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Chapter One 

1. Introduction 

      Rotavirus is classified in the family Reoviridae and is a non-enveloped 

double-stranded RNA (dsRNA) viruses that have a complex architecture of 

three concentric capsids that surround a genome of 11 segments of dsRNA 

(Matthijnssens et al., 2011).  The RNA segments encode six structural viral 

proteins (VP1, VP2, VP3, VP4, VP6 and VP7) and six non-structural proteins 

(NSP1, NSP2, NSP3, NSP4, NSP5 and NSP6). The proteins in the mature virus 

particle determine host specificity, cell entry and enzymatic functions necessary 

for the production of viral transcripts, and contain epitopes that generate 

immune responses. The non-structural proteins are involved in genome 

replication and antagonism of the innate immune response (a particular role for 

NSP1) and include the viral enterotoxin NSP4 (McDonald and John, 2011;  Hu 

et al., 2012; Gomez-Rial et al., 2019). 

    Ten different rotavirus species (A–J) have been classified on the basis of 

sequence and antigenic differences of VP6. they are the most common cause of 

infections in children. Species A rotaviruses are further classified into different 

genotypes, based on sequence differences in RNA segments 7 and 4 encoding 

VP7 and VP4, respectively, whereby glycoprotein (G, or VP7) and protease-

cleaved protein (P, or VP4) subtypes are differentiated. To date, 32 

VP7genotypes and 47VP4genotypes of species A rotavirus have been identified, 

although globally, six G types (that is, G1, G2, G3, G4, G9 and G12) and three 

P types (P[4], P[6] and P[8]) predominate (McDonald and John, 2011).  In 

addition, six strains of species A rotavirus generally account for > 90% of 

globally circulating species A rotavirus: G1P[8], G2P[4], G3P[8], G4P[8], 

G9P[8] and G12P[8] (Hakan and Osman, 2017; Mary-Theresa et al., 2017).    

    Geographical differences in species A rotavirus strain distribution have been 

observed, with more strains causing rotavirus disease in children in low-income 
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countries than those in high-income countries (Vasco et al., 2014). Human 

species A rotavirus strains that have a high degree of genetic homology with 

animal strains have been identified, and direct animal-to-human transmission 

can occur, particularly in low-income countries (Alicia et al., 2018). Virus 

evolution is driven by the accumulation of point mutations and genome 

reassortment, which can occur after dual infection of individual cells by 

different species A rotavirus strains, leading to viral progeny with combinations 

of the parental genomes. In the East Mediterranean countries, the circulating 

rotavirus strain prevalence has changed post vaccination where G9P[8], G2P[4], 

and G9P[4] have become more dominant. Proportion of rotavirus strains in 

these countries after vaccination has significantly reduced. there is an increase 

in circulating strain G2P[4] in the post-vaccination period (Almalki, 2018). 

    Diarrheal diseases are one of the leading causes of illness and death in 

children being responsible for 500,000 deaths per year globally.  Before the 

1970s, the etiologic agent in many cases of infantile gastroenteritis was not 

identified, but a breakthrough occurred in 1973 with the identification of virus 

particles in duodenal biopsy samples from children with severe diarrhea and in 

fecal samples from children with acute diarrhea (Martinez-Gutierrez et al., 

2019). The name rotavirus (adapted from the Latin word ‘rota’, which translates 

to wheel) was assigned to this newly discovered virus because of its distinct 

morphological appearance. Rotaviruses acute gastroenteritis is one of the 

leading causes of childhood mortality worldwide and accounts for 15% of all 

deaths in younger children. Most of these deaths occur in malnourished infants 

from countries of lower socioeconomic status and from the disadvantaged rural 

regions of Africa and Asia (Vasco et al., 2014; Mokomane et al., 2018).  

    Rotavirus is also the main viral agent associated to gastroenteritis in animals, 

and was isolated in several species of domesticated and wild mammals, as well 

as in birds. These infections cause significant economic losses in livestock – 
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cattle, swine and horses, because of cost of treatment and weight loss by 

affected animals. (Dhama et al., 2009; Martella et al,. 2010).  

    The interspecies capacity of rotavirus A transmission among mammal species 

was demonstrated in early 1980’s. Calves were found to be susceptible to 

rotavirus A infection of rabbits, which, in turn, had been infected with bovine 

rotavirus A. Calves are equally susceptible to rotavirus A infection of simian. 

Bovine rotavirus A excretion was detected in dogs and cats, and rotavirus A 

transmission from mammals to birds has already been documented (Schwers  et 

al., 1982; Castrucci et al., 1984). The advent of molecular biology enabled 

identification of animal rotavirus A strains infecting humans in different parts of 

the world (Luchs et al., 2012). 

    The complete genomic sequence analysis of human rotavirus A strains 

belonging to G3P[3] genotype revealed that both strains are closely related to 

canine  and feline rotavirus A( Tsugawa et al., 2008) The equine rotavirus A 

seems to have a very close genetic relation with human and swine          

rotavirus A (Ciarlet et al., 2001). The G3 (common in cats, dogs, pigs and 

horses), G5 (common in pigs and horses), G6, G8 and G10 (common in cattle) 

and G9 (common in pigs and sheep) rotavirus A strains were identified in 

human populations in different parts of the world (Luchs and Timenetsky, 

2016). The swine G4, G5, G6 and G8 genotypes were found circulating in 

humans, calves and camels (Anupam et al., 2013). These data suggested pigs 

might be the main rotavirus A reservoir and source of emerging strains, in 

humans and other animals. 

               In Diyala province, a study to explore the rotavirus infection rate 

among patients with diarrhea found that the rotavirus is a common cause of 

diarrhea particularly among children below 5 years of age (Hasan et al., 2011). 

In another study to figure out the seroprevalence of rotavirus among general 

population and patients with diarrhea in Diyala province revealed that the 
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seroprevalence among general population was 37.1% suggesting that about two 

thirds of Diyala population were liable to rotavirus infection (Hasan, et al., 

2012). The implementation of rotavaccine in Iraq was started in 2014. In a study 

to investigate the efficacy of rotavirus vaccine in Diyala province, it was found 

that about one quarter of children received RV vaccine following the universally 

recommended schedule had protective seropositive levels of anti-rotavirus IgG. 

Monovalent vaccine was more immunogenic than pentavalent irrespective of 

vaccine doses or duration (Al-Azawi et al.,2020).  For the best of our 

knowledge no previous molecular studies were conducted in this province, 

therefore, the current study was suggested to detect  and sequencing of   

rotavirus    from  both  human  and  animals  and to investigate the identical rate 

among them.  

Aim of the Study 

1. Serological detection of anti-rotavirus IgG and IgM antibodies and rotavirus   

stool antigen among children and calves with diarrhea. 

2. Molecular detection of rotavirus genes from diarrheic stool of children and 

calves using conventional polymerase chain reaction. 

3. Sequencing of rotavirus genome from both PCR products of human and 

calves to compare between both sequences. 



 أ
 

 نخلاصخا

 انثبيٍ انغجت ٔرؼزجش الإعٓبل يشض رغجت انزٙ انفٛشٔعبد يٍ )انشٔرب( انؼجهٛخ انفٛشٔعبد رؼذ

 انشئٛغٙ ٔانغجت ٔفبح حبنخ يهٌٕٛ 11.. يٍ لأكثش الأػًبس جًٛغ ثٍٛ انغُٕٚخ نهٕفبح انشئٛظ

 انصحخ نًُظًخ نجٛبَبد ٔفمب1ً انؼبنى أَحبء جًٛغ فٙ انخبيغخ عٍ دٌٔ الأغفبل ثٍٛ نهٕفبح انخبيظ

 يلاٍٚٛ 2 إنٗ 3 ػهٗ ػبو ثشكم ٔالأيؼبء انًؼذح انزٓبة ٚؤثش ،51.2نؼبو ( WHO) انؼبنًٛخ

 ػبو فٙ عُٕاد 2 ػٍ أػًبسْى رمم انزٍٚ الأغفبل يٍ (٪ 5.يٍ) ٚمشة يب يُٓى ، ػبو كم غفم

 1ٔفبح حبنخ 001111 يٍ ٚمشة يب ػٍ يغؤٔل ْٕٔ ، 51.2

 ػٍ انًصهٙ انكشف إنٗ رًٛم انذساعخ ْزِ أْذاف1 دٚبنٗ يحبفظخ فٙ ذساعخان ْزِ أجشٚذ  

 انزٍٚ الأغفبل ثشاص فٙ انشٔرب فٛشٔط يغزعذ إنٗ ثبلإظبفخ IgG ٔ IgM انًعبدح الأجغبو

 ٔانجشاص انًصم ػُٛبد جًغ رى1 ثبلإعٓبل انًصبثخ ثبنؼجٕل يمبسَخ ٔالإعٓبل انمٙء يٍ ٚؼبٌَٕ

 انجٛطش٘ ٔانًغزشفٗ ، ٔانطفم نهٕلادح انزؼهًٛٙ انجزٕل ٔيغزشفٗ ، انزؼهًٛٙ ثؼمٕثخ يغزشفٗ يٍ

 انفزشح يذٖ ػهٗ انذساعخ أجشٚذ1 دٚبنٗ يحبفظخ فٙ انخبسجٛخ انؼٛبداد يٍ ٔكزنك ، انغشٚش٘

 جُٛبد ثؼط اعزٓذف انز٘ انجضٚئٙ انكشف1 5151 فجشاٚش 5. إنٗ 51.2 أكزٕثش 1. يٍ

 انزمهٛذ٘ انًزغهغم انجهًشح رفبػم ثبعزخذاو ٔانؼجٕل نلأغفبل ثشاصٚخ ػُٛبد فٙ انشٔرب فٛشٔط

(PCR 1)انًزغهغم انجهًشح رفبػم َبرج يٍ كم يٍ انؼجهٛخ انفٛشٔعخ جُٕٛو رغهغم يمبسَخ رًذ 

 انًحهٛخ انُٕٛكهٕٛرٛذاد يزٕانٛبد خلال يٍ انجُٛٙ انزُٕع رحذٚذ1 انزغهغم كلا فٙ ٔانؼجم نلإَغبٌ

 انًمبسَخ ٔأخٛشًا رغهغلاد يغ ٔيمبسَزٓب انًحهٛخ انؼضلاد داخم انزطٕسٚخ انٕساثٛخ ٔانشجشح ،

 رغهغلاد يحبراح خلال يٍ يخزهفخ ثهذاٌ يٍ أخشٖ ػضلاد يغ انؼجهٙ انفٛشٔط نؼضلاد انجُٛٛخ

 NCBI1 ثٛبَبد لبػذح فٙ انًزبحخ انذٔنٛخ انؼضلاد نٓزِ يزؼذدح

 الانٛضا رمُٛخ ثبعزخذاو ٔانؼجٕل نلإَغبٌ IgM ٔ IgG انشٔرب فٛشٔط ػٍ انًصهٙ انكشف رى

ELISA SUNRed) 1)انشٔرب فٛشٔط اكزشبف أٚعًب رى ، ٔثبنًثم Ag ٙالإَغبٌ ثشاص ف 

 (ELISA DRG) 1 رمُٛخ الانٛضا ثٕاعطخ ٔانؼجٕل

 يؼُٕٚخ فشق ٔجٕد يغ الأغفبل يٍ٪ .1 فٙ إٚجبثٛخ انؼجهٙ نهفٛشٔط انًعبدح IgM َزبئج كبَذ

 انشٔرب نفٛشٔط إٚجبثٍٛٛ كبَٕا الأغفبل يٍ٪ .1 أٌ انُزبئج أظٓشد كًب(P = 0.001 1) إحصبئٛبً

IgG يؼُٕ٘   فشق ٔجٕد يغ عهجٍٛٛ كبَٕا٪ 2. يمبثم  ً  اكزشبف كبٌ(P = 0.0001 1) إحصبئٛب

 إٚجبثٛخ يؼذل كبٌ انؼجٕل ف1ٙ الأغفبل يٍ٪ 12 فٙ إٚجبثٛبً انجشاص٘ انشٔرب فٛشٔط يغزعذ

IgM انشٔرب نفٛشٔط يٕججخ كبَذ٪ 12 يؼُٕ٘ اخزلاف يغ٪ 11 انؼجهٙ نهفٛشٔط انًعبدح 



 ب
 

IgG يؼُٕ٘ فشق (P = 0.0001 )انشٔرب نفٛشٔط انجشاص إٚجبثٛخ يؼذل يٍ نكم Ag ٙانؼجٕل ف 

 (P = 0.011) يؼُٕٚب الإحصبئٙ الاخزلاف كبٌ٪1 11 كبَذ

 كلاًْب٪( 1111) انًخزهطخ ٔانزغزٚخ٪( 1211) ثبنضجبجخ انشظبػخ أٌ ػبو ثشكم انُزبئج أظٓشد

 ٚشظؼٌٕ انزٍٚ ثبلأغفبل يمبسَخ انشٔرب فٛشٔط ظذ IgM إٚجبثٛخ يٍ أػهٗ ثًؼذلاد يشرجطبٌ

 P) إحصبئٛخ دلانخ راد يغزٕٚبد إنٗ انٕصٕل فٙ انفشق فشم ، رنك ٔيغ٪(1 1213) انثذ٘ يٍ

 كبَٕا انشٚفٛخ انًُبغك فٙ انًمًٍٛٛ الأغفبل يٍ٪ 2.11 أٌ أٚعًب انُزبئج ٔجذد(1 0.460 =

 نـ يٕججٍٛ انحعشٚخ انًُبغك فٙ انًمًٍٛٛ الأغفبل يٍ٪ .101 كبٌ ثًُٛب IgG نًعبد إٚجبثٍٛٛ

IgG إحصبئٛخ دلانخ را الاخزلاف كبٌ ٔثبنزبنٙ ، انشٔرب نفٛشٔط انًعبد (P = 0.0011) 

٪( 1211) انشٔرب ثفٛشٔط نلإصبثخ إٚجبثٙ يؼذل أػهٗ انثذ٘ يٍ ٚشظؼٌٕ انزٍٚ نهشظغ كبٌ

 أٌ انُزبئج أظٓشد(P = 0.048 1) إحصبئٛخ دلانخ رٔ انفشق كب1ٌ الأخشٖ انزغزٚخ ثإَٔاع يمبسَخ

 يٍ٪ 1111 أٌ حٍٛ فIgG 1ٙ يٕججخ نذٚٓى كبَذ انمٙء يٍ ٚؼبٌَٕ انزٍٚ الأغفبل يٍ٪ 1513

 = P) إحصبئٛخ دلانخ رٔ انفشق كب1ٌ انمٙء يٍ ٚؼبٌَٕ IgG ثبنـ انًصبثٍٛ غٛش الأغفبل

0.0381) 

 كبٌ انشٔرب نفٛشٔط انًعبد IgM الاَحشاف انًؼٛبس٘ SD±  ًزٕعػان أٌ انذساعخ ْزِ أظٓشد 

 P) ثـ يمبسَخً ( ± IgM ) 31053 2.883± إٚجبثٍٛٛ كبَٕا انزٍٚ الأغفبل ثٍٛ يهحٕظ ثشكم أػهٗ

 نفٛشٔط انًعبد الاَحشاف انًؼٛبس٘  SD±  ًزٕعػان كبٌ ، رنك يٍ انؼكظ ػهٗ(1 0.0001 =

 الأغفبل ْؤلاء ثٍٛ يهحٕظ ثشكم أػهٗ انؼجهٙ نهفٛشٔط انًعبد IgG كب1ٌ ثكثٛش أػهٗ انشٔرب

    ثُظشائٓى يمبسَخ( 31225±  51232) انؼجهٙ نهفٛشٔط انًعبد IgM يٍ عهجٍٛٛ كبَٕا انزٍٚ

(P = 0.41)1 

 IgM٪ .131 نـ إٚجبثٍٛٛ كبَٕا انزٍٚ الأغفبل ثٍٛ أػهٗ  انجشاصٚخ  انؼجهٛخ انفٛشٔعخ يغزعذ كبٌ

 َزبئج اسرجبغ أٌ حٛث(P=0.003 1) إحصبئٛخ دلانخ رٔ انفشق كب1ٌ انشٔرب نفٛشٔط انًعبد

PCR ّانشٔرب فٛشٔط يغ يًٓخ غٛش ػلالخ ن IgM  انًعبد(P=0.793)1 

 ٔرى ، VP7 جٍٛ رغزٓذف انزٙ انزمهٛذٚخ PCR رمُٛخ ثبعزخذاو ثشاص ػُٛخ ٔعزٍٛ ٔاحذ فحص رى

 انفشق كبٌ٪1 0.11 ثُغجخ ػُٛخ 52 فٙ انشٔرب نفٛشٔط انشٚجٙ انُٕٔ٘ انحًط ػٍ انكشف

 رحهٛهٓب رى ػُٛخ 02 ثٍٛ يٍ ، ثبنؼجٕل ٚزؼهك فًٛب(P = 0.421 1) الإحصبئٛخ انُبحٛخ يٍ ظئٛلاً 

1 نلاكزشبف لبثم RNA سٔرب فٛشٔط٪( 51) 3. نذٖ كبٌ ، انًزغهغم انجهًشح رفبػم ثٕاعطخ



 ت
 

 نـ PCR) رفبػم انجهًشح)َبرج  إسعبل رى(P = 0.084 1) الإحصبئٛخ انُبحٛخ يٍ ظئٛلاً  انفشق كبٌ

 1نهزغهغم ػجلاً  3. ٔ غفم 52

 انزٙ انؼُٛبد جًٛغ فٙ يٕصػخ انُٕٔٚخ الأحًبض فٙ فشٔلبً ػشش أحذ ٔجٕد إنٗ انُزبئج أشبسد

 يٍ كم ثٍٛ َغجٛبً يزغبٔٚبً رٕصٚؼبً رحذٚذْب رى انزٙ الاخزلافبد غبنجٛخ أظٓشد1 رمشٚجبً فحصٓب رى

انؼُٛبد  أٌ إنٗ نهزطٕس انشبيم انشجشح رحهٛم أشبس1 ٔانؼجٕل انجشش يٍ انًؼضٔنخ انفٛشٔعبد

 .G1-P[8]انفٛشٔعٛخ انؼجهٛخ انزٙ رى فحصٓب رُزًٙ انٗ انًُػ انجُٛٙ 


