[bookmark: _Toc320119048]EPIDEMIOLOGY OF ROTAVIRUS DIARRHOEA IN CHILDREN UNDER FIVE YEARS OF AGE FROM SELECTED HEALTHCARE FACILITIES IN SWAZILAND

Completed by
Gugu Petunia Maphalala
(200909984)
BSc (Med) (Hons) 


Submitted in fulfilment of the requirements
for the degree of

Master of Medical Science in Medical Virology


In the MRC / UL Diarrheal Pathogens Research Unit
Department of Virology
School of Pathology and Pre-Clinical Sciences
Faculty of Health Sciences, University of Limpopo (Medunsa Campus)

Supervisor: Dr Mapaseka Seheri (PhD)
Co-supervisor: Prof Jeffrey Mphahlele (PhD)
Department of Virology
University of Limpopo (Medunsa Campus)


March 2013
[bookmark: _Toc324080520][bookmark: _Toc320641983][bookmark: _Toc350851644]DECLARATION

I, Gugu Petunia Maphalala, hereby declare that the work for this dissertation, unless where acknowledged, is my own. It is being submitted in fulfilment for the degree of Master of Medical Science (MSc Med) in the Department of Virology at the University of Limpopo (Medunsa Campus). It has not been submitted for any degree or examination in this or any other university.




---------------------------
Signature of Candidate
[bookmark: _GoBack]					    (200909984)


------- day of March  2013





[bookmark: _Toc320641984]


[bookmark: _Toc350851645][bookmark: _Toc324080521]DEDICATION

This work is dedicated to the following: my beloved parents Mr Petros and my late mother Mrs Jonah Ginindza for being an inspiration, to my husband Mongie Maphalala and children (Mhlaba and Ncengencenge). 































[bookmark: _Toc350851646]ACKNOWLEGEMENTS

I would like to express my sincere gratitude to the following: 

My supervisor; Dr L.M Seheri for providing technical support, guidance and encouragement during the writing of this dissertation. My Co- supervisor, Prof M.J Mphahlele for giving me the opportunity to be part of the Department of Virology and for the great support during the writing of the dissertation. Thank you for letting me follow my dream, I will forever be indebted to you. May the almighty God bless you abundantly.

MRC DPRU team; Ina Peenze, Annelise Geyer, Leah Nemarude, Harry Ngoveni, Lufuno Netshifhefhe, Martin Nyaga, Lorens Maake, Dorah Makinita, Precious Moche and Barbara Dooka thank you for the technical assistance you provided at the laboratory and for your friendship during  my course of study.

Special thank you goes to Dr. Mapaseka Seheri, Dr. Gloria Selabe, Ms. Leah Nemarude, Ms. Dorah Makinita, Ms. Precious Moche and Mrs. Barbara Dooka for embracing me into the family. Thank you for the good moments we shared.

A thank you note to the Ministry of Health and Social welfare in Swaziland for supporting the establishment of the study sites: National Reference Laboratory, Mbabane Government Referral Hospital, Raleigh Fitkin Memorial Hospital, Good Shepard Hospital, Hlatikhulu Hospital and Lancet Pathology Laboratory in Swaziland for allowing that their facilities be part of the study. 

Special thanks to the health care workers (Doctors, Nurses, and Laboratory technologists and data clerks) in all the study sites for the support rendered during specimens collection. Without you, this study would not have been a success.
To my sister-in-law Monica Khumalo thank you for the encouragement and for being there during trying times. In addition, to the entire Maphalala and Ginindza family, thank you kindly for your assistance, support and patience up to this far. May God Bless you all.

Finally, my sincere appreciation goes to the Medical Research Council (MRC), the Poliomyelitis Research Foundation (PRF) and the National Research Foundation (NRF) in South Africa for their financial support.



















[bookmark: _Toc350851647]PUBLICATIONS AND PRESENTATIONS EMANATING FROM THIS DISSERTATION

Presentations in local conferences: Papers and posters 

Maphalala GP, Seheri LM, Geyer A, Mkhonta JM, Sukati H, Mphahlele MJ, Steele AD. Characterisation of rotavirus strains circulating in children under the age of 5 years presenting with diarrhea at Mbabane Government Referral Hospital, Swaziland in 2009. 4th African Rotavirus Symposium (August 2010), Johannesburg (Poster).

Maphalala GP, Seheri LM, Geyer A, Mkhonta JM, Sukati H, Mphahlele MJ, Steele AD. Characterisation of rotavirus strains circulating in children under the age of 5 years presenting with diarrhea at Mbabane Government Referral Hospital, Swaziland in 2009. 4th Medical Research Council Research Day (October 2010), Cape Town (Oral. 

Maphalala GP, Seheri LM, Geyer A, Mkhonta JM, Sukati H, Mphahlele MJ, Steele AD. Characterisation of rotavirus strains circulating in children under the age of 5 years presenting with diarrhea at Mbabane Government Referral Hospital, Swaziland in 2009. University of KwaZulu Natal – Research for Young Scientist (October 2010), Durban (Oral).

Maphalala GP, Seheri LM, Mphahlele MJ, Mkhonta JM, Sukati H, Petros HM, Marondera J, Dlamini J, Lukhele NJ, Phungwayo N, Bitchong RA, Kunene M, Magagula M, Wyatt H, Bhembe T, Steele AD. Epidemiology of rotavirus diarrhoea in children under five years of age attending selected public and private healthcare facilities in 2009–2010, Swaziland. Medical Research Council Research Day (October 2011), Cape Town (Oral).

Maphalala GP, Seheri LM, Mphahlele MJ, Mkhonta JM, Sukati H, Petros HM, Marondera J, Dlamini J, Lukhele NJ, Phungwayo N, Bitchong RA, Kunene M, Magagula M, Wyatt H, Bhembe T, Steele AD. Epidemiology of rotavirus diarrhoea in children under five years of age attending selected public and private healthcare facilities in 2009–2010, Swaziland. Swaziland Health Conference (November 2012) Swaziland (Poster).

Maphalala GP, Seheri LM, Mphahlele MJ, Mkhonta JM, Sukati H, Petros HM, Marondera J, Dlamini J, Lukhele NJ, Phungwayo N, Bitchong RA, Kunene M, Magagula M, Wyatt H, Bhembe T, Steele AD. Epidemiology of rotavirus diarrhoea in children under five years of age attending selected public and private healthcare facilities in 2009–2010, Swaziland. Ist ASLM (December 2012), Cape Town (Oral).














[bookmark: _Toc350851648]ABSTRACT

Background: It has been established that rotaviruses are the main cause of acute gastroenteritis in children worldwide, resulting in more than 453 000 deaths, with a high mortality still occurring in African countries and Asia. In Swaziland, diarrheal diseases are a common cause of morbidity and mortality among children <5 years of age. Approximately 10% of hospitalised Swazi children die due to diarrhoea every year. Through financial assistance from the World Health Organization (WHO), many African countries have conducted a lot of rotavirus disease studies. In Swaziland, the epidemiology of rotavirus infection is unknown due to lack of data. Thus, the study’s aim was to examine the epidemiology and characterize rotavirus strains in children <5 years of age, hospitalised and attending the outpatient departments of public and private healthcare facilities in Swaziland.

Materials and methods: A total of 745 diarrheal stool specimens were collected from children <5 years of age from April 2009 to December 2010. Group A rotavirus antigen was detected using a commercially available enzyme immunoassay (EIA) kit (ProSpectTM, Oxoid Ltd, UK). Polyacrylamide gel electrophoresis (PAGE) was used to determine the electrophoretic pattern of rotavirus strains. The P and G genotypes were established by reverse transcription polymerase chain reaction (RT-PCR) and multiplex hemi-nested PCR amplification of the VP4 and VP7 genes respectively, using type-specific primers. Sequencing was performed on 35 specimens to confirm the circulating genotypes. The phylogenetic tree and similarity distances between genotypes were constructed using the neighbour joining method and the Kimura two-parameter model package in the MEGA version 5.05 software program. 

Results: Group A rotavirus was detected at 13.3% in 2009 (based on samples collected from April to December) and 23.4% in 2010 (based on one year collection) from children <5 years of age hospitalized and attending outpatient departments. The rotavirus infection was more frequently detected in the age group 0-11 months (22.2%). Gender did not play a major role in rotavirus infection, because both male (20.8%) and female (18.8%) children were equally affected. Of the children that were admitted in the hospital, 33.3% were affected by rotavirus infection compared to those attending the outpatient departments (13.5%). The rotavirus infection was observed during the cooler, drier months of the year. The three most predominant G and P genotypes detected were G2P[4] (30.4%), followed by G1P[8] (15.5%) and G9P[8] (8.8%). A significant number of uncommon rotavirus strains (32.4%), mixed infections (8.8%) and nontypeables (4.1%) were also detected. The circulating genotypes detected were classified into lineages and sub-lineages defined by phylogenetic analysis of nucleotide sequences. The Swaziland strains were found clustering with known African and global strains from the GenBank. 

Conclusion: The findings of this study reveal that group A rotaviruses are the etiological agents of severe diarrhoea in children under 5 years in Swaziland. The diversity of rotavirus strains that were detected highlights the importance of introducing the rotavirus vaccine in the country. The currently licensed vaccines may confer protection against the circulating strains detected in this study. Data on the burden of rotavirus disease in Swaziland will be used to convince the Ministry of Health and policy makers in the country to advocate for the introduction of the rotavirus vaccine. This is the first data on the epidemiology and characterization of rotavirus strains in Swaziland; therefore there is a need for continuing with the surveillance of rotavirus in the existing sentinel sites to determine the impact of rotavirus infection over time. It is also essential to continuously monitor the rotavirus strains circulating among Swazi children. 
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[bookmark: _Toc324080528][bookmark: _Toc350851653]CHAPTER 1: GENERAL INTRODUCTION AND EXPERIMENTAL PROPOSAL
[bookmark: _Toc324080529][bookmark: _Toc320753577]
[bookmark: _Toc350851654]1.1 Introduction
[bookmark: _Toc323982435][bookmark: _Toc320753578]Globally, about 4.5 billion people are affected by diarrhoeal diseases, and approximately 1.2 million children under five years of age die every year (Stenberg et al., 2008; Black et al., 2005). However, these deaths occur in developing countries and the proportion of deaths attributable to diarrhoea in developed countries demonstrated a declining trend with increasing income level (Parashar et al., 2003; Estes and Kapikian, 2007). In Africa, diarrhoeal diseases are the second leading cause of deaths following pneumonia in young children (Glass et al., 2006; WHO, 2010). Diarrhoeal diseases account for approximately 20% of deaths in young children below the age of five years in Africa (Steele et al., 2005). Diarrhoea remains a major health burden in many developing countries in terms of treatment costs, hospitalization and high mortality rates (Cunliffe et al., 1998; Estes and Kapikian, 2007). Among other aetiological agents of diarrhoea, group A rotavirus is the main cause of severe gastroenteritis in children less than 5 years of age worldwide (Glass et al., 2006). In sub-Saharan Africa most of the countries have a high burden of diarrhoeal diseases and rotavirus-related deaths compared to the rest of the world (Sanchez-Padilla et al., 2009). 
[bookmark: _Toc324080530]
[bookmark: _Toc350851655]1.2 Problem statement
In Swaziland, diarrhoeal diseases are a common cause of morbidity and mortality among both immunocompromised and immunocompetent children under the age of five years (Dlamini et al., 2005). The main killers of young children are HIV/AIDS (47%), followed by neonatal deaths (27%), pneumonia (12%), diarrhoea (10%), and others (4%) (UNICEF, 2007). Between 1997 and 2006, the under-five mortality rate increased from 90 to 164 deaths per 1,000 live births (UNICEF, 2007). Diarrheal diseases are said to be a leading cause of preventable death especially among children less than five years of age in developing countries (WHO, 2005).

Recently, annual estimates of diarrheal cases in Swaziland amongst children less than five years account for approximately 10,900 both hospitalized and attending the outpatient department (Health Management Information System (HMIS), May 2010). According to data from HMIS in Swaziland, the incidence from mid-2008 to 2010 of diarrheal disease amongst children under the age of five may indicate seasonal peaks (winter and summer) as shown in Figure 1 below.
[image: ]
Figure 1.1: Seasonal distribution of diarrheal disease in Swaziland, among children below five years from June 2008 to April 2010 (HMIS monthly disease monitoring report 2010).

Currently rotavirus surveillance studies have not been established in Swaziland. In order to estimate the burden of rotavirus diseases and monitor the rotavirus strains circulating and determine the incidence and mortality attributable to rotavirus among Swazi children below five years of age, it is important that rotavirus surveillance program be established in selected public and private healthcare facilities within the four regions of the country. 

[bookmark: _Toc324080531][bookmark: _Toc320753579][bookmark: _Toc350851656]1.3. Rationale of the study
The Swaziland Ministry of Health and Social Welfare through the Swaziland Expanded Programme on Immunization (EPI) is considering introducing the rotavirus vaccines, pneumococcal and meningococcal conjugate vaccines to the national immunization programs in line with the United Nations Millennium Development Goal (UN MDG) to “reduce by two thirds between 1990 and 2015, the under-five mortality rate”. Such decisions are normally driven by scientific, political and economic considerations. In 1997, the World Health Organization (WHO) identified two of the priority activities for developing countries especially Africa and Asia, as determining the burden of rotavirus disease and conducting vaccine clinical trials for immunogenicity and effectiveness of the available rotavirus vaccine candidates. Up to now these activities have not been accomplished in many countries including Swaziland due to lack of capacity and resources. 
Once determined, an estimate of the burden of rotavirus disease in Swaziland will create awareness of the impact of rotavirus disease on Swaziland health care systems. At present no such data is available, prior to the introduction of rotavirus vaccine. The results will guide the Swaziland Government, the WHO and the Global Alliance for Vaccines and Immunisation (GAVI) to make an informed decision on funding rotavirus vaccines (PATH, 2008). Swaziland is a GAVI-eligible country and, in order to secure funding from GAVI, baseline data on rotavirus burden of disease and molecular epidemiology is required. 
Currently there are two licensed rotavirus vaccines, Rotarix® from GlaxoSmithKline and RotaTeqTM from Merck. These rotavirus vaccines have been introduced in over 100 countries worldwide and have shown to be effective in reducing severe rotavirus gastroenteritis (Putnam et al., 2007). In September 2011, GAVI delivered its promise in providing funding to 16 countries globally to introduce rotavirus vaccine. Amongst these countries, 12 are from Africa and they include Angola, Burundi, Cameroon, Democratic Republic of Congo, Djibouti, Ethiopia, Ghana, Madagascar, Malawi, Niger, Rwanda and Tanzania. In addition, GAVI and her partners are planning to support 40 of the poorest countries to rollout rotavirus vaccine by 2015 and to immunise more than 50 million children (GAVI, 2011).
South Africa, a country that shares borders with Swaziland introduced the Rotarix® vaccine as part of the EPI in 2009 (NICD, 2011). It is therefore, important for Swaziland to introduce one of these vaccines to reduce the burden of rotavirus infection and prevent importation and exportation of wild-type genotypes across the borders. 
[bookmark: _Toc324080532][bookmark: _Toc350851657]1.4 The aim of the study
[bookmark: _Toc324080533][bookmark: _Toc320753580]The aim of this study is to examine the epidemiology and disease burden of rotavirus-associated diarrhoea among Swazi children less than five years of age, both hospitalised and attending the outpatient departments in selected public and private healthcare facilities in Swaziland.
[bookmark: _Toc350851658]1.5 Specific objectives
· To estimate the prevalence of rotavirus infection in Swazi children less than five years of age presenting with diarrhoea in selected public and private health facilities between 2009 and 2010.
· To determine the epidemiological profile including age, gender, seasonal distribution, and hospitalizations of rotavirus in children less than five years of age in Swaziland.
· To identify the predominant rotavirus strains circulating amongst the Swazi population.
· To confirm the detected rotavirus genotypes and the untypeable strains by sequence analysis.
· To determine the phylogenetic relationship among the selected rotavirus strains.
[bookmark: _Toc324080534][bookmark: _Toc320753581]
[bookmark: _Toc350851659]1.6 Significance of the study
[bookmark: _Toc324080535][bookmark: _Toc320753582]This study will determine the epidemiology of rotavirus, the proportion of children below five years who have rotavirus disease and the percentages of the different rotavirus genotypes associated with diarrhoea in Swaziland. Furthermore, this study will generate baseline data that is useful to Swaziland, WHO and GAVI in an effort to introduce the rotavirus vaccine in Swaziland.

CHAPTER 2: LITERATURE REVIEW

[bookmark: _Toc324080536][bookmark: _Toc320753583][bookmark: _Toc350851660]2.1 Rotavirus particle
Rotaviruses were first identified in children with gastroenteritis in Australia by Bishop and her colleagues (Bishop et al., 1973). It was named rotavirus after observing that the virus has a characteristic wheel-like appearance when viewed by electron microscopy and is a medium-sized (70 nm) non-enveloped virus (Flewett and Woode, 1978) as shown in Figure 2.1 below.

[image: Rotavirus image]
Figure 2.1: Human rotavirus particles observed from a stool of an infant by negative stain electron microscopy (EM). Courtesy of: F.P. Williams, U.S. EPA.
[bookmark: _Toc324080537][bookmark: _Toc323982443][bookmark: _Toc320753584][bookmark: _Toc350851661]2.2 Rotavirus structure and antigenic composition
Rotavirus is a genus within the Reoviridae family. The viral genome consists of 11 segments of double-stranded ribonucleic acid (dsRNA). The genome codes for six structural viral proteins (VP1-VP4, VP6 and VP7) and six or five nonstructural proteins (NSP1-NSP6) depending on the strains (Gray et al., 2008). The mature particle composed of a triple shelled capsid consists of the outer, intermediate, and inner layers. The outer capsid contains two proteins VP4 and VP7, whereas the intermediate layer is formed by VP6 and the inner layer by VP2 which encloses two other proteins VP1 and VP3 and the genome as shown in Figure 2.2 below. Due to the segmented nature of the rotavirus genome, genetic reassortment occurs at high frequency (Gray et al., 2008).

















Figure 2.2: Rotavirus particle; Courtesy of J Lawton and BVV Prasad 2006.
Genome Segments: Shows PAGE separation of the 11 segments of the RV SA11 genome.
Encoded proteins: Shows the PAGE separation of the intracellular proteins synthesized by SA11 and the genome segment which encode the proteins. Note that NSP6 runs far below NSP5 and is not shown on the gel presented here.
Viron Schematic: Shows the locations of the various structural proteins within the rotavirus virion. They are arranged into 3 concentric capsid layers and the location of the VP1/VP3 complexes at the 5-fold vertices of the icosahedral structure.  www.reoviridae.org/.../04rotavirusfigure.jpg
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2.3 Molecular characteristics of the outer viral capsid VP4 and VP7 proteins 
The VP4 proteins are located at an angle surrounding five icosahedral axes. The VP4 spikes extend inwards at an angle of 80ᵒ into the outer virion surface. It interacts with two molecules of VP7 and with six of the VP6 molecules thus VP4 is said to be participating in the precise geometric register between the inner and the outer capsid (Estes and Kapikian, 2007). This is shown in Figure 2.2 above.

[bookmark: _Toc324080538][bookmark: _Toc350851663]2.4 Classification of rotavirus
Rotavirus has been initially classified into seven serogroups (A through G) based on the inner capsid protein VP6, this is the protein oligomerizes to trimmers which constitutes the intermediate capsid. Furthermore, monoclonal antibodies to VP6 epitopes have been used to classify group A rotaviruses according to subgroups (SG) specificities SG I, SG II, SGI+II and SG non-I-non-II. Most human rotaviruses belong to either SGI or SG II (Estes and Cohen, 1989). In addition, rotaviruses are classified based on the molecular properties of the two outer-capsid proteins VP4 and VP7 that independently elicit protective neutralizing antibodies (Estes and Kapikian, 2007). 
There are 11 rotavirus gene segments, six are structural proteins (SP) and five are nonstructural proteins (NSP). Each is encoded in a unique genome segment except for proteins NSP5 and NSP6 which are encoded in overlapping reading frames of a single segment (Breese et al., 2005) as shown in Figure 2.2 above. According to Greenberg et al., (1983) the 11 genes of most human rotavirus exhibits significant homology to the corresponding genes of either Wa- or DS-1-like viruses or mixed genotypes with some genes being DS-1-like and some more Wa-like. The appearance of the Wa- and DS-1-like rotaviruses were evidence of reassortment that occur during co-infection in vivo (Greenberg et al., 1983). 
However, due to reassortment of all the 11 rotavirus gene segments playing a role in generating rotavirus diversity, a new classification system that is based on the entire rotavirus gene segments has been established to determine which genes influence rotavirus host range restriction, replication, and virulence and also for studying rotavirus epidemiology and evolution (Matthijnssens et al., 2008). In 2008 Matthijnssens and his colleagues proposed a classification system of rotavirus strains for both human and animals. The new classification system enables identification of the different genotypes based on the nucleotide identity percentage of the 11 gene segments. The rotavirus 11 gene segments; VP7, VP4, VP6, VP1, VP2, VP3, NSP1, NSP2, NSP3, NSP4, NSP5 and NSP6 are represented as Gx-Px-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx (Matthinjinssens et al., 2008). The classification system allows the identification of the following:
1. Distinct genotypes which follow separate evolutionary paths.
2. Interspecies transmissions and a large number of reassortment events. 
3. Certain gene constellations that reveal; (a) Common origin between human Wa-like rotavirus strain and porcine rotavirus strain. (b) Common origin between human DS-like rotavirus strain and bovine rotavirus (Matthijnssens et al., 2008). 

To date, there are 27 G types and 35 P types that have been identified (Maes, 2009, Matthijnssens et al., 2008; Matthijnssens et al., 2011). Considering the full genome classification, the following genotypes 27G-35P-16I-9R-9C-8M-16A-9N-12T-14E-11H have been identified from humans, cows, pigs, horses, mice, chickens, and other animals. The rotavirus strain nomenclature system and the working group has agreed on the universal naming of strains as; Rotavirus group/Species of origin/country Identification/ Common name/ year of identification/ G and P type (Matthijnssens et al., 2011).
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[bookmark: _Toc350851664]2.5 Distribution of rotavirus genotypes
It has been suggested that over time the distribution of rotavirus serotypes supports a relatively moderate role played by a selective pressure of serotype-specific antibodies. In a given year, the incidence of individual serotypes can vary from region to region, and multiple G-types and P-types can co-circulate within the same region (Franco et al., 2006). The geographical distributions of rotavirus genotypes are unpredictable and it is impossible to predict which genotype will infect children at any specific season or country (Glass et al., 2006). 
At present, 5 rotavirus genotypes G1, G2, G3, G4 and G9 are the predominant circulating rotavirus genotypes accounting for approximately 95% of rotavirus-associated infection worldwide, although there is considerable geographic variability (Castello et al., 2004, Gray et al., 2008; O’Ryan and Miguel, 2009). 
Circulating of unusual rotavirus strains such as G5, G6, G8, G10 are sporadic and G12 are emerging strains in most parts of the world though G5 in Latin America and G8 in Malawi are considered regionally common (Castello et al., 2004; Santos and Hoshino, 2005). In sub-Saharan Africa, the most common G-types detected are G1, G2, G3, G8 and G9 associated with P[8], P[6] and P[4] (ARSN, 2007; Seheri et al., 2010 ). The most common human rotavirus G and P combinations detected globally include strains with G1P[8], G2P[4], G3P[8], G4P[8] and G9P[8] (Santos and Hoshino, 2005; Matthijnssens et al., 2008). In North America, Europe and Australia these circulating strains represent over 90% of rotavirus infections, but only about 68% of the infections in South America and Asia, and 50% in Africa. Rotavirus strains bearing unusual combinations such as G8P[6] or G8P[4] are found mainly in Africa, G9P[11] and G10P[11] in Asia and G5P[8] in South America (Santos and Hoshino, 2005).
The G1P[8] represents over 70% of rotavirus infections in North America, Europe and Australia, but these viruses only represent about 30% of the infections in South America and Asia, and 23% in Africa. There is approximately 90% and 65% of human rotavirus strains circulating worldwide that share some cross-reactive epitopes on VP4 and VP7, respectively. Note that these two proteins are the target of protective antibodies (Franco et al., 2006).
The G1 rotavirus strains have been shown to persist in Australia for long periods. These have persisted for more than 28 years (1973–2001) and were temporarily replaced by G2 and G4 strains between 1977–1979 and 1988–1989 (Franco et al., 2006). In Philadelphia, rotavirus serotypes fluctuate yearly and G1 rotavirus strains predominated for one or more years with intervals where G2, G3 or G4 strains predominated. Genotype G9 emerged in 1995 as a novel strain causing about 50% of mild rotavirus infections but targeted the infants and it became predominant strain during 2001 to 2002 (Zhou et al., 2001; Franco et al., 2006). In Belgium a G9P[6] rotavirus is said to have caused an outbreak in a neonatal ward, suggesting that in this population serotype specific antibodies (obtained transplacentally) could be more important than in older children (Franco et al., 2006).
Between 1998 and 2000, many rotavirus outbreaks amongst school going age children and adults in the US and Japan were associated with G2 strains (Mikami et al., 2004; Akihara et al., 2005; Franco et al., 2006). Rotavirus outbreaks can be fuelled by a low inoculum of virus, to spread rapidly to immunologically naive group of children within 18-36 months (Glass et al., 2006). Relationship between rotavirus serotypes and virulence has not been clearly established. Some studies have associated G2 viruses with more severe infections in children these viruses have been proposed to constitute a different genogroup from P[8], G1, G3, G4 and G9 viruses (Franco et al., 2006). In Africa, preliminary results from a rotavirus surveillance carried out in 14 Sub-Saharan African countries from 2006 to 2008 indicated that G1P[8], G2P[4] and unusual types which included; G8P[8], G12P[6] and G12P[8] were detected. A high percentage of mixed rotavirus infections were also detected (Mwenda et al., 2010).
 A review of rotavirus strains circulating in Africa by Todd and colleagues indicated the emergence of rotavirus G9 strains and the high prevalence of P[6] VP4 genotype across the African continent. They also reported the reduction in the proportion of globally common serotypes, replaced by a high proportion of unusual G and P combinations which suggested viral reassortment which is evidence for zoonotic rotavirus transmission (Todd et al., 2010). In various regions of South Africa between 1988 and 1999, G1P[8] or G4P[8] strains predominated and G2P[4] strains occurred in an epidemic pattern in one region (Steele et al., 2003). A four year study conducted in South Africa revealed that there is a variation in the rotavirus strains circulating in South African communities. The predominate genotypes observed were G2P[4] in 2003, G1P[8] and G1P[6] in 2004, G3P[8] and G3P[6] in 2005 and G1P[8] in 2006. In addition, unusual strain such as G12P[6] and G8 were detected at a lower frequency (Seheri et al., 2010). It is expected that the circulating rotavirus strains would also be similar to those circulating in the Southern African countries particularly those that share borders such as Swaziland.
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[bookmark: _Toc350851665]2.6 Burden of rotavirus disease
Worldwide, rotavirus is the most common cause of severe diarrhoea disease in infants and young children below the age of five years (Glass et al., 2006). Since rotavirus is the leading cause of severe paediatric gastroenteritis, globally mortality is significantly high in developing countries in Asia, Africa and Latin America where access to health care facilities is limited (Phuta et al., 2006, Parashar et al., 2009). This is indicated in Figure 2.3 below. Sub-Saharan African countries have a higher burden of diarrheal diseases and rotavirus-related deaths than the rest of the world (Sanchez-Padilla et al., 2009). According to Parashar et al., (2003), the proportion of deaths due to rotavirus for the low-income countries was estimated to be 21%, low middle income countries 17%, high-middle income 9% and for high income countries 1%.
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Figure 2.3:  The estimated distribution of deaths due to rotavirus disease among children below 5 years of age, by country, more deaths occurring in Asia, Africa and Latin America. Each red dot represents 1000 deaths (courtesy of Parashar et al., 2009). 
It is estimated that approximately 114 million episodes of rotavirus infection occur globally each year (Glass et al., 2006). Most children become infected with rotavirus by the age of 3 years in both developed and developing countries. However in developing countries children less than 5 years of age will have one or more episodes of rotavirus gastroenteritis with 1 in 5 requiring a clinic visit, 1 in 65 hospitalisation and 1 in 293 dying as a result of the infection (Parashar et al., 2003). 
The case fatality rate due to the burden of rotavirus infection among hospitalized children is higher mainly in developing countries in Africa and Asia (Steele et al., 2003, Esona et al., 2010). Glass and his colleagues reported a high death toll in India (146 000), Nigeria (47,500), China (41,000), Congo (29, 000), Ethiopia (29,000) and Bangladesh had the highest deaths due to rotavirus infection (Glass, 2006). In the Eastern Mediterranean Region (EMR) an estimate of about 65,000 children die each year due to rotavirus infection in 22 countries while Sub-Saharan Africa has a higher burden of diarrheal disease and rotavirus-related deaths than the rest of the world with the annual mortality estimated to be 243.3 deaths per 100, 000 children below five years of age (Sanchez-Padilla et al., 2009).
In 2004, the WHO estimated the global mortality from rotavirus disease to be 527,000 with the African countries accounting for 50% of the total deaths and more than 230,000 of the deaths occurring in sub-Saharan Africa (WHO, 2007). These data have recently decreased by 14% which might be due to the increased rotavirus detection rates of 37% in 2008 compared to 29% in 2004. A systematic review and meta-analysis conducted in 2008 by Tate et al. (2011) revealed new global estimates for rotavirus associated mortality as 453 000 with a high mortality still occurring in African countries and India. Among the Asian countries, India has the highest mortality of about 22% of deaths (98 621 deaths) due to rotavirus infection (Tate et al., 2011). 
Recently the global rotavirus surveillance networks generated data indicating that the median detection rate for rotavirus was 40% globally and 41% in Africa. This emphasizes the need for rotavirus vaccines in order to reduce the high burden of hospitalizations for rotavirus among young children in Africa (Madhi et al., 2010). Nigeria is one of the countries in Africa that has reported to have the highest incidence of childhood diarrhoea projected to account for more than 160,000 deaths per year. Among these, 33,000 deaths of children below 5 years of age were due to rotavirus disease. This ranks Nigeria as the third top country among 10 countries with the highest mortality rate due to rotavirus disease associated with death (Aminu et al., 2010). Undertaking this study will determine the burden of rotavirus disease and create awareness of the magnitude of rotavirus disease in Swaziland (at present non-existent or not published), prior to the introduction of rotavirus vaccine.

[bookmark: _Toc324080541][bookmark: _Toc320753588][bookmark: _Toc350851666] 2.7 Epidemiology
Rotavirus is the major cause of severe acute gastroenteritis in infants and young children and is responsible for 20-50% of diarrhoeal hospitalization worldwide (Cunliffe et al., 1998). It causes 90% of all hospitalizations among children aged 3-12 months and infects almost all children below 5 years worldwide (Gray et al., 2008; Mwenda et al., 2010). The primary mode of transmission is through the faecal-oral route. The control of rotavirus outbreaks and transmission is a major challenge mainly in settings such as hospitals and day-care centres because the virus is stable on environmental surfaces. In these settings secondary spread to other children can be rapid through community-acquired rotavirus infection (Fischer et al., 2004). Rotavirus spreads easily in circumstances of overcrowding and poor hygiene where transmission can occur by drinking contaminated water, or ingestion of contaminated food which does not require cooking. These include fruits, vegetables and salads (Surajudeen et al., 2011).
According to Mwenda and his colleagues, rotavirus is a major public health problem among African children below 5 years of age (Mwenda et al., 2010). The published regional and country specific data on rotavirus from sub-Saharan African countries is limited, even though many African countries through financial support from WHO have initiated rotavirus surveillance studies (Mwenda et al., 2010). This study will describe for the first time the epidemiology and characterization of rotavirus G and P genotypes among children presenting with diarrhoea in selected health facilities in Swaziland.
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[bookmark: _Toc350851667]2.8 Seasonality trends of rotavirus diarrhea
Seasonality is recognised as an important but poorly understood feature of rotavirus diarrhoea (Cook et al., 1990). The occurrence of gastroenteritis together with vomiting illness in early childhood during winter was recognised as a striking epidemiological feature for rotavirus infection and thus, it is referred to as the winter disease in the temperate regions and in America (Bishop et al., 1974; Kapikian et al., 1976). In the tropical regions rotavirus disease can occur year round (Glass et al., 2006).
According to a study conducted by Cook et al.(1990), it was observed that globally rotavirus infection was more common in the cooler months but the seasonal peak of the infection can vary and occur from autumn to spring except in America that has a strictly winter season. The low temperatures, low humidity and factors related to host behaviour, physiological effects and overcrowding of susceptible children favours the survival of rotavirus and hence the rotavirus peak is observed mainly during winter seasons (Cook et al., 1990; Bishop, 1996). 
In developed countries such as Spain the monthly distribution of rotavirus varied slightly from season to season during 1998 and 2002. Rotavirus activity was observed in cooler months (November to February) with marked variations between 2000 and 2001 (Sánchez-Fauguier et al., 2004). In Asia, between 2005 and 2006, rotavirus infection was found to be more prevalent throughout the year but a higher peak was observed during the dry season compared to the rainy seasons of the year (Ahmed et al., 2010). However, in South Africa during a surveillance study conducted in Pretoria (2003 to 2005), the peak incidence of rotavirus infection was observed in the cooler dry months from April through September (Seheri et al., 2010). In most of the low socioeconomic areas the winter peak has been speculated to be due to overcrowding during winter seasons leading to easy transmission of rotavirus via the faecal oral route possibly while playing with toys in day care centres and also by ingestion of virus aerosol (Dennehy, 2000; Gray et al., 2008; Surajudeen et al., 2011). 
According to Swazi data from HMIS, in 2010 the seasonal pattern of diarrheal cases over two years from July 2008 to April 2010 showed the peak incidences occurring in June to July and December as shown in Figure 1.1 above. It is also believe that the rotavirus infection in Swaziland will follow the same seasonal pattern as indicated in South Africa since both countries experience the same seasonal patterns.
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[bookmark: _Toc350851668]2.9 Clinical presentations
Rotavirus infection causes a wide variety of disease from asymptomatic infection in neonates and adults to mild to severe diarrhoea in infants and young children. Once the infants are infected with rotavirus the most common clinical manifestations occur in 1 or 2 days (less than 48 hours) with a sudden onset of symptoms (Gray et al., 2008). The clinical symptoms are mainly characterised by acute watery diarrhoea, vomiting and fever that usually last for 2-7 days and is self-limiting. Rotavirus-positive patients usually experience severe diarrhoea illness and dehydration more compared to rotavirus-negative patients (Glass, 2006). Other clinical manifestations of rotavirus diarrhoea include: headache, malaise, nausea, or cramps. However, according to Gray et al., (2008) fever is not significantly different between children who are rotavirus infected and children with no rotavirus infection. Secondary infections with rotavirus are clinically milder and asymptomatic in young children. Rotavirus infection in adults is in two forms; asymptomatic rotavirus infections, which are more frequent in very young children and symptomatic infection characterized by diarrhoea, fever and vomiting (Gray et al., 2008). 
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[bookmark: _Toc350851669]2.10 Pathogenesis
The primary mode of rotavirus transmission is via the oral feacal route. Transmission by airborne droplets has been suggested (Bishop, 1996; Dennehy et al., 2000). Faeces of an infected person can contain more than 10 trillion infectious particles per gram but only 10 - 100 particles are required to transmit infection to another person (Bishop, 1996). The enterocytes lining the small intestine are generally divided into two types; enterocytes and crypt cells (Ramig, 2004). After ingestion, rotavirus infects the mature absorptive villous enterocytes of the upper part of the small intestine (Gray et al., 2008). The VP4 proteins attach the virus to receptors on the epithelial cells lining the gut. The Proteolytic cleavage of the VP4 spikes enhances viral infectivity and results in two polypeptides, VP5* and VP8*. The viral particle subsequently enters the cytoplasm (Glass et al., 2006). Replication occurs in the mature cells in the villi of the small intestine. Newly formed particles move down to the neighbouring cells where they undergo further replication leading to denuding of the villi (Ramig, 2004). 
Malabsorption results in the transit of undigested monosaccharides and disaccharides carbohydrates, fats, and proteins into the colon. The undigested bolus is osmotically active, and the colon is unable to absorb sufficient water, leading to osmotic diarrhoea, production of profuse watery diarrhoea exacerbated by the NSP4 protein, which acts as a viral enterotoxin (Ramig, 2004; Gray et al., 2008). Crypt cells lack the well-defined microvilli and absorptive functions of the enterocyte and actively secrete chloride ions into the intestinal lumen. It has been observed that rotavirus can spread from the intestines to the blood and the cerebrospinal fluid but there is no evidence of rotavirus multiplying in extra-intestinal sites (Glass et al., 2006). Rotavirus antigen is shed for approximately one week and in immunocompromised infants, it may continue for many months (Gray et al., 2008). Total serum rotavirus IgA is secreted shortly after infection and is regarded to be the best marker of protection against rotavirus infection (Dennehy, 2008).

[bookmark: _Toc324080545][bookmark: _Toc320753593][bookmark: _Toc350851670]2.11 Diagnostic methodology for analysis of rotavirus
[bookmark: _Toc324080546][bookmark: _Toc320753594][bookmark: _Toc350851671]2.11.1 Electron Microscopy (EM)
Electron Microscopy is a technique used to check the morphology of the viral particles. It was the first technique used in the detection of rotavirus and because of less sensitivity; it has been replaced by Polymerase chain reaction assay. It is now only occasionally used in the identification of unknown agents during outbreaks (Bishop, 1973; Roingeard, 2008).
Electron Microscopy utilizes an electron dense stain surrounding the biological specimen. The stain penetrates into the structural crevices of the biological specimen to enable the image to appear electron lucent against the dark electron dense background. The stain may also penetrate the interior to reveal internal structure as well. This technique shows the shape, size and the surface of the object well and provides information about the subunit (Nakata et al., 1987).
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Figure 2.4: Electron Microscopy showing a cluster of rotavirus in diarrheal faeces courtesy of Ruth Bishop: nature.com
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[bookmark: _Toc350851672]2.11.2 Enzyme immunoassay (EIA)
(a) Enzyme immunoassay EIA is based on the detection of protein antigens of rotavirus particles in diarrheal stool specimens. Rotavirus specific antibodies are used to capture antigens on to wells of microtitre plates. The antigen is detected in a calorimeter reaction using a second rotavirus specific antibody coupled to a detector enzyme (WHO, 2008 a). In the laboratory settings, EIA is the technique used to determine a case of rotavirus infection and can be used to determine rotavirus burden of disease and the efficacy of rotavirus vaccine in clinical trials (Gouvea et al., 1990).
(b) Rapid chromatographic assays involve an immunological detection of rotavirus VP6 antigen by capturing the antigen from faeces by anti VP6 specific antibodies immobilised onto Latex (reverse passive chromatographic assays) nitrocellulose, or nylon (rapid chromatographic assays).
[bookmark: _Toc324080548][bookmark: _Toc320753596][bookmark: _Toc350851673]2.11.3 Polyacrylamide gel electrophoresis (PAGE)
The principle of PAGE is to separate the 11 segments of the rotavirus dsRNA within the polyacrylamide gel so as to display distinct dsRNA migration patterns. The dsRNA is extracted using an equal amount of phenol and chloroform followed by PAGE and silver staining. PAGE may be used to determine the genomic diversity of rotavirus isolated in the population (Bishop, 1996). PAGE allows detection and classification of rotavirus into two main groups, “Long” and “Short” patterns based on the migration rates of the RNA segment gene 11 as shown in Figure 2.2 above (Genome segments) (Herring et al., 1982). Electropherotypes can be used to trace the spread of rotavirus through a population group but cannot be used to predict virulence or classification of rotavirus (Estes and Kapikian, 2007).
[bookmark: _Toc324080549][bookmark: _Toc320753597][bookmark: _Toc350851674]2.11.4 Reverse transcriptase Polymerase Chain Reaction (RT-PCR)
[bookmark: _Toc324080550][bookmark: _Toc320753598]The RT-PCR utilises a pair of primers, which are complementary to a defined sequence on each strand of the dsRNA. The genes encoding VP7 and VP4 can be reverse transcribed and amplified under specific conditions (denaturation 95°C, annealing 42°C and extension 72°C). Since rotavirus contains dsRNA, the first step involves reverse transcription (RT) of dsRNA to cDNA, followed by amplification of the cDNA and finally extension of the amplified product (Gouvea et al., 1990). The reverse transcription and amplification steps are enzyme dependent. 
[bookmark: _Toc350851675]2.11.5 Genotyping of rotavirus strains
Genotyping allows the characterisation of both G and P types. The RT-PCR product is used for genotyping using a cocktail of primers described by Gentsch et al. (1992) and Gouvea et al. (1990) to genotype both VP4 and VP7, respectively. Genotyping of strains can show single or multiple infections (single cell being infected with different virus strains) (Itturiza-Gomara et al., 2001). 
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2.11.6 Hybridization
RNA-RNA hybridization techniques employ a labelled ssRNA transcript as probe for genomic RNA identification of three major families of human rotavirus Wa (G1), DS-1 (G2) and KUN (human rotavirus AU-228 or AU 1 strains that fails to hybridize with Wa or DS 1-like virus). The hybridization analysis can also indicate the presence of corresponding genes of most animal and human viruses (Greenberg et al., 1983; Estes and Kapikian, 2007). 
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Real time (RT- PCR) is used to estimate viral load in stool and requires extracted viral RNA. It is performed by using SYBR green to target different rotavirus gene segments. The amplification occurs in a chromo-4 real-time system (MJ Research /Bio-Rad). The viral load is estimated at the crossing point (C[t] value) at which the amplicon is detected in the real-time PCR assay. The specificity of the PCR product is measured by the melting curve analysis and a single peak is expected at the range of 79°C - 81°C. All calculations are made using the Option Monitor software, version 3 (Ramani et al., 2010).
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The rotaviruses are inoculated into MA-104 cells where they grow after serial passage (Hoshino and Kapikian, 2000). The rotavirus induces a cytotoxic effect causing cell lyses and loss of tissue integrity (De Marco et al., 2009). This technique is only used in specialized laboratories.

[bookmark: _Toc324080554][bookmark: _Toc350851678]2.12 Natural protection
Rotavirus outer-capsid proteins VP7 and VP4 carry epitopes that are responsible for evoking neutralizing antibodies. In hyperimmune antiserum the neutralizing antibodies raised against a rotavirus strain are primarily directed to the major surface glycoprotein VP7 (Hoshino and Kapikian, 2000). However, monoclonal antibodies to the surface spike protein VP4 will not react clearly in reciprocal neutralization assays with hyperimmune antiserum (Hoshino et al., 1998, Hoshino and Kapilian, 2000). This difference may be due to changes of the rotavirus structure (Chen et al., 1989, Hoshino and Kapikian, 2000). Rotavirus infections can occur throughout life and the first encounter with rotavirus infection is usually symptomatic. While the second, third and fourth infections are typically mild to asymptomatic and confers progressively greater protection. This may be due to affinity maturation or that the neutralizing antibody produces a broader heterotypic response against subsequent infection. In developing countries most symptomatic rotavirus infections occur between three months and two years of age and peak between 7-15 months of age (Dennehy, 2008). Neutralizing antibodies against the outer capsid proteins VP4 and VP7 plays a central role in research and development of a rotavirus vaccine. 
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[bookmark: _Toc350851679]2.13 Prevention and control
Hygiene and sanitation
Improvements in hygiene and sanitation have not reduced rotavirus diarrhoea. However, interventions to improve water quality and sanitation together with the use of oral rehydration therapy, administration of zinc supplements and breast-feeding have led to an impressive reduction in the number of diarrheal deaths from 4.6 million deaths among children in 1982 to an estimated 2.5 million deaths among children in 2003 (Bresee et al., 2005, Posfay-Barbe et al., 2008). Despite these achievements, rotavirus diarrhoea infection continues to be the major cause of severe, dehydrating gastroenteritis worldwide (Glass et al., 2006). Development and implementation of a safe and effective rotavirus vaccine into the routine EPI schedule is considered the first strategy for prevention to reduce the burden of rotavirus diarrhoea and prevent childhood mortality (Bresee et al., 1999).
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[bookmark: _Toc350851680]2.14 Rotavirus vaccine
The prevalence of rotavirus infections is similar in both developed and developing countries although the mortality rate is significantly higher in developing countries (Parashar et al., 2003). This has led the international health agencies to promote the development of rotavirus vaccines as the best intervention to reduce morbidity and mortality associated with rotavirus infection and as a cornerstone of efforts to further reduce global rates of diarrhoea-related deaths (Bresee et al., 2005). 
Vaccine development, clinical trials, and widespread use of rotavirus vaccines were recommended to prevent severe and fatal rotavirus disease. Since then, rapid progress has been made in developing and testing several rotavirus vaccine candidates. In August 1998, the FDA licensed the first rotavirus vaccine the tetravalent rhesus-human reassortment vaccine (Rotashield, Wyeth Laboratories, Philadelphia USA). The US Advisory Committee on Immunization Practices (ACIP) recommended the vaccine for routine immunizations of all children in the USA. However, 9 months later, the use of Rotashield was suspended because reports suggested a possible association with an increased risk of developing intussusception. The use of Rotashield was withdrawn and the manufacturer stopped vaccine production (Parashar et al., 2003). 
More recently the RotaTeq™ and Rotarix® rotavirus vaccines have been licensed in many countries and have been shown to be effective in controlling and reducing rotavirus gastroenteritis (Putnam et al., 2007).
 Rotarix® is a human attenuated monovalent vaccine which is composed of G1P[8] with an efficacy based on heterotypic immunity. RotaTeq™ vaccine is a live, oral pentavalent vaccine composed of G1–G4 [P7] and G6P[8] based on homotypic immunity (O’Ryan and Linhare, 2009). The results from phase III clinical trial, efficacy studies have demonstrated Rotarix® to show a high efficacy of 85% against severe rotavirus diarrhoea associated with G1P[8], G3P[8], G4P[8] and G9P[8] strains whereas a lower efficacy of 41% was observed in G2P[4] (Ruiz-Palacios et al., 2006). The results of the RotaTeqTM phase III clinical trials in Europe and US have shown high protective efficacy of 98% against severe G1-G4 rotavirus diarrhoea (Vesikari et al., 2006). Both vaccines have excellent safety profiles, are effective and can reduce the burden of rotavirus-related disease (WHO, 2009). In the developing world the safety and efficacy trials of Rotarix® were conducted in South Africa and Malawi, the vaccine has demonstrated that rotavirus vaccination can prevent severe diarrhoea in an African setting where almost half of the total global rotavirus deaths occur (Madhi et al., 2010). 
Rotavirus vaccines are considered to be the most cost effective public health intervention to significantly reduce rotavirus related morbidity and mortality in children in the world. Currently, two vaccines RotaTeq™ and Rotarix® are licensed in many countries and have been shown to be equally safe and effective in controlling and reducing rotavirus gastroenteritis (WHO, 2009). These two rotavirus vaccines are licensed in South Africa. The Rotarix®has been included in the National Expanded Programme on Immunization in South Africa. The Rotarix® differs from RotaTeq™ vaccine in antigen composition and immunization schedule (WHO, 2007).The clinical trials revealed that the overall efficacy of Rotarix® vaccine was 61.2%. The vaccine efficacy in South Africa was found to be 76.9% and 49.4% in Malawi (Madhi et al., 2010). In 2009, the WHO prequalified RotaTeq™ based on the results of clinical trials in poorer communities in Bangladesh, Vietnam, Ghana, Mali and Kenya where it was demonstrated that RotaTeq™ vaccine is of good quality, safe and effective. The overall efficacy of RotaTeq™ vaccine in the first year of life was 64% (WHO, 2009). Based on the efficacy study carried out in South Africa it is anticipated that the introduction of rotavirus vaccine in Swaziland may significantly reduce diarrhoeal diseases occurring in young children. 
In June 2009, the Strategic Advisory Group of Experts on Immunization from WHO recommended that rotavirus vaccines be included in the immunization programs of all countries of the world (WHO, 2009). The WHO recommendation followed after the clinical trials were carried out in Africa to determine the efficacy of the rotavirus vaccine in developing countries (WHO, 2009). This historic policy decision is expected to serve as a catalyst for efforts to ensure that the next decade results in reduction of deaths due to diarrheal diseases (Neuzil et al., 2010). 

[bookmark: _Toc324080557][bookmark: _Toc350851681]2.15 Progress with rrotavirus vaccination programmes
[bookmark: _Toc320642015]Globally 
The WHO prequalified rotavirus vaccines Rotarix® and RotaTeqTM have been shown to be effective in reducing rotavirus gastroenteritis (Putnam et al., 2007). To date according to a report from the International Vaccine Access Centre (IVAC) Global Vaccine Introduction only 34 countries have introduced rotavirus vaccine into their National Immunization Program (NIP), 57 countries have announced plans to introduce the vaccine into the NIP and 2 countries have coverage at greater than 50% through the private market. About 101 countries are still to make a decision regarding introduction (IVAC, 2012). A lamb rotavirus strain rotavirus vaccine (LLV) has only been licensed in China, where it is given orally as a single dose (Chandran et al., 2010). 

Regionally

In South Africa, Rotarix® and RotaTeq™ vaccines have been licensed since 2006 in private health facilities. The Rotarix® vaccine was incorporated in the EPI in 2009 (Wash News Africa, 2009; NICD, 2011). In September 2011, the GAVI provided funding to 12 countries from Africa to introduce rotavirus vaccines (Angola, Burundi, Cameroon, Democratic Republic of Congo, Djibouti, Ethiopia, Ghana, Madagascar, Malawi, Niger, Rwanda and Tanzania). The GAVI and its partners are planning to support the 40 poorest countries to rollout rotavirus vaccine by 2015 and immunise more than 50 million children (GAVI, 2011). 
[bookmark: _Toc324080558]Swaziland is considering the introduction of the rotavirus, pneumococcal and meningococcal conjugate vaccines to the national immunization programs in line with the United Nations Millennium Development Goal (UN MDG) to “reduce by two thirds between 1990 and 2015, the under-five mortality rate”. The estimates of the burden of rotavirus disease in Swaziland will create awareness of rotavirus disease prior to the introduction of rotavirus vaccine. 

[bookmark: _Toc350851682][bookmark: _Toc251340817]
CHAPTER 3: MATERIALS AND METHOD

[bookmark: _Toc324080559][bookmark: _Toc320642016][bookmark: _Toc350851683]3.1 Ethical considerations
The study received ethical approval from the Medunsa Research Ethics Committee of University of Limpopo (Medunsa Campus) (MREC/P/:38/2011PG) and Swaziland Ethics Committee. An informed consent was obtained from the parent or caretaker accompanying the child (Appendix 1 A and B).
[bookmark: _Toc324080560][bookmark: _Toc320642017]
[bookmark: _Toc350851684]3.2 Study design
This was a prospective study to investigate the burden of rotavirus disease and determine the circulating rotavirus strains in infants and young children with severe diarrhoea hospitalised and attending the outpatient departments (OPD) in selected public and private health facilities in Swaziland.
[bookmark: _Toc324080561][bookmark: _Toc320642018]
[bookmark: _Toc350851685]3.3 Study sites
The study was conducted using stool specimens from children <5 years of age presented with diarrhoea at hospital admissions or attending OPD in selected public and private health care facilities. These include the Mbabane Government Referral Hospital (MGRH), Raleigh Fitkin Memorial Hospital (RFM), Hlatikhulu Hospital (HLH) and Good Shepard Hospital (GSH) and a Lancet Pathology Laboratory (LPL). The sentinel sites are indicated in Figure 3.1 below. 
Selection of surveillance sites: The surveillance sites represented four different regions in Swaziland as shown in Figure 3.1 below. The MGRH is a referral hospital for the whole country. It is situated within a well-populated urban area with a high socio-economic standard. Most of the children admitted at the hospital are from different regions. This surveillance site was established in 2009 as a pilot site and it continued through to the year 2010. The selection was based on the fact that 1) it is a referral hospital for the country, 2) it is a public health facility, 3) has a large catchment area and also serves as a regional hospital, 4) has a functional laboratory, and 5) it is easily accessible and is located in the capital city (Mbabane) in the Hhohho region of Swaziland. 
Once MGRH was established, four additional surveillance sites were established in 2010 based on the geographic locations in Swaziland. Three public health care facilities (HLH in the Shiselweni region, RFM in the Manzini region and GSH in the Lubombo region) were selected. One private pathology laboratory situated in Mbabane was selected to be a surveillance site representing the private clinics/hospitals within the country.
Raleigh Fitkins Memorial Hospital (RFM) is a referral hospital located in a densely populated urban area, with considerably lower socio-economic standards. It is a referral hospital for the Manzini region providing mainly primary healthcare facilities. It serves a large catchment area and has functional laboratories within the hospital. Good Shepard Hospital (GSH) is situated in the rural area and serves as the regional healthcare facility for the Lubombo region. This region is well populated generally with a low socio-economic status and provides primary healthcare facilities within the region. They serve large catchment areas and have functional laboratories in the hospital. 
Hlatikhulu Hospital (HLH) is situated in a well-populated rural area with low socio-economic status and serves as a regional hospital for primary healthcare facilities within the Shiselweni region. Lancet Pathology Laboratory (LPL) is situated in Mbabane under the Mbabane Private clinic and it serves children from private health facilities mainly those with Medical Aid. All stool analyses for rotavirus disease for private clinics/hospital are processed by this laboratory.
[bookmark: _Toc350851686]3.3.1 Sample size
The sample size was calculated using Epi Info version 3.4 (CDC, 2003). The expected frequency for unknown prevalence was estimated to be 50% and the worst case scenario was estimated to be 45% of the total population. Thus, sample size of 384 was calculated at 95% confidence level.
[bookmark: _Toc350851687]3.3.2 Study population 
A total of 745 specimens were collected from inpatient and outpatient children <5 years of age presented with diarrhoea in five selected healthcare facilities: MGRH, LPL, HLH, GSH and RFM. A total of 263 specimens were collected between April and December 2009 and 332 specimens were collected between January and December 2010 from MGRH sentinel site only. Between June 2010 and December 2010, 150 specimens were collected from the other four study sites combined (LPL, HLH, GSH and RFM hospitals). The specimens for the entire study population were collected from children with ages ranging from 0-11 months 401, 12–17 months were 109, 18-23 months were 51 and 24-59 months were 184. Of the 745 specimens, 345 were from females and 400 from males.
[image: New Picture]
Figure 3:1 Map of Swaziland indicating the selected health care facilities and the number of stool specimens collected from each (highlighted in red) study site. 
[bookmark: _Toc324080562][bookmark: _Toc320642020][bookmark: _Toc350851688]3.4 Specimen collection
The samples were included in the study based on the following case definition. The children that were enrolled in the current study were first screened using the inclusion and exclusion criteria based on the WHO guidelines as indicated below. 
[bookmark: _Toc324080563][bookmark: _Toc320642021][bookmark: _Toc350851689]3.4.1 Inclusion criteria
All the following criteria should be satisfied for enrolling the case:
1. Child under five years of age 
1. Presence of gastroenteritis 
1. Gastroenteritis of ≤ 7 days 
1. Admitted for treatment of gastroenteritis as a primary illness
1. Admitted to hospital ward (hospitalized) 
1. Treated at the emergency room/Outpatient clinic
[bookmark: _Toc324080564][bookmark: _Toc320642022][bookmark: _Toc350851690]3.4.2 Exclusion criteria
 Presence of any of the following
1. Child aged equal or more than 5 years
1. Child with bloody diarrhoea  
1. Child with symptoms > 7 days
1. Patient acquired gastroenteritis during his hospitalization for treatment of other diseases (hospital acquired gastroenteritis)
[bookmark: _Toc324080565][bookmark: _Toc320642023][bookmark: _Toc350851691]3.4.3 Patient log book
Once the children were enrolled they were registered in the Patient logbook. The stool specimens were collected stored and transported to MEDUNSA laboratory for analysis. 
[bookmark: _Toc324080566][bookmark: _Toc320642024][bookmark: _Toc350851692]3.4.4 Specimen transfer / transportation
Once the children meet the inclusion criteria at each surveillance site, their stool specimens were collected and then stored at 2-8°C. The Laboratory Technologist completed an off-site Specimen Transfer and Investigation Request Form and Feedback form (Appendix 2). The stored specimens together with the specimen transfer form were sent to the National Reference Laboratory (NRL) in Mbabane. 
[bookmark: _Toc324080567][bookmark: _Toc320642025][bookmark: _Toc350851693]3.4.5 Data collection
A data clerk at NRL collected all the specimen transfer forms and checked them to ensure that the epidemiological data for each specimen was available. The stool specimens were aliquoted into a 2ml screw cap cryotubes that are self-standing, low temperature freezer vials, lip seal design and with external threads (VWR International, MFG: T309-2AVWR, Vietnam) and labelled with a lab number corresponding to the Transfer Form and packaged into a cryotube storage box (Nunc Storage Vial, Polystyrene, Thermo Fisher Scientific Inc.) that can hold 100 cryotubes each (VWR International, MFG: T309-2AVWR, Vietnam). If all the demographic data and the laboratory number for each patient were available, the packaged stool specimens together with the transfer form were transported to the Medical Research Council Diarrheal Pathogen Research Unit (MRC DPRU) in Pretoria, South Africa for rotavirus analysis as shown in Figure 3.2 below. If the stool specimens did not have demographic data such as age, gender, or date of specimen collection, the NRL data clerk would phone the relevant surveillance site and request the information. 
 
Figure 3.2: Flow diagram indicating collection of stool specimens from surveillance sites in Swaziland.
Medical Research Council Diarrheal Pathogen Research Unit (MRC DPRU)
National reference Laboratory (NRL)
Mbabane Government Referral Hospital (MGRH) 
Good Shepard Hospital (GSH)
Raleigh Fitkin Memorial Hospital (RFM)
Hlatikhulu Government Hospital (HLH)
Lancet private Pathology Laboratory (LPL)

[bookmark: _Toc324080568][bookmark: _Toc324060636][bookmark: _Toc320642026][bookmark: _Toc350851694]
Figure 3.2:  Flow diagram  indicating  collection  of  stool specimens  from surveillance in Swaziland.
3.5 Laboratory procedures
Upon arrival at MRC DPRU, the stool specimens with all the patients’ demographic details were recorded in the laboratory register book. All 745 diarrheal stool specimens received were given a unique MRC DPRU laboratory number for identification and to protect the patient identity and were then analysed using the following laboratory procedures illustrated below. 
Figure 3.3: Flow diagram of laboratory procedures undertaken during screening and characterization of rotavirus strains.
[bookmark: _Toc324080569][bookmark: _Toc320642027]
[bookmark: _Toc350851695]3.5.1 Detection of the rotavirus antigen in stool specimens
The stool specimens were screened for the presence of group A rotavirus antigen using a commercially available ProSpecT™ Rotavirus enzyme immunoassay kit (Oxoid Ltd, UK) according to the manufacturer’s instructions. 
[bookmark: _Toc320642028]

3.5.1.1 Dilution of stool specimens for rotavirus detection
A 10% stool dilution was prepared for each of the 745 stool specimens by adding approximately 0.15 gm of solid stool or 100 µl of liquid  stool into 900 µl of a diluent (Tris buffer saline solution, antimicrobial agent and red dye) in a 1.5 ml eppendorf sterile tube. The stool specimens were thoroughly mixed using a vortex mixer (Intercal, G-560E, Vortex – 2 Gene, USA) for one minute at room temperature and then stored at ambient temperature for 30 minutes to enable the stool debris to settle at the bottom of the eppendorf tube.
[bookmark: _Toc320642029]3.5.1.2 The procedure of the enzyme immunoassay
Briefly, 100 µl of a positive control (an inactivated bovine rotavirus strain 3209176 in a buffer containing antimicrobial agent), a negative control (Tris buffer saline solution, antimicrobial agent and red dye) and 100 µl each of the 10% stool dilution were added into separate microwell plates. The controls were included for quality control purposes and were supplied with the EIA kit. Two drops (100 µl) of conjugate antibody (rotavirus specific rabbit polyclonal antibody conjugate to horseradish peroxidise) in a buffered protein solution containing antimicrobial agent and blue dye supplied with the kit was added to each well, including the control wells. The microwell plates were then incubated on the bench at room temperature for 60 minutes. While incubating the specimens 1x wash buffer solution was freshly prepared using 120 ml phosphate buffer solution containing antimicrobial agent and detergent from a stock solution at 10x concentration supplied with the kit, by adding 1 part concentrate to 9 parts distilled water. Once the hour for incubation elapsed, the microwell plates were washed 6 times using the freshly prepared 1x wash buffer. The wells were dry blotted to remove excess water. Two drops of substrate solution (stabilized peroxide and 3.3’-5.5’tetramethylbenzidine in a dilute buffer solution) were added to each well and incubated for 10 min in the dark. After 10 min incubation two drops of stop solution (0.45 M sulphuric acid) supplied with the kit was added in each well to stop the reaction. After stopping the reaction, the presence rotavirus antigen was confirmed by reading the plate at a wavelength of 450 nm using a spectrophotometer (Biotec instruments, USA).
[bookmark: _Toc320642030]
3.5.1.3 Interpretation of results
The positive control was considered positive if the absorbance value was above 0.500 absorbance units. The cut off was calculated by adding 0.200 to the negative control absorbance. All the specimens with absorbance below the cut-off were considered negative (the group A rotavirus antigen was not detected). Absorbance above the cut-off value was considered positive (i.e., the group A rotavirus antigen was detected). The results were recorded in the ELISA worksheet (Appendix 3). The results were recorded based on the range of the absorbance values as shown below:

Negative results
Absorbance   ≤ cut off        -   negative
Positive results
Absorbance
Above cut off   < 0.500    -       -/+
0.500- 1.000                  -         1+
1.100 – 2.000                 -          2+
2. 100 - 3.000                 -         3+
> 3.000                            -         4+

[bookmark: _Toc324080570][bookmark: _Toc320642031][bookmark: _Toc350851696]3.5.2 10% stool dilution 
In order to perform further rotavirus analysis 10% stool dilution was prepared. A total of 148 rotavirus EIA positive samples was retrieved and 10% stool dilution was prepared by adding a pea-sized portion (0.5 g) of stool specimen to 5 ml of distilled water, in a sterile 10 ml polystyrene tube then mixed on a vortex mixer (Intercal, G-560E, Vortex – 2 genie, USA) for one minute at room temperature and stored at 4 °C. 
[bookmark: _Toc324080571][bookmark: _Toc320642032][bookmark: _Toc350851697]3.5.3 Polyacrylamide gel electrophoresis (PAGE)
All the 148 EIA positive samples were further analysed using the PAGE technique. The rotavirus positive specimens were registered on a PAGE worksheet (Appendix 4.1) using the unique MRC Laboratory numbers.
[bookmark: Resolving_gel][bookmark: _Toc251340825]The PAGE method was used as an additional screening method for group A rotavirus. This technique was performed in order to determine the electrophoretic pattern of rotavirus strains (Steele and Alexander, 1987). The 11 dsRNA segments of rotavirus have different molecular weight (sizes) ranging from 2.0x 10 to 0.2x10. An electrical current is applied across the polyacrylamide gel and the 11 segments migrate at different speed according to their molecular weight determining the electropherotype pattern (Herring et al., 1982). 
[bookmark: _Toc320642033]3.5.3.1.1 Extraction of dsRNA from stools for PAGE analysis
Briefly, viral RNA was extracted from all 148 EIA positive specimens. In a clearly labelled sterile eppendorf tube, 450 µl of a 10% stool suspension was mixed with 50 µl of a pre-warmed 1M-sodium acetate (NaAc) solution containing 1% Sodium Dodecyl Sulphate (SDS) with a pH 5.0. SDS is an ionic detergent used to denature secondary and tertiary structure of the virus. The mixture was incubated at 37°C for 15 minutes in a water bath (Memmer W200, Labotec, Germany). An amount of 500 µl phenol / chloroform (1:1) was added to each eppendorf tube to denature the proteins. The phenol / chloroform increase the efficiency of nucleic acid extraction. The tubes were incubated for 15 minutes at 56°C in a water bath after vortexing for 1 min. The mixture was then centrifuged (Intercal, eppendorf 5415 R, Germany) for 3 mins at 12,000 rpm to separate the phases. Three phases were observed, the upper phase was a colourless aqueous phase containing dsRNA, the interphase (middle layer) and lower organic phase. The upper phase containing dsRNA was carefully transferred into a clearly marked sterile eppendorf tube. The viral dsRNA was then precipitated with 1/10 volume (approximately 40 µl) of 3M NaAC buffer pH 5.0 and two volumes of ice cold absolute ethanol were added before incubating at -20°C overnight. The eppendorf tube containing the dsRNA was centrifuged at 4°C for 15 minutes at 12,000 rpm to pellet the dsRNA. The supernatant was carefully removed by pouring off the ethanol from the tubes and the pellet was allowed to air-dry before re-suspending in 30 µl prepared gel loading dye buffer as indicated in Appendix 4.2.
[bookmark: _Toc320642034][bookmark: _Toc251340826]3.5.3.2 The 10% resolving gel
The electrophoretic apparatus which includes glass plates, glass stands, and clamps were assembled. The PAGE glass plates were first cleaned using absolute ethanol (96%) then paired together and two horizontal sides separated with a 1.5 mm rubber gasket, clamped and locked the two glasses together and placed on the electrophoretic apparatus. The glasses were marked to indicate the level of the resolving gel. Reagents were prepared to make two gels by adding 31.6 ml of dH2O, 20.0 ml 30% acrylamide stock solution, 7.5 ml resolving buffer (pH 8.9), 30 µl of TEMED (Cleaveland, USA) and 900µl of freshly prepared 10% ammonium persulphate (APS) (Cleaveland, USA) into the glass beaker. The mixture was poured into the assembled glass plates. Approximately 1ml of dH2O was added on top of the resolving gel. The gel was left to polymerize for 2 hours on the bench. The ammonium persulphate solution is an initiator for gel formation and TEMED used a catalyst for polymerization of the gel.
[bookmark: _Toc320642035][bookmark: _Toc251340827]3.5.3.3 The 3 % spacer gel
A mixture of a stacking solution was prepared by adding 31.6 ml of dH₂O, 20.0 ml 30% acrylamide, 7.5 ml spacer (pH 6,7), 10 µl of TEMED and 300 µl of 10% APS. After removing the layer of dH₂O, the mixture was added on to the resolving gel in between the glass plates. A specialized plastic comb was inserted between the glass plates immediately so that the gel polymerize with them to create wells to load a maximum of 15 specimens per gel. 
[bookmark: _Toc251340828]A solution of 5x Tris-glycine running buffer was prepared by weighing 15.1 g of 25 mM Tris base and 94 g of glycine 250 mM and mixed in 1000 ml distilled water. A working solution of 1x Tris-glycine buffer was prepared from the prepared 5x Tris-glycine by adding 800 ml distilled water to 200 ml of 5x Tris-glycine. The gels were then placed in an electrophoresis tank (SE 600 series, Hoefer Scientific Instruments, USA) filled with 700 ml of 1x Tris buffer at the bottom tank and 200 ml 1x Tris buffer was poured on the top of the tank. A total volume of 30 µl loading dye was mixed with the extracted dsRNA sample in 2 ml eppendorf tubes then loaded into the wells. Electrophoresis utilizes a 10% polyacrylamide gel overlaid with a 3% stacking gel, using a discontinuous Tris-glycine buffer system at 100 volts at room temperature for 18 hrs (Theil et al., 1981).
[bookmark: _Toc320642036]3.5.3.4 Silver nitrate staining of PAGE
The staining procedure was performed according to Herring et al., (1982). After 18 hrs the gels were removed from the glasses and soaked in 200 ml of fixing solution 1 and incubated for 30 minutes on an orbital shaker at room temperature. They were again fixed with 200 ml fixing solution 2 and incubated for 30 min then stained with 200 ml silver nitrate (AgNO₃) solution for 30 min. The staining solution was removed by washing the gels twice with distilled water and 50 ml of developing solution was used to wash off the remaining staining solution. The gels were then soaked in 200 ml developing solution and incubated for 5 min or until the RNA bands are visible. To stop the reaction 200 ml stopping solution was added on to the gels and incubated for 10 min. The gels were washed in distilled water and finally wrapped in cellophane sheet and dried in a Hoefer Eazy Breeze Gel Dryer (Labotec, Hoefer Scientific instrument, San Francisco). Staining solutions were prepared as indicated in (Appendix 4.3). During staining all the solutions were drained off after each incubation period.
[bookmark: _Toc320642037]3.5.3.5 Interpretation of results
The RNA segments that were observed under white light transluminator and were categorized into short (S), long (L) and mixed L and S. Non-rotavirus segments on the gels were regarded as negative samples. The segments in each category were further differentiated into three categories based on the migration of the segments within the dsRNA (S1, S2, S3 and L1, L2, L3). The results were recorded on the PAGE worksheet (Appendix 4.2).

[bookmark: _Toc324080572][bookmark: _Toc320642038][bookmark: _Toc350851698][bookmark: _Toc251340830]3.5.4 PAGE negative specimens
Of the 148 specimens tested by PAGE, all 42 PAGE negative specimens were re-extracted using a Trizol extraction method. Briefly, in a clearly labelled sterile 1.5 ml eppendorf tube, 300 µl of a 10% stool suspension was mixed with 800 µl of Trizol (Molecular Research Centre. Inc) solution and incubated at ambient temperature for 10 min. A total volume of 400 µl of chloroform was added to the solution and incubated at 58°C for 3 min in a heating block and then centrifuged (Intercal, Eppendorf 5415 R, Germany) at 12,000 rpm for 5 min at 4°C. The upper phase was transfered into a new labelled 1.5 ml eppendorf tube before 250 µl of chloroform added into the eppendorf tube and then incubated in a heating block (Accu BlockTM Digital Dry Bath, USA) at 58 °C for 3 min then centrifuged at 12,000 rpm for 10 min at 4°C. The upper phase was transfered into a new labelled 1.5ml eppendorf tube and 800 µl of ice-colded isopropanol added and mixed gently six times then incubated at -20°C for 20 min or overnight. The samples were then centrifuged at 13,500 rpm for 20 min. The supernatant was carefully removed by pouring the isopropanol off from the tubes and the pellet was allowed to air-dry before re-suspending it in 30 µl prepared gel loading dye buffer.
[bookmark: _Toc324080573][bookmark: _Toc320642039][bookmark: _Toc350851699]3.5.5 Extraction of dsRNA using the QIAamp viral RNA mini kit
The QIAamp Viral RNA extraction kit (QIAamp, Hamberg, Germany) was used to extract dsRNA from the rotavirus positive stool specimens (10% diluted stool specimens). The stool specimens were first vortexed for 1 min and allowed to stand for about 30 min at room temperature’s before extraction. The procedure was carried out according to the manufacturer’s instructions. The QIAamp viral RNA mini kit can be used for extraction isolate genomic, mitochondrial, bacterial, parasite or viral RNA and DNA from a wide variety of specimens. 
[bookmark: _Toc320642040]3.5.5.1. Detailed method 
[bookmark: _Toc251340831]An amount of 140 µl of 10% stool specimen was added to 560 µl Buffer AVL (supplied with the kit) containing 5.6 µl carrier RNA in a 1.5 ml eppendorf tube (Lasec, USA, CA, USA) for lysis. Buffer AVL inactivates RNAses and lyse the specimen and denatures the proteins. It also improves the binding ability of RNA to QIAamp membrane. The mixture was vortexed (Intercal, G-560E, Vortex – 2 gene, USA) for 15 seconds and incubated for 10 minutes at ambient temperature to ensure effective lysis of viruses. Then 560 µl of absolute ethanol (Sigma Aldrich, Steinheim, Germany) was added to each specimen and mixed by pulse-vortexing for 15 seconds at 4°C and the tubes were centrifuged briefly at 8000 rpm (Intercal, Eppendorf 5415 R Germany) to remove drops from inside the lid. The specimen was transferred to a spin column with a 2 ml collection tube and centrifuged for 1 minute at 8000 rpm at 4°C. The QIAamp spin column was placed into a sterile collection tube and the tube containing the filtrate was discarded. The spin columns containing specimens were washed using 500 µl of Buffer AW1 for 1 min at 8000 rpm followed by 500 µl of Buffer AW2 for 3 min at 12000 rpm. The buffers were used to wash off the contaminants and the strength of the buffer was adjusted to optimize the binding of RNA. The dsRNA was eluted with 60 µl of the supplied buffer AVE and kept at -20°C. 

[bookmark: _Toc324080574][bookmark: _Toc320642041][bookmark: _Toc350851700]3.5.6 RT-PCR assay (First round PCR)
The PCR technique is more sensitive and specific and may be used to establish the genetic diversity of VP4 and VP7. It also provides information on the circulating rotavirus strains. PCR has a sensitivity of 93% and compared to 82% observed in EIA techniques (Gouvea et al., 1990), thus it is a method of choice. The RT-PCR assay enables amplification via reverse transcription polymerase reaction where by a very low copy of dsRNA molecule can be detected.
All 148 positive rotavirus specimens were characterized for P and G types using specific primer sets as indicated in Table 3.1 and Table 3.2 below. During the PCR assay both positive and negative controls of group A rotavirus were included and treated identically as the samples. The negative controls were prepared using nuclease free water and the positive control was from a known rotavirus-positive specimen. 


[bookmark: _Toc320642042]

3.5.6.1 Detailed procedure
[bookmark: _Toc251340834]The genomic segment 4 (VP4) gene was amplified using primers Con 2 and Con 3 to generate an 876 bp amplicon according to Gentsch et al., (1992) as shown in Table 3.1. In cases where the P type was not determined, inner VP4F and VP4R were used to amplifying a 663 bp fragment according to Simmonds et al.,(2008). These primers were used for first round PCR. This enables specimens with mutations at the terminal sites to be eliminated. Primers sBeg9 and End9 (Gouvea et al., 1990) were used to amplify the VP7 gene to generate an of 1062 bp amplicon as shown in Table 3.2 below. Briefly, an amount of 8 µl of dsRNA extracted using QIAamp was added into a clearly labelled sterile 0.5 l PCR tube (Axygen, CA, USA) containing 1 l of each of the two terminal primers 5’ (10 pmol/µl sBeg9) and 3’ (10 pmol/µl End9) or 3’ (10 pmol/µl Con 2) and 5’ (10 pmol/µl Con 3). The tubes with the mixture were incubated in a heating block at 95°C for 5 min to denature the dsRNA strands. Reverse Transcription (RT) master mix containing 0.25 µl of 10 mM of each of  dCTP, dTTP, dGTP, dATP (Bioline, USA), 0.2 of 5 U Avian Myeloblastosis Virus (AMV) reverse transcriptase and 2 µl of 5x AMV Buffer (Fermentas Life Sciences, Lithuania) was prepared. An amount of 3.2 µl of the master mix was added in each PCR tube and incubated in the heating block at 42°C for 30 min. 
[bookmark: _Toc320642043]A PCR master mix of 40 µl was prepared by adding 1 µl of 10 Mm of each of dCTP, dTTP, dGTP, dATP, 5µl of 10x Taq Buffer (Bioline, USA) 1.4 µl 50 mM magnesium chloride (Bioline ,USA), 30 µl dH2O and 0.3 µl of 5 U/ µl x BIOTAQ™ DNA polymerase enzyme (Bioline USA). Then 40µl of master mix was added to each PCR tube. The reaction was then placed in a Gene Amp® PCR system 9700 (AB Applied Biosystems) thermocycler with 30 cycles for about 3 hours. The 30 cycling conditions comprised of a denaturation step at 95°C for 1 min to separate of dsRNA strands), an annealing step at 42°C for 1 min (where the primers were binding on the template strands) and an extension step to generate newly formed strands at 72°C for 1 min and followed by final extension at 72°C for 7 min.


3.5.6.2 Interpretation of results
[bookmark: _Toc251340837]A 1% agarose gel electrophoresis (Bioline, USA) was prepared containing 0.4 µg/ml ethidium bromide (an intercalating agent). The RT-PCR products were loaded on the gel together with a lane containing a 100 bp of molecular weight marker Bioline, USA). The electrophoresis was carried out in a 1 x TAE (40 mM Tris–acetate and 1 mM EDTA a (pH7.9) for 5.5hrs at 95V. A UV trans illuminator (Vacutec, CA 91786) was used to view the RT- PCR bands as they align with the base pair markers to determine the RT- PCR intensity and size of the amplicon cDNA. Results were recorded on the worksheet (Appendix 5.1).

[bookmark: _Toc324080575][bookmark: _Toc320642044][bookmark: _Toc350851701]3.5.7 Genotyping of rotavirus positive specimens (Second round PCR)
All 148 EIA positive were subjected to both VP4 and VP7 gene genotyping in order to determine the P and G types of all specimens.
[bookmark: _Toc320642045] 3.5.7.1 Detailed procedure
The VP4 amplicons of the 1st round PCR products were re-amplified with cocktail of published VP4 human genotyping primers P[4], P[6], P[9], P[10] (Gentsch et al., 1992), P[8] and P[11] (Itturiza-Gomara et al.,2000; 2004), P[8]Wa (Freeman et al.,2008) and P[14] (Mphahlele and Steele, 1999). The P genotyping was carried out with Con 3 and nine P-type specific primers (P[8], P[8]Wa, P [8]VN, P[4], P[6], P[9], P[10], P[14], and P[11]). Specimens that could not be typed using the second set of oligonucleotide primers were used with VP4F and VP4R  with the P-types specific primers (P[8], P[8]Wa, P [8]VN, P[4], P[6], P[9], P[10], P[14], and P[11]) targeting the inner binding sites of the rotavirus VP4 gene. The list of primers used is shown in Table 3.1.
A cocktail of VP7 human rotavirus primers was utilized as described by Gouvea et al. (1990), Itturiza-Gomara et al. (2004) and Aladin et al. (2010). These are indicated in Table 3.2. The oligonucleotide primers were used to detect the following genotypes G1, G2, G3, G4, G8, G9, G10 and G12. The RT-PCR products that could not be genotyped were further genotyped using primers described by Das et al. (1994) and Gouvea et al. (1994) as shown in Table 3.2 below.
In this study, we modified the original assay by introducing degenerate and variant primers P[8]Wa, P[8]VN and aAT8v primers to account for sequence variation between the rotavirus genotypes, specifically the P[8] and G8 strains. A total volume of 40 l of a master mix was separately prepared for VP4 and VP7 genotypes in a sterile 0.5 l PCR tube (Axygen, CA, USA). Each contained 1 l of 20 mM of each dATP, dCTP, dGTP, dTTP, 1 l 10 pmol/µl 3’-anchor primer and 1 l each 10 pmol/ µl cocktail primers used, 5 l 10x Taq Buffer, 1.4 µl 50 mM MgCl2, 20 - 26 l sterile dH2O, 0.3l of 5 U/ µl  BIOTAQ™ DNA polymerase and 0,5 - 4 l of cDNA of the RT-PCR product was added to each 0,5 ml eppendorf tube. The reaction was placed in the thermocycler Gene Amp PCR system 9700 (AB Applied Biosystems, Singapore). The reaction in the thermocycler is described in section 3.5.6.1.
[bookmark: _Toc251340840][bookmark: _Toc320642046]3.5.7.2 Interpretation of results
A 2% agarose gel electrophoresis was prepared containing 0.4 µg/ml ethidium bromide at 10 mg/ml concentration. The genotyped products (VP4 or VP7) were loaded on to the gel together with a lane of 100 bp molecular weight marker. The gel electrophoresis was carried out in 1x TAE for 30-60 min at 90V. The amplicons were analysed and visualised under UVP transilluminator. Results were first interpreted using a worksheet (Appendix 5.3) and based on the molecular weight (size) of cDNA for each specimen that was obtained by aligning against the position of each amplicon the 100 bp marker on the agarose gel, then recorded on the worksheet (Appendix 5.2). 


Table 3.1: Oligonucleotide primers used to amplify the fragment of VP4 gene and human [P]-genotyping with primer sequences, primer positions on 
the respective genes and expected amplicon size.
	
	

	Primer
	Human -Sequence (5’-3’)
	Position (nt)
	Strain Genotype
	Reference

	
Con 2
	
ATT TCG GAC CAT TTA TAA CC
	
868-887
	
3’
	(Gentsch et al., 1994)

	
Con3
	
TGGCTTCGCTCATTTATAGACA
	Nov-32
	
5’
	(Gentsch et al., 1994)

	
1T-1Wa
	CGTGCAATTGGGTCATCT
	339-356
	P[8]345 bp
	(Freeman et. al.,2008)

	1T-1D

dP[8]
	TCTACTGGRTTRACNTGC

TCT ACT GGRb TTRb ACNc TGC
	339 -356

339 -356
	KU P[8]

dp P[8]
	(Gentsch et al., 1994)

 (Itturiza-Gomara et al. 2000)

	
2T-1 [P4]
	CTATTGTTAGAGGTTAGAGTC
	474-494
	RV5        P[4] 480
	(Gentsch et al., 1994)

	
3T-1 [6]
	TGTTGATTAGTTGGATTCAA
	259-278
	1076       P[6]
	(Gentsch et al., 1994)

	
4T-1[P9]
	
TGAGACATGCAATTGGAC
	385-402
	K8       P[9]
	(Gentsch et al., 1994)

	
5T-1[P[10]
	
ATCATAGTTAGTAGTAGTCGG 
	575-594
	69M    P[10]
	(Gentsch et al., 1994)

	
mP11
	
GTAAACATCCAGAATGTG
	305-323 
	MC435   P[11] 312bp
	(Gentsch et al., 1994)

	
SE-1
	
CTCTGCTACTCTACCTATTTG
	271-291
	280bp     P[14]
	(Itturiza-Gomara et al. 2004)

	
P[14] 4943
	
CTATTGTTAGAGGTTAGAGTC 
	538-544
	P[14] 543 bp
	(Mphahlele and Steele, 1999)






Table 3.2: Oligonucleotide primers used to amplify the fragment of VP7 gene and human [G]-genotyping with primer sequences, primer positions on 
the respective genes and expected amplicon size. 

	Primer
	Sequence (5’-3’)
	Position (nt)
	Strain (genotype)
	References 

	sBeg
	GGCTTTAAAAGAGAGAATTTC
	1-21
	5’
	Gouvea et al., 1990

	End9
	GGTCACATCATACAATTCTAATCTAAG
	1062-1036 
	3’
	Gouvea et al., 1990

	RVG9
	GGTCACATCATACAATTCT
	1062-1044
	3’
	Gouvea et al., 1990

	EndA
	ATAGTATAAAATACTTGCCACCA
	922-944
	3’
	Gouvea et al., 1990

	aBT1(G1)
	CAAGTACTCAAATCAATGATGG
	314-335
	Wa  (G1) 749bp
	Gouvea et al., 1990

	aCT2(G2)
	CAATGATATTAACACATTTTCTGTG
	411-435
	DS-1 (G2)652bp
	Gouvea et al., 1990

	aDT4(G4)
	CGTTTCTGGTGAGGAGTTG
	480-498
	ST-3 (G4) 583bp
	Gouvea et al., 1990

	mG3
	ACGAACTCAACACGAGAGG
	250-269
	812bp  (G3)
	Itturriza-Gomara et al., 2004

	Aat8 (G8)
	GTCACACCATTTGTAAATTCG
	178-198
	69M (G8)885bp
	Gouvea et al., 1990

	mG9
	CTTGATGTGACTAYAAATAC
	757-776
	305bp (G9)
	Itturriza-Gomara et al., 2004

	mG10
	ATGTCAGACTACARATACTGG
	666-687
	396bp (G10)
	Itturriza-Gomara et al., 2004

	nG12
	GGTTATGTAATCCGATGGCG
	140
	396bp (G12)
	Aladin et al., 2010



[bookmark: _Toc324080576][bookmark: _Toc320642047][bookmark: _Toc350851702]3.5.8 Sequencing and phylogenetic analysis of rotavirus outer proteins
A total of 37 specimens were randomly selected across all sentinel sites for sequencing which was performed at Inqaba Biotechnical Industry (Pretoria, South Africa). The selected specimens were representatives of the strains detected by RT-PCR. The technique was performed using RT-PCR products of VP4 with primers Con 2 / Con 3 and VP7 RT- PCR products with sBeg / End 9. The list of VP7 RT-product specimens are shown in Table 3.3 and Table 3.4 below.

Table 3.3: VP7 RT-PCR products sent to Inqaba Biotech™ for sequencing using sBeg and End9.
	Year
	Sample No.
	Amplicon Size
	Genotyping results
	
Surveillance site

	2009
	2721
	1062 bp
	G2
	MGRH

	
	2736
	1062 bp
	G9
	MGRH

	
	2755
	1062 bp
	G9
	MGRH

	
	2993
	1062 bp
	G9
	MGRH

	
	2995
	1062 bp
	G2
	MGRH

	2010
	4390
	1062 bp
	G8
	MGRH

	
	4404
	1062 bp
	G12
	MGRH

	
	4415
	1062 bp
	G2
	MGRH

	
	5119
	1062 bp
	G1
	MGRH

	
	5123
	1062 bp
	G9
	MGRH

	
	4516
	1062 bp
	G8
	HLA

	
	4511
	1062 bp
	G2
	HLA

	
	4550
	1062 bp
	G1
	GSH 

	
	4506
	1062 bp
	G2
	GSH

	
	7204
	1062 bp
	G12
	GSH

	
	4531
	1062 bp
	G2
	LPL

	
	4461
	1062 bp
	G12
	LPL

	
	4562
	1062 bp
	G12
	RFM

	
	4482
	1062 bp
	G2
	MGRH

	
	4457
	1062 bp
	G12
	MGRH





Table 3.4: A list VP4 RT-PCR products sent to Inqaba Biotech™ for sequencing using Con 2 / Con 3 primers
	Year 
	Sample No.
	Amplicon Size
	Genotyping Results
	
Surveillance site

	
	2721
	887 bp
	P4
	MGRH

	
	2979
	887 bp
	P6
	MGRH

	
	2271
	887 bp
	P8
	MGRH

	2009
	2993
	887 bp
	P8
	MGRH

	
	2994
	887 bp
	P8
	MGRH

	
	2995
	887 bp
	P6
	MGRH

	
	4404
	887 bp
	P6
	MGRH

	
	5119
	887 bp
	P6
	MGRH

	
	5123
	887 bp
	P8
	MGRH

	
	4551
	887 bp
	P4
	RFM

	
	7204
	887 bp
	P6
	GSH

	
	4415
	887 bp
	P4
	HLH

	
	4516
	887 bp
	Mixed infection
	LPL

	2010
	5073
	887 bp
	P6
	LPL

	
	4550
	887 bp
	P8
	GSH

	
	4506
	887 bp
	P4
	GSH

	
	4531
	887 bp
	P4
	LPL

	
	



[bookmark: _Toc324080577][bookmark: _Toc320642048]
[bookmark: _Toc350851703]3.6 Data analysis
[bookmark: _Toc324080578][bookmark: _Toc350851704]3.6.1 Prevalence and demographics variables analysis
 Data were entered into a Microsoft Excel 2003 spread sheet and analysed by the Biostatistician from the department of Public Health at the University of Limpopo, Medunsa campus, Pretoria South Africa. The data was imported to SPSS 18.0 for Windows for analysis. The demographics variables were summarized using descriptive summary measures: expressed as mean (standard deviation) for continuous variables, and per cent for categorical variables. Results of PAGE, genotyping and sequencing are described by using frequency distribution. To compare proportions between two groups, Z-test/student’s-test was used. All statistical tests were performed using two-sided tests at the 0.05 level of significance. P-values reported to three decimal places with values less than 0.001 being reported as <0.001. P values less than 0.05 considered statistically significant (Wilson, 1927; Newcombe, 1998).
[bookmark: _Toc324080579][bookmark: _Toc320642049]
[bookmark: _Toc350851705]3.6.2 Sequence alignment and phylogenetic analysis
The consensus sequences of the VP4 and VP7 genes were cleaned and the nucleotide sequences were submitted to GenBank for a BLASTN search (http://blast.ncbi.nlm.nih.gov) on the National Center for Biological Information website. 
They were accurately aligned and analysed manually using ChromasPro (School of Health Science, Griffith University Australia) version 1.49. This created alignments of the edited nucleotides and deduced amino acid sequences and compared them with a selection of reference strains from the GenBank database using BioEdit software packages (Hall, 1999). The genetic relatedness of the VP4 and VP7 sequences of Swaziland RV strains were determined by constructing a phylogenetic tree using the neighbour joining and clustering methods that was performed with MEGA software version 4.1 and 5.05 (Kamura et al., 2007 and 2011). The phylogenetic genetic distances between genotypes were measured by the Kimura two-parameter model and the phylogenetic trees were statistically supported by bootstrapping using replicate data sets of 1000. 

[bookmark: _Toc350851706]
CHAPTER 4: RESULTS
[bookmark: _Toc350851707][bookmark: _Toc320642243][bookmark: _Toc320642051]4.1 Overview of the results
Group A rotavirus antigen was detected with ProSpectTM EIA. Rotavirus dsRNA was isolated and PAGE was used to determine the electrophoretic pattern of the rotavirus strain. The P and G genotypes were established by RT-PCR and multiplex hemi-nested PCR amplification of the VP7 and VP4 genes using type-specific primers. Sequencing was performed on 35 specimens to confirm the circulating genotypes. The genetic distances between genotypes were measured by Kimura two-parameter model and the phylogenetic trees were constructed using neighbour joining method included in the MEGA software program. The genetic lineages were defined with bootstrap values generated from 1000 pseudo replicates. 
Briefly, rotavirus was detected at 13.3% (35/263) in 2009 (based on samples collected from April to December in MGRH) and 23.4% (113/482) in 2010 (based on samples collected from January to December in all facilities) amongst children <5 years of age hospitalized and attending OPD in Swaziland. Rotavirus infection was more frequently detected in the age group 0-11 months (22.2%) and gender did not play a significant role in rotavirus infection, since both male and female children were equally affected at 20.7% and 18.8%, respectively. The seasonal pattern of rotavirus infection was observed during the cooler drier months of the year (June to September). A diversity of rotavirus strains was detected during the study period. The common G and P genotypes detected were G2P[4] (30.4%), G1P[8] (15.5%) and G9P[8] (8.8%). A significant number of unusual rotavirus strains (32.4%), mixed infections (8.8%) and nontypeables (4.1%) were also detected. The sequence analysis of randomly selected genotypes confirmed the circulating genotypes among children <5 years of age in the selected healthcare facilities. The phylogenetic trees revealed that the circulating strains detected cluster in known lineages together with reference strains from African countries and worldwide. 

[bookmark: _Toc350851708]4.2 Specimens collection
The diarrheal stool specimens were collected monthly from April 2009 to December 2010 at Mbabane Government Referral Hospital (MGRH). The exception was in May 2009 when samples were not collected at this new site. From June 2010 to December 2010, collection took place at MGRH and in four additional study sites: Lancet Pathology Laboratory (LPL), Hlatikhulu Hospital (HLH), Good Shepard Hospital (GSH) and Raleigh Fitkin Memorial Hospital (RFM).
Thus, a total of 745 specimens were collected from inpatient and outpatient children <5 years of age presenting with diarrhoea in five selected healthcare facilities: MGRH, LPL, HLH, GSH and RFM. A total (n = 597) of 263/745 and 332/745 specimens were collected between April and December 2009 and January and December 2010, respectively, from MGRH sentinel site only. Between June 2010 and December 2010, 150/482 specimens were collected from the other four study sites combined (LPL, HLH, GSH and RFM hospitals). Since the number of stool specimens (n=150) collected from other surveillance sites were not large, the specimens were combined and denoted collectively as “stools from other healthcare facilities”. Thus, the detailed breakdown of the results was divided into three categories; MGRH 2009, MGRH 2010 and other healthcare facilities in 2010 (LPL, HLH, GSH and RFM Hospitals) to allow for comparison and to explore epidemiological trends.

[bookmark: _Toc350851709]4.3 Detection of rotavirus with EIA 
Overall, the prevalence of rotavirus was 19.9% (148/745) over a two-year period (2009 to 2010). During the first year of the study in 2009, the prevalence of rotavirus was 13.3% (35/263) at MGRH (95% Confidence Interval [CI] = 0.0920 - 0.1741). However, the positivity rate increased to 18.4% (61/332) in 2010 at the same site (95% CI = 0.1402 - 0.2234) (Table 4.1), most probably due to the longer period of sample collection (12 months). The combined rotavirus positivity rate in 2010 in the five sentinel sites (MGRH, RFM, GSH, HLH and LPL) was 23.4% (113/482) (95% CI = 0.1988 - 0.2474). At other healthcare facilities (RFM, GSH, HLH and LPL), the detection rate was 34.6% (52/150) (95% CI = 0.2752 - 0.4258). 

Table 4.1: The Z-test that was carried out to assess the significant difference in the proportion of rotavirus positivity between 2009 and 2010 at MGRH 
	Year
	Detection rate
	Difference
	Z-value
	P-value

	2009 MGRH
	13.31%
	4.87%
	-1.61
	0.108

	2010 MGRH
	18.4%
	
	
	


KEY: The rotavirus detection rate at MGRH in 2009 was not statistically significant from 2010 results (P-value = 0.108).

[bookmark: _Toc320642245][bookmark: _Toc320642053][bookmark: _Toc350851710]4.4 Demographic information
[bookmark: _Toc350851711][bookmark: _Toc320642246][bookmark: _Toc320642054]4.4.1 Association of rotavirus infection and gender
The study assessed the prevalence of rotavirus infection by gender among the Swazi children. Of the 745 specimens, 345 were from females and 400 from males. Rotavirus was detected in more males 83/400 (20.8%) than in females 65/345(18.8%), without statistical significance difference between the two groups (95% CI = -0.0388 - 0.0759; P-value = 0.515). Thus, there was no association between rotavirus infection and gender (Table 4.2). 


Table 4.2: Data analysis was carried out by z-test to determine the significant difference of rotavirus proportion between males and females enrolled during the study period 2009 - 2010.
	Gender
	Detection rate
	Difference
	Z-value
	P-value

	Overall results ( 2009 - 2010)

	Male 
	83/400 (20.8%)	
	 2.0%		
	 0.245
	0.515

	Female
	65/345 (18.8%)
	
	
	

	2010 (MGRH, RFM, GSH, HLH and LPL 

	Male 
	63/256 (24.6%)	
	 2.5%		
	 0.643
	0. 520

	Female
	50/226 (22.1%)
	
	
	

	                                                                                      2009 (MGRH)

	Male 
	20/ 144 (13.9%) 
	 1.3%
	 0.305
	0.335 


	Female
	15/ 119 (12.6%)
	
	
	

	                                                                                      2010 (MGRH)

	Male 
	33/ 176(18.8%) 
	 0.8%
	 0.188
	0.851

	Female
	28/ 156 (18.0%) 
	
	
	

	                                                                           2010 (RFM, GSH, HLH and LPL )

	Male 
	30/70(37.5%) 
	 6.1%
	 1.972
	0.21

	Female
	22/80 (31.4%) 
	
	
	


Key: RV represents rotavirus infection. 
         P value = < 0.05 is significant
         P value = > 0.05 is not significant

The results were similar whether the data was analysed by year or study site. For example, during the first year of the study, a total of 144 boys and 119 girls were enrolled at MGRH in 2009. The prevalence of rotavirus infection was 13.9% (20/144) in males and 12.6% (15/119) in females (95% CI= -0.0728 - 0.0945; P value = 0.335). There was no statistical difference observed between males and females (Table 4.2). Similarly, cases of rotavirus infection were equally detected between males 18.8% (33/176) and females 18.0% (28/156) in 2010 (Table 4.2).
In 2010, a total of 482 children were enrolled (n= 256 boys and n= 226 girls) in five sentinel sites (MGRH, RFM, GSH, HLH and LPL). Rotavirus infection was found to be slightly more prevalent in males at 24.6% (63/256) than in females 22.1% (50/226) (95% CI=0.1744 - 0.2801; P=0.520), without any statistical difference (Table 4.2). Similar findings were observed in the four sentinel sites combined (RFM, GSH, HLH and LPL) (37.5% [30/80] for males and 31.4% [22/70] for females; 95% CI = -0.0912– 0.2068 with P value of 0.21).
[bookmark: _Toc320642247][bookmark: _Toc320642055]
[bookmark: _Toc350851712]4.4.2 Age distribution and prevalence of rotavirus infection 
Overall, there was a higher incidence of diarrheal cases observed in children aged 0-11 months 53.8% (401/745). For children aged 12–17 months, 109/745 (14.6%), amongst children 18-23 months, 6.84% (51/745) and 24-59 months, 24.7% (184/745), for the entire study population. 
Rotavirus infection was detected in all the age groups as early as from 0-2 months of age. A higher prevalence of rotavirus infection was detected in children aged 0-11 months at 22.2% (89/401). Among this age group, rotavirus was more prevalent in children aged 6-8 months at 23.5% (32/136). For the children aged 12–17 months 17.6% (26/109) followed by children aged 24-59 months 14.1% (26/184) and lastly children aged 18-23 months at 13.7% (7/51) as shown in Table 4.3. Among the rotavirus positive samples (n=148), the rotavirus infection was most common in children below two years of age (0-23 months) at 83.10% (123/148).
At MGRH in 2009, the rotavirus detection rate in children less than 12 months (0-11 months) was 16.0% (20/125), more than those aged 12–23 months at 13% (6/46), and 24-59 months at 9.9% (9/91). In the subsequent year (2010), the age distribution of rotavirus infection amongst children enrolled was 18.4% (30/163) for 0-11 months, 21.8% (12/55) for 12–23 months, 18.0 % (16/89) and children 24-59 months at 18.3% (15/82). Thus, there were more diarrheal cases reported and a higher prevalence of rotavirus among the age groups was observed in year 2010 than in 2009 (Table 4.3 and Figure 4.1).
In 2010, at the five surveillance sites the age distribution of children enrolled were: 0-11 months (n=276), 12-23 months (n=101) and 24-59 months (n=91). Among children of age 0-11 months at 25.4% (70/276) while 12-23 month children at 25.7% (26/101) and 23-59 months had the least rotavirus infection of 18.7% (17/91). Hence the same observation was obtained in other sentinel sites excluding MGRH as shown in Table 4.3 and figure 4.1 below. 

Table 4.3: Age distribution of children enrolled at each sentinel sites during the year 2009-2010 
	Months
	
	No of specimens collected  and rotavirus positive per                               surveillance site per age group
	Overall Total No. of specimen collected  in year 2009-2010
	Overall  total No. of RV positive rotavirus  

	
	MGRH 2009
	MGRH 2010
	RFM
	GSH
	HLH
	LPL
	
	

	0-11
	125  (20)
	161    (30)
	  81   (22)
	9   (7)
	5  (3)
	  8   (7)
	401  
	 89

	12-23
	 46    (6) 
	  90    (16)
	  2      (0)
	2  (1)
	-
	8  (6)
	159
	 33

	24-60
	91     (9)
	 80      (15)
	  7     (0)
	-
	-
	 4  (2)
	184
	26

	Sub-total 
	263 (35)
	332    ( 61)
	112  (26)
	11   (8)
	5    (3)
	20  (15)
	745
	148


Key: RV represents rotavirus infection.
      : Values in brackets () No. of RV positives

[image: ]

Figure 4.1: Age distribution of children less than 5 years with rotavirus infection from selected surveillance sites between year 2009 and 2010 in Swaziland.
[bookmark: _Toc320642248][bookmark: _Toc320642056]
[bookmark: _Toc350851713]4.4.3 Proportion of rotavirus infection among inpatients and outpatients
Among the 745 patients enrolled, inpatients were 240/745 (32.2%) and outpatients were 505/745 (67.7%). Rotavirus was detected in 80/240 (33.3%) of the stool specimens collected from inpatients and 67/505 (13.26%) from outpatients. Overall, the prevalence of rotavirus infection in inpatients was statistically significant compared to the outpatients (95% CI = 0.0102 – 3.413; P value = <0.001) (Table 4.4). 
At Mbabane Government Referral hospital (inpatients) in 2009, 55/263 (20.9%) and 208/263 (79.1%) children attended OPD. The frequency of rotavirus infection among inpatients was 9/55 (16.4%) and 26/208 (12.5%) for outpatients, which was not statistically significant (95% CI= - 0.0526 – 0.1636 and P value = 0.240) (Table 4.6). In the following year, a higher proportion of diarrhoea was observed among the children who were outpatients, at 83.1% (276 /332) than inpatients at 16.8% (56/332) (Table 4.4). 
However, similar results of the frequency of rotavirus infection among inpatients was 50.0% (28/56) and 11.95% (33/276) outpatients.
At the five sentinel sites (MGRH, RFM, GSH, HLH and LPL) in 2010, 482 children enrolled, inpatients were 38.4% (185/482) and outpatients were 61.6% (297/482). A high proportion of the inpatients had rotavirus infection at 38.4% (71/185) compared to children attending the outpatient departments at 14.1% (42/297) at 95% CI = - 0.1074 – 0.314 with P value = <0.001. There is a statistically significant different observed indicating that hospitalization is associated with severe rotavirus infection as shown Table 4.4 below. The proportion was statistically significant at 95% CI =0.2465 – 0.5114 and P value= <0.001 as shown in Table 4.6.  the same observation was noted at other sentinel sites (RFM, GSH, HLH and LPL) where a high proportion of the children attending OPD had rotavirus infection at 42.9% (9/21) compared to inpatients at 33.3% (43/129) (Table 4.4) at four sentinel sites. 
[bookmark: _Toc320642249][bookmark: _Toc320642057]

Table 4.4: Data analysis using the z-test to determine the significant difference of rotavirus positives between inpatients and outpatients during 2009-2010.
	Hospitalization
	Detection rate
	Difference
	Z-value
	P-value

	Overall results ( 2009 - 2010)

	Inpatient
	80/240 = 33.3%
	 8.1%
	1.395
	 <0.001

	Out patient
	68/505 = 13.3%
	
	
	

	2010 (MGRH,RFM, GSH, HLH and LPL) 

	Inpatient
	71/185 = 38.4%
	 24.3%
	6.108
	 <0.001

	Out patient
	42/297 = 14.1%
	
	
	

	                                                                                    2009 (MGRH)

	Inpatient
	9/ 55 (16.4%)
	 3.7%
	 0.75
	 0.240

	Out patient
	26/208 (12.5%) 
	
	
	

	                                                                                   2010 (MGRH)

	Inpatient
	28/56 (50.00%)
	 8.2%
	 6.703
	 <0.001

	Out patient
	33/276 (11.95%)
	
	
	

	                                                                                  2010 (RFM, GSH, HLH and LPL )

	Inpatient
	43/ 129 = 33.3%
	 -9.6%
	 -0.85
	 0.711

	Out patient
	9 /21 = 42.9%
	
	
	


Key: RV represents rotavirus infection. 
         P value = < 0.05 is significant
         P value = > 0.05 is not significant

[bookmark: _Toc350851714]4.4.4 Seasonal distribution of rotavirus infection in Swaziland during the study period.
During the study period (2009-2010), the seasonal pattern of rotavirus in Swaziland was observed during the cooler drier months (Figure 4.2).In 2009, rotavirus was detected in all the months except in May, June and December from MGRH, which was the only participating site. Apparently the cases of rotavirus infections increased from 19.2% (5/26), 23.7% (9/38) and 22.0% (13/59) in July, August and September, respectively. The same pattern was observed in 2010, rotavirus infection was detected in all the months except in January and December, with a peak incidence of 35.6% (43/118) in July, 44.0% (58/132) in August and 23% (12/52) in September (Figure 4.2). 
Similarly, the seasonal pattern of rotavirus infection occurred during the cooler drier months of the year at the other sentinel sites (RFM, GSH, HLH and LPL), although this observation is limited by the fact that collection only started in June 2010 (Figure 4.2). 

[image: ]
[bookmark: _Toc320642251][bookmark: _Toc320642059]
Figure 4.2: Monthly distribution of rotavirus infection in Swaziland, illustrating the seasonal pattern at each site. 

[bookmark: _Toc350851715]4.5 Characterization of rotavirus by PAGE
A total of 148 rotavirus EIA positives were subjected to PAGE analysis. A wide variety of electropherotypes were detected during the study period. The variation in the electrophoretic migration pattern was observed in RNA segments 2, 3, 7, 8, 9, 10 and 11 (Figure 4.2). There were seven different electropherotypes observed; showing three “short” RNA migration patterns in 45.3% (68/148) designated as S1-S3 and three long RNA patterns in 39.3% (59/148) designated as L1-L3. The mixed RNA migration pattern was observed in 7/148 (4.67%), demonstrating both “short” and “long” RNA migration patterns. However, 6.0% (9/148) of the rotavirus positives had no visible RNA segments by PAGE. 

Table 4.5: Rotavirus PAGE patterns distribution obtained showing the prevalence of Short patterns and Long patterns, mixed patterns and negatives observed period the study period between 2009 and 2010. 
	PAGE Patterns
	
	No. of specimens and percentages (%)

	

Short (S)
	 S1             53       77.9% 
	

68        (45.3%) 

	
	S2              11      16.2% 
	

	
	S3               4         5.9 %
	

	
Long (L)
	L1             51       80.9%
	
59        (39.3%)

	
	L2              2         3.2% 
	

	
	L3                6       10.2% 
	

	Mixed L & S
	
	7         (4.7%)

	Negative
	
	9         (6.0 %)






	1= S3   
	2= S1  

	3= S1  

	4= S1Pos C
	5= S1  
	6= S2 

	7= L1 

	8= S3 
	9= Negative
	10= L1  

	11= L1 
	12= L1 

	13= L1 

	14= L1  

	15= Neg C
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Figure 4.3: PAGE patterns observed during the study period, showing the short (S) and long (L) electropherotype. The different migration patterns of the RNA segments were designated as S1-S3 for short pattern and L1-L3 for long patterns. 

[bookmark: _Toc350851716]4.6 Characterization of rotavirus genotypes 
The viral dsRNA was extracted using the QIAamp Viral RNA extraction kit from 148 EIA positive stool specimens. RT-PCR was performed to amplify genes encoding the outer capsid VP4 and VP7 proteins of group A rotavirus. A multiplex hemi-nested PCR assay was performed for rotavirus G and P genotypes using type specific primers. It is important to note that the circulating rotavirus genotypes were combined in all sites and analysed for 2009 and 2010 separately. 
[bookmark: _Toc320642253][bookmark: _Toc320642061][bookmark: _Toc350851717]4.6.1 RT-PCR assays for VP4 and VP7 genotyping 
A total of 139/148 (94%) specimens were positive for a gene encoding VP4 protein and 9/148 (6.1%) could not be amplified following RT-PCR assay. About 138/148 (93.2%) specimens were VP7 gene positive and 10/148 (6.8%) specimens could not be amplified, this might be due to low viral load present in the stool specimens. The VP4 and VP7 gene amplicons generated by RT-PCR assay are shown in Figure 4.4 and Figure 4.5 below. The positive and negative results obtained by RT-PCR for VP4 and VP7 were further characterized by multiplex hemi-nested PCR.
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Figure 4.4: The first round amplification product of rotavirus VP4 RT-PCR (876 bp) on 1% agarose gel electrophoresis with ethidium bromide staining. Molecular weight size base pair marker (100bp), Pos C= Positive control, S1-S9=specimens and NC = Negative Control. 
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Figure 4.5: The first round amplification product of rotavirus RT- PCR VP7 gene (1 062 bp) on 1% agarose gel electrophoresis with ethidium bromide staining. M bp maker - 100bp molecular weight size base pair marker, Lane 7 Positive control (Pos C), Lane 1 to 9 specimens (S1-S8) and Negative Control (NC). 
[bookmark: _Toc320642254][bookmark: _Toc320642062]
[bookmark: _Toc350851718]4.6.2 Rotavirus P genotypes
Overall, the P genotypes were successfully characterized in 142/148 (95.9%) of the EIA positive samples. Thus, only 6/148 (4.1%) specimens could not be genotyped for P specificity. The P[4] type was the most predominant strain detected accounting for 43.9% (65/148), followed by P[8] at 26.4% (39/148) and P[6] at 22.3% (33/148). Mixed P genotypes were detected in 5/148 (3.4%) (Figure 4.6).
In 2009, the majority of the P genotypes detected were P[8] type at 45.7% (16/35), followed by P[4] type at 37.1% (13/35), while the P[6] type were least detected at 11.4% (4/35). However, in 2010 the P[4] genotype was the most predominant strain detected at 46.0% (52/113), followed by P[6] at 25.7% (29/113), (P[8] at 20.4% (23/113) and multiple P types were detected at 4.4% (5/113). 
[bookmark: _Toc320642255][bookmark: _Toc320642063][bookmark: _Toc350851719]4.6.3: Rotavirus G genotypes 
A total of 142/148 (95.94%) of the rotavirus positives were characterized for G genotypes. The RT-PCR for G typing showed that the G2 was the most prevalent strain, detected at 53/148 (35.8%), followed by the G1 at 36/148 (24.3%), G9 at 15/148 (10.1%), G8 at 7/148 (4.7%) and G12 at 14/148 (9.5%). Multiple G types were detected in 13/148 (6.7%) specimens. The G3 strains detected were mixed with G12 strains (Figure 4.5 below).
In 2009, the majority of the genotypes were the G9 at 13/35 (37.1%), which were followed by the G2 at 13/35 (34.3%), the G1 at 6/35 (17.1%) and the G8 at 1/35(2.89%). Also nontypeables were detected at 5.7% (2/35). In contrast,  the G2 types were the most predominate genotypes in 2010. Of the 113 samples typed in 2010, the G2 were detected at 34% (39/113), followed by the G1 type 28.3% (32/113), G12 at 12.4% (14/113), G9 at 4.4 (5/113), G8 at 6/113 (5.3%) and multiple G types at 13/113 (11.5%). Nontypeables VP7 genes were detected at 3.5% (4/113).
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Figure 4.6: The second round amplification products of the VP4 genotyping on 2% agarose gel electrophoresis showed the different human rotavirus P-types detected from Swaziland specimens during the study period. Lane 1 and 12 are M bp Maker = Molecular weight base pair marker (100bp); Lane 5 and 7 Pos C (Positive control) of P[6](267 bp) and P[8] (345bp), Lanes representing specimens are Lane 2 and 4 that are P[4] (483bp); Lane 3 and 6, P[8]; Lane 8 and 9,  P[6] and Lane 10, negative control.









       1           2           3              4             5              6            7        8           9           10         11           12

[image: C:\Users\bongekile\Desktop\Pictures\Attachment.jpg]100 bp       G9     G2/G12     G1     G2   G12/G8     100 bp   Pos C(G2)   G1/G12   G3/G12  NC  100 bp
Marker                                                                                                                                                  Marker
  


Marker                                                      P[6]                      P[8]                                                          Marker                                         

1000bp
500bp



Figure 4.7: The second round amplification product on 2% agarose Gel electrophoresis showed the different human rotavirus G-types detected in from Swaziland specimens during the study period.  Lane 1, 6 and 12, Molecular weight base pair marker (100bp); Lane 7, Pos C (Positive Control) of G2; Lane 2, G9 strain (305 bp); Lane 4, strains of G2/G12 strains (652 and 514 bp); Lane 5, G1 strain (749 bp); Lane7, G2 (652bp); Lane 8, mixed strains of G1/G12 (514 and 749 bp); Lane 10,  G3 G12 (812 and 514 bp) and  Lane 11, negative control.  

[bookmark: _Toc350851720]4.6.4 Overall G and P genotypes circulating in Swaziland during the two year period
There were 9 distinct G and P types combination that were observed during the study period. The most common strains detected were G2P[4] at 30.4% (45/148) followed by G1P[8] at 15.5% (23/148), G9P[8] at 8.8% (13/148), G1P[6] at 6% (9/148) and G12P[6] at 4.7% (7/148). Other genotypes were detected at lower frequencies: G1P[4] at 4.1% (6/148) G2P[6] at 4.7% (7/148), G8P[4] at 4.1% (6/148), G12P[4] at 3.3% (5/148), G9P[4] at 2.0% (3/148), G9P[6] at 1.4% (2/148), G12P[8] at 1.4% (2/148) and G8P[6] at 0.7% (1/148).There were 13 cases of mixed infections: G1/G8[P8] (1/148 or 0.7%), G3/G12P[6] (2/148 or 1.4%) GI/G2P[6] (3/148 or 2%), G1/G9P[6] (1/148 or 0.7%), G1/G2/G12P[6] (1/148 or 0.7%), G1/G2P[4]+[6] (1/148 or 0.7%), G1/G2P[4]+[8] (3/148 or 2%) and G1/G2/G12P[6+8] (1/148 or 0.7%), while non- typeables were at 4.1% (6/148). (Table 4.6 and Figure 4.8).
In 2010, the worldwide common rotavirus strains that were frequently detected were G2P[4] (31%) being the most prevalent strain, followed by G1[P8] (17.7%) and G9P[8] (1.8%). Also noted were unusual strains comprising G12P[6] (7.1%), G8P[4] (4.4%), G8P[6] (4.4%), G2P[6] (3.5%), G9[P4] (1.8%), G12P[4] (1.76%), G1P[6], G3P[6] and G9P[6] each at (0.9%). Mixed infections were detected at 14.1%, which were G1/G8[P8](0.7%), G3/G12P[6](0.7%), GI/G2P[6](1.8%), G1/G9P[6](0.7%), G1/G2/G12P[6](0.7%), G1/G2P[4+6](0.7%), G1/G2P[4+8](1.8%) and G1/G2/G12P[6+8] (0.7%) while non-typeables were detected 3.5% (Table 4.8 and Figure 4.8).

[bookmark: _Toc350851721]4.6.5 The G and P genotypes circulating at MGRH in 2009 /2010
In 2009, G2P[4] strains were detected at 77.1% (n=27), followed by G9P[8] at 31.4 % (n=11) and G1[P8] at 14.3 % (5/35) (Table 4.8) also detected were G2P[6] 5.7% (2/35), G8P[4] 2.9% (1/35), G9[P4] 2.9% (1/35), G9P[6] 2.9% (1/35) and non-typeables 5.7% (2/35). During the second year of study (2010), the G2P[4] strain was the most prevalent at 32.7% (20/61), followed by G1[P8] 13.1% (6/61) and G9P[8] 2/61(1.8%). Unusual strains that were detected consisted of G12P[6] 6.6% (4/61), G8P[4] 1.6% (1/61), G2P[6] 1.6% (1/61) G12P[4] 4.9% (3/61), G1P[6] 9.8% (6/61) G1P[4] 96.6% (4/61) and G9P[6] 1/61 (1.6%). Mixed infections and non-typeables were detected at 13.1% (8/61) and 4.9 % (3/61), respectively (Table 4.6). 



4.5.6 The G and P genotypes circulating at other sites (RFM, GSH, HLH and LPL) 
The rotavirus strains circulating at the four sentinel sites during 2010 also followed the worldwide common strains. The most common strains detected were G2P[4] (14/52 or 26.9%), followed by G1[P8] (12/52 or 23.1%). Unusual strains were detected at 44.2% (23/52) comprising of G12P[6] (7.7% or 4/52), G8P[4] (7.7% or 4/52), (G8P[6] 1.9% or 1/52), G9[P4] (3.8% or 2/52), G12P[8] (3.8% or 2/52), G1P[4] (3.8% or 2/52), G1P[6]  (3.8% or 2/52), G2P[6] (3.5% or 4/52),  and G12P[4] (3.8% or 2/52). Mixed infections were also detected at 3.8% (2/52) and non-typeables 1.9% (1/52) (Table 4.6 and Figure 4.8). 


Table 4.6: Summary of common, uncommon, mixed and nontypeable rotavirus strains circulating in Swaziland during 2009 and 2010.

	
No. (%) of RV strains per year

	 
Genotypes
	

	
	2009 MGRH
	2010 MGRH
	OTHER SITES

	Common (Usual ) strains
 

	G1[P8]
	5 (14.3 %)
	6 (13.1%)
	12 (23.1%

	G2P[4]
	11 (31.42 %)
	20 (32.8%)
	14 (26.9%)

	G9P[8]
	11 (31.42)
	2 (1.8%)
	0

	Total
	27 (77.1)
	28 (45.9%)
	26 (50%)

	Uncommon (Unusual ) strains

	G1P[4] 
	0
	4 (3.5%)
	2 (3.8%)
	

	G1P[6] 
	1 (2.89)
	6 (0.98%)
	2 (3.8%)
	

	G2P[6]  
	2 (5.71)
	1 (1.6%)
	4 (3.5%)
	

	G8P[4]
	1(2.89)
	1 (1.6%) 
	4 (7.7%)
	

	G8P[6]
	0
	0
	1 (1.9%)
	

	G9[P4]
	1(2.89)
	0
	2 (3.8%)
	

	G9P[6]
	1 (2.89)
	1 (1.6%)
	0
	

	G12P[4]
	0
	3 (4.9%) 
	2 (3.8%)
	

	G12P[6]
	0
	3 (4.9%) 
	4 (7.7%)
	

	G12P[8]
	0
	0
	2 (3.8%)
	

	Total
	6 (17.1%)
	 19 (31.1%)
	23 (44.2%)
	

	Mixed infection  and NT

	G1/G8[P8]
	0
	1(0.9%)
	0

	G3/G12P[6]
	0
	1(0.9%)
	1 (1.9%)

	GI/G2P[6]
	0
	2 (1.8%)
	1 (1.9%)

	G1/G9P[6]
	0
	1(0.9%)
	0

	G1/G2/G12P[6]
	0
	1(0.9%)
	0

	G1/G2P[4+6]
	0
	1(0.9%)
	0

	G1/G2P[4+8]
	0
	3(2.6%)
	0

	G1/G2/G12P[6+8]
	0
	1(0.9%)
	0

	NT ( G and P)
	2(1.2%)
	3(2.6%)
	1 (1.9%)

	Total 
	2 (1.2%)
	14 (23%)
	3(4.9%)


*NT- G and P type not determined




Figure 4.8: Rotavirus (RV) genotypes circulating in children below 5 years in Swaziland between year 2009 and 2010. Showing 30.4% G2P[4] being the most prevalent strains, 32.4% of uncommon strains, 15.5% G1P[8], 8.8% G9P[8], 8.8% mixed P and G strains and 4.1% nontypeable strains.
[bookmark: _Toc320642256][bookmark: _Toc320642064]
[bookmark: _Toc350851722]4.7. Sequence analysis of the genes encoding VP4 and VP7 proteins
The RT-PCR products of 37 specimens were selected for sequencing by Inqaba Biotechnical Industries (Pty) Ltd in Pretoria, South Africa using the Sanger method. The selected specimens were representative of the strains detected using RT-PCR assay. Selections of these specimens were based on strong positive RT-PCR products (Table 4.7 and Table 4.8). 
Of the 37 samples selected, 33 (89.2%) were successful sequenced: 20/20 (100%) for VP7 and 13/17 (76.5%) for VP4 (four failed quality control). The successful sequences were further confirmed through National Centre for Biological Information (NCBI) nucleotide sequences with BLASTN to confirm the genotypes that were assigned by the nested RT-PCR assay. The VP7 genotype strains that were confirmed were G1, G2, G8, G9 and G12 as shown in Table 4.7. The VP4 genotype strains that were confirmed were P[4], P[6] and P[8] (Table 4.8).


Table 4.7: A list of VP7 genotyping and sequencing results in each surveillance site during 2009 -2010 study period. 
	Strain
	Site
	PAGE
	Genotyping
	Sequencing
	Blastin homology 
	% nucleotide identity

	RVA/Human-wt/SWZ/MRC-DPRU 2721/2009/G2P[4]
	MGRH
	S1 
	G2
	G2
	99%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 2736/2009/G9P[6]
	MGRH
	L 1
	G9
	G9
	96%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 2993/2009/G9P[8]
	MGRH
	L2
	G9
	G9
	96%	
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 2755/2009/G9P[8]
	MGRH
	S1
	G9
	G9
	96%	
	99%

	RVA/Human-wt/ SWZ/MRC-DPRU 2995/2009/G9P[8] 
	MGRH
	L1
	G2
	G2
	99%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 4390/2010/G8P[4]
	MGRH
	S1
	G8
	G8
	97%
	98%

	RVA/Human-wt/ SWZ/MRC-DPRU 5123/2010/G9P[8] 
	MGRH
	L1
	G9
	G9
	96%	
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 4404/2010/G12P[6]
	MGRH
	L2 
	G12
	G12
	99%
	98%

	RVA/Human-wt/SWZ/MRC-DPRU 4415/2010/G2P[4]
	MGRH
	S2 
	G2
	G2
	99%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 4461/2010/G12P[6]
	MGRH
	Neg
	G12
	G12
	99%
	98%

	RVA/Human -wt/SWZ/MRC-DPRU 5119/2010/G1P[8]
	MGRH
	L1 
	G1
	G1
	100%
	98%

	RVA/Human- wt/SWZ/MRC-DPRU 4516/2010/G8P[4]
	HLA
	S/L
	G8
	G8
	97%
	98%

	RVA/Human-wt/SWZ/MRC-DPRU 4511/2010/G2P[4]
	HLA
	S1 
	G2
	G2
	99%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 4550/2010/G1P[8]
	GSH 
	L1 
	G1
	G1
	100%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 4506/2010/G2P[4]
	GSH
	S1 
	G2
	G2
	99%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 7204/2010/G12P[6]
	GSH
	Neg
	G12
	G12 
	99%	
	98%

	RVA/Human-wt/SWZ/MRC-DPRU 4531/2010/G2P[4]
	LPL
	S1
	G2
	G2
	99%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 4482/2010/G2P[4]
	MGRH 
	S1
	G2
	G2
	99%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 4457/2010/G12P[6]
	MGRH
	L2
	G12
	G12
	99%	
	98%

	RVA/Human-wt/SWZ/MRC-DPRU 4562/2010/G12P[6]
	RFM
	L1
	G1/G2/G12
	G12
	99%	
	98%





Table 4.8: A list of VP4 genotyping and sequencing results in each surveillance site during 2009-2010. 
	Strain
	Site
	PAGE 
	Genotyping 
	Sequencing 
	Blastin homology 
	% nucleotide identity

	RVA/Human-wt/SWZ/MRC-DPRU 2721/2010/G2P[4]
	MGRH
	S2
	P[4]
	P[4]
	98%
	98%

	RVA/Human-wt/SWZ/MRC-DPRU 2271/2009/G9P[8] 
	MGRH
	L1
	P[8]
	P[8]
	98%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 2993/2009/G2P[4] 
	MGRH
	L1
	P[8]
	P[8]
	98%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 2994/2009/G9P[8] 
	MGRH
	L1
	P[8]
	P[8]
	98%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 2995/2009/G9P[6]
	MGRH
	S1
	P[6]
	P[6]
	98%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 2979/2009/G9P[6] 
	MGRH
	L1
	P[6]
	P[6] 
	98%
	91.4%

	RVA/Human-wt/SWZ/MRC-DPRU 5119/2010/G9P[6]
	MGRH
	L2
	P[6]
	No result 
	· 
	· 

	RVA/Human-wt/SWZ/MRC-DPRU 4404/2010/G2P[6] 
	MGRH
	Neg 
	P[4],P[6], P[8]
	P[6]
	98%
	98.2%

	RVA/Human-wt/SWZ/MRC-DPRU 4415/2010/G2P[4]
	HLH
	S1 
	P[4]
	P[4]
	98%
	98%

	RVA/Human-wt/SWZ/MRC-DPRU 4551/2009/G1P[8] 
	MGRH
	L1
	P[8]
	No result
	-
	-

	RVA/Human-wt/SWZ/MRC-DPRU 4516/2010/G8P[4]/P[6]/P[8] 
	LPL
	L2
	P[4], P[6],P[8]
	No results
	-
	-

	RVA/Human-wt/SWZ/MRC-DPRU 5123/2010/G9P[8]
	MGRH
	L1
	P[8]
	P[8]
	98%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 5073/2010/G1P[6]
	LPL
	L2
	P[6],P[8]
	P[6]
	98%
	96%

	RVA/Human-wt/SWZ/MRC-DPRU 4550/2010/G1P[8]
	GSH
	L1
	P[8]
	P[8]
	98%
	99%

	RVA/Human-wt/SWZ/MRC-DPRU 4506/2010/G2P[4]
	GSH
	S1
	P[4]
	P[4]
	98%
	98%

	RVA/Human-wt/SWZ/MRC-DPRU 4531/2010/G2P[4] 
	LPL
	S1
	P[4]
	P[4]
	98%
	98%

	RVA/Human-wt/ SWZ/MRC-DPRU 7204/2010/G12P[6] 
	MGRH
	L1
	P[8]
	No result
	· 
	-



All the VP4 and VP7 nucleotide sequences were submitted to GenBank for a BLASTN search through the NCBI website. The sequences were successfully aligned and edited manually using ChromasPro version 1.49. Alignments of the edited sequences were compared with a selection of reference strains from the GenBank database using BioEdit software packages as indicated in Appendix 6. The genetic relatedness of the VP4 and VP7 rotavirus strains from Swaziland were determined by constructing a phylogenetic tree using the neighbour-joining and clustering methods. The phylogenetic trees were constructed using MEGA software version 4.1 and 5.0. The similarity distances between genotypes were measured by the Kimura two-parameter model and the phylogenenic trees were constructed by neighbour joining and were statistically supported by bootstrapping using replicate data sets of 1000. 
[bookmark: _Toc320642266][bookmark: _Toc320642074]
[bookmark: _Toc350851723]4.8. VP7 Phylogenetic analysis of rotavirus strains 
[bookmark: _Toc350851724]4.8.1 Phylogenetic analysis of the G1 rotavirus strains  
The G1 phylogenetic tree was constructed using two G1 strains from this study and 26 reference strains from GenBank. Most of the reference strains were from Italy, Japan, Belgium and USA. The phylogenetic analyses showed a total of six lineages (I-VI) and sub-lineages (Figure 4.9.1 below). The Swaziland G1 rotavirus strains clustered into lineage I and lineage II with the reference strains. The G1 strains were in separate lineages with bootstrap values of 100% and 99% with 92% nucleotide sequence identity. The G1 strain RVA/Human wt/SWZ/MRC-DPRU5119/2010/G1P- [8] belonged to sub-lineage Ic clustering with strains from Belgium, Bangladesh, Cuba, Italy and Australia, while and RVA/Human wt/SWZ/MRC-DPRU 4550/2010/G1P[8] strain belong to lineage II included strains from Belgium, India, China, Thailand, Italy and Bangladesh. The reference strains accession numbers were as follows; BE00045 (HQ392406), Ban-48(U26364), PA19/01 (DQ377593), CU406 (GQ996836), PA17c/86 (DQ377567), G192B (A7043678), K45 (U26378), Kor64 (U26378), Fin-110 (Z8027721), PA5/90 (DQ3775731), PA78 (DQ377572), Ban59 (U26366), PA191 (DQ377583), PA305 (DQ377585), B74-02 (AY635048), PA73R (DQ377601), Thai-804 (DQ5212979), PRMVP7H (HQ650124), T449 (M92651), PRVC95 (L24165) and DS-1 (HQ650124). 
 RVA/Human wt/SWZ/MRC-DPRU5119/2010/G1P[8]
 RVA/Human-wt/BEL/BE00045/2009/G1P[8]
 RVA/Human-wt/BNG/Ban-48/G1P[8] 
 RVA/Human-wt/CUB/CU406-BK/09/1990/G1P[8]
 RVA/Human-wt/ITA/PA19/01/2001/G1PX
 RVA/Human-wt/ITA/PA17c/19986/G1PX
 RVA/Human wt/AUST/G192B/XXX/G1PX
Lineage Ic
 RVA/Human wt/USA/K54/XXX/G1PX
  RVA/Human-wt/SKR/Kor-64/XXXX/G1PX
Lineage IV
 RVA/Human-wt/FIN/Fin-110/2003/G1PX
  RVA/Human-wt/ITA/ PA5/90/1990/G1PX 
 RVA/Human-wt/ITA/PA78/89/1989/G1PX 
Lineage V
 RVA/Human-wt/BGD/Ban-59/XXXX/G1P[8]     
 RVA/Human wt/JPN/AU64/xxx/G1Px
 RVA/Human-wt/ITA/PAH191/1996/G1Px
  RVA/Human-w/ITA/PA305/97/1997/G1PX 
 RVA/Human wt/BELG/B74-02/XXX/G1P[8]
 RVA/Human-wt/ITA/PA73R-/2004/G1PX
 RVA/Human wt/THA/Thai-804/G1PX
 RVA/Human wt/CHN/ISO-4/XXX/G1PX
 RVA/Human wt/IND/612452/2006/G1P[8] 
 RVA/Human wt/SWZ/MRC-DPRU4550/2010/G1P[8]
 RVA/Human-wt/BEL/BE00017/2006/G1P[8]
Lineage II
 RVA/Human wt/JNP/K8/XXXX/G1PX
 RVA/Porcine-wt/XXXX/PRMVP7H/XXXX/G1PX 
Lineage III
 RVA/Bovine wt/T449/XXX/G1PX
 RVA/Porcine-wt/XXXX/PRVC95/XXXX/G1PX 
Lineage VI
(out group)
 RVA/Human-tc/USA/DS-1/1976/G2P[4]
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Figure 4.9.1: Group A rotavirus VP7 G1 strains phylogenetic tree displaying the relationship between strains detected in the study and the global reference strains. The Swaziland strains are marked with red dots ([image: ]), the Genbank reference strains with black triangles ( [image: ] ) and the reference out group is marked with green triangles ( [image: ]). 
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4.8.2 Phylogenetic analysis of the G2 rotavirus strains    
The G2 phylogenetic tree was constructed using seven G2 study strains and 19 GenBank reference strains. The phylogenetic analyses demonstrated 4 distinct lineages (I-IV) with bootstrap value of 77% with one study strain and reference one strain, the other study strains had bootstrap values below 50%. The detected G2 strains nucleotide identity ranging from 83.5% to 99.6%. All the Swaziland G2 strains clustered together in lineage VI with strains from Brazil, India, South Korea, Taiwan, China, Japan and Ghana. The reference strains and accession numbers were as follows (in the order they appear on the tree) KMR024 (HQ425267), CH-146 (DQ904518), 122287-OBA (HM066073), J-44787 (DQ94511), KO-2 (A7401754), IND253 (GQ229048), TF85 (A7106299), GH1803 (AY261353), TA20 (A7106281), DS-1 (HQ650124), 405GR (AY261337), TA3 (A710628), TW6 (A7044338), 95A (U73955), 64SB (AY261341) and T79 (A7450292), CMP034 (DQ534015) and Wa (GU723327) (Figure 4.9.2). 










Figure 4.9.2: Group A rotavirus VP7 G2 strains phylogenetic tree showing the relationship between strains detected in the study and the global reference strains. The Swaziland strains are marked with red dots ([image: ]), the Genbank reference strains with black triangle (   ) and the reference outlier is marked with a green triangles ([image: ]). RVA/Human-wt/SWZ/MRC-DPRU4531/2010/G2P[4]
 RVA/Human-wt/SWZ/MRC-DPRU4415/2010/G2P[4]
 RVA/Human wt/SWZ/MRC-DPRU4511/2010/G2P4
 RVA/Human-wt/SWZ/MRC-DPRU4482/2010/G2P[4]
 RVA/Human-wt/SWZ/MRC-DPRU2721/2009/G2P[4]
 RVA/Human-wt/SWZ/MRC-DPRU2995/2009/G2P[6]
 RVA/Human-wt/SKA/KMR024/2002/G2P4 
 RVA/Human-wt/CHN/CH-146/XXX/G2PX 
 RVA/Human-wt/BRZ/12287_06BA/2006/G2P[4]
 RVA/Human wt/JPN/J-4787/XXXX/G2PX 
 RVA/Human wt/JPN/KO-2/XXXX/G2PX 
 RVA/Human wt/IND/253/XXXX/G2PX 
 RVA/Human wt/TWN/TF85/1994/G2PX 
 RVA/Human wt/GHN/GH1803/1999 
 RVA/Human wt/TWN/TA20/1982/G2PX
 RVA/Human-wt/SWZ/MRC-DPRU4506/XXX/G2P[4]
 RVA/Human-tc/USA/DS-1/1976/G2P[4] 
 RVA/Human wt/SZA/405GR/87/1987/G2P[4]
 RVA/Human wt/TWN/TA3/XXXX/G2PX 
 RVA/Human wt/TWN/TW6/1981/G2PX 
 RVA/Human wt/SZA/64SB/1996/G2P4 
 RVA/Human-wt/AST/95A/XXXX/G2PX
 RVA/Human-wt/CHN/T79/XXXX/G2PX
 RVA/porcine/THAI/CMP034/XXXX/G2
 RVA/Human wt/USA/Wa/XXX/G1P[8]  ( Out group)  
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[bookmark: _Toc350851726]4.8.3 Phylogenetic analysis of the G8 rotavirus strains  
The G8 phylogeny tree was constructed including two Swaziland G8 strains and 24 GenBank references strains. Most of the reference strains included was strains from China, Japan, Belgium Taiwan and South Africa. Two lineages (I-II) were obtained after constructing the phylogenetic tree. The G8 strains detected had grouped themselves together with a bootstrap value of 99% and had a high nucleotide sequences identity ranged from 96.8% to 99.3%. a bootstrap value of 99% and nucleotide identity of 97.4% among each other. The nucleotide sequences of the Swaziland G8 rotavirus strains RVA/Human wt/SWZ/MRC-DPRU 4390/2010/G8P[4] and RVA/Human wt/SWZ/MRC-DPRU 4516/2010/G8P[4] were 98% identical to strain KNY/1290(EU488721.1) and KNY1646 (FJ386444.1). The two Swaziland G8 strains demonstrated a close relationship and clustered together in Lineage I with the reference strains from Kenya, Brazil, India, South Korea, Taiwan, China, Japan and Ghana. The reference strains and accession numbers include were (in the order they appear on the tree) 69M (E7672560), DG8 (A7034858), DS-1 (HQ650124), ARN6862 (EF218677), ARN6810 (EF218675), ARN6854 (EF218676), SI-885 (DQ995179), AU109 (AB272753), EGY1850 (A7104102), R291 (AY855064), MW23 (AJ278254), DRC88 (DQ005109), DRC86 (DQ005120), KY1646 (FJ386444), 1290 (EU488721), MW4097 (FJ386452), MW333 (AJ278257), SA4948JHB (FJ386447), UP30 (A7143690), GR570/85 (AF143688), A5 (DO1054), Wa (DQ534015) (Figure 4.9.3). 




 RVA/Human-tc/IND/69M/1980/G8P4
 RVA/Human-tc/AUST/DG8/XXX/G8PX
 RVA/Human-tc/USA/DS-1/1976/G2P[4]
 RVA/Bovinewt/JPN/KAG74/XXXX/G8PX 
 RVA/Human-tc/ARN/6862/2000/G8PX
 RVA/Human-tc/ARN/6810/2004/G8PX
 RVA/Human-wt//ARN6854/2002/G8PX
 RVA/Human-wt/Slov/SI-885/06/G8PX
 RVA/Human-wt/JPN/AU109/XXXX/G8PX
 RVA/Human-wt/EGY1850/XXXX/G8PX
 RVA/Human-wt/BRAZ /R291/XXXX/G8PX
 RVA/Human-wt/MWI/MW23/XXXX/G8PX
 RVA/Human-wt/COD/DRC88/2003/G8PX
 RVA/Human-wt/COD/DRC86/2003/G8PX
 RVA/Human-wt/SA/SA1396DGM/2004/G8PX
 RVA/Human-wt/Si/KY1646/1999/G8PX
 RVA/Human-wt/KEN/1290/1991/G8PX
 RVA/Human- wt /SWZ/MRC-DPRU4390/2010/G8P[4]
 RVA/Human-wt/ SWZ/MRC-DPRU4516/2010/G8P[4]
 RVA/Human wt/Malawi/MW4097/2000/G8P[4]
 RVA/Human-wt/MWI/MW333/XXXX/G8PX
 RVA/Human-wt//SA4948JHB/2004/G8PX
 RVA/Human-Wt/UP30/SZA/XXXX/G8PX
 RVA/Human-wt/GR570/85/1985/G8PX
 RVA/Bovine wt/THAI/A5/XXXX/G8PX
 RVA/Human wt/USA/Wa/XXXX/G1P[8]     (Out group)      
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Figure 4.9 .3: Group A rotavirus VP7 G8 strains phylogenetic tree displaying the relationship between strains detected in the study and the global reference strains. The Swaziland strains are marked with red dots ( [image: ]), the Genbank reference strains with black triangles ([image: ]) and the reference outlier is marked with a green triangle ([image: ]).
[bookmark: _Toc350851727]4.8.4 Phylogenetic analysis of the G9 rotavirus strains   
The G9 phylogenetic tree was constructed using of four G9 sequences of Swaziland and 24 GenBank references strains. Four lineages (I-VI) were constructed. The detected G9 strains grouped themselves with one South African Strain RVA/Human wt/ZAF/2371WC/2008/G9P[8  with a bootstrap of 96% and had a high nucleotide sequence identity ranging from 96.8% to 99.3%. All the G9 study strains demonstrated a close relationship and clustered together in lineage III with strains from Brazil, India, South Korea, Taiwan, China, Japan and Ghana as indicated in Figure 4.10 (d). The reference strains and accession numbers were as follows (in the order they appear on the tree) 2371WC (JN013998), Dhaka 26-04 ( EF694200), MMC153 (GQ869842), Dhaka 23-04 (EF694227), SK430 (EU839931), ISO-3 (AF501580), R2 (AY12749), GH1416 (AY211066), GH3574 (AY211068), MR4730 (Y262749), BJ-CR5317 (GU937091), KY3147 (DQ822601), SA2144DGM (GQ338887), KY6894 (DQ822603), L169 (DQ873674), R160 (AF274971), BD431 (AJ250542), US321 (AF359358), 4330LC (AF529865), MW69 (AJ250545), 6222LP (AF529871), 684VN (AB091778), Mc345 (D38055), RMC321 (A7501578), JP32-4 (AB176682), 116E (L14072), K-1 (AB045374), F45 (AB180970), RRV (EU636932) (Figure 4.9.4 below). 



 RVA/Human wt/ SWZ/MRC-DPRU2736/2010/G9P[6]
 RVA/Human wt/ SWZ/MRC-DPRU2755/2010/G9P[8]
 RVA/Human wt/ SWZ/MRC-DPRU2993/2009/G9P[8]
 RVA/Human wt/ SWZ/MRC-DPRU5123/2010/G9P[8]
 RVA/Human wt/ZAF/2371WC/2008/G9P[8]
 RVA/Human wt/ SWZ/MRC875/2010/G9P[8] 
 RVA/Human wt/BGD/Dhaka26-04/2004/G9PX
 RVA/Human wt/INDIA/Dhaka23-04/2004/G9P
 |RVA/ Human wt/CHN/ MMC153/2006/G9PX
 RVA/Human wt/SKA/SK430/2005/G9PX
 RVA/Human wt/IND/ISO-3/XXXX/G9PX
 RVA/Human wt/SWE/R2/XXXX/G9PX
 RVA/Human wt/KY3147/1999/G9PX
 RVA/ Human/wt/ZAF/SA2144DGM/2003/G9P[8]
RVA/Human wt/KYN/ KY6894/2002/G9PX
  RVA/Human wt/GHN/ GH1416/XXXX/G9PX
 RVA/Human wt/ GHN/GH3574/XXXX/G9PX 
 RVA/Human wt/SZA/MR4730/00/2000/G9PX
 RVA/Human wt/CHN/BJ-CR5317/XXX/G9PX
 RVA/Human wt/CHN/L169/XXXX/G9PX
 RVA/Human wt/BRL/R160/XXXX/G9PX
 RVA/Human wt/BTS/ BD431/XXXX/G9PX
 RVA/Human wt/USA/US321/XXXX/G9PX
 RVA/Human wt/ZAF/ 4330LC/1998/G9P6
 RVA/Human wt/MWI/MW69/XXXX/G9PX
 RVA/Human wt/MWI/MW47/1997/G9P6
 RVA/Human wt/ZAF/ 6222LP/1999/G9P6
 RVA/Human wt/THAI/Mc345/XXXX/XXXX
 RVA/Human wt/IND/RMC321/XXXX/G9PX
 RVA/Human-wt/VTN/684VN/XXXX/G9PX
 RVA/Porcine/JPN/JP32-4/XXXX/G9PX
 RVA/Human-wt/IND/116E/AG/XXXX/G9PX
 RVA/Human wt/JPN/K-1/1995/G9PX
 RVA/Human wt/USA/F45/XXXX/G9PX
 RVA/Simian-tc/USA/RRV/1975/G3PX  ( Out group)
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Figure 4.9.4: Group A rotavirus VP7 G9 strains phylogenetic tree showing the relationship between strains detected in the study and the global reference strains. The Swaziland strains are marked with red dots ([image: ]), the Genbank reference strains with black triangles ([image: ]) and the reference outlier is marked with a green triangle ([image: ]).




[bookmark: _Toc350851728]4.8.5 Phylogenetic analysis of the G12 rotavirus strains 
The G12 phylogenetic tree was constructed with five G12 Swaziland strains and 22 reference strains. Three lineages (I –III) were constructed. All five specimens were found to cluster in lineage III showing close relationship with high nucleotide sequence identity ranging from 97.9% to 99.6% and bootstrap value of 98% among all the study strains. The reference strains on lineage III included strains from Germany, India, Nepal, Bangladesh, Saud Arabia, South Africa and USA. The reference strains and accession numbers included in the phylogenetic tree were (in the order they appear on the tree) GER172 (FJ747630), mani-483-08 (GQ229067), mani-485 (GQ229068), ISO16 (DQ099751), ISO1217 (EU016464), 05K046v (AB275300), 04N245 (AB263988), 05N138 (AB275299), BGD203 (UO8430), SK327 (EU839944), SK423 (EU839934), 36B2 (DQ099749), 3133WC (HQ657154), 3176WC (HQ657165), MD844 (AB269689), ISO25 (DQ062126), Se585 (AJ311741), T152 (AB071404), K12 (AB186120), CP727 (AB125852),  L26 (E7672595), RRV (EU636932) (Figure 4.9.5). 


Figure 4.9.5: Group A rotavirus VP7 G12 strains phylogenetic tree displaying the relationship between strains detected in the study and the global reference strains. The Swaziland strains are marked with red dots ([image: ] ), the Genbank reference strains with black triangles ([image: ]) and the reference outlier is marked with a green triangle ([image: ]).  RVA/Human wt/SWZ/MRC-DPRU7204/2010/G12P6
 RVA/Human wt/SWZ/MRC-DPRU4461/2010/G12P6
 RVA/Human wt/SWZ/MRC-DPRU4562/2010/G12P6
 RVA/Human wt/SWZ/MRC-DPRU4457/2010/G12P6
 RVA/Human wt/SWZ/MRC-DPRU4404/2010/G12P6
 RVA/Human wt/GRM/GER172-08/2008/G12P
 RVA/Human wt/IND/mani-483-08/2005-2008/G12PX
 RVA/Human wt/IND/mani-485-08/2005-2008/G12PX
 RVA/Humani wt/IND/ISO16/XXXX /G12PX
 RVA/Human wt/IND/ISO1217/XXXX/G12PX
 RVA/Human wt/NEP/05K046/2005/G12PX
 RVA/Human wt/NEP/05N138/2005/G12PX
 RVA/Human wt/NEP/04N245/2004/G12PX
 RVA/Human wt/BDG/203/2006/G12P
 RVA/Human wt/BDG/SK327/2006/G12P
 RVA/Human wt/BDG/SK423/2005/G12P
 RVA/Human wt/IND/36B2/XXXX/G12PX
 RVA/Human wt/ZAF/3133WC/2009/G12P
 RVA/Human wt/ZAF/3176WC/2009/G12P
 RVA/Human wt/SDA/MD844/XXXX/G12PX
 RVA/Human wt/IND/ISO25/XXXX/ G12PX
 RVA/Human wt/USA/Se585/XXXX/G12P
 Lineage 3
 RVA/Human wt/THA/T152/XXXX/G12PX
 RVA/Human wt/JPN/K12/XXXX/G12PX
 RVA/Human wt/JPN/CP727/XXXX/G12PX
Lineage 2
Lineage 1
 RVA/Human wt/PHIL/L26/XXXX/G12PX
(Out group)
 RVA/Simian-tc/USA/RRV/1975/G3P
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[bookmark: _Toc350851729]4.8.6 Phylogenetic analysis of the P[4]  rotavirus strains
The P[4] phylogenetic tree was constructed with four Swaziland P[4] strains and 20 reference strains from GenBank. Five lineages were constructed (I-V). All four specimens were found to cluster in lineage V demonstrating a close relationship with the reference strains on lineage V indicated the relatedness of the strains from Italy, Germany, Russia, USA, India, Japan, China, South Korea, Bangladesh, Malawi and Sierra Leone. The accession numbers were (in the order they appear on the tree) SL299 (HM137001), GRM/GER1H-09 (GQ414543), KMR024 (EF077345), GER1H-09 (GQ414543), TW569 (DT045140), KO-2 (AF401755), H391 (FJ919248), LB2772 (HM467945), CU574-BK(GQ996743.1), H93 (DQ172839), SK138(EU839945), R291 (AY855067), L26(EF672591), DS-1(HQ650119), MW333 (AJ278256), IS2 (X82323), MMC84 (EU839951), TB-Chen (AY787644), ITA/1-2003 (DQ172841), VN580 (EF673782), H41 (DQ172838) and 107E1 (BU07753), rj5619 (DQ857954), R291 (AY855064), DS-1 (HQ650124), Wa (L34161) as shown in Figure 4.9.6 below. All the study P[4] strains  shared a high nucleotide sequence identity among themselves ranging from 96.3% to 97.7%. The bootstrap values of 75% was observed among the study strains together with one Strain from Sierra Leone (RVA/Human- wt/SL299/05/2005/G8P[4] as indicated in Figure 4.9.6 below. 

Figure 4.9.6: Group A rotavirus VP4 P[4] strains phylogenetic tree displaying the relationship between strains detected in the study and the global reference strains. The Swaziland strains are marked with red dots ([image: ]), the Genbank reference strains with black triangles ([image: ]) and the reference outlier is marked with a green triangle ([image: ]). RVA/Human-wt/SWZ/MRC-DPRU4506/2010/G2P[4]
 RVA/Human-wt/SWZ/MRC-DPRU4531/2010/G2P[4] 
 RVA/Human-wt/SWZ/MRC-DPRU4415/2010/G2P[4] 
 RVA/Human-wt/SWZ/MRC-DPRU2721/2009/G2P[4]
 RVA/Human- wt/SL299/05/2005/G8P[4]
 RVA/Human wt/ITA/1-2003/XXX/G2P[4]
 RVA/Human-wt/ITA/3-2004/XXXX/G2P[4]
 RVA/Human-wt/SKR/KMR024/XXXX/GXP[4]
 RVA/ Human wt/GRM/GER1H-09/2009/GXP[4]
 RVA/Human wt/ITA/H41/1993/G8P[4]
 RVA/Human-wt/TAI/02TW569/G9P[4]
 RVA/Human-wt/JPN/KO-2/XXXX/G2P[4]
 RVA/Human-wt/RUS/RUS-Nov04-H391/2004/G2P[4]
  RVA/Human-wt/CUB/CU574-BK/09/2009/GXP[4]
 RVA/Human-wt/USA/LB2772/2005-6/G2P[4]
 RVA/Human wt/IND/107E1B/XXXX/GXP[4]
 RVA/Human wt/MWI/MMC84/XXXX/GXP[4]
 RVA/Human wt/BGD/SK138/04/2004/GXP[4]
 RVA/Human-wt/CHN/TB-CHEN/XXXX/GXP[4]
Lineage 5
 RVA/Human-wt/XXXX/IS-2/XXXX/G2P4
 RVA/Human-wt/ITA/H93/1996/G2P[4]
 RVA/Human wt/BRA/rj5619/02/2002/G2P[4]
Lineage 4
          
         Lineage 3
 RVA/Human-wt/PHL/L26/XXXX/G12P[4]
Lineage 2
 RVA/Human-wt/BRA/R291/XXXX/G8P[4]

 RVA/Human wt/ MWI/MW333/XXX/G8P[4]
Lineage 1
 RVA/Human-tc/USA/DS-1/1976/G2P[4]
 (Out group)
 RVA/Human wt/USA/Wa/XXX/G1P[8]
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[bookmark: _Toc350851730]4.8.7 Phylogenetic analysis of the P[6]  rotavirus strains 
The P[6] phylogenetic tree was constructed with 4 P[6] Swaziland strains and 24 reference strains from GenBank. Five lineages (I-V) were constructed. All five specimens were found to cluster in Lineage I showing maximum relatedness with bootstrap values of 97% and 91% occurred in different branches within the lineages among the study strains and nucleotide sequence identity of the study strains were ranging from 91.4% to 98.2% as indicated in the Figure 4.9.7 below. The reference strains of group A rotavirus demonstrated relatedness in lineage I were from Germany, India, Nepal, Bangladesh, Saud Arabia, South Africa, USA and Hungary. Their accession numbers were as follows MMC24 (EU839952), RV176 (DQ490554), US1205 (AF079356), 5001DB (AF529873), Se585 (AJ311737), JPN/JP29-6 (AB176688), BP1227 (AJ621505), BP720/93 (AJ621503), BP1231/02(AJ621506), BP1198/98 (AJ621504), ITA/134/04-10 (AY955299), GER172-08 (FJ747628), SK277 (EU839948), SK423 (EU839946), 3176WC (HQ657156) SK423 (EU839934), SK277 (EU839948), 134/04-10 (AY955299), BP1198/98 (AJ621504), PRVVP4 (M33516) AU19 (AB018697), JP29-6 (AB176688), BP1231 (AJ621506), BP720 (AJ621503), BP1227 (AJ621505), Wa (L341617 ) as shown in Figure 4.9.7 below. 
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 RVA/Human wt/USA/US1205/XXX/G9P[6] 
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Figure 4.9.7: Group A rotavirus VP4 P[6] strains phylogenetic tree showing the relationship between strains detected in the study and the global reference strains. The Swaziland strains are marked with red dots ([image: ]), the Genbank reference strains with black triangles ([image: ]) and the reference outlier is marked with a green triangle ([image: ]).






[bookmark: _Toc350851731]4.8.8 Phylogenetic analysis of the P[8]  rotavirus strains 
The P[8] phylogenetic tree was constructed with the Swaziland P[8] strains and 21 global reference strains from GenBank. Four lineages (I-IV) were constructed. Four Swaziland strains (RVA/Human-wt/SWZ/MRC-DPRU2979/2009/G9P[6],RVA/Human-wt/SWZ/MRC-DPRU 2993/2009/G9P[8], RVA/Human wt/SWZ/MRC-DPRU2755/2009/G9P[8] and RVA/Human-wt/SWZ/MRC-DPRU5123/2010/G9P[8]) were found clustering in Lineage IV showing maximum relatedness and one strain RVA/Human-wt/SWZ/MRC-DPRU 4550/2010/G1P[8] clustered with the reference strains in Lineage III. The bootstrap values observed from different branches of 57% among the study strains and 50% in a semi cluster with only one and reference strains and the nucleotide sequence identity ranged from 67.4% to 98.0%. The global reference strains of Group A rotavirus demonstrated relatedness in lineage III and IV were from USA, Belgium, Russia, India, China, Japan, Bangladesh, Vietnam, South Africa, and  Malawi with the following accession numbers. Their accession numbers are V32 (AB536806), RUS/N735 (HQ537508), BJ-CR5317 (GU980591), ISO116 (EU016484), MW670 (AJ302146), OP530 (AJ302152), MMC71 (EU979382), MMC38 (EU979379), BE00017 (HQ392119), RVU30716 (U30716), DH373 (EU839961), MW434 (AJ302145), DH402 (EU839958), BE00017 (HQ392122), Hun9 (AJ05320), 27B3 (EU016486), OP351 (AJ302147), F45 (U30716), KU (M21014), DS-1 (HQ650119), Hochi (AB008295), Wa (L34161) as shown in Figure 4.9.8 below.


Figure 4.9.8 : Group A rotavirus VP4 P[8] strains phylogenetic tree displaying the relationship between strains detected in the study and the global reference strains. The Swaziland strains are marked with red dots ([image: ]), the Genbank reference strains with black triangles ([image: ]) and the reference outlier is marked with agreen triangle ([image: ]). RvA/HuMAN WT/VNM/V32/2006/G1P[8] 
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[bookmark: _Toc350851732]CHAPTER 5: DISCUSSION

[bookmark: _Toc350851733]5.1 Overview of the study

The epidemiology of rotavirus was carried out in five selected healthcare facilities in Swaziland (Mbabane Government Referral Hospital, Raleigh Fitkin Memorial Hospital, Good Shepard Hospital, Hlatikhulu Hospital and Lancet Pathology Laboratory) from children less than 5 years of age starting from April 2009 through to December 2010. The results of the study provided new and important insights into the rotavirus burden of disease and epidemiological features of the disease in Swaziland. The data generated clearly demonstrated that rotavirus infection was one of the most important etiological agents of diarrheal disease in children less than 5 years in Swaziland. Rotavirus was detected in all the selected health care facilities despite variable socio-economic status. The rotavirus detection rates between the two–year study period, indicated 13.6% and 23.4%, respectively and could mainly be ascribed  to the limited sampling in year one (collection started in April 2009). The number of children younger than 5 years admitted and attending the health care facilities in the country that were enrolled in the study dramatically increased over the two year period from 293 in the first year to 482 in the second year. 

The epidemiology of rotavirus infection in Swaziland identified four important features among the children enrolled in the study: Firstly, a slightly higher proportion of male children were infected by rotavirus than females. Secondly, rotavirus diarrhoea occurred most commonly in children aged 0-11 months (overall 22.2% for 0-11 months and of these, 23.5% in children aged 6-8 months). Thirdly, a high proportion of rotavirus infection was detected in children who were hospitalized (43.7%) compared to outpatients (13.6%). Fourthly, rotavirus infection was more prevalent in the cooler dry season of the year during the months July through to September. 

The results indicated that a wide variety of electropherotypes were evidently circulating in Swaziland during the study period. The short RNA patterns were noted as commonly associated with rotavirus strains (45.9%), followed by the long RNA pattern (39.9%) and mixed RNA pattern (4.7%). A diversity of genotypes was found circulating in Swaziland, with worldwide common strains (54.7%) followed by worldwide unusual strains (32.4%), mixed genotype infections (8.8%) and non-typeables (4.1%). The presence of unusual and mixed rotavirus infection might pose a challenge to the currently licensed rotavirus vaccines (Rotarix® and RotaTeq™) which targets the most common genotypes.  It is, however, expected that these current vaccines will confer protection to the majority of rotavirus strains globally. All the sequenced genotypes were aligned to global reference sequences from GenBank. They showed maximum identity of 90 - 99% to the global reference strains confirming the identity of circulating genotypes. The overall results obtained in this study were consistent with what has been previously reported in the literature. This is the first data on the burden of rotavirus disease in Swaziland and will actively be used in advocating for the introduction of a rotavirus vaccine to the Swaziland Government through the assistance of WHO and GAVI. The findings also provide baseline data for the country prior to the introduction of a rotavirus vaccine. Continuous surveillance of rotavirus is necessary in order to monitor the strains circulating in the country.

[bookmark: _Toc350851734] 5.2 Study sites and collection of specimens

 The present study describes the epidemiology of rotavirus diarrhoea both in outpatient and inpatient Swaziland children from five selected healthcare facilities in Swaziland between 2009 and 2010. The Mbabane Government Referral Hospital sentinel site was first established in 2009 and only 263 specimens were collected. To estimate the burden of rotavirus in the country in 2010, four additional collection sites were established: Raleigh Fitkin Memorial Hospital, Good Shepard Hospital, Hlatikhulu Hospital and Lancet Pathology Laboratory. The four sites contributed only 150 stool specimens due to the late start in the enrolment of the children. Overall, 482 samples were collected in 2010 from all five sites combined. 

[bookmark: _Toc350851735]5.3 Detection of group A rotavirus infection between 2009 and 2010

This is the first study to determine the prevalence of rotavirus in Swaziland. Rotavirus was detected in all the selected healthcare facilities regardless of the geographical location and the socio-economic status (rural and urban settings). Indeed, rotavirus knows no borders. The overall rotavirus detection rate was 13.3% in 2009 and 23.4% in 2010. During the two years of surveillance at Mbabane Government Referral Hospital, an improvement in specimen collection and increase of prevalence of rotavirus infection were observed. Nevertheless, the proportion of children infected with rotavirus in 2009 and 2010 showed no significant difference. The results indicated that Mbabane Government Referral Hospital surveillance site was well established in 2010. During the second year of the study, specimens collected from the five selected healthcare facilities showed rotavirus positivity of 23.4%. The other sentinel sites (excluding Mbabane Government Referral Hospital) had a high prevalence of 34.6%. In future, close monitoring of the sentinel sites should be implemented in order to obtain quality data. 

The rotavirus prevalence rate of 23.4% in 2010 (based on samples collected from Jan to Dec in all facilities) clearly indicated that there is a high burden of rotavirus diarrhoea in children younger than five years in Swaziland. The prevalence is relatively high, despite some of the sentinel sites having been newly established and specimen collection being variable. These findings are consistent with a number of epidemiological studies conducted in other countries that reported the prevalence of rotavirus as follows:  40 % in Europe  (Van Damme et al., 2007), 19.6% in Japan (Dew et al., 2009), 34.9% in Italy (Zuccotti et al., 2010),  42% in Morocco (Benhafid et al., 2009), 18% in Nigeria (Aminu et al., 2010), 47% in Kenya, 60% in Uganda, 28% in Zambia, 14% in Zimbabwe and 58.9% in Ghana (ARSN, 2007). According to Steele and Ivanoff (2003) the prevalence of rotavirus in South Africa ranges between 25-40% and recently it was reported to be 34% in 2009 and 2010 (Dermaux et al., 2010). The ARSN had in 2009 reported that Kenya had a rotavirus detection rate of 40% and that 59% of rotavirus infections were found in the DRC, (Mwenda et al., 2010). 
Presently, there is no specific treatment against rotavirus infection and the rotavirus vaccine is therefore the only primary public health intervention to prevent the severe diarrheal episodes and also in reducing the burden of rotavirus disease. The rotavirus burden of disease as well as post marketing surveillance studies in South Africa serves as model for neighbouring countries like Swaziland, Lesotho, Zimbabwe, Botswana and Mozambique, since they share borders. In 2009, the WHO recommended that infants worldwide be vaccinated against rotavirus. A monovalent human rotavirus vaccine Rotarix™ was licensed in South Africa in 2006 and the vaccine was later introduced as a routine immunization program in August 2009. 

The National Institute for Communicable Diseases in 2011 reported a decrease in the detection rate of rotavirus infection in comparison to previous years (NICD Report, 29 November 2011) which effectively highlights the benefits of the rotavirus vaccine in reducing the burden of rotavirus disease. Similar results were also observed in Brazil, Panama and Mexico after the introduction of rotavirus vaccines into childhood immunization programmes (De Oliveira et al., 2008). Clearly, once the rotavirus vaccine is introduced in Swaziland, the burden of rotavirus in young children would be reduced that could ultimately reduce the infant mortality rate in line with Millennium Development Goals. 

[bookmark: _Toc350851736]5.4 Rotavirus infection and gender distribution in the study
 
Among the Swazi children enrolled in the current study, rotavirus infection was seen to be slightly more prevalent in males (20.75%) than with females (18.84%). It could also mean that male children under five years were more susceptible to rotavirus disease than females of the same age group. The observation was not statistically significant. Similar findings were observed in Malaysia (Hsu et al., 2005), Brazil (Carraro et al., 2008) and USA (Malek et al., 2006) where a higher incidence of rotavirus diarrhoea was reported in male children than females of the same age group. According to Surajudeen et al. (2011), male children are more susceptible to diarrhoea than females and they are likely to be admitted in hospital than females.

[bookmark: _Toc350851737]5.5 Age distribution and rotavirus infection

 Rotavirus infects children during their early childhood and almost 85% of children in developing countries have their first rotavirus infection encounters usually around their first birthday (WHO, 2009). In developed countries, on the other hand, the first rotavirus infection usually occurs a little later in children aged 9-15 months (WHO, 2009).

 In the present study, the age distribution of rotavirus diarrhoea was similar to those observed in developing countries. Overall, rotavirus infection was detected in children as early as 0-2 months across all the age groups. Of 148 rotavirus positive samples, most (83.1%) occurred in children below two years of age. This finding is in agreement with a number of epidemiological studies showing that the highest proportion (60-90%) of children younger than two years were infected by rotavirus when compared to those aged 3-5 years (Kim et al., 2005, Parashar et al., 2006, Sanchez-Padilla et al., 2009; Dennehy, 2007) 

Generally, of all patients with diarrhoea, the higher incidence of rotavirus infection of 22.2% was observed in the 0-11 month age group.  Between 2009 and 2010, the high detection rate of rotavirus infection was observed in the children below one year at 16.0% and 18.4%, respectively. The highest prevalence was mainly in children aged 6-8 months at 23.5%. These could be due to the fact that children in this age group are becoming independent; crawling and exploring their environment, and frequently this age group plays with contaminated toys and other materials. 

Children under one year are solely cared for by the mother, but also frequently experience severe episodes of diarrhoea due to the fact that they have not yet acquired immunity against rotavirus (Franco et al., 2006). In this age group the infection is symptomatic and most often children are admitted to the hospital for rehydration (Ramani et al., 2010). In Swaziland, the people who live in the rural areas still decorate their mud houses with cow dung which can be a potential rotavirus infectious material. Rotavirus is stable in the environment, but in the urban areas however, transmission might possibly occur through the faecal-oral route, respiratory route or playing with contaminated toys as well as using baby pacifiers.

[bookmark: _Toc350851738]5.6 Rotavirus infection and hospitalization in the 2009-2010 study period

Rotavirus infection is a major cause of severe, acute gastroenteritis in infants and young children requiring hospitalization. In this present study the children that were admitted to the hospital (33.3%) were mostly affected by rotavirus infection compared to those attending the outpatient departments (13.5%).  A significant statistical difference was observed between the two groups (P value = <0.001). These observations suggest that most of the children who were admitted had severe diarrhoea caused by rotavirus when compared to those who were attending the outpatient departments. Thus, it appears that there was an association between rotavirus infection and hospitalization in this study demonstrating that the severity of rotavirus infection is the major reason for hospitalization among children with acute diarrhoea. Rotavirus diarrhea is responsible for 20 to 50% of child hospitalizations worldwide (Cunliffe et al., 1998, Zarnani et al., 2004, Van Damme, 2007; Bonkoungou et al., 2010). The burden of rotavirus hospitalization in this study may be due to community acquired infections. We believe that once the rotavirus vaccine is introduced in the country, few children will be hospitalized due to rotavirus diarrhoea. Other children in the communities will acquire protection through herd immunity passed on from the children that would be vaccinated.



[bookmark: _Toc350851739]5.7 Seasonality patterns of rotavirus infection during the study period (2009 and 2010)

The climatic condition in Swaziland is similar to that of South Africa, Mozambique and other countries in Southern Africa. In temperate climate, rotavirus infection is most common during the cooler, drier months of the year. In the current study the rotavirus infection was observed to have a clear seasonal pattern throughout the two-year period. Overall, the peak incidence of rotavirus diarrhoea was observed in July (35.6%), August (44%) and September (23%). The highest peak of rotavirus infection was however, observed in September (22%) in 2009, while for 2010 the peak was observed in August (47.9%). The results confirmed that rotavirus infection predominates in the cooler drier months of the year in Swaziland. 

The above findings are in line with observations from other studies. Cook et al., (1990) observed that globally rotavirus was more common in the cooler months but the seasonal peak of the infection can vary and occur from autumn to spring except in America which had strictly winter seasonality. A similar seasonal pattern was observed in Italy where the rotavirus infection predominates in spring and the winter seasons (Zuccotti et al., 2010). In Spain however, the rotavirus peak was observed during the cooler months (November to February) (Sánchez-Fauguier et al., 2004). In Ghana, it was reported that a higher rotavirus infection occurred during the drier months (Armah et al., 1994). In South Africa, specifically in Pretoria, Gauteng province, the peak incidence of rotavirus infection was observed from  mid to late winter months (August and September) (Seheri et al., 2010) while in the Western Cape the highest peak was observed in winter (March to July) with another peak occurring during spring (October to November) (Page and Krugers, 2008).

The mechanisms underlying the seasonal variation of rotavirus disease is due to many factors which may include survival of the virus in the environment during the cooler drier months of the year, physiological effects on the host, transmission and overcrowding of susceptible children (Bishop, 1996). It is well documented that overcrowding and poor hygiene enable easy transmission of rotavirus, as  this virus is primarily spread by faecal-oral routes, close person to person contact as well as contact with contaminated water or food and through respiratory droplets (Glass, 2006).

 
[bookmark: _Toc350851740]5.8 Characterization of rotavirus electropherotype pattern in 2009-2010

PAGE characterisation of rotavirus is one of the most widely used techniques to study rotavirus epidemiological trends. The electropherograms of the dsRNA genomes demonstrated two major RNA migration patterns, i.e. the short and long patterns. From our results, it is evident that a wide variety of electropherotypes were circulating in Swaziland during the study period. Three different long [L1-L3] and three short [S1-S3] RNA migration patterns of group A rotaviruses were found. Amongst all the rotavirus positives, the short RNA patterns were noted as most predominant (45.9%), followed by the long RNA pattern (39.9%). Mixed pattern (4.7%) was also observed, showing both short and long RNA patterns, which mostly resulted from an infection of two rotaviruses with two different electrophoretic patterns. The findings are consistent with other epidemiological studies where different electrophoretic patterns were observed. Globally up to 90 different electropherotypes have been detected (Modarrres et al., 2008). The epidemiological study in Iran reported 14 RNA patterns, whereas the Cameroon study on the other hand, reported 16 RNA patterns (Esona et al., 2003).

[bookmark: _Toc350851741]5.9 G and P types circulating in Swaziland

The geographical distributions of rotavirus genotypes are unpredictable at any specific season or country (Glass et al., 2006). Even though Swaziland is in the sub-Saharan region, sharing borders with South Africa and Mozambique, it is however impossible to predict which genotype will infect the Swazi children. Epidemiological studies in developed countries have demonstrated that about 95% of the G serotypes (G1-G4 and G9) are the most predominant strains that are responsible for paediatric rotavirus diarrhoea together with other genotypes that continue to emerge including G5, G8 and G12 (Santos and Hoshino., 2005, Estes and Kapikan, 2007; Beinstein, 2009). 

In the present study, most of the globally common rotavirus genotypes (G1, G2, G3 and G9) as well as  the emerging rotavirus genotypes G8 and G12 were frequently detected in association with P[4], P[6] and P[8] genotypes. The majority of strains detected were amongst the worldwide common G and P genotype combinations. The G4 rotavirus strains were, however, not detected in this study. The overall results demonstrated the diversity of rotavirus strains circulating in Swaziland over the two year study period. 

In 2009, the common strains detected were G2P[4] (31.42 %), followed by G9P[8] (31.42%) and the least prevalent was G1[P8] (14.3 %). The unusual strains detected were G2P[6] (5.71%), G8P[4] (2.89%), G9[P4] (2.89%), G9P[6] (2.89%) and G3P[6] (2.89%) and non-typeables (1.2%). In 2010, more diverse genotypes were detected in all sentinel sites. The common strains detected were G2P[4] (31%), followed by G1[P8] (17.7%) and G9P[8] (1.8%). Unusual strains comprising of G1P[6] (0.9%), G12P[6] (7.1%), G2P[6] (3.5%), G8P[4] (4.4%), G12P[4] (1.76%), G9[P4] (1.8%), G9P[6] (0.9%%), G8P[6] (4.4%) and G3P[6] (0.9%) were detected.
 While mixed infections detected were G1/G8[P8] (0.7%), G3/G12P[6] (0.7%), GI/G2P[6] (1.8%), G1/G9P[6] (0.7%), G1/G2/G12P[6] (0.7%), G1/G2P[4+6] (0.7%), G1/G2P[4+8] (1.8%) G1/G2/G12P[6+8] (0.7%) and also non-typeables (3.5%). 

Our results are in line with various studies conducted in South Africa between 2003 and 2006 (Seheri et al., 2010). Whilst a high proportion of unusual strains were also detected in 1997-2006 from African countries (Todd et al., 2010). In Rio de Janeiro, Brazil and Africa, strains such as G1P[8], G1P[6], G2P[4], G2P[6], G9P[8], G9P[6] and G9P[4] were also identified  (Araứjo et al., 2001; Santos and Hoshino, 2005). G2 strains have been associated with outbreaks amongst school children as well as adults in the United States and Japan (Mikami et al., 2004, Akihara et al., 2005; Franco et al., 2006).

[bookmark: _Toc350851742]5.10 Sequence and phylogenetic analyses of rotavirus strains
[bookmark: _Toc350851743]5.10.1 G genotypes. 
In Swaziland, the G2 strains were the most common strains detected at 33.8% in association with either P[4] or P[6] throughout the study period. The G2 strains were found to belong to lineage II, similar to the ones circulating in other African countries and globally. These strains were closely related to strains from Ghana, China, Taiwan, South Korea, Japan and India. The G2 strains were clustered in lineage II with bootstrap values lower than 50% (except one strain SWZ/MRC-DPRU4506 clustered with strains from Taiwan with a bootstrap value of 77%). The detected G2 strains nucleotide identity ranged from 83.5% to 99.6%. The G2 rotavirus strains were also seen predominating in various studies in Africa and were associated with P[4] and P[6] (ARSN, 2007). A cyclic pattern of three to four years for G2 has been observed to occur in South Africa from 1984 to date (Steele et al., 2003; Page and Steele, 2004; Seheri et al., 2010). The studies conducted in Brazil (2006 - 2008) and Bangladesh (2004 - 2005) described G2 strains as the most prevalent strains detected (Mascareuhas et al., 2010; Dey et al., 2009). It is believed that continued rotavirus surveillance in Swaziland will reveal a similar pattern. 
The G1 rotavirus strains have been recognised as one of the most prevalent strains in many parts of the world. The Swaziland G1 strains shared 92% VP7 nucleotide sequence identity amongst themselves, and confirmed the circulation of G1 strains in Swaziland. Between 2004 and 2006 in South Africa, and 2007 and 2010 in Tanzania, a relatively high prevalence of G1 strains were detected (Seheri et al., 2010; Kamugisha, 2010). In Argentina (2004 and 2007) and Nigeria (2002 and 2004), G1 were replaced by G3 strains (Adah et al., 2001 and Esteban et al., 2010). In other studies in Africa, the G1 strain was reported to be the most predominant strain (ARSN, 2007). In this study, however, the G1 (23.34%) strain was the second most prevalent strain detected, and was found to be associated with either P[4], P[6] or P[8]. 
The study G1 strains belong to lineage I sub-lineage Ic and lineage II, which was strongly supported by our statistical analysis (bootstrap values of 99% and 100%). Strain RVA/Human wt/SWZ/MRC-DPRU5119/2010/G1P[8] clustered together with strains from Belgium, Bangladesh, Cuba, Italy and Australia, while the RVA/Humanwt/SWZ/MRC-DPRU 4550/2010/G1P[8] strain was closely related to those  from Belgium, India, China, Thailand, Italy and Bangladesh according to Aung et al., (2010) . 
G8 is an unusual bovine strain, it was first detected in humans in Indonesian children (Matsuno et al., 1985). Since then, G8 rotavirus strains have also been found circulating in Africa (Santos and Hoshino, 2005; ARSN, 2007). The appearance of the G8 strains in humans therefore indicates that there could possibly be viral reassortment or zoonotic rotavirus transmission (Todd et al., 2010). In the present study, the G8 strains detected was the least predominant genotype, bearing unusual combinations such as G8P[6] or G8P[4]  with two lineages that were similar to those observed in a previous study (Pietsch et al., 2009). The two Swaziland G8 strains clustered in lineage I and demonstrated a close relationship to those from Malawi, Democratic Republic of Congo, Kenya and South African strains. The G8 strains detected had a bootstrap value of 99% and exhibited nucleotide identity of 97.4%. 
The G9 strains were found to be associated with P[4], P[6] and P[8] genotypes with  a bootstrap value of 99%, and their nucleotide sequence identity ranged  from 96.8% to 99.3%. There are four lineages that were obtained during the analysis as indicated by Page et al. (2010). The present G9 study strains belonging to lineage III demonstrated a close relationship and clustering together with South Africa, Kenya, Ghana, Botswana, Bangladesh strains and other global strains. The Swaziland G9 strains may possibly originate from the same G9 strain that was first detected in 1995 (Zhou et al., 2001). According to Martinez-Laso et al., (2008), the G9 strains were first detected in 1980 and then re-emerged in 1990 where after they reached global spread in 1995. The G9 strains  have also been found to be the third most predominant strains in most studies carried out globally; such as in Peru (between 2006-2007) (Gil et al., 2010), in France (Bon et al.,2000), as well as in South Africa (Page et al ., 2010, Banerjee et al., 2006, Van Damme et al., 2007). 
Finally, the G12 study strains were found to be between 74% to 98% related and they belonged to lineage III with nucleotide identity ranging from 97.9% to 99.6%, with a bootstrap value below 50%.  All five specimens displayed an independent cluster in lineage III showing a close relationship thus suggesting a common evolutionary origin. The G12 strains that were observed circulating in Swaziland were closely related to the strains from South Africa, Saudi Arabia, Germany, India, Nepal and Bangladesh. The emerging G12 were amongst the least predominant strains detected in this study and were associated with P[6] or P[4] as also previously reported from Asia, Argentina and throught the world (Rahman et al., 2007, Castello et al., 2000).
[bookmark: _Toc350851744]5.10.2 P genotypes
The P[4] study strains were the most predominant strains detected at 42%, and belong to lineage V. The P[4] strains found circulating were associated with G1, G2, G8, G9 or G12 strains, and demonstrated a close relationship and clustered together with strains from South Africa, Malawi, South Korea, Cuba, Japan and Italy (Espı´nola et al., 2008; Tate and Chitambar, 2011). The Swaziland P[4] strains were supported by the bootstrap value of 75% and their nucleotide sequence homology and identity ranging from 96.3% to 97.7%. 

The P[6] strains in this study were the second most predominant strains, detected at 27%. They belonged to lineage III and VI demonstrating a close relationship with Bangladesh, Brazil, India, Italy, England, South Africa and Uruguay strains (Arista et al., 1997; Espı´nola et al., 2008; Tate and Chitambar 2011). The P[6] strains have bootstrap values from different branches of 97% and 91%. High nucleotide sequence identity ranging from 91.4% to 98.2% between the P[6] strains detected in Swaziland was observed. The P[6] strains were associated with G1, G9 and G12 strains with nucleotide identity ranging from 67.4% to 98.0%.

The P[8] strains on the other hand were from different geographic areas in Swaziland. They were detected at a prevalence of 23% in the study showing bootstrap values of 57%, 61% and lower than 50%. The P[8] strains were associating with G1, G2, G8, G9 and G12 strains and  clustered within lineage III and IV together with those from Belgium, Bangladesh, Japan, Malawi, China and USA strains (Espı´nola et al., 2008; Tate and Chitambar 2011) 


	
	


[bookmark: _Toc350851745]CHAPTER 6: CONCLUSIONS

6.1 Conclusion
The two year surveillance study has been conducted in order to examine the epidemiology and disease burden of rotavirus diarrhoea in children less than five years of age, both hospitalized and attending the outpatient departments in selected public and private healthcare facilities in Swaziland. This study was successful in achieving its objectives. With respect to the prevalence of rotavirus infection in children below five years of age, rotavirus was found to be one of the most important etiological agents causing diarrhoea in Swaziland. Rotavirus accounted for 13.3% in 2009 and 23.4% in 2010 of total stool specimens collected in children below five years of age. At MGRH in 2009, the prevalence of rotavirus increased from 13.3% to 18.3% in 2010. With regards to epidemiological profile, the following observations were made: 
· The highest incidence (22.2%) of rotavirus in children < 5 years of age in Swaziland was detected from children aged 0 to eleven months. There was no association between gender and rotavirus infection amongst the children enrolled. The prevalence of rotavirus infection among the male and the female children was therefore not statistically significant.   
·  Children who were hospitalized at selected health facilities had a high prevalence of rotavirus infection compared to the outpatients which was statistically significant. 
· In Swaziland, the seasonal distribution of rotavirus infection was observed predominating in the cooler and drier months (July – September) of the year. 
· A diversity of genotypes was found circulating in Swaziland between 2009 and 2010 in the selected healthcare facilities: The G2P[4] strains were detected at 30.4% (45/148) followed by G1P[8] at 16.9% (25/148), G9P[8] at 8.8% (13/148), G1P[6] at 5.4% (8/148), and G12P[6] at 5.4% (8/148). The other genotypes detected in less frequency were; G2P[6] at 4.2% (6/148), G8P[4] at 4.1% (6/148), G12P[4] at 3.3% (5/148), G9P[4] at 2.0% (3/148), G9P[6] at 1.4% (2/148) and G8P[6] at 0.7% (1/148). Mixed strains were 8.8% (13/148) and 4.1% (6/148) were non-typeables.
· The Sequencing technique confirmed the circulating strains. The strains were found to be related to global reference strains from GenBank.
· Phylogenetic analysis revealed that the circulating strains in Swaziland fall into known lineages with African and global strains from GenBank.

5.  Recommendations
1. Swaziland is a small country with a population of approximately 1.2 million people, and of these, 13 800 are children below five years of age (WHO, 2012; Swaziland Health Profile). According to the recent data it is estimated that about 10,900 children < 5 years of age (HMIS, 2010) are hospitalized due to diarrhoea with 10% of these children dying due to diarrheal disease. According to this study, the rotavirus detection rate was 13.3% in 2009 and 23.4% in 2010 from all diarrheal hospitalizations and visits to the healthcare facilities in children below five years of age in Swaziland. The detection rates are alarming, and it is thus highly recommended that infants be vaccinated against rotavirus to reduce the burden of rotavirus disease. The Swaziland Government and Policy makers through the Ministry of Health and Social Welfare should consider the introduction of rotavirus vaccine. This rotavirus vaccine will reduce the number of hospital visits due to severe rotavirus diarrhoea. Rotavirus vaccination will be a cost effective strategy for the Swaziland Government because the reduction in the number of children hospitalized due to diarrhoea will reduce the cost of procuring medication.  Reduction in the hospitalization of young children will also lead to greater productivity of child care givers thus ultimately improving the country’s economy.

2. The rotavirus sentinel sites should be strengthened by introducing research assistants to assist nurses in identifying and recruiting children below five years presented with diarrhoea at the hospital. They are also needed to conduct monthly site visits to monitor the progress in each sentinel site to update the surveillance team on progress in order to improve data collection at sites. 

3. Swaziland has a high HIV prevalence (47%) amongst children. Therefore it is advisable in future to add an HIV component to the data collection protocol in order to determine if the current vaccine can protect the immunocompromised Swazi children.

4. It had been discovered that about approximately 20% of the diarrheal diseases are caused by rotavirus infection and, thus the balance of about 80% of diarrheal diseases are due to other diarrheal pathogens. Thus, it is necessary to expand and investigate more of the diarrheal pathogens in addition to the rotavirus infection.

5. The presence of unusual rotavirus genotypes and mixed infections in this study supports the need to put in place a rotavirus surveillance which would cover more geographic areas in the country to detect emerging and unusual strains. In addition to expanded rotavirus surveillance system the establishment of a molecular biology laboratory to confirm and characterise these strains is suggested.

6. All the mixed rotavirus infections should be further confirmed using other laboratory techniques such as cloning.  


6.3 Limitations of the study

The study had the following limitations:
1. The stool collection was not consistent in all the surveillance sites. In some months there were no stools collected or alternatively the sample collection was not representative of all age groups. This made the analysis extremely difficult.

1. Some of the surveillance sites from other geographical areas that were only established in 2010 only collected relatively few stool specimens which made analysis of the burden of rotavirus per individual site rather difficult. 

1. Demographic data were not consistently collected by the health workers, thus leading to insufficient patient personal information, which lead to a number of specimens being discarded which could have potentially been additional rotavirus cases.

1. The quality of some of the stool specimens collected was insufficient for rotavirus screening and molecular characterization.

1. There was a high turnover of the health workers at the surveillance sites which made consistency in enrolling children impossible due to poor hand over of activities among staff.

1. The data collector who was assigned to screen the transfer forms in order to correlate the diarrheal stools collected was often assigned to other duties. A dedicated person should in future be assigned to complete this task.
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APPENDIX 1 A Consent form (in English)

	UNIVERSITY OF LIMPOPO (Medunsa Campus) CONSENT FORM



Name of Project 
Epidemiology of rotavirus diarrhea in children under five years of age from selected healthcare facilities in Swaziland
I have read the information and heard the aims the proposed study to establish the cause of diarrhea in the child in my care. I have been given the opportunity to ask questions and time to think if I want to participate in the study. The aims of the study are clear to me.  I have not been pressurized to participate in any way.
I understand that participation in this Project is completely voluntary and that I may withdraw from it at any time and without supplying reasons.  This will not influence the regular treatment for my child’s condition neither will it influence the care that I receive from my regular doctor.
I know that this Project has been approved by the Medunsa Research and Ethics (MREC), University of Limpopo (Medunsa Campus). I am fully aware that the results of this results of this Project will be used for scientific purposes and may be published.  I agree to this, as long as my privacy is guaranteed.
I hereby give consent to participate in this Project.
............................................................     	 		 ........................................................
Name of patient/volunteer                                		Signature of patient or guardian.
................................    	....................................    		................................................
Place.          		                 Date.                                Witness
___________________________________________________________________________
Statement by the Researcher
I provided verbal and information regarding this Project
I agree to answer any future questions concerning the Project as best as I am able.
I will adhere to the approved protocol.

Name of Researcher                Signature                        Date                           Place
Mrs GP Maphalala        ....................................   	.............................   ..............……
  Swaziland Cell:   	00268 7603 5779    	Dr  LM Seheri  SA  office: 	07 12 521 5959
  South African Cell: 		077 959 0478   	Dr  LM Seheri  SA Cell:	               0798  91 1 7820
  Mrs GP Maphalala                                        (Supervisor)















APPENDIX 1:B Consent Form (In Siswati)

	UNIVERSITY OF LIMPOPO (Medunsa Campus) CONSENT FORM



Libito lelucwaningo
Kucilongwa kweligciwane lerotavirus lelibanga umsheko kubantfwana labangamphansi kweminyaka lesihlanu labaya etibhedlela letingaphansi kwahhulumende naletitimele , Eswatini emnyakeni wa 2009-2010
Ngifundzile ngayiva ingcikitsi yalolucwaningo kwaleligciwane lelibanga umsheko kubantfwana betfu. Nginikiwe litfuba lekubuta imibuto nelekucabanga ngaphambi kwekutsi ngibe yincenye yalolucwaningo.  Ngiyayiva futsi ngicazelekile ngengcikitsi yalolucwaningo.  Angikacindzeteleki kutsi umntfwana wami abe yincenye yalolucwaningo.
Ngiyacondza kutsi angikacindzeteleki kubayincenye yalolucwaningo, kutakuba ngekufisa kwami futsi nginga phuma noma kunini kubayincenye yalolucwaningo ngaphandlekwekubeka tizatfu. Loku ngeke kutsikabete indlela dokotela latawuphatsa ngayo nemaphilisi atawutfolakala ngemfanelo.
Ngiyati kutsi lolucwaningo luvunyelwe Libandla lebacwaningi labase Medunsa e University of Limpopo (Medunsa campus). Ngiyati kutsi umphumela walolucwaningo lutawusentjetiswa bocwepheshe futsi lungahle lwatiswe sive.
Ngiyavuma kuti umntfwana wami abe yincenye yalolucwaningo nangabe nje libito lakhe lingeke lidalulwe.
Ngiyavuma kutsi umntfwana wami alungenele lolucwaningo.

............................................................     			 ...................................................
Libito lemtali                                		                   Sayina 
................................    	....................................    		...............................................
Indzawo           		            Date                                       Witness
 ___________________________________________________________________________
Umusho wemcwaningi
Lwati mayelana nalolucwaningo ngiluniketile ngekukhulumisana nemtali wemtfwana.
Ngiyavuma kutsi imibuto letawuchamuka ngalolucwaningo ngitawuyiphendvula ngalokuphele.
Ngitawulanzela ngisebente ngalombhalo lovunyiwe.

Umcwaningi                       Sayina                                    Lilanga                      Indzawo
 Mrs GP Maphalala.............................................................................……

  Swaziland Cell:   	00268 7603 5779    	Dr  LM Seheri  SA  office: 	07 12 521 5959
  South African Cell: 		077 959 0478   	Dr  LM Seheri  SA Cell:	               0798  91 1 7820
  Mrs GP Maphalala                                        (Supervisor)
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APPENDIX 2:  Transfer form and feed back form

Off-site Specimen Transfer and Lab Investigation Request Form

Date:________________
Hospital/ Health Facility________________
Requesting Officer:_______________________
Investigation requested:  EIA of Rotavirus in stool (    ) 
      Genotyping (    )
	No
	Specimen ID / Lab no.
	Date Specimen  collected 
	Date Specimen  received
	Age
	Sex
	EIA results
	Genotyping results

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	

	11
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	

	17
	
	
	
	
	
	
	

	18
	
	
	
	
	
	
	

	19
	
	
	
	
	
	
	

	20
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APPENDIX 3: ROTAVIRUS GROUP A  ELISA Worksheet

Kit……………………… 	Exp date ……………..	Lab.	Signature ……………………..

Date 	…………………………..		Name	 ………………………………

Samples …………………………	Country/Hosp ………………………	

Cut off value ………………………….

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
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	+ve
Control
	
	
	
	
	
	
	
	
	
	
	

	B
	-ve Control
	
	
	
	
	
	
	
	
	
	
	

	C
	
	
	
	
	
	
	
	
	
	
	
	

	D
	
	
	
	
	
	
	
	
	
	
	
	

	E
	
	
	
	
	
	
	
	
	
	
	
	

	F
	
	
	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	
	
	
	

	H
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APPENDIX 4 : POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)
[bookmark: _Toc324080662]APPENDIX 4.1 PAGE Worksheet
Date:……….……………………………Name:……………………………………

Country/Hosp:…………………………………………………………………

Run started at: 	…………………………….…………………………………

Volts:…………………                                               Lab.Signature:………………….

	Gel Number……….
	Electropherotype

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	11
	
	

	12
	
	

	13
	
	

	14
	
	

	15
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APPENDIX 4.2 Extraction for PAGE

Preparation of reagents for extraction of dsRNA from the stool samples

a) 10% Sodium dodecyl sulphate (SDS) stock
1 g of SDS was added to 10 ml distilled water and then dissolved in a 65°C water bath.

b)1M Sodium acetate (NaAc) containing 1% SDS
8.2 g of sodium acetate was dissolved in 60 ml distilled water and 10 ml of 10% SDS stock was then added.  The pH of 5.0 was adjusted with glacial acetic acid and the solution was then made up to 100 ml with sterile distilled water.

c) Phenol/chloroform (1:1)
Equal volumes of saturated phenol (pH 4.3) and chloroform were mixed and placed in a dark or foil-covered bottle (as the solution is light sensitive) and then stored at 4°C.

d) 3M Sodium acetate (NaAc) pH 5.0
4.92 g sodium acetate was dissolved in 10 ml distilled water. The solution was then made up to 20 ml with distilled water.   

e) PAGE sample dye
10 mg (0.01 g) bromophenol blue was dissolved in 5 ml spacer gel buffer, 1 ml glycerol and made up to 10 ml with distilled water.
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APPENDIX 4.3 Reagents for PAGE

1. 30% Acrylamide stock
Weighed 30 g acrylamide and 0.8 g N, N’ methylene bis-acrylamide were dissolved in 100 ml distilled water then filtered before use. The solution was placed in a foil-covered bottle and stored at 4°C.

1. 1N Hydrochloric acid (HCl)
8.6 ml concentrated HCl was mixed with 91.4 ml sterile distilled water.

1. Resolving gel buffer - pH 8.9
36.3 g Tris base was dissolved in 48 ml 1N HC l and the pH was adjusted to 8.9 with HCl or 3M sodium hydroxide (NaOH). The solution was made up to 100 ml with distilled water.	

1. Spacer gel buffer- pH 6.7
5.98g Tris base was dissolved in 50 ml distilled water and the pH was adjusted to 6.7 with 1N HCl and made up to 100 ml with sterile distilled water.

1. 10% (w/v) Ammonium persulphate (APS)
0. g ammonium persulphate was dissolved in 1 ml distilled water prior to use.

1. 5 x Tris-glycine running Buffer
15.1 g of 25 mM Tris base and 94 g of 250 mM glycine were mixed in distilled water and made. up to 1000 ml with distilled water.

1. x Tris-glycine running buffer
200 ml 5 x Tris-glycine buffer was dissolved with 800 ml of sterile distilled water.
h) Pouring of gels 
· Glass plates were cleaned with 96% ethanol. Assembled equipment for gel casting and mark level of resolving gel.
· Gels are prepared and poured according to the recipes below in 1.5 mm diameter glass plates.
· Gels must be allowed to polymerise for at least two hours prior to loading of samples. 












APPENDIX 4.4 PAGE Reagents Preparation 

1. 10% Resolving Gel
	Reagents
	1.5 mm Gel

	
	1 X
	2 X

	dH2O
	15.8 ml
	31.6 ml

	30% Acrylamide Stock
	10.0 ml
	20.0 ml

	Resolving Buffer (pH 8.9)
	3.75 ml
	7.5 ml

	TEMED
	15 µl
	30 µl

	10% Ammonium   persulphate
	450 µl
	900 µl



2. 3% Spacer Gel
	
	1.5 mm Gel

	
	1 X
	2 X

	dH2O
	6.8 ml
	13.6 ml

	30% Acrylamide Stock
	1.6 ml
	3.2 ml

	Spacer Buffer (pH 6.7)
	1.25 ml
	2.5 ml

	TEMED
	5 µl
	10 µl

	10% Ammonium persulphate
	150 µl
	300 µl
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APPENDIX 4.5  Silver staining

1. Preparation of reagents for Silver Nitrate Staining 
1 Gel							2 Gels
Fixing solution 1	Fixing solution 1
80 ml Ethanol					            160 ml Ethanol
110 ml dH20						220 ml dH20
10 ml Acetic Acid					20 ml Acetic Acid
Fixing solution 2					Fixing solution 2
20 ml Ethanol					             40 ml Ethanol
180 ml dH20						360 ml dH20	
1 ml Acetic Acid					2 ml Acetic Acid
Silver nitrate staining solution	Silver nitrate staining solution
0.37 g AgN03					            0.74 g AgN03
200 ml dH20						400 ml dH20	
NB!!!   Rinsing					NB!!!!   Rinsing
2 x 2 minutes in 					2 x 2 minutes in 
200 ml dH20						400 ml dH20
Developing solution				Developing solution
7.5 g NaOH						15 g NaOH
250 ml dH20						500 ml dH20
2 ml 36% Formaldehyde				4 ml 36% Formaldehyde
Stopping solution				Stopping solution
10 ml Acetic Acid					20 ml Acetic Acid
            200 ml dH20						400 ml dH20




2. Staining of the gels
1. The gel was removed from the glass plates and cut at the bottom right hand corner for gel orientation and the spacing gel was discarded.
1. 200 ml fixing solution 1 was added to each gel and incubated for 30 minutes on an orbital shaker.
1. Fixing solution 1 was drained off and replaced with 200 ml fixing solution 2 and incubated for 30 minutes on the orbital shaker.
1. Fixing solution 2 was drained off and silver nitrate staining solution was immediately added and incubated for 30 minutes on the orbital shaker.
1. The silver nitrate staining solution was drained off and the gel was washed twice with distilled water for 2 minutes each time.
1. Approximately 50 ml of developing solution was added to the gel and agitate by hand for 30 seconds. The solution was immediately drained off to remove black precipitate.
1. The remaining developing solution (approximately 200 ml) was added and the gel was incubated for approximately 5 minutes or until RNA bands could be seen.
1. The developing solution was drained off and the stopping solution was added to prevent further colour development. The gel was incubated for 10 minutes before rinsing gel in distilled water.
1. The gel was covered with cellophane sheets and dry on the Easy Breeze Gel Dryer overnight at room temperature







APPENDIX 5: PCR Worksheets

[bookmark: _Toc324080666]APPENDIX 5.1 RT-PCR amplification of Rotavirus (dsRNA)

dsRNA:__________________________      Country____________
_________________________________________________________
Method of Extraction:_______________________Date:______________
A: DENATURE (dsRNA)
__________l dsRNA
__________l primer 1    VP7____   VP4 _____  Other_______ 
__________l primer 2    VP7____   VP4 _____  Other_______ 
6-10 l	  Total
Denature for 5 minutes in boiling water bath.
Chill immediately in an ice bath (maximum 5 minutes). 

B:	REVERSE TRANSCRIPTION (dsRNA)
1x reaction				_______ x reactions
o.25l     10mM dATP		__________l 		
o.25l     10mM dCTP		__________l 		
o.25l     10mM dGTP		__________l
o.25l     10mM dTTP 		__________l 		
0.2  l     (AMV) RTase		__________l Roche Boehr.(23U/l)
2.0  l      AMV Buffer		__________l

Work on ice. Add 3.2 l of RT- master mix to each tube and mix with pipette.Quick spin. Incubate 25-30 minutes at 42C.
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APPENDIX 5.2 Genotyping or Re-Amplification of cDNA

Samples:______________________________ Country:________________

_____________________________________________________________

Primers:______________________________ Date:____________________

1x Reaction               	 _____xReactions _____  x Reactions

0.1-6 l  cDNA  	______l	______l	
1 l     10mM dATP     	______l 	______l
1 l     10mM dCTP   	______l 	______l
1 l     10mM dGTP   	______l 	______l
1 l     10mM dTTP  	______l	______l
1 l     10pmol  Primer 1______l	 ______l
1 l     10pmol Primer 2______l	 ______l
5 l     10 x Taq Buffer	______l 	______l (BIOLINE-Celtic)
1.2 l   50 MgCl2		______l 	______l
26  l   sterile dH2O	______l	______l (depends on amount of primers used)	
0.3 l   Taq Pol. (5U/l)______l	 ______l

Add 40 l of PCR-MM to each tube and 2 drops of mineral oil if needed.
Keep on ice! 

Genotyping of cDNA 
1 x reaction			____ x reactions

0.1-6	l cDNA  		__________l 
1 l	10mM dATP     	__________l 
1 l	10mM dCTP   		__________l 
1 l	10mM dGTP   		__________l 
1 l	10mM dTTP  		__________l
1 l	10pmol Primer 1	__________l
1 l	10pmol Primer 2	__________l
5 l	10 x Buffer		__________l 
1.2 l	50mM MgCl2		__________l
26 l	ddH2O 			__________l 
0.3l	Taq Polymerase (5U/l)__________l

AMPLIFICATION CYCLES used: 

………C………min………C………min………C……..min ……..C…….x40……….C……..min
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APPENDIX 5.3: RT-PCR and Genotyping worksheet

VP7 RT-PCR FULL GENE RESULTS:

Beg 9/sBeg9	+ End9/RVG   =	1062 bp  (Gouvea)
Beg9/sBeg9	+ EndA   	     =	944   bp  (Gouvea)

Human VP7 genotypes: 
VG/Miren + RVG   	VG/M + End A	

G1		749bp	                              631 bp			
      G2		652bp	                              534 bp				
G4	           583bp	                             465 bp			
G8	           885bp	                             767 bp			
    mG9		305bp                               192 bp
    mG3		812bp                               694 bp
    mG10          396bp                               278 bp
   new G12      558 bp			             440bp


VP4 (VP8*) RT-PCR RESULTS:	

Con2 + Con3 = 876 bp			
Human VP4 genotypes
Con3 + Gentsch/Miren		VP4F + Gentsch/ Miren	
     dP[8] =  345 bp		                   dP[8] =  224 bp  				
     P[4]= 362 bp                                      P[4]   = 362 bp
     P[6]   =  267 bp  		       P[6]    =146 bp
     P[9]   =  391 bp  		        P[9]   =  270 bp	
     P[10] =  583 bp		                     P[10]  = 462 bp	
     P[14] =  533 bp  		        P[14]  =412 bp
     P[14] =  280 bp  		        P[14]  = 159 bp	
     P[11] =  312 bp  		        P[11]  = 191 bp				
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[bookmark: _Toc324080670]6.1 VP7 Nucleotide sequences

1. G1 Nucleotide sequences    

                                   10        20        30        40        50        60        70        80        90       100                  
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--AATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
SWZ/MRC-DPRU5119/2010/G1P[6]  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
IND/ISO-4/XXXX/G1PX           ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-ACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
ITA/PA17c/86/1986/G1PX        ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-TTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
ITA/PA19/01/2001/G1PX         ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATCTTTCTGATATCAATCATTC
BGN/BGN-48/XXXX/G1PX          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGTATGGTATTGAATATACCACAATACTAATCTTTCTGATATCAATCATTC
XXXX/PAF148/1994/G1PX         ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATTATTC
ITA/PA10/90 GIPX              ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATTATTC
Fin/Fin-110/xxx/G1PX          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C
ITA/PA73R-/2004/G1PX          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ITA/PAH191/1996/G1PX          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATATCAATCATTC
BEL/BE00017/2006/G1P[8]       ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~GGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
BEL/BE00045/2009/G1P[8]       ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~GGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
CUB/Ha95/2008/G1P[8]          GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
ITA/PA10-90/XXX/G1PX          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATTATTC
THAI/Thai-804/G1PX            GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
XXX/RV-4/XXX/G1PX             GGCTTTAAAAGAGAGAATTCCCGTCTGGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
USA/K54/XXX/G1PX              ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGTGTGGTATCGAATATACCACAATTCTAATCTTTCTGATATCAGTCATTT
AUST/G192B/XXX/G1PX           GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTGTCTGATATCAATTATTC
XXX/BOVINE T449/XXXX/G1PX     GGCTTTAAAAGCGAGAATTTCCGTTTGGCTAACGGTTAGCTCATTTTAATGTATGGTATTGAATATACCACAATTCTAACCTTTTTGATATCGATCATTC
JPN/K8/XXXX/G1PX              GGCTTTAAAAGAGAGAATTTCCGTCCGGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
CHINA/ISO-4/XXX/G1PX          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-ACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
BELG/B74-02/XXX/G1P[8]        ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC
USA/DS-1/1976/G2P[4]          GGCTTTAAAAACGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTAATATCTATCATAT
JPN/AU64/xxx/G1Px             GGCTTTAAAAGAGAGAATTTCCGTCTCGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTTTTGATATCAATCATTC
BNG/Dhaka8-02/2002/G1P[8]     ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGTATGGTATTGAATATACCACAATTCTAATCTTTCTGATATCAATCATTC

                                        110       120       130       140       150       160       170       180       190       200         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTAATTTTTGTAGCATTATTTGCCTTAACTAAAGCTCA
SWZ/MRC-DPRU5119/2010/G1P[6]  TACTCAATTATATATTAAAATCAGTGACTCGAATGATGGACTACATTATATATAGATCTTTGTTAATTTCTGTAGCATTATTTGCCTTGACAAGAGCTCA
IND/ISO-4/XXXX/G1PX           TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTAATTTTTGTAGCATTATTTGCCTTAACTAAAGCTCA
ITA/PA17c/86/1986/G1PX        TAATCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTAATTTTTGTAGCATTATTTGCCTTGACTAAAGCTCA
ITA/PA19/01/2001/G1PX         TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTAATCTCTGTAGCATTATTTGCCTTGGCTAAAGCTCA
BGN/BGN-48/XXXX/G1PX          TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATCATATATAGATTTTTGTTAATTCCTGTAGCATTATTTGCCTTGACTAAAGCTCA
XXXX/PAF148/1994/G1Px         TACTCAACTATATATTAAAATCAGTAACTCGAATAATGGACTACATTATATATAGATCTTTGTTGATTTATGTAGCATTATTTGCCTTGACAAGAGCTCA
ITA/PA10/90 GIPX              TACTCAACTACATATTAAAATCAGTGACTCGAATAATGGACTACATTATATATAGATCTTTGTTGATTACTGTAGCATTATTTGCCTTGACAAGAGCTCA
Fin/Fin-110/xxx/G1Px          TACTCAACTACATATTAAAATCAGTGACTCGAATAATGGACTACATTATATATAGATCTTTGTTGATTACTGTAGCATTATTTGCCTTGACAAGAGCTCA
ITA/PA73R-/2004/G1Px          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TACATTATAGATAGATTTTTGTTGATTTCTGTAGCATTATTTGCCTTAACTAAAGCTCA
ITA/PAH191/1996/G1Px          TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTGATTTCTGTAGCATTATTTGCCTTGACTAAAGCTCA
BEL/BE00017/2006/G1P[8]       TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTAATTTTTGTAGCATTATTTGCCTTAACTAAAGCTCA
BEL/BE00045/2009/G1P[8]       TACTCAATTATATATTAAAATCAGTGACTCGAATGATGGACTACATTATATATAGATCTTTGTTAATTTCTGTAGCATTATTTGCCTTGACAAGAGCTCA
CUB/Ha95/2008/G1P[8]          TACTCAATTATATATTAAAATCAGTGACTCGAATGATGGACTACATTATATATAGATCTTTGTTAATTTCTGTAGCATTATTTGCCTTGACAAGAGCTCA
ITA/PA10-90/XXX/G1PX          TACTCAACTACATATTAAAATCAGTGACTCGAATAATGGACTACATTATATATAGATCTTTGTTGATTACTGTAGCATTATTTGCCTTGACAAGAGCTCA
THAI/Thai-804/G1PX            TACTCAACTATATATTAAAATCAGTGACCCAAATAATGGACTACATCATATATAGATTTTTGTTAATTTTTGTAGCATTATTTGCCTTAACTAAAGCTCA
XXX/RV-4/XXX/G1PX             TACTCAACTATATAGTAAAATCAGTGACTCGAATAATGGACTACATTATATATAGATTTTTGTTGATTTCTGTAGCATTATTTGCCTTGACAAGAGCTCA
USA/K54/XXX/G1PX              TACTCAACTACATATTAAAATCAGTGACTCGAATAATGGACTACATTATTTATAGATCTTTGTTGATTACTGTAACATTATTTGCCTTGACAAGAGCTCA
AUST/G192B/XXX/G1PX           TACTCAACTATATATGCAAATCAGTAACTCGAATAATGGACTACATTATATATAGATCTTTGTTGATTTATGTAGCATTATTTGCCTTGACAAGAGCTCA
XXX/BOVINE T449/XXXX/G1Px     TATTAAATTATATACTAAAATCAACAACTCAAATGATGGACTATATTATTTACAGATTTTTACTAATCACTGTAACATTATTTGCGCTCACAAAAGCACA
JPN/K8/XXXX/G1PX              TACTCAACTATATATTAAAATCAGTGACTCGAATAATGGACTACATTATATATAGATTTTTGTTGATTACTATAGCATTATTTGCTTTGACAAGAGCTCA
CHINA/ISO-4/XXX/G             TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTAATTTTTGTAGCATTATTTGCCTTAACTAAAGCTCA
BELG/B74-02/XXX/G1P[8]        TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTGATTTCTGTAGCATTATTTGCCTTAACTAAAGCTCA
USA/DS-1/1976/G2P[4]          TATTGAATTATATATTAAAAACTATAACTAATACGATGGACTACATAATTTTCAGGTTTTTACTACTCATTGCTTTAATATCACCATTTGTAAGGACACA
JPN/AU64/xxx/G1PX             TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTAATTTCTGTAGCATTATTTGCCTTGACTAAAGCTCA
BNG/Dhaka8-02/2002/G1P[8]     TACTCAACTATATATTAAAATCAGTGACCCGAATAATGGACTACATTATATATAGATTTTTGTTAATTTTTGTAGCATTATTTGCCTTAACTAAATCTCA

                                        210       220       230       240       250       260       270       280       290       300         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  GAACTATGGAATTAATATACCAATAACAGGATCAATGGATACTGTATATTCCAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
SWZ/MRC-DPRU5119/2010/G1P[6]  GAATTATGGGATTAACTTACCAATAACAGGATCAATGGACGCCGTATACGCTAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
IND/ISO-4/XXXX/G1PX           GAATTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATATTCCAACTCTACTCGAGAAGAAGTATTTCTAACATCCACATTATGTTTGTAT
ITA/PA17c/86/1986/G1PX        GAATTATGGACTTAATATACCAATAACAGGATCAATGGACACTGTATACTCCAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
ITA/PA19/01/2001/G1PX         GAATTATGGACTTAACATACCAATAACAGGATCAATGGACGCTGTATACTCCAACTCTACTCAAGAAGAAATATTTCTAACATCCACATTATGTTTATAT
BGN/BGN-48/XXXX/G1PX          GAATTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATACTCCAACTCTACTCAAGAAGAAGTATTTCTAACATCCACATTATGTTTGTAT
XXXX/PAF148/1994/G1Px         GAATTATGGGCTTAACTTACCAATAACAGGATCAATGGACACTGTATACGCTAACTCTACTCAAGAAGGAATATTTCTAACATCTACATTATGCTTGTAT
ITA/PA10/90 GIPX              GAATTATGGACTTAACTTACCAATAACAGGATCAATGGACGCTATTTATGCTAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
Fin/Fin-110/xxx/G1Px          GAATTATGGACTTAACTTACCAATAACAGGATCAATGGACGCTATTTATGCTAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
ITA/PA73R-/2004/G1Px          GAACTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATACTCCAACTCTACTCAAGAAGGAGTATTTCTAACATCCACATTATGTTTGTAT
ITA/PAH191/1996/G1Px          GAACTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATACTCCAACTCTACTCAAGACGGAGTATTTCTAACATCCACATTATGTTTGTAT
BEL/BE00017/2006/G1P[8]       GAACTATGGAATTAATATACCAATAACAGGATCAATGGATACTGTATATTCCAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
BEL/BE00045/2009/G1P[8]       GAATTATGGGATTAACTTACCAATAACAGGATCAATGGACGCCGTATACGCTAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
CUB/Ha95/2008/G1P[8]          GAATTATGGGATTAACTTACCAATAACAGGATCAATGGACGCCGCATACGCTAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
ITA/PA10-90/XXX/G1PX          GAATTATGGACTTAACTTACCAATAACAGGATCAATGGACGCTATTTATGCTAACTCTACTCAAGAAGGAATATTTCTAACATCCACATTATGTTTGTAT
THAI/Thai-804/G1PX            GAACTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATACTCCAACTCTACTCAAGAAGGAGTATTTCTAACATCCACATTATGTTTGTAT
XXX/RV-4/XXX/G1PX             GAATTATGGGATTAACTTACCAATAACAGGATCAATGGACATCGTATACGCTAACTCTACTCAAGAAGAAATATTTCTAACATCTACATTATGTTTGTAT
USA/K54/XXX/G1PX              GAATTATGGACTTAACTTACCAATAACAGGATCAGTGGATACTATATATGCTAACTCTACTCAAGAAGGAATATTTCTAACATCTACATTATGTCTGTAT
AUST/G192B/XXX/G1PX           GAATTATGGGCTTAACTTACCAATAACAGGATCAATGGACACTGTATACGCTAACTCTACTCAAGAAGAAATATTTCTAACATCTACATTATGTTTGTAT
XXX/BOVINE T449/XXXX/G1PX     GAATTATGGAATTAATTTGCCTATAACAGGGTCAATGGATACCGCATACGCCAACTCTACTAAAGAGGAAACTTTTATGACGTCTACGCTATGTCTATAT
JPN/K8/XXXX/G1PX              GAATTATGGACTTAACTTACCAATAACAGGATCAATGGACACCGTATATACTAACTCTACTCAAGAAGAAGTGTTTCTAACTTCTACATTATGTCTATAT
CHINA/ISO-4/XXX/G1PX          GAATTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATATTCCAACTCTACTCGAGAAGAAGTATTTCTAACATCCACATTATGTTTGTAT
BELG/B74-02/XXX/G1P[8]        GAACTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATACTCCAACTCTACTCAAGAAGGAGTATTTCTAACATCCACATTATGTTTGTAT
USA/DS-1/1976/G2P[4]          AAATTATGGTATGTATTTACCAATAACGGGGTCACTAGACGCTGTATATACGAATTCGACTAGTGGAGAGCCATTTTTAACTTCGACGCTATGTTTATAC
JPN/AU64/xxx/G1PX             GAACTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATACTCCAACTCTACTCAAGAAGGAGTATTTCTAATATCTACATTATGTTTGTAT
BNG/Dhaka8-02/2002/G1P[8]     GAATTATGGACTTAATATACCAATAACAGGATCAATGGATACTGTATATTCCAACTCTACTCGAGAAGAAGTATTTCTAACATCCACATTATGTTTGTAT

                                        310       320       330       340       350       360       370       380       390       400         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGACTCATTATCGCAAATGTTTCTTACAAAAGGTTGGCCAACTGGATCAGTCTATT
SWZ/MRC-DPRU5119/2010/G1P[6]  TATCCAACAGAAGCAAGTACTCAAATTAATGATGGTGAATGGAAAGACTCATTGTCACAAATGTTTCTCATAAAAGGTTGGCCAACAGGATCAGTCTATT
IND/ISO-4/XXXX/G1PX           TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGACTCATTATCGCAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCAGTCTATT
ITA/PA17c/86/1986/G1PX        TATCCAACTGAAGCAAGTACTCAAATCAATGATGGTGAATGGAAAGACTCATTGTCGCAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCAATCTATT
ITA/PA19/01/2001/G1PX         TATCCAGCTGAAGCAGTTACTCAAATCAATGATGGTGAATGGAAAGACTCATTGTCGCAAATGTTTCTTACAAAAGGGTGGCCAACAGGATCAGTCTATT
BGN/BGN-48/XXXX/G1PX          TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGACTGGAAAGACTCATTATCGCAAATGTTTCTTATAAAAGGTTGGCCAACAGGATCAGTCTATT
XXXX/PAF148/1994/G1PX         TATCCAACTGAAGCAAGTACTCAAATTAATGATGGTGAATGGAAAGACTCATTGTCACAAATGTTTCTCACAAAAGGTTGGCCAACAGGATCAGTCTATT
ITA/PA10/90 GIPX              TATCCAACTGAAGCAAGTACTCAAATTAATGATGGTGAATGGAAAGACTCATTATCACAAATGTTTCTCACAAAAGGTTGGCCAACAGGATCAGTCTATT
Fin/Fin-110/xxx/G1PX          TATCCAACTGAAGCAAGTACTCAAATTAATGATGGTGAATGGAAGGACTCATTGTCACAAATGTTTCTCACAAAAGGTTGGCCAACAGGATCAGTCTATT
ITA/PA73R-/2004/G1Px          TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGAATCATTATCACAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCAGTCTATT
ITA/PAH191/1996/G1Px          TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGATTCATTATCACAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCAGTATATT
BEL/BE00017/2006/G1P[8]       TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGACTCATTATCGCAAATGTTTCTTACAAAAGGTTGGCCAACTGGATCAGTCTATT
BEL/BE00045/2009/G1P[8]       TATCCAACAGAAGCAAGTACTCAAATTAATGATGGTGAATGGAAAGACTCATTGTCACAAATGTTTCTCATAAAAGGTTGGCCAACAGGATCAGTCTATT
CUB/Ha95/2008/G1P[8]          TATCCAACAGAAGCAAGTACTCAAATTAATGATGGTGAATGGAAAGACTCATTGTCACAAATGTTTCTCATAAAAGGTTGGCCAACAGGATCAGTCTATT
ITA/PA10-90/XXX/G1PX          TATCCAACTGAAGCAAGTACTCAAATTAATGATGGTGAATGGAAAGACTCATTATCACAAATGTTTCTCACAAAAGGTTGGCCAACAGGATCAGTCTATT
THAI/Thai-804/G1PX            TATCCAACTGAAGCAAGTACTCAAATCAGTGACGGTGAATGGAAAGACTCATTATCACAAATGTTTCTTACGAAAGGTTGGCCAACAGGATCAGTCTATT
XXX/RV-4/XXX/G1PX             TATCCAACTGAAGCAAGTACTCAAATCAATGATGGTGAATGGAAAGACTCATTGTCACAAATGTTTCTCACAAAAGGTTGGCCAACAGGATCAGTCTATT
USA/K54/XXX/G1PX              TATCCAACTGAAGCAAGTACTCAAATTAGTGATGGTGACTGGAAAGATACATTGTCACAAATGTTTCTCACAAAAGGTTGGCCAACAGGATCGGTCTATT
AUST/G192B/XXX/G1PX           TATCCAACTGAAGCAAGTACTCAAATTAATGATGGTGAATGGAAAGACTCATTGTCACAAATGTTTCTCACAAAAGGTTGGCCAACAGGATCAGTCTATT
XXX/BOVINE T449/XXXX/G1Px     TATCCAGTTGAAGCAAGTAATCAAATCAATGATGGTGAATGGAAAGATACATTATCACAAATGTTTCTTACAAAAGGCTGGCCAACAGGATCAGTTTATT
JPN/K8/XXXX/G1PX              TATCCAAATGAAGCAAGTACTCAAATCAATGATGGTGACTGGAAAGACTCATTGTCGCAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCCGTTTACT
CHN/ISO-4/XXX/G1P[8]          TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGACTCATTATCGCAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCAGTCTATT
BELG/B74-02/XXX/G1P[8]        TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGACTCGTTATCACAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCAGTCTATT
USA/DS-1/1976/G2P[4]          TATCCAGCAGAAGCTAAAAATGAGATTTCAGATGATGAATGGGAAAATACTCTATCACAATTATTTTTAACTAAAGGATGGCCAATTGGATCAGTTTATT
JPN/AU64/xxx/G1Px             TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGATTCATTATCGCAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCAGTCTATT
BNG/Dhaka8-02/2002/G1P[8]     TATCCAACTGAAGCAAGTACTCAAATCAGTGATGGTGAATGGAAAGACTCATTATCGCAAATGTTTCTTACAAAAGGTTGGCCAACAGGATCAGTCTATT

                                        410       420       430       440       450       460       470       480       490       500         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  TTAAAGAGTATTCAAACATTGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAGTTAGA
SWZ/MRC-DPRU5119/2010/G1P[6]  TTAAAGAGTATTCAAGTATTGTTGATTTTTCTGTTGATCCACAATTATATTGTGATTATAACTTAGTATTAATGAAATATGATCAAAATCTTGAATTAGA
IND/ISO-4/XXXX/G1PX           TTAAAGAGTACTCAAATATCGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
ITA/PA17c/86/1986/G1PX        TTAAAGAGTACTCAAATATTGTTGATTTTTCTGTTGACCCACAATTGTATTGTGATTATAACTTAGTACTAATGAAATATGATCAAAATCTTGAACTAGA
ITA/PA19/01/2001/G1PX         TTAAAGAGTACTCAAATATTGTTGACTTTTCTGTTGATCCACAATTGTATTGTGATTATAACTTAGTATTAATGAAATATGATCAAAATCTTGAACTAGA
BGN/BGN-48/XXXX/G1PX          TTAAAGAGTACTCAAATATTGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
XXXX/PAF148/1994/G1Px         TTAAAGAGTATTCAAATATTGTTGATTTTTCTGTTGATCCACAATTATATTGTGATTATAACTTAGTACTAATGAAATATGATCAAAATCTTGAATTAGA
ITA/PA10/90 GIPX              TTAAAGAGTACTCAAGTATTGTTGATTTTTCTGCTGACCCACAATTGTATTGTGATTATAATTTAGTACTGATGAAATATGATCAAAATCTTGAATTAGA
Fin/Fin-110/XXXX/G1Px          TTAAAGAGTACTCAAGTATTGTTGATTTTTCTGTTGACCCACAATTGTATTGTGATTATAATTTAGTACTGATGAAATATGATCAAAATCTTGAATTAGA
ITA/PA73R-/2004/G1Px          TTAAAGAGTACTCAAATATTGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAATTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
ITA/PAH191/1996/G1Px          TTAAAGAGTATTCAAATATTGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
BEL/BE00017/2006/G1P[8]       TTAAAGAGTATTCAAACATTGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
BEL/BE00045/2009/G1P[8]       TTAAAGAGTATTCAAGTATTGTTGATTTTTCTGTTGATCCACAATTATATTGTGATTATAACTTAGTATTAATGAAATATGATCAAAATCTTGAACTAGA
CUB/Ha95/2008/G1P[8]          TTAAAGAGTATTCAAGTATTGTTGATTTTTCTGTTGATCCACAATTATATTGTGATTATAACTTAGTATTAATGAAATATGATCAAAATCTTGAATTAGA
ITA/PA10-90/XXX/G1P?          TTAAAGAGTACTCAAGTATTGTTGATTTTTCTGCTGACCCACAATTGTATTGTGATTATAATTTAGTACTGATGAAATATGATCAAAATCTTGAATTAGA
THAI/Thai-804/G1PX            TCAAAGAGTACTCAAATATTGTTGATTTTTCCGTTGACCCACAATTATATTGCGATTATAATTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
XXX/RV-4/XXX/G1Px             TTAAAGAGTATTCAAGTATTGTTGATTTTTCTGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAATATGATCAAAATCTTGAATTAGA
USA/K54/XXX/G1Px              TTAAAGAGTATTCCAATATTGTTGATTTTTCTGTTGACCCACAATTGTATTGTGATTATAATTTAGTACTGATGAAATATGATCAAAATCTTGAATTAGA
AUST/G192B/XXX/G1Px           TTAAAGAGTATTCAAATATTGTTGATTTTTCTGTTGATCCACAATTATATTGTGATTATAACTTAGTACTAATGAAATATGATCAAAATCTTGAATTAGA
XXX/BOVINE T449/XXXX/G1Px     TTAAAGAATATACAAATATTGTTGATTTTTCCGTCGATCCACAATTATATTGTGATTATAATTTGGTACTGATGAAGTATGACCAGAATCTCGAACTAGA
JPN/K8/XXXX/G1PX              TTAAAGAGTACTCAAGTATTGTTGATTTTTCTGTTGACCCACAACTGTATTGTGATTATAACTTAGTACTAATGAAATATGACCAAAGTCTTGAATTAGA
CHN/ISO-4/XXX/G1P[8]          TTAAAGAGTACTCAAATATCGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
BELG/B74-02/XXX/G1P[8]        TTAAAGAGTATTCAAATATTGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
USA/DS-1/1976/G2P[4]          TTAAAGACTACAATGATATTAACACATTTTCTGTGAATCCACAACTGTATTGTGATTATAATGTAGTATTGATGAGATATGACAATACATCTGAATTAGA
JPN/AU64/xxx/G1Px             TTAAAGAGTACTCAAATATTGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA
BNG/Dhaka8-02/2002/G1P[8]     TTAAAGAGTACTCAAATATCGTTGATTTTTCCGTTGACCCACAATTATATTGTGATTATAACTTAGTACTAATGAAGTATGATCAAAATCTTGAATTAGA

                                        510       520       530       540       550       560       570       580       590       600         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  TATGTCAGAATTAGCTGATCTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
SWZ/MRC-DPRU5119/2010/G1P[6]  TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATACTATTATCAACAATCGGGAGAATCAAATAAGTGG
IND/ISO-4/XXXX/G1PX           TATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAGCAATCGGGAGAATCAAATAAGTGG
ITA/PA17c/86/1986/G1PX        CATGTCAGAATTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGAAGAATCAAATAAGTGG
ITA/PA19/01/2001/G1PX         TATGTCAGAATTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCAGGAGAATCAAATAAGTGG
BGN/BGN-48/xxxx/G1PX          TATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
XXXX/PAF148/1994/G1Px         TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
ITA/PA10/90 GIPx              TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
Fin/Fin-110/xxx/G1Px          TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
ITA/PA73R-/2004/G1Px          TATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
ITA/PAH191/1996/G1Px          TATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
BEL/BE00017/2006/G1P[8]       TATGTCAGAATTAGCTGATTTGATATTAAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
BEL/BE00045/2009/G1P[8]       TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATACTATTATCAACAATTGGGAGAATCAAATAAGTGG
CUB/Ha95/2008/G1P[8]          TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATACTATTATCAACAATCAGGAGAATCAAATAAGTGG
ITA/PA10-90/XXX/G1P?          TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAGTGG
THAI/Thai-804/G1PX            TATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTCTATTATTATCAACAATCGGGAGAATCAAACAAGTGG
XXX/RV-4/XXX/G1Px             TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAACAATCCGGAGAATCAAATAAGTGG
USA/K54/XXX/G1Px              TATGTCAGAGTTAGCTGATTTAATCTTGAATGAATGGTTATGCAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAATGG
AUST/G192B/XXX/G1Px           TATGTCAGAGTTAGCTGATTTAATATTGAACGAATGGTTATGTAATCCAATGGATATAACATTATATTCATATCAACAATCTGGAGAATCAAACAAGTGG
XXX/BOVINE T449/XXXX/G1Px     TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAATCCCATGGACATAACATTATATTACTACCAACAAACAGGAGAATCGAACAAATGG
JPN/K8/XXXX/G1PX              TATGTCAGAGTTAGCTGATTTAATATTGAATGAATGGTTATGTAACCCAATGGATATAACATTATACTATTATCAACAATCGGGAGAATCAAATAAGTGG
RVA/Human wt/CHINA/ISO-4/XXX/GTATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAGCAATCGGGAGAATCAAATAAGTGG
BELG/B74-02/XXX/G1P[8]        TATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGGAGAATCAAATAAATGG
USA/DS-1/1976/G2P[4]          TGCATCAGAGTTAGCAGATCTTATATTGAATGAATGGCTGTGCAATCCTATGGACATATCACTTTACTATTATCAACAAAGTAGCGAATCAAATAAATGG
JPN/AU64/xxx/G1Px             TATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAACAATCGGAAGAATCAAATAAGTGG
BNG/Dhaka8-02/2002/G1P[8]     TATGTCAGAATTAGCTGATTTGATATTGAATGAATGGTTATGTAATCCAATGGATATAACATTATATTATTATCAGCAATCGGGAGAATCAAATAAGTGG

                                        610       620       630       640       650       660       670       680       690       700         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACATTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA
SWZ/MRC-DPRU5119/2010/G1P[6]  ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACGCAAACGTTAGGAATAGGTTGTCAAACAACA-AATGTAGACTCGTTTGAAATG
IND/ISO-4/XXXX/G1PX           ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA
ITA/PA17c/86/1986/G1PX        ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCGCTGAATACACAAACGCTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCGTTTGAAACG
ITA/PA19/01/2001/G1PX         ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTCGAAACG
BGN/BGN-48/xxxx/G1PX          ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTGGGAATAGGCTGTCAAACAACG-AATGTAGACTCATTTGAGACA
XXXX/PAF148/1994/G1Px         ATATCAATGGGATCATCATGCACTGTGAAAGTGTGTCCACTGAATACGCAAACGTTAGGAATAGGTTGTCAAACTACA-AATGTAGACTCGTTTGAAATG
ITA/PA10/90 GIPx              ATATCAATGGGATCATCATGTACTGTAAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACA-AATGTAGACTCATTTGAAATG
Fin/Fin-110/xxx/G1Px          ATATCAATGGGATCATCATGTACTGTAAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACA-AATGTAGACTCATTTGAAATG
ITA/PA73R-/2004/G1Px          ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA
ITA/PAH191/1996/G1Px          ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA
BEL/BE00017/2006/G1P[8]       ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACATTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA
BEL/BE00045/2009/G1P[8]       ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACGCAAACGTTAGGAATAGGTTGTCAAACAACA-AATGTAGACTCGTTTGAAATG
CUB/Ha95/2008/G1P[8]          ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACGCAAACGTTAGGAATAGGTTGTCAAACAACA-AATGTAGACTCGTTTGAAATG
ITA/PA10-90/XXX/G1P?          ATATCAATGGGATCATCATGTACTGTAAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACA-AATGTAGACTCATTTGAAATG
THAI/Thai-804/G1PX            ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA
XXX/RV-4/XXX/G1Px             ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACGCAAACGTTAGGAATAGGTTGTCAAACAACA-AATGTAGACTCGTTTGAAATG
USA/K54/XXX/G1Px              ATATCAATGGGATCATCATGTACTATAAAAGTGTGTCCACTAAATACACAAACGTTAGGAATAGGTTGTCAAACAACA-AATGTAGACTCATTTGAAATG
AUST/G192B/XXX/G1Px           ATATCAATGGGATCATCATGCACTGTGAAAGTGTGTCCACTGAATACGCAAACGTTAGGAATAGGTTGTCAAACTACA-AATGTAGACTCGTTTGACATG
XXX/BOVINET449/XXXX/G1Px      ATATCGATGGGATCTTCATGCACTGTTAAAGTTTGTCCACTCAACACACAAACGCTGGGAATAGGCTGCCAAACAACACAATGTGGA-TCATTCGAAATA
JPN/K8/XXXX/G1PX              ATATCGATGGGATCATCATGTACTGTGAAAGTGTGTCCGCTGAATACACAAACGTTAGGGATAGGTTGTCAAACAACA-AACGTAGACTCATTTGAAATG
CHN/ISO-4/XXX/G1P[8]          ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA
BELG/B74-02/XXX/G1P[8]        ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCGTTTGAAACA
USA/DS-1/1976/G2P[4]          ATATCGATGGGAACAGACTGCACGGTAAAAGTTTGTCCACTCAATACACAAACCTTAGGGATTGGATGCAAAACTACG-GACGTAAACACATTTGAGATT
JPN/AU64/xxx/G1Px             ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTGGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA
BNG/Dhaka8-02/2002/G1P[8]     ATATCAATGGGATCATCATGTACTGTGAAAGTGTGTCCACTGAATACACAAACGTTAGGAATAGGTTGTCAAACAACG-AATGTAGACTCATTTGAAACA

                                        710       720       730       740       750       760       770       780       790       800         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAGATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
SWZ/MRC-DPRU5119/2010/G1P[6]  GTTGCTGAAAATGAGAAACTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
IND/ISO-4/XXXX/G1PX           GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACAACATGTACTATTCGAAATTGTAAGA
ITA/PA17c/86/1986/G1PX        GTTGCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTTAATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
ITA/PA19/01/2001/G1PX         GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGGTAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
BGN/BGN-48/xxxx/G1PX          GTTACTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
XXXX/PAF148/1994/G1Px         GTTGCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTAGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
ITA/PA10/90 GIPx              GTTGCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTAACAACTACGACATGTACTATTCGAAATTGTAAGA
Fin/Fin-110/xxx/G1Px          GTTGCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAAT--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ITA/PA73R-/2004/G1Px          GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
ITA/PAH191/1996/G1Px          GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
BEL/BE00017/2006/G1P[8]       GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
BEL/BE00045/2009/G1P[8]       GTTGCTGAAAATGAGAAACTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
CUB/Ha95/2008/G1P[8]          GTTGCTGAAAATGAGAAACTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
ITA/PA10-90/XXX/G1P?          GTTGCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTAACAACTACGACATGTACTATTCGAAATTGTAAGA
THAI/Thai-804/G1PX            GTTGCTGAGAATGAAAAATTAGCTATAGTAGACGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
XXX/RV-4/XXX/G1Px             GTCGCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTAATCGAAATTGTAAGA
USA/K54/XXX/G1Px              ATTGCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATTACAAAATAAATTTAACAACTACGACATGTACTATTCGAAACTGTAAGG
AUST/G192B/XXX/G1Px           GTTGCTGAGAATGAGAAATTAGCTATAGTGGCTGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
XXX/BOVINET449/XXXX/G1Px      GTTGCTGAAAATGAGAAACTAGCCATAGTAGACGTTGTTGACGGCATAAATCATAAAATAAACTTAACAACTACGACATGTACTATTCGAAATTGTAAAA
JPN/K8/XXXX/G1PX              GTTGCTGAGAATGAGAAATTAGCTATAGTGGATGTCGTCGATGGGATAAATCATAAAATAAATTTGACAACTACGACATGTACTATTCGAAATTGTAAGA
CHN/ISO-4/XXX/G1P[8]          GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACAACATGTACTATTCGAAATTGTAAGA
BELG/B74-02/XXX/G1P[8]        GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACGACTACAACATGTACCATTCGAAATTGTAAGA
USA/DS-1/1976/G2P[4]          GTTGCGTCGTCTGAAAAATTAGTAATTACTGACGTTGTAAATGGTGTTAATCATAAGATAAATATTTCAATAAATACGTGCACTATACGTAACTGTAATA
JPN/AU64/xxx/G1Px             GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTAACAACTACGACATGTACTATTCGAAATTGTAAGA
BNG/Dhaka8-02/2002/G1P[8]     GTTGCTGAGAATGAAAAATTAGCTATAGTGGATGTCGTTGATGGGATAAATCATAAAATAAATTTGACAACTACAACATGTACTATTCGAAATTGTAAGA

                                        810       820       830       840       850       860       870       880       890       900         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGCGCTAATATATTAGACATAACAGCGGATCCAACGACTAATCCACAAATTGAAAGAAT
SWZ/MRC-DPRU5119/2010/G1P[6]  AATTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGTGGCTCTAATGTGTTAGACATAACAGCAGATCCAACGACTAATCCACAAACTGAGAGAAT
IND/ISO-4/XXXX/G1PX           AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGCGCTAATATATTAGACATAACAGCGGATCCAACAACTAATCCACAAATTGAGAGAAT
ITA/PA17c/86/1986/G1PX        AATTAGGTCCAAGAGAAAATGTAGCTGTAATACAAGTTGGTGGCTCTAATATATTAGACATAACAGCAGATCCAACGACTAATCCACAAATTGAGAGAAT
ITA/PA19/01/2001/G1PX         AACTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGTTCTAATATATTAGACATAACAGCGGATCCAACGACTAACCCACAAATTGAGAGAAT
BGN/BGN-48/XXXX/G1PX          AGTTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGTGGCTCTAATATATTAGACATAACAGCGGATCCAACGACTAATCCACAAATTGAGAGAAT
XXXX/PAF148/1994/G1Px         AGTTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGTGGCTCTAATGTATTAGACATAACAGCAGATCCAACGACTAATCCACAAACTGAGAGAAT
ITA/PA10/90 GIPX              AGTTAGGTCCAAGAGAGAACGTAGCTGTAATACAAGTTGGTGGCTCTAATGTATTAGACATAACAGCAGATCCAACAACTAATCCACAAACTGAGAGAAT
Fin/Fin-110/xxx/G1Px          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ITA/PA73R-/2004/G1Px          AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGTTCTAATGTGTTAGACATAACAGCGGATCCCACGACTAATCCACAAATTGAGAGAAT
ITA/PAH191/1996/G1Px          AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGCTCTAATGTGTTAGACATAACAGCGGATCCAACAACTAATCCACAAATTGAGAGAAT
BEL/BE00017/2006/G1P[8]       AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGCGCTAATATATTAGACATAACAGCGGATCCAACGACTAATCCACAAATTGAAAGAAT
BEL/BE00045/2009/G1P[8]       AATTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGTGGCTCTAATGTGTTAGACATAACAGCAGATCCAACGACTAATCCACAAACTGAGAGAAT
CUB/Ha95/2008/G1P[8]          AGTTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGTGGCTCTAATGTGTTAGACATAACAGCAGATCCAACGACTAATCCACAAACTGAGAGAAT
ITA/PA10-90/XXX/G1P?          AGTTAGGTCCAAGAGAGAACGTAGCTGTAATACAAGTTGGTGGCTCTAATGTATTAGACATAACAGCAGATCCAACAACTAATCCACAAACTGAGAGAAT
THAI/Thai-804/G1PX            AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGTGCTAATATATTAGACATAACAGCGGATCCAACGACTAATCCACAAATTGAGAGAAT
XXX/RV-4/XXX/G1Px             AGTTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGTGGCTCTAATGTATTAGACATAACAGCAGATCCAACGACTAATCCACAAACTGAGAGAAT
USA/K54/XXX/G1Px              AGTTAGGTCCAAGAGAGAACGTAGCTGTAATACAAGTTGGTGGTTCTAATATATTAGATATAACAGCAGATCCAACAACTGATCCACAGACTGAGAGAAT
AUST/G192B/XXX/G1Px           AGTTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGTGGCTCTAATGTATTAGACATAACAGCAGATCCAACGACTAATCCACAAACTGAGAGAAT
XXX/BOVINE T449/XXXX/G1Px     AATTAGGGCCTAGAGAGAACGTAGCCGTGATACAAGTTGGTGGTTCTAACATATTAGATATAACAGCGGATCCAACGACTAACCCACAGATCGAAAGAAT
JPN/K8/XXXX/G1PX              AATTAGGTCCAAGAGAAAATGTAGCTGTAATACAAGTTGGTGGTTCTAATGTATTAGACATAACGGCAGATCCAACAACTAATCCACAAACTGAGAGAAT
CHN/ISO-4/XXX/G1P[8]          AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGCGCTAATATATTAGACATAACAGCGGATCCAACAACTAATCCACAAATTGAGAGAAT
BELG/B74-02/XXX/G1P[8]        AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGCTCTAATGTGTTAGACATAACAGCGGATCCAACAACTAATCCACAAATTGAGAGAAT
USA/DS-1/1976/G2P[4]          AATTAGGACCACGAGAAAATGTTGCTATAATTCAAGTTGGTGGACCGAACGCATTAGATATCACTGCTGATCCAACAACAGTCCCACAAGTTCAAAGAAT
JPN/AU64/xxx/G1Px             AGTTAGGTCCAAGAGAGAATGTAGCTGTAATACAAGTTGGTGGCTCTAATATATTAGACATAACAGCGGATCCAACGACTAATCCACAAATTGAGAGAAT
BNG/Dhaka8-02/2002/G1P[8]     AGTTAGGTCCAAGAGAGAATGTGGCTGTAATACAAGTTGGTGGCGCTAATATATTAGACATAACAGCGGATCCAACAACTAATCCACAAATTGAGAGAAT

                                        910       920       930       940       950       960       970       980       990       1000        
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4550/2010/G1P[8]  GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTGTTCTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCTAAAAGATCAAGATCATTA
SWZ/MRC-DPRU5119/2010/G1P[6]  GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGGTCAAGATCATTA
IND/ISO-4/XXXX/G1PX           GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTGTTCTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA
ITA/PA17c/86/1986/G1PX        GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCA--~
ITA/PA19/01/2001/G1PX         GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTATTTTATACTATAGTGGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCA--~
BGN/BGN-48/XXXX/G1PX          GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA
XXXX/PAF148/1994/G1Px         GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTACACTATAGTAGATTATATTAACCAGATCATACAGGTAATGTCCAAAAGATCAAGAT-~~~~
ITA/PA10/90 GIPX              GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAACCAGATTATACAGGTAATGTCCAAAAGATCAAGA--~~~~
Fin/Fin-110/XXXX/G1PX          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ITA/PA73R-/2004/G1PX          GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTATTCTATACTATAGTAGATTAT--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ITA/PAH191/1996/G1PX          GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTATTCTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGA--~~~~
BEL/BE00017/2006/G1P[8]       GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTGTTCTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA
BEL/BE00045/2009/G1P[8]       GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAACCAGATTGTACAGGTAATGTCCAAAAGGTCAAGATCATTA
CUB/Ha95/2008/G1P[8]          GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAACCAGATTGTACAGGTAATGTCCAAAAGGTCAAGATCATTA
ITA/PA10-90/XXX/G1PX          GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAACCAGATTATACAGGTAATGTCCAAAAGATCAAGA--~~~~
THAI/Thai-804/G1PX            GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTGTTCTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA
XXX/RV-4/XXX/G1PX             GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAACCAGATCGTACAGGTAATGTCCAAAAGATCAAGATCATTA
USA/K54/XXX/G1PX              GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTGTTTTATACTATAGTAGATTATATTAACCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTG
AUST/G192B/XXX/G1PX           GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTACACTATAGTAGATTATATTAACCAGATCATACAGGTAATGTCCAAAAGATCAAGATCATTA
XXX/BOVINE T449/XXXX/G1PX     AATGAGAGTGAACTGGAAAGAGTGGTGGAAAGTATTCTATACGATAGTTGATTATATTAACCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCGTTA
JPN/K8/XXXX/G1PX              GATGAGAGTGAATTGGAAAAAATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA
CHINA/ISO-4/XXX/G1PX          GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTGTTCTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA
BELG/B74-02/XXX/G1P[8]        GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTATTCTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA
USA/DS-1/1976/G2P[4]          CATGCGAATAAATTGGAAAAAATGGTGGCAAGTATTTTATACAGTAGTTGACTATATTAACCAAGTTATACAAGTCATGTCCAAACGATCAAGATCATTA
JPN/AU64/xxx/G1Px             GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTATTTTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA
BNG/Dhaka8-02/2002/G1P[8]     GATGAGAGTGAATTGGAAAAGATGGTGGCAAGTGTTCTATACTATAGTAGATTATATTAATCAGATTGTACAGGTAATGTCCAAAAGATCAAGATCATTA

                                        1010      1020      1030      1040      1050      1060    
                                ....|....|....|....|....|....|....|....|....|....|....|....|...
SWZ/MRC-DPRU4550/2010/G1P[8]  AATTCTGCTGCATTCTACTA~~~-GTATAGA-GTA~~~~~~~~~~~~~~~~~~~~~~~~~~~-
SWZ/MRC-DPRU5119/2010/G1P[6]  AATTCTGCAGCTTTTTATTATAGAGTA--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
IND/ISO-4/XXXX/G1PX           AATTCCGCTGCGTTCTATTATAGAGTATAGATATATCTTAGATTAGAATTGTATGATGTGACC
ITA/PA17c/86/1986/G1PX        ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
ITA/PA19/01/2001/G1PX         ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
BGN/BGN-48/xxxx/G1PX          AATTCTGCTGCGTTTTATTATAGAGTATAG--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
XXXX/PAF148/1994/G1Px         ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
ITA/PA10/90 GIPx              ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
Fin/Fin-110/xxx/G1Px          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
ITA/PA73R-/2004/G1Px          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
ITA/PAH191/1996/G1Px          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
BEL/BE00017/2006/G1P[8]       AATTCTGCTGCGTTCTATTATAGAGTATAGATATAT--~~~~~~~~~~~~~~~~~~~~~~~~-
BEL/BE00045/2009/G1P[8]       AATTCTGCAGCTTTTTATTATAGAGTATAGATATATCTTAGATTG--~~~~~~~~~~~~~~~-
CUB/Ha95/2008/G1P[8]          AATTCTGCAGCTTTTTATTATAGAGTATAGATATACCTTAGATTAGAATTGTATGATGTGACC
ITA/PA10-90/XXX/G1P?          ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
THAI/Thai-804/G1PX            AATTCTGCTGCGTTCTATTATAGAGTATAGATATATCTTAGATTAGAATTGTATGATGTGACC
XXX/RV-4/XXX/G1Px             AATTCTGCAGCTTTTTATTATAGAGTATAGATATATCTTAGATTAGAATTGTTCGATGTGACC
USA/K54/XXX/G1Px              AATTCTGCAGCTTTTTATTATAGAATATAG--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
AUST/G192B/XXX/G1Px           AATTCTGCAGCTTTTTATTATAGAGTATAGATATATCTTAGATTAGAATTGTATGATGTGACC
XXX/BOVINE T449/XXXX/G1Px     AACTCAGCAGGTTTCTATTACAGAGTATAGATATATCTTAGGTTAGAGTTGTATGATGTGACC
JPN/K8/XXXX/G1PX              AATTCTGCAGCTTTTTATTATAGAGTATAGATATATCTTAGATTAGAATTGTTCGATGTGACC
CHINA/ISO-4/XXX/G1PX          AATTCCGCTGCGTTCTATTATAGAGTATAGATATATCTTAGATTAGAATTGTATGATGTGACC
BELG/B74-02/XXX/G1P[8]        AATTCTGCAGCTTTTTATTATAGAGTA--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
USA/DS-1/1976/G2P[4]          GACGCAGCTGCTTTTTATTATAGAATTTAGATATAGATTTGGTCAGATTTGTATGATGTGACC
JPN/AU64/xxx/G1Px             AATTCTGCTGCGTTTTATTATAGAGTATAGATATATCTTAGATTAGAATTGTATGATGTGACC
BNG/Dhaka8-02/2002/G1P[8]     AATTCCGCTGCGTTCTATTATAGAGTA--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-


7.2 G2 Nucleotide Sequences


                                        10        20        30        40        50        60        70        80        90       100                  
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--ATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
SWZ/MRC-DPRU4415/2010/G2P[4] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--TTTATGTATGGTATTGAATATACCACAATCTTGACCATTTTGATATT
SWZ/MRC-DPRU-2721/2009/G2P[4]~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--ATGTATGGTATAGAATATACTACCATTTTGACAATTTTGATATT
SWZ/MRC-DPRU2979/2009/G2P[6] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-TATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
SWZ/MRC-DPRU4482/2010/G2P[4] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--ATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
SWZ/MRC-DPRU4511/2010/G2P4   ~~~~~~~~~TGGGCTTTAAAAAGGATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAAATTATGGTATTGAATATACCACAATTCTGGCCATTTTGATATT
SWZ/MRC-DPRU4506/XXXX/G2P[4] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--ATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
AUST/95A/XXXX/G2PX           ~~~~~~--GGCTTTAAAAACGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATC
CHN/T79/XXXX/G2P?            ~~~~~~--GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATC
SZA/64SB/1996/G2P[4]         ~~~~~~--GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATGCCACAATTCTGACCATTTTTATATC
SZA/405GR/87/1987/G2P[4]     ~~~~~~--GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATC
TWN/TA3/xxxx/G2PX            ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATC
TWN/TW6/1981/G2PX            ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
GHANA/GH1803/1999/G2PX       ~~~~~~--GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATA
JPN/J-4787/XXXX/G2PX         ~~~~~~--GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
TWN/TA20/1982/G2PX           ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATC
JPN/KO-2/XXXX/G2PX           ~~~~~~--GGCTTTAAAAACGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTAAATATACCACAATTCTGACCATTTTGATATT
BRAZ/12287_06BA/2006/G2P[4]  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--ATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
USA/DS-1/1976/G2P[4]         ~~~~~~--GGCTTTAAAAACGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTAATATC
CHN/CH-146/XXX/G2PX          ~~~~~~--GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
SKA/KMR024/2002/G2P4         ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--ATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
THAI/CMP034/xxxx/G2PX        ~~~~~~--GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATC
USA/Wa/XXXX/G1P[8]           ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TWN/TW6/XXXX/G2PX            ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT
IND/253/XXXX/G2PX            ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--ATGTATGGTATTGAATATACCACAATTCTGACCATTTTGATATT

                                       110       120       130       140       150       160       170       180       190       200         
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] TATCATATTATTGAACTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTTTT-ACTA-CTCATCGCTCTGATGTCACCATT
SWZ/MRC-DPRU4415/2010/G2P[4] TATCATATTATTGAACTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTTTT-ACTA-CTCATCGCTCTGATGTCACCATT
SWZ/MRC-DPRU-2721/2009/G2P[4]TATTATACTTTTAAATTATATATT--AAAAATACAATGGAATACGATGGACTATATAA-TTTTTTACTTTCT-CTATCTCATCGCGCTGTCATCTCCTTT
SWZ/MRC-DPRU2979/2009/G2P[6] TATCATATTATTGAATTATATATT-AAAAACTATAACT-AACACGATGGACTATATAATTTTTAGGTTTTT-ACTA-CTCATCGCTCTGATGTCACCATT
SWZ/MRC-DPRU4482/2010/G2P[4] TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTTTT-ACTA-CTCATCGCTCTGATGTCACCATT
SWZ/MRC-DPRU4511/2010/G2P4   TATCATATTATTGAACTATATATTTAAAAACTATGACT-AATACGATGGACTATATAATTTTTAGGTTTTTTATTA-CTCATCGCTCTGATGTCACCATT
SWZ/MRC-DPRU4506/XXXX/G2P[4] TATCATATTATTGAACTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTTTT-ACTA-CTCATCGCTCTGATGTCACCATT
AUST/95A/XXXX/G2PX           TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACAATGGACTACATAATCTATAGATTTTT-ACTA-GTCATTGTTCTGATATCACCATT
CHN/T79/XXXX/G2P?            TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACAATGGACTACATAATCTATAGATTTTT-GCTA-GTCATTGTTCTGATATCACCATT
SZA/64SB/1996/G2P[4]         TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACAATGGACTACATAATCTATAGATTTTT-ACTA-ATCATTGTTCTGATATCGCCATT
SZA/405GR/87/1987/G2P[4]     TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTACATAATTTTCAGATTTTT-ACTA-CTCATTGCTTTAATATCACCATT
TWN/TA3/xxxx/G2PX            TATCATATTATTGAATTATATTTT-AAAAACTATAACT-AATACGATGGACTACATAATTTTCAGGTTTTT-ACTA-CTCATTGCTTTAATATCACCATT
TWN/TW6/1981/G2PX            TATCATATTATTGAATTATATTTT-AAAAACTACAACT-AATACGATGGACTACATAATTTTCAGGTTTTT-ACTA-CTCATTGCTTTAATATCACCATT
GHANA/GH1803/1999/G2PX       TATCATATTATTGAATTATATATT-AAAAATTATAACT-AATATGATGGACTACATAATTTTTAGATTTTT-ACTA-TTCATCGCTCTGATGTCACCATT
JPN/J-4787/XXXX/G2PX         TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTATT-ACTA-CTCATCGCTCTGATGTCACCATT
TWN/TA20/1982/G2PX           TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTACATAATTTTCAGATTTTT-ACTG-CTTATTGCTCTGATATCACCATT
JPN/KO-2/XXXX/G2PX           TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTATT-ACTA-CTCATCGCTCTGATGTCACCATT
BRAZ/12287_06BA/2006/G2P[4]  TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTATT-ACTA-CTCATCGCTCTGATGTCACCATT
USA/DS-1/1976/G2P[4]         TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTACATAATTTTCAGGTTTTT-ACTA-CTCATTGCTTTAATATCACCATT
CHN/CH-146/XXX/G2PX          TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTTTT-ACTA-CTCATCGCTCTGATGTCACCATT
SKA/KMR024/2002/G2P4         TATCATATTATTGAATTATATATT-AAAAACTATAACT-AATACGATGGACTATATAATTTTTAGGTTTTT-ACTA-CTCATCGCTCTGATGTCACCATT
THAI/CMP034/xxxx/G2PX        AATTATACTATTGAACTATATGCT-AAAAACTGTAACT-AGTGCTATGGACTATATAATCTATAGATTTTT-ATTG-CTTATTGCTTTGATATCACCACT
USA/Wa/XXXX/G1P[8]           ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-GGCT
TWN/TW6/XXXX/G2PX            TATCATATTATTGAATTATATTTT-AAAAACTACAACT-AATACGATGGACTACATAATTTTCAGGTTTTT-ACTA-CTCATTGCTTTAATATCACCATT
IND/253/XXXX/G2PX            TATCATATTATTGAATTATATATTA-AAAACTATAACT-AATACGATGGACTATATAA-TTTTTAGATTTTTACTA-CTCATCGCTCTGATGTCACCATT

                                       210       220       230       240       250       260       270       280       290       300         
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
SWZ/MRC-DPRU4415/2010/G2P[4] TGTGAGG-ACGCAAAATTATGTTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
SWZ/MRC-DPRU-2721/2009/G2P[4]TGTGAGG-ACACAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
SWZ/MRC-DPRU2979/2009/G2P[6] TGTAAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
SWZ/MRC-DPRU4482/2010/G2P[4] TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
SWZ/MRC-DPRU4511/2010/G2P4   TGTGAGGGACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
SWZ/MRC-DPRU4506/XXXX/G2P[4] TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
AUST/95A/XXXX/G2PX           TGTAAGA-ACACAAAATTATGGCATATATTTACCAATAACGGGATCACTAGACGCTGTATATACGAATTCAACTAGTGGAGAAACATTTCTA--ACTTCA
CHN/T79/XXXX/G2P?            TGTAAGA-ACACAAAATTATGGCATATATTTACCAATAACGGGATCACTAGACGCTGTATATACGAATTCAACTAGTGGAGAAACATTTATA--AGTTCA
SZA/64SB/1996/G2P[4]         TGTAAGG-ACACAAAATTATGGCATATATTTACCAATAACGGGATCACTGGATGCTGTATATACGAATTCAACTAGTGGAGAAATATTTCTA--ACTTCA
SZA/405GR/87/1987/G2P[4]     TGTAAGG-ACACAAAATTATGGCGTGTATTTGCCAATAACGGGATCACTAGACGGCGTATATACGAATTCGACTAGTGGAGAGCCATTTTTA--ACTTCG
TWN/TA3/xxxx/G2PX            TGTAAGG-ACACAAAATTATGGCATGTATTTACCAATAACGGGATCACTAGACGCTGTATATACGAATTCGACTAGTGGAGAGCCATTTTTA--ACTTCG
TWN/TW6/1981/G2PX            TGTAAGG-ACACAAAATTATGGCATGTATTTACCAATAACGGGATCACTAGACGCTGTATATACGAATTCGACTAGTGGAGAGCCATTTTTA--ACTTCG
GHANA/GH1803/1999/G2PX       TGTGAGG-ACGCAAAATTATGGCATGTATTTACCAATAACGGGGTCACTAGACGCTGCATATACAAATTCAACTAGTGAAGAATTATTTCTA--ACTTCA
JPN/J-4787/XXXX/G2PX         TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
TWN/TA20/1982/G2PX           TGTGAGG-ACGCAAAATTATGGCATGTATTTACCAATAACGGGATCACTAGACGCTGTATATACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
JPN/KO-2/XXXX/G2PX           TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
BRAZ/12287_06BA/2006/G2P[4]  TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
USA/DS-1/1976/G2P[4]         TGTAAGG-ACACAAAATTATGGTATGTATTTACCAATAACGGGGTCACTAGACGCTGTATATACGAATTCGACTAGTGGAGAGCCATTTTTA--ACTTCG
CHN/CH-146/XXX/G2PX          TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
SKA/KMR024/2002/G2P4         TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA
THAI/CMP034/xxxx/G2PX        TGTTAAA-TCGCAAAACTATGGCATGTACTTACCAATCACGGGATCAATGGATGCCGCTTACGTTAATTCAACAAGTGAAGAAACGTTTTTG--ACATCA
USA/Wa/XXXX/G1P[8]           TTTAAAA~~~~~~GTTCTGTTCCGAGAGAGCGCGTGCGGAAAGATGGATAAGCTTGCCGACCTCAACTACACATTGAGTGTAATCACTTTAA--~~~TGA
TWN/TW6/XXXX/G2PX            TGTAAGG-ACACAAAATTATGGCATGTATTTACCAATAACGGGATCACTAGACGCTGTATATACGAATTCGACTAGTGGAGAGCCATTTTTA--ACTTCG
IND/253/XXXX/G2PX            TGTGAGG-ACGCAAAATTATGGTATGTATTTACCAATAACAGGATCACTAGACGCTGTATACACAAATTCAACTAGTGGAGAATCATTTCTA--ACTTCA

                                       310       320       330       340       350       360       370       380       390       400         
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
SWZ/MRC-DPRU4415/2010/G2P[4] ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
SWZ/MRC-DPRU-2721/2009/G2P[4]ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
SWZ/MRC-DPRU2979/2009/G2P[6] ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
SWZ/MRC-DPRU4482/2010/G2P[4] ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
SWZ/MRC-DPRU4511/2010/G2P4   ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
SWZ/MRC-DPRU4506/XXXX/G2P[4] ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
AUST/95A/XXXX/G2PX           ACACTGTGTT-TATACTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAATGGGAAAATACTCTATCACAATTATTTTTAACCAAAGGA-TGG
CHN/T79/XXXX/G2P?            ACACTATGTT-TGTACTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAATGGGAAAATACTCTATCACAATTATTTTTAACTAAAGGA-TGG
SZA/64SB/1996/G2P[4]         ACACTATGCT-TATACTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAGTGGGAAAATACTTTATCACAATTATTTCTAACTAAAGGA-TGG
SZA/405GR/87/1987/G2P[4]     ACGCTGTGGT-TATATTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAATGGGAAAATACTTTATCACAATTATTTTTAACTAAAGGA-TGG
TWN/TA3/xxxx/G2PX            ACGCTATGTT-TATACTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAATGGGAAAATACTCTATCACAATTATTTTTAACTAAAGGA-TGG
TWN/TW6/1981/G2PX            ACGCTATGTT-TATACTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAATGGGAAAATACTCTATCACAATTATTTTTAACTAAAGGA-TGG
GHANA/GH1803/1999/G2PX       ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCACAATTATTTTTAACTAAAGGA-TGG
JPN/J-4787/XXXX/G2PX         ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
TWN/TA20/1982/G2PX           ACGCTATGTT-TATACTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAATGGGAAAATACTCTATCACAATTATTTTTAACTAAAGGA-TGG
JPN/KO-2/XXXX/G2PX           ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
BRAZ/12287_06BA/2006/G2P[4]  ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAGTTATTTTTAACTAAAGGA-TGG
USA/DS-1/1976/G2P[4]         ACGCTATGTT-TATACTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAATGGGAAAATACTCTATCACAATTATTTTTAACTAAAGGA-TGG
CHN/CH-146/XXX/G2PX          ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
SKA/KMR024/2002/G2P4         ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG
THAI/CMP034/xxxx/G2PX        ACACTATGTA-TATACTATCCAACAGAAGCTAAAAACG--AAATCTCAGATACCGAGTGGGAAAGTACTCTATCACAGCTATTACTAACTAAAGGT-TGG
USA/Wa/XXXX/G1P[8]           ATGACACATTGCATTCTATAATTCAAGATCCTGGAATGGCGTATTTTCCA---TATAT-TGCATCTGTTCTAACAGTTTTGTTCAC-ATTACATAA-AGC
TWN/TW6/XXXX/G2PX            ACGCTATGTT-TATACTATCCAGCAGAAGCTAAAAATG--AGATTTCAGATGATGAATGGGAAAATACTCTATCACAATTATTTTTAACTAAAGGA-TGG
IND/253/XXXX/G2PX            ACGCTATGTT-TATACTATCCAACAGAAGCTAAAAATG--AGATTTCAGATAATGAATGGGAAAATACTCTATCGCAATTATTTTTAACTAAAGGA-TGG

                                       410       420       430       440       450       460       470       480       490       500         
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
SWZ/MRC-DPRU4415/2010/G2P[4] CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
SWZ/MRC-DPRU-2721/2009/G2P[4]CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
SWZ/MRC-DPRU2979/2009/G2P[6] CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
SWZ/MRC-DPRU4482/2010/G2P[4] CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
SWZ/MRC-DPRU4511/2010/G2P4   CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
SWZ/MRC-DPRU4506/XXXX/G2P[4] CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
AUST/95A/XXXX/G2PX           CCAACTGGATCAGTTTATTTTAAAGACTACAATGACATTACTACATT~~~TTCCATGAATCCACAACTGTATTGTGATTATAATGTAGTATTAATGAGAT
CHN/T79/XXXX/G2P?            CCAACTGGATCAGTTTATTTTAAAGACTACAATGACATTACTACATT~~~TTCCATGAATCCACAACTGTATTGTGATTATAATGTAGTATTAATGAGAT
SZA/64SB/1996/G2P[4]         CCAACTGGATCAGTTTATTTTAAGGACTATAATGACATTACTACATT~~~TTCCATTAATCCACAACTGTATTGTGATTATAATATAGTATTAATGAGAT
SZA/405GR/87/1987/G2P[4]     CCAATTGGATCAGTTTATTTTAAAGACTACAATGATATTAATACATT~~~TTCTGTGAATCCACAACTATATTGCGATTATAATGTAGTATTGATGAGAT
TWN/TA3/xxxx/G2PX            CCAATTGGATCAGTTTATTTTAAAGACTACAATGATATTAATACATT~~~TTCTGTGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
TWN/TW6/1981/G2PX            CCAATTGGATCAGTTTATTTTAAAGACTACAATGATATTAATACATT~~~TTCTGTGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
GHANA/GH1803/1999/G2PX       CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTGTATTGTGATTATAATGTAGTATTGATGAGAT
JPN/J-4787/XXXX/G2PX         CCGTCTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
TWN/TA20/1982/G2PX           CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATAAATCCACAACTGTATTGTGATTATAATGTAGTATTGATGAGAT
JPN/KO-2/XXXX/G2PX           CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
BRAZ/12287_06BA/2006/G2P[4]  CCGACTGGATCAGTTTATTTTAGAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
USA/DS-1/1976/G2P[4]         CCAATTGGATCAGTTTATTTTAAAGACTACAATGATATTAACACATT~~~TTCTGTGAATCCACAACTGTATTGTGATTATAATGTAGTATTGATGAGAT
CHN/CH-146/XXX/G2PX          CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
SKA/KMR024/2002/G2P4         CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
THAI/CMP034/xxxx/G2PX        CCCACCGGATCAGTTTATTTCAAAGATTATGCCAATATTGCTACATT~~~TTCAATTAATCCACAGTTATATTGTGACTACAACGTAGTGTTGATGAGAT
USA/Wa/XXXX/G1P[8]           TTCAAT---TCCAACCATGAAAATAGCATTGAAAACATCAAAATGTTCATATAAAGTGATTAAATATTGTATAGTCACGATCATTAATACTCTTTTAAAA
TWN/TW6/XXXX/G2PX            CCAATTGGATCAGTTTATTTTAAAGACTACAATGATATTAATACATT~~~TTCTGTGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT
IND/253/XXXX/G2PX            CCGACTGGATCAGTTTATTTTAAAGACTACAATGATATTACTACATT~~~TTCTATGAATCCACAACTATATTGTGATTATAATGTAGTATTGATGAGAT

                                       510       520       530       540       550       560       570       580       590       600         
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTAAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
SWZ/MRC-DPRU4415/2010/G2P[4] ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTAAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
SWZ/MRC-DPRU-2721/2009/G2P[4]ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTAAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
SWZ/MRC-DPRU2979/2009/G2P[6] ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTAAACGAATGGCTATGCAATCCTATGGATATATCA-CTTTACTATTATCA
SWZ/MRC-DPRU4482/2010/G2P[4] ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTAAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
SWZ/MRC-DPRU4511/2010/G2P4   ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTAAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
SWZ/MRC-DPRU4506/XXXX/G2P[4] ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTAAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
AUST/95A/XXXX/G2PX           ATGATAATACATCTGAATTAGATGCATCAGAGTTAGCAGATCTTATA--TTAAATGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
CHN/T79/XXXX/G2P?            ATGATAATACGTCTGAATTAGATGCATCAGGGTTAGCAGATCTTATA--TTGAATGAATGGCTGTGTAACCCTATGGATATATCA-CTTTACTATTATCA
SZA/64SB/1996/G2P[4]         ATGATAATGCATCTGAATTAGATGCGTCGGAGTTAGCAGATCTTATA--TTAAATGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
SZA/405GR/87/1987/G2P[4]     ATGACAATACATCTGAATTAGATGCATCAGAGTTAGCAGGTCTTATA--TTGAATGAATGGCTGTGCAATCCTATGGATGTATCG-CTTTACTATTATCA
TWN/TA3/xxxx/G2PX            ATGACAATACATCTGAATTAGATGCATCAGAGTTAGCAGATCTTATA--TTGAATGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
TWN/TW6/1981/G2PX            ATGACAATACATCTGAATTAGATGCATCAGAGTTAGCAGATCTTATA--TTGAATGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
GHANA/GH1803/1999/G2PX       ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTGAACGAATGGTTATGCAATCCTATGGATATATCA-CTTTACTATTATCA
JPN/J-4787/XXXX/G2PX         ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTGAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
TWN/TA20/1982/G2PX           ATGATAACACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTGAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
JPN/KO-2/XXXX/G2PX           ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTGAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
BRAZ/12287_06BA/2006/G2P[4]  ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTGAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
USA/DS-1/1976/G2P[4]         ATGACAATACATCTGAATTAGATGCATCAGAGTTAGCAGATCTTATA--TTGAATGAATGGCTGTGCAATCCTATGGACATATCA-CTTTACTATTATCA
CHN/CH-146/XXX/G2PX          ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTGAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
SKA/KMR024/2002/G2P4         ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTGAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
THAI/CMP034/xxxx/G2PX        ATGATACTACATCCGAGTTAGATGCATCTGAACTTGCAGATTTAATT--CTAAATGAATGGTTATGTAACCCTATGGACATATCA-CTATATTATTACCA
USA/Wa/XXXX/G1P[8]           TTGGCTGGATATAAAGAGCAGGTTACTACAAAAGACGAAATTGAGCA--ACAGATGGACAGAATTGTTAAAGAGATGAGACGTCAGCTGGAG-ATGATTG
TWN/TW6/XXXX/G2PX            ATGACAATACATCTGAATTAGATGCATCAGAGTTAGCAGATCTTATA--TTGAATGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA
IND/253/XXXX/G2PX            ATGATAATACATCTGAATTAGATGCATCGGAGTTAGCAGATCTTATA--TTGAACGAATGGCTGTGCAATCCTATGGATATATCA-CTTTACTATTATCA

                                       610       620       630       640       650       660       670       680       690       700         
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGT
SWZ/MRC-DPRU4415/2010/G2P[4] ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGT
SWZ/MRC-DPRU-2721/2009/G2P[4]ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGT
SWZ/MRC-DPRU2979/2009/G2P[6] ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGT
SWZ/MRC-DPRU4482/2010/G2P[4] ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGT
SWZ/MRC-DPRU4511/2010/G2P4   ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGT
SWZ/MRC-DPRU4506/XXXX/G2P[4] ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGT
AUST/95A/XXXX/G2PX           GCAAA--GTAGCGAATCAAATAAATGGATC--TCAATGGGAACGGAT-TGCACGGTAAAAGTTTGTCCACTTAATACACAAAC-GTTAGGAATTGGATGC
CHN/T79/XXXX/G2P?            GCAAA--GTAGCGAATCAAATAAATGGATT--TCAATGGGAACTGAT-TGCACAGTAAAAGTTTGCCCACTTAAGACACAAAC-GTTAGGAATTGGATGC
SZA/64SB/1996/G2P[4]         GCAAA--GTAGCGAATCAAATAAATGGATC--TCAATGGGAACGGAT-TGCACGGTAAAAGTTTGCCCACTTAATACACAAAC-GTTAGGAATTGGATGC
SZA/405GR/87/1987/G2P[4]     ACAAA--GTAGCGAATCAAATAAATGGATA--TCGATGGGAACAGAC-TGCACGGTAAAAGTTTGTCCACTCAATACACAAAC-CTTAGGGATTGGATGC
TWN/TA3/xxxx/G2PX            ACAAA--GTAGCGAATCAAATAAATGGATA--TCGATGGGAACAGAC-TGCACGGTAAAAGTTTGTCCACTCAATACACAAAC-CCTAGGGATTGGATGC
TWN/TW6/1981/G2PX            ACAAA--GTAGCGAATCAAATAAATGGATA--TCGATGGGAACAGAC-TGCACGGTAAAAGTTTGTCCACTCAATACACAAAC-CCTAGGGATTGGATGC
GHANA/GH1803/1999/G2PX       ACAAA--ATAGCGGATCAAATAAATGGATA--TCAATGGGAACAGAC-TGCACAGTAAAAGTTTGTCCACTCAATACACAAAC-TTTGGGAATTGGATGC
JPN/J-4787/XXXX/G2PX         ACAAA--ATAGCGAGTCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGC
TWN/TA20/1982/G2PX           ACAAA--ACAGCGAATCAAATAAATGGATA--TCAATGGGAACAGAC-TGCACGATAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGC
JPN/KO-2/XXXX/G2PX           ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGC
BRAZ/12287_06BA/2006/G2P[4]  ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACAGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGC
USA/DS-1/1976/G2P[4]         ACAAA--GTAGCGAATCAAATAAATGGATA--TCGATGGGAACAGAC-TGCACGGTAAAAGTTTGTCCACTCAATACACAAAC-CTTAGGGATTGGATGC
CHN/CH-146/XXX/G2PX          ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGC
SKA/KMR024/2002/G2P4         ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACGGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGT
THAI/CMP034/xxxx/G2PX        GCAGA--GCAGCGAATCGAATAAATGGATA--TCAATGGGAAATGAT-TGTACCGTAAAAGTATGTCCACTTAATACGCAGAC-GTTAGGAATAGGATGC
USA/Wa/XXXX/G1P[8]           ATAAA--CTAACTACTCGTGAAATTGAACAGGTTGAATTGCTTAAACGTATAC-ATGACAACCTGATAACTAGACCAGTTGAC-GTTATAGATATGTCGA
TWN/TW6/XXXX/G2PX            ACAAA--GTAGCGAATCAAATAAATGGATA--TCGATGGGAACAGAC-TGCACGGTAAAAGTTTGTCCACTCAATACACAAAC-CCTAGGGATTGGATGC
IND/253/XXXX/G2PX            ACAAA--ATAGCGAATCAAATAAATGGATA--TCAATGGGAACAGAC-TGTACGGTAAAAGTTTGTCCACTCAATACACAAAC-TTTAGGAATTGGATGC

                                       710       720       730       740       750       760       770       780       790       800         
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
SWZ/MRC-DPRU4415/2010/G2P[4] AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
SWZ/MRC-DPRU-2721/2009/G2P[4]AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
SWZ/MRC-DPRU2979/2009/G2P[6] AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
SWZ/MRC-DPRU4482/2010/G2P[4] AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
SWZ/MRC-DPRU4511/2010/G2P4   AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
SWZ/MRC-DPRU4506/XXXX/G2P[4] AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
AUST/95A/XXXX/G2PX           AAAACTACGGATGTGAGTACATTTGAGATAGTTGCGTCGTCTGAAAAATTAGTAATTACTGACG--TTGTAAATGGTGTTAATCATAAGATAAATATTTC
CHN/T79/XXXX/G2P?            AAAACTACGGACGTGAGTACATTTGAGATAGTTGCGTCGTCTGAAAAATTAGTAATTACTGACG--TTGTAAATGGTGTTAATCATAAGATAAATATTTC
SZA/64SB/1996/G2P[4]         AAAACTACGGACGTGAGTACATTTGAGACAGTTGCGTCGTCTGAAAAATTAGTAATTACTGACG--TTGTAAATGGTATTAATCATAAGATAAATATTTC
SZA/405GR/87/1987/G2P[4]     AAAAATACAGATGTGAACACATTTGAGATTGTTGCGTCGTCTGAAAAATTAGTAATTACTGACG--TTGTAAATGGTGTTAACCATAAGATAAATGTTTC
TWN/TA3/xxxx/G2PX            AAAACTACGGATGTAAACACATTTGAGATTGTTGCGTCGTCTGAAAAATTAGTAATTACTGACG--TTGTAAATGGTGGTAACCATAAGATAAATATTTC
TWN/TW6/1981/G2PX            AAAACTACGGATGTAAACACATTTGAGATTGTTGCGTCGTCTGAAAAATTAGTAATTACTGACG--TTGTAAATGGTGCTAACCATAAGATAAATATTTC
GHANA/GH1803/1999/G2PX       AAAACTACGGATGTGGATACATTTGAGATTGTAGCGTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAACGGTGTTAATCATGAAATAAATATTTC
JPN/J-4787/XXXX/G2PX         AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGACG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
TWN/TA20/1982/G2PX           AAAACTACGGACGTGGATACATTTGAGATTGTTGCGTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
JPN/KO-2/XXXX/G2PX           AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGACG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
BRAZ/12287_06BA/2006/G2P[4]  AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGACG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
USA/DS-1/1976/G2P[4]         AAAACTACGGACGTAAACACATTTGAGATTGTTGCGTCGTCTGAAAAATTAGTAATTACTGACG--TTGTAAATGGTGTTAATCATAAGATAAATATTTC
CHN/CH-146/XXX/G2PX          AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
SKA/KMR024/2002/G2P4         AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC
THAI/CMP034/xxxx/G2PX        AAAACTACAGAGGTGAATACGTTTGAAACGGTTGCACAATCCGAAAAGTTGGTAATAACTGATG--TTGTTAATGGCGTAAATCATAAAATTAGTGTCTC
USA/Wa/XXXX/G1P[8]           AGGAATTCAATCAGAAAAACATC-AAAACGCTAGATGAATGGGAGAGTGGAAAAAATCCATATGAACCGTCAGAAGTGACTGCATCCATGTGAGAGGTTG
TWN/TW6/XXXX/G2PX            AAAACTACGGATGTAAACACATTTGAGATTGTTGCGTCGTCTGAAAAATTAGTAATTACTGACG--TTGTAAATGGTGCTAACCATAAGATAAATATTTC
IND/253/XXXX/G2PX            AAAACTACGGACGTGGATACATTTGAGATTGTTGCCTCGTCTGAAAAATTGGTAATTACTGATG--TTGTAAATGGTGTTAATCATAAAATAAATATTTC

                                       810       820       830       840       850       860       870       880       890       900         
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] AATAAATAC-GTGTACTATACGCAATTGCAATAAACTAGGACCAAGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
SWZ/MRC-DPRU4415/2010/G2P[4] AATAAATAC-GTGTACTATACGCAATTGCAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
SWZ/MRC-DPRU-2721/2009/G2P[4]AATAAATAC-GTGTACTATACGTAATTGCAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
SWZ/MRC-DPRU2979/2009/G2P[6] AATAAGTAC-GTGTACTATACGTAATTGTAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
SWZ/MRC-DPRU4482/2010/G2P[4] AATAAATAC-GTGTACTATACGCAATTGCAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
SWZ/MRC-DPRU4511/2010/G2P4   AATAAATAC-GTGTACTATACGCAATTGCAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
SWZ/MRC-DPRU4506/XXXX/G2P[4] AATAAATAC-GTGTACTATACGCAATTGCAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
AUST/95A/XXXX/G2PX           AGTAAGTAC-GTGCACTATACGTAACTGTAACAAATTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAATGCATTAGATATCACTG
CHN/T79/XXXX/G2P?            AATGAGTAC-GTGTACTATACGTAACTGTAACAAATTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCATTAGATATCACTG
SZA/64SB/1996/G2P[4]         AATAAATAC-GTGCACTATACGTAATTGTAACAAATTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCATTAGATATTACTG
SZA/405GR/87/1987/G2P[4]     AATAAATAC-GTGCACTATACGTAACTGTAATAAATTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCATTAGATATCACTG
TWN/TA3/xxxx/G2PX            AATAAATAC-GTGCACTATACGTAACTGTAATAAATTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCATTAGATATCACTG
TWN/TW6/1981/G2PX            AATAAATAC-GTGCACTATACGTAACTGTAATAAATTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTGGGTGGACCGAACGCATTAGATATCACTG
GHANA/GH1803/1999/G2PX       AATAAGTAC-GTGTACTATACGTAATTGTAATAAACTAGGACCACGAGAAAATGTTGCCATAATTCAA-GTTGGTGGACCAAACGCACTAGATATCACTG
JPN/J-4787/XXXX/G2PX         AATAAGTAC-GTGTACTATACGTAATTGTAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
TWN/TA20/1982/G2PX           AATAAGTAC-GTGTACTATACGTAATTGCAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAATGCATTAGATATCACTG
JPN/KO-2/XXXX/G2PX           AATAAGTAC-GTGTACTATACGTAATTGTAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
BRAZ/12287_06BA/2006/G2P[4]  AATAAGTAC-GTGTACTATACGTAATTGTAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
USA/DS-1/1976/G2P[4]         AATAAATAC-GTGCACTATACGTAACTGTAATAAATTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCATTAGATATCACTG
CHN/CH-146/XXX/G2PX          AATAAGTAC-GTGTACTATACGTAATTGTAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
SKA/KMR024/2002/G2P4         AATAAGTAC-GTGTACTATACGTAATTGTAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG
THAI/CMP034/xxxx/G2PX        AACAAGTAC-ATGCACAATACGTAATTGTAATAAATTAGGACCACGAGAGAATGTTGCTATCATTCAA-GTTGGCGGACCAAATGTATTAGACATTACCG
USA/Wa/XXXX/G1P[8]           AGTTACCGTCGTCTGTC-TTCGGAAGCGGCGGAACTCTTCACCGCAAGCCCCATTAGACCTGATGATTGACTGAGAAGCCACAGTCAATC-ATATCGCGT
TWN/TW6/XXXX/G2PX            AATAAATAC-GTGCACTATACGTAACTGTAATAAATTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTGGGTGGACCGAACGCATTAGATATCACTG
IND/253/XXXX/G2PX            AATAAGTAC-GTGTACTATACGTAATTGCAATAAACTAGGACCACGAGAAAATGTTGCTATAATTCAA-GTTGGTGGACCGAACGCACTAGATATCACTG

                                       910       920       930       940       950       960       970       980       990       1000        
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
SWZ/MRC-DPRU4415/2010/G2P[4] CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
SWZ/MRC-DPRU-2721/2009/G2P[4]CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
SWZ/MRC-DPRU2979/2009/G2P[6] CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCA~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SWZ/MRC-DPRU4482/2010/G2P[4] CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
SWZ/MRC-DPRU4511/2010/G2P4   CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTTTTTTTATTAACCAAA
SWZ/MRC-DPRU4506/XXXX/G2P[4] CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
AUST/95A/XXXX/G2PX           CTGATCCAACAACAGTTCCACAAGTTCAAAGAATCATGCGAATAAATTGGAAAA-AATGGTGGCAAGTCTTTTATACAGTAGTTGACTACATTAACCAAA
CHN/T79/XXXX/G2P?            CTGATCCAACAACAGTTCCACAAATTCAAAGAATCATGCGAATAAATTGGAAAA-AATGGTGGCAAGTCTTTTATACAGTAGTTGACTACATTAACCAAA
SZA/64SB/1996/G2P[4]         CTGATCCAACAACAGTTCCACAAATTAAAAGAATCATGCGAATAAATTGGAAAA-AATGGTGGCAAGTCTTTTATACAGTAGTTGACTACATTAACCAAA
SZA/405GR/87/1987/G2P[4]     CTGATCCAACAACAGTCCCACAAGTCCAAAGAATCATGCGAATAAATTGGAAAA-AATGGTGGCAAGTATTTTATACAGTAGTTGACTATATTAACCAAG
TWN/TA3/xxxx/G2PX            CTGATCCAACAACAGTCCCACAAGTTCAAAGAATCATGCGAATAAATTGGAAAA-AATGGTGGCAAGTATTTTATACAGTAGTTGACTATATTAACCAAG
TWN/TW6/1981/G2PX            CTGATCCAACAACAGTCCCACAAGTTCAAAGAATCATGCGAATAAATTGGAAAA-AATGGTGGCAAGTATTTTATACAGTAGTTGACTATATTAACCAAG
GHANA/GH1803/1999/G2PX       CTGATCCAACAACAGTTCCACAGGTTCAAAGAATTATGCGAGTAAATTGGAAAA-AATGGTGGCAAGCGTTTTATACAGTAGTTGACTATATTAACCAAA
JPN/J-4787/XXXX/G2PX         CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
TWN/TA20/1982/G2PX           CTGATCCAACAACAGTTCCACAGGTTCAAAGAATTATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
JPN/KO-2/XXXX/G2PX           CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
BRAZ/12287_06BA/2006/G2P[4]  CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
USA/DS-1/1976/G2P[4]         CTGATCCAACAACAGTCCCACAAGTTCAAAGAATCATGCGAATAAATTGGAAAA-AATGGTGGCAAGTATTTTATACAGTAGTTGACTATATTAACCAAG
CHN/CH-146/XXX/G2PX          CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
SKA/KMR024/2002/G2P4         CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA
THAI/CMP034/xxxx/G2PX        CTGATCCAACAACTGCTCCACAAATTCAAAGAATCATGCGAATAAATTGGAAAA-AGTGGTGGCAAGTTTTTTATACAGTGGTCGATTATATTGATCAAA
USA/Wa/XXXX/G1P[8]           GTGGCTCAGCCTTAATCCC----GTTTAACCAATCCAGCGAGTG--TTGGACGTTAATGGAAGGAATGGTCTTAGT--GTGACC~~~~~~~~~~~~~~~~
TWN/TW6/XXXX/G2PX            CTGATCCAACAACAGTCCCACAAGTTCAAAGAATCATGCGAATAAATTGGAAAA-AATGGTGGCAAGTATTTTATACAGTAGTTGACTATATTAACCAAG
IND/253/XXXX/G2PX            CTGATCCAACAACAGTTCCACAGGTTCAAAGAATCATGCGAGTAAATTGGAAAA-AATGGTGGCAAGTGTTTTATACAGTAGTTGACTATATTAACCAAA

                                       1010      1020      1030      1040      1050      1060      1070      1080      1090      1100        
                               ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4531/2010/G2P[4] TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SWZ/MRC-DPRU4415/2010/G2P[4] TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTACTATCGCATT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SWZ/MRC-DPRU-2721/2009/G2P[4]TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATC~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SWZ/MRC-DPRU2979/2009/G2P[6] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SWZ/MRC-DPRU4482/2010/G2P[4] TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATTT--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SWZ/MRC-DPRU4511/2010/G2P4   TTATACAAGTTATGTCCAA-CGGTCAAGATCATTAGACACAGCTGCTTTATATGATCACCCCGCG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SWZ/MRC-DPRU4506/XXXX/G2P[4] TTATACAAGTTATGTACAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATTTAGATA~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
AUST/95A/XXXX/G2PX           TTGTACAAGTCATGTCCAAACGGTCAAGATCATTAGACGCAGCTGCTTTTTATTATAGAGTTTAGATATAGCTTTGGTCAGAATTGTATGTAGTGACC~~
CHN/T79/XXXX/G2P?            TTGTACAAGTTATGTCCAAGCGGTCAAGATCATTAGACGCAGCTGCTTTTTATTATAGAGTTTAGATATAGCTTAGATTAGAATTGTATGATGTGACC~~
SZA/64SB/1996/G2P[4]         TTATACAAGTCATGTCCAAACGGTCACGATCATTAGATGCAGCAGCTTTTTATTATAGAGTTTAGATGTAGCTTAGATTAGAATTGTATGATGTGACC~~
SZA/405GR/87/1987/G2P[4]     TTATACAAGTCATGTCCAAACGATCAAGATCATTAGACGCAGCTGCTTTTTATTATAGAACTTAGAT-TAGAATTGTATGATGTGACC-~~~~~~~~~~~
TWN/TA3/xxxx/G2PX            TTATACAAGTCATGTCCAAAAGATCAAGATCATTAGACGCAGCTGCTTTTTATTATAGAATTTAGATATAG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TWN/TW6/1981/G2PX            TTATACAAGTCATGTCCAAAAGATCAAGATCATTAGACGCAGCTGCTTTTTATTATAGAATTTAGATATAG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
GHANA/GH1803/1999/G2PX       TTATACAAGTTATGTCCAAACGGTCGAGATCATTAGACACGGCTGCTTTTTATTATAGAATTTAGATATAGCTTAGATTAGAATTGTATGATGTGACC~~
JPN/J-4787/XXXX/G2PX         TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATTTAGATATAGCTTAGATTAGAATTGTATGATGTGACC~~
TWN/TA20/1982/G2PX           TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATTTAGATATAG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
JPN/KO-2/XXXX/G2PX           TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATTTAGATATAGCTTTGGTCAGATTTGTATGATGTGACC~~
BRAZ/12287_06BA/2006/G2P[4]  TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
USA/DS-1/1976/G2P[4]         TTATACAAGTCATGTCCAAACGATCAAGATCATTAGACGCAGCTGCTTTTTATTATAGAATTTAGATATAGATTTGGTCAGATTTGTATGATGTGACC~~
CHN/CH-146/XXX/G2PX          TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATTTAGATATAGCTTAGATTAGAATTGTATGATGTGACC~~
SKA/KMR024/2002/G2P4         TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACACAGCTGCTTTTTATTATAGAATTTAG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
THAI/CMP034/xxxx/G2PX        TTATTAAAGTTATGTCCAAGCGATCAAGATCACTAGATTCGGCTGCTTTCTACTATAGAATTTAGATATAGCTTAGATTAGAATTGTATGATGTGACC~~
USA/Wa/XXXX/G1P[8]           ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TWN/TW6/XXXX/G2PX            TTATACAAGTCATGTCCAAAAGATCAAGATCATTAGACGCAGCTGCTTTTTATTATAGAATTTAGATATAG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IND/253/XXXX/G2PX            TTATACAAGTTATGTCCAAACGGTCAAGATCATTAGACAC-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


                               .
SWZ/MRC-DPRU4531/2010/G2P[4] ~
SWZ/MRC-DPRU4415/2010/G2P[4] ~
SWZ/MRC-DPRU-2721/2009/G2P[4]~
SWZ/MRC-DPRU2979/2009/G2P[6] ~
SWZ/MRC-DPRU4482/2010/G2P[4] ~
SWZ/MRC-DPRU4511/2010/G2P4   ~
SWZ/MRC-DPRU4506/XXXX/G2P[4] ~
AUST/95A/XXXX/G2PX           ~
CHN/T79/XXXX/G2P?            ~
SZA/64SB/1996/G2P[4]         ~
SZA/405GR/87/1987/G2P[4]     ~
TWN/TA3/xxxx/G2PX            ~
TWN/TW6/1981/G2PX            ~
GHANA/GH1803/1999/G2PX       ~
JPN/J-4787/XXXX/G2PX         ~
TWN/TA20/1982/G2PX           ~
JPN/KO-2/XXXX/G2PX           ~
BRAZ/12287_06BA/2006/G2P[4]  ~
USA/DS-1/1976/G2P[4]         ~
CHN/CH-146/XXX/G2PX          ~
SKA/KMR024/2002/G2P4         ~
THAI/CMP034/xxxx/G2PX        ~
USA/Wa/XXXX/G1P[8]           ~
TWN/TW6/XXXX/G2PX            ~
IND/253/XXXX/G2PX            ~





7.3 G8 Nucleotide Sequences
          10        20        30        40        50        60        70        80        90       100                  
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]------------------------------------------------ATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
SWZ/MRC-4516/2010/G8P[4]      ------------------------------------------------ATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
MWI/MW4097/2000/G8P[8]      GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
IND/69M/1980/G8P4[10]       ------------------------------------------------ATGTATGGTATTGAATATACCACAACTCTAACTTTTCTAATATTGCTTGTAT
/EGY/EGY1850/XXXX/G8P[14]   GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
SZA/UP30/XXXX/G8PX          GGCTTTAAAAGCGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAATTCTAATCTTCCTAATATCAATGATTC
AUST/DG8/XXX/G8PX           GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAACTTTTATGATATTGCTTGTAT
THAI/A5/XXXX/G8PX           GGCTTTAAAAGCGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGTTTGTAT
MWI/MW4097/2000/G8P[8]      GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
USA/1290xUK/2003/G8PX       ------------------------------------------------ATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
Si/KY1646/1999/G8P[6]       GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
COD/DRC86/2003/G8P[6]       GGCTTTAAAAGCGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
SZA/SA1396DGM/2004/G8P[6]   ------------------------------------------------------------------------------ATCTTCTTGATATTGCTTGTAT
USA/DS-1/1976/G2P[4]        GGCTTTAAAAACGAGAATTTCCGTCTGGCTAGCGGTTAGCTCTTTTTAATGTATGGTATTGAATATACCACAATTCTGACCATTTTAATATCTATCATAT
USA/Wa/XXX/G1P[8]           ----------------------------------------------------------------------------------------------------
MWI/MW23/XXXX/G8PX          GGCTTTTAAAGCGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
MWI/MW333/XXXX/G8PX         GGCTTTTAAAGCGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
COD/DRC88/2003/G8P[8]       GGCTTTAAAAGCGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
KEN/1290/1991/G8PX          GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
ARN/6854/2002/G8PX          --------------------------------------------CTTAATGTATGGTATTGAATATCCCACAACTCTAACTTTCTTGATATTGCTTGTAT
ARN/6862/2000/G8PX          --------------------------------------------CTTAATGTATGGTATTGAATATACCACAACTCTAACTTTCTTGATATTGCTTGTAT
ARN/6810/2004/G8PX          --------------------------------------------CTTAATGTATGGTATTGAATATACCACAACTCTAACTTTCTTGATATTGCTTGTAT
JPN/AU109/XXXX/G8PX         GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCTTGATATTGCTTGTAT
GER/GR570/85/1985/G8PX      GGCTTTAAAAGCGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAATCTTCCAAATATTGCTGGTAC
BRAZ/R291/XXXX/G8PX         GGGTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTGATGTATGGTATTGAATACACCACAACTCTAATCTTCTTGATATTGCTTGTAT
SLV/SI-885/06/G8P[8]        --------------------------------------GCTCCTTTTAATGTATGGTATTGAATATACCACAACTCTAACTTTCTTGATATTGCTTGTAT

                                      110       120       130       140       150       160       170       180       190       200         
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]TATTGAATTACATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTTATTGTCACACCATTCGTAAACTCACA
SWZ/MRC-4516/2010/G8P[4]     TATTGAATTACATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTTATTGTCACACCATTCGTAAACTCACA
MWI/MW4097/2000/G8P[8]      TATTGAATTATATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
IND/69M/1980/G8P4[10]       TATTGAATTACATATTAAAATCAATAACCAGAATCATGGACTACATACTCTATCACTTTTTGCTTTTTATTGTTATTGTCACACCATTTGTAAATTCGCA
/EGY/EGY1850/XXXX/G8P[14]   TATTGAATTATATACTAAAATCAATAACTAGAATTATGGACTACATACTCTACAGATTCTTACTCTTTATTGTAATTGTCACACCATTCGTAAATTCACA
SZA/UP30/XXXX/G8PX          TATTCAACTATATATTAAAATCAGTGACCCAAATAATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
AUST/DG8/XXX/G8PX           TATTGAATTATGTATTAAAATCAATAACCAGAATAATGGACTACATACTCTATCGTTTTTTGCTTTTTATTGTGATTGTCACACCATTTGTAAATTCACA
THAI/A5/XXXX/G8PX           TATTGAATTATATACTAAAATCAATAACTAGAGTTATGGACTATATACTGTACAGATTTTTGTTGTTTATTGTAATTGTTACACCATTTGTAAATTCACA
MWI/MW4097/2000/G8P[8]      TATTGAATTATATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
USA/1290xUK/2003/G8P?       TATTGAATTATATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
Si/KY1646/1999/G8P[6]       TATTGAATTATATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCATAAACTCACA
COD/DRC86/2003/G8P[6]       TATTGAATTATATATTAAAATCAGTAACCAGGATTATGGATTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
SZA/SA1396DGM/2004/G8P[6]   TATTGAATTATATATTAAAATCAGTAACCAGGATTATGGATTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
USA/DS-1/1976/G2P[4]        TATTGAATTATATATTAAAAACTATAACTAATACGATGGACTACATAATTTTCAGGTTTTTACTACTCATTGCTTTAATATCACCATTTGTAAGGACACA
USA/Wa/XXX/G1P[8]           ----------------------------------------------------------------------------------------------------
MWI/MW23/XXXX/G8PX          TATTGAATTATATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
MWI/MW333/XXXX/G8PX         TATTGAATTATATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
COD/DRC88/2003/G8P[8]       TATTGAATTATATATTAAAATCAGTAACCAGGATTATGGATTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
KEN/1290/1991/G8PX          TATTGAATTATATATTAAAATCAGTAACCAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAACTCACA
ARN/6854/2002/G8PX          TATTGAATTATATATTAAAATCAATAACTAGAGTAATGGACTACATATTGTATCGATTCTTGTTTTTTGTTGTTGTTATCGCACCATTTGTGAATTCACA
ARN/6862/2000/G8PX          TATTGAATTATATATTAAAATCAATAACTAGAGTAATGGACTACATATTGTATCGATTCTTGTTTTTTGTTGTTGTTATCGCACCATTTGTGAATTCACA
ARN/6810/2004/G8PX          TATTGAATTATATATTAAAATCAATAACTAGAGTAATGGACTACATATTGTATCGATTCTTGTTTTTTGTTGTTGTTATCGCACCATTTGTGAATTCACA
JPN/AU109/XXXX/G8PX         TATTGAATTATATATTAAAATCAATAACTAGAGTTATGGACTACATACTCTACAGATTTCTGCTCTTTATTGTAATTGTCACACCATTTGTAAATTCACA
GER/GR570/85/1985/G8PX      TATTCAACTATATATTAAAATCAATAACCCGAATCATGGACAATATATTGTATAGATTCTTGCTATTTGTTGTAATTGTCACACCATTCGTAAATTCACA
BRAZ/R291/XXXX/G8PX         TATTGAATTATATATTAAAATCAGTAACTAGAATTATGGACTATATATTGTATAGATTCTTGCTATTTATTGTAATTGTCACACCATTCGTAAACTCACA
SLV/SI-885/06/G8P[8]        TATTGAATTATATATTAAAATCAATAACTAGAGTAATGGACTACATATTGTATCGATTCTTGTTTTTTGTTGTTGTTATCGCACCATTTGTGAATTCACA

                                      210       220       230       240       250       260       270       280       290       300         
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAAAATGTGTCAACTTCAGAGCCTTTTTTGACATCGACGCTGTGTTTATAT
SWZ/MRC-4516/2010/G8P?      GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTGTCAACTTCAGAGCCTTTTTTGACATCGACGCTGTGTTTATAT
MWI/MW4097/2000/G8P[8]      GAATTATGGTATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCTTTTTTGACATCGACGCTATGTCTATAT
IND/69M/1980/G8P4[10]       GAACTACGGCATTAATTTACCAATAACAGGATCAATGGATACAAATTATCAAAATGTGTCTAATCCGGAACCGTTTTTAACATCAACGCTATGCCTGTAT
/EGY/EGY1850/XXXX/G8P[14]   GAATTATGGTATAAATCTACCAATTACTGGATCTATGGATACGAACTATCAAAACACATCAACTCCAGAACCATTCTTGACATCAACGCTATGTCTTTAT
SZA/UP30/XXXX/G8PX          GAACTATGGCATCAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTTCAGAGCCTTTTTGACACTGACGCTGTGTCTATAT
AUST/DG8/XXX/G8PX           GAACTACGGCATTAACTTACCAATAACTGGCTCAATGGATACAAATTATCAAAATGTGTCTAATTCGGAACCATTTTTAACATCAACATTATGTTTGTAT
THAI/A5/XXXX/G8PX           GAACTACGGCATAAATTTACCAATTACTGGGTCTATGGACACAAACTATCAGAACGTATCGACTTCAAAACCATTTCTAACATCAACATTATGTCTATAT
MWI/MW4097/2000/G8P[8]      GAATTATGGTATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCTTTTTTGACATCGACGCTATGTCTATAT
USA/1290xUK/2003/G8P?       GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCTTTTTTGACATCGACGCTGTGTCTATAT
Si/KY1646/1999/G8P[6]       GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCCTTTTTGACATCGACGCTGTGTCTATAT
COD/DRC86/2003/G8P[6]       GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCTTTTTTGACATCGACGCTGTGTCTATAT
SZA/SA1396DGM/2004/G8P[6]   GAATTATGGTATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCTTTTTTGACATCGACGCTGTGTCTATAT
USA/DS-1/1976/G2P[4]        AAATTATGGTATGTATTTACCAATAACGGGGTCACTAGACGCTGTATATACGAATTCGACTAGTGGAGAGCCATTTTTAACTTCGACGCTATGTTTATAC
USA/Wa/XXX/G1P[8]           -------------------------------------------GGCTTTTAAAAGTT--CTGTTCCGAGAGAGCGCGTG----CGGAAAGATGGATAAGC
MWI/MW23/XXXX/G8PX          GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGACCTTTTTGACATCGACGCTGTGTCTATAT
MWI/MW333/XXXX/G8PX         GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCTTTTTTGACATCGACGCTATGTCTATAT
COD/DRC88/2003/G8P[8]       GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCTTTTTTGACATCGACGCTGTGTCTATAT
KEN/1290/1991/G8PX          GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTCAGAGCCTTTTTTGACATCGACGCTGTGTCTATAT
ARN/6854/2002/G8PX          GAATTATGGTATTAATCTGCCAATCACTGGATCAATGGACACAAATTATCAAAATGTGTCAGCTCAAGAACCATTTTTGACATCAACACTCTGCTTGTAT
ARN/6862/2000/G8PX          GAATTATGGTATTAATCTGCCAATCACTGGATCAATGGACACAAATTATCAAAATGTGTCAGCTCAAGAACCATTTTTGACATCAACACTCTGCTTGTAT
ARN/6810/2004/G8PX          GAATTATGGTATTAATCTGCCAATCACTGGATCAATGGACACAAATTATCAAAATGTGTCAGCTCAAGAACCATTTTTGACATCAACACTCTGCTTGTAT
JPN/AU109/XXXX/G8PX         GAACTATGGCATAAACTTGCCAATTACTGGATCCATGGACACGAACTATCAGAACGTATCGGCTTCAGAACCATTTTTGACATCAACGCTATGTCTTTAT
GER/GR570/85/1985/G8PX      GAACTATGGCATCAATCTACCAATAACTGGATCTATGGATATGAACTATCAGAATGTATCAACTTTCAGAGCCTTTTTGACACTGACGCTGTGTCTATAT
BRAZ/R291/XXXX/G8PX         GAATTATGGCATAAATCTACCAATTACTGGATCTATGGATATGAACTATCAGAACGTATCAACTTCAGAACCTTTTTTAACATCGACGCTGTGTTTATAT
SLV/SI-885/06/G8P[8]        GAATTATGGTATTAATCTGCCAATCACTGGATCAATGGACACAAATTATCAAAATGTGTCAGCTCAAGAACCATTTTTGACATCAACACTCTGCTTGTAT

                                      310       320       330       340       350       360       370       380       390       400         
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]TATTCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGG-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGCTCAATTTAC
SWZ/MRC-4516/2010/G8P[4]      TATCCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGG-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGCTCAATTTAC
MWI/MW4097/2000/G8P[8]      TATCCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAATTTAC
IND/69M/1980/G8P[4]       TATCCAGTAGAAGCAGAGACAGAGATAGCAGATAGTTCGTGGAAGGATACTTTAT-CACAGTTGTTCTTGACAAAAGGATGGCCAACTGGTTCTGTTTAT
/EGY/EGY1850/XXXX/G8P[14]   TATCCGGCAGAAGCTGAAACAGAAATTGCTGATAGTTCATGGAAGGACACATTAT-CACAATTGTTCCTGACAAAAGGATGGCCAACTGGTTCAGTTTAT
SZA/UP30/XXXX/G8PX          TATCCAGCAGAAGCTGAGACAGAGATTGCAGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAGTTTAC
AUST/DG8/XXX/G8PX           TATCCAGTAGAAGCAGAGACAGAGATAGCAGACAGCTCGTGGAAAGATACTTTAT-CACAGTTATTCTTGACAAAAGGATGGCCAACTGGTTCTGTTTAT
THAI/A5/XXXX/G8PX           TATCCAACAGAGGCTGAAACAGAGATTGCTGATAGTTCATGGAAAGATACACTAT-CACAGTTATTCTTAACTAAAGGGTGGCCAACTGGTTCTGTTTAC
MWI/MW4097/2000/G8P[8]      TATCCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAATTTAC
USA/1290xUK/2003/G8PX       TATCCAGCAGAAGCTGAGACAGAGATTG------------------------------------------------------------------------
Si/KY1646/1999/G8P[6]       TATCCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAATTTAC
COD/DRC86/2003/G8P[6]       TATCCAGCAGAAGCTGAGACAGAAATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAATTTAC
SZA/SA1396DGM/2004/G8P[6]   TATCCAGTAGAAGCTGAGACAGAAATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAATTTAC
USA/DS-1/1976/G2P[4]        TATCCAGCAGAAGCTAAAAATGAGATTTCAGATGATGAATGGGAAAATACTCTAT-CACAATTATTTTTAACTAAAGGATGGCCAATTGGATCAGTTTAT
USA/Wa/XXX/G1P[8]           TTGCCGACCTCAACT-ACACATTGAGTGTAATCACTTTAATGAATGACACATTGCATTCTATAATTCAAGATCCTGGAATGGCGTATT--TTCCATATAT
MWI/MW23/XXXX/G8PX          TATCCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTCTGACAAAAGGATGGCCAACTGGTTCAATTTAC
MWI/MW333/XXXX/G8PX         TATCCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAATTTAC
COD/DRC88/2003/G8P[8]       TATCCAACAGAAGCTGAGACAGAAATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAATTTAC
KEN/1290/1991/G8PX          TATCCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAATTTAC
ARN/6854/2002/G8PX          TATCCAACAGAAGCTGAGACAGAAATAGCTGACAGTTCATGGAAAGAAACATTGT-CACAACTGTTCCTAACAAAAGGATGGCCAACAGGTTCTGTTTAT
ARN/6862/2000/G8PX          TATCCAACAGAAGCTGAGACAGAAATAGCTGACAGTTCATGGAAAGAAACATTGT-CACAACTGTTCCTAACAAAAGGATGGCCAACAGGTTCTGTTTAT
ARN/6810/2004/G8PX          TATCCAACAGAAGCTGAGACAGAAATAGCTGACAGTTCATGGAAAGAAACATTGT-CACAACTGTTCCTAACAAAAGGATGGCCAACAGGTTCTGTTTAT
JPN/AU109/XXXX/G8PX         TATCCAACAGAAGCTGAAACAGAGATTGCTGATAGTTCATGGAAAGATACACTAT-CGCAATTGTTCTTGACAAAAGGATGGCCAACTGGTTCTGTTTAC
GER/GR570/85/1985/G8PX      TATCCAGCAGAAGCTGAGACAGAGATTGCAGATAGTTCGTGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAGTTTAC
BRAZ/R291/XXXX/G8PX         TATCCAGCAGAAGCTGAGACAGAGATTGCTGATAGTTCATGGAAAGACACATTGT-CACAGTTATTTTTGACAAAAGGATGGCCAACTGGTTCAGTTTAC
SLV/SI-885/06/G8P[8]        TATCCAACAGAAGCTGAGACAGAAATAGCTGACAGTTCATGGAAAGAAACATTGT-CACAACTGTTCCTAACAAAAGGATGGCCAACAGGTTCTGTTTAT

                                      410       420       430       440       450       460       470       480       490       500         
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]CTTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATATAGTATTAATGAAGTATAATGCTGATTCAGAGTTA
SWZ/MRC-4516/2010/G8P[4]      CTTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATATAGTATTAATGAAGTATAATGCTGATTCAGAGTTA
MWI/MW4097/2000/G8P[8]      CTTAAAAGTTACGTGGATATAGCGATATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATATAGTATTAATGAAGTATAATGCTGATTCAGAGTTA
IND/69M/1980/G8P[4]/[10]      CTTAAAAGCTATACAGATATTGCGACTTTTTCAATAAACCCGCAACTATA-CTGTGATTATAACATAGTGTTAATGAAATATAACGCTAATTCAGAGTTA
/EGY/EGY1850/XXXX/G8P[14]   CTTAAAAGCTATACAGATATCGCAACTTTTTCAGTAAACCCTCAGCTATA-TTGTGATTATAATATAGTGTTAATGAAGTATAACGCTAATTCAGAGTTA
SZA/UP30/XXXX/G8PX          CTTAAAAGTTACCGTGATATAGCCACTTTTTCAATAAACCCGCAACTATA-CTGTGATTATAACATAGTGTTAATGAAATATAACGCTAATTCAGAGTTG
AUST/DG8/XXX/G8PX           CTTAAAAGCTATACAGATATTACAACTTTTTCAATAAATCCGCAACTATA-TTGTGATTATAACATAGTTTTAATGAAATATAACGCTAATTCAGAGTTA
THAI/A5/XXXX/G8PX           CTAAAAAGTTACACAGATATTGCAACTTTTTCAATAAATCCTCAGTTGTA-TTGTGATTATAACATAGTTCTAATGAAATATAATGCTAATGCGGAACTA
MWI/MW4097/2000/G8P[8]      CTTAAAAGTTACGTGGATATAGCGATATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATATAGTATTAATGAAGTATAATGCTGATTCAGAGTTA
USA/1290xUK/2003/G8PX       ----------------------------------------------------------------------------------------------------
Si/KY1646/1999/G8P[6]       CTTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATATAGTATTAATGAAGTATAATGCTAATTCAGAGTTG
COD/DRC86/2003/G8P[6]       CTTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATGTAGTATTAATGAAGTATAATACTAATTCAGAGTTG
SZA/SA1396DGM/2004/G8P[6]   CCTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATGTAGTATTAATGAAGTATAATACTAATTCAGAGTTG
USA/DS-1/1976/G2P[4]        TTTAAAGACTACAATGATATTAACACATTTTCTGTGAATCCACAACTGTA-TTGTGATTATAATGTAGTATTGATGAGATATGACAATACATCTGAATTA
USA/Wa/XXX/G1P[8]           TGCATCTGTTCTAACAGTTTTGTT-CACATTACATAAAGCTTCAATTCCAACCATGAAAATAGCATTGAAAACATCAAA-ATGTTCATATAAAGTGATTA
MWI/MW23/XXXX/G8PX          CTTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATATAGTATTAATGAAGTATAATGCTAATTCAGAGTTA
MWI/MW333/XXXX/G8PX         CTTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTACAATATAGTATTAATGAAGTATAATGCTGATTCAGAGTTA
COD/DRC88/2003/G8P[8]       CTTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATGTAGTATTAATGAAGTATAATACTAATTCAGAGTTG
KEN/1290/1991/G8PX          CTTAAAAGTTACGTGGATATAGCGACATTCTCAATAAATCCTCAGTTGTA-TTGTGATTATAATATAGTATTAATGAAGTATAATGCTGATTCAGAGTTG
ARN/6854/2002/G8PX          CTCAAAAGTTATGCGGATATTGCGACTTTCTCAATAAATCCTCAGTTATA-TTGTGATTATAATATTGTGTTGATGAAGTACAGTGCTAATTCAGAGCTA
ARN/6862/2000/G8PX          CTCAAAAGTTATGCGGATATTGCGACTTTCTCAATAAATCCTCAGTTATA-TTGTGATTATAATATTGTGTTGATGAAGTACAGTGCTAATTCAGAGCTA
ARN/6810/2004/G8PX          CTCAAAAGTTATGCGGATATTGCGACTTTCTCAATAAATCCTCAGTTATA-TTGTGATTATAATATTGTGTTGATGAAGTACAGTGCTAATTCAGAGCTA
JPN/AU109/XXXX/G8PX         CTTAAAAGCTACACAGATATTACAACTTTTTCGATAAATCCTCAGTTATA-CTGTGATTATAATATAGTACTGATGAAATATAGTGCTAATTCGGAATTA
GER/GR570/85/1985/G8PX      CTTAAAAGTTACCGTGATATAGCCACTTTTTCAATAAACCCGCAACTATA-CTGTGATTATAACATAGTGTTAATGAAATATAACGCTAATTCAGAGTTG
BRAZ/R291/XXXX/G8PX         CTTAAAAGTTATGTAGATATAGCGACATTCTCAATAAATCCTCAATTGTA-TTGTGATTATAATATAGTATTAATGAAGTATAATGCTGATTCAGAGTTG
SLV/SI-885/06/G8P[8]        CTCAAAAGTTATGCGGATATTGCGACTTTCTCAATAAATCCTCAGTTATA-TTGTGATTATAATATTGTGTTGATGAAGTACAGTGCTAATTCAGAGCTA

                                      510       520       530       540       550       560       570       580       590       600         
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]GATATGTCGGAATTGGCGGATCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGCTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
SWZ/MRC-4516/2010/G8P[4]      GATATGTCGGAATTGGCGGATCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGCTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
MWI/MW4097/2000/G8P[8]      GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGTTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
IND/69M/1980/G8P4[10]       GATATGTCGGAATTGGCAGATTTGATACTTAATGAGTGGCTTTGTAATCCAATGGACATAGCATTGTACTACTATCAACAGACGGATGAGGCAAACAAGT
/EGY/EGY1850/XXXX/G8P[14]   GATATGTCGGAGTTAGCAGATTTGATACTTAATGAATGGCTATGCAATCCAATGGACATAACATTGTACTACTATCAACAAACAGATGAAGCAAACAAAT
SZA/UP30/XXXX/G8PX          GATATGTCGGAATTGGCGGACCTGACACTTAATGAATGGTTATGCAATCCAATGGACATAACGTTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
AUST/DG8/XXX/G8PX           GATATGTCAGAATTGGCTGATTTAATTTTTAATGAGTGGCTTTCTAATCCAATGGACATAACATTGTACTACTATCAACAGACGGATGAAGCGAATAAGT
THAI/A5/XXXX/G8PX           GATATGTCAGAATTAGCAGCTTTGATACTAAACGAATGGCTATGTAATCCGATGGACATAACGTTGTACTATTATCAGCAAACGGATGAGGCAAATAAAT
MWI/MW4097/2000/G8P[8]      GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGTTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
USA/1290xUK/2003/G8P?       ----------------------------------------------------------------------------------------------------
Si/KY1646/1999/G8P[6]       GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGCTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
COD/DRC86/2003/G8P[6]       GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGCTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
SZA/SA1396DGM/2004/G8P[6]   GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGCTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
USA/DS-1/1976/G2P[4]        GATGCATCAGAGTTAGCAGATCTTATATTGAATGAATGGCTGTGCAATCCTATGGACATATCACTTTACTATTATCAACAAAGTAGCGAATCAAATAAAT
USA/Wa/XXX/G1P[8]           AATATTGTATAGTCACGATCATTAATACTCTTTTAA-----AATTGGCTGGATATAAAGAGCAGGTTACTACAAAAGACGAAATTGAGCAACAGATGGAC
MWI/MW23/XXXX/G8PX          GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAGTGGACATAACGTTGTATTACTACCAACAGACGGACGAAGCGAACAAAT
MWI/MW333/XXXX/G8PX         AATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGTTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
COD/DRC88/2003/G8P[8]       GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGCTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
KEN/1290/1991/G8PX          GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAACGTTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
ARN/6854/2002/G8PX          GATATGTCAGAATTAGCGGATCTGATACTTAACGAATGGTTATGTAACCCAATGGATATAACGTTGTATTATTATCAGCAGACAGATGAGGCGAATAAAT
ARN/6862/2000/G8PX          GATATGTCAGAATTAGCGGATCTGATACTTAACGAATGGTTATGTAACCCAATGGATATAACGTTGTATTATTATCAGCAGACAGATGAGGCGAATAAAT
ARN/6810/2004/G8PX          GATATGTCAGAATTAGCGGATCTGATACTTAACGAATGGTTATGTAACCCAATGGATATAACGTTGTATTATTATCAGCAGACAGATGAGGCGAATAAAT
JPN/AU109/XXXX/G8PX         GACATGTCGGAATTGGCAGATCTAATACTTAATGAATGGTTATGTAATCCAATGGACATAACATTGTACTACTATCAACAAACAGATGAAGCAAATAAAT
GER/GR570/85/1985/G8PX      GATATGTCGGAATTGGCGGACCTGACACTTAATGAATGGTTATGCAATCCAATGGACATAACGTTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
BRAZ/R291/XXXX/G8PX         GATATGTCGGAATTGGCGGACCTGATACTTAATGAATGGTTATGCAATCCAATGGACATAATGTTGTATTACTATCAACAGACGGACGAAGCGAACAAAT
SLV/SI-885/06/G8P[8]        GATATGTCAGAATTAGCGGATCTGATACTTAACGAATGGTTATGTAACCCAATGGATATAACGTTGTATTATTATCAGCAGACAGATGAGGCGAATAAAT

                                      610       620       630       640       650       660       670       680       690       700         
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
SWZ/MRC-4516/2010/G8P[4]      GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
MWI/MW4097/2000/G8P[8]      GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
IND/69M/1980/G8P[4]/[10]      GGATATCAATGGGAGACTCATGTACGATCAAGGTATGTCCATTGAATACACAGACATTAGGGATTGGTTGTCTTACCACGGATACTACAACTTTTGAAGA
/EGY/EGY1850/XXXX/G8P[14]   GGATTTCAATGGGAGATTCATGTACTATTAAAGTATGTCCATTGAATACACAGACGTTAGGCATTGGATGTCTCACTACTGATACTACAACTTTCGAAGA
SZA/UP30/XXXX/G8PX          GGATTGCGATGGGAGATTCATGTAGTATTAAAGTATGTCCATTAAATACACAGACATTAGGGATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
AUST/DG8/XXX/G8PX           GGATATCGATGGGAGATTCATGTACAATTAAGGTATGTCCATTAAATACACAGACATTAGGAATTGGTTGTCTCACCACGGATACTACAACTTTTGAAGA
THAI/A5/XXXX/G8PX           GGATATCAATGGGAGACTCGTGTACTATTAAAGTGTGTCCACTAAATACACAGACATTAGGTATTGGATGTCTCACCACTGATACTACAACTTTTGAAGA
MWI/MW4097/2000/G8P[8]      GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
USA/1290xUK/2003/G8PX       ----------------------------------------------------------------------------------------------------
Si/KY1646/1999/G8P[6]       GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
COD/DRC86/2003/G8P[6]       GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
SZA/SA1396DGM/2004/G8P[6]   GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
USA/DS-1/1976/G2P[4]        GGATATCGATGGGAACAGACTGCACGGTAAAAGTTTGTCCACTCAATACACAAACCTTAGGGATTGGATGCAAAACTACGGACGTAAACACATTTGAGAT
USA/Wa/XXX/G1P[8]           AGAATTGTTAAAGAGATGAGACGTCAGCTGGAGATGATTGATAAACTAACTACTCGTGAAATTGAACAGGTTGAATTGCTTAAACGTATACAT-----GA
MWI/MW23/XXXX/G8PX          GGATTGTGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
MWI/MW333/XXXX/G8PX         GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
COD/DRC88/2003/G8P[8]       GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
KEN/1290/1991/G8PX          GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
ARN/6854/2002/G8PX          GGATTTCAATGGGAGATTCATGCACAATTAAAGTATGTCCATTAAATACGCAGACACTGGGAATTGGATGTCTTACAACCGATACGACCACTTTCGAGGA
ARN/6862/2000/G8PX          GGATTTCAATGGGAGATTCATGCACAATTAAAGTATGTCCATTAAATACGCAGACACTGGGAATTGGATGTCTTACAACCGATACGACCACTTTCGAGGA
ARN/6810/2004/G8PX          GGATTTCAATGGGAGATTCATGCACAATTAAAGTATGTCCATTAAATACGCAGACACTGGGAATTGGATGTCTTACAACCGATACGACCACTTTCGAGGA
JPN/AU109/XXXX/G8PX         GGATTTCGATGGGAGACTCATGTACTATTAAAGTGTGTCCACTAAATACGCAGACATTAGGTATTGGATGTCTCACCACTGATACTACAACTTTTGAAGA
GER/GR570/85/1985/G8PX      GGATTGCGATGGGAGATTCATGTAGTATTAAAGTATGTCCATTAAATACACAGACATTAGGGATTGGATGTCTTACTACTGACACTACGACTTTTGAAGA
BRAZ/R291/XXXX/G8PX         GGATTGCGATGGGAGATTCATGTACTATTAAAGTATGTCCATTAAATACACAGACATTAGGTATTGGATGTCTCACTACTGACACTACGACTCTTGAAGA
SLV/SI-885/06/G8P[8]        GGATTTCAATGGGAGATTCATGCACAATTAAAGTATGTCCATTAAATACGCAGACACTGGGAATTGGATGTCTTACAACCGATACGACCACTTTCGAGGA

                                      710       720       730       740       750       760       770       780       790       800         
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]AATTGCAACAGCTGAGAAATTGGTAATAACGGACGTTGTTGATGGAGTGAACTATAAGGTAAACGTCACTACTACAACATGTACCATTAGAAATTGTAAA
SWZ/MRC-4516/2010/G8P[4]      AATTGCAACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAACTATAAGGTAAACGTCACTACTACAACATGTACCATTAGAAATTGTAAA
MWI/MW4097/2000/G8P[8]      AATTGCAACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAACTATAAAGTAAATATCGCTACTACAACATGTACCATTAGAAATTGTAAA
IND/69M/1980/G8P4[10]       AGTTGCAACAGCTGAAAAGTTGGTAATAACGGACGTTGTTGATGGAGTGAATTATAAAATTAATGTAACAACGACTACATGTACTATTAGAAACTGTAAG
/EGY/EGY1850/XXXX/G8P[14]   AGTTGCAACAGCCGAGAAATTAGCAATAACAGACGTTGTTGATGGGGTGAATTATAAGATAAATGTCACAACTACCACATGCACTATCAGAAATTGTAAG
SZA/UP30/XXXX/G8PX          AGTTGCTACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAATTATAAAATTAATGTAACAACGACTACATGTACTATTAGAAACTGTAAG
AUST/DG8/XXX/G8PX           AGTTGCAACAGCTGAAAAGTTGGCAATAACGGACGTTGTTGACGGAGTGAATTATAAAATAAACGTAACGACGACTACATGTACTATCAGAAACTGTAAG
THAI/A5/XXXX/G8PX           AGTTGCAACAGCAGAAAAATTAGCGATAACGGATGTTGTTGATGGAGTGAACTATAAAATTAACGTCACTACTGCCACATGTACAATTAGAAACTGTAAA
MWI/MW4097/2000/G8P[8]      AATTGCAACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAACTATAAAGTAAATATCGCTACTACAACATGTACCATTAGAAATTGTAAA
USA/1290xUK/2003/G8PX       ----------------------------------------------------------------------------------------------------
Si/KY1646/1999/G8P[6]       AATTGCAACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAACTATAAGGTAAACGTCACTACTACAACATGTACCATTAGAAATTGTAAA
COD/DRC86/2003/G8P[6]       AATTGCAACAGCTGAGAAATTGGCAATAACGGATGTTGTTGATGGAGTGAACTATAAGGTAAACGTCACTACTACAACATGTACCATTAGAAATTGTAAA
SZA/SA1396DGM/2004/G8P[6]   AATTGCAACAGCTGAGAAATTGGCAATAACGGATGTTGTTGATGGAGTGAACTATAAGGTAAACGTCACTACTACAACATGTACCATTAGAAATTGTAAA
USA/DS-1/1976/G2P[4]        TGTTGCGTCGTCTGAAAAATTAGTAATTACTGACGTTGTAAATGGTGTTAATCATAAGATAAATATTTCAATAAATACGTGCACTATACGTAACTGTAAT
USA/Wa/XXX/G1P[8]           CAACCTGATAACTAGACCAGTTGACGTTATAGATATGTCGAAGGAATTCAATCAGAAAAACATCAAAACGCTAGATGAATGGGAGAGTGGAAAA---AAT
MWI/MW23/XXXX/G8PX          AATTGCAACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAACTATAAGGTAAATGTCACTACTACAACATGTACCATTAGAAATTGTAAA
MWI/MW333/XXXX/G8PX         AATTGCAACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAACTATAAGGTAAATATCACTACTACAACATGTACCATTAGAAATTGTAAA
COD/DRC88/2003/G8P[8]       AATTGCAACAGCTGAGAAATTGGCAATAACGGATGTTGTTGATGGAGTGAACTATAAGGTAAACGTCACTACTACAACATGTACCATTAGAAATTGTAAA
KEN/1290/1991/G8PX          AATTGCAACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAACTATAAGGTAAACGTCACTACTACAACATGTACCATTAGAAATTGTAAA
ARN/6854/2002/G8PX          AGTTGCAACAGCTGAAAAATTGGCTATAACTGACGTCGTAGATGGAGTAAACTATAAGATAAATGTTACTACTACTACATGTACAATTAGGAACTGTAAG
ARN/6862/2000/G8PX          AGTTGCAACAGCTGAAAAATTGGCTATAACTGACGTCGTAGATGGAGTAAACTATAAGATAAATGTTACTACTACTACATGTACAATTAGGAACTGTAAG
ARN/6810/2004/G8PX          AGTTGCAACAGCTGAAAAATTGGCTATAACTGACGTCGTAGATGGAGTAAACTATAAGATAAATGTTACTACTACTACATGTACAATTAGGAACTGTAAG
JPN/AU109/XXXX/G8PX         AGTTGCGACAGCTGAAAAGTTAGCGATAACAGATGTCGTTGATGGAGTGAATTATAAGATAAATATTACTACTACTACATGCACCATTAGAAACTGTAAA
GER/GR570/85/1985/G8PX      AGTTGCTACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAATTATAAAATTAATGTAACAACGACTACATGTACTATTAGAAACTGTAAG
BRAZ/R291/XXXX/G8PX         AGTCGCAACAGCTGAGAAATTGGCAATAACGGACGTTGTTGATGGAGTGAACTACAAGGTAAACGTCACTACTACAACATGTACCGTTAGAAATTGTAAA
SLV/SI-885/06/G8P[8]        AGTTGCAACAGCTGAAAAATTGGCTATAACTGACGTCGTAGATGGAGTAAACTATAAGATAAATGTTACTACTACTACATGTACAATTAGGAACTGTAAG

                                      810       820       830       840       850       860       870       880       890       900         
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATATCTTAGATATTACAGCTGATCCGACGACAGCGCCACAAACTGAGAGAA
SWZ/MRC-4516/2010/G8P[4]      AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTTAAGTATCTTAGATATTACAGCTGATCCGACGACAGCGCCACAAACTGAGAGAA
MWI/MW4097/2000/G8P[8]      AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATGTCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
IND/69M/1980/G8P4[10]       AAATTAGGACCACGGGAGAATGTTGCAGTTATTCAAGTAGGTGGTTCAAATATATTGGATATTACGGCAGATCCAACAACAGCACCACAAACAGAAAGAA
/EGY/EGY1850/XXXX/G8P[14]   AAACTAGGACCTAGAGAGAACGTCGCAGTCATTCAAGTGGGTGGTTCAAACATTTTGGATATTACAGCTGATCCAACGACAGCACCACAGACTGAGAGAA
SZA/UP30/XXXX/G8PX          AAATTGGGACCAAGAGAAAACGTAGCAGTTATTCAAGTAGGTGGTTCAAATATATTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
AUST/DG8/XXX/G8PX           AAATTGGGACCACGAGAGAATGTTGCAGTTATTCAAGTAGGTGGTTCAAATATATTAGATATTACAGCGGACCCGACAACAGCACCACAAACAGAGAGAA
THAI/A5/XXXX/G8PX           AAATTAGGACCTAGAGAAAATGTTGCAGTTATCCAAGTAGGTGGTTCGAACATTTTAGACATTACAGCAGATCCTACGACAGCGCCACAAACTGAAAGAA
MWI/MW4097/2000/G8P[8]      AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATGTCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
USA/1290xUK/2003/G8P?       ----------------------------------------------------------------------------------------------------
Si/KY1646/1999/G8P[6]       AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATATCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
COD/DRC86/2003/G8P[6]       AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATATCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
SZA/SA1396DGM/2004/G8P[6]   AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATATCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
USA/DS-1/1976/G2P[4]        AAATTAGGACCACGAGAAAATGTTGCTATAATTCAAGTTGGTGGACCGAACGCATTAGATATCACTGCTGATCCAACAACAGTCCCACAAGTTCAAAGAA
USA/Wa/XXX/G1P[8]           CCATATGAACCGTCAGAAGTGACTGCATCCATGTGAGAGGTTGAGTTACCGTCGTCTGTCTTCGGAAGCGGCGGAACT-CTTCACCGCAAGCCCCATTAG
MWI/MW23/XXXX/G8PX          AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATGTCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGGGAGAA
MWI/MW333/XXXX/G8PX         AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATGTCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
COD/DRC88/2003/G8P[8]       AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATATCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
KEN/1290/1991/G8PX          AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATGTCTTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
ARN/6854/2002/G8PX          AAACTAGGGCCTAGAGAGAACGTCGCAGTCATTCAGGTAGGTGGTTCAAACATATTAGATATAACGGCAGATCCAACGACAGCGCCACAAACAGAGAGAA
ARN/6862/2000/G8PX          AAACTAGGGCCTAGAGAGAACGTCGCAGTCATTCAGGTAGGTGGTTCAAACATATTAGATATAACGGCAGATCCAACGACAGCGCCACAAACAGAGAGAA
ARN/6810/2004/G8PX          AAACTAGGGCCTAGAGAGAACGTCGCAGTCATTCAGGTAGGTGGTTCAAACATATTAGATATAACGGCAGATCCAACGACAGCGCCACAAACAGAGAGAA
JPN/AU109/XXXX/G8PX         AAACTGGGACCTAGGGAAAACGTTGCAGTTATTCAAGTAGGTGGTTCGAACGTGTTAGACATTACAGCCGACCCGACAACAGCACCACAAACTGAGAGAA
GER/GR570/85/1985/G8PX      AAATTGGGACCAAGAGAAAACGTAGCAGTTATTCAAGTAGGTGGTTCAAATATATTAGATATTACAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
BRAZ/R291/XXXX/G8PX         AAGCTGGGACCTAGAGAGAACGTTGCAGTTATCCAAGTAGGTGGTTCAAATATCTTAGATATCATAGCTGATCCGACGACAGCACCACAAACTGAGAGAA
SLV/SI-885/06/G8P[8]        AAACTAGGGCCTAGAGAGAACGTCGCAGTCATTCAGGTAGGTGGTTCAAACATATTAGATATAACGGCAGATCCAACGACAGCGCCACAAACAGAGAGAA

                                      910       920       930       940       950       960       970       980       990       1000        
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SWZ/MRC-DPRU4390/2010/G8P[4]TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTATACTGTTGTTGATTATGTGAATCCAGATAATTCA-GCAATGTCCAAAAGATCTAGATCG
SWZ/MRC-4516/2010/G8P[4]      TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTATACTGTGGTGGATTATGTAAA-CCAGATAATTCAAGCAATGTCAAAAAGATCTAGATCT
MWI/MW4097/2000/G8P[8]      TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTACACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATGTAGATTG
IND/69M/1980/G8P4[10]       TGAT-GAGAATAAATTGGAAGAAATGGTGGCAAGTTTTTTACACTGTTGTTGACTATGTAAA-TCAAATAATTCAAACAATGTCCAAAAGATCGCGGTCA
/EGY/EGY1850/XXXX/G8P[14]   TGAT-GAGAGTTAATTGGAAAAAATGGTGGCAAGTTTTCTACACTGTCGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCA
SZA/UP30/XXXX/G8PX          TGAT-GAGAGTAAATTGGAAAAAATGGTGGCAAGTTTTTTATACTGTTGTTGACTATGTAAA-TCAAATAATTCAAGCAATGTCCAAAAGATCGCGGTCA
AUST/DG8/XXX/G8PX           TGAT-GAGAATAAATTGGAAAAAATGGTGGCAAGTTTTTTACACTGTTGTTGACTATGTGAA-TCAAATAATTCAAGCTATGTCCAAGAGATCGCGGTCA
THAI/A5/XXXX/G8PX           TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTCTATACTATTGTTGATTACGTAAA-TCAAATAATTCAAGCAATGTCCAAAAGATCGCGGTCG
MWI/MW4097/2000/G8P[8]      TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTACACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATGTAGATTG
USA/1290xUK/2003/G8PX       ----------------------------------------------------------------------------------------------------
Si/KY1646/1999/G8P[6]       TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTATACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCG
COD/DRC86/2003/G8P[6]       TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTATACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCG
SZA/SA1396DGM/2004/G8P[6]   TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTATACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCG
USA/DS-1/1976/G2P[4]        TCAT-GCGAATAAATTGGAAAAAATGGTGGCAAGTATTTTATACAGTAGTTGACTATATTAA-CCAAGTTATACAAGTCATGTCCAAACGATCAAGATCA
USA/Wa/XXX/G1P[8]           ACCTGATGATTGACTGAGAAGCCACAGT--CAATCATATCGCG-TGTGGCTCA--GCCTTAATCCCGTTTAACCAATCCA---GCGAGTGTTGGACGTTA
MWI/MW23/XXXX/G8PX          TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTATACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCG
MWI/MW333/XXXX/G8PX         TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTACACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCG
COD/DRC88/2003/G8P[8]       TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTATACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCG
KEN/1290/1991/G8PX          TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTTTTTTATACTGTTGTTGATTATGTAAA-TCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCG
ARN/6854/2002/G8PX          TGAT-GAGAGTGAATTGGAAAAAATGGG------------------------------------------------------------------------
ARN/6862/2000/G8PX          TGATAGAGAGTGAATTGGAAAAAATGTG------------------------------------------------------------------------
ARN/6810/2004/G8PX          TGAT-GAGAGTGAATTGGAAAAAATGGTGG----------------------------------------------------------------------
JPN/AU109/XXXX/G8PX         TGAT-GAGAGTTAATTGGAAGAAGTGGTGGCAAGTTTTTTACACTGTCGTTGATTATGTGAA-TCAGATAATTCAAGCAATGTCCAAAAGATCTCGATCG
GER/GR570/85/1985/G8PX      TGAT-GAGAGTAAATTGGAAAAAATGGTGGCAAGTTTTTTATACTGTTGTTGACTATGTAAA-TCAAATAATTCAAGCAATGTCCAAAAGATCGCGGTCA
BRAZ/R291/XXXX/G8PX         TGAT-GAGAGTTAATTGGAAGAAATGGTGGCAAGTCTTTTATACTGTTGTTGATTATGTAAA-CCAGATAATTCAAGCAATGTCCAAAAGATCTAGATCG
SLV/SI-885/06/G8P[8]        TGAT-GAGAGTGAATTGGAAAAAATGGTGGCAAGTTTTTTACACTGTCGTTGATTATGTGAA-TCAAATAATTCAAGCAATGTCCAAAAGGTCAAGATCA

                                      1010      1020      1030      1040      1050      1060          
                              ....|....|....|....|....|....|....|....|....|....|....|....|....|..
SWZ/MRC-DPRU4390/2010/G8P[4]TTAGATTCAGCGGCTTTTTACTATAGAGTT-------------------------------------
SWZ/MRC-4516/2010/G8P[4]      TTGGACTCCGCCGCTTTTTATTATCGAGTG-------------------------------------
MWI/MW4097/2000/G8P[8]      TTAGATTCAGCGGCTTTTTACTATAGAGTTTGAATATCAC-TTAGATTAGAATTGTATGATGTGACC
IND/69M/1980/G8P4[10]       TTGGATTCAGCATCGTTTTATTATAGAATTTGA----------------------------------
/EGY/EGY1850/XXXX/G8P[14]   TTAGATTCAGCGGCTTTTTATTATAGAATTTAAATATCAT-TGAGATTATAACTGTTTGATGTGACC
SZA/UP30/XXXX/G8PX          TTAGATTCAGCATCATTTTATTATAGAATTTGAATATTAT-TGAAGTTATAGTTGTATGATGTGACC
AUST/DG8/XXX/G8PX           CTGGATTCAGCGTCATTTTATTATAGAATCTAGATATCAT-TGATGTTATAGTTGTATGATGTGACC
THAI/A5/XXXX/G8PX           TTAGATTCAGCGGCATTTTACTATAGAATTTAAATATCAC-TGAGATTACAGTTGTATGATGTGACC
MWI/MW4097/2000/G8P[8]      TTAGATTCAGCGGCTTTTTACTATAGAGTTTGAATATCAC-TTAGATTAGAATTGTATGATGTGACC
USA/1290xUK/2003/G8PX       -------------------------------------------------------------------
Si/KY1646/1999/G8P[6]       TTAGATTCAGCGGCTTTTTACTATAGAGTTTGAATATCATCTTAGATTAGAATTGTATGATGTGACC
COD/DRC86/2003/G8P[6]       TTAGATTCAGCGGCTTTTTATTATAGAGTTTGAATATCAT-TGAGATTATAGTTGTATGATGTGACC
SZA/SA1396DGM/2004/G8P[6]   TTAGATTCAGCGGCTTC--------------------------------------------------
USA/DS-1/1976/G2P[4]        TTAGACGCAGCTGCTTTTTATTATAGAATTTAGATATAGA-TTTGGTCAGATTTGTATGATGTGACC
USA/Wa/XXX/G1P[8]           ATGGAAGGAATGG--TCTTAGTGTGACC---------------------------------------
MWI/MW23/XXXX/G8PX          TTAGATTCAGCGGCTTTTTACTATAGAGTTTGAATATCAT-TGTGGATAGAACTGTACGATGTGACC
MWI/MW333/XXXX/G8PX         TTAGATTCAGCGGCTTTTTACTATAGAGTTTGAATATCAT-TGAAATTATAGTTGGACGATGTGACC
COD/DRC88/2003/G8P[8]       TTAGATTCAGCGGCTTTTTATTATAGAGTTTGAATATCAT-TGAGATTATAGTTGTATGATGTGACC
KEN/1290/1991/G8PX          TTAGATTCAGCGGCTTTTTACTATAGAGTTTGAATATCAT-TGAGATTATAGTTGTATGATGTGACC
ARN/6854/2002/G8PX          -------------------------------------------------------------------
ARN/6862/2000/G8PX          -------------------------------------------------------------------
ARN/6810/2004/G8PX          -------------------------------------------------------------------
JPN/AU109/XXXX/G8PX         TTAGATTCAGCAGCATTTTATTACAGAATTTAAGTATCAC-TTAGATTAGAATTGTATGATGTGACC
GER/GR570/85/1985/G8PX      TTAGATTCAGCATCATTTTATTATAGAATTTGAATATTAT-TGAAGTTATAGTTGTATGATGTGACC
BRAZ/R291/XXXX/G8PX         TTAGATTCAGCGGCTTTTTACTATAGAGTTTAAATGTCAT-TGAGATTAGAATTGTATGATGTGACC
SLV/SI-885/06/G8P[8]        CTAGATTCAGCG-------------------------------------------------------


7.4 G9 Nucleotide Sequences


                                    10        20        30        40        50        60        70        80        90       100                  
                             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.
SWZ/2755/2009/G9P[8]       -----------------------------------------------TATGTATGGTATTGAATATACCACAAATTCTAACCCTTTCTGATATCAATAGT
SWZ/2993/2009/G9P[8]       --------------------------------------------------------------------CACAA-TTCTAACC-TTTCTGATATCAATAGT
SWZ/2736/2009/G9P[6]       ------------------------------------------------------------GAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
SWZ/5123/2010/G9P[8]       -----------------------------------------------TATGTATGGTATTGAATATACCACAA-TTCTAACC--TTCTGATATCAATAGT
THAI/Mc345/XXXX/G9PX       GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
USA/US321/xxxx/G9PX        GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
GER/GH1416/XXXX/G9PX       GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
GER/GH3574/XXXX/G9PX       GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
SZA/6222L-99/1999/G9P6     GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCCTCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
SZA/MR4730/00/2000/G9PX    GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCGCAA-TTCTAACC-TTTCTGATATCAATAGT
IND/ISO-3/XXXX/G9PX        GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
Braz/R160/XXXX/G9PX        GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
MWI/MW69/XXXX/G9PX         GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
USA/RMC321/XXXX/G9PX       GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGCTAGCTGCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
BS473/1999/G9PX            ----------------------------------------------------------------------------------------------------
USA/RRV/1975/G3P[3]        GGCTTTAAAAGCGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAG-TTCTAACC-TTTCTGATATCGCTCAT
JPN/JP32-4/xxxx/G9PX       GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAACTCCTTTTAATGTATGGTATTGAATATACCACAG-TTCTAATC-TTTTTGATATCAGCAGT
JPN/K-1/1995/G9PX          GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAG-TTCTAATC-TTTCTGATATCAATAGT
USA/WI61/1983/G9P[8]       ------------------------------------------------ATGTATGGTATTGAATATACCACAG-TTCTAACC-TTTTTGATATCAATCAT
USA/F45/XXX/G9Px           GGCTTTAAAAGAGAGAATTTCCGCTTGGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAG-TTCTAACC-TTTTTGATATCAATCAT	
CHN/BJ-CR5317/XXX/G9P[8]   GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCGCAA-TTCTAACC-TTTCTGATATCAATAGT
IND/Dhaka23-04/2004/G9P[8] ------------------------------------------------ATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
IND/116E/AG/XXXX/G9PX      ------------------------------------------------ATGTATGGTATTGAATATACCACAG-TTCTAACC-TTTTTGATATCAATCAT
VNM/684VN/XXXX/G9PX        ----------------------------CTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
USA/F45/XXXX/G9PX          GGCTTTAAAAGAGAGAATTTCCGCTTGGCTAACGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAG-TTCTAACC-TTTTTGATATCAATCAT
BGD/Dhaka26-04/2004/G9P[8] ------------------------------------------------ATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
XXX/SK430/2005/G9PX        GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
ZAF/SA2144DGM/2003/G9P[8]  -------------------------------------------------------------------------------ACC-TTTCTGATATCAATAGT
XXX/L777/XXXX/G9P[8]         ---------------------------------------------------------ATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
ZAF/2371WC/2008/G9P[8]     GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAAT
MWI/ MMC153/2006/G9PX      GGCTTTAAAAGAGAGAATTTCCGTCTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
XXX/BD431/XXXX/G9PX         GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
KNY/ KY6894/2002/G9PX      -------------------------------------------CTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
KNY/KY3147/1999/G9PX       -------------------------------------------TTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT
XXXX/4330LC/1998/G9PX        GGCTTTAAAAGAGAGAATTTCCGTTTGGCTAGCGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACAA-TTCTAACC-TTTCTGATATCAATAGT

                                     110       120       130       140       150       160       170       180       190       200         
                             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.
SWZ/2755/2009/G9P[8]       TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTACAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
SWZ/2993/2009/G9P[8]       TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTACAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
SWZ/2736/2009/G9P[6]       TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTACAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
SWZ/5123/2010/G9P[8]       TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTACAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
THAI/Mc345/XXXX/G9PX       TTTATTGAACTATATATTGAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTGCTCATTGTTATTGTGTCACCATCTGTTAAAACG
USA/US321/xxxx/G9PX        TTTATTAAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
GER/GH1416/XXXX/G9PX       TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
GER/GH3574/XXXX/G9PX       TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
SZA/6222L-99/1999/G9P6     TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
SZA/MR4730/00/2000/G9PX    TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
IND/ISO-3/XXXX/G9PX        TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
Braz/R160/XXXX/G9PX        TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
MWI/MW69/XXXX/G9PX         TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
USA/RMC321/XXXX/G9PX       TTTATTGAACTATATATTGAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTATATCACCATTTGTTAGGACG
XXX/BS473/1999/G9PX          ----------------------------------------------------------------------------------------------------
USA/RRV/1975/G3P[3]        TTTATTGAATTATATTTTAAAATCTTTGACTAGAATGATGGACTTTATTATTTACAGATTTCTTTTTATTGTAGTTATTTTGTCACCATTACTAAAAGCC
JPN/JP32-4/xxxx/G9PX       TTTATTGAACTACATATTAAAATCACTAACTAGCGCGATGGACTTTATAATTTACAGATTTCTTTTACTTATTGTTATTATATCACCATTTGTTAGAACA
JPN/K-1/1995/G9PX          TTTATTAAACTACATATTAAAATCAATAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGTATCACCATTTGTTAAAACA
USA/WI61/1983/G9P[8]       TTTGTTGAATTATATACTAAAATCATTAACTAGTGCAATGGACTTTATAATTTATAGATTCCTTTTGCTTATAGTCATTGTATCACCATTTGTTAAGACG
USA/F45/XXX/G9Px           TTTGTTGAATTATACACTAAAATCATTAACTAGTGCAATGGACTTTATAATTTATAGACTCCTTTTGCTTATCGTCATTGTGTCACCATTTGTCAAGACG
CHN/BJ-CR5317/XXX/G9P[8]   TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
IND/Dhaka23-04/2004/G9P[8] TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
IND/116E/AG/XXXX/G9PX      TTTATTGAATTATATATTGAAATCAGTAACTAGTGCAATGGACTTTATAATTTATAGGTTTCTTTTAATTATTGTCGTTGTGTCACCATTCGTCAAAACA
VNM/684VN/XXXX/G9PX        TTTATTGAACTATATATTAAAATCACTAACTAGTGCTATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGTATCACCATTTGTTAAAACA
USA/F45/XXXX/G9PX          TTTGTTGAATTATACACTAAAATCATTAACTAGTGCAATGGACTTTATAATTTATAGACTCCTTTTGCTTATCGTCATTGTGTCACCATTTGTCAAGACG
BGD/Dhaka26-04/2004/G9P[8] TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
XXX/SK430/2005/G9PX          TTTATTGAACTATATACTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
ZAF/SA2144DGM/2003/G9P[8]  TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
XXX/L777/XXXX/G9P[8]         TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACG
ZAF/2371WC/2008/G9P[8]     TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTACAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
MWI/ MMC153/2006/G9PX      TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTATTTATTGTTATTGCATCACCTTTTGTTAAAACA
XXX/BD431/XXXX/G9PX          TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTGTTGCGTCACCTTTTGTCAAAACA
KNY/ KY6894/2002/G9PX      TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
KNY/KY3147/1999/G9PX       TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA
XXXX/4330LC/1998/G9PX      TTTATTGAACTATATATTAAAATCACTAACTAGTGCGATGGACTTTATAATTTATAGATTTCTTTTACTTATTGTTATTGCATCACCTTTTGTTAAAACA

                                     210       220       230       240       250       260       270       280       290       300         
                             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.
SWZ/2755/2009/G9P[8]       CAAAATTATGGAATTAATTTGCCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
SWZ/2993/2009/G9P[8]       CAAAATTATGGAATTAATTTGCCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
SWZ/2736/2009/G9P[6]       CAAAATTATGGAATTAATTTGCCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
SWZ/5123/2010/G9P[8]       CAAAATTATGGAATTAATTTGCCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
THAI/Mc345/XXXX/G9PX       CAAAATCATGGAATTAATTTACCCATCACTCGCTCCATGGACACAGCATATGCAAATTCGTCACAGCAAGAACCATTTTCGACTTCAACGCTATGCTTAT
USA/US321/xxxx/G9PX        CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
GER/GH1416/XXXX/G9PX       CAAAATTATGGAATTAATTTACCGATCACTGGTTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
GER/GH3574/XXXX/G9PX       CAAAATTATGGAATTAATTTACCGATCACTGGTTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
SZA/6222L-99/1999/G9P6     CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACATCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
SZA/MR4730/00/2000/G9PX    CAAAATTATGGAATTAATTTACCGATCACTGGTTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGTTTAT
IND/ISO-3/XXXX/G9PX        CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
Braz/R160/XXXX/G9PX        CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
MWI/MW69/XXXX/G9PX         CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
USA/RMC321/XXXX/G9PX       CAAAATTATGGAATTAATTTACCCATCACTGGCTCCATGGACACAGCATATGCAAATTCGTCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
BS473/1999/G9PX            ------------------------------------------------------AATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
USA/RRV/1975/G3P[3]        CAAAATTATGGAATTAATCTACCAATTACTGGTTCAATGGACACTGCATACGCTAACTCTACACAGGAAGAGACTTTTCTCACATCTACTTTGTGTCTAT
JPN/JP32-4/xxxx/G9PX       CAAAATTATGGAATTAATTTACCAATTACTGGCTCCATGGATACAGCATACGCAAATTCGTCGCAGCAAGAAACATTTTTAACTTCAACGCTATGCTTAT
JPN/K-1/1995/G9PX          CAAAATTATGGAATTAATTTACCAATTACTGGCTCCATGGATACAGCATATGCAAATTCGTCACAGCAAGAAACATTCTTAACTTCAACGCTATGCTTAT
USA/WI61/1983/G9P[8]       CAAAATTATGGAATTAATTTACCAATCACTGGCTCCATGGATACGGCATATGCAAACTCATCACAGCTAGATACATTTTTAACTTCAACGTTATGTTTAT
USA/F45/XXX/G9Px           CAAAATTATGGAATTAATTTACCAATCACTGGCTCCATGGATACGGCATATGCAAACTTATCACAGCAAGAGACATTTTTAACTTCAACGTTATGTTTAT
CHN/BJ-CR5317/XXX/G9P[8]   CAAAATTATGGAATTAATTTACCGATCACTGGTTCCATGGATGCAGCATATGCAAATTCATCACAGCAGGAAACGTTTTTGACTTCAACGCTATGTTTAT
IND/Dhaka23-04/2004/G9P[8] CAAAATTATGGAATTAATTTGCCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
IND/116E/AG/XXXX/G9PX      CAAAATTATGGAATTAACGTACCGATCACTGGTTCCATGGATACAGCATATACAAATTCATCACAGCAAGAGACATTTTTAACTTCAACGTTGTGCTTAT
VNM/684VN/XXXX/G9PX        CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGACACAGCATATGCAAATTCATCACAACAAGAAACATTTTTGACTTCAACGCTATGCTTAT
USA/F45/XXXX/G9PX          CAAAATTATGGAATTAATTTACCAATCACTGGCTCCATGGATACGGCATATGCAAACTTATCACAGCAAGAGACATTTTTAACTTCAACGTTATGTTTAT
BGD/Dhaka26-04/2004/G9P[8] CAAAATTATGGGATTAATTTGCCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
XXXX/SK430/2005/G9PX       CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
ZAF/SA2144DGM/2003/G9P[8]  CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
L777/XXXX/G9P[8]           CAAAATTATGGAATTAATTTACCGATTACTGGCTCCATGGATACAGCATATGCAAATTCGTCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
ZAF/2371WC/2008/G9P[8]     CAAAATTATGGAATTAATTTGCCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
MWI/ MMC153/2006/G9PX      CAAAATTATGGAATTAATTTGCCGATCACTGGCTCCATGGATACAGCATATGTAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
/BD431/XXXX/G9PX           CAAAACTATGGAATTAAAATACCGATCACTGGCTCCATGGATACAGAATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTCTGCTTAT
KNY/ KY6894/2002/G9PX      CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
KNY/KY3147/1999/G9PX       CAAAATTATGGAATTAATTTACCGATCACTGGCTCCATGGATACAGCATATGCAAATTCATCACAGCAAGAAACATTTTTGACTTCAACGCTATGCTTAT
XXXX/4330LC/1998/G9PX      CAAAATTATGGAATTAATTTACCGATCACTGGTTCCATGGACACAGCATATGCAAATTCATCACAGCAAGGAACATTTTTGACTTCAACGCTATGCTTAT

                                     310       320       330       340       350       360       370       380       390       400         
                             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.
SWZ/2755/2009/G9P[8]       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACAGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAATTGGATCAGTCTA
SWZ/2993/2009/G9P[8]       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACAGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAATTGGATCAGTCTA
SWZ/2736/2009/G9P[6]       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACAGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAATTGGATCAGTCTA
SWZ/5123/2010/G9P[8]       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACAGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAATTGGATCAGTCTA
THAI/Mc345/XXXX/G9PX       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTACAGGGTGGCAAATTGGATCAGTCTA
USA/US321/xxxx/G9PX        ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTTTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
GER/GH1416/XXXX/G9PX       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
GER/GH3574/XXXX/G9PX       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
SZA/6222L-99/1999/G9P6     ATTATCCTACAGAAGCGTCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
SZA/MR4730/00/2000/G9PX    ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
IND/ISO-3/XXXX/G9PX        ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
Braz/R160/XXXX/G9PX        ATTATCCTACAGAAGCATTAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
MWI/MW69/XXXX/G9PX         ATTATCCTACAGAAGCGTCAACTCAAATTGGAGATACAGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
USA/RMC321/XXXX/G9PX       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAGGGGTGGCCAACTGGATCAGTCTA
BS473/1999/G9PX            ATTATCCTACAGAAGCGTCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
USA/RRV/1975/G3P[3]        ATTATCCAACTGAAGCTGCAACAGAAATAAATGATAATTCGTGGAAGGATACACTCTCACAATTATTCTTGACTAAAGGATGGCCAACTGGATCAGTTTA
JPN/JP32-4/xxxx/G9PX       ATTATCCTAATGAAGCAGCAACTCAAATTGGAGATGCGGAATGGAAGAATACTCTGTCTCAATTGTTCTTAACTAAGGGGTGGCCAACTGGATCAGTCTA
JPN/K-1/1995/G9PX          ATTATCCTACTGAAGCATCAACTCAAATTGGAGATACTGAATGGAAGAATACTCTATCTCAATTATTCTTGACTAAGGGGTGGCCAACTGGATCAGTCTA
USA/WI61/1983/G9P[8]       ATTACCCTGCTGAAGCATCAACTCAAATTGGAGATACAGAATGGAAAAACACTCTGTCTCAATTGTTCTTGACTAAAGGGTGGCCAACTGGGTCAGTCTA
USA/F45/XXX/G9Px           ATTACCCTGCTGAAGCATCAACTCAAATTGGAGATACAGAATGGAAAGACACTCTGTCTCAATTGTTCTTGACTAAAGGGTGGCCAACTGGGTCAGTCTA
CHN/BJ-CR5317/XXX/G9P[8]   ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTTTTGACTAAAGGGTGGCCAACTGGGTCAGTCTA
IND/Dhaka23-04/2004/G9P[8] ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
IND/116E/AG/XXXX/G9PX      ATTATCCTATTGAAGCATCAACTCAAATTGGGGACACAGAATGGAAAGGTACTTTGTCTCAGTTATTCTTAACTAAAGGATGGCCAACTGGATCAGTTTA
VNM/684VN/XXXX/G9PX        ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
USA/F45/XXXX/G9PX          ATTACCCTGCTGAAGCATCAACTCAAATTGGAGATACAGAATGGAAAGACACTCTGTCTCAATTGTTCTTGACTAAAGGGTGGCCAACTGGGTCAGTCTA
BGD/Dhaka26-04/2004/G9P[8] ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
XXX/SK430/2005/G9PX          ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
ZAF/SA2144DGM/2003/G9P[8]  ATTATCCTACAGAAGCACCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
XXX/L777/XXXX/G9P[8]         ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
ZAF/2371WC/2008/G9P[8]     ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
MWI/MMC153/2006/G9PX      ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
XXX/BD431/XXXX/G9PX          ATTATCCTATAGAAGCATCAACTCAAATTGGAGATGCGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
KNY/KY6894/2002/G9PX      ATTATCCTACAGAAGCATCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
KNY/KY3147/1999/G9PX       ATTATCCTACAGAAGCATCAACTCAAATTGGAGATGCGGAATGGAAGGATACTCTGTCCCAATTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA
XXX/4330LC/1998/G9PX         ATTATCCTACAGAAGCGTCAACTCAAATTGGAGATACGGAATGGAAGGATACTCTGTCCCAACTATTCTTGACTAAAGGGTGGCCAACTGGATCAGTCTA

                                     410       420       430       440       450       460       470       480       490       500         
                             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.
SWZ/2755/2009/G9P[8]       TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
SWZ/2993/2009/G9P[8]       TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
SWZ/2736/2009/G9P[6]       TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
SWZ/5123/2010/G9P[8]       TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
THAI/Mc345/XXXX/G9PX       TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCAAAACTTTATTGTGATTACAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
USA/US321/XXXX/G9PX        TTTTAAAGAATACACCGATATCGCTTCATTCTCAATTGATCCGCAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
GER/GH1416/XXXX/G9PX       TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
GER/GH3574/XXXX/G9PX       TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
SZA/6222L-99/1999/G9P6     TTTTAAAGAATACACCGATATCGCTTCATTCTCAATTGATCCGCAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
SZA/MR4730/00/2000/G9PX    TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
IND/ISO-3/XXXX/G9PX        TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
Braz/R160/XXXX/G9PX        TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
MWI/MW69/XXXX/G9PX         TTTTAAAGAATACACCGATATCGCTTCATTCTCAATTGATCCGCAACTTTATTGGGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
USA/RMC321/XXXX/G9PX       TTTTAAAGAATACACCGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
BS473/1999/G9PX            TTTTAAAGAATACACCGATATCGCTTCATTCTCAATTGATCCGCAACTTTATTGTGATTATAATGTTGTACTAATGAAGTATGATTCAACGTTAGAGCTA
USA/RRV/1975/G3P[3]        TTTTAAAGAATACACGGATATTGCTTCCTTTTCAGTTGATCCACAACTATATTGTGATTATAACGTGGTACTAATGAAATATGATGCGACTTTGCAGCTG
JPN/JP32-4/xxxx/G9PX       TTTTAAAGAATATACCGATATCGCTTCATTCTCAATTGACCCGCAACTTTATTGTGATTATAATGTTGTGTTAATGAAGTACGATTCAACGTTAGAACTA
JPN/K-1/1995/G9PX          TTTTAAAGAATATACCGATATCGCTTCATTCTCAATTGACCCACAACTTTATTGTGATTATAATGTTGTGCTGATGAAACATGATTCAACGTTAGAGCTA
USA/WI61/1983/G9P[8]       TTTTAAAGAATATACTGACATCGCTTCATTTTCTATTGATCCACAACTTTATTGCGATTATAATGTTGTATTAATGAAGTACGATTCAACATTAAAGTTA
USA/F45/XXX/G9Px           TTTTAAAGAATATACTGATATCGCTTCATTTTCTATTGATCCACAACTTTATTGCGATTATAATGTTGTGTTAATGAAGTACGATTCAACATTAGAGTTA
CHN/BJ-CR5317/XXX/G9P[8]   TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
IND/Dhaka23-04/2004/G9P[8] TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
IND/116E/AG/XXXX/G9PX      TTTTAAAGAATATACCGATATCGCTTCATTTTCAATCGATCCACAATTTTATTGCGATTATAACGTTGTGTTAGTGAAATATAATTCAACATTAGAGTTA
VNM/684VN/XXXX/G9PX        TTTTAAAGAATACACCGATATCGCTTCATTTTCAATTGATCCGCAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
USA/F45/XXXX/G9PX          TTTTAAAGAATATACTGATATCGCTTCATTTTCTATTGATCCACAACTTTATTGCGATTATAATGTTGTGTTAATGAAGTACGATTCAACATTAGAGTTA
BGD/Dhaka26-04/2004/G9P[8] TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
XXX/SK430/2005/G9PX          TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
ZAF/SA2144DGM/2003/G9P[8]  TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
XXX/L777/XXXX/G9P[8]         TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTACAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
ZAF/2371WC/2008/G9P[8]     TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
MWI/ MMC153/2006/G9PX      TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
XXX/BD431/XXXX/G9PX          TTTTAAAGAATACACCGATTTCGCTTCATTCGCAATTGATCCGCTACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
KNY/ KY6894/2002/G9PX      TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
KNY/KY3147/1999/G9PX       TTTTAAAGAATACACTGATATCGCTTCATTCTCAATTGATCCACAACTTTATTGTGATTATAATGTTGTACTGATGAAGTATGATTCAACGTTAGAGCTA
XXX/4330LC/1998/G9PX         TTTTAAAGAATACACCGATATCGCTTCATTCTCAATTGATCCGCAACTTTATTGTGATTATAATGTTGAACTGATGAAGTATGATTCAACGTTAGAGCTA

                                     510       520       530       540       550       560       570       580       590       600         
                             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.
SWZ/2755/2009/G9P[8]       GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
SWZ/2993/2009/G9P[8]       GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
SWZ/2736/2009/G9P[6]       GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
SWZ/5123/2010/G9P[8]       GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
THAI/Mc345/XXXX/G9PX       GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
USA/US321/xxxx/G9PX        GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
GER/GH1416/XXXX/G9PX       GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
GER/GH3574/XXXX/G9PX       GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
SZA/6222L-99/1999/G9P6     GGTATGTCTGAATTAGCTGATTTGATTCTAAATGAATGGTTATGTAACCCAATGGRTATAACATTATATTATTATCAGCAAACAGATAAAGCGAATAAAT
SZA/MR4730/00/2000/G9PX    GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
IND/ISO-3/XXXX/G9PX        GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
Braz/R160/XXXX/G9PX        GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
MWI/MW69/XXXX/G9PX         GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
USA/RMC321/XXXX/G9PX       GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
BS473/1999/G9PX            GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
USA/RRV/1975/G3P[3]        GACATGTCTGAACTAGCTGATTTAATACTGAATGAATGGCTGTGCAATCCAATGGATATTACTCTATATTATTATCAACAAACAGACGAAGCTAACAAAT
JPN/JP32-4/xxxx/G9PX       GATATGTCTGAATTGGCTGATTTGATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
JPN/K-1/1995/G9PX          GATATGTCTGAATTGGCTGATTTGATCCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGGTGAAGCGAATAAAT
USA/WI61/1983/G9P[8]       GACATGTCTGAACTAGCTGATTTGATTCTAAACGAATGGTTATGTAATCCGATGGATATAACACTATATTATTATCAACAAACAGATGAAGCGAATAAAT
USA/F45/XXX/G9Px           GACATGTCTGAACTAGCTGATTTGATTCTAAACGAATGGTTATGTAATCCGATGGATATAACACTATATTATTATCAACAAACAGATGAAGCGAATAAAT
CHN/BJ-CR5317/XXX/G9P[8]   GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGCAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
IND/Dhaka23-04/2004/G9P[8] GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
IND/116E/AG/XXXX/G9PX      GATATGTCTGAACTAGCTGATTTGATTTTAAATGAATGGTTATGTAATCCGATGGATATAGCATTATATTATTATCAGCAAACAAATGAAGCGAACAAAT
VNM/684VN/XXXX/G9PX        GATATGTCGGAATTAGCTGATTTGATTCTAAATGAATGGTTATGCAATCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
USA/F45/XXXX/G9PX          GACATGTCTGAACTAGCTGATTTGATTCTAAACGAATGGTTATGTAATCCGATGGATATAACACTATATTATTATCAACAAACAGATGAAGCGAATAAAT
BGD/Dhaka26-04/2004/G9P[8] GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGGTGAAGCGAATAAAT
XXX/SK430/2005/G9PX          GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
ZAF/SA2144DGM/2003/G9P[8]  GATATGTCTGAATTAGCTAATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
XXX/L777/XXXX/G9P[8]         GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
ZAF/2371WC/2008/G9P[8]     GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
MWI/ MMC153/2006/G9PX      GATATGTCTGAATTAGCCGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
XXX/BD431/XXXX/G9PX          GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
KNY/ KY6894/2002/G9PX      GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
KNY/KY3147/1999/G9PX       GATATGTCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATAACATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT
XXX/4330LC/1998/G9PX         GATATGCCTGAATTAGCTGATTTAATTCTAAATGAATGGTTATGTAACCCAATGGATATACCATTATATTATTATCAGCAAACAGATGAAGCGAATAAAT




                                     610       620       630       640       650       660       670       680       690       700         
                             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.
SWZ/2755/2009/G9P[8]       GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACTACAAATGCAGCAACATTTGAAGA
SWZ/2993/2009/G9P[8]       GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACTACAAATGCAGCAACATTTGAAGA
SWZ/2736/2009/G9P[6]       GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACTACAAATGCAGCAACATTTGAAGA
SWZ/5123/2010/G9P[8]       GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACTACAAATGCAGCAACATTTGAAGA
THAI/Mc345/XXXX/G9PX       GGATATCGATGGGACCATCTTGTACCATAAAAGTATGTCCACTAAATACACAGGCTTTAGGAATAGGTTGTACTACTACAAATACAGCAACATTTGAAGA
USA/US321/xxxx/G9PX        GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
GER/GH1416/XXXX/G9PX       GGATATCGATGGGACAGTCTTGTACTATAAAGGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
GER/GH3574/XXXX/G9PX       GGATATCGATGGGACAGTCTTGTACTATAAAGGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
SZA/6222L-99/1999/G9P6     GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
SZA/MR4730/00/2000/G9PX    GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
IND/ISO-3/XXXX/G9PX        GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
Braz/R160/XXXX/G9PX        GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
MWI/MW69/XXXX/G9PX         GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
USA/RMC321/XXXX/G9PX       GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTAAATACACAGACTTTAGGAATAGGCTGTACTACTACAAATACAGCAACATTTGAAGA
BS473/1999/G9PX            GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
USA/RRV/1975/G3P[3]        GGATTTCTATGGGATCTTCCTGTACAATAAAAGTATGTCCACTTAATACACAGACTCTTGGAATTGGGTGTTTGACTACTGATACGGCAACATTTGAAGA
JPN/JP32-4/xxxx/G9PX       GGATATCAATGGGACAGTCTTGTACCATAAAAGTATGTCCATTAAATACACAAACTTTAGGAATAGGTTGTACTACTACTAATGCAGCAACATTTGAAGA
JPN/K-1/1995/G9PX          GGATATCGATGGGACAATCTTGTACGATAAAAGTGTGTCCATTGAATGCACAGACTTTAGGAATAGGTTGTACTACTACAAATGCGGCGACATTTGAGGA
USA/WI61/1983/G9P[8]       GGATAGCGATGGGACAATCTTGTACAATAAAAGTGTGTCCGTTGAATACGCAGACTTTAGGAATAGGCTGTACAACTACAAATACAGCAACATTTGAGGA
USA/F45/XXX/G9Px           GGATAGCGATGGGACAATCTTGTACAATAAAAGTGTGTCCGTTGAATACGCAGACTTTAGGAATAGGCTGTACAACTACAAATACAGCAACATTTGAGGA
CHN/BJ-CR5317/XXX/G9P[8]   GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCAACATTTGAAGA
IND/Dhaka23-04/2004/G9P[8] GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
IND/116E/AG/XXXX/G9PX      GGATATCAATGGGACAATCTTGTACAATAAAAGTATGTCCATTGAATACACAAACTTTAGGAATAGGATGTACAACTACAAATACGGCGACATTTGAAGA
VNM/684VN/XXXX/G9PX        GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTAAATACACAGACTTTAGGAATAGGTTGTACTACTACAAATGCAGCGACATTTGAAGA
USA/F45/XXXX/G9PX          GGATAGCGATGGGACAATCTTGTACAATAAAAGTGTGTCCGTTGAATACGCAGACTTTAGGAATAGGCTGTACAACTACAAATACAGCAACATTTGAGGA
BGD/Dhaka26-04/2004/G9P[8] GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
XXX/SK430/2005/G9PX          GGATATCGATGGGACAGTCTTGCACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
ZAF/SA2144DGM/2003/G9P[8]  GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
XXX/L777/XXXX/G9P[8]         GGATATCGATGGGACAATCTTGTACCATAAAAGTATGTCCATTGAATACACAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
ZAF/2371WC/2008/G9P[8]     GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACTACAAATACAGCGACATTTGAAGA
MWI/ MMC153/2006/G9PX      GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
XXX/BD431/XXXX/G9PX          GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
KNY/ KY6894/2002/G9PX      GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
KNY/KY3147/1999/G9PX       GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTGAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA
XXX/4330LC/1998/G9PX         GGATATCGATGGGACAGTCTTGTACCATAAAAGTATGTCCATTAAATACGCAGACTTTAGGAATAGGTTGTATTACCACAAATACAGCGACATTTGAAGA

                                     710       720       730       740       750       760       770       780       790       800         
                             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.
SWZ/2755/2009/G9P[8]       GGTGGCTACAAGTGAAAAATTAGTAATAACCGATGTTGTTGATGGTGTGAATCATAAACTTGATGTGACTACGAGTACTTGTACAATTAGGAATTGTAAG
SWZ/2993/2009/G9P[8]       GGTGGCTACAAGTGAAAAATTAGTAATAACCGATGTTGTTGATGGTGTGAATCATAAACTTGATGTGACTACGAGTACTTGTACAATTAGGAATTGTAAG
SWZ/2736/2009/G9P[6]       GGTGGCTACAAGTGAAAAATTAGTAATAACCGATGTTGTTGATGGTGTGAATCATAAACTTGATGTGACTACGAGTACTTGTACAATTAGGAATTGTAAG
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