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“Every great dream begins with a dreamer. Always remember, you have within you the 
strength, the patience, and the passion to reach for the stars to change the world.” 

Harriet Tubman 

“Go confidently in the direction of your dreams. Live the life you have imagined.” 
Henry David Thoreau 

“Reach high, for stars lie hidden in your soul. Dream deep, for every dream precedes the 
goal.” 

Pamela Vaull Starr 

“All men dream but not equally. Those who dream by night in the dusty recesses of their 
minds wake in the day to find that it was vanity; but the dreamers of the day are dangerous 

men, for they may act their dream with open eyes to make it possible.” 
T.E. Lawrence 

 
“Our truest life is when we are in dreams awake” 

Henry David Thoreau 

So often times it happens that we live our lives in chains  
And we never even know we have the key. 

 

From Already Gone, performed by the Eagles for their 1974 On the Border album. 
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SUMMARY 

 

Despite the global licensure of two live-attenuated rotavirus vaccines, Rotarix® and 

RotaTeq®, rotavirus remains the major cause of severe dehydrating diarrhoea in young 

mammals and the need for further development of additional rotavirus vaccines, especially 

vaccines effective against regional strains in developing country settings, is increasing. The 

design and formulation of new effective multivalent rotavirus vaccines is complicated by the 

wide rotavirus strain diversity. Novel rotavirus strains emerge periodically due to the 

propensity of rotaviruses to evolve using mechanisms such as point mutation, genome 

segment reassortment, genome segment recombination and interspecies transmission. 

Mutations occurring within the primer binding regions targeted by the current commonly 

employed sequence-dependent genotyping techniques lead to difficulties in genotyping novel 

mutant rotavirus strains. Therefore, use of sequence-independent techniques coupled with 

online rotavirus genotyping tools will help to understand the complete epidemiology of the 

circulating strains which, in turn, is vital for developing intervention measures such as 

vaccine and anti-viral therapies.  

In this study, sequence-independent cDNA synthesis that uses a single set of oligonucleotides 

that do not require prior sequence knowledge of the rotavirus strains, 454® pyrosequencing, 

and an online rotavirus genotyping tool, RotaC, were used to swiftly characterise the whole 

genome of rotaviruses. The robustness of this approach was demonstrated in characterising 

the complete genetic constellations and evolutionary origin of selected human rotavirus 

strains that emerged in the past two decades worldwide, human rotavirus strains frequently 

detected in Africa, and the whole genomes of some common strains frequently detected in 

bovine species. Most of the characterised strains emerged either through intra- or inter-

species genome segment reassortment processes. The methods used in this study also allowed 

determination of the whole consensus genome sequence of multiple rotavirus variants present 

in a single stool sample and the elucidation of the evolutionary mechanisms that explained 

their origin. The 454® pyrosequence-generated data revealed evidence of intergenotype 

rotavirus genome segment recombination between the genome segments 6 (VP6), 8 (NSP2) 

and 10 (NSP4) of Wa-like and DS-1-like origin. 
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The use of next generation sequencing technology combined with sequence-independent 

amplification of the rotavirus genomes allowed the determination of the consensus nucleotide 

sequence for each of the genome segments of the selected study strains directly from stool 

sample.  

The consensus nucleotide sequences of the genome segments encoding VP2, VP4, VP6 and 

VP7 of some of the study strains were codon optimised for insect cell expression and used to 

generate recombinant baculoviruses. The Bac-to-Bac baculovirus expression system was used 

to generate chimaeric rotavirus virus-like particles (RV-VLPs). These chimaeric RV-VLPs 

contained inner capsids (VP2 and VP6) derived from a South African RVA/Human-

wt/ZAF/GR10924/1999/G9P[6] strain, on to which outer capsid layer proteins composed of 

various combinations of VP4 and VP7 were assembled. The outer capsid proteins were 

derived from the dsRNA of G2, G8, G9 or G12 strains associated with either P[4], P[6] or 

P[8] genotypes that were directly extracted from human stool faecal specimens. The 

structures of these chimaeric RV-VLPs were morphologically evaluated using transmission 

electron microscopy (TEM). Based on the size and morphology of the particles, double-

layered (dRV-VLPs) and triple-layered RV-VLPs (tRV-VLPs) were produced. Recombinant 

rotavirus proteins readily assembled into dRV-VLPs, whereas approximately 10 – 30% of the 

assembled RV-VLPs from insect expressed recombinant VP2/6/7/4 were chimaeric tRV-

VLPs. These RV-VLPs will be evaluated in future animal studies as potential non-live 

rotavirus vaccine candidates. The novel approach of producing RV-VLPs introduced in this 

study, namely by using the consensus nucleotide sequence derived from dsRNA extracted 

directly from clinical specimens, should speed up vaccine research and development by 

bypassing the need to adapt the viruses to tissue culture and circumventing some other 

problems associated with cell culture adaptation as well. Thus,  it is now possible to generate 

RV-VLPs for evaluation as non-live vaccine candidates for any human or animal field 

rotavirus strain. 

 

Keywords: 

Human rotavirus; bovine rotavirus; 454® pyrosequencing; sequence-independent genome 

amplification; whole genome analysis; genome segment reassortment; genome segment 

recombination; mixed infection; emerging rotavirus strains; rotavirus genogroup; rotavirus 

virus-like particles.  
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OPSOMMING 

 

Ondanks die wêreldwye lisensiëring van twee lewend ge-attenueerde rotavirus entstowwe, 

Rotarix® en RotaTeq®, bly rotavirus die hoofoorsaak van ernstige ontwaterende diarree in 

jong soogdiere en neem die noodsaaklikheid vir die ontwikkeling van addisionele rotavirus 

entstowwe, veral entstowwe wat effektief teen plaaslike stamme in ontwikkelende lande is, 

toe. Die ontwikkeling en formulering van nuwe effektiewe multivalente rotavirus entstowwe 

word gekompliseer deur die wye verskeidenheid rotavirus stamme wat bestaan. Nuwe 

rotavirus stamme ontstaan periodiek weens die vermoë van rotavirusse om te verander deur 

meganismes soos mutasie, genoomsegment-uitruiling, genoomsegment-rekombinasie en 

interspesie oordrag. Mutasies wat voorkom in die voorvoerder-bindingsgebiede wat geteiken 

word deur die huidige, algemeen gebruikte, volgorde-afhanklike genotiperingstegnieke, lei 

tot probleme met genotipering van nuwe mutante rotavirus stamme. Daarom mag die gebruik 

van volgorde-onafhanklike metodes gekoppel met aanlyn rotavirus genotiperings 

hulpmiddels help met die opklaring van die volledige epidemiologie van sirkulerende 

stamme, wat op sy beurt weer krities is vir die ontwikkeling van  voorkomings- en 

behandelingsmetodes soos entstowwe en anti-virus terapieë. 

In hierdie studie is volgorde-onafhanklike komplementêre DNA sintese wat ŉ enkele stel 

oligonukleotied-voorvoerders gebruik waarvoor geen bestaande kennis van volgordes nodig 

is nie, 454® pirobasevolgordebepaling en ŉ aanlyn rotavirus genotiperingshulpmiddel, RotaC, 

gebruik om die volledige volgorde van die genome van rotavirusse vinnig te karakteriseer. 

Die kragtigheid van hierdie metode is gedemonstreer deur die karakterisering van die 

volledige genetiese konstellasie en evolusionêre oorsprong van die gekose menslike 

rotavirusstamme wat in die afgelope twee dekades te voorskyn gekom het, mens 

rotavirusstamme wat dikwels in Afrika waargeneem word en die volledige genome van ŉ 

paar stamme wat algemeen in beeste voorkom. Meeste van die gekarakteriseerde 

studiestamme het ontstaan deur òf intra- òf interspesie genoomsegment uitruilingsprosesse. 

Die metodes wat in hierdie studie gebruik is, het dit ook moontlik gemaak om die hele 

genoom se konsensus basevolgorde van verskeie rotavirusstamme wat in ŉ enkele stoelgang 

monster teenwoordig was tydens ŉ gemengde infeksie te bepaal, sowel as die evolusionêre 

meganismes wat hulle oorsprong verklaar. Die data wat met pirobasevolgordebepaling 

gegenereer is, het bewys gelewer van intergenotipe genoomsegment rekombinasie tussen 
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genoom segmente 6 (VP6), 8 (NSP2) en 10 (NSP4) van Wa-agtige en DS-1-agtige 

oorsprong. 

Die gebruik van massiewe parallelle volgende-generasie basevolgordebepalingstegnologie 

gekombineer met volgorde-onafhanklike vermeerdering van die rotavirus genome, het dit 

moontlik gemaak om die konsensus nukleotiedvolgordes van elkeen van die 

genoomsegmente van die gekose studiestamme direk van stoelgang monsters te bepaal. Die 

konsensus nukleotiedvolgordes van die genoomsegmente wat kodeer vir VP2, VP4, VP6 en 

VP7 van sommige van die studiestamme se kodons is ge-optimiseer vir insekseluitdrukking 

en gebruik om chimeriese rotavirus virusagtige partikels (RV-VAPs) te berei. Hierdie 

chimeriese RV-VAPs het die binnedop (VP2 en VP6) van ŉ Suid -Afrikaanse RVA/Mens-

wt/ZAF/GR10924/1999/G9P[6] stam bevat waarop die buitedop proteïene bestaande uit 

verskillende kombinasies van VP4 en VP7 geheg is. Die buitedop proteïene is verkry vanaf 

dubbeldraad RNA van G2, G8, G9 of G12 stamme in assosiasie met òf P[4], P[6] òf P[8] 

genotipes wat direk uit menslike stoelgang monsters gehaal is. Die strukture van hierdie 

chimeriese RV-VAPs is morfologies geëvalueer met behulp van transmissie 

elektronmikroskopie (TEM). Gebaseer op die grootte en morfologie van die partikels is 

vasgestel dat dubbellaag (dRV-VAPs) en trippellaag (tRV-VAPs) partikels geproduseer is. 

Rekombinante rotavirus proteïene het geredelik saamgegroepeer om dRV-VAPs te vorm, 

maar net 10-30% van die saamgegroepeerde RV-VAPs van die insekseluitgedrukte 

rekombinante VP2/6/7/4 was tRV-VAPs. Hierdie RV-VAPs sal in toekomstige diere studies 

as potensiële nie-lewendige rotavirus entstof kandidate geëvalueer word. Die nuwe 

benadering om RV-VAPs te berei, gedemonstreer in hierdie studie, naamlik om die 

konsensus nukleotiedvolgorde te gebruik wat verkry is vanaf dubbeldraad RNA wat direk 

vanuit kliniese monsters gehaal is, behoort navorsing en ontwikkeling van entstowwe te 

bespoedig deur die noodsaaklikheid vir selkultuur aanpassing te oorkom asook ander 

probleme wat met selkultuur aanpassing geassosieer is. Derhalwe is dit nou moontlik om RV-

VAPs vir evaluering as nie-lewendige enstofkandidate voor te berei vir enige menslike of 

diere veld rotavirusstam.   
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Menslike rotavirus; bees rotavirus; 454® pirobasevolgordebepaling; volgorde-onafhanklike 

genoom vermeerdering; volle genoom analiese; genoomsegment uitruiling; genoomsegment 

rekombinasie; gemengde infeksie; ontluikende rotavirus stamme; rotavirus genogroep; 

rotavirus virusagtige partikels.   
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