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ABSTRACT: The application of the method of rapid sequenahgquine influenza A virus A/equine/lbadan/4/913(8)
haemagglutinin (HA) gene in ELISA plates is repdrt€here was no nucleotide change compared witse¢fjgence we earlier
obtained for this virus by cycle sequencing whiectlicates that the present method is equally sgasitihnd specific but there
was only one nucleotide change at position 478 esathto Aleg/lbadan/6/91 (H3NB) isolated at the esgime. Compared
with prototype European strain, Aleq/Suffolk/89 {8, nucleotide and amino acid changes observedhén HA of
Aleg/lbadan/4/91 mapped to functional domains @& tholecule: signal peptide and antigenic sites. |@étiicle changes
occurred at positions 45 (AG), 478 (G C), 562 (T G), 805 (C T) in HA1 and 1188 (G A) in HA2 while amino acid
changes occurred at residues 6 W) in the signal peptide, 135 (RT), 178 (I T), 244 (T M) inthe HA1 and 43 (A T) in
the HA2. The change at residue 135 introduced apwential asparagine-linked glycosylation siteesidue 133. The genetic
and antigenic implications of these changes artligigted. The specificity and advantages of thehwetused over reverse
transcription-polymerase chain reaction (RT-PCR) eycle sequencing of PCR products are discussed.
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INTRODUCTION classified into subtypes based on the antigenioity
their surface haemagglutinin (HA) and neuraminidase
(NA) molecules. Currently, there are 16 HA (H1-H16)
Influenza viruses are enveloped, negative-sensglesi and nine (N1-N9) subtypes (Fouchiet al, 2005,
stranded RNA viruses with segmented RNA genomalright et al, 2007). The virus particle contains a lipid
They belong to the familyOrthomyxoviridae(Palese bilayer in which are anchored the HA, NA and a
and Shaw, 2007). There are five gendrd#luenzavirus transmembrane pH gated proton ion channel, matrix 2
A, InfluenzavirusB Influenzavirus C Thogotovirus (M2) proteins. The matrix 1 (M1) protein forms gda
including Thogoto and Dhori viruses, ardavirus beneath the envelope inside which are encapsidated
including infectious salmon anaemia virus (Kawaeka basic protein 2 (PB), basic protein 1 (PB1), acidic
al., 2005). Influenza A viruses are however furthemprotein (PA), HA, nucleoprotein (NP), NA, M and the
non-structural (NS) genes. The genome of influekza
and B viruses is divided into eight single-stran&adA
gene  segments which are packaged as
ribonucleoprotein complex while that of serotypasC
divided into seven, lacking the NA gene segment
(Palese and Shaw, 2007).
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are man, pigs, horses, poultry, sea mammals, widts b time the virus had become known as pandemic H1IN1
(Websteret al, 1992, Adeyefa and McCauley, 1994,2009 virus. The mechanisms involved in the genamnati
Adeyefa,et al, 1994) and, more recently, the big catsof novel viruses include point mutations, deletiams!
tiger, leopard, as well as domestic cats and dogasertions in the virus genes and recombinatiotha
(Keawchareonet al, 2004, Kuikenet al, 2004, gene segments (Webstet al, 1992, Monneet al,
Crawfordet al, 2005, Tiesiret al.,2005, Webstegt al, 2008, Owoadet al., 2008, Cattolet al., 2009).

2006) and migratory waterfowls which serve as theitn the light of the ability of influenza A virusés infect
reservoir (Websteret al, 1992, Linet al, 2005). new host species, their potential for rapid glaakad
Influenza A viruses, because of their segmentednd the serious economic losses associated with the
genomes, can undergo antigenic drift through poininfection and disease, knowledge of the precisgirori
mutations (Wileyet al, 1981) and genetic shift in of the virus genes as an important characterigtite
which the virus genes undergo reassortment/genetiirus is desirable. A number of techniques havenbee
recombination and a novel virus is generated wharh  described for analyzing influenza virus genes (Aday
replicate in new host species (Websetral, 1992, 1995, Adeyefaet al, 1994, 1996, Adeyefa and
Wright et al, 2007). There is also interspeciesMcCauley, 1997a, Offringat al, 2000, Storch, 2007).
transmission of influenza A viruses. Well knownSimilarly, rapid diagnosis and identification of
examples of animal and avian viruses infecting mauwirculating viruses are of paramount importance in
include infection of man with swine viruses (Kendal order to institute effective control strategies €4dfa,

al.,, 1977, Rotaet al, 1989), avian H5N1 viruses 1996). A number of diagnostic methods have alsm bee
infecting man in Hong Kong in 1997 with fatality described including immunoassays, electron
(Benderet al, 1998) and more recently widespreadmicroscopy and molecular methods (Adeyefa, 1996,
outbreaks of highly pathogenic avian influenza (HPA Adeyefa and McCauley, 1994, 1997, Adeyefaal,
H5N1 viruses in Southeast Asia, Europe, the Middld994, 1996, Offring&t al, 2000, Storch, 2007, Wright
East and Africa (Shortridget al, 1998, Subbaraet et al, 2007). However, the most reliable method of
al., 1998, Maset al, 2004, Peiriet al, 2004, Webster identification and characterization of influenzauges

et al, 2006, Wrightet al, 2007) in which over 107 is genetic analysis. We have previously described a
individuals have died including at least one inétig rapid method for partial nucleotide sequence asabyfs
(Maseet al, 2005, Websteet al, 2006, Nasidet al, the RNA genes of various influenza A virus subtypes
2007, Wright et al, 2007) and over 140 million isolated from man, pigs, horses and poultry in ELIS
domestic birds have died or were culled with sexiouplates (Adeyefa and McCauley, 1997a). We have now
economic losses to the poultry industry worldwideused this method to determine the complete nudeoti
(Monne et al, 2006, Websteet al, 2006, Wrightet sequence of the HA gene segment of
al.,2007, Aiki-Raji et al, 2008, Cattoliet al, 2009). A/equine/lbadan/4/91 (H3N8) designated Ib4, earlier
There are also reports of animal and avian virusesolated in Ibadan in 1991 from sick horses invdlue
infecting animals, examples of which include swine-an equine influenza outbreak (Adeyefa and McCauley,
like viruses isolated from ducks and turkeys (Hawsh 1994). We also compared this sequence with those of
and Webster, 1982, Ludwigt al, 1994), avian-like other H3N8 equine influenza viruses isolated and
H1N1 viruses infecting pigs (Schultet al, 1991), contemporarily circulating at the same time to lelsth
avian H3N8 virus infecting horses with high morbydi the genetic differences in relation to the antigedhift
and mortality in southern China (Get al, 1992), an observed in equine H3N8 subtype viruses.

alarming recent transmission of equine H3N8 vis t

greyhounds in the USA with a high morbidity of

haemorrhagic pneumonia (Crawfoed al, 2005) and MATERIALS AND METHODS

also viruses from other species which have undergon

genetic reassortment being isolated from pigd&/irus growth

(Castrucciet al, 1993). The most recent of interspeciedb4 was grown in 10 day-old embryonated chicken
transmission was the triple reassortant swine-origieggs at 3% for 48-72hr, harvested, clarified and tested
H1N1 2009 virus infecting pigs and man with fatalit for haemagglutination of 1% chicken red blood cells
in Mexico and USA. It resulted inhuman-to-humanChicken embryo fibroblast monolayer cells were
transmission with worldwide spread to over 1llinfected with harvested infectious allantoic fluad a
countries,>1,630,000 confirmed cases and > 17,50@wultiplicity of infection (m.o.i.) of >10 pfu. Infeted
deaths including at least one in Nigeria,and ineJuncell RNA was extracted 8 hr post- infection as
2009 was declared the first pandemic of the @intury  previously described (Adeyefet al, 1994) using the
by the WHO (World Health Organisation by which phenol-chloroform-iso-amyl alcohol extraction metho
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The RNA was stored at -20 in aliquots of 1ug/ul McCauley and Mahy, 1983, McCauley, 1987), 135

until required. (R T), 178 (I T) and 244 (T M) in HA1 and
residue 43 at the amino terminal end of HA2 fusion
RNA sequencing peptide. The change in HA2 domain is unique to 1b4.

The complete nucleotide sequence of the HA gen€hese amino acid changes map to functional domains
segment of Ib4 was determined with theon the HA molecule: the signal sequence and antigen
dideoxynucleotide (d/ddNTP) chain terminationsites A, C and D respectively.

method of Sanger etal. (1977) as previously desdrib Compared with the prototype European strain in the
(Adeyefa et al,1994, 1996, Adeyefa and McCauley, 1989/1993 (1989/19917) cluster, Suffolk89, aminid ac
1997a or b?) using the silver staining sequencihg kchanges occurred at 4 residues: 6, 135 and 244in H
(Promega, Southampton, UK). The nucleotide anand 43 in HA2, two of which (135 and 244) map to
deduced amino acid sequences were compared widimtigenic sites A and C respectively in HA1 desalib
those in the database at the European Bioinforsiatiby Wiley and Skehel (1978), one map to signal
Institute. Hinxton, UK (World Wide Wed address: sequence in HAL1 while the fourth residue is in HA2.
http://www.ebi.ac.uk; email: datalib@ebi.ac.uk) andOne of the changes (residue 135 R) led to the
have been given the accession numbersntroduction of a new site for N-linked glycosylati at
Alequine/lbadan/6/91 X95637; Alequine/lbadan/9/91residue 133 close by (Adeyefaal, 1996).

X95638 as earlier reported (Binas al 1993, Adeyefa

et al, 1994, 1996) . The Ras Mol 2.7 programme was

used to map amino acid changes in the HA moledule ®ISCUSSION

Ib4, Suffolk89 and contemporary viruses to antigeni

sites and other functional domains on one HAThe amino acid changes observed in Ib4 are sirtdlar

monomer. those reported for Aleg/lbadan/6/91 (Adeyefaal,
1996). The change at residue 135 introduces a new N
RESULTS linked glycosylation site at residue 133 closeblyere

is no direct evidence for its usebesides increased
Figure 1 shows the complete nucleotide sequence offectivity observed in the virus isolated from lsic
Ib4 HA gene segment. Compared with those ohorses involved in the outbreak in 1991 and in amém
contemporary viruses, five nucleotide changes werexperimentally infected with the virus (Adeyefa and
observed at positions 45 (AG), 478 (G C), 562 McCauley, 1994, Adeyefat al, 1996, Adeyefat al,
(T G), 805 (C T) in the HAL1 and 1188 (GA) in  1997b) but the mobility of the HA in SDS-PAGE
the HA2 which resulted in amino acid changes (anwppeared distinct from that of viruses that do hmte
implications of these changes on the biologicathis site (Adeyefeet al, 2000). This is similar to the
functions of the HA protein?). Figure 2 shows theacquisition by an epidemic strain of human influeiez
equine H3 HA monomer of 1989/1993 cluster (thevirus (A/England/878/69 H3N2) of a new glycosylatio
label on Figure 2 reads 1989/91 cluster) virusesite at position 63 which also affected its antigiy
indicating amino acid changes in 1b4 compared wittand recognition by monoclonal antibodies (Skediel
Suffolk89 and other H3N8 viruses isolated betweeml., 1984). Amino acid changes were seen at resiglues
1989 and 1993 (A/eqg/Suffolk/89, Aleq/lbadan/4/91135, 178, 244 in HA1 and 43 in HA2. These sitesshav
Aleqg/Ibadan/6/91, Aleg/Ibadan/6/91(repetition),not been described as those subject to host cell
Aleg/lbadan/9/91, Aleq/Taby/91, selection in human H3 viruses (reviewed by
Aleq/Arundel/12369/91 and Aleg/La Plata/1/93) thatRobertson,1993). There could be two alternative
formed the 1989/1993 cluster (Fig.2)), Adeyefa ancxplanations for micro-heterogeneity among closely
McCauley, 1997b). Yellow and orange colour showselated viruses isolated contemporarily: simple
amino acid changes in the cluster viruses while redntigenic drift or heterogeneity as a property isgub
colour (thin arrows) shows changes unique to 1b4 aby passage of virus in tissue culture (llebal, 1994).
antigenic sites A to D and in the HA2 peptide. H&A1 Comparison of amino acid sequences of Ib4 and the
light blue (diamond arrow) and HA2 is dark blueidkh  other cluster viruses revealed the conservationngmo
arrows). The nucleotide and amino acid changethe HAs of two amino acids: the proline proximathe
peculiar to Aleg/lbadan/6/91 and Al/eqg/lbadan/9/91C-terminus of HA1 and the terminal glycine of HAZ2.
have been previously reported (Adeyefaal, 1996, Also revealed is the conserved arginine residuthet
Adeyefaet al., 1997a). C-terminus of HAl1l which is the cleavage site
Amino acid changes occurred at residues 6\()  conserved in all influenza A viruses examinedddke
within the signal sequence (McCauley al, 1979, except H14 strains (Kawaolkda al., 1990).
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Figure 1

Complete nucleotide sequence of Alequine/lbadah/¢A3N8)- Ib4
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2009 viruses. It avoids the higher error frequenty
Taq polymerase enzyme generally used in PCR
compared to the error frequency of RNA-dependent
RNA polymerase of influenza virus during
transcription and replication in natural infectiomtsis
also the method of choice where state-of-the-art
facilities and funds are limiting factors.

Although mutational selection may occur during
passage of virus in eggs to high titers for virus
purification, in our experience, passaging virue v
three times to yield a m.o.i. of >10 pfu does nieid/
sub-genomic RNA or defective interfering particibat
I — A— would distort the correct RNA sequence of infecting
virus. Similarly, selection of variant strains ingeal by

Figure 2 several passages in tissue culture rather tharggs e
Equine H3 HA monomer showing amino acid changdb4n  (Robertson, 1993, llokit al, 1994) and the amino acid
and 1989/91 changes observed in the present study have not been

previously associated with egg adaptation of the
This arginine residue is absolutely required forinfecting virus. Thus, the nucleotide sequence
cleavage of the HA by endogenous proteases argd it generated and the deduced amino acid sequence are
very important for abolition of steric hindrancean¢he adjudged to be those present in the original virus
cleavage site. The amino acid changes observdaMin | Ambiguities that sometimes accompany cycle
compared with the other viruses indicate antigemit ~ sequencing of PCR products were also not observed i
among H3N8 equine influenza viruses (Kawaekal, this study.
1989, Chambers, 1994, Adeyefa and McCauley, 1997b,
Adeyefa et al,2000). These changes occurred in
functional domains of the HA, the signal sequenug a REFERENCES
the antigenic sites, which may have implications fo
increased virulence as earlier observed (Adeyeth arfideyefa, C. A. O. (1996): Molecular and antigenic
McCauley, 1994, Adeyefat al, 1997b). phzr_actgrizgtri]og t?]f ir}quLeJn;a A.tvirufs:abs Lsolatggrhorses
The method of rapid RNA sequencing in ELISA plateg" N'9€Ma. 7h.D hesis, Universily of fbadan. 4i#ges.
used in this study provides a sensitive and spmecifi " 9Yéf C. A. O. and McCauley, J. W. (1994)0utbreak

) " L - of equine influenza in polo horses in Ibadan, Nagevirus

means of diagnosing and characterizing influenmavir

. - . isolation, clinical manifestation and diagnosist.\Rec. 134,
genes and identifying the origin of the gene sedmen gg3.gg4.

It does not require the use of restrictionenzymegeyefa, C. A. O., Quayle, K., McCauley, J. W.1094):
approach to determine the origin of virus genes aa rapid method for the analysis of influenza virgsnes:
reported by Offringaet al. (2000). The method has an application to the reassortment of equine influenkas
advantage over the multiplex RT-PCR or the one-stegenes. Virus Res. 32, 392-398.
RT-PCR and cycle sequencing earlier describe@deyefa, C. A. O. (1996)Rapid diagnosis of African horse
(Adeyefa et al, 1994, 1996, Monnest al, 2008, sickness in Nigeria. Rev. d’Elev. Med. Vet. Des 9dyop.
Owoadeet al, 2008, Cattoliet al, 2009) and the 49 (4), 295-298. _
method of direct RNA sequencing from clinical 2d€Yefa, C. A O., James, M. L., McCauley, J. W. @6):

. Antigenic and genetic characterization of equimituenza
samples earlier reported (Adeyefa and McCaule

Wiruses from tropical Africa in 1991. Epidemiol féat. 117
1997a) in that it obviates the risk of amplifying 367.374. P P ’

contaminating nucleic acids (RNA or DNA) to which adeyefa, C. A. O., and McCauley, J. W. (1997a)Direct
PCR is prone or sequencing cellular or other virasequencing of influenza A virus RNAs from clinisaimples.
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evolutionary relationship among viruses from diéfer
hosts in diverse geographic areas of the worlddutigd

sequence analysis of conserved regions of theesrus

particularly the recently emerged pandemic (H1N1

equine H3 subtype influenza viruses isolated betwkg63
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