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Abstract

Respiratory Syncytial Virus (RSV) is the major cause of acute lower tract infection in
early childhood. Annual epidemics occur which are well documented in developed
countries during winter months, placing considerable pressure on the provision of
health care. Little is known about the epidemiology of RSV infection in the Middle
East and other desert climate regions of the world.

The aim of this project was to study the specificity of the immune response to RSV B
in children, and to relate this to the infecting RSV strain, with particular emphasis on
antibody response to RSV attachment (G) protein.

RSV is an important cause of hospital admission in children (54%) during winter
months in Qatar. 63% of these infections are due to RSV A. A case study involving
analysis of RSV strains from hospitalized children was carried out in Qatar over 2
winter seasons (1999-2000 and 2000-2001). RSV incidence was found to correlate
with high relative humidity and low temperature. A comparison of enzyme immuno
assay (EIA) and polymerase chain reaction (PCR) for the detection of RSV in clinical
samples demonstrated that PCR was more sensitive than EIA. All positive RSV
samples obtained during the study period were classified as belonging to RSV A and
B subtypes using Multiplex PCR.

In this project, primer sets were designed and optimized to amplify the whole of the
G gene of RSV A and B strains. Derived sequence analysis allowed deduction of the
molecular epidemiology of RSV G gene for RSV A and B strains in Qatar and
elsewhere. Sequence data of the G gene from Qatar RSV A&B isolates confirmed the

variability of this protein and showed that variability occurs among group B RSV



viruses isolated in Qatar (0.8%), although to a lesser extent than among the group A
viruses (5%) from same location. However, the group B viruses isolated in Qatar were
highly variable in G gene sequences compared to the prototype strain RSVB N2
(13%) and to strain world-wide (10%) at the nucleotide level.

In order to produce an epitope map of the RSVB G protein, synthetic peptides
representing linear B-cell epitopes of a representative Qatar RSV B isolate
(B/Q/28/00) were used. The reactivity of human sera with the synthetic peptides was
studied using sera from young children from whom RSV had been isolated. The sera
from these children had variable peptide binding responses against different regions
of the G protein of RSV B and the responses were focused on the conserved region.
The results indicated that peptide 14 (a. a 150-165) of the G protein, in the conserved
region of the protein, is a major antigenic site. This peptide sequence was recognized
by a majority of the tested sera (93% sera).

To examine the relationship between neutralization antibody titre and reactivity to the
synthetic peptides in children’s sera, a modified micro-neutralization method was
used. There was no significant correlation between the peptide binding activity in the
sera and the neutralization titre of these sera. Sera from children infected with RSV A
bound to peptides from the G protein of RSV B strain. However, children infected
with RSV B had greater neutralizing antibody titre to RSV B strain than to the two
RSV A strains. There was no difference in the neutralization antibody titre in sera to
RSV A when assessed with prototype strains isolated many years ago (RSV A2), and

with the recently-isolated strain A/Q/10/00.



List of contents
Title GO0 B BPBE00PORCOPENOVOCOPORROPPNOOEDORORNNRRCNINDOCOORGDRROCRIRCRRORDNOIP0REPCEONNNIECEBOPRIOPCIROIEBOCEORCEININAINNENLIONGEIS

1
Dedication....ccceiiiieiriiitintenteniiereriieiisiietetiecieciececeetessisscsssssssssnscancancoscnsses cesene
ACKNOWICAZEMENLS. 10vecuiinrcnriarertercecnniorinstrececsrccsscsecsescrssrcesssssenscrsssanessnssnsend
ADSEEACE e ceieierencrearerarercirasssesssssssesetsssssssersssosssssssssnssssssssessasssrsssssasosrassssssessssed
List of contents.......coeceeeincereciecenens ceersseenasntsecesans cererersencesensnnes creestesecnsiesns Ry
LiSt Of FIgUT.0cviiiaiiienrecacriesrnsnsicecrsroccrsicscscacasacecnsactossassssscsecacacscrsacsssssnsesssnsell
LiSt Of tAD1ES..ceuererrreceerracrcrsirersssosassrsesssassssassssesssssssrsssssssssasassssassessssssecsrssasdd
List of apPendices....ccceeieieirnieiarereieieierrncasacecasoctceceorcscsscesssesasssssscscsscesecesscnsld

A DD OV ALIONIS et eeeeesscserseenssossscssossssserssssssssssssssssssstesssessscssssssssssssnsssseassssncans 15

1. Chapter 1: General Introduction

1.1 BACKZTOUNG.......ovioiiiiieicieticeee ettt ettt ns et et ae bt a et s e b e bbb s ba st s o b e b e s hs b s s R b snsenebe e ebes
12 HiSLOTY OFf RSV oottt e e e aeeba e s et re e ressetaesbe b e sas s e aesbesnas
1.3 TAXOMOIMY ...oriniieiiiirieinenteeietsireseees e bt es st e seteesaseessaeesbstsssaessasssbessrnsasssensassnnasestesriesstesstbsssssoraroanns

1.4 VT BENOIME......oiviiuiiniiiirieicteniiee et et ter e ve e et re et esteebeesssre s b seessesaesesbasstessireontsrsartoneestbaraan

1.5 Viral proteins
Non-structural proteins
Structural proteins
Matrix proteins
Surface glycoproteins

____
i atn
B WN —

1.6 Replication cycle
1.7 Strain analysis
1.8 RSV epidemiology
1.9 Reinfection with RSV
1.10  Pathogenesis
1.11 RSV and Asthma
1.12 RSV subgroups and their clinical importance

1.13  Laboratory Investigations

1,14 VITUS HTOPISITI ettt ittt sreste et stesae e sesseaesaessssessesesssesssesossesesnensensssesesnessesssssenneneas
1.15  Cellular imimune FESPONSE .......c.cccevuereriereerierererrreresereasioaesnisessesessesesssssessesessonsesssessensessesesssssssens
1.16  HUMOFAI FTESPOMSE ....cvvverieriirirreestenrraerensenrirestessesesseseessisasssrsessesssnsenssssssesssneestasossesessessensensesssssses
1.17  Live attenuated VACCIMES .....cccervereriiieenieriieiiiiiisinrossiiieteeeanrtnnssesssesssesiasersesseesssssssensesssessessssessens
1.18  Inactivated RSV VACCINES .....ccceveeuirrrmriniiiiiniiiinesiitinitcsieseseesnesaesssserasesessesessessesssssesessessessenssen
1.19  Subunit vaccines based on RSV Proteins.........ccovviviiiiiiicnnccnmiine et cssevesssesessssees
1.20  Vaccines based on the G ZENe ..........ooeuiiiiiiiiiiiiiicccitre e e
1.21  Treatment and COMIOL.......ociiciviireeiiireeeeereeeertesteststteset e st esreeesereesarssabenbasssesasesssesssostessenonsennsos

1.22  AImS Of this PTOJECE: ....ooviueriiiecciiiireintiir et aesr et b s e s s

.................................................................................................................................

.............................................................................................................................

..........................................................................................................................................

............................................................................................................................
................................................................................................................................
.........................................................................................................................
....................................................................................................................
..................................................................................................................................
...........................................................................................................................

...............................................................................

..............................................................................................................

.53



2  Chapter 2: Materials and Methods 55

2.1 Setting and MediCal Care...............ccveeiiiircieiecieecciteecrrrccirtrese e se e e sereeesesnesesstssssnnssssnttessasesssans 55
201 QATAR oot eeeeeeees e se et s et et s e e s s e s eeee s eee e 55
2.1.2 0 HMUO ..ot cree et s e e e e s et eese s s a bt e e et e e ee s s be et et e s st e e e s ease s b ae s s bee e assbnrtesse et asessareatesannnen 55
2.1.3  Meteorological data COIECHON ........cociviiiiiiniiiiiccircct ettt s e re st eae e se s e ssa s neb e snases 55

22 Study population and data COIECHON ..........cccciviiiiiiiiiiiicc e 56

23 SaMPLE COLIECHION........c.cieeiiiiiiiiii et e esr bbb b b s e anesens 56

24 EIA (RSV Abbott Test Pack — SCreening test) .........cccccevuevercniieneeeneninreerierreenreesneaneesressresnnens 56

25 PCR (Multiplex PCR — Confirmatory test).........ccoceviviiniiiiniiiiiiiiienienesiesessessesaesesnssenens 57

2.6 RSV G Primer deSIZNS ....ccvivivinriiiiiiiiiiiiiceii et et sest e sene 59

2.7 RSV G PCR ..ottt ertreseresste s stessebe et ssseaesbaeesaesesteseseassusanssensesssntesssasasasensessssesnssonnnts 59

2.8 Optimization of the RSV GPCR ... 59
2.8.1  BioChemiStry OPHIMIZAtION ......c.ooveireeireierrtiiieeci ettt sttt sn e sbe s ane e s 59
2.8.2  Annealing temperature OPUMHZALION .......ccoivtirerriiieneiesentiiiienstiieessseriss e b res st se et s e es st st e as e sasses b sns 60

2.9 Gl PULITICAHION ...ttt sttt b s sae et bbb e s bbb bbb s e st b 60

2,10 SEQUENCING......oiciiiieiieiiiitrernteeteesrete it et saa e seesesessern e s ere st ssesbasesbertsbesbsan st et erassa e b esbesasnansaans 60

2,11 SeqUENCE ANALYSIS ...ccovuiuiiiieriiiiiriiitesee et e e e restesbe et e sae e s essebe e aereesessee e saeeteshsebeshbassb e b e e neRa e 61

2,12 Peptide SYNEhESIS. ..ccoveeeeiiiiriiitecieeie ettt ae e bbbt r e e 61
2.12.1 REAZENLS ..ottt e e st e b s ete st aa e e st aneeaber e e e e R bt e R s s b s sa e e r e e s b e nane 62
2.12.2 Peptide aSSEMDBIY: .......c.cccoiiiiiiiiinicr et as e st 62
2,123 Peptide-TESIN CIEAVAEZE .......cuiiereeiceetece ettt et sas s b ettt ee e ss et e e s 63

2,13 Peptide CharaCteriZAtIONS: ........c.cccovuirueeeueeerieeesseseesseseeessessesseesesssasassesesnsssesessessessessossessssssessanes 64
2.13.1 High performance liquid chromatography (HPLC): ............ccovvvivemiemieeecrcinesirenneeeenerenssscsessasensssssssnns 64
2.13.2 MSS SPECITOMEITY: ....cuvevevieierenieieieieeeetreeteeseessesseeseessseeeessessesetssseseeseesseesseeeessasasasatasesetsssransenenesssessssans 64

2.14  Optimization of SOlid-Phase ELISA ..............coccocovimioimeeeerereseeeeeeeesseessssssssessssssssessasssssnsssssnes 64

2,15 Peptide SCTEEMING ASSAY .......cueerererereirieriieieeeeeeeeneeteesseesesessesessesesessessssessssessesseeesoseesessesenssssassssoses 65

2,16 INRIDItION @SSAY .....u.vucuiveeeeieeeetireitetceci e eeee e ee s sessssssesessssassesasseneasesesseseseasensaseneseasasans 65

207 VITUS HSOLALON.........e.cittiretetec ettt e e s s s s s sssssess s s aesessmaes et aessesssessaeens 66
2.17.1 CRIIS .ttt ee s e e e s s s st st ee e e se e e sen et 66
2.17.2 VITUS GIOWERL..coooioiit e esae s st et e s s et et eee st eem s as s onaseeenane 67

208 VITUS HIFALON ..ottt et e s s e e e s e s e e see s seseesssassesenasasesseseresessesenas 68

2.19  Evaluation and standardisation of cell based foci forming unit assay of RSV using DAB............. 69
2.19.1 MoONOCIONAL ANUDOGIES: .......coveoeeiiritrt et e e eess e nast st ses s ee s eess s e ss e 69
2.19.2 INCUBALION PEIIOAS: ...t ettt ettt et n st s s s 69
2.19.3 FIXAtion MELNOAS .....coviiiriiiiiiricc ettt essae st ssesssee st ssesessesstonesesessessssssssssesseses 69

2.20  Preparation of neutralizing rabbit anti SEra............ccocviviviieerecurininccrnnerennres e e, 70

2.21  Evaluation of different dilutions of SErUM............coveiviiiriniineiceceseer e eeeeee e e st 70

222 MICIO NEULIANIZAION TES......vviiiirreieriieecerteeeiiteeieraeesareeerseeeesstesesssrnsssssecessnstesssenerasssssosssssessssenss s 70

3 Chapter 3: The seasonality of RSV infection in Qatar 72

3.1 IO OBUCHION: +vvveveeeeeeeeeieeesieeeesserbesteetestessansirseesresasseeseeseessossassessessesneessaseestessessnesassenssesssssssssessses 72

32 RESUILS: voveineereeiesereeeseeesssseesssnesissssssesasssesessaseesssssersstssssesssssnesssosssosssnsesssseessssstersosesesesensesnsssesssessseses 74
3.2.1  Epidemiological and clinical TESUILS: ..........cccoiviiiriimieiiniirt st 74
3.2.2  Seasonal distribution Of RSV in QAT .......ccceeviiieioriimieniinirrirce et eeestessresre s seesssaeee e esaeeesneenns 76
323 SAIMPIES ..cucumieiceicittrtc e e bbb bbbttt nn 79



324  Comparison of detection Methods fOr RSV ..ottt e eeeeeeesereeesesseestsssesneon 80
32,5 SCIEENINgG SAMPIES......coviviiiiiiiiiiciiritii ettt st st et s e s bbb e essseestasasensesatessos e st ssessensonsessestessesn 80
32,6 Qatar study SAMPLES ....coiiiiiiiriiiiiicit ittt ettt ettt ettt ettt sae st aeae s reteneens 85
327 Neonatal SAMPIES ...cc.ooeieiieiiiiieii ettt st sresaes e s e sbe s sr s st b e st e st e seseese st st seseessesesnron 88
33 IS CUSSION: .. e eieriireirrie e eesie sttt et it et e e e b e st e e bt sn e e s s e et a e e s b e e sabeearbaesrnsessassnsteesseensntonsenenneesseeessesnene 88
4  Chapter4: Molecular analysis of the diversity of the G protein gene from Qatar RSV
isolates 95
4.1 INEFOQUCHION: ...oeoiiieiieiciiicitcnc st sttt st e te s st et s s s asaesbesreassessoaressensonsenses 95
4.2 RESUIS: ...ttt ettt ettt e e sre s esaa s b sae s a e e e te b e bt s e st e e s e esaaternenssonsonsostensontonton 97
421 SHTAIN VATTALION: .. vveveeeeeeinreeeieteeeeisisaeteesssstessessaeeesessntassssannssessnsssesssonsnntesesssssensssssssnsesasssnsseseesessssssssssnsnes 97
422  Amplification of the G GENE:........ooviiiiiiiiieiii e e e s e e s e 98
423 SeqUENCE ANALYSIS: ..ociiiiiiiiiiiitici ettt st e ettt b e se e sbe et st re et ans 106
4.2.4  B/QI2B/D0 ISOLALE: .....ceeueueereereviienrrerneereriete et seeecstseseaestae s ies et b esressersassessesaseatsrecnsatseanssnsssrssnnsssensaons 119
4.3 DESCUSSION . evvieinrerererterrenrereseurssietsseceeesatesastnaesiretesseesasseetssnsecosaseessanessesneeessontessnsssssannteesssnesassens 125
5 Chapter 5: Analysis of specificity of anti-RSV sera using synthetic peptides from the G
protein of RSV B 135
5.1 INIFOQUCTION: ....oeventirieieecreirteet et ese ettt e sttt b et st et b bbb s e e e e nssash e b s b s be b e a s saennentsnen 135
5.2 RESUIES: ..ttt r bbb s eb e bR e s b e e p e sn s b e tn e 146
5.2.1  Peptide CharaCterizZation: ...........ccceevrienreriicirieesinrersieseestseesaereeseesesmeresseesessesssnsssnsssssssnssssseasassssnssnsansseses 146
5.2.2  Optimisation of solid-phase ELISA with human Sera:...........cccccvviivininiininenieinnieeeneerereenene 146
5.2.3  SAMPLES ...ocoeeiiieieite ettt ra e s a s e e e s aee e et e st s st s se e SRS e R e AR e ne e rrreraesennreraees 146
5.2.4  Screening peptide reactivity with Qatar Study SEra...........ccocmirerrnrvcrreciiniiiin sttt 151
5.2.5  Screening peptide reactivity with neonatal and adult SETa ............ceveviieiiniieiniiine 155
52,6  Relationship between the peptide sequences based on B/QQ/28/00 and other sequences of the Qatar strain
B VITUSES. ..ottt et steiaaestensuentrsastebes s abas s abassearsessranseasesssssssssassestaesbtseossanasasssserstsasesnivebssantabessanranassntssessesons 160
527  Assessment of affinity using the inhibition assay ............cccocccniiinncni e 165
53 DISCUSSION: ...ttt b ettt et bbb s bR st n st bae s b 173
6  Chapter 6: Analysis of the neutralization of RSV by sera from Qatari children.............176
6.1 INEPOQUOLION: ...ttt ss s s ss s sns e 176
6.2 RESUIS: ..ottt 178
6.2.1  GIOWHN Of VITUSES:......oooocoveveeesssoeiie oo ess oo sssss e s s ss st s s srsenn 178
6.2.2  Optimization Of NEULrAlZALION ASSAY:.....................ooeerueresiseeeeeeesssssssssineresessssssssssssssssssssssssssssssssssssnnesenes 184
6.2.3  Final RSV micro neutralization ASSAY  .eeiiireiiriiireireeissesssersneesresesrenseerseaatesbasesesontaenes s ae et e e s e e seesnaeeaneses 187
6.24  Changes in anti-RSV tre in PAITEd SETa:.................cooovvreemmerncessisssssessssasessssssssssessssssssssssessssnssssnsssens 189
6.2.5 The effgc} of age on RSV neutralizing antibody titre in sera before and after infection:........................ 194
6.2.6 Neutr'allzm‘g antibody in sequential sera samples from individual children: ............oceooveeeeevervrverennnnn.. 197
6.2.7  Relationship between neutralizing antibody titre and peptide binding reactivity in Qatar sera ............. 200
6.2.8  SHALSHCA] ANALYSIS ..oviviuiiiviririieeieriiiis et eeee e eeeeeeessssesesessessessesesesssesessasse e ses e eeee e e eses 200
6.3 DASCUSSION: ....veveutneinetittiicteneet et s e ettt e e et e st beste s esessesseneesesssesensesesssssensessensssense e s seseeesn o 213
7  Chapter 7: General summary and Conclusions 218
8 References 229




LIST OF FIGURES
Figure 1.1: Taxonomic Tree of Respiraory Syncytial VIrUS.........c..covvevuviveiniineesreeieseeereeeeeeeseseeene 22
Figure 1.2 (@& b): RSV gene order...........coooiiiiiiiiiiiiiiiiciii e 23
Figure 1.3: G Protein SIUCIUTE .......ecvevenieirteiiiiinitcieniie ettt snereseseeseesessesessessssesesssresseineses D |

Figure B.3: RSV positive detection (by EIA and PCR) among children of different ages during time

for first season. RSV detection significantly decreased with increased age. ............................. 81
Figure 3.4: Typical gel image of RT-PCR result obtained.............cccccoiviiiiniiiinnnenennnennnes 82
Figure 3.5: The plan of laboratory work using the clinical samples. ........cccoviviirniiiiiinnnn 86

Figure B.6: Schematic diagram indicating of the start and end of each season during the study

Figure pt.1: Flow chart of sequencing materials, both NPA and cell culture grown virus from Qatar
children group were used to generate RNA sequences of Qatar strains. ........ccccoveevuerrenennnennnn, 99

Figure .2 &Table §.2: Schematic diagram and tables of primer sets used t0.......cccoeenveuerirennennnen. 102

Figure #.3: Comparison of (a) multiplex PCR (344 bp) and (b) RSV G primers PCR (fragment size
356 bP) AMPLIfICALON. ......coueurrieereriecieiiere et es et st sae b saen 105

Figure f.4 (a&b): The deduced amino acid alignment by Clustal V method of Qatar RSV strains

.................................................................................................................................................. 108

Figure .5 (a & b): Phylogenetic trees of the complete sequence of the RSV G protein gene of
QALAT SETAINS. .. ..cervemieciinct ittt ettt see e s s s s s b e s s b e s s e bas s es s s sasssnassesssbesasassasssnnns 112

Figure #.6 (a & b): The partial phylogenetic tree, Comparison between Qatar and worldwide
iSOlAtes (JULY/2004).......oii ettt ettt ae s b e st 114

Figure p1.7 (a & b): The phylogenetic tree, Comparison between the C- terminal sequence of Qatar

and world wide iSolates (JUIY/2004)......c.coeueirrmriniinreeeeeee e essessss e 117
Figure #.8: C-terminal end of the G gene of Qatar RSV B isolates.............cccoveeveeeeeeeeeeeene.. 120
Figure #.9: O & N glycosylation sites among G-protein of B/Q/28/00..............cccoooveerrveererrnnen. 122

10



Figure #.10: Structural character of B/Q/28/00 predicted with protein programme of DNASTAR
ALADASE. ..ottt ettt s s b et e et e et e s e e e neentsnesen 123
Figure 5.1 (a&b): Peptide alignmMEnts .......cocceceviiiiiiiiiiniiiirieeeie e e e e saseseneeseeeseneseenee 143
Figure 5.2: Model of the three dimensional structure of the G protein (Melero et al., 1997)......... 145
Figure 5.3: Schematic diagram of peptide synthesis using Fmoc chemistry........................... 147
Figure 5.4: Representative example of HPLC analysis....................ooo 149
Figure 5.5: Peptide reactivity, exposed as % positive cases, where OD % reading was > 0.2......152

Figure 5.6: The mean values of the peptide reactivity (OD) with sera before and after infection...153

Figure 5.7: Screening peptide 2 & 14 reactivity with neonatal sera...................coooeiin, 157
Figure 5.8: Screening peptide reactivity with adult sera...................oo 159
Figure 5.9: Inhibition assay by using RSV antigen, peptide 14 and peptide 9 as inhibitors......... 169

Figure 6.1 (a& b): Low-power view of continuous line of hep-2 cells infected with A/Q/10/00....179
Figure b.2: Electron photograph of (RSV A/Q/10/00) isolated from Qatar after 72 hours incubation

and fixed by 3% phosphate buffered gluteraldhyde. (Courtesy of Mr. Wagner, Northern

General HOSPItal). ..........ccuceuriiiieernenssesessessae s sesssessssssssesesesssssesesssssssssessssenssasasssssssssnns 180
Figure 6.3: Typical micro neutralization assays................ceesseerisscremscremsssasmssasssnsssssssssssnssosesnnes 186
Figureb.4: Neutralizing of RSV by rabbit anti-RSV serum (section 2.19) and determination of

optimal dilution of sample Q1 for use in neutralization assay ..............cccccceeereerrrrrrereernenn... 188
Figure 6.5 (a, b, ¢): Anti-RSV neutralization titre in paired sera from children either infected with

SIAIN A OF Bl oottt et et sre et ee e 190
Figure 6.6 (a, b, ¢, d): Comparison of RSV A & B neutralization antibody titre in individual Qatari

children acute serum samples from children challenged with AQ10 strain (a & ¢) or challenged

With BN2 Strain (D & Q). .cccverceenieriiiieneiiicencsesieeitccse st ceese s e s e erees e st ees e sss e 195
Figure 6.7 (a,b,c): Neutralizing antibody titre in sequential samples from Qatar children (a) against

RSV A A2; (b)) RSV A/Q/10and (C) RSV B N2. ..ottt eteeeveseesieseseeseesessneens 198

11



Figure b.8 (a & b): Statistical analysis was undertaken on data from mean values of peptide
reactivity (OD) with Qatar children serum samples (pre & post infection). ........c.ccceeveeveennee 203
Figure 6.9 (a& b): Relationship of neutralizing antibody titre and solid phase binding to peptide 14
in all sera challenged with RSV A/10/00. ..ottt 205
Figure 6.10: Detection the correlation between peptide reactivity and neutralization titre ............. 207
Figure 6.11 (a, b, ¢, d): Relationship of neutralizing antibody titre and peptide reactivity for all sera
challenged with RSV A/10/00 (a & b) and RSV B N2 strains (¢ & d). (a & ¢) Qatar children

sera infected with RSV A strain and (b & d) Qatar children sera infected with RSV B strain.

12



LIST OF TABLES

Table 3.1(a&b): Seasonal distribution of distribution of RSV detection........ccovvvvveeeevveeeeieeseeieensins 77

Table B.2: Comparison of EIA and PCR for RSV detection in clinical samples during first season of

he SEUAY. «.eooutrreiriii e e st et eae et s neaesabenseseeons 81
Table B.3 (a & b): Relationship between age of child at admission with RSV subtyping. ................ 83
Table 3.4: The detection rate (%) of RSV infection in the Arabian Gulf and other countries.......... 90
Table @.1: List of the designed primers used in the amplification of the RSV G gene................... 101
Figure 1.2 &Table .2: Schematic diagram and tables of primer sets used t0........c.ccevvveevereenennennn. 102

Table §.3: Predict Structural Class of the Whole B/Q/28/00 G protein, with expected length........ 124

Table [5.1: Outline of the development of human vaccines. ...........cocooeiiiieieneeninencceeneeieiean, 136
Table 5.2: Mass spectrometry analysis. .......couvuuveeriiniiiiiiiiiiriierenir e, 148
Table 5.3: Total number of samples................coiiiiiiiiiiiii 150
Table 5.4: Peptides recognized by sera at dilution 1/10..........c..ccooviiiiiiiin 154
Table 5.5: Summary of peptide recognition by Qatar children sera and adult sera................... 156
Table 5.6 (a & b): Comparison of peptide sequences of Qatar RSV B Strains........................ 162

Table 5.7: 50% inhibition assays by using RSV antigen, peptide 14 peptide and 9 as inhibitors..171
Table 6.1: Evaluation of panel of primary anti-RSV antibodies by cell based ELISA.................... 185
Table 6.2: Optimal neutralization virus titration FACLOTS .........c.eevveeeueeeeeeeeeecreteseeeeeeeeeeeeeseeeeeeesenees 187
Table 6.3: Number of sera with titre > 200 level of neutralizing titre among acute and convalescent
sera of Qatar study children group (a) and their GMT mean and P value (b)......c..o.ocoovne....... 193

Table p.4: Regression values (r) of peptide reactivity and neutralizing antibody of Qatari sera....202

13



LIST OF APPENDICES

Appendix 1: Ethical Committee agreement
Appendix 2: Stratagen Optiprime buffers
Appendix 3: Qatar study samples
Appendix 4: Neonatal samples
Appendix 5: a. The nucleotide sequence alignment of 10 Qatar RSV A strain

b. The nucleotide sequence alignment of 5 Qatar RSV B strains
Appendix 6: Accession numbers for sequences that have been derived from databases
Appendix 7: Table of regions identified from G protein of RSV
Appendix 8: Amino acids abbreviations

Appendix 9: The results of individual sera reaction with synthesis peptides

Appendices references

14



LIST OF ABBREVIATIONS

°C Degree centigrade.

wl Microliters.

ALRI Acute lower respiratory tract infection.
APS Ammonium per sulphate

BAL Broncioalveolar lavage

BBG2Na The peptide from the G glycoprotein conjugated to the albumin-
binding domain of streptococcal protein G

bp Base pairs

BRSV Bovine Respiratory syncytial virus

BSA-PBS Bovine Serum Albumin/phosphate buffered saline

C- terminal region Carboxyl-terminal region.

CDRs Complementarity determining regions
CO, Carbon dioxide.

p Cold passage

CPE Cytopathic effect.

CT™ Cytotoxic T cells.

CX3CL The chemokine fractalkine

deg./kt Degree from true north/knots

DNA Deoxyribonucleic acid.

EDTA EthyleneDiamineTetraacetic Acid

EIA Enzyme immune assay (Rapid antigen detection test).

EIMFA Enzyme immuno membrane filter assay

ELISA  Enzyme linked immunosorbent assay.

15



ETCC
F
FCS
FDA
Flu
G
GAGS
gp
GPV
HA
HbsAg
Hep-2
HF
HIS
HIS
HIV
HMC
HMPV
HPA
HPLC
hr
HRSV
ICAM-1

IFA

IIF

European tissue culture collection.
Fusion protein of RSV.
Fetal calf serum
The Food and Drug Administration
Influenza virus.
Attachment glycoprotein of RSV.
Glycosaminoglycans
glycoprotein
Global programme for Vaccination.
Heamagglutinin.

The surface antigen of hepatitis B virus

Human epidermoid larynx carcinoma (epithelial cells).

Hydrofluoric acid

Health information system

Health information system.

Human immunodeficiency virus

Hamad medical corporation.

Human metapneumovirus

Health Protection Agency

High performance liquid chromatography

Hour
Human Respiratory syncytial virus
Intercellular adhesion molecule-1

Immuno fluorescence antibody

Indirect Immuno fluorescence

16



Km Kilometre.

1 Litre
L Viral polyprotein of RSV.
LRI Lower respiratory infection.

LSHTM London School of Hygiene and Tropical Medicine

M Matrix protein of RSV.
MEDI-493 Humanizing mouse anti RSV antibodies
MEM Minimal essential medium.

MHC Major histocompatibility complex.

min Minute.

ml Milliter.

mM Millimolar/millimole.
N Nucleoprotein of RSV.

No. Number.
NPA Nasopharyngeal aspirate.
P Phosphoprotein of RSV.

PBMC(Cs Peripheral Blood Mononuclear Cells

PBS Phosphate buffer saline.

PBST Phosphate buffer solution /Tween

PCR A nested multiplex polymerase chain reaction.
PFP Purified fusion protein

RAMP  Rapid multiple peptide synthesis.

RANTES  regulated on activation, normal T cell expressed and presumably secreted

RNA Ribonucleic acid

17



rpm Revolutions per minute.

RSV Respiratory syncytial virus.
RT Reverse transcriptase.
RTI Respiratory tract illnesses
SD Standard deviation
sec Second.
SH Small hydrophobic protein.
Sq Square.
Ta Annealing temperature.
Taq DNA polymerase of thermophilic bacterium Thermus aquatics.

TEMED N,N,N,N - Tetra methylethylenediamie

Temp Temperature

TFA Trifluoroacetic acid

Tris-HCl Tris (hydroxymethyl) aminomethane hydrochloride.
Uv Ultra Violet

WHO World health organisation.

Wit Wild type

18



1. Chapter 1: General Introduction
Virology

1.1 Background

Respiratory disease is a common cause of morbidity and mortality in the general population,
although the most severe illness is often seen among infants and the elderly. Several viruses can
cause respiratory illnesses, the resulting symptoms of which include fever, coryza, otitis media,
laryngitis and bronchiolitis. It is difficult to distinguish between different causal agents since similar
symptoms are often seen, so to be certain laboratory diagnosis is necessary. The most common viral
respiratory pathogens causing lower and upper respiratory tract infections are influenza and

respiratory syncytial virus (RSV).

Human respiratory syncytial virus (HRSV) causes respiratory tract infections particularly in infants
and young children. There is also increasing evidence that points to RSV causing significant disease
in the elderly (Falsey et al., 1995). The infection can vary in severity ranging from a mild infection,
similar to a common cold, to severe pneumonitis or bronchiolitis in susceptible individuals. RSV
infection is estimated to cause 90,000 hospitalizations and 4,500 deaths per annum in the USA in
children and huge economic implications, costing an estimated $300 million in the USA (Meissner,
1994). Approximately 18, 000 children annually (predominantly infants) are admitted to hospital
with diagnosis of bronchiolitis in the UK, with 80% caused by RSV infection (Crowcroft et al.,
1999). In urban areas of Britain, 2% of infants need hospitalization as aresult of RSV infections

(Sims et al., 1976)

Little is known about the epidemiology of RSV infection in developing and Middle Eastern
countries. In most studies, RSV was found to be the predominant viral cause of acute lower
respiratory tract infections (ALRI) in childhood, being responsible for 27-96% (mean 65%) of

hospitalized cases in which a virus was found in the Gambia (Weber et al., 1998a). RSV infection is
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seasonal in most countries (Stott & Taylor, 1985). Very little information is available about the
incidence and mortality of children infected with RSV or strain variation of circulating strains.
Further studies on RSV should address these questions in more detail. The availability of
information on the molecular epidemiology and seasonality of these infections from this part of the

world would be important in planning vaccination and treatment strategies.

1.2 History of RSV

RSV was first isolated in 1956 from a laboratory chimpanzee with respiratory symptoms (Blount et
al., 1956). Soon after, the virus was isolated from a child with pneumonia in Baltimore and the
characteristic syncytial cytopathic effect was observed, hence its name (Chanock & Finberg, 1957).
RSV was soon recognized as an important cause of respiratory illness across the globe (Anderson et

al., 1991).

1.3 Taxonomy

RSV is classified in the order Mononegavirales, which consists of four families designated by the
International Committee of Taxonomy of Viruses. The family Mononegavirales also includes the
Rhabdoviridae, Filoviridae, the Bornaviridae and the Paramyxoviridae. Mononegavirales is
derived from the Greek word monos meaning single, nega from negative and virales (from the Latin
meaning viruses). All members have a linear negative stranded monopartite genome with a similar
genome arrangement (3’ non-translated region-env-pol-5’ non-translated region). They also have a
helical nucleocapsid, initiation of translation by a virion associated RNA dependent RNA
polymerase from a single 3’ promoter (Murphy, 1995) RSV is a member of the Paramyxoviridae,
which is divided into two sub-families; the Paramyxovirinae and the Pneumovirinae All members

of the family possess an envelope, are large in diameter, approximately 150 nm and are
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pleiomorphic. They have a non-rigid helical nucleocapsid t