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ABSTRACT 

 

Molecular Epidemiology of Viral Gastroenteritis in Hajj pilgrimage 

Eriko Padron-Regalado 

 

Hajj is the annual gathering of Islam practitioners in Mecca, Saudi Arabia. During the 

event, gastrointestinal infections are usually experienced and outbreaks have always 

been a concern; nevertheless, a deep and integrative study of the etiological agents has 

never been carried out. Here, I describe for the first time the epidemiology of 

pathogenic enteric viruses during Hajj 2011, 2012 and 2013.  

The focus of this study was the common enteric viruses Astrovirus, Norovirus, Rotavirus 

and Adenovirus. An enzyme Immunoassay established their presence in 14.9%, 15.0% 

and 6.6% of the reported cases of acute diarrhea for 2011, 2012 and 2013, respectively. 

For the three years of study, Astrovirus accounted for the majority of the viral 

infections. To our knowledge, this is the first time an epidemiological study depicts 

Astrovirus as the main viral agent of gastroenteritis in a mass gathering event.  

Hajj is rich in strains of Astrovirus, Norovirus and Rotavirus. A first screening by RT-PCR 

resulted in ten different genotypes. Strains HAstV 2, HAstV 1 and HAstV 5 were 

identified for Astrovirus. GI.6, GII.3, GII.4 and GII.1 were described for Norovirus and 

G1P[8], G4P[8] and G3P[8] were found for Rotavirus.  
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The majority of the Astrovirus isolates could not be genotyped suggesting the presence 

of a new variant(s). Cases like this encourage the use of metagenomics (and next-

generation sequencing) as a state-of-the-art technology in clinical diagnosis. A sample 

containing Adenovirus particles is being used to standardize a process for detection 

directly from stool samples and results will be obtained in the near future. 

The overall findings of the present study support the concept of Hajj as a unique mass 

gathering event that potentiates the transmission of infectious diseases. The finding of 

Norovirus GII.4 Sydney, a variant originated from Australia, suggests that Hajj is a 

receptor of infectious diseases worldwide.   

This work is part of the Hajj project, a collaborative effort with the Ministry of Health of 

the Kingdom of Saudi Arabia in order to describe entirely the epidemiology of 

gastrointestinal diseases in Hajj. It is expected that the results of this study will serve in 

the refinement of public health policies.  
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CHAPTER 1 

INTRODUCTION 

 

Hajj is the annual pilgrimage of Islam practitioners in Mecca, Saudi Arabia. Since ancient times, 

people from all around the world (more than 183 countries) gather at this location to perform 

intricate rituals as a representation of their submission to God. Due to the high number of 

pilgrims, more than 2 million, the public health infrastructure of Mecca is constantly challenged. 

In this regards, the Ministry of Health (MoH) has implemented policies to control the possibility 

of infectious disease outbreaks during Hajj. As example, pilgrims from certain countries must 

provide evidence of vaccination against polio and strict control points are placed in arrival ports 

(Memish, et al., 2012). Despite these efforts, outbreaks are still common and represent a serious 

threat to the people assisting to the event.  

Among the infectious diseases experienced in Hajj, gastrointestinal infections stand out for their 

prevalence. It is a known fact that a high proportion of the pilgrims will get diarrhea during the 

event. Considering the morbility and impact on human health of enteric diseases, it is surprising 

that information in this regards is practically inexistent.   

Viruses are one of the main causes of gastrointestinal diseases. Their genetic variety and 

capacity to mutate has been linked to their success as infectious agents. Considering that 

recently most of the emerging diseases in the world have been linked to viruses, it results 

extremely urgent to track these entities in Hajj. 

This high diversity and mutation rate also challenge the current molecular biology techniques for 

detection. For example, it is likely that a single PCR technique does not target all the variants of 
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a virus. Furthermore, the incapacity to culture certain strains further complicates the detection 

process. These factors and others encourage the development of other techniques that 

overcome these limitations. It is here where metagenomics stands out, the culture-free 

identification and characterization of genomic sequences in a clinical or environmental sample. 

Metagenomics represent a state-of-the-art technology in clinical diagnosis because it does not 

require the previous knowledge of the genomic sequences within the samples making possible 

the identification of highly divergent variants.  
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CHAPTER 2 

OBJECTIVES 

 

To describe for the first time the epidemiology of enteric viruses in Hajj pilgrimage. This based 

on the acute diarrheal cases reported in 2011, 2012 and 2013 and using molecular biology 

techniques, namely Enzyme Immunoassay (EIA) and PCR. The present study also gazes at the 

detection of emergent variants as an important feature of epidemiological surveillance. 

Furthermore, this study aims to establish metagenomics and next-generation sequencing as 

competitive tools for clinical diagnosis and surveillance in mass gatherings events when the 

previous methods fail in the detection of the variants. 

It is expected that the findings of this study can be translated to the refinement of health 

policies in Hajj and the development of more technical and cost-effective diagnostic and 

surveillance procedures for enteric viruses.  
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CHAPTER 3 

LITERATURE REVIEW 

 

3.1 Hajj pilgrimage 

 

Hajj pilgrimage is the annual gathering of Islam practitioners in Mecca, a holy city located in 

Saudi Arabia. According to Islam, Hajj represents an act of solidarity and submission to God; 

therefore, every Muslim in the world is encouraged to perform Hajj at least once in their 

lifetime. The importance of this event for the Muslim community is such that also constitutes 

one of the five pillars of Islam (Armstrong, 2002). 

Hajj usually lasts five days and it is rich in ritualistic activities. After a short procession to the 

Grand Mosque of Mecca, pilgrims walk around the Kaaba, a cube-shaped sculpture that also 

serves to establish the direction of praying for every practitioner in the world. After praying near 

the Kaaba, pilgrims run in the hills of Al-Safa and Al-Marwah to then drink water from the 

Zamzan Well. Thereafter, the so called Hajjis throw stones to three walls (jamarat) as a 

symbolism of rejection to sin. Hajj ends with the Eid al-Adha, a feast festival of two days when 

animals are sacrificed as a remembrance of the submission of Abraham to God (Armstrong, 

2002).  

Even though Hajj is associated to the passage of Prophet Muhammed in the seventh century, 

the activity can be traced back to the times of Abraham. One special feature of the event is that 

it takes place in a different date in the Gregorian calendar since Hajj is scheduled according to 

the lunar calendar, five days from the eighth to the twelfth of Dhul Hijjah (Barooah, 2012).  



18 
 

 

 

3.1.1 Hajj as a unique mass gathering 

Mass gatherings (MGs) are defined as the attendance of a large number of people (at least 

1,000 to 25,000 individuals) to a confined location for a relatively short period of time. 

Compared to other MGs, Hajj is unique in the world due to its number of people, demographic 

profile and frequency and duration of the congregation (Memish, et al., 2012).  

Hajj reunites 2 to 3 million people every year. Even though other MGs have registered more 

attendees (Table 1), the pilgrimage is performed annually making Hajj a relatively frequent 

activity. Unlike other mass gatherings, Hajj lasts five days, a relatively short period of time. 

 

Event Type of event Location Year Number of people 

(millions) 

World Expo Fair Shanghai, China 2010 73 

Kumbh Mela Religious Allahabad, India 2007 60-70 

Kumbh Mela Religious Haridwar, India 2010 50 

Hindu temple Religious Sabarimala, Kerala, India Annual 5-50 

Figure 1. Agglomeration of pilgrims during Hajj. Muslims 

gathering around the Kaaba inside the Grand Mosque 

during Hajj pilgrimage. Source: (Taylor, 2011). 
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pilgrimage 

A a’ee  I a  
Hussei ’s sh i e 

Religious Kerbala, Iraq Annual 9-60 

Funeral of CN 

Annadurai 

Political Tamil Nadu, India 1969 15 

Funeral of Ayatollah 

Khomeini 

Religious and 

political 

Tehran, Iran 1989 6-12 

Feast of the Black 

Nazarene 

Religious Manila, Philippines 2011 

(annual) 

8 

25
th

 anniversary of El 

Shaddai 

Religious Manila, Philippines 2003 7 

World Youth Day and 

Pope’s isit 

Religious Manila, Philippines 1995 5 

Wellcome to Ayatollah 

Khomeini 

Religious and 

political 

Tehran, Iran 1979 5 

Funeral of Gamel Abdel 

Nasser 

Political Cairo, Egypt 1970 5 

Removal of President 

Hosni Mubarak 

Political Cairo, Egypt 2011 5 

Funeral of Abdel Halim 

Hafez 

Cultural Cairo, Egypt 1977 4 

Funeral of Umm 

Kulthum 

Cultural Cairo, Egypt 1975 4 

Funeral of Pope John 

Paul II 

Religious Rome, Italy 2005 2-4 

Antiwar rally (invasion 

of Iraq) 

Political Rome, Italy 2003 3 

Celebration of Red Sox 

victory 

Sports Boston, MA, USA 2004 3 

Defe se of o ke ’s 
right 

Political 

 

Rome, Italy 2002 2-3 

Hajj Religious Mecca, Saudi Arabia Annual 2-3 

Closing mass, World 

Youth Day 

Religious Rome, Italy 2000 2.7 
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Beatification of Pope 

John Paul II 

Religious Krakow, Poland 2002 2.5 

Gay Pride parade Political Sao Paolo, Brazil 2006 2.5 

Stanley Cup parade Sports Philadelphia, PA, USA 1974 2 

Republic protests Political Izmir, Turkey 2007 2 

Champion Fédération 

Internationale de 

Football Association 

World Cup 

Sports Madrid, Spain 2010 2 

Attukai Temple 

(women) 

Religious Trivandrum, Kerala, India 2007 2 

Bicentennial of May Cultural Buenos Aires, Argentina 2010 2 

 

Hajj attracts increasing number of pilgrims each year, more than 2.0 million since 2003 (Figure 

2). It receives a predominant number of foreign pilgrims from more than 183 countries making  

Hajj is a highly diversified event, both ethnically and socioeconomically. Since Islam is widely 

spread in the world, no race is excluded from the event. Also, no demographic group is excluded 

from the event because men, woman and children of any age may attend. Nevertheless, middle 

age or older people are expected to be present in a high proportion since becoming a Hajji may 

be monetarily challenging and people from this age are expected to be more financially stable to 

perform the task ("Hajj and Umrah Statistics," 2011; Memish, et al., 2012).  

  

Table 1. Hajj pilgrimage compared to other mass gatherings in number of attendees. Hajj pilgrimage gathers 2-3 

million people. Unlike other mass gatherings, Hajj brings together millions of people in an annual basis. The duration 

of Hajj also differs from other mass gatherings since the event lasts five days, a relatively short period of time. 

Source: (Memish, et al., 2012). 
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3.1.2 Hajj, infectious diseases and the public health concern 

The large amount of people in a mass gathering can challenge the capacity of the health care 

providers of a given community. Based on several study cases, the sudden increment of people 

makes difficult to obtain a proper response from the public health parties.  

Special attention is given to infectious diseases since the transmissibility of pathogenic 

microorganisms might be enhanced by the overcrowding. If the gathering involves the influx of 

visitors that do not belong to the niche of the MG, risk of importing pathogenic microorganisms 

also represents a valid concern (Chan, 2010). The information concerning MGs and infectious 

diseases is scarce and scattered, mainly focusing on isolated cases in separate regions of the 

world. The lack of a consensus guideline further complicates the implementation of policies that 

tackle the associated risks during MGs (Ahmed, Barbeschi, & Memish, 2009). 

Figure 2. Number of Hajj pilgrims per year. Since 2003, Hajj has reunited more than 2 million people. Around 

50% of the attendees are foreigners coming from more than 183 countries. Information about the number of 

Saudi residents that assisted to Hajj in 2008 is not publicly available. Source: ("Hajj and Umrah Statistics," 

2011; Memish, Stephens, Steffen, & Ahmed, 2012). 
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In the case of Hajj, certain infectious diseases appear to be characteristic. Respiratory, blood-

borne, diarrheal, meningococcal and even emerging diseases have been historically described 

(Table 2). Some of these diseases have been only described in symptomatology and further 

studies have not been carried out. For others, etiological agents have been identified but data 

correspond to isolated cases during a determined Hajj event. 

 

Communicable disease Associated etiological agents 

Respiratory infections (influenza, 

tuberculosis and bacterial 

pneumonia) 

Mycobacterium tuberculosis 

Streptococcus pneumonia 

Mycoplasma pneumonia 

Legionella pneumophila 

Haemophilus influenza 

Adenovirus 

Herpes simplex virus 

Parainfluenza 

Respiratory syncytial virus 

Bordetella pertussis 

Influenza A virus, Influenza  B 

virus  

Blood-borne diseases Hepatitis B virus (HBV), Hepatitis C virus (HCV) 

Human Immunodeficiency Virus (HIV) 

Diarrheal diseases Vibrio cholera (cholera) 

Hepatitis A virus (HAV) 

Emerging infectious 

diseases/Zoonosis 

Brucella spp. (brucellosis), Echinococcus spp. (echinococcosis), 

Leishmania spp. (leishmaniasis), Lyssaviruses (rabies), Salmonella 

enterica (salmonellosis), ebola viruses (ebola haemorrhagic fever),  

orf virus (orf disease), SARS coronavirus (Severe Acute Respiratory 

Syndrome), Influenza A virus subtype H5N1 (Avian influenza H5N1) 

Meningococcal meningitis Neisseria meningitidis A,B, C and W135 

 

 

 

Table 2. Infectious diseases associated to Hajj and their etiological agents. Certain infectious diseases have 

been associated to Hajj, even since ancient times. These diseases can be classified into respiratory, blood-borne, 

diarrheal and emerging/zoonotic diseases. Meningococcal meningitis is also a common affection during Hajj. 

Source: (Ahmed, Arabi, & Memish, 2006; Memish, Venkatesh, & Ahmed, 2003). 
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Hajj has unique characteristics that potentiate the transmission of infectious diseases. Besides 

the implicit risks associated to close physical interaction in a crowd, the event confers other 

factors that might go unnoticed. The large number of pilgrims coming from distant places 

increases the probability of importing alien pathogens. More than 1,000,000 pilgrims arrive each 

year from relatively underdeveloped countries where health care is usually poor, therefore the 

risk of pilgrims carrying untreated and infective diseases is high (Memish, et al., 2012).  

Some of the rituals of the worshippers are considered health-threating under certain 

circumstances. The shaving of scalps during the Eid al-Adha has been linked to the transmission 

of blood-borne diseases such a hepatitis B, hepatitis C and HIV. Another example is the risk of 

zoonosis product of the animal slaughtering during the same festivity (Ahmed, et al., 2009; 

Rafiq, et al., 2009). 

 

 

Because Hajj is performed according to the lunar calendar, it occurs in a different date each 

year. The environmental conditions may also change probably impacting in the dynamic of the 

transmission of infectious diseases. For example, low temperature favors the transmission of 

Figure 3. Scalp-shaving as a ritual in Hajj. During Eid Al-Adha at 

the end of Hajj, men shave their scalps as a symbol of humility 

and sincerity to God. Nonetheless, the practice has been 

associated to the transmission of blood-borne diseases. Source: 

(Rafiq, Rashid, Haworth, & Booy, 2009). 
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influenza and it can be inferred that if Hajj is performed in winter season more cases of 

influenza will be reported (Shafi, Booy, Haworth, Rashid, & Memish, 2008). 

 

3.1.3 Gastrointestinal diseases in Hajj 

Acute diarrhea is one of the most common symptoms in Hajj. It is inferred that a high proportion 

of the Hajjis will experience diarrhea during their journey. As previously mentioned, information 

about the incidence of the diseases is practically inexistent. Nevertheless, some historical data is 

available.  

In 1986, gastroenteritis was the main cause of hospital admissions with an incidence of 4.4 per 

10,000 pilgrims. In 2002, cases still represented one of the main causes of admissions after 

respiratory and cardiovascular diseases (Ahmed, et al., 2006). Special attention was given to 

cholera due to the mortality of the disease. Cholera was a recurrent illness in the region causing 

the proclamation of somewhat transcendent policies during the 19
th

 century (Memish, et al., 

2012; Wilder-Smith, 2007). 

In the following section, information concerning viral gastroenteritis and its main etiological 

agents is addressed. Term definitions, associated symptomatology, transmission routes and 

infectivity characteristics are mentioned with the purpose that the reader becomes familiar with 

the topic. Astrovirus, Rotavirus, Norovirus and Adenovirus as the main etiological agents of viral 

gastrointestinal are described in terms of epidemiology, genetic diversity and genomic features. 
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3.2 Acute diarrhea 

Gastroenteritis is the inflammation of the stomach or intestines having as typical symptoms 

diarrhea, nausea, vomiting, fever, fatigue, abdominal cramps and dehydration. Among those, 

acute diarrhea is the main symptom of infectious gastroenteritis and it is defined as the 

presence of three or more abnormally loose, watery or bloody stools in 24 hours. Contrary to 

chronic diarrhea, the condition does not last more than 14 days (Eckardt & Baumgart, 2011).  

Acute diarrhea is a global affection and one of the most important infectious diseases in terms 

of mortality and well-being. According to the World Health Organization (WHO), there are 

nearly 2 billion cases of diarrhea annually in the world. Diarrhea is also the second leading cause 

of child mortality presenting 1.5 to 2 million of deaths annually. Practically, every person on 

Earth will have at least one episode of acute diarrhea during his lifetime (Farthing et al., 2013).  

Acute diarrhea can be caused by viruses, bacteria or parasites. Campylobacter spp., Salmonella 

spp., Shigella spp. and some strains of Escherichia coli are bacterial causatives of diarrhea. 

Parasites such as Giardia, Cryptosporidium and Entamoeba histolytica are also known etiological 

agents (Navaneethan & Giannella, 2008).  

Prevalence of a certain enteric microorganism varies depending on the study; i.e. in developing 

countries, viruses account for 21-40% of the total diarrheal cases but bacteria are predominant 

in travelers (Farthing, et al., 2013).  
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3.2.1 Viral etiology of acute diarrhea 

Viral gastroenteritis is an important cause of mortality and morbidity in the world. The incidence 

of enteric viruses is such that they will infect nearly all children by the age of five (Johargy, 

Ghazi, & Mumenah, 2010; R. M. Lee et al., 2013).  

In general, enteric viruses have an incubation period between 18 and 72 hours and typical 

symptoms include nausea, abdominal cramps and vomit. The illness usually lasts between 24 

and 48 hours and an infected person will excrete 10
5
 to 10

11
 virus particles per gram of stool 

(Manatsathit et al., 2002). 

Viral gastroenteritis is transmitted by the fecal-oral route (Figure 4). A person will be infected by 

the viral particles found in the feces of a person having acute diarrhea. The routes of 

transmission between hosts are varied. Viral particles can be ingested by a new host after 

reaching the drinking water or food. Furthermore, the contamination might come from the 

hands of a person who prepared the food and did not wash his hands properly. Fomites, objects 

capable of preserving the infective agent, have been also described as an important route of 

transmission in enteric viruses (Abad et al., 2001; R. M. Lee, et al., 2013). 
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There are four main groups of viruses that account for the majority of acute diarrhea cases in 

the world. These are Astrovirus, Rotavirus, Norovirus and Adenovirus and are discussed in the 

following sections. 

 

3.2.1.1 Astrovirus 

Astrovirus has been linked to multiple cases of acute gastroenteritis in young children, old 

people and immunocompromised individuals and are believed to represent up to 20% of 

sporadic viral diarrhea cases and 0.5-15% of total outbreaks. Some studies locate Astrovirus as 

the second main cause of gastroenteritis in children. Nevertheless, relative prevalence may 

dramatically change according to the region under study; i.e. Astrovirus can cause 30% of total 

Figure 4. Scheme of the fecal-oral route of 

enteric viruses. Enteric viruses coming from 

the fecal material of an infected person can 

reach the food of the next host by the water 

used to prepare the food, flies or improper 

hand-washing. Crops irrigated by 

contaminated water represent another 

source of infection. Source: (Phelps, 2012).  
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diarrheal cases in certain developing countries (De Benedictis, et al., 2011; R. M. Lee, et al., 

2013). 

Gastroenteritis caused by Astrovirus is characterized by abdominal pain, headache, malaise, 

vomiting and diarrhea. It has been described that the infection usually does not represent a 

considerable cause of hospitalization or dehydration compared to others such as Rotavirus 

infection. Incubation period is relatively long, being 4.5 days on average (R. M. Lee, et al., 2013).  

 

 

 

 

 

 

Human Astrovirus (HAstV) comprises 8 serotypes (S1-S8). Serotype 1 is the most prevalent 

worldwide and the prevalence of the other serotypes appears to be geographically dependent 

(Figure 6). Association between serotypes and the severity of the disease has not been 

investigated.  

It is worth of mentioning that information concerning Astrovirus infection is scarce. Available 

information focuses in confined locations or settings. No surveillance studies are being held as in 

the case of Rotavirus. This makes difficult to deepen into the worldwide epidemiology of 

Astrovirus.  

Figure 5. Transmission electron Micrograph of Astrovirus particles. 

The virions measuring 27-41 nm in diameter and showing a round 

surface with 5 or 6 protrusions in a star-like appearance. Source: 

(Gelderblom, 2011).  
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3.2.1.1.1 Genome structure 

The genome of Astrovirus is composed of a single-stranded and polyadenylated RNA of 6.8 to 

7.9 kb in length. It contains three ORFs (1a, 1b and 2), ’ a d ’ Untranslated Regions (85 and 83 

nt in length, respectively) and a poly-A tail at the ’ e d. ORF1a encodes for a serine protease, 

ORF1b encodes for a RNA-dependent RNA polymerase and ORF2 encodes for the capsid protein 

(Figure 7). 

 

Figure 6. Distribution of Astrovirus serotypes in different countries. The map shows the prevalence of Astrovirus 

serotypes in different countries, focusing on principal Muslim countries. Unlike Rotavirus, studies about Astrovirus 

are scarce. Serotypes are shown according their relative prevalence in each country. Source: (Afrad, et al., 2013; 

Akhter, Shi, Qadri, & Myint, 1995; Alam et al., 2013; Bosch, Guix, & Pintó, 2013; Jeong et al., 2011; Mitui et al., 

2013; Tayeb, Al-Ahdal, Cartear, Al-Qahtani, & Dela Cruz, 2010; Verma, Chitambar, & Gopalkrishna, 2010). 
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3.2.1.2 Rotavirus 

Rotavirus is responsible for 33% of hospital admissions due to diarrhea and 500,000 deaths each 

year in the world. Infection occurs most commonly during the early life of a person, between 

the 6 and 24 months constituting the leading cause of severe gastroenteritis among children. In 

adults, the infection is generally asymptomatic but some outbreaks have been studied. 

Symptoms include fever, vomiting, watery diarrhea and dehydration having an incubation time 

of approximately two days (R. M. Lee, et al., 2013). 

 

 

Figure 7. Genome structure of Astrovirus. The genome of Astrovirus is 6.8 kb in size. It is composed by 3 ORFs, 

ORF1A, ORF1b and ORF2. Two UT˃s a e situated at the ’ a d ’ e d of the ge o e. The ’ UT˃ is follo ed y a 
poly-A tail. A slippery sequence and a hairpin are responsible for the ribosomal frame shift that triggers the 

initiation of translation of ORF1b. ORF2 is part of a subgenomic mRNA of 2.4 kb produced during the replication of 

the virus. Source: (De Benedictis, Schultz-Cherry, Burnham, & Cattoli, 2011). 

Figure 8. Transmission electron micrograph of Rotavirus. 

The Rotavirus particles have an icosahedral shape and 

measure 70-75 nm in diameter. Source: (CDC, 2007).  
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Rotaviruses are grouped into seven serogroups (A-G). Rotavirus A highly outnumbers the cases 

of diarrhea in humans and the other are only sporadically described. VP7 and VP4 are coat 

proteins responsible for the immunity reactions of Rotavirus and at the same time serve for 

classifying each virus into a G and P-genotype, respectively. Therefore, standard genotyping 

comprises the usage of different combinations of G and P types (i.e. G1P[8], G2P[7]).  

Epidemiological studies show that the most common types worldwide are G1P[8], G3P[8], 

G4P[8], G2P[4] and G9P[8] being the first one the most prevalent. The prevalence of the other 

types appears to be geographically dependent (Figure 9). No association between the genotypes 

and the severity of the diseases has been found (Rivera et al., 2013).  

 

 

 

Figure 9. Distribution of Rotavirus genotypes in different countries of the world. The map shows the prevalence 

of Rotavirus genotypes in different countries of the world focusing on Muslim countries. Genotypes are shown 

according their relative prevalence in each country. Source:(Afrad et al., 2013; Eesteghamati et al., 2009; Kang et 

al., 2013; Khoury, Ogilvie, El Khoury, Duan, & Goetghebeur, 2011; W. S. Lee, Lim, Chai, Kirkwood, & Lee, 2012; 

Soenarto et al., 2009; Tayeb, Dela Cruz, Al-Qahtani, Al-Ahdal, & Carter, 2008; 2011, 2012).. 
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3.2.1.2.1 Genome structure 

The genome of Rotaviruses is composed of 11 segments of double stranded RNA (genome total 

size of 18,550 bp). The segments vary in length, being the shortest one of 667 nucleotides and 

the largest one of 3,302 nucleotides (Figure 10). Each segment encodes for different proteins. 

Six segments (1, 2, 3, 4, 6 and 9) encode for proteins that make up the viral capsid (VP1, VP2, 

VP3, VP4, VP6 and VP7, respectively). Six segments (5, 7, 8, 10 and 11) encode for non-structural 

proteins, namely NSP1, NSP3, NSP2, NSP4, NSP5 and NSP6. All segments contain ’-methylated 

cap structures but lack poly-A tails. Instead, they ha e at thei  ’ e d a o se sus se ue e 

(UGACC) that is conserved in all viral genes (Kirkwood, 2010; R. M. Lee, et al., 2013). 

 

 

  

 

 

 

 

 

 

 

Figure 10. Genome structure of Rotavirus. Rotavirus genome (total size of 18,550 bp) is composed by 11 

segments of different sizes, being the shortest one of 667 nt and the largest one of 3302 nt. Every segment of the 

genome encodes for different proteins, 6 structural (VPs) and 6 non-structural proteins (NSPs). Source: (Hulo, 

2011). 
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3.2.1.3 Norovirus 

Norovirus are recognized as the principal causatives of viral diarrhea outbreaks in adults and 

second in children. These outbreaks are usually associated to nursing houses and relatively 

crowded places (care centers, hospitals, cruise ships, sport events) (Farthing, et al., 2013).  

 

 

 

Norovirus strains are classified into five genogroups, being Genogroup I and Genogroup II the 

ones associated to viral gastroenteritis in humans. GII.4 accounts for the majority of the cases 

resulting in 80% of the norovirus infections worldwide and it is also the one that produces more 

severe symptoms. The strain evolves rapidly producing new pandemic variants every 2-3 years. 

The last one, GII.4 variant Sydney, caused the majority of norovirus infections from 2012 (Figure 

6) (Eden et al., 2014; Lindesmith, Donaldson, & Baric, 2011). The diversity of strains of Norovirus 

corresponds to point mutations associated to errors in RNA replication and recombination 

between viruses (Eckardt & Baumgart, 2011; Nenonen, Hannoun, Larsson, & Bergstrom, 2012). 

Figure 11. Transmission electron micrograph of Norovirus particles. 

Norovirus virions have icosahedral symmetry and are small in size, 27-

38 nm. The cup-shaped depressions of the capsid gave rise to term 

Caliciviridae, the taxonomic family of Norovirus. Source: (Gleiberg, 

2011). 
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Norovirus have certain features that potentiate their infectivity. Low quantity is sufficient to 

infect a person and they stay infective long time after the appearance of symptoms. They also 

resist to a wide range of temperature and disinfectants. The incubation time is relatively short, 

being 1.2 days the calculated average (R. M. Lee, et al., 2013).   

 

3.2.1.3.1 Genome structure 

The Norovirus genome is a polyadenylated and positive-stranded RNA of 7.7 kb (kilobases) in 

length. The genome is comprised of three Open Reading frames (ORFs). The ORF1 encodes non-

structural proteins, namely p48, NTPase, p22, VPg, 3CL
pro

 and RdRp (Figure 13). These proteins 

are translated first as a single polypeptide to later be cleaved by the cysteine proteinase 3CL
pro

. 

The ORF2 encodes the VP1 capsid protein while the ORF3 encodes a minor VP2 structural 

protein (Hardy, 2005).  

Figure 12. Emergence of Norovirus GII.4 Sydney. Prevalence of Norovirus GII.4 Sydney in different countries of the 

world. GII.4 Sydney became the new epidemic variant of GII.4 substituting variant GII.4 variant New Orleans since 

2012. Prevalence is shown in percentage of total Norovirus cases. Source: ("Noronet Report, April 2013," 2013). 



35 
 

 

 

 

 

 

 

3.2.1.4 Adenovirus 

Adenoviruses are etiological agents of several diseases including respiratory, ocular and 

gastrointestinal affections. The 51 genotypes of Adenoviruses are grouped into 6 groups (A-F). 

Nevertheless, only serotypes 40 and 41 from group F and serotype 31 from group A are 

associated to gastroenteritis (Eckardt & Baumgart, 2011).  

 

 

 

 

 

 

Figure 14. Transmision Electron micrograph of Adenovirus 

particles. Virions display an icosahedral shape of 90-100 nm in 

diameter. Source: (Williams, 1999).  

Figure 13. Norovirus genome organization. ORF1 codes for the proteins p48, NTPase, p22, VPg, 3CL
pro

 and RdRp. 

3CL
pro 

digests the polypeptide sequence product of the translation of the ORF1 in the site of the empty arrows. 

ORF2 and ORF3 code for the structural proteins VP1 and VP2, respectively, from a subgenomic mRNA producied 

during replication of the virus. Filled arrows represent the site where ribosomal initiation codons lie. Circles 

represent VPg proteins covalently linked to the RNA genome. Source: (Hardy, 2005). 



36 
 

3.2.1.4.1 Genome structure 

The Adenovirus genome is a non-enveloped double stranded DNA virus. Their genome length is 

26-45 kbp and it is characterized by an inverted terminal repeat (ITR) ranging from 36 to over 

 p a d a ’ e d li ked to a te i al p otei  TP . Both strands of the DNA are transcribed 

and splicing is an essential mechanism of expression (Davison, et al., 2003).   

 

 

 

3.3 Molecular methods for detection of enteric viruses   

Different techniques can be applied for viral detection and identification. Electron microcopy, 

cell culture techniques, inoculation techniques and immunoassays are the standard methods. 

Nevertheless, when viruses cannot be cultivated or are present in a very low amount in samples, 

only molecular methods are applicable (Bexfield & Kellam, 2011).   

Molecular methods also offer the possibility of identifying highly divergent viruses. New viral 

identification and characterization appears to be an important feature due to the capacity of 

these agents to easily mutate and cross from animals to humans. For example, microarrays and 

Figure 15. Genome structure of a model Human Adenovirus (HAdV-E). Protein-encoding regions are shown as 

arrows and can be found in both strands of the genome. Untranslated leader exons are shown for late, E2, E3 and 

E4 genes, with early transcripts in red, late transcripts in blue and 59-terminal exons broader than internal exons. 

Genes in blue are common in all genera of Adenovirus while genes in other colors refer to genes shared with other 

genera. Source: (Davison, Benko, & Harrach, 2003).  
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PCR-based methods can be modulated to allow a certain disparity in sequence alignments 

increasing their detection range. A sequencing step (Sanger sequencing) is further performed in 

order to describe and analyze the detected regions (Wang et al., 2002). 

Advances in sequencing have led to the creation of metagenomics, the culture-free and 

unbiased sequence-independent identification of nucleic acids from environmental or clinical 

samples. The advantages of metagenomics over the other molecular methods are then self-

explainable. Furthermore, next-generation sequencing and Bioinformatics have made 

metagenomics a more sensible and high-throughput technique with the capacity of processing a 

high number of clinical samples and therefore approaching to a real time diagnosis and 

surveillance (Chiu, 2013; Yozwiak et al., 2012). 

In this section, common molecular methods for the detection and identification of viruses from 

clinical samples are described highlighting their advantages and disadvantages. Metagenomics 

in clinical diagnosis is also proposed as a feasible state-of-the art technology in the matter. 

 

3.3.1 Enzyme Immunoassay (EIA) 

Enzyme Immunoassay (EIA) is based on the antigen recognition found in the testing sample by 

antibodies coated on wells of plastic plates. The antigen-antibody reaction is usually detected by 

a colorimetric reaction coming from an enzyme coupled to secondary antibodies as shown in 

Figure 16. EIA is simple, rapid and high-throughput; moreover, sensitivity can be modulated 

increasing the enzyme concentration for magnification of the signal. EIA has proved to be 

extremely useful in surveillance studies mainly for its practicality (Costantini et al., 2010; 

Gautam, Lyde, Esona, Quaye, & Bowen, 2013).  
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It has been suggested that EIA has lower sensitivity compared to other methods such as TEM 

and PCR. Nevertheless, the relatively lower sensitivity of these immunoassays could correspond 

to the lack of appropriate preparation of samples before screening (i.e. samples that have been 

frozen and thawed multiple times) (Costantini, et al., 2010; Richards, Watson, Meade, Hovan, & 

Kingsley, 2012). To our knowledge, there is not a complete assessment comparing ELISA and 

PCR-based methods for enteric viruses. As an example, it is common than samples used to 

evaluate EIA methods already show positive results using PCR-based methods giving by default a 

specificity of 100% to these PCR-based methods (Gautam, et al., 2013).  

 

 

Figure 16. Fundamentals of Prospect Enzyme Immunoassay (EIA). Antibodies coating the well of a plate 

interact with the antigens found in the clinical samples. In the case of Prospect EIA, antigen-antibody binding 

is detected by using secondary antibodies linked to multiple enzymes, in this case, horseradish peroxidases 

(HRP).  After the addition of a substrate, HRP produce a colorimetric reaction detected either visually or 

spectrophotometrically. Source: ("Oxoid: Prospect Enzyme Immunoassay," 2014). 
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3.3.2 PCR-based methods 

PCR-based methods can be applied for the detection and identification of viruses. These 

methods are based on the obtaining of an amplification product using primers specific for the 

group of viruses under study. Therefore, the presence of conserved sequences for that group of 

viruses and the previous knowledge of those sequences are compulsory requirements (Bexfield 

& Kellam, 2011).  

PCR-based methods have higher sensitivity than EIA. Moreover, PCR methods allow a wide 

range of applications. The specificity of the primers used in the PCR can be modulated to allow 

further classification of the group of viruses; i.e. Astrovirus serotyping (genotyping). Quantitative 

PCR (qPCR) is another modality of PCR. This technique allows the quantification (and detection) 

of virus particles in the clinical sample, important feature when infectivity dose is being studied 

(Esona et al., 2013; Mattison et al., 2009). 

There are other limitations of PCR methods besides the detection of only previously known 

sequences. For example, clinical samples may contain chemical inhibitors that hinder the 

performance of the PCR (Costantini, et al., 2010; Iker, Bright, Pepper, Gerba, & Kitajima, 2013). 

Furthermore, the appearance of mutations in the primer site might compromise the efficiency 

of detection; this problem is highlighted in viruses which are characterized by having a high 

mutation rate (Nakamura et al., 2009).  

In the case of Rotavirus, PCR methods are only advisable in routine diagnostics and not in 

surveillance studies. In such cases, the multiple steps required by these methods (nucleic acid 

extraction, amplification and electrophoresis) make this method relatively expensive, time 

consuming and prone to cross contamination (WHO, 2009).  
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3.3.3 Sanger Sequencing 

If characterizing a new species is the objective, sequencing is applied after PCR methods to 

identify the amplified products. In some cases, primers can be used to amplify conserved 

regions of the virus genome. Those fragments are then sequenced (Sanger sequencing) and 

assembled to reveal the identity of the virus. Sanger sequencing can also be applied in 

genotyping after the amplification of a region that has the purpose for that, either structural or 

non-structural regions (Kenneth, 2009).  

Identification of viruses using sequencing methods has some constraints. The input DNA for 

sequencing must exist in a considerable amount and, therefore, a cloning step to enrich for 

fragments might be necessary with the aside potential of creating a bias due to host-related 

preferences (Bexfield & Kellam, 2011).  

Figure 17 shows an application of PCR (RT-PCR) when Sanger sequencing is used to complement 

in the genotyping. In the first step, the sample is subjected to nucleic acid extraction of the viral 

particles. The capsid of the virus is disrupted by chemical means and the RNA genome is 

released. RNA, corresponding to the whole genome or a region of it, is later converted to cDNA 

by Reverse transcription. A PCR reaction creates multiple copies of the cDNA that can be 

detected and purified in an electrophoresis gel. Purified DNA is sequenced by chain-termination 

method (Sanger sequencing). Reads are then computationally aligned and compared to 

available references in order to reveal the genotype of the virus (BLAST). In this case, similarities 

between the references and the sequence obtained from the experiment are a crucial step. 
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3.3.4 Next-generation sequencing (NGS) and metagenomics 

Next-generation sequencing (NGS) overcomes the necessity of cloning by implementing efficient 

in-vitro amplification that produce shorter reads compared to Sanger sequencing (200-300 bp by 

Illumina, 250-400 bp by 454 Roche Applied Bioscience and 100 bp by Ion Torrent) but promoting 

a higher coverage (Bexfield & Kellam, 2011).  

Figure 17. Workflow of RT-PCR for genotyping. RT-PCR can be applied in the detection and genotyping of viruses 

from clinical samples. The capsid of the virus is disrupted and the RNA is released. RNA, corresponding to the whole 

genome or a region of it, is later converted to cDNA by Reverse transcription. A PCR reaction creates multiple 

copies of the cDNA that can be detected and purified in an electrophoresis gel. Purified DNA is sequenced by chain-

termination method (Sanger sequencing) and reads are compared (BLAST) to available references.  



42 
 

Being a sequence-independent method, NGS allows the detection and identification of viruses 

without the need of previous knowledge of the target sequences. NGS is also a high-throughput 

method suggesting a potential application in surveillance (Bexfield & Kellam, 2011; Fancello, 

Raoult, & Desnues, 2012; Marston et al., 2013). 

Nonetheless, NGS has some constraints. Viruses are generally found in the clinical samples in 

low quantity and host DNA might be in higher amount. This makes necessary the 

implementation of steps to secure a high amount of the viral nucleic acid and get rid of DNA 

contamination either in the wet lab or during the in-silico analysis (Marston, et al., 2013). 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Workflow of Illumina next-generation sequencing.  Extracted DNA from a sample is fragmented into 200-

300 bp pieces. After attachment of custom adaptors at the end of the fragments, the library is placed in the flow cell 

of the se ue i g a hi e. The f ag e ts i d to the solid phase a d a idge a plifi atio  PC˃  is pe fo ed 
generating approximately 1 million replicates from a single template. The nucleotide sequence is obtained in the 

presence of reversible terminators. The coupling of a terminator corresponding to one of the four bases (dNTPs) will 

cause a fluorescent signal that can be detected by a camera. The signals during the cyclic addition (and later washing) 

of terminators will be recoded to reveal the nucleotide sequence of the sample. HiSeq and MiSeq are two of Illumina 

sequencing machines. Source: (BitesizeBio, 2012). 
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A Basic Local Alignment Search Tool (BLAST) of the sequencing data is further necessary in order 

to identify the virus having into consideration that the homology between the produced 

sequencing data and the available published data is sufficient for this task. In the case of enteric 

viruses, this approach has been used for the identification of norovirus from stools samples 

(Nakamura, et al., 2009). Being a sequence-independent approach, NGS can be used in the 

discovery of novel enteric viruses. As examples we have the recent discovery of human 

klassevirus, Human bufavirus and human enterovirus 109 (Batty et al., 2013; Chiu, 2013; Victoria 

et al., 2009).  

NGS has resulted in advances in metagenomics. Metagenomics refers to the analysis of all 

nucleic acids in environmental or clinical samples without the need of culturing methods or 

previous knowledge of the nature of the nucleic acids. In general, after nucleic acid extraction 

from the clinical samples, the genetic material coming from any organism living in the sample is 

fragmented, amplified and sequenced. After assembling of the sequencing reads, contigs can be 

assigned to the different microorganisms though similarity-based methods. In the case of clinical 

diagnosis, the capacity of the method in identifying a pathogenic microorganism from a given 

sample will depend on the abundance of the sequence reads and the similarities with available 

pathogenic sequences. The advantages of metagenomics together with NGS in clinical diagnosis 

then jump to the eye: a high-throughput method with the capacity of identifying even highly 

divergent microorganisms from a clinical sample. This approach has already been used for viral 

discovery in clinical samples, i.e. arenavirus in diseases linked to organ transplantation, 

Bundiubugyo virus (a new Ebola virus) and new viruses of the Cyrcoviridae family (Capobianchi, 

Giombini, & Rozera, 2013; Victoria, et al., 2009; Yozwiak, et al., 2012). 
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Method Description Advantage Disadvantage 

Transmission Electron 

Microscopy (TEM) 

Microscopic 

technique that use 

the interaction of 

electrons and the 

sample to create an 

image that will be 

amplified and focused 

by a device, usually a 

CCD camera 

Competitive sensitivity and 

specificity (even higher than 

PCR and immunoassays) 

Relatively fast technique 

Sample must exist in high 

amount 

Requires expensive 

infrastructure and skilled 

personal 

Typing of virus group is 

limited  

Must be accompanied by 

other diagnostic methods 

 

Enzyme Immunoassay (EIA) Positive interaction 

between capsid 

proteins of the virus 

and antibodies will be 

used to produce an 

optical signal  

Simple technique  

High throughput 

Competitive sensitivity and 

specificity   

Ideal for surveillance 

 

Lower sensitivity than PCR-

based detection 

Usually need other 

detection method for 

confirmation in clinical 

diagnosis 

Typing of virus groups is 

limited 

Microarray Fluorescently labeled 

DNA sample will bind 

to a complementary 

DNA coating a 

surface. Intensity of 

the signal will be 

detected in order to 

establish the 

presence of the virus 

in the sample 

High-throughput allowing 

testing of more than one 

pathogen 

Relatively simple 

 

Signal to noise ratio 

No detection of highly 

divergent viruses 

PCR amplification Based on the 

detection of a PCR 

product. Primers 

amplify a fragment of 

the genome of the 

virus and the product 

is detected by 

electrophoresis or 

fluorescent signal 

Higher sensitivity than EIAs 

High-throughput allowing the 

detection of more than one 

virus  

Wide range of applications 

(qPCR, multiplex-PCR) 

Allows genotyping of viruses 

No detection of highly 

divergent viruses 

Not advisable for 

surveillance studies as a first 

approach 
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(qPCR).  

Sequencing (Sanger 

sequencing) 

DNA sequencing 

method based on the 

selective 

incorporation of 

chain-terminating 

dideoxynucleotides 

during DNA 

replication. Sequence 

is revealed after 

detection of 

fluorescently labeled 

amplification 

fragments 

It allows direct identification 

of PCR products and 

subsequent identification of 

viruses 

It allows accurate genotyping 

Depending on the virus, 

whole genome sequencing is 

possible 

 

 

Relatively high amount of 

DNA is needed 

Cloning might be necessary 

in order to increase the 

amount of input DNA 

Conserved regions of the 

genome must be known in 

order to allow primer 

binding before sequencing  

 

 

Next-generation 

sequencing (NGS) 

DNA sequencing 

method independent 

of the  

Identification of highly 

divergent viruses 

Whole genome sequencing 

Low input of DNA is sufficient 

since unbiased amplification 

is performed 

Implementation even in 

microbial communities 

(metagenomics) 

Expensive 

Relatively time-consuming 

Requires infrastructure and 

skilled staff 

 

 

 

 

 

 

 

 

Table 3. Molecular methods for detection of enteric viruses. Molecular methods for detection of enteric viruses are 

varied. Enzyme Immunoassay (EIA), PCR amplification, Transmission Electron Microscopy (TEM), Sanger sequencing, 

Microarrays and next-generation sequencing (NGS) all have their advantages and disadvantages. The reason to use 

one and not the others will depend on several factors such as the experiment design, the skills of the staff and the 

monetary resources of the laboratory (Ratcliff, Chang, Kok, & Sloots, 2007). 
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CHAPTER 4  

METHODOLOGY 

4.1 Stool collection 

Fecal samples were collected from patients depicting acute diarrhea during Hajj 2011 (4-9 

November; 119 samples), 2012 (October 24-29; 299 samples) and 2013 (October 13-18; 136 

samples) from health-care facilities located at strategic points of Mecca. Control samples 

corresponding to pilgrims without any symptom of acute diarrhea (102 samples) were also 

collected. Samples were immediately stored in wide-mouth containers especially for stools at -

80°C until examined. No other criteria other than acute diarrhea were used during the collection 

of samples. Ethical clearance was obtained from the Ministry of Health of the Kingdom of Saudi 

Arabia and King Abdullah University of Science and Technology. 

 

4.2 Logistics for high-throughput testing  

All samples were thawed for the first time on ice. Approximately 0.1 g (or 100 µL) of the samples 

were taken and used immediately for EIA screening of common enteric viruses (section 4.3). 

Another portion (approximately 1 g) was stored in 2.0 mL Eppendorf tubes at -80°C. Nucleic acid 

extraction was performed during a second thawing of the samples previously contained in these 

2.0 mL Eppendorf tubes. Samples insufficient for EIA were not included in the analysis.  
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4.3 Enzyme Immunoassay (EIA) 

Stool samples previously stored at -80°C were thawed on ice for the first time. Enzyme 

immunoassay was performed on a total of 646 samples for the detection of Astrovirus (S1-S8), 

Rotavirus (Group A), Adenovirus (type 40, 41) and Norovirus (Genogroup I & II) using Prospect 

Astrovirus Test, Prospect Rotavirus Test, Prospect Adenovirus Test and IDEA Norovirus kit (Oxoid 

Ltd., UK  a o di g to the a ufa tu e ’s i st u tio s. B iefly, % of fe al suspe sio  as 

prepared by adding 0.1 g (or 100 µL) of fecal sample in 1 mL of sample diluent provided by the 

kit. After a 10 min incubation at room temperature, 100 µL of clarified supernatant were added 

to the microwell as well as 100 µL of conjugate and incubated at room temperature for 1 h. 

After washing five times with wash buffer, 2 drops of substrate were added to each well and 

incubated for 10 min (30 min for Norovirus). Reaction was stopped with Stop solution and 

optical densities (OD) values were obtained by spectrophotometry at 450 nm using PHERAstar 

FS (BMG LABTECH, Ortenberg, Germany). Cutoff values were calculated adding 0.1 to the value 

of the negative control (0.2 in the case of Rotavirus). Samples with an OD greater than the cutoff 

value were regarded as positive. Samples with an OD value lower than the cutoff value were 

considered negative. Samples with an OD value in the range of +/-0.01 of the cutoff value were 

considered equivocal. Positive and negative controls supplied by the kit were considered in each 

batch of testing. 

 

4.4 RNA extraction 

EIA-positive samples for Astrovirus, Norovirus and Rotavirus were subjected to viral RNA 

extraction. Briefly, stools samples previously stored at -80°C were dissolved in 1x PBS buffer to 
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obtain a 10% suspension. 140 µL of supernatant from the 10% clarified emulsion were subjected 

to RNA extraction using QIAamp Viral RNA Mini kit (QIAGEN, Valencia, CA) following the 

a ufa tu e ’s pu lished p oto ol.  µL of RNA was eluted from the column and stored at -

80°C. Concentration of total RNA was measured before storage using QUBIT RNA HS Assay Kit 

(Life Technologies, Carlsbad, CA).  

 

4.5 PCR-based detection of Astrovirus 

PCR-based detection of Astrovirus was performed according to Guix et al. (2002) with the 

following specifications. Reverse transcription (RT) and first strand cDNA synthesis was 

performed using Superscript III First-Strand Synthesis System (Life Technologies, Carlsbad, CA). 

Extracted RNA was denatured at 65°C for 5 minutes followed by at least 1 min on ice. Reverse 

transcription was performed at 42°C for 1 h using primer A2 (reverse ’- 

GTAAGATTCCCAGATTGGTGC- ’ . Amplification of cDNA was performed using Platinum Taq DNA 

polymerase High Fidelity (Life Technologies, Carlsbad, CA) usi g p i e  A  ’- 

CCTGCCCCGAGAACAACCAAGC- ’  and A2. PCR amplification was performed using 5 µL of cDNA 

and 40 cycles (94°C/30s, 55°C/30s, 72°C/30s) and a final extension at 72°C/7 min. 40 µL of final 

product was submitted to electrophoresis in 1.5% agarose for 1 h. Correspondent bands (size 

193-243 bp) was detected using SYBR Gold Nucleic Acid Gel Stain 2.6% (Life Technologies, 

Carlsbad, CA). 
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4.6 Genotyping of RNA viruses 

Reverse transcription and first strand cDNA synthesis was performed using Superscript III First-

Strand Synthesis System (Life Technologies, Carlsbad, CA) following the protocol from the 

manufacturer with the following specifications. In the case of Astrovirus, extracted RNA was 

denatured at 70°C for 5 minutes followed by 2 min on ice. Reverse transcription was performed 

at 42°C for 1 h using Human Astrovirus-specific primer MON270 (reve se ’-

TCAGATGCATTGTCATTGGT-3´) as described by Noel et al. (1995). Amplification of cDNA was 

performed using Platinum Taq DNA polymerase High Fidelity (Life Technologies, Carlsbad, CA) 

usi g MON  a d MON  fo a d ’-CAACTCAGGAAACAGGGTGT- ’ . PCR amplification was 

performed using 2 µL of cDNA and 40 cycles (94°C/30 s, 50°C/30 s, 72°C/1min) and a final 

extension at 72°C/10 min as described by same author. 40 µL of final product was submitted to 

electrophoresis in 1.5% agarose for 1 h. Correspondent band (size of 449 bp) was detected using 

SYBR Gold Nucleic Acid Gel Stain 2.6% (Life Technologies, Carlsbad, CA) and purified using 

MiniElute Gel Extraction Kit (QIAGEN, Valencia, CA). 10 µL of DNA were obtained and DNA 

concentration was measured using QUBIT DNA BR Assay kit (Life Technologies, Carlsbad, CA). 

Samples were stored at -20°C for Sanger sequencing.  

In the case of Rotavirus, extracted RNA was denatured at 97°C for 5 minutes followed by 2 min 

on ice. Genotyping was performed according to Tamura et al. (2010) with some modifications. 

Reverse transcription was performed at 42°C for 1 h using Rotavirus-specific primers for G- and 

P-typing sepa ately. Beg  ’-GGCTTTAAAAGAGAGAATTTCCGTCTGG- ’  a d E d  ’-

GGTCACATCATACAATTCTAATCTAAG-3´) were used for G-typi g hile o  ’-

TGGCTTCGCCATTTTATAGACA- ’  a d o  ’-ATTTCGGACCATTTATAACC- ’  e e used fo  P-
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typing. Amplification of cDNA was performed using Platinum Taq DNA polymerase High Fidelity 

(Life Technologies, Carlsbad, CA) using same primers as reverse transcription.  

For G-typing, PCR amplification was performed using 2 µL of cDNA and 30-35 cycles (92°C/2 s, 

42°C/10 s, 72°C/30 s) and a final extension at 72°C/7 min . 40 µL of final product was submitted 

to electrophoresis in 1.5% agarose. For P-typing, PCR amplification was performed using 2 µL of 

cDNA and 30 cycles (94°C/1 min, 50°C/2 min, 72°C/2 min) and a final extension of 72°C for 2 

min. Correspondent bands (1062 bp for G-typing and 876 bp for P-typing) were detected using 

SYBR Gold Nucleic Acid Gel Stain 2.6% (Life Technologies, Carlsbad, CA) and purified using 

MiniElute Gel Extraction Kit (QIAGEN, Valencia, CA). 10 µL of DNA were obtained and DNA 

concentration was measured using QUBIT DNA BR Assay kit (Life Technologies, Carlsbad, CA). 

Samples were stored at -20°C for Sanger sequencing.  

In the case of Norovirus, extracted RNA was denatured at 65°C for 5 minutes and snap-chilled on 

ice for a minimum of 1 min. Reverse transcription was performed at 42°C for 1 h using primers 

G1SKR ( ’-CCAACCCARCCATTTACA-3´) for Genogroup I and G2SKR ( ’- 

CCRCCNGCATRHCCRTTRTACAT-3´) for Genogroup II as described by Mattison et al. (2009). 

Amplification of cDNA was performed using Platinum Taq DNA polymerase High Fidelity (Life 

Te h ologies, Ca ls ad, CA  follo i g the a ufa tu e ’s i st u tio s ith so e odifi atio s. 

PCR amplification was performed using 5 µL of cDNA and 35 cycles (94°C/30 s, 50°C/30 s, 

72°C/1min) with a final extension of 72°C/7 min using G1SKR and G1SKF ( ’-

CTGCCCGAATTYGTAAATGA- ’  fo  Ge og oup I and G2SKR and G2SKF ( ’-

CNTGGGAGGGCGATCGCAA- ’  fo  Ge og oup II.  µL of final product was submitted to 

electrophoresis in 1.5% agarose for 1 h. Correspondent bands, size of 330 bp for Genogroup I 

and 344 bp for Genogroup II, were detected using SYBR Gold Nucleic Acid Gel Stain 2.6% (Life 
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Technologies, Carlsbad, CA) and extracted using MiniElute Gel Extraction Kit (QIAGEN, Valencia, 

CA). 10 uL of DNA were obtained and DNA concentration was measured using QUBIT DNA BR 

Assay kit (Life Technologies, Carlsbad, CA). Samples were stored at -20°C for Sanger sequencing. 

PCR products for Astrovirus, Rotavirus and Norovirus were sequenced using BigDye Terminator 

v3.1 Cycle Sequencing Kit (Life Technologies, Carlsbad, CA) and resolved in ABI3730xI DNA 

Analyzer (Life Technologies, Carlsbad, CA). Bidirectional sequence reads were trimmed and 

aligned to create a consensus sequence using BioEdit Sequence Alignment Editor (v.7.0.5.2) 

program. Consensus sequences were genotyped using RotaC v2.0 automated genotyping tool 

for Group A rotaviruses (Maes, Matthijnssens, Rahman, & Van Ranst, 2009) in the case of 

Rotavirus, Norovirus Genotyping tool version 1.0 (Kroneman et al., 2011) in the case of 

Norovirus and ViroBLAST (Deng, Nickle, Learn, Maust, & Mullins, 2007) in the case of Astrovirus. 

For Astrovirus, a 348-bp DNA segment was previously obtained from the 449-bp consensus 

sequence according to Gabbay et al. (2007). 

 

4.6.1 Phylogenetic analysis 

In the case of Astrovirus, the 348-bp DNA sequence was also used for phylogenetic analysis. 

Multiple-sequence alignment was performed using CLUSTLALW and phylogenetic trees were 

constructed by the neighbor-joining method. Other 348-bp DNA sequences corresponding to 

Astrovirus cases in other parts of the world were obtained from Genbank and used for 

comparison. Raw sequences obtained from Genbank had the following accession numbers: 

Prototypes; HAstV 1 (L23513), HAstV2a (AF175260), HAstV2b (L13745), HAstV3 (L38505), 

HAstV5 (U15136), HAstV7 (L38508), HAst8 (AF175261); Spanish strains,  Bcn1.1 (AF348753), 
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Bcn1.2 (AF348754), Bcn1.3 (AF348755), Bcn1.7 (AF348759), Bcn1.9 (AF348761); Venezuelan 

strain, Ven835 (AF211956); Brazilian strain,  PA-COD184-BR (DQ917375); Colombian strains, 

Col418 (AF211965), Col503 (AF211964), Col509 (AF211963) and Col526 (AF211962;); Australian 

strains, Melb1E (AF175253), Melb1F (AF175254), Melb1G (AF175255), Melb1H (AF175256), 

Melb1I (AF175257) and Melb1J (AF175258).  

 

4.7 Adenovirus identification using metagenomics 

An EIA-positive sample for Adenovirus was subjected to total nucleic acid extraction using 

QIAsymphony DSP Virus/Pathogen Midi Kit (QIAGEN, Valencia, CA) using Complex 800 protocol 

according to a ufa tu e ’s i st u tio  and without any pretreatment of a 10% stool dilution in 

1x PBS  buffer. 60 uL of nucleic acid extract was obtained, quantified  by QUBIT and subjected to 

microbial enrichment using NEBNext Microbiome DNA Enrichment kit (New England Biolabs, 

Ipswich, MA). 50 µL of enriched DNA were obtained, quantified (QUBIT) and subjected to library 

preparation using Truseq DNA LT Sample Preparation Kit (Illumina, Hayward, CA). DNA was 

sequenced using MiSeq desktop sequencer (Illumina, Hayward, CA). Illumina reads were 

assembled and analyzed using READSCAN, a pathogen discovery program developed by Naeem, 

Rashid & Pain (2013).  
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4.8 Statistical analysis 

Differences in the prevalence of enteric viruses from the 3 years of study were analyzed using 

Chi-square test. Chi-square test was also used to compare the enteric viral incidence with the 

result of control samples. A two-tailed P alue .05 was considered significant. 

Primer name  P i e  se ue e 5’-3’  

A1 CCTGCCCCGAGAACAACCAAGC 

A2 GTAAGATTCCCAGATTGGTGC 

MON269 CAACTCAGGAAACAGGGTGT 

MON270 TCAGATGCATTGTCATTGGT 

Beg9 GGCTTTAAAAGAGAGAATTTCCGTCTGG 

End9 GGTCACATCATACAATTCTAATCTAAG 

con2 ATTTCGGACCATTTATAACC 

con3 TGGCTTCGCCATTTTATAGACA 

G1SKF CNTGGGAGGGCGATCGCAA* 

G1SKR CCAACCCARCCATTTACA* 

G2SKF CNTGGGAGGGCGATCGCAA* 

G2SKR CCRCCNGCATRHCCRTTRTACAT* 

 

 

 

 

 

 

Table 4. Primers used for PCR-based detection and genotyping of Astrovirus, Rotavirus and Norovirus.  

Primers A1/A2 were used for confirmation of EIA-positive samples of Astrovirus and primers 

MON269/MON270 for genotyping. Primers Beg9/End9 were used for G-typing of Rotavirus and primers 

con2/con3 for P-typing. Primers G1SKF/G1SKR were used for detection/genotyping of Norovirus Genogroup I 

and primers G2SKF/G2SKR for Genogroup II. * N=A, T, C, G; R=A, G; H=A, C, T 
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CHAPTER 5 

RESULTS 

 

5.1 Prevalence of enteric viruses 

Stools samples from Hajj pilgrimage 2011, 2012 and 2013 were subjected to EIA screening for 

common enteric viruses: Astrovirus, Rotavirus, Adenovirus and Norovirus. The number of 

positive results for each virus and percentages corresponding to each year of Hajj is shown in 

Table 5. Results for the group Control 2011 are also shown for reasons of comparison.  

 

Group 

No. of received 

samples 

No. of tested 

samples Astrovirus (%) 

Rotavirus 

(%) Adenovirus (%) Norovirus (%) 

Hajj Acute Cases 2011 119 114 8 (7.01) 4 (3.5) 0 (0) 5 (4.38) 

Hajj Acute Cases 2012 299 294 26 (8.84) 4 (1.36) 2 (0.68) 12 (4.08) 

Hajj Acute Cases 2013 136 136 7 (4.5) 0 (0) 3 (2.3) 0 (0) 

       Control 2011 102 102 1 (1) 0 (0) 0 (0) 2 (2) 

Total 656 646 42 8 5 19 

 

 

 

 

Table 5. Results of EIA screening for common enteric viruses during Hajj 2011, 2012 and 2013. EIA screening 

allowed the detection of the common enteric viruses (Astrovirus, Norovirus, Rotavirus and Adenovirus) in 14.9%, 

15.0% and 6.6% of the samples from Hajj 2011, 2012 and 2013, respectively. EIA screening of control samples 

are shown for comparison. Control samples corresponded to stool samples of pilgrims without any symptom of 

acute gastroenteritis in 2011. Difference in the number of received and tested samples corresponds to samples 

with a low amount of fecal material making impossible their inclusion in the experiment. 
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The common enteric viruses were detected in 14.9% (17/114), 15.0% (44/294) and 6.6% 

(10/136) of the samples from Hajj 2011, 2012 and 2013, respectively. The prevalence of enteric 

viruses did not change significantly from 2011 to 2012 (P=0.8972), but it decreased from 2012 to 

2013 in 8.3% P= . , χ2
=5.3130, 95% C.I. =1.61-14.21). The prevalence of each group of 

viruses did not change significantly among the three yea s P . , o ly i  the ase of 

Norovirus from 2012 to 2013 when the cases decayed in 4.1% P= . , χ2
=4.331, 95% C.I. 

=0.78-7.04). The number of enteric viral infections in people depicting acute diarrhea in Hajj 

2011, 2012 and 2013 is significantly higher compared to the o t ol sa ples P . . Of the 

102 control samples, only one positive result was observed for Astrovirus (KAUSTC0015) and 

two for Norovirus (KAUSTC0015 and KAUSTC0095).  
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Figure 19. Evolution of the incidence of enteric viruses during Hajj pilgrimage. According to an EIA-based detection, 

enteric viruses accounted for 14.9%, 15% and 6.6% of all acute diarrheal cases during Hajj 2011, 2012 and 2013, 

respectively. Astrovirus infections account for the majority of viral etiology during the three years of study.    
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5.2 RNA extraction 

Total RNA concentration from EIA-positive samples for Astrovirus, Rotavirus and Norovirus 

ranged between 4.2 and 58.2 ng/µL (average 25.4 ng/µL) as measured by QUBIT RNA HS kit. The 

RNA concentration of 39% of the samples could not be determined (lower than 4.0 ng/µL). No 

apparent correlation between RNA concentration and qualitative results of the PCR methods 

was found (data not shown).  

 

5.3 PCR-based detection of Astrovirus 

EIA-positive samples for Astrovirus of Hajj 2011, 2012 and 2013 were subjected to confirmation 

by RT-PCR. As described by Guix et al. (2002), primers A1/A2 were used to amplify either a 193 

bp or 243 bp segment of the ORF1a of the Astrovirus genome. Amplification products were 

observed during electrophoresis as shown in Figure 20.  

 

 

 

 

 

 

 

Figure 20. Confirmation of Astrovirus isolates using primers A1/A2. EIA-positive samples for Astrovirus were 

submitted to RT-PCR with primers A1/A2 that amplify a region (193-243 bp) of the ORF1a. M, 100 plus ladder 

molecular weight marker (Life Technologies, Carlsbad, CA); lane 1, positive control for Astrovirus (243 bp) ; lane 

2, negative control (1x PBS buffer); lanes 3-17, testing samples. Sample 6 shows a 193 bp band described as an 

adaptive deletion of the 243 bp segment (Chapron, Ballester, Fontaine, Frades, & Margolin, 2000).  
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Thirty-four out of forty-one EIA positive samples (83%) could be confirmed by this method. 

Remaining samples could not be confirmed because they did not produce a band during 

electrophoresis. Table 6 shows the number of positive samples for each group of study. 

 

Group 

No. of EIA-positive 

samples 

No. of RT-PCR 

positive samples 

Hajj Acute Cases 2011 8 8 

Hajj Acute Cases 2012                  26 20 

Hajj Acute Cases 2013 7 6 

Total 41 34 

 

 

 

5.4 Genotyping of RNA viruses 

5.4.1 Astrovirus 

Forty-one EIA-positive samples for Astrovirus belonging to Hajj 2011, 2012 and 2013 were 

subjected to serotyping (genotyping) by RT-PCR with primers MON269/MON270 as described by 

Noel et al. (1995). After electrophoresis, bands of 449 bp in size (Figure 19) were purified and 

sequenced. A 348 bp region from the 449 bp amplicon was used for alignment. All results 

showed at least 98% in similarity and E-values between 3x10
-167

 and 4x10
-178 

with publicly 

available sequences.  

Table 6. RT-PCR confirmation of Astrovirus isolates. EIA-positive samples for Astrovirus were submitted to RT-PCR 

detection with primers A1/A2 that amplify a region (193-243 bp) of the ORF1a. Thirty-four out of the forty-one EIA-

positive samples could be confirmed by this method. 
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Only five out of the forty-one (12%) could be genotyped as shown in Table 7. HAstV 2 was found 

in three samples (C0634, C0651 & C0717). HAstV 5 and HAstV 1 were found in samples C0653 

and Acute/039, respectively. Remaining samples could not be genotyped because they did not 

produce a band during electrophoresis.  

 

Group 

No. of EIA-positive 

samples 

No. of RT-PCR 

positive samples 

Genotypes        

(number) 

Hajj Acute Cases 2011 8 0 N/A 

Hajj Acute Cases 2012                  26 4 

HAstV 2 (3), HAstV 5 

(1) 

Hajj Acute Cases 2013 7 1 HAV1 (1) 

Total 41 5  

 

 

 

Table 7. Serotypes of Astrovirus isolates. Forty-one EIA-positive samples for Astrovirus were subjected to 

genotyping using primers MON269/MON270. Only 12% (5/41) of the samples could be genotyped by this method. 

Irrespective of the year of Hajj, HAstV2 accounts for the majority of the genotypes (three samples: C0634, C0651, 

C0717). One case of HAstV 5 (C0653) and one of HAstV 1 (Acute/039) are reported. 

Figure 21. RT-PCR products for serotyping (genotyping) of Astrovirus. 

Primers MON269/MON270 amplify a segment of 449 bp corresponding 

to the ORF2 of the Astrovirus genome. 449 bp bands are later purified 

and sequenced to establish the serotype of the isolate. M, 1 kb plus 

ladder molecular weight marker (Life Technologies, Carlsbad, CA); lane 1, 

positive control for Astrovirus; lane 2, RT-PCR product of a testing sample 

corresponding to Astrovirus; lane 3, negative control (1x PBS buffer). 
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5.4.1.1 Phylogenetic analysis 

In the case of Astrovirus, 348-bp DNA sequences were used to create phylogenetic relationships 

based on nucleotide sequence similarities between the samples of the study and other available 

sequences in Genbank as described by Gabbay et al. (2007). This phylogenetic analysis allowed 

also the classification of the samples into lineages based on a minimum of 93% sequence 

similarity as proposed by the same author. All HAstVs 2 isolates were classified in the lineage 2a 

(C0717, C0651, C0634) while the sample Acute/039, previously genotyped as HAstV1, was 

classified in the lineage 1a. In the case of the sample C0653, subdivision of HAstV 5 into lineages 

is not yet recognized (Figure 22). No new lineages could be established by this method for the 

isolates. 
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Figure 22. Phylogenetic tree based on the 348 bp segment of Astrovius. A 348 bp segment from the ORF2 of the 

genome of the Astrovirus was used to establish phylogenetic relationships with other publicly available sequences. 

The phylogenetic tree also allowed classifying the isolates into lineages as described by Gabbay et al. (2007). Isolates 

form the current study are Acute/039 (HAstV1a), C0653 (HAstV5), C0717 (HAstV2a), C0651 (HAstV2a) and C0634 

(HAstV2a) and are indicated by black arrows (←). The sequences for comparison were obtained from Genbank 

database with the following accession numbers: Prototypes; HAstV 1 (L23513), HAstV2a (AF175260), HAstV2b 

(L13745), HAstV3 (L38505), HAstV5 (U15136), HAstV7 (L38508), HAst8 (AF175261); Spanish strains,  Bcn1.1 

(AF348753), Bcn1.2 (AF348754), Bcn1.3 (AF348755), Bcn1.7 (AF348759), Bcn1.9 (AF348761); Venezuelan strain, 

Ven835 (AF211956); Brazilian strain,  PA-COD184-BR (DQ917375); Colombian strains, Col418 (AF211965), Col503 

(AF211964), Col509 (AF211963), Col526 (AF211962;); Australian strains, Melb1E (AF175253), Melb1F (AF175254), 

Melb1G (AF175255), Melb1H (AF175256), Melb1I (AF175257) and Melb1J (AF175258).  



61 
 

5.4.2 Rotavirus 

Eight EIA-positive samples for Rotavirus were subjected to genotyping by RT-PCR (Figure 23). 

Reverse transcription and PCR amplification was performed using primers Beg9/End9 for G-

typing and con3/con2 for P-typing as described by Tamura et al. (2010). Bands of correspondent 

sizes (1062 bp for G-typing and 876 bp for P-typing) were purified and bidirectional sequenced. 

Genotyping was produced by BLASTn (at least 80% similarity) and supported by phylogeny 

(bootstrap analysis n=100, cut off: 70) with publicly available references. 

 

 

 

 

 

Seven out of eight EIA-positive samples (88%) could be genotyped by this method. Irrespective 

of the year of study, G1P[8] was the most common genotype found corresponding to samples 

A0412, C0570 and C0972. G3P[8] was found in two samples (A0154 & C0516) while G4P[8] was 

found in sample C0194. Sample A0155 could only be P-typed as P[8]. Finally, sample C0760 did 

not produce visible bands during electrophoresis. As noted, all genotypes during the study 

Figure 23. G- and P-typing of Rotavirus A. G and P-types were obtained after amplification of segments of 1062 bp 

and 876 bp corresponding to genes VP7 and VP4, respectively. M, 1 kb plus ladder molecular weight marker (Life 

Technologies, Carlsbad, CA); lanes 1 & 2, positive controls for VP7 and VP4, respectively; lanes 3 &4, RT-PCR 

products of a testing sample corresponding to VP7 and VP4, respectively; lanes 5 & 6, negative controls for VP7 and 

VP4, respectively (1x PBS buffer). 
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resulted in genotype P[8]. Results of the G- and P-typing for each group of Hajj are summarized 

in Table 8.  

Group 

No. of EIA-

positive samples 

No. of RT-PCR 

positive samples 

Genotypes (number) 

Hajj Acute Cases 2011 4 4 G1P[8] (1), G4P[8] (1), G3P[8] (1), P[8] (1)
+ 

Hajj Acute Cases 2012                4 3 G1P[8] (2), G3P[8] (1) 

Hajj Acute Cases 2013 0 0 N/A 

Total 8 7  

 

 

 

5.4.3 Norovirus  

Seventeen EIA-positive samples for Norovirus belonging to Hajj 2011, 2012 and 2013 were 

subjected to genotyping by PCR as described by Mattison et al. (2009). First, each sample was 

tested with primers G1SKF/G1SKR for Genogroup I (GI) and primers G2SKF/GSKR for Genogroup 

II (GII) as shown in Figure 24.  

 

 

 

 

 

Table 8. Genotyping results of EIA-positive samples for Rotavirus. Seven out of eight EIA-positive samples (88%) 

could be genotyped by the method employed. Irrespective to the year of study, G1P[8] is the most common 

combination (A0412, C0570, C0972). G3P[8] was detected in two samples (A0154 & C0516) and G4P[8] in one 

sample (C0194). P[8] was detected in all cases. *Sample A0155 could not be G-typed, therefore only P-typing is 

described 
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Only four out of the seventeen samples (24%) displayed intense bands corresponding to 

Genogroup I or Genogroup II (330 bp for GI and 344 bp for GII). Bands were purified and 

bidirectional sequenced. Genotyping was produced by BLASTn (E-values  -5
) and supported 

by phylogeny (bootstrap analysis n=100, cut off: 70) with publicly available references. The 

genotypes identified in each group of study are shown in Table 9. 

 

 

 

 

Group 

No. of EIA-

positive samples 

No. of RT-PCR 

positive samples 

Genotype (number) 

Hajj Acute Cases 2011 5 2 GI.6 (1), GII.3 (1) 

Hajj Acute Cases 2012               12 2 GII.4 Sydney (1), GII.1 (1) 

Hajj Acute Cases 2013 0 N/A N/A 

Total 17 4  

Figure 24. PCR-based typing of Norovirus. Testing for Genogroup I (up) and Genogroup II (down). EIA-positive 

samples for Norovirus were subjected to Genogrouping (I & II) as described by Mattison et al. (2009). M, 100 

plus ladder molecular weight marker (Life Technologies, Carlsbad, CA); lane 1, negative control (1x PBS buffer); 

lanes 2-14 testing samples. Up: lane 4 (A0273) shows the characteristic band for Genogroup I (size 330 bp). 

Down: lanes 2 (A0139), 9 (C0719) and 10 (C0722) show characteristic bands of Genogroup II (size 344 bp). 

Intense bands in lanes 3, 5, 6, 11 & 13 correspond to unspecific amplification of enteric bacteria that form part 

of the normal microbiota as confirmed by Sanger sequencing.  

Table 9. Genotypes of Norovirus. Only four out of seventeen Norovirus isolates could be genotyped. After Sanger 

sequencing, the four samples were classified as GI.6 (A0273), GII.3 (A0139), GII.1 (C0719) and GII.4 variant Sydney 

(C0722). No EIA-positive cases were obtained from Hajj Acute Cases 2013.  
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Other bands obtained that did not match the size described during electrophoresis were also 

sequenced and corresponded to bacteria that form part of the gut microbiota (i.e. Enterococcus, 

Lactobacillus). These samples are A0191, A0464, C0750, C0525, C0774 & C0974.  

 

5.5 Adenovirus identification using metagenomics 

EIA-positive sample for Adenovirus from Hajj 2013 (sample ID050) was subjected to nucleic acid 

extraction and microbial enrichment. The microbial enrichment depleted in 56% the total DNA 

concentration obtained from the nucleic acid extraction, from 643 ng to 279 ng as measured by 

QUBIT. The microbial enriched DNA was subjected to library preparation for next-generation 

sequencing. Library was successfully validated to enrich for 300 bp fragments. Illumina reads are 

being analyzed with READSCAN (a pathogen discovery tool) and results of the identification will 

be obtained in the near future.  

 

5.6 Co-infections 

Co-infections were identified during the present study. Sample C0722 from Hajj 2012 shows 

presence of Astrovirus and Norovirus as tested by ELISA and further confirmed by PCR. Another 

co-infection was identified in sample C0635 between Astrovirus and Giardia spp. From the cases 

during Hajj 2013, sample Acute/105 is characterized by a co-infection by Adenovirus and 

Giardia. Acute/270 shows presence of Astrovirus and Enteroinvasive Escherichia coli (EIEC) and 

Shigella spp. Screening for pathogenic enteric bacteria for the years 2011 and 2012 will be 
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completed in the future, most likely revealing more cases of co-infection between viruses and 

bacteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25. Proportion of genotyped samples for each group of enteric viruses.  Not all EIA-positive samples for 

Astrovirus, Norovirus and Rotavirus could be genotyped. A. Irrespective of the year of study, 88% (7/8) of Rotavirus 

isolates could be genotyped. G1P[8], G3P[8] and G4P[8] were identified. B. Only 12% (5/41) of EIA- positive samples 

for Astrovirus could be genotyped. HAstV 1, 2 and 5 were identified. C. Only 24% of Norovirus isolates could be 

genotyped. GII.4 Sydney, GII.1, GII.3 and GI.6 were detected. The genotype of the remaining samples is unknown and 

further studies will be needed.    
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CHAPTER 6 

DISCUSSION 

 

6.1 Logistics for high-throughput identification  

The present work aims to describe the viral epidemiology of gastroenteritis during Hajj 

pilgrimage. Because infectious gastroenteritis is caused by different group of viruses, each 

sample must be tested accordingly.  

Molecular biology techniques and sequencing (Sanger sequencing or NGS) will be applied in this 

matter. The purpose of using both approaches is due to the known fact that a percentage of 

acute diarrheal cases cannot be diagnosed by traditional molecular techniques and therefore 

more intricate approaches, in this case NGS and metagenomics, should be implemented 

(Fancello, et al., 2012). Due to its cost and work-hours, NGS must be implemented only when 

necessary, that is, when traditional methods fail to detect a common pathogen in the clinical 

samples (Bexfield & Kellam, 2011).  

The logistics for high-throughput identification become more complex since each stool sample 

must be thawed the minimum amount of times to complete all tests. The minimum amount of 

thawing procedures is believed to secure the stability of the biomolecules contained in the stool, 

therefore impacting in the performance of the molecular biology techniques (Richards, et al., 

2012).  

An EIA screening was chosen as the most appropriate step during the first thawing of the stool 

samples for several reasons. As previously mentioned, EIA techniques are recommended for 
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surveillance due to their relatively simplicity, high-throughput capacity and speed. Taken into 

account that a high proportion of acute diarrhea cases correspond to common viruses, EIA 

screening would promptly assign an etiological agent to a high number of stool samples. 

Moreover, it is inferred that EIAs require the presence of the viral antigens in the clinical 

samples in the most intact states (Emon, 2006). Therefore, this integral structure would only be 

secured during the first thawing of samples (unless done immediately after collection on fresh 

samples which was logistically impractical due to the given circumstances). The first thawing 

procedure was also used to secure discrete amounts of stools for nucleic acid extractions.  

A nucleic acid extraction would allow genotyping by PCR of the EIA-positive samples. Because 

Astrovirus, Rotavirus and Norovirus are RNA viruses, a procedure for RNA extraction followed by 

Reverse transcription and PCR had to be performed.  

An EIA-positive sample of Adenovirus was used for a different purpose. Taking advantage that 

Adenovirus has a DNA-based genome; its nucleic acid could be used to standardize a procedure 

for diagnosis using metagenomics. The results of the experiment would be beneficial in two 

ways. First, it would secure that the DNA extraction by QIAsymphony DSP will also account for 

enteric pathogenic viruses. Second, it would establish a protocol for identifying emerging viruses 

directly from the clinical sample since metagenomics is a sequence-independent approach.  

One of the special features of the project is the capacity of feedback learning resulting in the 

tuning of the diagnostic procedures. Positive samples with traditional methods can be used to 

standardize diagnosis using metagenomics; i.e., a sample that tested positive for Astrovirus 

during the EIA screening and confirmed by RT-PCR can be tested with metagenomics in order to 

validate if the process is suitable for this agent.  
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Furthermore, the identification of pathogenic microorganisms is being performed without 

previous knowledge of the symptoms of the patients (other than acute diarrhea); therefore no 

bias is being created during the molecular diagnosis. Nonetheless, it is expected that the 

identification of pathogenic microorganisms will be complemented at some point by clinical 

data proportioned by the MoH with other purposes. Example, Hajj being a mass gathering event 

of international proportions, a group of viruses can be linked to a certain geographical location 

(the clinical data mentions the country of origin of the patient). On the other hand, a 

symptomatology can be linked to a newly discovered virus.    

 

   

 

 

 

 

 

 

 

 

 

Figure 26. Scheme of the Hajj Project . The current research is part of the Hajj project, a broader work that aims to 

identify the etiological agents (virus, bacteria and parasites) behind the infectious diseases in Hajj pilgrimage for the 

last three years. In order to achieve this complete identification, logistics for the handling of each sample must be 

carefully considered. In the case of viruses, each sample was firstly thawed and tested by ELISA. This first thawing 

was tapped to prepare discrete samples for nucleic acid extraction. EIA-positive samples for common viruses were 

genotyped with a PCR-based approach. Non-typeable samples or sample without any identifiable pathogenic agent 

will be further analyzed using metagenomics.   
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6.2 Prevalence of enteric viruses 

The EIA-screening of Astrovirus, Adenovirus, Rotavirus and Norovirus helped to promptly assign 

an etiological agent to 14.9%, 15.0% and 6.6% of the acute diarrhea cases of Hajj 2011, 2012 and 

2013, respectively. The prevalence of these enteric viruses did not change significantly during 

the first two years of study. Astrovirus was identified as the main etiological agent, followed by 

Norovirus, Rotavirus and Adenovirus. While Astrovirus maintains as the most prevalent enteric 

virus in 2013, Norovirus and Rotavirus are not detected anymore in the samples and Adenovirus 

cases then rises as the second most common virus.  

The higher incidence of Astrovirus during the three years of study calls the attention. 

Traditionally, Astrovirus is overshadowed in epidemiological studies by other enteric viruses and 

it is only described in specific settings. To our knowledge, there has not been any study 

depicting Astrovirus as the main viral etiological agent in a mass gathering event.  

Explanations for this phenomenon can be varied and might be tracked down to demographic, 

environmental and even ritualistic factors as in the case of any etiological agent. For example, 

Hajj pilgrimages of 2011, 2012 and 2013 were held in the months of November and October 

when average temperatures are relatively low (range 28.3°C to 32.1°C). Astrovirus infections are 

common in winter and a certain stability of the virus at low temperatures even on 

environmental surfaces has been suggested (Abad, et al., 2001). Communal use of toilets, 

avoidance of soaps and detergents (due to their odor) or usage of hand rubs during Hajj may 

promote the transmission of certain viruses with a fecal-oral route as suggested by Rafiq et al. 

(2009). It is not then risky to hypothesize that these actions could be also behind the high 

prevalence of Astrovirus. 
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It is worth of mentioning the decrease in viral etiology in 2013 as well as the decrease in the 

prevalence of Norovirus in the same year. Beside the previously mentioned factors, it would be 

interesting to link these phenomena to the policies that the MoH applied for that year. Due to 

the risk of an outbreak of MERS coronavirus, the MoH limited the number of people at risk such 

as young, elderly and pregnant women (Johanson, 2013). Then, it could be inferred that the 

observed viral diseases are in fact age-dependent. Moreover, the cost of travelling to Mecca 

dramatically increased that year. Therefore, a decrease in the number of pilgrims from 

developing countries could be expected. People from developing countries may carry their own 

infectious diseases and not being present in the same proportion in 2013 might have impacted 

in the epidemiological profile of Hajj ("Mass gatherings pose threat to the spread of infectious 

diseases," 2012).  

The higher detection of enteric viruses in Hajj samples compared to the control samples 

strengthens the causative association between these viruses and acute diarrhea. Only two 

control samples out of one hundred two tested positive for an enteric virus. These positive 

results might be due to technical implications inherent to EIA or to isolated cases when these 

viruses are asymptomatic (Phillips, Tam, Rodrigues, & Lopman, 2010). 

It is worth of mentioning that the results of the viral screening must be taken with reservations 

because there is a lack of information of the total number of cases of diarrhea during Hajj 

creating doubts about the statistical significance of the information presented. It is difficult to 

determine the number of total cases of acute diarrhea among the pilgrims and, to our 

knowledge, there is not information available for the years of the study. What it can be inferred 

is that the health-care facilities in charge of collecting the samples were positioned in strategic 

points of Hajj and any pilgrim having diarrhea could have reached those facilities.  
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6.3 RNA extraction 

QIAamp Viral RNA Mini kit produced different concentrations of total RNA from the samples. In 

some cases the concentration of RNA could not be determined by QUBIT for being low (data not 

shown). A correlation between the total RNA concentration and the qualitative results of the 

PCR methods could not be established. For example, samples with undetectable RNA 

concentration could be genotyped. The current methods for clinical diagnosis take into account 

that the PCR cycles used for detection/genotyping will tackle the low concentration of viral 

genomes in the sample.  

QIAamp Viral RNA Mini kit has been referred as a competitive and robust method for detection 

of viruses from clinical samples (Iker, et al., 2013). Nevertheless, we wanted to evaluate its 

performance compared to other extraction protocols available in the laboratory. The 

parameters to evaluate were concentration and purity of the extracted RNA. The first parameter 

is usually assessed by qPCR due to its high sensitivity and specificity. Purity can be evaluated 

measuring the concentration of DNA of the sample and comparing this value with the 

concentration of RNA (a high DNA ration has been recently linked to the presence of PCR 

inhibitors) (Iker, et al., 2013).  

Within a cohort of three stool samples, QIAamp Viral RNA Mini kit displayed higher purity and 

total RNA concentration compared to Norgen Biotek Total RNA purification kit (Norgen Biotek 

Corp., Ontario, Canada) and TRIzol LS Reagent (Life Technologies, Carlsbad, CA)  (data not 

shown). A complete assessment of the parameters could not be done due to technical 

limitations. The results of these experiments were not considered crucial for the objectives of 

the present work.  
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6.4 PCR-based detection of Astrovirus  

EIA-positive samples for Astrovirus were subjected to confirmation by RT-PCR using primers 

A1/A2 that amplify a 193-243 bp region of the ORF1a. This region has been described as highly 

conserved among Astrovirus isolates and has been widely used for detection (Guix, Bosch, & 

Pinto, 2005). This procedure served to confirm 83% (34/41) of the EIA-positive samples in the 

current experiment. Interestingly, seven isolates could not be targeted by these primers. 

Discrepancies between the results of EIA and PCR methods might have several reasons. Even 

though PCR approaches are considered to be more sensitive than EIAs, selection of primers 

might affect the process. If the region to be amplified carries nucleotide polymorphisms, a 

mismatch with the primers will negatively affect the performance of the PCR amplification. This 

phenomenon is especially important in viruses prone to mutate such as in the case of RNA 

viruses (Belshaw, Gardner, Rambaut, & Pybus, 2008). Failure in amplifying regions of the ORF1 

with standard primers has been linked to the discovery of new species such as MLB1 (SR 

Finkbeiner, Le, Holtz, Storch, & Wang, 2009).  

 

6.5 Genotyping of RNA viruses 

6.5.1 Astrovirus 

A genotyping step was performed in Astrovirus isolates in order to further characterize this 

group. A PCR-based method was chosen because it is the standard for such task making possible 

a further comparison of the results with other studies.  
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Primers MON260/MON270 are widely used for genotyping. Some laboratories also used these 

primers for detection making possible a comparison with EIA and primers A1/A2 (Gabbay, et al., 

2007; Guix, et al., 2005; Guix, et al., 2002; Resque et al., 2007). A Sanger sequencing step after 

the amplification of the 449 bp segment was chosen instead of a second PCR amplification 

(nested-PCR) since according to Gabbay et al. (2007) this second amplification could potentially 

lead to discrepancies in the typing of Astrovirus.  

Only five out of the forty-one EIA-positive samples (12%) could be genotyped. Compared to 

previously confirmed samples by primers A1/A2, only 14% could be genotyped. Discrepancies 

between EIA and PCR detection methods have already been discussed. The difference between 

the number of positive samples by primers A1/A2 and primer MON269/MON270 may have 

another explanation.  

Primers MON269/MON270 amplify a region of the ORF2 which encodes for a structural protein, 

the viral capsid. Genes that encode for structural proteins are more prone to mutate than genes 

meant for non-structural proteins as the one targeted by primers A1/A2 (Guix, et al., 2005). This 

difference in efficacy of detection originated by the targeting of these two regions has been 

described in other studies but it was not followed up (Guix, et al., 2005; Papaventsis et al., 

2008). Nevertheless, Finkbeiner et al. (2009) used this approach in order to track new strains of 

the virus. He targeted the ORF1b, a relatively conserved region of the Astrovirus that encodes 

for a RNA polymerase. After using primers MON269/MON270 in the same samples, He 

discovered that 45% of the samples could not be genotyped. After further analysis, these 45% 

isolates resulted in the discovery of new species such as AstV-VA2, AstV-VA3 and Ast-MELB2.  

The detection of three different Astrovirus serotypes (HAstV 1, 2 and 5) in the current 

experiment discourages the possibility of a bias in the technique that favors the detection of a 
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certain serotype. The high genetic diversity among these specific types further supports the 

idea. The reason of the failure in genotyping the other thirty-six EIA-positive samples remains 

then undetermined and further studies will be needed.  

BLASTn of the 348-bp amplicons resulted in the establishment of genotypes for all samples that 

we could obtain a band from the electrophoresis. For the year 2012, three samples were 

catalogued as HAstV 2 (C0634, C0651 & C0717) and one as HAstV 5 (C0653). For the year 2013, a 

single sample was catalogued as HAstV 1 (Acute/039). To our knowledge, this is the first time 

that HAstV 5 is reported in Saudi Arabia. The only reported serotypes in the country have been 

serotype 1 and 8 (Akhter, et al., 1995; Tayeb, et al., 2010). 

 

6.5.1.1 Phylogenetic analysis 

The phylogenetic analysis allowed establishing relationships between Astrovirus isolates from 

Hajj and strains from different parts of the world. The samples clustered with other isolates 

found in different parts of the world such as Spain, Australia, Colombia and UK. The analysis also 

allowed classifying all serotypes into lineages as described by Gabbay et al. (2007). No new 

lineages could be established according to the methodology used by the author.  

 

6.5.2 Rotavirus 

Seven out of eight EIA-positive samples for Rotavirus (88%) could be genotyped by RT-PCR. 

According to the literature, the proportion of non-typeable strains in a surveillance study can 

range from few percentages to 50%. Despite the technical implications previously described, 
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one of the main reasons in this failure could correspond to the recently observed genetic 

variations of commonly Rotavirus strains (Eesteghamati, et al., 2009; 2009).  

Irrespective of the year of Hajj, G1P[8] resulted to be the most common combination. The 

predominance of G1P[8] is widely described in the study cases around the world, including Saudi 

Arabia (Tayeb, et al., 2008; 2009). P[8] was the only P-type observed during the study. The 

prevalence of P[8] also agrees with the literature.  

 

6.5.3 Norovirus 

Four out of seventeen EIA-positive samples (24%) could be classified into Genogroup I or II. The 

four isolates resulted in genotypes GII.4, GI.6, GII.3 and GII.1. The predominance of GII over GI is 

characteristic of epidemiological studies worldwide (R. M. Lee, et al., 2013). 

The sample GII.4 corresponding to Hajj 2012 (C0722) could also be classified as variant Sydney. 

This strain was originated in Australia and spread worldwide. It has been responsible for the 

majority of the Norovirus outbreaks since late 2012 replacing variant New Orleans (Vaesa, 

2013). This finding reflects the character of Hajj of being a receptacle of infectious diseases 

worldwide. It is worth of mentioning that, as shown in Figure 12, the peak of reported cases due 

to GII.4 Sydney in different parts of the world and the date when Hajj was performed in 2012 

(October 24-29) coincide.  

The genotyping of only 24% of the EIA-positive samples could correspond to several reasons. 

Due to the high diversity of Norovirus there is not a single PCR method that detects all its 

variants. Primers used for genotyping in the current experiment were selected based on the 
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knowledge that these primers had competitive detection rates (Mattison, et al., 2009). The low 

proportion of detected samples could also be linked to the high mutation rate of Norovirus, 

especially of GII.4 which accounts for the majority of the outbreaks worldwide. This high 

mutation rate of Norovirus suggests the necessity of constantly renewing the primers used for 

diagnostics in order to diminish the number of false-negative results (Vinje et al., 2003).   

Un-specific bands were observed for some of the samples while being tested for GII (Figure 24, 

down: lanes 3, 5, 6, 11, 13). These bands were sequenced and they corresponded to enteric 

bacteria found in the normal gut microbiota. The unspecific amplification can be attributed to 

the use of degenerate primers and does not compromise the genotyping of the Norovirus 

isolates in this experiment since a sequencing step was made compulsory. 

 

6.6 Adenovirus identification using metagenomics 

We aimed to identify Adenovirus using metagenomics. The DNA concentration after extraction 

was suitable for the microbial enrichment. This microbial enrichment depleted nearly 50% of the 

total DNA suggesting that half of the previously measured DNA corresponded to human DNA. 

Related experiments from the laboratory suggest that this depletion in DNA concentration is 

constant among samples (data not shown). The total DNA after enrichment resulted to be lower 

that the recommended for library preparation by Illumina (1 µg). Nevertheless, library was 

successfully validated for sequencing. Illumina reads are being analyzed by informaticians and 

results are expected in the near future.  
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6.7 Co-infections 

Until now, Astrovirus has been part of the majority of mixed infection. It was found in samples 

C0635, C0722 and Acute/270 together with Giardia spp., Norovirus and EIEC, respectively. Co-

infections of Astrovirus with other pathogenic enteric microorganisms are widely reported and 

are liked to its quality of opportunistic pathogen. Some studies suggest that 17-65% of 

Astrovirus infections might be related to with other enteric microbes such as rotavirus, 

norovirus and Giardia spp. Nevertheless, it has been suggested that the percentage of co-

infections might be dependent on the population under study; i.e. higher co-infection with 

Astrovirus is observed in developing countries (Colomba et al., 2006; De Benedictis, et al., 2011; 

Guix, et al., 2002; Pativada et al., 2012). It is expected that after completion of the screening for 

enteric bacteria, the percentage of mixed infections involving Astrovirus will be revealed.    

Sample Acute/105 is characterized by the presence of Adenovirus and Giardia spp. The mixed 

infection by Adenovirus and Giardia spp. has also been reported in literature (Cruz et al., 1992; 

de Wit et al., 2001).  
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CHAPTER 7 

CONCLUSION AND FUTURE RESEARCH 

 

The prevalence of the common enteric viruses during Hajj 2011, 2012, and 2013 was promptly 

established by EIA. Enteric viruses accounted for 14.9%, 15.0% and 6.6% of all acute diarrheal 

cases for Hajj 2011, 2012 and 2013, respectively. A statistically significant decrease in viral 

epidemiology was observed in 2013. This change in the incidence of enteric viruses could 

correspond to environmental or demographic factors and it will need further studies and 

analyses.  

For the three years of study, Astrovirus accounted for the majority of the viral infections (7.01%, 

8.84% and 4.5% for 2011, 2012 and 2013, respectively). The reason of this high prevalence 

compared to the other enteric viruses remains unknown. 83% of Astrovirus cases were further 

confirmed with PCR targeting a conserved region of the genome of Astrovirus. 12% of the cases 

could be genotyped by PCR targeting the ORF2 resulting in the identification of HAstV 2, HAstV 1 

and HAstV 5. Discrepancy between genotyping and detection could be explained by the 

difference in genetic variability between these two ORFs. Previously, this discrepancy has led to 

the identification of new species of Astrovirus (i.e. MLB1, VA1).  

Until now, the majority of the viral co-infections involve Astrovirus. Mixed infections with 

Astrovirus are widely described in literature and might be linked to its condition of opportunistic 

pathogen. More cases of mixed infections are expected after completion of a bacterial screening 

of the samples.   

Norovirus cases were observed during Hajj 2011 (5%) and 2012 (12%) being ranked in the 

second place after Astrovirus; nevertheless, cases were not observed in Hajj 2013. 24% of the 
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EIA-positive samples could be genotyped and GI.6, GII.4 Sydney, GII.3 and GII.1 were identified. 

Finding GII.4 Sydney in Hajj reflects the capacity of the event to receive infectious diseases from 

outside the country.  

Rotavirus cases ranked third in Hajj 2011 (3.5%) and 2012 (1.36%) but cases disappeared in 

2013. 88% of the Rotavirus isolates could be genotyped targeting VP7 and VP4 genes. 

Irrespective of the year of study, G1P[8] was the predominant combination followed by G3P[8] 

and G4P[8]. Only P[8] was found in the present study. 

The genotypes obtained for Astrovirus, Norovirus and Rotavirus correspond to the most 

common genotypes worldwide. The diversity of genotypes found (ten in total) supports the 

concept of Hajj as a mass gathering event that enhances the transmission of infectious diseases. 

It must be pointed out that these genotypes are result of a single screening of the samples and 

therefore more genotypes can be expected in the future if other approaches are implemented.   

In the case of Astrovirus and Norovirus, the high proportion of non-typeable isolates could 

correspond to several reasons. One of them is that the primers used in diagnostics, if well 

intended, correspond to strains circulating in other parts of the world that might not reflect the 

strains circulating in Hajj. Thereon, home-made primers could be manufactured taking into 

consideration strains circulating in the region. A metagenomic approach could also be applied in 

this regards.  

Metagenomics has proved to be a valuable technique in assigning an etiological agent to clinical 

samples when sequence information is not possible. The sequence data resulting from 

Metagenomics could also serve to create more effective primers for identification. The 
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identification of Adenovirus directly from the clinical sample preformed as a tryout in the 

present work will be a step towards the implementation of metagenomics in clinical diagnosis.  

 The present study does not aim to characterize viral loads in the clinical samples. Nevertheless, 

association between this parameter and the groups of viruses under study would represent a 

valuable epidemiological feature. For example, it has been suggested that a person infected 

with Norovirus GII has higher fecal viral concentrations than a person infected with Norovirus GI 

and this higher concentration is linked to the severity of the symptoms. Studies in this regards 

might be implemented in the future for Hajj samples. 

In conclusion, the enteric viral epidemiology of Hajj pilgrimage for the years 2011, 2012 and 

2013 was established tracking four main enteric viruses: Astrovirus, Rotavirus, Norovirus and 

Adenovirus. A first PCR screening showed that Hajj is rich in genotypes and is open to infectious 

diseases worldwide. In the case of Astrovirus and Norovirus, the finding of non-typeable strains 

encourages the use of other approaches that tackle the limitations of molecular biology 

techniques, in this case metagenomics.  
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 APPENDICES 

A. EIA-positive samples of enteric viruses during Hajj 2011, 2012 and 2013. The table shows 

the positive samples that were obtained for each group of viruses: Astrovirus, Norovirus, 

Rotavirus and Adenovirus. Positive samples for Control 2011 are also shown. Equivocal 

results were also considered in the study and noted with a question mark (?).         

Group of study +ssRNA dsRNA DsDNA 

Astrovirus Norovirus Rotavirus Adenovirus 

Hajj Acute Diarrhea 

2011 

 

A0122 

A0188 

A0195 

A0447 

A0452 

A0463 

A0500 

A0501 

A0069 

A0139 

A0191 

A0273 

A0464 

A0154 

A0194 

A0412 

A0155 

 

Hajj Acute Diarrhea 

2012  

 

C0530? 

C0568 

C0610 

C0625 

C0632 

C0634 

C0635 

C0641 

C0651 

C0653 

C0681 

C0717 

C0723 

C0727 

C0746 

C0755 

C0765 

C0722? 

C0775 

C0779? 

C0868 

C0975 

C0983 

C0990 

C0993 

C0525 

C0578 

C0662 

C0719? 

C0722 

C0750? 

C0764 

C0774 

C0784? 

C0866 

C0942 

C0974? 

C0516 

C0570 

C0760 

C0972 

C0750 

C0784? 

Hajj Acute Diarrhea 

2013 

Acute/270 

Acute/031 

Acute/039 

Acute/264 

   ID050 

Acute/018 

Acute/105 
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Acute/262 

Acute/306 

Acute/297 

Control 2011 KAUSTC0015    KAUSTC0015 

KAUSTC0095 

 

B. Astrovirus isolates confirmed by RT-PCR. The table shows the samples that were successfully 

genotyped by RT-PCR for Astrovirus for each year of Hajj.  

Group of study Sample ID  

Hajj Acute Diarrhea 2011 A0122, A0188, A0195, A0447, A0452, A0463, A0500, A0501 

Hajj Acute Diarrhea 2012 C0568, C0610, C0625, C0632, C0634, C0635, C0641, C0651, C0653, C0717, C0723, C0727, C0746, 

C0765, C0722?, C0775, C0975, C0983, C0990, C0993 

Hajj Acute Diarrhea 2013 Acute/270, Acute/031, Acute/039, Acute/262, Acute/306, Acute/297 

 

C. Genotyped samples by RT-PCR. The table shows the samples that were successfully 

genotyped by RT-PCR for Astrovirus, Norovirus and Rotavirus. Only P-typing was achieved for 

sample A0155 corresponding to Rotavirus. 

Group of study +ssRNA DsRNA 

Astrovirus Norovirus Rotavirus 

Hajj Acute Diarrhea 2011 

 

 A0139 

A0273 

A0154 

A0194 

A0412 

A0155 

Hajj Acute Diarrhea 2012  

 

C0717 

C0653 

C0651 

C0634 

 

 

C0719? 

C0722 

C0516 

C0570 

C0972 
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Hajj Acute Diarrhea 2013 Acute/039    
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