAAACAATGGGGCAGTGGCTGTGTTAAAGTACAACG

GCATAATAACAGACACTATCAAGAGTTGGAGAAACAATATATTGAGAACACAAGAGTCT
GAATGTGCATGTGTAAATGGTTCTTGCTTTACTGTAATGACCGATGGACCAAGTGATGGA

CAGGCCTCATACAAGATCTTCAGAATAGAAAAGGGAAAGATAGTCAAATCAGTCGAAAT

GAATGCCCCTAATTATCACTATGAGGAATGCTCCTGTTATCCTGATTCTAGTGAAATCACA
TGTGTGTGCAGGGATAACTGGCATGGCTCGAATCGACCGTGGGTGTCTTTCAACCAGAAT

CTGGAATATCAGATAGGATACATATGCAGTGGGATTTTCGGAGACAATCCACGCCCTAAT

GATAAGACAGGCAGTTGTGGTCCAGTATCGTCTAATGGAGCAAATGGAGTAAAAGGATT
TTCATTCAAATACGGCAATGGTGTTTGGATAGGGAGAACTAAAAGCATTAGTTCAAGAAA

CGGTTTTGAGATGATTTGGGATCCGAACGGATGGACTGGGACAGACAATAACTTCTCAAT

AAAGCAAGATATCGTAGGAATAAATGAGTGGTCAGGATATAGCGGGAGTTTTGTTCAGC

ATCCAGAACTAACAGGGCTGGATTGTATAAGACCTTGCTTCTGGGTTGAACTAATCAGAG
GGCGACCCAAAGAGAACACAATCTGGACTAGCGGGAGCAGCATATCCTTTTGTGGTGTA

AACAGTGACACTGGGGGTTGGTCTTGGCCAGACGGTGCTGAG 
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NA sequence of the isolate 15 in Hue - Influenza A virus 

(A/Hue/15/2009(H1N1)) - Accession number JN656969 (15_NA) 
 

TTGGTTCGGTCTGTATGACAATTGGAATGGCTAACTTAATATTACAAATTGGAAACATAA

TCTCAATATGGATTAACCACTCAATTCAACTTGGGAATCAAAATCAGATTGAAACATGCA

ATCAAAGCGTCCTTACTTATGAAAACAACACTTGGGTAAATCAAACATATGTTAACATCA
GCAACACCAACTTTGCTGCTGGACAGTCAGTGGTTTCCGTGAAATTAACGGGCAATTCCT

CTCTCTGCCCTGTTAATGGATGGGCTATATACAGTAAAAACAACAGTATAAGAATCGGTT

CCAAGGGGGATGTGTTTGTCATAAGGGAACCATTCATATCATGCTCCCCCTTGGAATGCA
AAACCTTCTTCTTGACTCAAGGGGCCTTGCTAAATGACAAACATTCCAATGGAACCATTA

AAGACAGGAGCCCATATCCAACCCTAATGAGCTGTCCTATTGGTGAAGTTCCCTCTCCAT

ACAACTCAAGATTTGAGTCAATCCCTTGGTCAACAAGTGCTTGTCATGATGGCATCAATT
GGCTAACAATTGGAATTTCTGGCCCAAACAATGGGGCAGTGGCTGTGTTAAAGTACAACG

GCATAATAACAGACACTATCAAGAGTTGGAGAAACAATATATTGAGAACACAAGAGTCT

GAATGTGCATGTGTAAATGGTTCTTGCTTTACTGTAATGACCGATGGACCAAGTGATGGA

CAGGCCTCATACAAGATCTTCAGAATAGAAAAGGGAAAGATAGTCAAATCAGTCGAAAT
GAATGCCCCTAATTATCACTATGAGGAATGCTCCTGTTATCCTGATTCTAGTGAAATCACA

TGTGTGTGCAGGGATAACTGGCATGGCTCGAATCGACCGTGGGTGTCTTTCAACCAGAAT

CTGGAATATCAGATAGGATACATATGCAGTGGGATTTTCGGAGACAATCCACGCCCTAAT
GATAAGACAGGCAGTTGTGGTCCAGTATCGTCTAATGGAGCAAATGGAGTAAAAGGATT

TTCATTCAAATACGGCAATGGTGTTTGGATAGGGAGAACTAAAAGCATTAGTTCAAGAAA

CGGTTTTGAGATGATTTGGGATCCGAACGGATGGACTGGGACAGACAATAACTTCTCAAT
AAAGCAAGATATCGTAGGAATAAATGAGTGGTCAGGATATAGCGGGAGTTTTGTTCAGC

ATCCAGAACTAACAGGGCTGGATTGTATAAGACCTTGCTTCTGGGTTGAACTAATCAGAG

GGCGACCCAAAGAGAACACAATCTGGACTAGCGGGAGCAGCATATCCTTTTGTGGTGTA

AACAGTGACACTGTGGGTTGGTCTTGGCCAGACGGTGCTGAG 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=JN656969
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Appendix 3 
A3-1: The ethic permission of Hue College of Medicine and Pharmacy 
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A3-2: The ethic permission of Hue Central Hospital 

Vietnamese language version 
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English translation 
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Appendix 4 
Patient recording sheet 

 

PATIENT RECORDING SHEET 

(FOR LOWER RESPIRATORY TRACT INFECTIONS) 

 

Patient full name.................................................................sex............age.............. 

Home address.......................................................................................................... 

Date of onset............................................................................................................ 

Date of admission.................................................................................................... 

Clinical diagnosis    Bronchitis   ⁮        Bronchiolitis   ⁮            Pneumonia   ⁮  

Other diagnosis....................................................................................................... 

Symptoms and signs at the time of collection  

 

Symptoms and signs  Yes No Notes 

Fever    

Dry cough     

Productive cough    

Coryza    

Sore throat    

Dyspnea     

Rales ( or wheezes) in lungs     

Lung consolidation     

Pleural effusion     

Stupor / coma    

X ray     

 

Severity estimation        mild    ⁮   moderate     ⁮     severe     ⁮    very severe ⁮ 

Sort of specimens 

Nasal pharyngeal swab     ⁮       throat swab         ⁮      bronchial aspirate   ⁮ 

Other specimens..................................................................................................... 

                                                                        Date..........month........year........... 

                                                                              Responsible Doctor  
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Appendix 5 

Publications and presentation in scientific meeting 

A5-1: Publications in Vietnamese Journals 
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A5-2: Poster presentation in the scientific meeting  
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