
REFERENCES

[1] World Health Organization. Influenza (Seasonal) Fact sheet N°211 ronlinel. 2009. 

Available from : http://www.who.int/mediacentre/factsheets/fs211/en/ [2010,June 16]

[2] Alford RH, Kasel JA, Gerone PJ, Knight V (1966) Human influenza resulting from 

aerosol inhalation. ProcSocExpBiol Med 122: 800-804.

[3] Little JW, Hall WJ, Douglas RG Jr, Mudholkar GS, Speers DM, Patel K (1978) Airway 

hyperreactivity and peripheral airway dysfunction เท influenza A infection. Am Rev 

Respir Pis 118: 295-303.

[4] Bridges CB, Kuehnert MJ, Hall CB (2003) Transmission of influenza: implications for 

control in health care settings. Clin Infect Pis 37: 1094-1101.

[5] Center for Diseases Control and Prevention. คน symptoms & severityfOnline]. 2011 

Available from: http://www.cdc.gov/flu/about/disease/symptoms.htm [2011,June 29]

[6] Ohmit SE, Monto AS (2006) Symptomatic predictors of influenza virus positivity in 

children during the influenza season. Clin Infect Pis 43: 564-568.

[7] Nicholson KG, Wood JM, Zambon M (2003) Influenza. Lancet 362:1733-1745.

[8] Tellier R (2006) Review of aerosol transmission of influenza A virus. Emerg

Infect Pis 12: 1657-1662.

[9] Brankston G, Gitterman L, Hirji Z, Lemieux c , Gardam M (2007) Transmission of 

influenza A in human beings. Lancet Infect Pis 7: 257-265.

[10] Lamb RA, Krug RM (2001) Orthomyxoviridae: the viruses and their replication. เท:

Knipe, D.M., Howley, P.M. (Eds.), Fundamental Virology: 725-770.

http://www.who.int/mediacentre/factsheets/fs211/en/
http://www.cdc.gov/flu/about/disease/symptoms.htm


1 1 7

[11] Scheiffele P, Rietveld A, Wilk T, Simmons K (1999) Influenza viruses select ordered

lipid domains during budding from the plasma membrane. J BiolChem 274: 2038- 

2044.

[12] Zhang J, Pekosz A, Lamb RA (2000) Influenza virus assembly and lipid raft

microdomains: a role for the cytoplasmic tails of the spike glycoproteins. J Virol 74: 

4634-4644.

[13] Nayak DP, Balogun RA, Yamada H, Zhou ZH, Barman ร (2009) Influenza virus

morphogenesis and budding. Virus Res 143: 147-161.

[14] Ludwig ร, Planz o , Pleschka ร, Wolff T (2003) Influenza virus induced signaling

cascades: targets for antiviral therapy?. Trends Mol Med 9:46-52.

[15] Nicholson KG, Wood JM, Zambon M (2003) Influenza. Lancet 362:1733-1745.

[16] steinhauer DA, Skehel JJ (2002) Genetics of influenza viruses. Annu Rev Genet

36:305-332.

[17] Tong ร, Li Y, Rivailler P, Conrardy c, Castillo DA, Chen LM, et al. (2012) A distinct

lineage of influenza A virus from bats. ProcNatlAcadSci USA 109:4269-4274.

[18] Klenk E, Uhlenbruck G (1958) A neuraminic acid containing mucoprotein from

cattle erythrocyte stroma. Hoppe Sevier z PhvsiolChem 311:227-233.

[19] Rogers GN, Paulson JC (1983) Receptor determinants of human and animal

influenza virus isolates: differences in receptor specificity of the H3 hemagglutinin 

based on species of origin. Virology 127:361-373.

[20] Yamakawa T, Nagai Y (1978) Glycolipid at the cell surface and their biological

functions. Trends BiochemSci 3:128-131.



1 1 8

[21] Webster RG (1998) Influenza: an emerging disease. Emerg Infect Pis 4:436-41.

[22] Samji T (2009) Influenza A: Understanding the viral life cycle. Yale J Biol Med

82:153-159.

[23] Rogers GN, Paulson JC, Daniels RS, Skehel JJ, Wilson IA, Wiley DC (1983) Single

amino acid substutions in influenza hemagglutinin change receptor binding 

specificity. Nature 304: 76-78.

[24] Stephenson I, Wood JM, Nicholson KG, Zambon MC (2003) Sialic acid receptor

specificity on erythrocytes affects detection of antibody to avian influenza 

haemagglutinin. J Med Virol 70: 391-398.

[25] Hass J, Matuszewski ร, Cieslik D, Haase M (2011) The role of swine as "mixing

vessel" for interspecies transmission of the influenza A subtype H1N1 : a 

simultaneous Bayesian inference of phylogeny and ancestral hosts. Infect Genet 

Evol 11:437-441.

[26] Klenk HD, Garten พ, Matrosovich M (2011 ) Molecular mechanisms of interspecies

transmission and pathogenicity of influenza viruses: Lessons from the 2009 

pandemic. Bioessavs 33:180-188.

[27] Boulo ร, Akarsu H, Ruigrok RW, Baudin F (2007) Nuclear traffic of influenza virus

proteins and ribonucleoprotein complexes. Virus Res 124:12-21.

[28] Dhar R, Chanock RM, Lai CJ (1980) Nonviral oligonucleotides at the 5' terminus of

cytoplasmic influenza viral ทาRNA deduced from cloned complete genomic 

sequences. Cell 21:495-500.



1 1 9

[29] Bouloy M, Plotch SJ, Krug RM (1978) Globin ทาRNAs are primers for the

transcription of influenza viral RNA in vitro. ProcNatlAcadSci USA 75:4886-4890.

[30] Plotch SJ, Bouloy M, Krug RM (1979) Transfer of 5'-terminal cap of globin ทาRNA to

influenza viral complementary RNA during transcription in vitro. ProcNatlAcadSci 

USA 76:1618-1622.

[31] Plotch SJ, Bouloy M, Ulmanen I, Krug RM (1981) A unique cap(m7GpppXm)-

dependent influenza virion endonuclease cleaves capped RNAs to generate the 

primers that initiate viral RNA transcription. Cell 23:847-858.

[32] Bouloy M, Morgan MA, Shatkin AJ, Krug RM (1979) Cap and internal nucleotides of

reovirus กาRNA primers are incorporated into influenza viral complementary RNA 

during transcription in vitro. J Virol 32:895-904.

[33] Bouloy M, Plotch SJ, Krug RM (1980) Both the 7-methyl and the 2’-0-methyl groups

in the cap of ทาRNA strongly influence its ability to act as primer for influenza virus 

RNA transcription. ProcNatlAcadSci USA 77:3952-3956.

[34] Krug RM, Broni BA, Bouloy M (1979) Are the 5' ends of influenza viral ทาRNAs

synthesized in vivo donated by host ทาRNAs?. Cell 18:329-334

[35] Robertson HD, Dickson E, Plotch SJ, Krug RM (1980) Identification of the RNA

region transferred from a representative primer, beta-globin ทาRNA, to influenza 

mRNA during in vitro transcription. Nucleic Acids Res 8:925-942.

[36] Engelhardt OG, Fodor E (2006) Functional association between viral and cellular

transcription during influenza virus infection. Rev Med Virol 16:329-345.



120

[37] Lu Y, Qian XY, Krug RM (1994) The influenza virus NS1 protein: a novel inhibitor of

pre-mRNA splicing. Genes Dev 8:1817-1828.

[38] Wang พ, Krug RM (1998) U6atac snRNA, the highly divergent counterpart of U6 

snRNA, is the specific target that mediates inhibition of AT-AC splicing by the 

influenza virus NS1 protein. RNA 4:55-64.

[39] Momose F, Basler CF, O'Neill RE, Iwamatsu A, Palese P, Nagata K (2001) Cellular 

splicing factor RAF-2p48/NPI-5/BAT1/UAP56 interacts with the influenza virus 

nucleoprotein and enhances viral RNA synthesis. J Virol 75:1899-1908.

[40] Akarsu H, Burmeister WP, Petosa c, Petit I, Muller CW, Ruigrok RW, Baudin F 

(2003) Crystal structure of the M1 protein-binding domain of the influenza A virus 

nuclear export protein (NEP/NS2). EMBO J 22:4646^1655.

[41] Baudin F, Petit I, Weissenhorn พ, Ruigrok RW (2001) เท vitro dissection of the

membrane and RNP binding activities of influenza virus M1 protein. Virology

281:102-108.

[42] Loucaides EM, von Kirchbach JC, Foeglein A, Sharps J, Fodor E, Digard p (2009)

Nuclear dynamics of influenza A virus ribonucleoproteins revealed by live-cell

imaging studies. Virology 394:154-163.

[43] Elton D, Amorim MJ, Medcalf L, Digard p (2005) 'Genome gating'; polarized

intranuclear trafficking of influenza virus RNPs. BiolLett 1:113-117.

[44] Nayak DP, Hui EK, Barman ร (2004) Assembly and budding of influenza virus. Virus

Res 106:147-165.



121

[45] Burleigh LM, Calder LJ, Skehel JJ, steinhauer DA (2005) Influenza a viruses with

mutations in the M1 helix six domain display a wide variety of morphological 

phenotypes. J Virol 79:1262-1270.

[46] Iwatsuki-Horimoto K, Horimoto T, Noda T, Kiso M, Maeda J, Watanabe ร. et al.

(2006) The cytoplasmic tail of the influenza A virus M2 protein plays a role in viral 

assembly. J Virol 80:5233-5240.

[47] Enami M, Sharma G, Benham c, Palese p (1991) An influenza virus containing nine

different RNA segments. Virology 185:291-298.

[48] Bancroft CT, Parslow TG (2002) Evidence for segment-nonspecific packaging of

the influenza a virus genome. J Virol 76:7133-7139.

[49] Smith GL, Hay A (1982) Replication of the influenza virus genome. Virology 118:96—

108.

[50] Palese P, Tobita K, Ueda M, Compans RW (1974) Characterization of temperature

sensitive influenza virus mutants defective in neuraminidase. Virology 61:397—410.

[51] Suarez DL (2000) Evolution of avian influenza virus. Vet Micro Biol 74:15-27.

[52] Webby RJ, Webster RG (2001) Emergence of influenza A viruses. Phil Trans R 

SocLond B BiolSci 356:1817-1828.

[53] Suarez DL (2000) Evolution of avian influenza viruses. Vet Microbiol 74:15-27.

[54] Tautenberger JK, Morens DM (2010) Influenza: The once and future pandemic.

Public Health Rep 125:16-26.



122

[55] Mamun MM, Huda AK (2011 ) Origins and evolutionary genomics of the novel swine-

origin influenza A (H1N1 ) virus in humans--past and present perspectives. 

YakuaakuZasshi 131:553-562.

[56] Johnson NP, Mueller J (2002) Updating the accounts: global mortality of the 1918-

1920 "Spanish" influenza pandemic. Bull Hist Med 76:105-115.

[57] Morens DM, Taubenberger JK, Fauci AS (2008) Predominant role of bacterial

pneumonia as a cause of death in pandemic influenza: implications for pandemic 

influenza preparedness. ช Infect Pis 198:962-970.

[58] Morens DM, Fauci AS (2007) The 1918 influenza pandemic: insights for the 21st

century. J Infect Pis 195:1018-1028.

[59] Scholtissek c , Rohde พ, Von Ployningen V, Rott R (1978) On the origin of the

human influenza virus subtypes FI2N2 and H3N2. Virology 87:13-20.

[60] Kawaoka Y, Krauss ร, Webster RG (1989) Avian-to-human transmission of the PB1

gene of influenza A viruses in the 1957 and 1968 pandemics. J Virol 63:4603- 

4608.

[61] Kilbourne ED, Pokorny BA, Johansson B, Brett I, Milev Y, Matthews JT (2004)

Protection of mice with recombinant influenza virus neuraminidase. J Infect Pis 

189:459-461.

[62] Lessler J, Cummings DA, Fishman ร, Vora A, Burke DS (2007) Transmissibility of

swine flu at Fort Dix, 1976. J R Soc Interface 4:755-762.

[63] Gaydos JC, Top FFH Jr, Plodder RA, Russell PK (2006) Swine influenza a outbreak, 

Fort Dix, New Jersey, 1976. Emerg Infect Pis 12:23-28.



1 2 3

[64] Xu X, Subbarao, Cox NJ, Guo Y (1999) Genetic characterization of the pathogenic

influenza A/Goose/Guangdong/1/96 (H5N1) virus: similarity of its hemagglutinin 

gene to those of H5N1 viruses from the 1997 outbreaks in Hong Kong. Virology 

261:15-19.

[65] Shortridge KF, Zhou NN, Guan Y, Gao P, Ito T, Kawaoka Y. et al. (1998)

Characterization of avian H5N1 influenza viruses from poultry in Hong Kong. 

Virology 252:331-342.

[66] deJong JC, Claas ECJ, Osterhaus ADME, Webster RG, Lim WL (1997) A pandemic

warning. Nature 389:554.

[67] KantaSubbarao, Alexander Klimov, Jacqueline Katz, Helen Regnery, Wilina Lim,

Henrietta Hall, et al. (1998) Characterization of an Avian Influenza A (H5N1) Virus 

Isolated from a Child with a Fatal Respiratory Illness. Science 279:393-396.

[68] Claas EC, Osterhaus AD, van Beek R, De Jong JC, Rimmelzwaan GF, Senne DA.et

al. (1998) Human influenza A H5N1 virus related to a highly pathogenic avian 

influenza virus. Lancet 351:472-477.

[69] Subbarao K, Klimov A, Katz J, Regnery H, Lim พ, Hall H. et al. (1998)

Characterization of an avian influenza A (H5N1) virus isolated from a child with a 

fatal respiratory illness. Science 279:393-396.

[70] Yuen KY, Chan PK, Peiris M, Tsang DN, Que TL, Shortridge KF. et al. (1998) Clinical

features and rapid viral diagnosis of human disease associated with avian 

influenza A H5N1 virus. Lancet351:467-471.

[71] Food and Agriculture Organization of the United Nations. Evolution of Highly

Pathogenic Avian Influenza type H5N1 in Europe: review of disease ecology.



1 2 4

trends and prospects of spread in autumn-winter 2006 [Online]. 2006. Available 

from : http://www.fao.org/docs/eims/upload/214878/EW_europe_oct06_hpai.pdf 

[2011 ,May11]

[72] Chunsuttiwat ร (2008) Response to avian influenza and preparedness for pandemic

influenza: Thailand’s experience. Respirologv 13:36-40.

[73] Buranathai c, Amonsin A, Chaisigh A, Theamboonlers A, Pariyothorn N,

Poovorawan Y (2007) Surveillance activities and molecular analysis of H5N1 highly 

pathogenic avian influenza viruses from Thailand, 2004-2005. Avian Pis 51:194- 

200.

[74] Tiensin T, Chaitaweesub P, Songserm T, Chaisingh A, Hoonsuwan พ , Buranathai c,

et al. (2005) Highly pathogenic avian influenza H5N11 Thailand, 2004. Emerg Infect 

Dis 11:1664—1672.

[75] Tiensin T, Nielen M, Songserm T, Kaipravidh พ , Chaitaweesub p, Amonsin A, et al.

(2007) Geographic and temporal distribution of highly pathogenic avian influenza 

A virus (H5N1) in Thailand, 2004-2005: an overview. Avian Pis 51:182-188.

[76] Keawcharoen J, Oraveerakul K, Kuiken T, Fouchier RA, Amonsin A, Payungporn ร,

et al. (2004) Avian influenza H5N1 in tigers and leopards. Emerg Infect Pis 

10:2189-2191.

[77] Garten RJ, Davis CT, Russell CA, Shu B, Lindstrom ร, Balish A, et al. (2009)

Antigenic and genetic characteristics of swine-origin 2009 A (H1N1) Influenza 

viruses circulating in humans. Science 325: 196-201.

http://www.fao.org/docs/eims/upload/214878/EW_europe_oct06_hpai.pdf


1 2 5

[78] World Health Organization. Pandemic (H1N1 ) 2009 - update 115 [Online], 2010.

Available from: http://www.who.int/csr/don/2009_08_27/ en/index.html 

[2011,August 18]

[79] Chieochansin T, Makkoch J, Suwannakarn K, Payungporn ร, Poovorawan Y (2009)

Novel H1N1 2009 influenza virus infection in Bangkok, Thailand: effects of school 

closures. Asian Biomedicine 3: 469-75.

[80] Prachayangpreecha ร, Makkoch J, Suwannakarn K, Vichaiwattana p, Korkong ร,

Theamboonlers A, etal. (2012) Epidemiology of seasonal influenza in Bangkok 

during 2009-2012. JIDC (Accepted).

[81] Potdar VA, Chadha MS, Jadhav SM, Mullick J, Cherian ss, Mishra AC (2010)

Genetic characterization of the influenza A pandemic (H1N1) 2009 virus isolates 

from India. PLoS One 5:e9693.

[82] Sarkar M, Agrawal AS, Sharma Dey R, Chattopadhyay ร, Mullick R, De P, et al.

(2011) Molecular characterization and comparative analysis of pandemic 

H1N1/2009 strains with co-circulating seasonal H1N1/2009 strains from eastern 

India. Arch Virol 156:207-217.

[83] Yang JR, Huang YP, Chang FY, Hsu LC, Lin YC, รน CH, et al. (2011 ) New variants

and age shift to high fatality groups contribute to severe successive waves in the 

2009 influenza pandemic in Taiwan. PLoS One 6:e28288.

[84] Chen GW, Shih SR (2009) Genomic signatures of influenza A Pandemic (H1N1)

2009 virus. Emerg Infect Pis 15:1897-1903.

[85] Pan c, Cheung B, Tan ร, Li c, Li L, et al. (2010) Genomic signature and Mutation

trend analysis of pandemic (H1N1) 2009 influenza A virus. Plos One 5(3):e9549.

http://www.who.int/csr/don/2009_08_27/


1 2 6

[86] Payungporn ร, Panjaworayan N, Makkoch J, Poovorawan Y (2010) Molecular

characteristics of human pandemic influenza A virus (H1N1 ). ActaVirol 54:155- 

163.

[87] Nelson M, Spiro D, Wentworth อ, Beck E, Fan J, et al. (2009) The early

diversification of influenza A/H1N1pdm. PlosCurr 3(1):RRN1126.

[88] Zhao JR, Li YD, Pan YM, Zhu N, Ni HX, et al. (2011) Genetic characteristics of 2009

pandemic H1N1 influenza viruses isolated from mainland China. Virol Sin 26:418- 

427.

[89] World Health Organization. Recommended composition of influenza virus vaccines

for use in the 2011-2012 northern hemisphere influenza season [Online]. 2012. 

Available from:

http://www.who.int/csr/disease/influenza/2011_02_recommendation.pdf 

[2012,June 12]

[90] Hurst L (2002) The Ka/Ks ratio: diagnosing the form of sequence evolution. Trends

Gene18: 486-489.

[91] Qu Y, Zhang R, Oui p, Song G, Duan z, Lei F (2011) Evolutionary genomics of the

pandemic 2009 H1N1 influenza viruses (pH1N 1v). Virol J 8:250.

[92] Chen R, Holmes EC (2006) Avian influenza virus exhibits rapid evolutionary

dynamics. MolBiolEvol 23:2336-2341.

[93] Suwannakarn K, Payungporn ร, Chieochansin T, Samransamruajkit R, Amonsin A,

Songserm T, et al. (2008) Typing (A/B) and subtyping (H1/H3/H5) of influenza A 

viruses by multiplex real-time RT-PCR assays. J Virol Methods 152:25-31.

http://www.who.int/csr/disease/influenza/2011_02_recommendation.pdf


1 2 7

[94] Payungporn ร, Poomipak พ , Makkoch J, Rianthavom P, Theamboonlers A,

Poovorawan Y (2011) Detection of oseltamivir sensitive/resistant strains of 

pandemic influenza A virus (H1N1) from patients admitted to hospitals in Thailand. 

J Virol Methods 177:133-139.

[95] Johns MC, Eick AA, Blazes DL, Lee SE, Perdue CL, Lipnick R, et al. (2010)

Seasonal influenza vaccine and protection against pandemic (H1N1) 2009- 

associated illness among US military personnel. PLoS One 5:e10722.

[96] Novel Swine-Origin Influenza A (H1N1) Virus Investigation Team, Dawood FS, Jain

ร, Finelli L, Shaw MW, Lindstrom ร, et al. (2009) Emergence of a novel swine- 

origin influenza A (H1N1 ) virus in humans. N Engl J Med 360:2605-2615.

[97] Centers for Disease Control and Prevention (2009) Swine influenza A (H1N1)

infection in two children-Southern California, March-April 2009. Morb Mortal Wklv 

Rep 58: 400-2.

[98] World Health Organization. Pandemic (H1N1 ) 2009 - update 111 [Online]. 2010.

Available from : http://www.who.int/csr/don/2010_07_30/ en/ [ 2012,Jan 22]

[99] Thai Ministry of Public Health. Public Health Advice No. 5 Subject: Outbreaks of

Influenza A(H1N1)-Mav 12. 2009 [Online], 2009. Available from: 

http://beid.ddc.moph.go.th/th/images/news/mophadvice5eng.doc [2012,Jan 22]

[100] Naffakh N, van der Werf ร (2009) April 2009: an outbreak of swine-origin influenza 

A (H1N1) virus with evidence for human-to-human transmission. Microbes Infect

11:725-728.

http://www.who.int/csr/don/2010_07_30/
http://beid.ddc.moph.go.th/th/images/news/mophadvice5eng.doc


1 2 8

[101] Perez-Padilla R, de la Rosa-Zamboni อ, Ponce de leon ร, Hernandez M, 

Quinones-Falconi F, et al. (2009) Pneumonia and Respiratory Failure from Swine- 

Origin Influenza A (H1N1) in Mexico. N Engl J Med 361:680-689.

[102] Peiris JS, Poon LL, Guan Y (2009) Emergence of a novel swine-origin influenza A 

virus (S-OIV) H1N1 virus in humans. J Clin Virol 45: 169-173.

[103] Bi YH, Fu GH, Peng JS, รนท YP, Wang JG, et al. (2010) Novel swine influenza virus 

reassortants in pigs, China. Emerg Infect Pis 16:1162-1164.

[104] Shinde V, Bridges CB, Uyeki TM, Shu B, Balish A, et al. (2009) Triple-reassortant 

swine influenza A (H1) in humans in the United States, 2005-2009. N Engl J Med 

360:2616-2625.

[105] Smith GJD, Vijaykrishna อ, Bahl J, Lycett SJ, Worobey M, et al. (2009) Origins and 

evolutionary genomics of the 2009 swine-origin H1N1 influenza A epidemic.

Nature 459:1122-1126.

[106] Thai Meteorological Department. Thailand annual weather summary 2010-2011 

[Online]. 2012. Available from : http://www.tmd.go.th/en/climate.php?FilelD=4 

[2012,May 16]

[107] Ducatez MF, Olinger CM, Owoade AA, Tarnagda Z, Tahita MC, et al. (2007) 

Molecular and antigenic evolution and geographical spread of H5N1 highly 

pathogenic avian influenza virus in western Africa. J Gen Virol 88:2297-2306.

[108] Espinola EE (2012) Genome stability of pandemic influenza A (H1N1) 2009 based 

on analysis of hemagglutinin and neuraminidase gene. Open Virol J 6:59-63.

http://www.tmd.go.th/en/climate.php?FilelD=4


1 2 9

[109] Plotkin JB, Dushoff J, Levin SA (2002) Hemagglutinin sequence clusters and the 

antigenic evolution of influenza A virus. Proc Natl Acad Sci บ ร A 99:6263-626.

[110] Xu R, Ekiert DC, Krause JC, Hai R, Crowe JE, Jr., et al. (2010) Structural basis of 

preexisting immunity to the 2009 H1N1 pandemic influenza virus. Science 

328(5976): 357-360.

[111] Hoffmann E, Stech J, Guan Y, Webster RG, Perez DR (2001 ) Universal primer set 

for the full-length amplification of all influenza A viruses. Arch Virol 146:2275-2289.

[112] Tamura K, Peterson D, Peterson N, stecher G, Nei M, et al. (2011 ) MEGA5: 

molecular evolutionary genetics analysis using maximum likelihood, evolutionary 

distance, and maximum parsimony methods. Mol Biol Evol 10:2731-9.

[113] Crooks GE, Hon G, Chandonia JM, Brenner SE (2004) WebLogo: a sequence logo 

generator. Genome Res 14:1188-1190.

[114] Drummond AJ, Rambaut A (2007) BEAST: Bayesian evolutionary analysis by 

sampling trees. BMC Evol Biol 7:214-221.

[115] World Health Organization. Clinical management of adult patients with 

complications of pandemic influenza A (H1N1 ) 2009 [Online]. 2009. Available 

from : http://www.who.int/csr/resources/publications/swineflu/imaLh1 n1 .pdf [20111 

August 30]

[116] Centers for Disease Control and Prevention (2011) Update: influenza activity- 

united States and worldwide, May 22 -  September 3, 2011. Morb Mortal Wklv Rep

60:1239- 1242.

http://www.who.int/csr/resources/publications/swineflu/imaLh1


1 3 0

[117] World Health Organization. CDC protocol of realtime RTPCR for influenza A 

(H1N1) [Online]. 2009. Available from :

http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_Swine 

H1Assay-2009_20090430.pdf [20111 August 30]

[118] Pregliasco F, Puzelli ร, Mensi c , Anselmi G, Marinello R, Tanzi ML, et al. (2004) 

Influenza virological surveillance เท children: the use of the QuickVue rapid 

diagnostic test. J Med Virol 73:269-273.

[119] Centers for Disease Control and Prevention (2009) Evaluation of rapid influenza 

diagnostic tests for detection of novel influenza A (H1N1) Virus, United States. 

Morb Mortal Wklv Ren 58:826-829.

[120] Faix DJ, Sherman s s ,  Waterman SH (2009) Rapid-test sensitivity for novel swine- 

origin influenza A (H1N1) virus in humans. N Engl J Med 361:728-9.

[121] Hurt AC, Alexander R, Hibbert J, Deed N, Barr IG (2007) Performance of six 

influenza rapid tests in detecting human influenza in clinical specimens. J Clin 

Virol 39:132-5.

[122] Velasco JM, Montesa-Develos ML, Jarman RG, Lopez MN, Gibbons RV, 

Valderama MT, et al. (2010) Evaluation of OuickVue influenza A+B rapid test for 

detection of pandemic influenza A/H1N1 2009. J Clin Virol 48:120-2.

[123] Frank AL, Taber LH, Wells CR, Wells JM, Glezen WP, Paredes A(1981) Patterns of 

shedding of myxoviruses and paramyxoviruses in children. J Infect Pis 144:433- 

441.

[124] Hall CB, Douglas Jr RG, Geiman JM, Meagher MP (1979) Viral shedding patterns

of children with influenza B infection. J Infect Pis 140:610-613.

http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_Swine


1 3 1

[125] Newman AP, Reisdorf E , Beinemann ช, et al. (2008) Human case of swine 

influenza A (H1N1) triple reassortant virus infection. Wisconsin. Emerg Infect Pis 

14:1470-1472.

[126] World Health Organization. Pandemic (H1N1) 2009 - update 81 [Online! 2009. 

Available from : http://www.who.int/csr/don/2009_12_30/en/index.html

[2010,January 2]

[127] Thailand Ministry of Public Health, Department of Disease Control. Influenza A 

(H1N1) situation update in Thailand [Online], 2009. Available from : 

http//203.157.15.4/flu/situation/y52/f!u_200909161413.pdf [2009,December 12]

[128] Dowdle WR (2007) Pandemic influenza: confronting a re-emergent threat: the 1976 

experience. ช Infect Pis 176: Suppl 1:S69-S72.

[129] Nelson Ml, Viboud c, Simonsen L, et al. (2008) Multiple reassortment events in the 

evolutionary history of H1N1 influenza A virus since 1918. PLoS Pathog 4:

e1000012.

[130] Centers for Disease Control and Prevention. Flu activity and surveillancefOnline].

2007. Available from : http://www.cdc.gov/flu/weekly/fluactivity.htm [2009,Jul 21].

[131] Chutinimitkul ร, Cheiochansin T, Payungporn ร, Poovorawan Y (2008) Molecular

characterization and phylogenetic analysis of H1N1 and H3N2 human influenza A 

viruses among infants and children in Thailand. Virus Res 132: 122-131.

[132] Kendal AP, Pereira MS, Skehel JJ. Concepts and procedures for laboratory-based

influenza surveillance. บ.ร. Department of Health and Human Services, Public

Health Service, Centers for Disease Control, Atlanta, Georgia, 1982.

http://www.who.int/csr/don/2009_12_30/en/index.html
http://www.cdc.gov/flu/weekly/fluactivity.htm


1 3 2

[133] Rowe T, Abernathy RA, Hu-primmer J et al. (1999) Detection of antibody to avian

influenza A (H5N1 ) virus in human serum by using a combination of serologic 

assays. J Clin Microbiol 37: 937-943.

[134] Percivalle E, Rovida F, Piralla A, Rognoni V, Zavattoni M, Baldanti F, Marchi A, 

Gerna G (2008) Rapid typing, subtyping and RNA quantification of influenza virus 

type A strains in respiratory secretions. New Microbiol 31:319-327.

[135] Van Doom R. Influenza Pandemic (FI1N1) 2009: Viet Nam, patient data update

[Online], 2009. Available from:

http://promedmail. oracle. com/pls/otn/f?p=2400:1001:3432696999771703::::F2400 

_P1001_BACK_PAGE,F2400_P1001_ARCHIVE_NUMBER,F2400_P1001 JJSE_AR 

CHIVE:1001,20200908.2819,Y [2009,December 31]

[136] Kyoung-Jin Y, Janke BH, Swalla RW, Erickson G (2004) Comparison of a 

commercial FI1N1 enzyme-linked immunosorbent assay and hemagglutination 

inhibition test in detecting serum antibody against swine influenza viruses. J Vet 

Diaan Invest 16: 197-201.

[137] Dulyachai พ , Makkoch J, Rianthavorn P, et al. (2010) Perinatal pandemic (H1N1)

2009 infection, Thailand [letter], Emerg Infect Pis 16: 343-344.

[138] Boonsuk p, Payungporn ร, ChieochansinT, Samransamruajkit R, Amonsin A, 

Songserm T, et al. (2008) Detection of influenza virus types A and B and type A 

subtypes (H1, H3, and H5) by multiplex polymerase chain reaction. Tohuku J Exp 

Med 3:247-255.

[139] World Health Organization. WFIO manual on animal influenza diagnosis and

surveillance [Online], 2002. Available from:

http://promedmail


1 3 3

http://www.who.int/csr/resources/publications/influenza/en/whocdscsrncs20025re 

v.ppd. [2011,May 7]

[140] Ito T, Suzuki Y, Mitnaul L, Vines A, Kida H, Kawaoka Y (1997) Receptor specificity 

of influenza A viruses correlates with the agglutination of erythrocytes from 

different animal species. Virology 227:493-499.

[141] Suzuki Y, Ito T, Suzuki T, Holland RE Jr, Chambers TM, Kiso M, et al. (2000) Sialic

acid species as a determinant of the host range of influenza A viruses. J Virol 

74:11825-11831.

[142] Makkoch J, Payungporn ร, Prachayangprecha ร, Tantilertcharoen R, Poovorawan, 

Y (2010) Determination of antibody response to the human pandemic influenza 

H1N1 2009 among patients with influenza-like illness and high risk group. Asian 

Pac J Allergy Immunol 28:67-75.

[143] Prachayangprecha ร, Makkoch J, Payungporn ร, Chieochansin T, Vuthitanachot

c, Vuthitanachot V, et al. (2010) Serological analysis of human pandemic 

influenza (H1N1) in Thailand. J Health Popul Nutr 28:537-544.

[144] Martensson E, Raal A, Svennerholm L (1958) Sialic acid in blood serum. Biochim

BiophvsActa 30:124-129.

[145] Hancock K, Veguilla V, Lu X, Zhong พ , Butler EN, รนท H, et al. (2009) Cross-

reactive antibody response to the 2009 pandemic H1N1 influenza virus. N Eng J 

Med 361:1945-1952.

[146] Reed LJ and Muench H (1938) A simple method of estimating fifty percent 

endpoint. Am J Hyg 27:493-497.

http://www.who.int/csr/resources/publications/influenza/en/whocdscsrncs20025re


1 3 4

[147] Hara ร, Takemori Y, Yamaguchi M, Nakamura M, Ohkura Y (1987) Fluorometric

high-performance liquid chromatography of N-acetyl-and N-glycolylneuraminic 

acids and its application to their microdetermination in human and animal sera, 

glycoproteins, and glycolipids. Anal Biochem 164:138-45.

[148] Naiki M (1971) Chemical and immunochemical properties of two classes of

globoside from equine organs. Jpn J Exp Med 41:67-81.

[149] Pettersson ร, Sivertsson OR, Sjogren ร, Svennerholm L (1958) The sialic acids of

hog pancreas. Biochim BiophvsActa 28:444-445.

[150] Schauer R, ed. Sialic acids, chemistry, metabolism, and function. New York:

Springer-Verlag, 1982.

[151] Varki A (1992) Diversity in the sialic acids. Glvcobiologv 2:25-40.

[152] Higa HH, Rogers GN, Paulson JC (1985) Influenza virus hemagglutinins

differentiate between receptor determinants bearing N-acetyl-, N-glycollyl- and 

N,0-diacetylneuraminic acids. Virology 144:279-282.

[153] Connor RJ, Kawaoka Y, Webster RG, Paulson JC (1994) Receptor specificity in

human, avian, and equine H2 and H3 influenza virus isolates. Virology 205:17-23.

[154] llyulshina NA, Kim JK, Negovetich NJ, Choi YK, Lang V, Bovin NV, et al. (2010) 

Extensive mammalian ancestry of pandemic (H1N1) 2009 virus. Emerg Infect Pis 

16:314-7.

[155] Suzuki Y, Matsunaga M, Matsumoto M [1985] N-

Acetylneuraminyllactosylceramide, GM3-NeuAc, a new influenza A virus receptor 

which mediates the adsorption-fusion process of viral infection. Binding



1 3 5

specificity of influenza virus A/Aichi/2/68 (H3N2) to membrane-associated GM3 

with different molecular species of sialic acid. J Biol Chem 260:1362-5.

[156] Carboneras c. Family Anatidae (ducks, geese, and swans). เท del Hoyo J, Elliot A,

Sargatal ช (eds.), Handbook of the birds of the world, pp.536-628. Barcelona : 

Lynx Edicions, 1992.

[157] Wiriyarat พ , Lerdsamran H, Pooruk p, Webster RG, Louisirirotchanakul ร,

Ratanakorn P, et al. (2010) Erythrocyte binding preference of 16 subtypes of low 

pathogenic avian influenza and 2009 pandemic influenza A (H1N1) viruses. Vet 

Microbiol 15:346-9.

[158] Webster RG, Govorkova EA (2006) H5N1 influenza-continuing evolution and

spread. N Engl ช Med 355:2174-7.

[159] World Health Organization. Cumulative number of confirmed human cases of

avian influenza A/H5N1 reported to WHO. World HealthOrganization Global Alert 

and Response [Online], 2010. Available from:

http://www.who. int/csr/disease/avian_influenza/country/case_table_2010_12_29/e 

e/iniin.html [2012,Feb 2]

[160] Amonsin A, Chutinimitkul ร, Pariyothom N, Songserm T, Damrongwantanapokin ร,

Puranaveja ร, et al. (2006) Genetic characterization of influenza A viruses (H5N1) 

isolated from 3rd wave of Thailand Al outbreaks. Virus Res 122:194-199.

[161] Katz JM, Hancock K, Xu X (2011) Serologic assays for influenza surveillance, 

diagnosis and vaccine evaluation. Expert Rev Anti Infect Ther 9(6):669-683.

[162] Makkoch J, Prachayangprecha ร, Payungpom ร, Chieochansin T, Songserm T, 

Amonsin A, eta al. (2012) Erythrocyte binding preference of human pandemic

ทน'รฯ^

http://www.who


1 3 6

influenza virus a and its effect on antibody response detection. Ann Lab Med 

32:276-282.

[163] Katz JM, Lim พ, Bridges CB, Rowe T, Hu-Primmer J, Lu X, et al. (1999) Antibody

response in individuals infected with avian influenza A (H5N1) viruses and 

detection of anti-H5 antibody among household and social contacts. J Infect Pis 

180:1763-1770.

[164] Hinjoy ร, Puthavathana P, Laosiritaworn Y, Limpakamjanarat K, Pooruk p,

Chuxnum T, et al. (2008) Low frequency of infection with avian influenza virus 

(H5N1) among poultry farmers, Thailand, 2004. Emerg Infect Pis 14:499-501.

[165] Van Kerkhove MD, Mumford E, Mounts AW, Bresee J, Ly ร, Bridges CB, et al.

(2011) Highly pathogenic avian influenza (H5N1): pathways of exposure at the 

animal-human interface, a systematic review. PLoS One 6:e14582.

[166] Van Kerkhove M, Ly ร, Holl อ, Guitian J, Mangtani P, et al. (2008) Frequency and

patterns of contact with domestic poultry and potential risk of H5N1 transmission 

to humans living in rural Cambodia. Influenza Other Respi Viruses 2:155-163.

[167] Fox JP, Cooney MK, Hall CE, Foy HM (1982) Influenza virus infections in Seattle 

families, 1975-1979. II. Pattern of infection in invaded households and relation of 

age and prior antibody to occurrence of infection and related illness. Am J

Epidemiol 116:228-42.



APPENDIX



1 3 8

APPENDIX

PERINATAL PANDEMIC (H1N1) 2009 INFECTION, THAILAND

(Status: Published อก Emerging Infectious Diseases)

Emerg Infect Dis. 2010 February; 16(2): 343-344. PMCID: PMC29S8034
doi: 10.3201/eid1S02.091733

Perinatal Pandemic (H1N1) 2009 Infection, Thailand

พน! Dulvachai. Jarika Makkoch. Pornpimol Rianthavorn. IvUtita Changpinvo. Slinporn Pravangprecha. Sunchai 
Pavunoporn. Rachod Tantilertcharoen. Pravina Kitikoon. and Yono Poovorawan®

Author Information ►  Article notes ►  Copyright and License information ►

Wut Dulyachai1, Jarika Makkoch2, Pornpimol Rianthavorn3, Mutita Changpinyo’ , Slinporn 

Prayangprecha2, Sunchai Payungporn2, Rachod Tantilertcharoen2, Pravina Kitikoon2,

and Yong Poovorawan2

1 Ratchaburi Hospital, Ratchaburi, Thailand

2Chulalongkorn University, Bangkok, Thailand

King Chulalongkorn Memorial Hospital, Bangkok



1 3 9

To the Editor: Infection with influenza A pandemic (H1N1) 2009 has been reported 

worldwide following initial identification of the virus in April 2009 (1). The groups at 

highest risk for infection or influenza-related complications include pregnant women and 

children (2). We report a case of pandemic (H1N1) 2009 infection in a newborn whose 

mother became ill with pandemic (H1N1) 2009 during the perinatal period.

A newborn girl showed signs of respiratory distress. The relevant perinatal 

history was maternal illness with pandemic (H1N1) 2009 7 days before delivery. The 

infant, who had a birth weight of 1,560 grams, was delivered by emergency cesarean 

section after the mother experienced cardiopulmonary failure at the gestational age of 

31 weeks. Apgar scores were 9 and 9 at 1 and 5 minutes, respectively. Physical 

examination at birth showed a premature infant girl with mild subcostal retraction. 

Oxygen saturation at room air was 91%-99%. other results of the physical examination 

were unremarkable.

Initial management included routine care for premature infants. On the basis of 

the perinatal history, a throat swab specimen was collected for pandemic (H1N1) 2009 

testing by PCR and oseltamivir, 6 mg, was administered every 12 hours (4 mg/kg/day). 

The specimen obtained from the throat swab was positive for pandemic (H1N1 ) 2009 by 

real-time PCR. The infant required oxygen supplementation. At day 2 of life, acute renal 

failure with an elevated plasma creatinine level of 1.1 mg/dL developed in the infant. 

Chest radiograph showed minimal pulmonary infiltrations. She was started on 

cefotaxime for suspected sepsis. Oseltamivir dosage was adjusted based on the 

glomerular filtration rate estimated by the formula of Schwartz et al. (3) of 10.5 

กาL/min/1,73m2 to 3 mg every 12 hours to complete 10 doses (2 mg/kg/day).
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HI titer 10 20 40 80 160 320 640 1,280
Figure 19. Antibody titer against influenza A pandemic (H1N1) 2009 by hemagglutination inhibition (HI) 

test on days 10, 24, and 42 of life of the patient.

Infection of the patient was confirmed by real-time reverse transcription-PCR of 

the throat swab specimen and by a 4x increase in antibodies against the virus by 

hemagglutination inhibition test (HI). Antibody titers against pandemic influenza (H1N1) 

2009 by HI with turkey erythrocytes (4) on days 10, 24, and 42 of life were 10, 160, and 

320, respectively (Figure). At day 4 of life, repeated PCR performed on a throat swab 

specimen was negative for pandemic (H1N1) 2009. Oxygen supplementation was 

gradually decreased and finally discontinued. Her room air oxygen saturation was 95%- 

98%. Her clinical symptoms gradually improved. Hémoculture was negative after 72 

hours. The antimicrobial drugs were given over an 8-day course. Plasma creatinine 

decreased to 0.9 mg/dL and 0.6 mg/dL at days 6 and 7 of life, respectively. Her average 

urine output was 2-3 ทาL/kg/h. She was discharged at the age of 28 days with a body

weight of 2,070 grams.
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Pregnant women are one of the highest risk groups for influenza A infection 

and influenza-associated complications, including increased maternal and perinatal 

illness and death rates (5). Thus, pregnant women are given first priority to receive 

influenza vaccination. When influenza develops in mothers during the perinatal period, 

newborns can be infected transplacentally during maternal viremia or by respiratory 

droplets after birth. Transplacental infection of influenza A is rare (5), however, and there 

have been only a few case reports (6,7). Viremia is more frequent and more extensive เท 

pregnant women due to depressed cell-mediated immune response during the 

pregnancy (8). Our patient was likely infected in utero because she was delivered by 

cesarean section and was never exposed to her mother, who required intensive 

cardiopulmonary support at the time of delivery. (The mother died from respiratory 

failure 7 days after the cesarean section.)

Clinical manifestations เท this patient, including respiratory distress and acute 

renal failure, were nonspecific. The high plasma creatinine level in the newborn 

sometimes reflects the mother’s plasma creatinine level (9). However, kidney function of 

the mother of the newborn was within normal limits at the time of cesarean section; 

plasma creatinine level of 0.7 mg/dL. An elevated plasma creatinine level is observed 

frequently เท premature infants due to immaturity of the kidney tissue and will usually 

decrease within a few weeks. Oseltamivir was administered with dose adjustment based 

on the infant’s estimated glomerular filtration rate. The recommended dose of oseltamivir 

for glomerular filtration rate <30 ทาL/min/1.73 m2 is 2-3 mg/kg/day, based on preliminary 

data obtained by a National Institutes of Health-funded Collaborative Antiviral study 

Group (10). The success of our management strategy for this case suggests early 

treatment with oseltamivir can prevent severe illness in newborns with perinatal influenza 

A pandemic (H1N1) 2009 infection
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