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Summary:

Norovirus and Astrovirus are causative agents of viral gastroenteritis affecting all
age groups, but most frequently the young, the elderly and persons in semi-closed
communities such as hospitals, nursing homes, military bases and cruise ships. The
sensitive and rapid detection of causative agents of viral gastroenteritis is key to the
effective implementation of infection control systems. Interferon gamma (IFN-y) is
best known for its ability to regulate host immune responses; however, its direct
antiviral activity is less well studied. Toll-like receptor 7 (TLR7) isa pattern
recognition receptor that recognizes viral RNA following endocytosis of the
virus and initiates a powerful immune response characterized by IFN production and

pro-inflammatory cytokine production.

The current study was aimed to determine the genotypes of norovirus (NoV) ;
astrovirus (AsV) as well as effect of IFN-y; TLR-7 genes polymorphism in infants

and children suffering from gastroenteritis (GE).

A case control study including 200 childhoods (150 patients with GE and 50
apparently healthy control); (116 males and 84 females) who were recruited from
different Maternity and Children Teaching Hospitals in Mid-Euphrates
Governorates of Irag. Studied groups were had different ages that range from 6-122
months. The study was carried out at the department of Microbiology, College of
Science, University of Babylon during the period between February 2021 and June
2022. Stool swabs as well as three to five ml of blood sample were collected and
then viral genome and total DNA were obtained and stored at -20°C/-80°C till used.
NoV and AsV genotypes detection using Real time- PCR, finally isolates of NoV-
VP1- and AsV-ORF-1 genes that were sent for sequencing. Other routine



investigations were done for IFN-y; TLR-7 genes polymorphism; serological tests
for IEN-y; TLR-7 markers in infants and children suffering from gastroenteritis.

«In this study, Norovirus (Gl ; GII&GIII) was positive in 29 (37.6%) out of 77 and
negative in 48 (62.4%) out of 77 patients. Statistically significant differences (p =
0.03) among patients group.

*The present results of Norovirus (Gl ; GII&GIII) indicated the presence of four
Nucleotide variants in the investigated samples, namely 56G>A, 147A>T, 231C>T,
and 288T>C. All nucleotide sequences reported in this study have been discovered
for VP-1 gene partial sequencing specifically for NoV genotype were further aligned
and only eight ( six for NoV GIlI and Two for NoV —GlII) newly registered
sequences that were deposited in the National Center for Biotechnology Information
GenBank database with definition of accession numbers of (SUB11565544
Seql ON678619; ON678620; ON678621; ON678622; ON678623; ON678624 )
and SUB11565548 Seql ON678617 and ON678618; respectively.

*Phylogenetic tree of NoV-VP-1 gene partial sequence constructed using 8 isolates
from this study along with similar referring reference nucleic acid sequences
(GenBank acc. no. EU310927.1).

*The total positive result of AsV according to qRT-PCR shows 18.1% (14 out of 77
cases) as positive less than 81.9% (63 out of 77 cases) as negative. Statistically
significant differences (p = 0.04) among patients group. The present results of AsV
indicated the presence of three nucleotide variants in the investigated samples,
namely 86C>T, 131G>A, and 239G>A detected in several investigated clinical
samples. All nucleotide sequences reported in this study have been discovered for
ORF gene partial sequencing specifically for AsV genotype were further aligned and

only six newly registered sequences that were deposited in the National Center for



Biotechnology Information GenBank database with definition of accession numbers
of (Astrovirus Banklt2589912 Seql ON669284,0N669285,0N669286; ON669287,
ON669288 and ON669289. Respectively).

*Phylogenetic tree of AsV-ORF gene partial sequence constructed using 6 isolates
from this study along with similar referring reference nucleotide sequences
(GenBank acc. no. MH933759.1).

In this study, six isolates from a newly registered sequences (NUMBERS :
LC715217 , LC715218 , LC715219 , LC715220 , LC715221, LC715222) of TLR-
7 gene (single band 408 bp) mutation were identified out of 45 isolates (30%). Which
revealed that which located at positions 22; 341; 354 a substitution mutation A—C;
positions 8; 361 substitutions A— T; position 18 substitution T— A; and last one at
position 113 substitution C— A according to the reference sequence alignment of

the human TLR-7 gene.

«In current results, four isolates from a newly registered sequences (NUMBERS :
LC715223 , LC715224 , LC715225 , LC715226) of IFN-y gene (single band 441
bp) mutation were identified out of 32 isolates (21.3%). Which revealed that which
located at positions 20; 21;74 a substitution mutation G—A; positions 48
substitution C— T ; position 19 substitution A— T; and last one at position 405
substitution A— G according to the reference sequence alignment of the human
IFN-y gene.

*The mean of serum TLR-7 and IFN-y concentration for apparently healthy control
and patients with GE groups were 20.60 = 1.0pg./ml; 19.66+ 1.78 pg./ml and 67.28
+ 2.0pg./ml; 52.9 £1.9, respectively.

A strong positive relationship (with highly significant correlation) was found
between Nov, Ast , SNP TLR-7 as well as IFN-y in GE. A strong positive
relationship (with highly significant correlation) was found between NoV, AsV ,
SNPs of TLR-7 and IFN-y according to ages patients who have GE infection.



However, there are no significant correlations among NoV; AsV and SNPs of TLR-
7 and IFN-y according to the sex of study population.

*Conclusions from this study:

* Norovirus and Astrovirus have become the most important cause of viral
gastroenteritis in infants and children. These viruses exhibit a plasticity on their
genome that could result in multiple variants co-circulating at the same time in the
human population. All observations seem to point to a multifactorial event that
involves host-virus interactions and changes on, at least, two different regions of the
genome (VP-1 and ORF1).

*Polymorphism of TLR-7 and IFN-y with NoV and AsV infection could indicate
highly important role of these molecular factor in Iragi childhood patients with GE.
In addition, highly serum concentration of TLR-7 and IFN-y level in patients with
GE could point that act as a risk factor in the pathogenesis of idiopathic GE.



Appendix

Norovirus Hu/Houston/TCH186/2002/US, complete genome

GenBank: EU310927 1

GenBank FASTA
Link To This View | Feedback

| 500 nK 1500 2 2500 13 2,500 4K 13,500 | 4]% 0 5500 EK [5.500 F 7588
9 2 Euz10927.1 ~ F|nd| Als == A Toos~ cks - ¥, Download » (@ 7 ~
TR so46 B D e e I = e - D S, sa8e & R

Genes L0000 =

T %
Calici_caat

R Features L0 =
Features L0 =

|5k 5620 |s@4e  |seee  sese [sie  [Si28 [Si48  [S468 [s1se (5208 [5220 (5248 [s260 5280 (5380|5320 (5340 5360 5380 [s4pe |Sdz6
EU310927.1: 5.0K..5.4K (445 nt) : # Tracks shown: 4/5

‘ 343 bp PCR amplicon length «

Figure 1. The exact position of the retrieved 343 bp amplicon partially covered the coding
portions of the VP1 gene within Human norovirus genomic sequences (GenBank acc. no.
EU310927.1). The blue arrow refers to the starting point of this amplicon while the red
arrow refers to its endpoint.

Sample sequence were Submitted in NCBI and the Accession Number of
nucleotide sequences of Norovirus Gl

SUB11565544 Seql ON678619
SUB11565544 Seq2 ONG678620
SUB11565544 Seq3 ON678621
SUB11565544 Seq4 ONG678622
SUB11565544 Seq5 ONG678623
SUB11565544 Seq6 ONG678624
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Locus OMGTEE1D 343 bp RN linear  VEL 18-1UM-2922

DEFINITION HMarovirus GIT isolate TSRAA-S1 nenstrictural polyprotein, Rdip
region, (ORF1) and WP1 (ORF2} genes, partial cds.

ACCESSION  OMSTEE1D

VERSION OMETEELD .1
KEYWORDS -
SOURCE Horowirus GIT

CRGANTSM HNorowirws GIT
Viruses; Riboviria; Orthornaviree; Pisuviricota; Pilcomiviricetes;
Picorpavirales; Caliciviridae; Morowirus.
REFEREMCE 1 ([bases 1 Lo 343)
ALTHORS Haser,I.H. and Al-Alwany,S.H.
TITLE Molecular Detection of Norowirus Anong Children with
Gactroaenteritis
JOURNAL Ungublished
REFEREMCE 2 [bases 1 Lo 343)
ALTHORS Haser,I.H. and Al-Alwany,S.H.
TITLE Direct Submissicn
JOURKAL Submiitted [@2-JUN-2222) Department of Biology, College of Science,
University of Babylon, Al-Tagla, HElla, Bablil S12a8l, Irag
COMMENT Flascembly-Data-STARTAN
Sequencing Technology @@ Sanger didecky sequencing
FHAscembly-Data-ENDUNY
FEATURES Location/Qualifiers
Source 1..343
Sorganisn="Norowirus GIT™
Jmol_type="gencric RHA™
Sisolate="I5RA04-51"
Fisolation_sowrce="stool™
Shost="Homa sepiens™
Jdb_sref="taxom:122920"
Soountry="Irag"
Joollection date="apr-2821"
Joollected _by="Israa Habeeb Maser”
Snote="genotype: GITT

geng <1..5%
Seene="0RF1~
DS 1. .55

FEgene="0RF1~

Soodon_start=31

Sproduect="nonstructural polyprotein”

Sprotein_id="URQI2884. 1"

Furanslatisn="WEGDANLAFSFWVMEDGVE™
mat peptids €l..56

SEene="0RF1~

Sprodect="RdRp"

gene 4a, .x343
Sgane="0RF2"
DS 43, 343

Foene="0RF2~

Snote="najor capsid protein”

Soodon_start=1

Fprodect="vP1"

Sprotein_id="URQ3I2885.1"

Ftranslation="MMASS0ASPS OGS TANLVPEVHHEVHAL ERYGAA TAGFWAG)

VI DPWIRANFWQAPGGEF TVSPRHAPGET LWSAPLGPDL NP Y LSHLARMYNGYAS™

ORTGIM
1 cgtgogaggg cgategeaat ctggetecca gotttgtpaa tgaagatgpe gtogagtgac

61 gocegoccat ctgatppgte cacageocaac ctoegticceag agotomacaa tgaggttatg
121 getttggage cogttgttge tpocgoeatt goggracctg tegogegoca acasaatgta
181 attgaccecct ggattagasa tastttigta caagoccctg gitggagagtt tacagtatoc
241 cctagaaacg ctocaggtge aatactatgg egogogcocct tggpecicga tetgaatocc
381 tacctttete atttgpocag aatgtacaat gottetgoag gtg
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LTS ChETES DG SET B (AT 11 WAL 18-Jimi-Z8ZZ
DEFIKITION HKorovimass GIT isalata ISEAA-STF nonscructoral poalypcctaln, BO8
jaglan, [(OEFLY and W1 [ORF2) genas, partial cds.

SICESSTON ChETES DD
SERSTOM ChETEGDE_1
EEYWDREDS .
SOUACE Koerovims GII
CACAMTEN porcsdrss ST
Slruses; Ribowsiria; Oethoernasicrads; Plossirdcora; Pisonlwiricetas)
Fleornaswiralas! Calicdelridas; Perosdimas .
REFEREMLCE 1 i{basss I To 3483)
ALUTHORS Kazer,T-H. and Al-Alwany,S.H-
TITLE Folecular Cutactices of Karoeises Asong CRdldeen wSth
(o= J T S I o S
IR AL UnpubliskFsd
REFEREMLCE 2 i{basss I To 3483)
ALUTHORS Kazer,T-H. and Al-Alwany,S.H-
TITLE Clrace Sdedssion
iR NAL Subsicoesd [B4-IUNM-2I2F DeparteantT of Elology, Collags of Scisnca,
niversity of Babyloem, Al-Tagia, Hilla, Eabldl 51851, Irag
COHEENT AAfAsseanly-Cata-STARTAA
Saquencing Tachnology ! Sangsr dideosy Ssquancing
A ean ]y -CaTa- ENOES
FEATLRES lecation/Juall Fiesrs
SO i_.343
JSorganiss-"forcedirus GIT™
Sl Type="gencedc FRA"
Fizolaca="T158AA 52"
Fisolaciocs Sourco="sTool™
FFost="Homs saploans™
b wrefe e L3 E0s"
SEEUNTry =" L]~
Fepllacoices data="Sns- 28317
Feollacced Ey="Israa Habaah Hassr™
Freta="gowstypar GII
Rane «i..59
SEana="0FkF1"
L£Os «i..59

OATCIN

Gl
11
1E1
=81
=81
Ll

SEana="0FkF1"

Feodon_stari=3

SproducC="F e m tructural polyprotsln™

Sprotalin SdO="LACISFRES. 3"

Jtranslacicon="KESDEHLAFSFUWHEDSSE"

«i. . 56

SEana="0FkF1"

Sproduct="E35"

4@, »34EF

FEana="OFEFI"

L ]

SEana="0FkFI"

Frota="Eajor capsid protaln®™

Feodon_start=1

FproducC="%%1"

Sprotalin Sd9="LACASFEF._ 3"

FErainslar o™ FRAS S ENE S S [G S TAR LT E Wit Evisia LEFWWE a8 TR AIRT]
O T e TP F W PGE EFTW 3P A RA PG ED LS AP LG PFDLAEYL S HL S FASTET AL

CETREHRERE LEatcgcaat

ELfagcccat

ELTTTgEaps
attgacccct

CIgatgRRTE
CLPIIREERS
EEattagaas

feTagaaacg CICccaggtea

TacTTECES

aCTTERCCaE

CTgRCECOCaE
CACAPC Cams
tgccgoaatt
taattcogta
aatactatgs
aatgtacaat
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L
CTCETC O
HEgacacetE
CaagoocetE
AagcgcgoeLT
FELIaCECaE

Tgaagatgsc
AgEECastam
TAgCERESta
HIgEagasTt
TggEcCcctEa
a4t

BICEaETEac
Tgaggrtaty
acaaaatgzta
L TT- -
Tcogaatocs




Appendix

LoCcus ChET78621 343 o 1linear WRL 30-JuNn-2022
CEFIMITION Korowlirus GII Ssolate ISRAA.SS sonstructural polyprotein, RARD
regicn, (OAF1) and Wi (ORF2) genes, parctial cas.
ACCESSION CNET78621
VERS ION CNE78621 .1
KEYWOADS .
SOURCE Korowlirus GIX
ORGANISN  Nocoelieus XL
Virutes: Ribovirla: Orthormavicrae: Plisuviericota; Plisonliviricetes;
Plcormavirales; Caliciviridae; Norovirus.
REFERENCE 1 (bases 1 To 343)
AUTHORS Kaser I .M. and Al-Alsany S M.
TITLE Folecular Dutoction of Norovirus Ascorg Onildren with
Gastrocenteritis
J0uURNAL Unpubl ished
REFERENCE 2 (bases 1 To 343)
AUTHORS Kaser I .M. and Al-Alsany , S.H.
TITLE Direct Sutmicsion
0URNAL Submitted (84-IUN-2022) Dipartment of Biolegy, College of Science,
University of Babylos, Al-Tagia, Hilla, Babil Sie@i1, Irag
COMMENT faAssonbly-Data-STAATaS
Sequincing Techeology :: Sanger dideoxy sequencing
BaALtenb]ly -Data-ENDES
FEATURES tocation/Qualifiers
sCurce 1..343
Jorganise="Norovirus GII™
/ool _type="genomic RNA®
J5501ate="ISRAA-SS"
Jisclation_scurce="stool™
/Post="Hono saplens™
b _xrefe"tason:122920%
Jcountry="1raq"
Jcollection cate="Apr-2021%
Jcollected By="1sraa Maboob Naser”
/rote="genotype: GII®
gsne <1..59
Jgene="CRF1"
oS <1..59
Jgene="CRF1*~
Jcodon_starte3
Jproduct="norst ructural polygeoatein™
Jerotelin_id-"UB032338 2°
Jtrantlation"WECORNLAPSFVNEDGVE®"
nat peotide <1..58
Jgene="CRF1"
Jperoduct="RaRp"
gene 498, .>343
JEene="CRF2"
oS 40..>343
JEene="CRF2*
Jeote="sajor capiid protein®
Jcodon_starte1
Jperoduct="vo1"~
Jprotein_1d-°UB032389 3°
Ftranslation="MusS SOASPSOGS TANLVPE WINEVVALEPWGAALASS VALY
QIO PWI RNNF VOAPCGCE F TVSP RNAPCE T LNSAPLGPOLN YL SHLARMYNGYAG™
CRIGIN
1 CAIEERIERE CHATCHCIAT CIPRCTCCCA FECILLZTIRAS TRANFITREC RICRIGIRIC
61 PCCARCCCAT CIPATIIRTIC CACARPCCAAC CICPLLCCAR IPRTCIACIA TRagatLIaty
321 PCIIERIIPC CCRITALIRE TRCCRCIITE FCPPCACCIR TARCIIPCCA ACIAIITRTS
181 JLIRACCCCT FHATLIZAAS TIAITCLLLIQPT S CAARCCCCER BILRIZARTT Ccaca@ratce
241 CCTARAINCE CULCCWPWATRS IATICLITER IPCRCACCCT TPRPCCCILR TCLRIITLCLC
381 TACCTTICTIC ALTIRICCAR IATRTICIAT FRITATZCIg BRI
e
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LoCus ChE78622 343 v Ara linear WRL 28-0un-2e22
CEFIMITION Norowirus GII Ss0late ISRAA.SE ronitructural polyprotein, RARp
regicn, (OAF1) and Wi (ORF2) genes, parctial cds.
ALCESSION CNE78622
WERS IO ONE78622.2
KEYWOADS -
SOURCE Korowirus GIX
ORGANISM Nocoelious CIX
Virutes: Ribovirlia: Orthormavirae: Plisuvicsricota; Pisoniviricetes:
Plcormavirales; Caliciviridae: Norovirus.,
REFERENCE 1 (bases 1 to 343)
AUTHORS Kaser I .M. and Al-Alsany S.H.
TITLE Folecular Dutection of Norovirus Asceg Onildren with
Gastroenteritis
douRraAL Unpuslished
REFERENCE 2 (bases 1 Tto 343)
AUTHORS Kaser I .M. and Al-Alsany S H.
TITLE Direct Submicsion
JouAraAL Submitted (84-IUN-2022) ODipartment of Biology. College of Science,
University of Babylon, Al-Tagia, milla, Babil Siee1, Iraq
COMMENT faAssonbly-Data-STARTaS
Sequencing Techewlogy :: Sanger dideoxy sequencing
FaAssend]ly -Data-ENDES
FEATURES Ltocation/Qualifiers
source 1..343
Jorganise="Norovirus GII™
Jeol_type="genomic RNA®
/5s0late="ISRAA .S
Jisolation_scurce="stool™
/roste"Hono sapliens™
Jb_xref="tazon:122920"%
Jcountry="1Iraq"™
Jcollection _cate="Ape-2021"
Jcollectod By="Israa Hiboob PMaser”™
Jeote="gonotype: GII™
gene <1..59
- JEene="CRF1"
c€os <31..59
Jgene="CRF1"
Jcodon_start=3
Jproduct="norstructural polygeotein™
Jprotelin_10-"uRQ32398. 3"
A translation="WECORNLAPSFVNEDGVE"
a3t peotide <i..8%8
Jgene="CRF1"
Jproduct="R2Rp"
gene 49, .>343
Jgene="CRF2*
<os 48..>343
JEgene="CRF2*
Jrote="rajor capsid protein®
Jcodon_starte1
Jproduct="voa"
Jperotelin_id-"UR022323 2°
Ztranslation="MAS SOASP SOGS TANLWVPE MWNEVVALEPWGAALAAS VALY
QO IO PWI RNNF WOAPNCGCE F TVSP RNAPCE T LMSAPLGIOLNI YL SHLARMYNGYAG™
CRIGIN
1 CATERLIERE CRLATCHCIAT CIPRCTLCCCA FCILTZAIRAS TRAIZITRRC RICLIRILAC
61 PCCARCCCAT CIPATIIRTIC CACARPCCAIC CUICKLICCCAR IPLTCIACaAa Tgagatraty
221 BCIICERIPC CCRITHLIPE (PCCHRCIITE JFCPRCICCLE TARCIIRCCA ACIAIITRTS
281 JLIRACCLCT FFATTIFAAS TIAITCLLPT S CAARCCCCER PBILLIZAPTT Tac@Tatcc
241 CCTARAIICE CLCCHWAIRS IATACLITIER IPCRCFCCCT IPRPCCCCRR TCTRAATCCC
381 TACCETICIC ALTIRICCAR IITRTICIAAT FRITIATZCIg BIg
7
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Appendix

Locus ONE78623 343 LR 1linear WRL 23Q8-DuNn-2022
CEFINMITION Korowirus GII Sso0late ISRAA-ST ronstructural polyprotein, RARp
region, (OAF1) and Wi (ORF2) genes, parctial cas.
ACCESSION ONE78623
VERS IO ONE78623 .1
KEYWORDS -
SOURCE Korowlirus GIX
ORGANI SM e 5 <
Virutes; Ribovirla; Orthormavicrae: Plisuviricota; Plisoniviricetes;
Plcormavirales; Caliciviridae: Norovirus.
REFERENCE 1 (tases 1 To 343)
AUTHORS Kaser I .M. and Al-Alsany , S. M.
TITLE FMolecular Dutection of Norovirus Asceg Onildren with
Gastroenteritis
J0uURrAL Unpudbl ishea
REFERENCE 2 (bases 1 to 343)
AUTHORS Kaser I .M. and Al-Alsany, S. M.
TITLE Direct Sutmicscion
JOURNAL Submitted (84-IUN-2022) Department of Biology, College of Sciewe,
University of Babylon, Al-Tagia, milla, Babil Sige1, Irag
COMMENT fasssonbly-Data-STAATaS
Sequencing Techrology :: Sanger dideoxy sequencing
BAALconD]ly -Data-ENDES
FEATURES Ltecation/Qualifiers
source 1..343
Jorganise="Norovirus GII™
Jeol _type="genomic RNA®
Jis0late="ISRAA.SO"
Jisclation_scurce="stool™
/rost="Hono saplens™
/b _xref="tason:122920"
Jcountry="1raq"
Jcollection_cate="Apc-2021"
Jcollectod by="Israa Haboebd Naser™
Jeote="ganotype: GII™
gene <1..59
= Jgene="CRF1"
oS <1..5%
JEene="CRF1"
Jcodon_starte3
Jproduct="norstructural polypgeotein™
Jerotelin_1d-"UuRQ32892. 3"
Jtranslation-"WECORNLAPSFVNEDGVE"
a3t peotlide <i..%8
Jaene="CRF1"
Jproduct="RaRp™
gsne 49, .>343
Jaene="CRF2"
<os 49, .>343
JEene="CRF2"
Jeote="sajor capsid protein®
Jcodon_starte1
Jproduct="v1"
Jprotein_1d-"UB032393 3°
Ztranslation="MuS SOASPSOGS TANLVPE WINEVVALEPWGAALASS VALY
QO IO PMI RNNF WOAPNGCE F TVSP RNAPCE T LSAPLGIOLN YL SHLARMYNGYAG™
ORIGIN
1 CAIRLLIERE CHATCHCIAIT CIRRCLCCCA FCITTIZIRAA TRARFITREC RICLIRIRAC
61 PCCARCCCAT CIRATIIRTIC CACARCCIAAC CICHLCCCAR IPRTCIACA Tgagataty
221 PCIICRIIPC CCRITATIRE TRCCRCIATE FCRPCICCLR TARCIIRCCA ACIAIITRES
281 SLIRACCCCT FRATLIZII2 TIAITCLLIPT S CAARCCCCER PILLIZAPTT Ccacag@gratce
241 CCTARAINCE CLCCHWATRS IATICLITER IPCRCFCCCT IREPCCCIPR TCTRIAITCCC
381 TACCUEIICIC ALTIRICCAR IITRTICIAT FRITATZCIAg BIg
7
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LoCus ONET 3624 343 o e 1linear WRL 38-DuNn-2e22
CEFINITION Norowlirus GII Ssolate ISRAA.SE ronstructural polyprotein, RARD
regicn, (OAF1) and Wi (OAF2) genes, parcial cds.

ALCCESSION ONETE624
VERS IO ONE7E624 .2
KE YWOADS -
SOuURCE Korowirus GIX
ORGANISM Nocoelous XL
Virutes: Ribovirla: Orthormavirae: Plisuviricota; Pisoniviricetes:
Plcormavirales, Caliciviridae;: Norovirus.
REFERENCE 1 (bases 1 To 343)
AUTHORS Kaser I .M. and Al-Alsany S M.
TITLE Folecular Dutection of Norovirue Asceg Onildren with
Gastroenteritic
J0ouRAL Unpubl ichea
REFERENCE 2 (2ases 1 to 343)
AUTHORS Kaser I M. and Al-Alsany S_ H.
TITLE Direct Sutmiccion
DouAraAL Subaitted (B4-IUN-2022) Dupartment of Biology. College of Sciewe,
Universicty of Babylon, Al-Tagia, mHilla, Babil Si2@1, Irag
COMMENT fasssensbly-Data-STARTaa
Sequencing Techrology :: Sanger dideoxy sequencing
BaALconD]ly -Data-ENDES
FEATURES Ltecation/Qualifieors
sSource 1..343
Jorganise="Norovirus GII™
/ool _type=Tgenomic RMAT
Jisolate="ISRAA-S8"
Jisclation_scurce="stool™
/POost="Hono saplens™
I _xref="tason:122920%
Jcountry="1Iraq"
Jcollection _cate="Apr-2021"
Jcollectod By=-"Israa Hiboob Naser™
/rote="genotype: GII™
gene <31..59
Jgene="CRF1"~
cos <1..59
Jgene="CRF1"~

nat _peoride

’7

Jcodon_start=3

Jproduct="norst ructural polygeotein™
Jprotein_id-"uR)3239%s 3°
Ftranslation-"WECORNLAPSFVNEOGVE"
<31..58

fgene="CRF1"~

Jproduct="RaRp™

48, .>343

JEene="CRF2*

48, .>343

Jgene="CRF 2"~

Jreote="eajor capsid protein”
Jcodon_start=1

Jproduct="voa1"~
Jprotein_1d-"URD3239% 2°

cargeeasze
gicageccac
gcrregsage
atigacccce
CCTagalracg
TaccrrrCTc

Ztranslation-"MuS SOASPSOGS TANLYPE WINEVVALEPWGAALASO VALY
QO IO P RNNF WOANCCE F TSP RNASCE T LMSAPLCIOINIYL SHLARMYNCYAG™

cgatcgcaac
<tgatgagtc
ccgregtigg
£2attagaaa
ctccagatga
attigaccag

crggctecca
cacagccaac
tgccgeaate
taatcrigta
aatactatgg
aatgracaat

gctrrgigaa
crcgreccag

gcggcacceg
caagcccceg
agcgegcece
Z8tTatgcag

TgaazaTEec
aggTcaacas
Tagcgagcca
gTggagagee
TgEgcccTga
gtg

8TIcgagrgac
Tgagattaty
acaazatgra
cacagratce
TcTgaatcce
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Sample was submitted in NCBI and the accession number of nucleotide
sequences of Norovirus GllI

SUB11565548 Seql ONG678617
SUB11565548 Seq2 ONG678618

LoCus ONET8617 343 LEE 1linear WRL 218-JuNn-2022

CEFIMITION Korowlirus GIIX Sso0late ISRAA-SI nonttructural polyprotelin, RAlp
region, (OAF1) and W1 (ORF2) genes, partial cos.

ACCESSION ONST8617

VERS ION CNE78617 .1

KEYWOADS -

SOURCE Korowirus GIIX
ORGANISM oxd [

Virutes; Ribovirla; Orthormavirae . Plsuviricota; Plisonlviricetes:
Plcormavirales; Caliciviridae; Norovirus.
REFERENCE 1 (bases 1 to 243)
AUTHORS Kaser I .M. and Al-Alsany S.H.
TITLE Molecular Dutection of Norovirus Asceg Onildren with
Gastroenteritic
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 343)
AUTHORS Kaser, I.M. and Al-Alsany , S.H.
TITLE Direct Sutamiscion
uRNAL Submitted (84-IUN-2022) Diparteent of Biology, College of Science,
University of Babylon, Al-Tagia, Hilla, Babil Si0e1, Irag
COMMENT Sasssesbly-Data-STAATaa
Sequincing Techeology :: Sanger dideoxy sequencing
FaAscend]ly -Data-ENDES
FEATURES Ltecation/Qualifiers
scurce 1..343
Jorganise="Norovirus GIII™
/ool _type="genomic RNAT
Jisolate="ISRAL.S53"
Jisclation_scurce="stool™
/Post="Hono saplens™
/b _xrefe"tason:40017"
Jcountry="1raq"
Jcollection_date="Aper-2021"
Jcollectod By="1sraa Haiboob Naser®
Jeote="genotype: GIII™

Fene <1..%9

= Jaene="CRF1*

cos <1..59
Jaene="CRF1"

Jcodon_starte=3
Jproduct="norstructural polygeotein®
Jeeotein_id-"LRQ32388. 3"
Jtranslation="WECORNLAPSFVNEDGVE®"
a3t pootlide <i..%8
Jgene="CRF1*
Jproduct="Rakp™
gene 49..>343
JEene="CRF2*
oS 40, .>343
JE@ene="CRF2"
Jrote="rajor capiid protein®
Jcodon_start-1
Jproduct="v1"
Jprotein_id-"u8)32331 31°
Jtranslation="MOUS NOASP SOGS TANLVPE WNEVVALEPWGAALASS VALY
QO IO P RNNF WOANCCE F TVSP RNAPCE T LNSAPLGPOLNIYL SHLARMYNGYAG™

<

CRIGIN
1 CAIRLLIFRE CHATCHCIAT CIRRCTCCCA FCILLATRAa TRIAZITRHC QUICLIATLIC

61 PCCARCCCAT CLRIATFIPTIC CACARPCCAIC CUICHUCCCAR IPRTCIACAa Tgagatraty
2121 PCITLRIIPC CCPITITIRE TRCCHCTATE FCRHCICCLR TIARCEIPCCA ACIAIITLETS
181 ITZACCCCT FRATLIZAAA TIATCLLPTA CAIRCCCCTR RILRIZAPTL Cacagratcc
241 CCTagaIICE CLCCHFATRA IATACTITER IPCHCHCCCT TRRPCCCIL TCLRIATCLC
381 TICCTELCIC ATTIRICCAR IATELACIAT FPTTATZCag BIg

"
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LoCus CNEYE618 343 o LY 1linear WRL 38-Jun-2e22
CEFIMITION Korowlirus GIII S(so0late ISRAA-SS nonttructural polyprotein, RAlp
regicn, (OAF1) and Wi (ORF2) genes, parctial caos.
ACCESSION CNE78618
VERS ION ONE78618.1
KE YWOADS -
SCuURCE Korowirus GIIX
ORGANISM Nocoelrous CIXXL
Viruses; Ribovirla: Orthormavirae: Plisuviricota; Plisoniviricetes;
Plcormavirales;, Caliciviridae: NorOvirus.,
REFERENCE 1 (bases 1 Tto 343)
AUTHORS Kaser I .M. and Al-Alsany , S.H.
TITLE Molecular Dutoction of Norovirus Asceg Onildeen with
Gastroenteritic
J0uURNAL Unpudlished
REFERENCE 2 (tases 1 Tto 343)
AUTHORS Kaser I .M. and Al-Alsany , S.H.
TITLE Direct Sutamission
J0ouRrAL Subaitted (84-IUN-2022) Dipartment of Biolegy. College of Science,
University of Babylon, Al-Tagia, milla, Babil Sigei, Irag
COMMENT sasssonbly-Data-STAATaS
Sequencing Techeology :: Sanger dideoxy sequencing
FaAccond]ly -Data-ENDES
FEATURES Ltecation/Qualifiers
sCurce 1..343
Jorganise="Norovirus GIII™
Jeol_type=Tgenomic RNA®
Jisolate="ISRAA-S4"
Jisclation_scurce="stool™
/POt ="HOnO sapliens™
Jb _xref="tason:240037"
Jcountry="1raq"
Jcollection _cate="Apr-2021%
Jcollectod By="1sraa Maboebd Maser”
Jeote="genotype: GIII™
gene <1..5%9
- JEgene="CRF1"
<os <1..59
Jgene="CRF1"~
Jcodon_start=3
Jproduct="norst ructural polygeotein®™
Jerotein_10-"uRQ32382 .3°
Jtranslation="WECORNLAPSFYNEOGVE"
nat peotide <i..%8
Jaene="CRF1"
Jeroduct="Rop"
gene 498, .>343
Jgene="CRF2"
oS 48, .>343
Jgene="CRF2*
Jrote="sajor capsiid protein®
Jcodon_starte1
Jproduct="voa1"~
Jprotein_1d-"UfD323383 3°
Jtranslation="MUS NOASP SOGS TANLYPE WINEVMALEPWGAATLALSVAGY
QO IO P RNNF WOANGCE F TSP RNAPCE T LSAPLCIOINI YL SHLARMYNGYAG™
CRIGIN
1 CHATCHCIAT CIRRCTLLCCCA FCILLLATRAS TRASFITREC BICLIITRIC
61 PCCARCCCAT CIPATFIRTIC CACIAPCCAAC CICKLCCCAR IPELTCIACAS Tgagataty
321 PCITEEIIRC CCPITIALIRE TRCCRCTIATE FCPPCICCTE TARCIIRCCA ACIAIITETS
381 SLIRACCCCT FRITTIFA2S TIAITELLIRT S CIAIPCCCCTR RILLIZARTT CacaFgTatce
241 CCTARIIICE CICCPATIRS IATICLITER IRCHRCHACCCT TRERCCCIRS TCLRAITCCC
381 TICCTEICIC ALTIRICCAR IITRTICIAT FgRTTATZCag gig
"
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Appendix

Human astrovirus isolate CMRHP43 nonstructural protein and capsid protein genes,
complete cds

(GenBank: MH933759.1

GenBank FASTA
Link To This View | Feedback

. !F.[jwﬂ‘-u“. Rk ps0 Bk ps0 Wk WEw ek g0 Bk 67

ﬁe MHO3759.4 v | Find: \ v ¢|¢Q I M2l XTMS' QTrad:sv i Download » @ D

120 130 %0

P QRRTTS7R - p
T L T L T O . T O T e e
IHSBTS8.; LOK.L6 (61200 /' 4§ Tads s 2
. 289 bp PCR amplicon length ‘

Figure 2 : The exact position of the retrieved 289 bp amplicon partially covered the coding
portions of the ORF1a gene within Human astrovirus genomic sequences (GenBank acc.
no. MH933759.1). The blue arrow refers to the starting point of this amplicon while the
red arrow refers to its endpoint.

The recording six new recording in gene bank NCBI & American bank Unde

ACCESSION NUMBERS: :
LC715217 ; LC715218 ; LC715219 ; LC715220 ; LC/715221; LC715222
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Appendix

LOCLE LCT15217 4EE bp DHA lincar PRI Z1-JM-ZBX2
DEFIMITION Homa saplens IS24 TLEF gene for toll like receptor 7, partial cds.
ACCESSION LCT15217
VERSIDH LCF15217.1
KEYWIRES .
SOURLCE Homa saglens (human)
DRGANITM Honma sapiens
Eukaryata; Metazoa; Chordata; Cramiata; Wertchrata; Euteleostomi;
Mammalia; Eutherda; Euarchontoglires; Primates; Haplarrchind;
Catarrhind; Hordnidae; Hamo.
REFEREKCE 1
BLUTHORS Haser,I-H. and Mohammcd Al Alwany, S H.-
TITLE TLRT Gene Polymorphism
JDURKAL Unpublizhed
REFEREKCE 2 (bases 1 tao 4BE})
AUTHORS  Jameel,Z.I. and Mahammed Al Alwany,S.H-
TITLE fdrect Submission
JOURKAL  Submitted (B9-JUN-2B22) Contact:Zahraa Isam Jarcel Eabylan
Unidversity, Eilotechmalogy; £B Street, Babylom, Hilla 51841, Iraq
FEATURES LacationfJualifiers
source 1_.4a88
farganimm="Homo saplens®
Ffmol_type=“geromic DRA®
flz=olate="I£24"
Fdb_wref="taxon:3cag®
fohrarosare="x"
fmap="xpza_z"
Ffoell type="leukpcoyte®
Ffelssue_type="blocd”
Foountry="Lrag®
Ffoollection date=*ZB21-1P:18%
Fene «16S. . »4a8
FEere="TLRT"
CCS <l1EZ..»4d8
- JfEene="TLRT"
Sfoodan_start=1
Fforoduct="tall like receptor 7%
fprotein_id-"govrzale 1°®
Feranslation="YFPHATLKRGILILFNIILISKLLGARKFPETLPCOVTLOVPEN
HYINDCTOEHLTEIPGGI TTRT THLTL TINHIPDIS™
Exon 168. 2488
FfEene=*TLRT®
Founmber=3
DREIGIN
1 actgacaaat acagacaagg gattgggeat gotgtttaga cagrtgaaaa taagacctga
61 attgtttatt tttaaaatgt tgraaaagag aggragcada tgggaatttt taattctgat
121 tcttggtatg ttttagaaca atgatttgtt ctttcttata ctttcaggtg tttccaatgt
121 gRacacigaa gagacaaatt citatcctit tiaacataat cctaatttcco aaactocttg
241 gggrctagatg gtttcoctaaa actotgocct gtgatgtoac totggatgtt ccaaagaacc
38l atgtgatcgt gEactgcaca gacaagcatt tgacagaaat tocctggaggt attaccacga
361 arcaccacgaa cctcaccotc accattaacc acataccaga catctooc
£
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LOCLE LCT15Z17 4EE bp OHA linpar PRI Z3-JLM-ZBIZ
DEFIMITION Homa saplens IS23 TLEF gene for toll like receptor 7, partial cds.
ACCESSIDN LCT15Z17
WVERSIDN LCT15ZI17.1
KEYWIRDS 1
SOURCE Homa saplens (human)
DRGANISM Hono sapicons
Eukaryata; Metazoa; Chordata; Cranmlata; Wertchrata; Euvteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplarehind;
Catarrhind; Haordnidae; Hamo.
REFEREKLCE 1
BLITHORS Kascr,I.H. ard Mohammeed Al Alwany, 5 H.-
TITLE TLR7? Gene Polymorphizm
JDURKAL Unpublizhed
REFEREKLCE 2 (bases 1 ta 4BE})
AUTHORS  Jameel,Z.I. and Mahamued Al Alwany,S.H.
TITLE Dlrect Submission
JOURKAL  Submitted (B2-JUN-2B22) Contact:Zahraa Isam Jamcel Eabylan
Urdversity, Eilptechralogy; £B Strect, Babylom, Hilla 518391, Irag
FEATURES LacationfQualifiers
sSOUPCE 1_.4a8
Ffarganimm="Hono sapiens®
fmol_type=“geromic DRAS
fsolate="I£24"
Fdb_wref="taxon:9eag®
fohrarosoare="x"
Ffmap="gpza_z"
Feell type="leukpoyte®
Ftissue_type=“blood™
Foountry="Irag®
Ffoollection date=*ZzZB21-1B-18°
Eone «1EZ. . »4a8
FEene="TLRT®
L o <l1E=. . »4d8
- Fgere="TLRT"
Sfoodan_start=1
Fforoduct="tall like receptor 77
forctein_id-"govrEale 1”®
Ftranslation="YFPHATLKRGILILFNIILISKLLGARKFPETLPCOWTLOVPEN
HWINDLTOEHL TEIPGGITTHT THLTL TINHIPDIS ™
Exon 168. . 2488
FRene="TLRT"
faumber=3
DREIGIN
1 artgacaaat acagacaagg gattggEeat gctgtttaga cagrtgaaaa taagacctga
61 attgtttatt tttaaaatgt tgraaaagag aggragcaaa tgggaatttt taattctgat
121 tcttggtatg ttttagaaca atgatttgtt ctttcttata ctttcaggtg tttccaatgt
121 ERacactigaa gagacaaatt cttatccti®t ttaacataat coctaatttcc aaactocttg
141 gggctagatg gtttcoctaaa actctgocct gtgatgtoac totggatgtt cocaaagaacc
3Bl atgtgatcgt gEactgcaca gacaagcatt tgacagaaat tocctggaggt attaccacga
361 araccacgaa cctcaccoctc accattaacc acataccaga catctooc
£
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LOCLE LCT1521E8 4BZ bp OMA linegar PRI Z3-J1M-ZBXZ
DEFINITION Homa saplens IS5 TLEF gene for toll ldke receptor 7, partial cds.
ACCESSIDN LCT1521E
WERSIDH LCT1521E.1
KEYHWIRLE =
SOURCE Homa saplens (human)
DRGANIEM Homa saplicons
Eukaryata; Metazoa; Chordata; Crandata; Wertechrata; Euteleostomi;
Marmalia; Eutherdia; Euvarchontoglires; Primates; Haplarrhind;
Catarrhind; Hominidae; Hamo.
REFEREKCE 1
AUTHORS  Masor,I.H. and Mohammed A1 Alwany,5.H.
TITLE TLR? Gene Polymorphism
JOURKAL Unpublished
REFEREKCE 2 (bases 1 ta 4BE)
BUTHDRS  Jamcel,Z.I. and Maohammed Al Alwany,S.H.
TITLE tMrect Submission
JOURKAL  Submitted (B2-JUN-2822) Contact:Zahraa Isam Jamcel Eabylan
Urdwversity, Eiotechralogy; £B Stroet, Babylom, Hilla 51831, Iraq
FEATURES Lacationffualifiers
source 1..44ad
farganism="Homo saplens®
fmol_typo="genomic DRAS
flzolate="I535"
Fdb_xref="taxon:geag®
Ffehrorosane="x*
fmap="gpza_2"
feell type="leukpoyte®
felssue_type=*blood®
Ffoountry="Trag*
Feollection_date=*ZB21-1B-18°
Bone <162 . 438
fgere="TLRT®
CLE <1EE. . »4d8
T fgene="TLRT®
fcodan_start=1
Fforoduct=tall like receptor 7°
farctedn_id-"pmvTEala 1®
Feranslation="%FPHATLKEI LILFNIILISKLLGARAFPETLFCOAWTLOWPEN
HYINDCTOEHL TEITSEIPTHT THLTLTINHIPDIS
exon 158 2488
fgere="TLRT"
Fnunber=3
ORIGIK
1 actgacaaat acagtcatgg gERitEgEsat gotgittaga cagrigaaaa taagacciga
&l atigttiatt ttiaaoatgt tgcaanagag aggragcaaa tgggaattit taatictgat
111 tcttggiatg ttitagaaca atgatitgit cittcitata cittcaggtig tttcocaatgt
121 gRacacigaa gagarcaaati citatcctit tiaacataat cctaattitcc aaactccitg
241 ggpctagatg gtitcctaan acictgocct gigatgtoac totggatgit coaaagaacc
dBl atgtgatcgt gRactgcaca gacaagcatt tgacagaaat tactggaggt attcoccacga
361 araccacgaa cctcaccocto accattaacc acataccaga catctooc
£

171




Appendix

LOCLs LCT15213 48E bp OHA linpar PRI Z2-JIMH-ZBZZ
DEFIMITION Homa saplens IS2%2 TLRF gene for toll like receptor 7, partial cds.
ACCESSIDN LCT15213
YERSIOH LCT15219.1
KEYRIRDS s
SOUIRCE Homa saplens (human)
DRGANIEM Homa sapicons
Eukaryata; Metazoa; Chordata; Cramiata; Wertebrata; Euteleostomi;
Marmalia; Eutherda; Euvarchontoglires; Primates; Haplarrhind;
Catarrhird; Hordmidao; Hamo.-
REFEFEKCE 1
ALITHORS Kaser,I-H. ard Mohammed Al &lwany,S_H.
TITLE TLR? Gomne Fu]:.'rlnr'ph:lnsn
JDURKAL LMpuh]isl‘ll'.‘-d
REFEREKLCE 2 I:I:IJH':: 1 ta -ﬂBE}
AUTHDRE  Jameel,Z.I. and Mohammed Al Alwany,S5.H.
TITLE Clrect Submisciom
JOURKAL  Submitted (B2-JUN-2B22) Contact:Zahraa Isam Jarcel Eabylan
Urdwversity, Eiotechmalogy; £B Street, Babylom, Hilla 51831, Iraq
FEATURES LacationfQualifiers
source 1..4a38
Sarganim="Homo saglens®
fmol_type=“gernomic DRAS
fzolate="I521="
Sdb_xref="tawon:8eag*
Schrono sone="x"
Sfmap="¥pz2_z"
Sfoell_type="leukocyte™
Stissue type=“blood™
Sfoountry="Irag®
Soollection_date="ZB21-1@-18°
Eone «1EE. .»3a8
fEene=*TLRT"
oS <1EE. . 3438
fEenc="TLRT®
foodan_start=1
Sproduct="tall like receptor 79
fprotedn_id-“"Eovrsals 1*
_."‘I:ra.n:]utinn-".n'FPH.-lTI.HJE{?ILILFHIILIEHZLLEAE:.F?[TLP‘ED‘-'T[IJ‘LI‘PHH
HYINDCTOEHL TEIFGGIPTITTHLTLTIMHIFDIS ™
exon 158. 3488
SfEene=*TLRT™
Ffnumbor=3
ORIGIH
1 actgacaaat acagtcatgg gEttEgEsat gctgtttaga cagrtgaaaa taagacctga
Bl attgtttatt tttaaaatgt tgcaasagag aggcagcaaa tgggaattit taattctgat
121 tcttggtatg ttttagaaca atgatttgtt ctttcttata ctttcaggtg tttccaatgh
121 gRacactgaa gagaCaaatt cttatccttt ttaacataat coctaatttoc aaactocttg
241 gggctagatg gtttocctaaa actctgocct gtgatgtcac toctggatgtt ccaaagaacc
3pl atgtgatcgt ggactgcaca gacaagcatt tgacagaaat tocctggaggt attcccacga
361 traccacgaa cctcaccctc accattaacc acataccaga catctooc
i
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LOCLE LCT1522d 462 bp OHA linpcar PRI Z3-JLM-ZBZZ
DEFINITION Homa saplens IS42 TLRT gene for toll like receptor 7, partial cds.
ACCESSION LCT1522d
YWERSIDN LCT1522d.1
KEYRORDE =
SOURCE Homa saplens (human)
CRGANTEM Homa sapicns
Eubaryata; Metazoa; Chordata; Craniata; Wertchrata; Euteleostomi;
Marmalia; Eutherda; Euarchontoglires; Primates; Haplaorrhind;
Catarrhind; Hordnidae; Hamoo
REFEEEKCE 1
BLITHORS Hascr, I.H. and Mohammed A1 Alwany 5 _H.
TLTLE TLR7? Gone Polymorphism
JCRKAL Unpublished
REFERENCE 2 (bases 1 ta 4BE)
AUTHERS  Jameel,Z.I. and Mahammed A0 Alwany,S. H.
TITLE Olrect Subalssion
JOURKAL  Submitbed (BS=JUN=2B22) ContactzZahraa Isam Jamesl Eabylan
Urdversity, Eilotechmalogy; £B Strect, EBabylon, Hilla 531831, Irag
FEATURE=S Lacation/Jualificrs
source 1_.44a8
farganism=*Homo sapiens®
fmol_type=*genomic DRAS
fisplate="I542"
Fdb_xref="taxon:Seag*
fchrorosare="x*
fmap="gpz2_2"
fecell typeo=®leukpocyte®
ftissue_type=“blood™
Foountry="Irag®
foollection_date=*zE21-18-18%
gene <1EZ. .>3@8
fgene=*TLRT®
o5 «1E62. .»438
fEene=*TLRT®
fcodan_start=1
fproduct="tall like receptor 7°
Sorotein id-"EOMICOlE 10
Feranslation="YFPHEATLERJILILFNITLISKLL GARWF PETLPCOWVTLOVPKN
HWYINDCTOEHL TRIFGYIF THT THLTLTINHIPDIS ™
Eacn 158. - 488
fEene=*TLRT"
fnunber=3
ORIGIN
1 actgacdaat acagtcatgg gEttZgEsat gctgtttaga cagrigaada taagacctga
61 attgtttatt tttaaaatgt tgraaaagag aggragcaaa tgggaatttt tacttotgat
121 tcitggiatg ttttagaaca atgatitgit ctttcttata ctttcageig tttccaatgt
121 ggacacigaa gagacaaatt citatcctit tiaacataat cctaatttcc aaactocttg
241 gggrtagatg gtttcctaaa actotgocct gtgatgtcac totggatgtt ccaaagaace
iel atgtgatcgt gpactgraca gacaagcatt tgacagacat toctggagtt attcocacga
361 acaccacgaa cctcacccte accatiaacc acataccaga catcicoc
L
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LOCLES LCTF1522]1 48 bp OHA linpar PRI 23-JIM-ZBZXZ
DEFIMITION Homa saplens ISS2 TLRF gene for toll like receptor 7, partial cds.
ACCESSION LCTF15221
YERSIOH LCTF15221.1
KEYRORDS -
SOURCE Homa saplens (human)
CRGANTEM Fomo soplicns
Eukaryata; Metazoa; Chordata; Cramiata; Wertchrata; Euteleostomi;
Marmmalia; Eutherda; Euarchontoglires; Primates; Haplarrhind;
Catarrhind; Hordnidae; Hoamo.-
REFEREHCE 1
ALITHORS Haser, I H. ard Mohamsed A1 Alwany S H.
TITLE TLRT Gono Fu]}nur'ph:lsrl
JOURNAL I.H1pu|:|l:|.=hr.'~cl
REFEREHCE 2z I:I:IIH'.'E 1 ta -ﬂBE::I
BLITHCORS Jamcel,Z.I. and Mahammed Al Alwany,.S.H.
TITLE Cirecct Submisziom
JOURKAL Submitted (B2-JUN-2B22) Contact:Zahraa Isam Jamcel Eabylan
Urndversity, Eiotechralogy; £B Strect, Babylom, Hilla 51831, Iraq
FEATURES= LacationfQualifiers
source 1..438
FSarganism="Homo saplens™
Smol_type="genomic DRAS
Fflsolate="I553"
Sdb_xref="taxon:Scas”
Fohronosone="x"
Smap="xpz3a 2%
Jfcell type="leoukpoyte”
Fftlssue typo=*blood®
Soountry="Trag®
Soollection_datec="ZB21-1B=18°
Bere <1E2._ .»438
fEemo="TLRT™
Los, <1EZ. .»4a8
SfEeme="TLRT®
Frodan_start=1
fproduct="tall like receptor 75
fﬂrﬂtniﬂ_id-'E-D"-'.'-"EEl'."-l"
_."“I:ri.n:]ﬂtinn-"u'FFl'IdTI.H.E{ilILILFHIILIEILLEEE.FFKTLP‘EMIIJ’U’FHH
HINDLCTOEHLTEITGEIFTNT THLTLTINHIPDIS ™
Lxon 158. .88
SfEemo="TLRT®
Ffnunbor=3
ORIGIH
1 actgacatat acagtcatgg EEttEEE=at gctgtttaga cagrctgaaaa taagacctga
Bl attgtttatt tttaaaatgt tgcaaaagag AggrCagcada tggsaatttt taattctgat
121 tcttggtatg ttttagaaca atgatttgtt ctttcttata ctttcaggtg ttbccaatgt
121 ggacactgaa gagacaaatt cttatccttt ttaacataat cctaatttcoo aaactocttg
241 gggctagatg gtttcctaaa actctgocct gtgatgtrac totggatgtt cocaaagaacc
Jel atgtgatcgt gEactgcaca gacaagcatt tgacagaaat tactggaggt attcccacga
351 acaccacgaa cctcaccockc accattaacc acataccaga catctooc
X
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LOCLS LCT152=z2 482 bhp OMA lincar FRI 22 -J1M-2B22
DEFIMITION Homa saplens ISSS TLEF gene for toll like receptor 7, partial cds.
ACCESSION LCTF15222
WERSIDH LCT152=22.1
KEYRIRES A
SOURCE Homa saplens (human)
DRGANTIEM FHoma saplcns
Eukaryata; Motazoa; Chormdata; Cranlata; wWertchrata; Eutecleostomi;
Marmmalia; Eutheria; Euarchontoglires; Primates; Haplarrehind;
Catarrhind; Hondnidae; Homoo
REFERENCE 1
BLITHORS Haser,I_H. and Mohammed Al Blwany, 5_H_
TITLE TLRET Gono Fu]}nur':zh:isrl
JODURKAL Unpubliched
REFERENCE Z2 [(basecs 1 ta 488}
ALITHORS Jamcel,Z.I. and Maohammed Al Alwany,S.H-
TITLE fircct Submission
JDURKAL Submitbed (BS=IJUN-2BZ2) Contact:Zahraa Isam Jamewcl Eabylan
Urdversity, Eictechralogy; £B Strect, Babylom, Hilla 51831, Iraqg
FEATURES Lacation/Jualifiecrs
SouUrce 1..44d8
Sarganism="Homno saplens™
fmol_type="genomlc DRAS
Flsolato="IE55"
Sdb_xref="tawom:Scag"
Fehrono sors =" x"
Smap="¥ns3 _ 2"
Soell type="leukocyte®
Stizzsue type=“"blood™
Soowntry="Irag®
Secollection date=-"Z2ZE21-18-1B°
ECnn <1ES._ . 3438
SfEeme="TLRT"
CD= «1EZ. .»3d8
- FEerm="TLR7T"
Joocdan start=1
_."nrn-cluEt-'t-:lll. like receptor 77
Farctedn_1d-"gomvrs, -
Stranslaotion=""FPMWTLERDILILFMIILISKLLGARKFPETLRPCOWVTLOWPKM
HY IS TOEHL TEITGGEIPTNT THLTL TINKHIPDIS ™
Excn 158 . 2488
SfEeme="TLRT®
Snumbor=3
DREIGIN
1 acigacaaat acagtcatgg EEItEEEE£at gcigtttaga cagCigaaaa taagacciga
Bl attgtttatt tttaaaatgt tEcadaagag agEragcaaa tgEgaattit taattctgat
121 tcttggtatg ttttagaaca atgatttgtt ctttcttata ctttcagegtg tttccaatgt
121 gEacaCigaa gagacaaatt citatcctit tTaacataat cctaatttcc aaactcocitg
241 gEgctagatg gtitcctaaa actctgocct gtgatgtocac toctggatgtt cocaaagaacco
del atgtgatcgt EEactgraca gacaagcatt tgacagaaat tactggaggt attcccacga
361 arcaccacgaa ocicaccctc accattaacc acataccaga catctoroc
£
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The recording four new recording in gene bank NCBI & American bank Unde
ACCESSION NUMBERS

LC715223 ; LC715224 ; LC715225 ; LC715226

LOCUS LCF15223 441 bp D& linear FRI Z2Z-JUN-2823
DEFINITION HMoma sapiens ISX1 IFMLYA pseudagene, partial sequence.
ACCESSION LCF15223
WERSION LCF15223.1
KEEYHORDS .
SOURCE Hora sapiens (human’)
ORGANIEM  Momo sapiens
Eukaryota; Metazpa; Chordata; Craniata; vertebrata; Euteleostomi;
Mammalia; Eutheria; Euwarchontoglires; Primates; Haplorrhinig
Catarrhini; Honimidae; Homo.
REFERENCE 1
ALUTHORS Mager,I.H. and Mohammed A1 Alwany,5.H.
TITLE INF Gene Polynorphism
JOURMAL Unpublished
REEFERENCE 2 [(bases 1 to 441%
ALUTHORS Jameel ;2.I. and Mohammed Al Alwany,5-H.
TITLE Diraect Subfifission
JOURNAL Subimitted (B9-IJUN-2822% Cantact:Zahraa Isam Jaresl Babylon
University, Biotechnolegy; 48 Street, Babylon, Hilla S1661, Iraq
FEATURES Locatfion/Qualifiers
Source 1. .441
foarganisn="Homo sapiens”
Fanl_type="gencmic ONA®
Sfizalate="I521"
Fdb_wref="taxon: FEHE"
fehronosone="19"
Sfrap="10413%.2"
feell type="leukocyte™
SEissue_types"bload”
Feauntry="Iraq"
fcallection_date="2821-11-117
gene 380 .>441
SfRene="ILFNL4"
(ka1 386. - »441
"""" Sgene="IFHLA"
fnote="interferon larhda 4, pseuvdogens”
FSnuber=2
ORIGIN
1 catacacceg ttectptece aagepptect gepteccage grccagcagg cgcctetect
Gl atgtcagige cfacaatter CcAcCAdgaga CLCCCgcAgt coccgbegte AgCgCgAACE
171 caggretcagg gteaatcaca gaagpgages CLgecgggag gactoggete caggtocgges
1E1 cgaggpgctt t@etggggga grgcggagtg caattcaace ctgottegeg cettegggea
241 prtccctggt tcagtacace acaggcacga coptpepeteg ccagtaceca tecacgtoca
IRl gpaatcccag actptgcaga gettaggpese cotgpcpage gepcctagee gtatgeogata
I51 agegregett gEctogeage aggasgaggs goigagetge gEgcagegea actgetectt
41 cegreccagg AgEgatccte ¢
’r
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£

CRGANIEM Hono sapiens

PRI Z2-JM-ZB22Z

LOCLE LCT15224 441 bp OHa linpar
DEFINITION Homa saplens IS2Z IFMLA pscudogene, partial sequence.
ACCESSIDN LCT15222

YWERSIDH LCT15324.1

KEYRIRD= N

SOURCE Homa saplens (human)

Eukcaryata; Metazoa; Chordata; Cramiata; Wertchrata; Eutcleostomi;
Mammalia; Eutheria; Evarchonteglires; Primates; Haplarrhind;

Catarrhind; Hordnidae; Hamo.

REFEREKLCE 1
ALITHCRS Haser,I.H. and Mohammed &1 Alwany 5_H._
TITLE INF Gene Falymarphism
JOURKAL Unpublishied
REFEREKLCE 2 (bases 1 ta 441}
ALITHCRS Jamcel,Z.I. and Mohammed &1 Alwany,S.H.
TITLE Mrect Submission
JOURKAL  Submitted [B9=JUM-2BZ2) Contact:Zahraa Isam Jareel Eabylan
Urdwversity, Elotecchralogy; 48 Street, Babyleom, Hilla 51831, Irag
FEATURES Lacation/fualifiers
source 1..441
farganism=*Homo saplens®
fmol_type=*goromlc DHAS
fisolate="1522*
Fdb_xref="tanom: 55aE°
fchrorosone="12%
fmap="19312.2°
frell_typo=*leoukpcyte®
felssue_type=*blood™
Ffoountry="Trag*®
foollpction_date=®2B21-11.11°
gene 328. 2441
fgene="IFKLE"
Exom IER. . ra41
Fgeno==IFHLL®
fnote=*interferan lambda £, pscudogene®
Fnunber=2
ORIGIN
1 catacacccg ttocctgtoce aaggegtoct gogtcctage goorcagragg cgoctotoct
El atgtcagcogc ccacaattoc caccacgaga cooccgcagt Coocgtogic agogcgaacy
121 caggctcagg ghcaatcaca gaagegagct CtgCCEEgag gactcgeric CaggtogpEs
1281 cgaggegctt tEctEgRERa ECECEEagtg caattcaacc ctgEttrgcg cottogggga
241 grtooctget tragtacacg acagEcacgl CogtEcgrctg coagtaccca tocacgtoca
3Bl ggaatcccag actgtgraga gEttaggspec cctggcgage sggcctagcc gtatgogata
36l agcgecgett ghoorcgragg Aggaagaggc gctgagctag ggECagrgca actgctoctt
421 ccgoctoagg aggEatoccte ©
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El
111
121
241
el
3el
411

4f

LOCLE LCT15225 441 bp OEA lincar PRI Z3-JM=ZB2Z
DEFINITION Homa saplens IS22 IFNLA psecudogene, partial sequence.

ACCESSION LCT15225

VERSTON LCT15225.1

KEYWIRES A

SOURCE Homa saplens (human)

CRGEANIEM Hong sapacng

Eukaryata; Metazoa; Chordata; Craniata; Wertebrata; Euteleostoni;
Mammalia; Eutherda; Evarchontoglires; Primates; Haplarrhind;
Catarrhind; Homdnidae; Hamoo

REFEREKLCE 1
BUTHIAS  Kaser,I.H. and Mohammed A1 Alwany,5_H.
TITLE INF Gene Palymarphisnm
JOURKAL Unpublished
REFERENCE 2 (bases 1 ta 441)
BUTHORS  Jamccl,Z.I. and Mahammed A1 Alwany,S.H.
TITLE frect Subaission
JOURKAL  Submitted (BS=JUN-2BZ2Y Comtact:Zahraa Isam Jameel Babylan
Urdwersity, Eilptechralogy; 4B Strect, Babylonm, Hilla 518381, Irag
FEATLRES Laocation/fualifiers
source 1..441
Farganism=*Homo saplens®
fmol_type=“genomic DHA®
fisolate="I523"
Fdb_wref="taxon:5eas®
Fohrorosone="1%"
fmap="13q13.32"
Feell type=®lewkocyte®
Ftissue type="blood”
Jfoountry="Irag*
Foollection dates®2B21.11.11°
fene 280..2441
Fgore=* TFNLE"
Lxeon 3EB..»41
FEone="TFHLE"
fnote=*interferan larbda £, pscwdogene®
Snunbor=z
ORIGIH
1 catacacccg ttocctgtoce aaggeptoct gogtoctage goocagoagg cgoctictoct

atgtcagcgc ccacaattoc caccacgaga cooccgoagt coocgtogtc agrgcgaacy
caggctiagg gtcaatcaca gaagggagcc CIECCEERag gfactigactc caggtcggEs
CRIgEREctt tEctZERERa ZCRcEEagtg caaticaacc cigeitocgcg cocttcgeggEa
ECtocCctget tragtacacg acaggcacga CogtRrECtE Coagtalroa tomacghboca
ERaatcccag acigtgcaga gRitaggspe Cctgpcgags EREcctagcc gtatgogata
agcEcrgctt gtoccgcagy aggaagaERc REctgagctgs ERECagrEca actgctoott
ctgocctagg agggatocte ©
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LOCLE LCT15225 441 bp ONA linpar PRI Z3-JIM-ZB22
DEFINITION Homa saplens IS24 IFNLA psewdogene, partial sequence.
ACCELSION LCT15325
YERSIOH LCT15225.1
KEYWORDE _
SOURCE Homa sapiens (human)
CRGANISM Fomd sapecns
Eukaryata; Metazoa; Chordata; Craniata; MWertebrata; Euteleostomi;
Marmalia; Eutherda; Evarchontoglires; Primates; Haplarrhind;
Catarrhind; Homdnidac; Homoo
REFEF.EKCE 1
AUTHORS  Maser,I.H. and Mohammed AL Alwany,S.H.
TITLE IKF Gent Falymarphism
JOURKAL Unpublished
REFEREKCE 2 f(bases 1 ta 841)
BLITHORS Jamccl,Z.I. and Wohammed &l Alwany,S.H.
TITLE Mrect Submission
JDURKAL  Submitbed (BS=JUN=2822) Contact:Zahraa Isam Jarccl Eabwlan
Urdwversity, Elotochralogy; #8 Stroet, Babylom, Hilla 51831, Iraq
FEATURES LacationfQualifiers
source 1..421
farganism=*Homo saplens®
fmol_type=“gononic DHAS
Ffisplate="I524*
Fdb_xref=“taxom:5e88®
Frhrorosone="12"
fmap="13q12_2*
Foell type="leoukocyte®
Felssue_type=“blood™
foountry="Irag®
foollection dates=®2B31.11.11°
Fene 328. . 2441
fgone=* IFHLE"
Lxon 3EB. 241
fgone=® IFRLE®
fnote=*interferan lambda £, psewdogene®
Snunber=2
ORIGIH
1 catacacccg ttoctgicco aaggsgtoct gocgtcctagc goccagragg cgocictoct
&1 atgtcagcgc cracaattoc caccacgaga cooccgoagt coocgtogtc agrgcgaacy
111 caggctcagg gtcaatcaca gaagEgagcc CIECCEERag gactcgscic cagEtcEREs
1E1 cgaggegctt tgctggREsa gScgcEgaEtg caaticaacc Ciggttogog cocttcgggeEa
241 gciccciget tragtiacacg acagEcacga Cogbgcgctig coagtiaccca focacgtoca
30l ggaatcccag actgtgcaga gEttagEggc cctgEcEgageE gEgcctagcc grtatgcogata
36l agcgccgctt gtoocgoagg aggaagagpc gctgagctgE fgEcagrgca actgctoott
421 ccgocciagg agggatccte ©
Ly
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Chapter One Introduction

1.1. Introduction

Gastroenteritis constitutes the main cause of morbidity and mortality among
children younger than 5 years and are also a major cause of malnutrition and
diminished growth. Diarrheal diseases cause 1.6 million deaths, and constitute
about 27% of all deaths among children aged less than 5 years annually. Infantile
diarrheas are caused by viruses, parasites, bacteria, and some toxins produced by
fungi. Human arboviruses (HAstVs) are a major cause of viral gastroenteritis after
rotaviruses and noroviruses in children, adults and elderly (Omosigho et al., 2022).

Noroviruses are an important cause of gastroenteritis in humans and animals.
Their genome is 7.5 kb in length and organized in three open reading frames
(ORF1-3). ORF1 encodes a polyprotein that is enzymatically cleaved by the viral
protease into six proteins, including RNA-dependent RNA polymerase (RARp).
ORF2 and ORF3 encode for the major and minor capsid protein (VP1 and VP2),
which make up the virus capsid (Chhabra et al.,2019).

VP1 is composed of the conserved shell-domain and the protruding (p)-domain,
which contains the receptor binding sites that recognize histo-blood group antigens
(HBGAs), and the antigenic sites. Based on phylogenetic analysis of VP1
sequences, 10 Geno groups have been identified (GI-GX), which are further
divided into 49 genotypes, of which some include several variants. Viruses within
Geno groups I, I, 1V, VIII, and IX infect humans, with GI and GII being the most
commonly detected genotypes. Viruses from the other Geno groups have been
found in a broad range of animals including cattle and sheep (GlII), cats and dogs
(GIV, GVI, and GVII), rodents (GV), bats (GX), and harbor porpoises (GNAL).
Despite this large number of genotypes, viruses within Gll1.4 are most commonly

detected in humans and are responsible for the majority of outbreaks. Norovirus
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diversity is additionally increased by recombination events between ORF1 and
ORF2, resulting in new strains. New variants, genotypes, and recombinants
frequently emerge in the human population, yet their origin is unknown
(Villabruna et al.,2020).

Astrovirus are leading causes of infectious diarrhea in children, the elderly,
immunocompromised individuals, and a wide range of animals. The major clinical
symptom is watery diarrhea. The diseases may be fatal in infants and juvenile
animals. HAstV-1 was first detected in humans in 1975. Since then, the reported
incidence of astrovirus infection in humans and animals has increased. Astrovirus
infections are ubiquitous and ~90% of the human population aged >9 years
presents with anti-HAstV-1 antibodies (Zhang et al., 2022).

Astrovirus (AstVs) is divided into two genera, Mamastrovirus and Avastrovirus,
whose members infect mammals and birds, respectively. The genome contains of
three open reading frames (ORFs): ORFla, ORF1b, and ORF2 (Yin et al., 2021).
High-throughput next-generation sequencing (NGS) methods have recently
disclosed that astroviruses may be associated with aseptic encephalitis, meningitis,
and meningoencephalomyelitis in humans and animals ( Roach and Langlois,
2021).

Innate immunity encompasses an elaborate system of physical and chemical
barriers, secreted and membrane proteins, as well as a myriad of effector cells that
provide rapid nonspecific protection from an invading pathogen. The interferon
(IFN) response pathway is a central component of this system, and begins with
detection of pathogen-associated molecular patterns (PAMPS) by a diverse network
of host receptors, leading to production of IFNs and generation of an antiviral state

in affected cells (Lazear et al.,2019). Although IFN-y was originally discovered
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due to its ability to “interfere” with virus infection, most studies of IFN-y have
focused on its immunomodulatory effects in both innate and adaptive immunity,
such as enhancement of NK- and T-cell-mediated cytotoxicity, B-cell
differentiation, surface antigen expression, and macrophage activation. IFN-y plays

a crucial role in curtailing enteric viral infection (Shan et al.,2019).

TLRs are pattern recognition receptors (PRRs) of the innate immune system that
have been shown to exhibit tissue or mucosa-specific expression patterns. Each
TLR has its own agonist (or set of agonists), known as pathogen associated
molecular patterns (PAMP). These TLR agonists, or PAMP, include bacterial
ligands, virus-specific ribonucleotide motifs (i.e., dSRNA), and imidazoquinoline
compounds and all are currently studied as adjuvants. Toll-like receptor-7(TLR7)
is a forms from family of intracellular nucleic acid sensors maintained under strong
Purifying selection, which attests of their essential role in host survival to viral
infection (Wicherska et al.,2021).

TLR7 localizes to the endosomal compartment, where it binds microbial or self-
derived single-stranded RNA ligands. In plasmacytoid dendritic cells (pDCs),
TLR7engagement elicits Strong Type-I interferon(IFN) production and is critical
to the induction no f antiviral immune responses. TLR7is also an essential
component of antibody-mediated immunosurveillance against there-activation of

endogenous viruses (Patinote et al.,2020).
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1.2. Aim of the Study

Considering all these points, this research study was designed for detection of
norovirus (NoV), astrovirus (AsV) as well as IFN-y and TLR-7 genes
polymorphism in infants and children suffering from gastroenteritis (GE) through

achieving the following Objectives:

1

To determine the percentage of Nov. and AsV in stool swabs in case and

control.
2- VP1 gene sequencing of Norovirus.
3- ORF1 gene sequencing of Astrovirus.
4- Phylogenetic study of Norovirus and Astrovirus.

5- Estimation of the genetic polymorphism for IFN-y and TLR-7 genes in case and

control by Sequencing.

6- Compared levels serum concentration of IFN-y and TLR-7 with healthy
childhood to patients with GE by ELISA.

7- Detect the association between these of IFN-y and TLR-7 genes polymorphism

in relation to Nov. and AsV genotypes among study population.
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2.1. Gastroenteritis in the pediatric

2.1.1. Introduction

Gastroenteritis in the pediatric population is a very common disease that could
be lethal. It accounts for around 10% of pediatric deaths, estimating 70 million
deaths per year around the globe making it the second cause of death worldwide.
The most common cause in infants younger than 24 months old is rotavirus, after
24 months of age, Shigella displaces it to second most common (Rivera et
al.,2022).
2.1.2. Etiology

Gastroenteritis occurs when there is a fecal-oral contact, ingestion of
contaminated water or food, and person to person. This is the most common way
of acquiring this infection and making it the main cause for norovirus
and Shigella outbreaks. This disease is associated with bad hygiene and poverty. In
the United States, rotavirus and noroviruses (accountable for almost 58% of all
cases) are the most common viral agent that causes diarrhea, followed by
enteric Adenoviruses, Sapovirus, and Astroviruses (Jeffs et al.,2019). The main
risk factors for gastroenteritis are environmental, seasonal, and demographics,
being you children more susceptible. Other diseases like measles and
immunodeficiency's put the patient at a higher risk for a gastrointestinal (GI)
infection. Malnutrition is another significant risk factor, like vitamin-A deficiency
or zinc deficiency. Most of the episodes are acute diarrheas, lasting less than one
week. When diarrhea lasts more than 14 days, it is considered persistent diarrhea
and accounts for 3% to 19% of episodes. Around 50% of death cases due to
diarrhea (Chen et al.,2020).
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2.1.3. Epidemiology

Children under 5 years of age are the most affected population, and diarrheal
episodes happen more frequently in Asia and Africa, accounting for 80% of annual
incidence (Hartman et al.,2019; Rivera et al.,2022).

2.1.4. Pathophysiology

The pathophysiology depends on the organism causing the disease. Enterotoxin
production agents cause noninflammatory diarrhea; the virus frequently destroys
the villus surface, and parasites adhere to the mucosa. In the case of inflammatory
diarrhea, there are fluid, proteins, and leukocytes entering the interstitial lumen.
Viruses like adenovirus can directly invade the microvillus or through calcium-
dependent endocytosis, causing the loss in the ability to absorb (Grigshy et
al.,2019; Rivera et al.,2022). On a molecular level, agents affect the interstitial
lumen by activating enterocyte intracellular signal transduction, affecting the
cytoskeleton of the host cells. This will alter the water and electrolyte fluxes across
the enterocytes. For toxic diarrhea, there is an increase of CAMP and inhibition of
NaCl abortion. When infiltration occurs, histologic damage will reduce glucose,

stimulated Na, and electroneutral NaCl absorption (Hartman et al.,2019).

2.1.5. Viral infection and Gastroenteritis

Rotaviruses, noroviruses, adenoviruses, and astroviruses are known to cause
viral gastroenteritis. Rotavirus is the most common cause of gastroenteritis in
children, and produces similar rates in both the developed and developing
world. Viruses cause about 70% of episodes of infectious diarrhea in the pediatric
age group. Rotavirus is a less common cause in adults due to acquired
immunity. Norovirus is the cause in about 18% of all cases. Generally speaking,

viral gastroenteritis accounts for 21-40% of the cases of infectious diarrhea in
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developed countries (Barlow et al.,2020; Rivera et al.,2022). Norovirus is the
leading cause of gastroenteritis among adults in America accounting for about 90%
of viral gastroenteritis outbreaks. These localized epidemics typically occur when
groups of people spend time proximate to each other, such as on cruise ships, in
hospitals, or in restaurants. People may remain infectious even after their diarrhea
has ended. Norovirus is the cause of about 10% of cases in children (Barlow et
al.,2020; van Dongen et al.,2021).

2.2. Norovirus (NoV)
2.2.1. Historical Review of NoV

The NoV was originally named the "Norwalk agent™ after Norwalk, Ohio, in the
United States, where an outbreak of acute gastroenteritis occurred among children
at Bronson Elementary School in November 1968 (although an outbreak had
already been discovered in 1936 in Roskilde, Denmark, where it is commonly
known as "Roskilde syge" or "Roskilde illness"). In 1972, electron microscopy on
stored human stool samples identified a virus, which was given the name "Norwalk
virus"(Tam et al.,2012). The cloning and sequencing of the Norwalk virus genome
show that these viruses have a genomic organization consistent with viruses
belonging to the family Caliciviridae. The name "norovirus™ (Norovirus for the
genus) was approved by the International Committee on Taxonomy of
Viruses (ICTV) in 2002. In 2011, however, a press release and a newsletter were
published by ICTV, which strongly encouraged the media, national health
authorities and the scientific community to use the virus name Norwalk virus,
rather than the genus name Norovirus, when referring to outbreaks of the disease.
This was also a public response by ICTV to the request from an individual in Japan
to rename the Norovirus genus because of the possibility of negative associations

for people in Japan and elsewhere who have the family name "Noro". Before this
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position of ICTV was made public, ICTV consulted widely with members of the
Caliciviridae Study Group and carefully discussed the case (Bucardo et al.,2014).
In addition, to "Norwalk agent™ and "Norwalk virus", the virus has also been called
"Norwalk-like virus", "small, round-structured viruses" (SRSVs), Spencer flu and
"Snow Mountain virus". Common names of the illness caused by noroviruses still

in use include "Roskilde illness”, "winter vomiting disease"”, "winter vomiting

bug", "viral gastroenteritis”, and "acute nonbacterial gastroenteritis” (Tam et
al.,2012; Bucardo et al.,2014).

2.2.2. Taxonomy and Classification of NoV
Norovirus, previously known as Norwalk-like viruses, belongs to the family,
Caliciviridae (Rani et al.,2021). Currently, NoV genetic classification is based on
complete VP1 amino acid (aa) sequences and partial RNA-dependent RNA
polymerase (RdRp) regions. Based on this classification system, NoVs can be
categorized into 10 genogroups (GI-GX) (Chhabra et al., 2019) . Viruses of Gl,
GIl and GIV infect humans however GlI also includes three genotypes (GlIl.11,
GI1.18 and GII.19) detected in fecal specimens from swine and GIV viruses
include a genotype (GIV.2) that has only been detected in carnivore species (cats
and dogs). Since the nomenclature criteria could not be met for distinguishing
GI1.4 variants, it was decided that the subtyping of Gll.4 strains into variants will
be based on phylogenetic clustering and that new GlIl.4 variants will only be
recognized after they become epidemic in at least two geographically diverse

locations (Chhabra et al.,2019; Rani et al.,2021).
(unranked): Virus ; Realm: Riboviria ;  Kingdom: Orthornavirae ;
Phylum: Pisuviricota ; Class: Pisoniviricetes ; Order: Pisoniviricetes ;

Family: Caliciviridae ; Genus: Norovirus ; Species: Norwalk virus
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2.2.3. Morphology and Structure of Norovirus
2.2.3.1 Particles

Viruses in  Norovirus are non-enveloped, with icosahedral geometries
with icosahedral geometries. Capsid diameters vary widely, from 23 to 40 nm in
diameter. The larger capsids (38—40 nm) exhibit T=3 symmetry and are composed
of 180 VP1 proteins. Small capsids (23 nm) show T=1 symmetry, and are
composed of 60 VP1 proteins. The virus particles demonstrate an amorphous
surface structure when visualized using electron microscopy (Snowden et
al.,2020).

Capsid VP1

38nm particle 23nm particle T=1
Figure 2.1: Norovirus particle. (Snowden et al.,2020).

2.2.3.2. Norovirus Genome Organization

Noroviruses contain a linear, non-segmented, positive-sense RNA genome of
approximately 7.5 kilobases, encoding a large polyprotein which is cleaved into six
smaller non-structural proteins (NS1/2 to NS7) by the viral 3C-like protease (NS6),
a major structural protein (VP1) of about 58~60 kDa and a minor capsid protein
(VP2) (Tohma et al., 2021).The most variable region of the viral capsid is the
P2 domain, which contains antigen-presenting sites and carbohydrate-receptor

binding regions. NoV genomes consist of three separate open reading
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frames (ORFs). ORF1 encodes a large polyprotein that is cleaved by the virus-
encoded 3C-like proteinase to release six mature nonstructural proteins that are
involved in genome replication (Lee et al., 2019). ORF2 encodes VP1, the
main capsid protein, which is divided into two domains; shell (S) and protruding
(P). The P domain is subdivided into the P1 and P2 sub-domains. The P2
subdomain is highly variable; it possesses major neutralization epitopes and
interacts with attachment factors or receptors. NoVs infect humans and animals via
the recognition of host-specific receptors. Histo-blood group antigens (HBGAS)
are complex fucose-containing glycans that are abundantly distributed on the
mucosal epithelia of the intestinal tract, where they most likely serve as host
attachment ligands to specific human NoVs (HuNoVs) (Yang et al., 2019). NoVs
from dogs and bats appear to attach to HBGAs, similar to HuNoVs . ORF3
encodes the minor capsid protein VP2, which is possibly involved in capsid

stabilization and viral entry (Wang et al.,2022) Figure (2-2).

Human norovirus

. ’GF;' ORF1 polyprotein | W aanaRARAARY 3
p | _ORF2
pwe Ribosom:
titu t 'EI’EQN i VP2 wannatABAAAY 3
- | cpP | Subgenomic RMA
NS1/2  NS3 NS4 NS5 NS6 NS7 Jrgemge

|  p48 | NTPase |p22|vPg| Pro RdRp |
i RV 7| p30

Cleavages by viral pro

Figure 2.2: Schematic of norovirus genome map (Tohma et al.,2021).
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2.2.4. Norovirus Tropisms and Life Cycle
I. NoV Tropisms and Entry

Human NoV is an enteric pathogen, the vast majority of reported attempts (and
likely more unreported) at cultivating HuNoV have been focusing on human

gastrointestinal tract epithelial cells, together with some common human and
animal cell lines. Notably, in some cases, the classification of host
molecules involved in viral entry can be dependent on viral strain, host
cell type, and culture conditions. Interestingly for noroviruses, both cell-
associated and non-cell-associated host molecules that augment binding,
albeit by diverse mechanisms, have been described. These molecules
include the attachment factors histo-blood group antigens (HBGAs), bile
acids, sialic acid, and divalent cations (Graziano et al.,2019). A three-
dimensional culture system was first developed using rotating wall vessels (RWV)
to maintain and differentiate INT-407 or Caco-2 cells, and the initial attempts
showed increase of HuNoV viral RNA in infected cells. Primary intestinal
organoids (or enteroids) culture system for HuNoV, which demonstrated an
enterocytic tropism of HUNoV and virus strain-dependent requirement of bile for
infection (Ettayebi et al., 2016).
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Figure 2.3. Model of norovirus entry. The first and often rate-limiting step of viral entry is
viral attachment to the cell surface. Cell-associated host glycans including terminal sialic
acid and histo-blood group antigens (HBGAS) can facilitate the entry of mouse (MNoV)
and human norovirus (HNoV), respectively (Graziano et al.,2019).

Notably, viral entry is a critical determinant of cell tropism, host range, and
pathogenesis. The first and often rate-limiting step of viral entry is virus binding to
host cells, which is mediated by both host attachment factors and receptors.
Attachment factors are host molecules that concentrate the virus on the cell surface
but do not actively induce viral entry. In contrast, viral receptors are essential host
molecules that specifically bind the virus particle, induce a conformational change
in the virus, and actively promote viral entry. However, it was shown that
transfection of VPg-linked Norwalk virus RNA into intestinal epithelial Caco-2
cells resulted in a single round of virus replication. This observation suggests that
the restriction of HuNoV infection in epithelial cells is possibly viral entry.
Infection of primary macrophages and dendritic cells isolated from peripheral
blood showed no evidence of HuNoV replication, nor did the inhibition of innate
Immune responses with IFN cocktails promoted replication (Jones et al., 2015;
Graziano et al.,2019) Figure (2-3).
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I1. Gene expression of NoV

HuNoV binds to the cell by the interaction of the P2 region present in
the P domain of the VP1 protein with a still unknown receptor and some host co-
receptors such as HBGA .After the interaction of VP1 with the cell receptor(s),
internalization of the virus and subsequent disassembly of the viral capsid occur,
releasing the RNA into the cell cytoplasm. The exact mechanism by which these
two processes take place. Once the viral genome is released, the VPg protein,
which is covalently linked at the 5" end of the viral genome, interacts with the
cellular translation initiation factors, such as elF3, generating a translation
complex. This activity has been described in several caliciviruses, suggesting that
this function is highly conserved. Subsequently, the major and the minor ribosomal
subunits are recruited, resulting in the translation of the non-structural polyprotein
which contains the non-structural proteins of the virus (Hosmillo et al.,2019).
Once the non-structural polyprotein of HUNoV is generated, the protease is auto-
cleaved. Subsequently, the protease co- and post-translationally cleaves the rest of
the polyprotein, generating three protein precursors: p48/NTPase, p22/VVPg, and
Pro/Pol .The enzymatic functions of the p48/NTPase and p22/VVPg complexes have
not been described. However, the ProPol precursor has two enzymatic functions:
protease and polymerase activities. It should be noted that the ProPol complex has
a higher enzymatic performance compared to the activity of both proteins
separately (Viskovska et al.,2019). Subsequently, the three precursors are cleaved
by the action of the ProPol complex, which in turn self-cleaves and generates the
six individual non-structural proteins. These individual proteins have specific
functions in the replicative and the infective cycles. The replication process is
carried out by the action of Pol, VPg, and NTPase proteins. The latter has three
activities: helicase, NTP hydrolase, and chaperone. Subsequently, the p48 protein

will be integrated into this process, which will enhance the Pol activity. Then,
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synthesis of the viral genome and the sub-genomes with the VVPg protein, attached
at their 5’ ends, which recruits the cellular translation initiation factors will occur.
Finally, both the genome and the sub-genomes will be mobilized by the NTPase
protein chaperone activity (Li et al.,2018; Campillay-Véliz et al.,2020). A viral
polyprotein will be produced from the translation of the viral genome, and VP1
and VP2 proteins will be generated from the sub-genomes. Once the three proteins
have been generated, the assembly and the release of the visions take place through
a mechanism that remains to be elucidated. While this process occurs, the p48
protein migrates to the endoplasmic reticulum and to the trans-Golgi network
where its disassembly is induced, causing interference of the signaling pathways of
NF«B, MAPK, and PI3K-Akt, which are important for the host's immune response
(Lateef et al.,2017). p48 binds to protein A that is associated with VAP-A, which
participates in SNARE-mediated vesicular transport and causes a blockage in cell
protein transport (Roth and Karst,2016; Lateef et al.,2017). Besides that, the effect
caused by p48 is reinforced by the action of p22, which synergistically contributes
to the disassembly of the trans-Golgi network . P22 also blocks the traffic of
COPII-coated vesicles since it has a motif that closely resembles an export signal
from the endoplasmic reticulum (ER). p22 and NTPase favor the pro-apoptotic
activity of the cell, facilitating the release of HuNoV virions from the host cell
(Thorne and Goodfellow ,2014; Campillay-Véliz et al.,2020).
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Figure 2.4. Model of a Replicative HuNoV Cycle and Function of its Proteins (Campillay-
Véliz et al.,2020).

2.2.5. Pathogenesis of NoV
Noroviruses are highly transmissible since only 10 visions (ID50 = 10 visions) per

individual is required to infect half proportion of those individuals. The virus is
highly resistant to extremely low and/or high temperatures, high sugar
concentrations, acidic environments, exposure to chlorine, antiseptic solutions and
alcohol. The virus has an incubation period of about 1-2 days with symptoms
lasting for about 1-3 days. It could remain contagious for up to 3 weeks. Histo-
blood group antigens (HBGAs) are  polymorphic receptors or cofactors of
norovirus. Different Geno clusters bind various HBGAs: Geno group I viruses bind

A and O antigens; Geno group Il viruses mostly bind A and B antigens. Great
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diversity of norovirus strains and the lack of cross-strain or long-term immunity
are the causes of recurrent infections. The virus primarily damages
the microvilli of the cells of the small intestine. It affects the motility of stomach
leading to delayed gastric emptying and eventually nausea and vomiting. The virus
Is responsible for the enzymatic disorder, leak flux, anion secretion and
fat malabsorptionat  the brush border leading to diarrhea in infected
individuals. Colon is intact in this infection so hematochezia is rare (Teunis et
al.,2020).

2.2.6. NoV Phylogenetic

Phylogenetically, NoV can be segregated into 10 genogroups and further divided
into genotypes based on amino acid sequence diversity in the VP1 gene. GllI is the
largest of the known genogroups, consisting of 26 genotypes, including 23 human
NoV genotypes that are responsible for most epidemics, and three porcine NoV
genotypes (GI11.11/18/19) (Chhabra et al.,2020). As the diversity of NoV increased
through recombination, dual typing was proposed for NoV classification. Partial
nucleotide sequences of the RNA-dependent RNA polymerase (RdRp) region of
ORF1 are used for NoV P-type classification independently from genotype. A total
of 37 P-types have now been identified for in GIl viruses (Zhang et al.,2022).
Entire genome sequencing followed by phylogenetic analysis of the GI1.3 genotype
strains indicated that they are new recombinant viruses, because the genome
encoding ORF1 is derived from a GIl.12 genotype strain, whereas that encoding
ORF2-3 is from a GII.3 genotype strain. The putative recombination breakpoints
with the highest statistical significance were located around the border of 3D and
ORF2. The change in the prevalent strain of NoV seems to be linked to the
emergence of new forms of recombinant viruses. These findings suggested that the

swapping of the structural and non-structural proteins of NoV is a common
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mechanism by which new epidemic variants are generated in nature (Boonchan et
al.,2018).

2.2.7. Modes of Transmission of NoV
Norovirus can easily contaminate food and water because it only takes a very
small amount of virus particles to make you sick. Food and water can get

contaminated with norovirus in many ways, including when (Fraenkel et al.,2021):

« An infected person touches food with their bare hands that have feces (poop)
or vomit particles on them
« Food is placed on a counter or surface that has feces or vomit particles on it
« Tiny drops of vomit from an infected person spray through the air and land
on the food
« The food is grown or harvested with contaminated water, such as oysters
harvested from contaminated water, or fruit and vegetables irrigated with
contaminated water in the field
2.2.8. Pathophysiology
When a person becomes infected with norovirus, the virus replicates within
the small intestine. The principal symptom is acute gastroenteritis, characterized by
nausea, forceful vomiting, watery diarrhea, and abdominal pain, that develops
between 12 and 48 hours after exposure, and lasts for 24—72 hours. Sometimes
there is loss of taste, general lethargy, weakness, muscle aches, headache, cough,
and/or low-grade fever. The disease is usually self-limiting. Severe illness is rare;
although people are frequently treated at the emergency ward, they are rarely
admitted to the hospital. The number of deaths from norovirus in the United States
Is estimated to be around 570800 each year, with most of these occurring in the

very young, the elderly, and persons with weakened immune systems. Symptoms
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may become life-threatening in these groups if dehydration or electrolyte
imbalance is ignored or not treated (Hall et al., 2013).
2.2.9. Immune responses against NoV

The immunological response to HUNoV in humans is complex, considering the
large variability of circulating genotypes and the pre-existing exposures to these
viruses. Short-term immunity has been evidenced against HUNoV. Nevertheless,
the exact molecular mechanism behind these responses remains to be elucidated
(Campillay-Véliz et al.,2020).

2.2.9.1. Innate Immune Response

Two main cell pathways of the innate immune system are raised against RNA
viruses such as HuNoV, the type | and Il interferon (IFN) systems controlling
viral replication.Particularly, RNA viruses are mainly detected by the pattern
recognition receptors (PRRs), which include the TLR and the RIG-I like receptor
(RLR) family members (Lee and Baldridge ,2017). Specifically, IFN-a has been
reported to play a role in controlling HuNoV replication in Huh-7 cells and BHK21
cells, suggesting that IFN production may be one of the host antiviral mechanisms
in controlling HUNoV infection. Furthermore, the following evidences suggest that
the type | and Il IFN systems can play an important role in controlling HuUNoV
infections: (a) high IFN-a cytokine production has been detected in the intestinal
contents and the serum of pigs inoculated with a Gll.4 strain ; (b) the replication of
MNV-1 is sensitive to the type | and I1l IFN systems both in vivo and in vitro ; (c)
NV replication in Huh-7 cells, after transfection with genomic NV RNA, is
inhibited when cells are pre-treated with the supernatant from cells that have been
transfected with the IFN inductor, poly inosinic/polycytidylic acid (poly I:C), to
induce IFNo/p production ; and (d) bile acids allow the replication of Gl.1, GII.3,

and GII1.17 HuNoV strains and enhance it in Gll.4 variants in human intestinal
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asteroids (Ettayebi et al., 2016). Interestingly, bile acids have previously been
reported to down-regulate type | and Il IFN pathways and enhance the growth of
the porcine enteric calicivirus (Lee and Baldridge ,2017; Campillay-Véliz et
al.,2020).

2.2.9.2. Humoral Immune Response

Rapidly evolving RNA viruses, such as Gll.4 HuNoV, elicit complex humoral
responses associated with previous exposure. In general, it is not clearly defined
whether serum antibody levels against HUNoV are correlated with protection
against future infections by these viruses. Several studies in the literature indicate
that high levels of serum antibodies against NV in adults correlate with protection
against future infections by this virus (Gl.1 genotype) (Campillay-Véliz et
al.,2020).Likewise, the results of other studies, conducted in adult volunteers,
revealed that the presence of high serum or fecal titers of specific antibodies for
NV before infection decreased the probability of becoming infected by this virus,
compared to the case of volunteers with low titers of preexisting antibodies.
Additionally, in children, high serum antibody levels appear to be correlated with
protection, possibly due to a short-term immunity and recent exposures to these
viruses. HUNoV may also induce IgA antibody production, which is known to play
a role in short-term immune protection against viruses (Lee and Baldridge ,2017).
Indeed, some volunteers who became ill after a NV challenge showed partial
Immunity against the disease in a re-exposure after 6-14 weeks. However, this
partial immune protection was completely lost after 2—3 years. Nevertheless, long-
term protective immune response can Dbe evidenced from numerous
epidemiological reports from different parts of the world that show periods of
“high norovirus activity,” which correlate with the apparition of new GlI1.4 strains

(Ettayebi et al., 2016). This phenomenon is followed by a period of years with
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reduced numbers of HuNoV outbreaks, which suggests a generation of herd
immunity in the population that protects against GIl.4 HuNoV infections.
However, it is important to keep in mind that individuals can become susceptible
again to the disease if a new strain of Gl1.4 appears. Specifically, it was observed
that only 20-30% of people who had pre-existing anti-NV antibodies had
preexisting blocking antibody titers. Moreover, between 90 and 100% of those
volunteers, after the challenge with NV, generated blocking antibody titers (Dai et
al.,2017).

2.2.9.3. Cell-mediated Immunity

The role that T cells play in controlling NoV infection is complex and not well
characterized. Human NoV infection or vaccination elicits a primarily CD4+ Thl
response, leading to increased secretion of IFN-gamma and IL-2 (Ettayebi et al.,
2016). One study using human-derived PBMCs found that T cell responses were
more cross-reactive between GII strains with higher antigenic relatedness, while
another study found that T cell responses toward alternate Gl strains were more
robust than the immunizing GI strain in some individuals. Additional studies using
a wider array of genotypes are needed to further characterize T cell responses and

their relationships in controlling human infection (Chhabra et al.,2019).

2.2.9.4. Norovirus with TLR-7

Pathogen recognition receptors (PRRs) are divided into three groups, which
include the toll-like receptors (TLRs), retinoic acid-inducible gene | (RIG-1)-like
receptors (RLRs), and nucleotide-binding domain, leucine-rich repeat-containing
receptors (NLRs). Members of each receptor family are involved in nucleic acid
detection and are expressed either within the plasma membrane or within the
endosome membranes. Norovirus infections are a significant health burden

globally, accounting for hundreds of millions of cases of acute gastroenteritis every
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year (Enosi et al.,2018). Several important examples of these factors include
nuclear factor-kappa B (NF-B), activator protein-1 (AP-1) and interferon (IFN)-
regulatory factors (IRFs) IRF3 and IRF7, which can alter the expression of genes
involved in antiviral defense (Kawasaki and Kawai,2014). The benefit of using
TLR7 agonists is that they pose a low risk for the development of antiviral
resistance (Pawlotsky, 2011). These agonists bind to TLR7, causing homo- or
hetero dimerization and subsequent recruitment of the adaptor protein myeloid
differentiation primary response protein 88 (MyD88) to Toll and interleukin-1
receptor (TIR) domains of TIR domain-containing proteins (Lester et al., 2014).
2.9.2.5. Norovirus and Interferon Gamma (IFN-y)

Numerous cellular factors and pathways have been identified as playing critical
roles in the intracellular life of noroviruses (Walker and Baldridge, 2019). In
addition, the key role of the innate immune response in controlling norovirus
infection is IFN that activated by HuNoV and degree components of the pathway
control norovirus infections (Alwin and Karst,2021).The IFN response pathway is
a central component of this system, and begins with detection of pathogen-
associated molecular patterns (PAMPs) by a diverse network of host receptors,
leading to production of IFNs and generation of an antiviral state in affected cells
(Lazear et al.,2019). IFN gamma induce expression of IFN-stimulated genes
(ISGs) that facilitate the resistance of host cells to viruses, activate immune cells
recruited to the sites of infection and upregulate factors required for activation of
adaptive immunity, all of which makes them critical in the control of viral
infections (Schoggins,2018), For this reason, and on account of the co-evolution of
hosts and pathogens, any virus that is able to infect a host is also likely to have

evolved mechanisms of counteracting IFN responses (Fensterl et al.,2015).
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2.9.10. Laboratory Diagnostic of Norovirus

Diagnostic methods for norovirus focus on detecting viral RNA (genetic material)
or viral antigen. Diagnostic tests are available at all public health laboratories and
many clinical laboratories, and most use reverse transcription- real-time
polymerase chain reaction (RT-qPCR) assays to detect norovirus (Cannon et
al.,2017; Barclay et al.,2019).

I.RT-qPCR Assays

TagMan-based RT-qPCR assays detect the RNA of the virus. They can be used
to test stool, vomitus, food, water, and environmental specimens for norovirus. RT-
gPCR assays are the preferred method to detect norovirus because they are very
sensitive and specific. They can detect as few as 10 to 100 norovirus copies. They
use different oligonucleotide primer sets to detect genogroup I, genogroup IlI,
genogroup VIII and GIX noroviruses. RT-gPCR assays can also provide estimates

of viral load.
I1.Multiplex Gastrointestinal Platforms

Recently, several commercial platforms for detection of multiple gastrointestinal
pathogens have become available. They include genogroup | and genogroup I
norovirus. The sensitivity of these assays for norovirus is in the same range as RT-
gPCR.

I11. Enzyme Immunoassays

Rapid commercial enzyme immunoassays (EIAs) that detect norovirus antigen
in stool samples are also available. However, these kits have poor sensitivity (50 to
75%), and are, in general, not recommended for testing single samples from
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sporadic cases of gastroenteritis. These assays can be used for preliminary
identification of norovirus when testing multiple specimens during outbreaks.
However, samples that test negative should be confirmed by a second technique,
such as RT-gPCR. Thus, EIA Kits should not replace RT-qPCR during outbreak

investigations.
V. Genotyping

Genetic characterization of noroviruses detected in stool and environmental
samples can be very useful in epidemiologic investigations by linking cases,
suggesting a common source, or identifying new emerging virus strains. Norovirus
can be genotyped by sequence analysis of a RT-PCR product amplified from a
partial region of both the polymerase gene (region B) and capsid gene (region C) in
a single reaction for either genogroup | or genogroup Il viruses.All laboratories
participating in CaliciNet, a national laboratory surveillance network for norovirus
outbreaks coordinated by CDC, use dual typing for norovirus. The sequences
obtained are compared to CaliciNet reference sequences for typing. An example of
dual typing nomenclature is the GI1.4 Sydney[P16] norovirus strain that has caused

the majority of all norovirus outbreaks in the United States in recent years.

2.3. Astrovirus

2.3.1. Historical Preview:

Astrovirus are a type of virus that was first discovered in 1975 using electron
microscopes following an outbreak of diarrhea in humans. Astrovirus infecting
other species, particularly mammalian and avian, were identified and classified
into the genera Mamastrovirus and Avastrovirus. Mamastrovirus (MAstV)
representing genotype species affecting mammalian species and Avastrovirus
containing those viruses found in avian species. Through next-generation
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sequencing, many new astroviruses infecting different species, including humans,
have been described, and the Astroviridae family shows a high diversity and
zoonotic potential. Three divergent groups of HAstVs are recognized: the classic
(MAstV 1), HAstV-MLB (MAstV 6), and HAstV-VA/HMO (MAstV 8 and
MAstV 9) groups (Kauer et al.,2019). In animals, Astroviruses also cause infection
of the gastrointestinal tract but may also result in encephalitis (humans and cattle),
hepatitis (avian) and nephritis (avian). Classic HAstVs contain 8 serotypes and
account for 2 to 9% of all acute nonbacterial gastroenteritis in children worldwide.
Infections are usually self-limiting but can also spread systemically and cause
severe infections in immunocompromised patients. The other groups have also
been identified in children with gastroenteritis, but extraintestinal pathologies have
been suggested for them as well. Classic HAstVs may be grown in cells, allowing
the study of their cell cycle, which is similar to that of caliciviruses (Maclachlan et
al.,2017).

2.3.2. Taxonomy and Classification of Astrovirus

Astroviruses are classified into two genera: Mamastrovirus (MAstV),
historically considered mammalian viruses, and Avastrovirus (AAstV), historically
considered avian viruses (figure 2-2). Since 2008 and the advent of pan-astrovirus
degenerate primers (Chu et al.,, 2008) and sequence based phylogenetics,
astroviruses have been classified by their ORF2 full length amino acid sequence
into three species of AAstV and 19 species of MAstV (Donato and Vijaykrishna,
2017).The International Committee on  Taxonomy of Viruses (ICTV)
established Astroviridae as a viral family in 1995. There have been over 50
astroviruses reported, although the ICTV officially recognizes 22 species. The
genus Avastrovirus comprises three species: Chicken astrovirus (Avian nephritis

virus types 1 - 3), Duck astrovirus (Duck astrovirus C-NGB), and Turkey
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astrovirus (Turkey astrovirus 1). The genus Mamastrovirus includes Bovine
astroviruses 1 and 2, Human astrovirus (types 1-8), Feline astrovirus 1, Porcine
astrovirus 1, Mink astrovirus 1 and Ovine astrovirus 1 Figure (2-5) (ICTV ,2020;
Virginia et al., 2021).

(unranked): Virus ; Realm: Riboviria ; Kingdom: Orthornavirae ;
Phylum: Pisuviricota ; Class: Stelpaviricetes ; Order: Stellavirales ;
Family: Astroviridae ; Genus: Avastrovirus ; Chicken astrovirus ;Duck astrovirus;
Turkey astrovirus . Genus: Mamastrovirus : Bovine astrovirus 1 & 2 ;Feline
astrovirus 1; Porcine astrovirus 1; Human astrovirus AstV-MLB ; Human
astrovirus HAstV ;Human astrovirus HMOAstV-A ; Human astrovirus HMOAstV-
B; Human astrovirus HMOAstV-C.
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Figure 2.5: Phylogenetic classification of Astroviridae. Tree generated using capsid protein
amino acid sequences.Based on Ninth Report of the International Committee on Taxonomy
of Viruses, 2012 (Virginia et al., 2021).
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2.3.3. Morphology and Structure of Astrovirus
2.3.3.1. Particles

Non-enveloped, spherical, capsid of about 35 nm with T=3 icosahedral
symmetry. Surface projections are small and surface appears rough, spikes
protruding from the 30 vertices. The capsid precursor protein (180 copies per
particle) undergoes C-terminal cleavages by host caspases during virus maturation
(Arias et al.,2017). Particles are assembled from the VP90 precursor protein
(approximately 90 kDa), which is further processed by cellular caspases to
generate the VP70 protein, losing an acidic C-terminal domain. VP34 is derived
from the highly conserved N-terminal region of the polyprotein and builds up the
capsid shell, while VP27/29 and VP25/26 are both derived from the variable C-
terminal domain with a different form the dimeric spikes Figure (2.6) (Zhao et
al.,2020).

Figure2.6. particle structures of the astrovirus (Zhao et al.,2020).

2.3.3.2. Astrovirus Genome Organization
Astroviruses have +ssRNA genomes that are approximately 6-8 kb in length.

The genome includes 5" and 3’ untranslated regions and three open reading frames
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(ORFs). The genome contains three overlapping open reading frames (ORF1a,
ORF1b, and ORF2). The nonstructural proteins are translated from the genomic
RNA as two large polyproteins, nsPla and nsPla/lb, through a
translational ribosomal frameshifting. ORF1a and ORF1b encode the viral protease
and polymerase respectively. ORF2 is expressed from a subgenomic RNA and
encodes the VP90 capsid precursor protein. (Figure 2-7) (Cortez et al., 2017;
Nicholas et al.,2019).
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Figure 2.7: Astrovirus genomic architecture. Individual protein coding regions with known
identity are designated by inset boxes. In ORF2, the darker regions indicate the
hypervariable region of the capsid protein. The frameshift signal between ORFla and
ORF1b consists of a slippery sequence followed by a hairpin. There is a highly conserved
hairpin at the 3' end of the genome (Nicholas et al.,2019).

2.3.4. Astrovirus Tropisms and Life Cycle

Astrovirus infection begins by binding to an unidentified receptor(s) on
epithelial cells in the intestine after fecal-oral transmission and enters cells via
27
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clathrin-mediated endocytosis (Donato et al.,2017). After acidification of the
endosome, endosome rupture, and viral uncoating, the three main structural
proteins, VP25,VP27 and VP34 help the viral to attachment ,and nonstructural
polyprotein translated from the VPg-linked genomic RNA. Nonstructural
polyprotein nsPlalb is expressed thanks to the RFS that exists between ORFla
and ORF1b. Cleavage of these polyproteins results in the individual nonstructural
proteins required for genome replication (Marvin,2017). Negative-strand RNA is
produced from the genomic strand, and transcription of the negative-strand yields
the genomic and subgenomic RNA . The structural proteins encoded in the third
ORF (ORF2) are expressed from the subgenomic RNA . New astrovirus particles
have been observed on double membranes likely serving as the site for replication
and assembly. After assembly, the progeny virions exit the cell through a non-lytic
mechanism promoted by caspase activation Figure (2-8) (Marvin,2017;
Janowski,2021) .
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Figure 2.8: Astrovirus life cycle (Arias and DuBois, 2017).
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2.3.5. Pathogenesis of Astrovirus

Despite the high prevalence of astrovirus and the advances made in the
identification of novel genotypes, there is still little known about HAstV
pathogenesis—especially among the different HAstV genotypes. Astroviruses
cause gastroenteritis by causing destruction of the intestinal epithelium, leading to
the inhibition of usual absorption mechanism, loss of secretory functions, and
decrease in epithelial permeability in the intestines. Inflammatory responses were
seen to not affect astrovirus pathogenesis (Johnson et al.,2017). Previous studies
demonstrated that HAstVs increase epithelial cell permeability by disrupting
cellular tight junctional complexes. Since the intestinal tract depends on tight
junctions to separate the lumen from the basal lamina, the loss of integrity
increases ion, solute, and water trafficking across the compartments, reducing the
ability of the intestine to reabsorb water and nutrients, leading to diarrhea.
Additionally, extra-gastrointestinal astrovirus-associated disease has been reported
in animals and humans, which could result from the increased intestinal
permeability (Vu et al.,2016; Johnson et al.,2017; Tsague et al.,2020).

2.3.6. Modes of Transmission of Astrovirus

Person-to-person spread by the faecal-oral route is thought to be the most
common route of transmission. Food, water, and fomites have been implicated in
astrovirus disease, which suggests that astroviruses persist in the environment;
however, there are no confirmed cases of waterborne transmission. Astroviruses
have been found in sewage, wastewater and surface water (over 50% of samples
were positive for astrovirus). AstVs readily transmit between coprophagic animals
such as rodents. Transmission between commercially farmed animals is extremely
common and compounded by persistent viral shedding from infected animals long
after the date of initial infection. This persistent viral shedding also increases the
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risk of spill over into farm animals of different species. In wild animals, feces
serve many roles, including marking territories, attracting mates, hunting prey, and
avoiding predators. These various interactions facilitate intra-species transmission
as well as open the door for cross-species exposure (Roach et al.,2021).

2.3.7. Immune Responses against Astrovirus

The innate immune response provides signals to recruit the adaptive immune
response, which controls viral infection at later times during an infection. This
response is pathogen specific and has a memory component that induces a more
rapid and robust response following a second infection with the same pathogen.
The adaptive immune response contains two arms: the humoral, or antibody-
mediated/B cell response, and the cell-mediated response, which involves antigen-
specific cytotoxic T cells. Although the findings between the current turkey model
and the newly emerging mouse model yielded conflicting results, the reports
showing the biphasic age distribution as well as immunocompromised individuals
have formed a general conclusion that the adaptive immune system is a major
component in controlling astrovirus disease (Marvin,2017).

Antibodies that recognize the spike domains on the human astrovirus spike, the
domain of the capsid involved in astrovirus binding , and neutralized virus activity
have been identified (York et al.,2016) However, the development of anti- HAstV
therapies has been hampered by the gap in knowledge of neutralizing antibodies
epitopes on HAstV surfaces (Bogdanoff et al.,2017).Mapped the neutralizing
epitopes on the HAstV-2 with a neutralizing monoclonal antibody to the spike
domain, which prevented spike binding to Caco2 cells (York et al.,2016). The
solving of the crystal structures of HAstV-1 and HAstV-8 capsids and spike
domains, and the HAstV-2 and TAstV-2 spike domains can advance our

understanding of anti-Astrovirus antibody binding. These structures are crucial for
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future studies to develop vaccines and antibody therapy prevention and treatment
of astrovirus disease (Toh et al.,2016).The cell mediated immunity shows in Many
number of reports on astrovirus detection in extra-intestinal tissues increase, how
the immune systems limits spread of astrovirus to extra-intestinal tissue , some of
them shows the important role for T cell-mediated control of astrovirus infection.
since there are astrovirus-specific CD4+ and CD8+ T cells from astrovirus-
stimulated biopsies taken from the duodena of patients that had histologically
normal intestines (Dong et al.,2011). In addition, the chronic rotavirus and
astrovirus infection in two children with T cell immunodeficiency. Considering the
fact that CD4+ T cells are essential in B cell maturation and antibody specificity; it
Is reasonable to suspect that T cells play a role in the immune response to
astrovirus infection (DuBois et al.,2013).
2.3.7.1 Astrovirus and TLR7

The TLR7 recognizes the single-stranded RNA viruses, vesicular stomatitis
virus, Astrovirus and influenza virus. The recognition of these viruses by
plasmacytoid dendritic cells and B cells through TLR7 results in their activation of
costimulatory molecules and production of cytokine. The AstV infection play
important role in activation of pattern recognition receptors such as (RIG-I, and
TLR7) and key adaptor molecules (Interferon alpha) in the spleen and kidney,
Moreover, high expression levels of interleukin (IL)-1b and IL-8 These
investigations indicated that AstV infection activated host innate immune response
(Wu et al.,2021).
2.3.7.2. Astrovirus and Interferon Gamma (IFN-y)

The human immune system have important role for controlling and elimination
the pathogenic disease and cancerous cells. In this regard, IFN-y has a critical role
In recognizing the astrovirus vial antigens and elimination it because the IFN-y,

being the central effector of cell mediated immunity, it can coordinate a plethora of
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anti-microbial functions .It also can serve to amplify antigen presentation through
antigen presenting cells (APCs) by enhancing antigen recognition via cognate T-
cell interaction, increase the production of Reactive Oxygen Species (ROS) and
Reactive Nitrogen Intermediates (RNIs) and induce anti-viral responses
Additionally, the astrovirus infected cell were destroyed by IFN-y activity via
induction of an anti-proliferative state. Immunity to several pathogens is mainly
governed by IFN-y activity. For example, the role of IFN-y in endowing protection
against many infections (Naglak et al.,2016).

IFN-y can also restrict viral uncoating or entry into the host cells and confer
protection against a number of viruses including astrovirus, Influenza-A,
Flaviviruses, HIV-1, Ebola virus and Corona virus (Day et al.,2017). IFN-y-
inducible proteins can also employ components of the autophagic machinery to
curb viral replication. For example, IFN-inducible GTPases utilize the
microtubule-associated-protein-1-light chain-3 (LC3) protein of the autophagy
pathway to arrest astrovirus replication. The concerted action of IFN inducible
GTPases and GBPs leads to marked inhibition of viral growth (Dotson et al.,2016).
2.3.8. Laboratory Diagnostic of Astrovirus

Various methods exist to detect an astrovirus infection. Current methods include
(Lum et al.,2016 ; Pérot et al.,2017)

I. Electron Microscopy (EM)

Direct EM is complicated by the fact that only a minority of virions exhibit a
complete star-shaped structure, and careful searching may be necessary to
distinguish between, for example, astrovirus and calicivirus ,which are similar in
size.

I1. Virus Isolation
Astroviruses, like other enteric viruses, can be difficult to propagate in

conventional cell cultures. The first propagation of HAstVs was made possible in
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human embryo kidney (HEK) cells through the use of serum medium
supplemented in trypsin. Other cell lines, such as African green monkey kidney
Vero cells (e.g., MA-104), were not permissive for the virus even after initial
passages in HEK cells. However, similar experiments based on virus adaptation in
embryonic kidney cells in the presence of trypsin have enabled the propagation of

bovine and porcine astroviruses.

I11. Immunodetection and Antigenic Typing

The ability to grow astroviruses has simplified the production of antisera in
experimental animals, allowing the characterization of serotypes and the
development of a radioimmune assay for detection of anti-MAstV 1 (serotypes
HAstV 1-8) antibodies. Indirect enzyme immunoassay (EIA) that used both a
monoclonal antibody directed toward the capsid of MAstV 1 for the capture, and a
polyclonal antibody for the detection, was achieved in a cohort of patients with
gastroenteritis, showing a sensitivity of 91% and a specificity of 96% when

compared to indirect electron microscope (IEM).
IVV. Molecular Diagnostics

1.Reverse Transcription Polymerase Chain Reaction (RT-PCR) and
Quantitative Reverse Transcription PCR (RT-qPCR)

RT-PCR systems that have been developed for the detection of MAstV
1(serotypes HAstV 1-8), some are targeting non-coding regions of the virus in a
very sensitive and specific manner, while others are designed into conserved
motives of the capsid, thereby allowing subsequent typing but with a risk of sub-

optimal amplification efficiencies. Alternative to RT-PCR, nucleic acid sequence-
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based amplification (NASBA) has also shown a good concordance with RT-PCR-
based methods for the detection of MAstV 1 (serotypes HAstV 1-8).
2. Muultiplex RT-PCR for Enteric Pathogens Panels

To meet the need for a rapid, efficient and cost-effective diagnosis, multiplex
RT-PCR panels, including astroviruses and other gastrointestinal pathogens, have
been developed over time. Remarkably, among commercially-available solutions,
the FilmArray Gastrointestinal Panel (BioFire Diagnostics, Salt Lake City, UT,
USA) allows for the simultaneous detection of 22 different enteric pathogens
directly from stool specimens, with a reported sensitivity and specificity of 100%
and 99.9%, respectively, for the detection of MAstV 1 (but not MAstV 6 and 9),
and a turnaround time of around one hour.

3. Medium to High Density Detection Systems: Nanofluidic PCR and
Microarrays

With progress made in miniaturization and the development of nanofluidic
systems, it has now become possible to run gPCR in parallel to nanoliter-volume
chambers, thereby reducing the cost per assay. For example, a microfluidic gPCR
system based on multiple singleplex TagMan gPCR assays could quantitatively
detect 13 viruses, including human astroviruses, with a sensitivity as low as two
copies per microliters,

4. High Throughput Sequencing (HTS)

The advent of HTS has opened the way to metagenomics, which is the parallel
sequencing and subsequent description of all nucleic acid molecules present in a
sample. Specifically, it represents a group of disruptive technologies over PCR or
other hypothesis-driven detection methods. With a combination of random
amplification of microbial genomes or transcripts and appropriate downstream data

mining, deep sequencing has the ability to provide more detailed taxonomic
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information than diagnostic PCRs, and may also be used for the discovery of new
pathogens without any prior hypothesis .
2.4. Toll Like Receptor -7 (TLR-7)
2.4.1. Definition

TLR-7is a protein that in humans is encoded by the TLR7 gene (chromosome
Xp22.3) . It is a member of the toll-like receptor (TLR) family and detects single
stranded RNA (Leaker et al.,2019).
2.4.2. Location

The Toll-like Receptor 7 gene (TLR7) is located in the pseudo-autosomal region
1 of the X chromosome (p22.2). TLR7 is localized to the cell wall of endosomes
where they detect nucleic acids, sSSRNA (Wicherska-Pawlowska et al.,2021).

2.4.3. Structure
The TLR7 are contain from two distinct ligand-binding sites. Site 1, which is

highly conserved between TLR7 and TLR8, recognizes nucleosides (G for TLR7
and uridine [U] for TLR8) as well as nucleoside analogs and imidazoquinoline
derivatives (IQDs) and is essential for receptor dimerization. Unlike site 1, site 2 is
not conserved and is spatially different between this TLRs, although site 2 in both
receptors binds short oligoribonucleotides and plays an auxiliary role in receptor
dimerization by enhancing the binding affinities of site 1 ligands. Thus, TLR7
recognize sSRNAs in the forms of degradation products, nucleosides, and

oligoribonucleotides Figure (2-9) (Zhang et al.,2018).
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Figure 2.9. structural studies of TLR-7 (Zhang et al.,2018).

2.4.4. Function

Toll-like receptor (TLR) 7 are receptors for single stranded RNA that reside in
the endosome. TLR7 is expressed primarily in B cells, monocytes, and
plasmacytoid dendritic cells (pDCs) .The TLR-7 share some common downstream
signaling, where TLR7 activation is more biased to signaling in the interferon
regulatory factor (IRF) pathway, resulting in production of type I interferon (IFN)
(Bender et al., 2020).TLR7 is well-established to bind viral SSRNA; specific exam-
ples include vesicular stomatitis virus (VSV), 1AV, HIV-1, hepatitis B virus, and
HCV (Gosu et al.,2012) Dimeric TLR7 then interacts with the ssRNA which
subsequently initiates signal transduction. TLR7 contains a Toll/IL-1 receptor
domain that associates with myeloid differentiation primary response gene 88
(MyD88) for signal transduction, aside from TLR3 which signals via the MyD88-
independent pathway. Signaling in human immune cells by TLR7 has been
documented to trigger production of pro-inflammatory cytokines including TNF-a,
IL-6, IL-1B, IL-12, and IFN-a (El-Zayat et al.,2019). Furthermore, TLR7 is
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recognizes viral double-stranded RNA (dsRNA) from, for example, reoviruses. In
addition, it recognizes dsRNAs arising during replication of single-stranded RNAs
(sSRNAS) of viruses, e.g., West Nile virus, RSV, or EMCV (encephalomyocarditis
virus) (Mendes et al.,2017).

2.5. Interferon-gamma (I1FN-y)

2.5.1. Definition

Interferon gamma (IFN-y) is a dimerized soluble cytokine that is the only
member of the type Il class of interferons. The IFN-y is an extraordinarily
pleotropic cytokine. It can not only heighten both the innate and adaptive immune
response against pathogens and tumors, but also has the ability to maintain immune
homeostasis. Since the effects of IFN-y are cell and tissue specific, it is important
to consider the recent advances in IFN-y signaling in the context of different
diseases (Januarie et al.,2021).

2.5.2. Location

The IFN-y is located on the chromosome 12 (12qg15). IFN-y is secreted by T helper
cells (specifically, Tpl cells), cytotoxic T cells (T¢ cells), macrophages, mucosal
epithelial cells and NK cells (Liu et al.,2022). IFN-y epithelial tissues, high
expression of IFN-Gamma-R is detected on trophoblastic epithelium, glandular
cells of stomach, ileum and colon, lung alveolar cells, salivary duct cells, renal
tubular cells, and endometrial mucosa cells. Hepatocytes are weakly positive,
while squamous epithelial cells are negative (Yao and Fox,2020).

2.5.3. Structure

All TFNs adopt a-helical structures with unique up-up-down-down topology ,
relative to other a-helix bundle proteins .The IFN-y monomer consists of a core of
six a-helices and an extended unfolded sequence in the C-terminal region. Each

IFN consists of six secondary structural elements, denoted A-F, of which helices
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A, C, D, and F form an anti-parallel four helix bundle Figure (2-10) (Walter
,2020).The a-helices of the Type-I IFNs are long, straight, and essentially parallel
to one another . Despite considerable sequence diversity (35%-95%), all 16 IFNs
adopt the same a-helical structure (Ouyang et al.,2012). In contrast to type-I IFNs,
type-111 IFNs are comprised of shorter helices that contain several kinks, which

form a more compact bundle . As a result, type-Il11 IFNs adopt structures that are

more similar to the IL-10 family cytokine IL- 22 than to type-l IFNs (Deshpande et
al.,2013; Walter ,2020).

¢ Type-ll, IFNy

AB Loop

Figure 2.10.Structures of IFN-y (C), pdbid = 6E3K IFNs. IFN structures are rainbow
colored from the N-terminus helix A (blue) to the C-terminal helix F (red) (Walter,2020).

2.5.4. Genome & protein

IFN-y is a protein encoded by the IFNG gene, composed of two polypeptide
chains associated in an antiparallel fashion (Alspach et al.,2019).In human blood,
IFN-y is present in three fractions with different molecular mass. One fraction
represents the active free form of IFN-y, while the other two are considered mature
IFN-y molecules. The fully synthetized protein is glycosylated at amino termini
where the level of glycosylation determines the final weight of the defined
fractions (Lilkova et al.,2019) Notably, it has been reported that glycosylation
itself does not affect the activity of interferon, but rather prevents its degradation

by proteinases. Therefore, this chemical modification increases interferons half-life
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in the bloodstream and prolongs IFN-y-mediated effects (Gordon-alonso et
al.,2017).
2.5.5. Function

The IFN-y is a pleiotropic type II IFN that is mainly produced by effector Thl
CD4+ T cells, cytotoxic CD8+ T cells and NK cells and to a lesser extent by other
cell types, such as dendritic cells (DCs), macrophages and B cells (Liu et al.,2020).
IFN-y binds to the IFN-y receptor (IFNGR), which is expressed on most cells and
activates janus kinase 1 (JAK1) and JAK2 through the canonical pathway, leading
to the phosphorylation of STAT1 homodimers and binding to the IFN-y activation
site (GAS) followed by subsequent gene transcribe (Billiau and Matthys,2009).
Interferon is a cytokine produced in response to viral infection and has various
effects, such as regulating immunity, antiviral and antitumor activities according to
the primary protein sequence, cognate receptor, gene locus, and cell type
responsible for its production (Liu et al.,2022). The IFN-y has a critical role in
recognizing and eliminating pathogens. IFN v, being the central effector of cell
mediated immunity, can coordinate a plethora of anti-microbial functions. It can
serve to amplify antigen presentation through antigen presenting cells (APCs) by
enhancing antigen recognition via cognate T-cell interaction, increase the
production of Reactive Oxygen Species (ROS) and Reactive Nitrogen
Intermediates (RNIs) and induce anti-viral responses (Kak et al.,2018).

2.6. Diagnostic of TLR-7 and IFN-y Polymorphism
2.6.1. Single Strand Conformation Polymorphism (SSCP)

SSCP analysis is a simple and sensitive technique for mutation detection and
genotyping. The principle of SSCP analysis is based on the fact that single-

stranded DNA has a defined conformation. Altered conformation due to a single

39



Chapter two Literature review

base change in the sequence can cause single-stranded DNA to migrate differently
under no denaturing electrophoresis conditions (Haidong et al.,2005).
2.6.2. Restriction Fragment Length Polymorphism (RFLP)

Restriction fragment length polymorphism (RFLP) is a technique that exploits
variations in homologous DNA sequences, known as polymorphisms, in order to
distinguish individuals, populations, or species or to pinpoint the locations
of genes within a sequence. The term may refer to a polymorphism itself, as
detected through the differing locations of restriction enzyme sites, or to a related
laboratory technigue by which such differences can be illustrated. In RFLP
analysis, a DNA sample is digested into fragments by one or more restriction
enzymes, and the resulting restriction fragments are then separated by gel

electrophoresis according to their size ( Chaudhary et al., 2019).

2.6.3. Amplification Refractory Mutation System (ARMYS)

In ARMS technique, one PCR comprises one allele-specific oligonucleotide
primer at 5’-end and a common primer at 3'-end. If the presence of an amplified
mutant is detected by agarose gel electrophoresis, it suggests that the target
sequence contains the mutant allele. Similarly, if the result displays an absence of
the amplified mutant, it indicates the presence of the normal DNA sequence on that
specific point.In the same way, a normal primer at 5’-end together with a common
primer at 3’-end was used in another PCR. If normal amplified product is present,
it reveals the existence of a natural DNA sequence, whereas if normal amplified

product is absent, then it reveals the presence of a mutant allele (YYang et al.,2018).

2.6.4. Sequencing of PCR Products
The term DNA sequencing refers to methods for determining the order of the

nucleotides bases adenine,guanine,cytosine and thymine in a molecule of DNA.
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The first DNA sequence were obtained by academic researchers, using laboratories
methods based on 2- dimensional chromatography in the early 1970s. By the
development of dye based sequencing method with automated analysis,DNA
sequencing has become easier and faster. The knowledge of DNA sequences of
genes and other parts of the genome of organisms has become indispensable for
basic research studying biological processes, as well as in applied fields such as

diagnostic or forensic research (Heather ,2016).
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3. Materials and Methods
3.1. Subjects
3.1.1 Patients population

This case control study is done for a one hundred-fifty specimens collected
from infants and children patients with to gastroenteritis (GE) and apparently
healthy persons as control group from general hospitals as well as many
private clinical in Middle Euphrates provinces -Irag. The age range of the
study population was 6 months to 122 months. The specimens were collected

during period from February 2021 to September 2021.

Stool swabs as well as blood from each study group of infants and children

patients suffering from gastroenteritis should be enrolled, that classify into:-.

1.0ne hundred — fifty stool swabs as well as blood specimens from infants

and children patients suffering from gastroenteritis.

2. Fifty stool swabs and blood specimens of apparently healthy persons as
control group. All these specimens were submitted for viral genetic part for
screening Norovirus (NoV) and Astrovirus (AsV) in infants and childern
patients and apparently healthy control groups by Real-Time Polymerase
Chain Reaction (RT-PCR) and detection the new genotypes of NoV and AsV
by sequencing and phylogenetic tree . However, the second part is DNA
extraction for detection SNPs of Toll-like receptor -7 (TLR-7) and

Interferon-gamma (IFN-y) genes polymorphism by sequencing .

3.1.2 Specimens Collection

Stool swabs as well as blood specimens were collected from patients and
control by using swab for each patient for virology detection ; The flocked
swab regular for Stool swab collection, according to Catalog Number 21031
(Heinz, Herenz; Germany). Each specimens are aliquot into three 1.8 cryo
tube (Nunc-Kamstrup, Denmark) and stored at (-20°C) at the Virology

Research Unit, College of Science, Babylon University. 5ml venous blood
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were collected aseptically from all patients by using gel tubes and EDTA tubes
for gating blood for DNA extraction and serum for TLR-7 & IFN-y

polymorphism & serum concentration ; then stored at (-20°C).

3.2. Study Design
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Figure 3.1: Study Design

3.3. Materials

3.3.1. Instruments and Equipment
Instruments and equipment used in this study are listed in table (3-1, 3-2) .
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Table (3.1): Instruments used in this

Company and origin

Materials & methods

study with their Manufacturer

Instruments

Manufactured Company (Origin)

Centrifuge

Hettichzentrifuge, Sigma / Germany

Deep freeze -80

Bosch / Germany

Incubator (model 1B-909)

Electrophoresis system Germany

ELISA reader Bio Tech (USA)
Fume hood UK

Hot plate Memmert / Germany

Micro centrifuge

Hettichzentrifuge, Sigma / Germany

Multibiodrop

England

Real time Qiagen device Rotor Gene Q
MDx

Conventional PCR

QIAGEN / Germany

Refrigerator

Arcelik / Turkey

Sensitive balance

Sartoris / Germany

Timer with alarm

Junghans / Germany

Ultraviolet imaging device

Motic / USA

Water bath (1-A)

Memmert / Germany

Table (3.2) : Equipment used in this

company and origin.

study with their manufacturer

Equipment

Manufactured Company (Origin)

0.2ml PCR Tubes with Flat Caps

1.5ml clear Microtubes

Extragene / Taiwan

Disposable plastic container

China

Disposable tips

Extragene/Taiwan
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Equipment

Falcon with different
size 15ml, 50 ml

Flask with different
size 25cm? , 75cm?

China

Gel loading tips

Eppendorf tubes with different size 2ml,
1.5ml, 0.5 ml

Gloves

Bio Basic — Canada

Micropipettes various sizes(1000,100,10) ul

Extragene/Taiwan

Plastic scraper

China

VIR-Swab

Heinz Herenz / Germany

Copan / Italy

3.3.2 Reagents and Buffers

Reagents and buffers are used in this study are listed in table (3-2)

Table 3.2: Reagents and buffers used in this study with their

Manufacturer Company and origin.

Reagents

Manufactured Company (Origin)

10X TBE DNA Sequencing Grade

Intron /S. Korea

Absolute Ethanol alcohol

Merck — Germany

Agarose E

Canada / Spain

DNA Ladder(100bp)

Intron /S. Korea

Proteinase K

Intron /S. Korea

Rad Safe Nucleic Acid staining solution

RNase A

Zymo Research / USA

3.3.3 Kits and Marker

Kits and marker are used in this study with their Manufacturer Company

and origin are listed in table (3-3).
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Table 3.3: Kits and markers used in this study with their manufacturer

Company and origin

System

Kits Manufacturer Company/ CAT.NO
Origin
G-Spin Total DNA Extraction Kit Intron / Korea 14001
Viral Nucleic Acid Extraction kit Intron / Korea 17151
Human TLR-7 ELISA Kit BT LAB \ CHINA E0334Hu
Human IFN-y ELISA Kit BT LAB\ CHINA E0105Hu
GoTag® 1-Step RT-gPCR Promega \ USA A6020

3.3.4. Contents of Patho Gene-spinTM DNA/RNA Extraction Kit

The contents of Patho Gene-spinTM DNA/RNA Extraction Kit are listed in

table (3-4).

Table 3.4. Contents of Patho Gene-spinTM DNA/RNA Extraction Kit

Reagents Amount
Lysis Buffer (35 ml)
Binding Buffer (30 ml)
Washing Buffer A (30 ml)
Washing Buffer B2. Was added 40 ml of
EtOH before use. (10 ml)
Elution Buffer (20 ml). (20 ml)
Spin Columns inserted into a collection
tubes. (2.0ml tubes) (50 columns)

3.3.5. Product Components and Storage Conditions
The product components and storage conditions of GoTag® 1-Step RT-qPCR

Master Mix were listed in table (3-5).
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Table 3.5: The product components and storage conditions

GoTagq® 1-Step RT-gPCR Master Mix 5ml
Each system contains sufficient reagents for 500 x 20ul

reactions. Includes:

» GoTag® gPCR Master Mix, 2X 5x 1ml

» GoScript™ RT Mix for 1-Step RT-gPCR 225l

* CXR Reference Dye, 30uM 200ul

* MgClI2, 25mM 750ul

* Nuclease-Free Water 2 x 13ml

3.3.6. Assembling the GoTaq® 1-Step RT-gPCR Reaction Mix.

Prepare the reaction mix (minus RNA template) by combining the GoTaq®
qPCR Master Mix, GoScript™ RT Mix, PCR primers and Nuclease-Free Water
as described in table (3-6).

Table 3.6: Assembling the GoTaq® 1-Step RT-qPCR Reaction Mix.

Component Volume Final Concentration
GoTagq® gPCR Master | 10ul 1X
Mix, 2X
GoScript™ RT Mix for | 0.4pl 1X
1-Step RT-qPCR (50X)
Forward Primer (20X) | pul 50-300nM
Reverse Primer (20X) | pul 50-300nM
CXR Reference Dye | 0.33ul/20ul reaction 500nM
(optional)
Nuclease-Free Water |to a final volume of

20ul

3.3.7. Kit contents of G-Spin total DNA extraction

The contents of G-Spin total DNA extraction kit are listed in table (3-7).
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Table 3.7: List of reagents and buffers of G-Spin total DNA extraction kit
used in this study.

Label Contents
200 Columns
Buffer CL 90 ml
Buffer BL 1 90 ml
Buffer WALl 160 ml
Buffer WB 2 56 ml
Buffer CE 3 40 ml

Spin Column4 / Collection
Tube5 200 ea

RNase A (Lyophilized
powder)6 3 mg x 4 vials

Proteinase K (Lyophilized
powder)6 22 g x4 vials

3.3.8. Reagent provided of ELISA kits to evaluate TLR-7 and IFN-y

concentration levels

Reagent provided of ELISA kits to evaluate TLR-7 and IFN-y
concentration levels in serum patients as well as apparently healthy control

groups are listed in table (3-8).

Table 3.8: List of reagents and buffers of TLR-7 and IFN-y ELISA kit used in this

study.
Components Quantity
Standard Solution (480ng/ml) 0.5ml x1
Pre-coated ELISA Plate 12 * 8 well strips x1
Standard Diluent 3ml x1
Streptavidin-HRP 6ml x1
Stop Solution 6ml x1
Substrate Solution A 6ml x1
Substrate Solution B 6ml x1
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Components Quantity
Wash Buffer Concentrate (25x) 20ml x1
Biotinylated human TLR-7 Antibody Iml x1
Biotinylated human |FN-y Antibody Iml x1
User Instruction 1
Plate Sealer 2 pics
Zipper bag 1 pic

3.3.9.Primers of Norovirus (NoV) ; Astrovirus (AsV) ;Toll-like

receptor -7 (TLR-7) and Interferon-gamma (IFN-y) SNPs.

Primers sets are used in this study to detect the NoV; AsV; TLR-7and

IFN-y SNPs with their product size and source as well as origin are listed in

table (3-9).

Table 3.9: Primers sets that used for detection of NoV; AsV; TLR-7and IFN-y genes

polymorphism.

Gene Sequence (5'-3") Product | Source/origin
size (bp)

Norovirus -Gl F-CTGCCCGAATTYGTAAATGA RT-PCR IDT\ USA
R-CCAACCCARCCATTRTACA

Norovirus -GlI F-CNTGGGAGGGCGATCGCAA RT-PCR IDT\ USA
R-CCRCCNGCATRHCCRTTRTACAT

Norovirus -Gl F-CGTTTGAAGAAGTTGCAACAG RT-PCR IDT\ USA
R-ACGAACTCAACACGAGAGG

Astrovirus F-CAACTCAGGAAACAGGGTGT RT-PCR IDT\ USA
R-TCAGATGCATTGTCTTGGT

TLR-7 rs3853839 F- ACTGACAAATACAGTCATGGGGTT IDT\ USA
R- GGGAGATGTCTGGTATGTGGTT 408 bp

IFN-y rs9976971 F- GGAGGATCCCTCCTGGGG 441 bp IDT\ USA
R- CATACACCCGTTCCTGTCCC
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3.4. Methods

3.4.1: Detection of Norovirus(NoV); Astrovirus (AsV) by Real Time
Polymerase Chain Reaction (RT-PCR) Real-time PCR (gPCR) is based on
two major processes: Firstly, isolation of viral genome (DNA\ RNA) from
specimens, and Secondly, Real Time amplification for each sample. In real-
time PCR (qPCR), the accumulating amplified product can be detected at each
cycle with fluorescent dyes. This increasing signal allows to achieve sensitive

detection and quantification of pathogens.
3.4.1.1:Extraction of Viral Nucleic Acid from Clinical Specimens

By using specific viral DNA/RNA extraction kit (Intron/Korea); the viral

genomic was extracted .
I. Principle of Viral Genomic Extraction

Patho Gene-spinTM DNA/RNA Extraction Kit is specifically designed to
isolate high-quality nucleic acids from a variety of pathogen and specimen
using low elution volumes that allow sensitive downstream analysis. The
purified RNA/DNA is free of proteins and nucleases, and is suitable for use

in downstream applications that allow pathogen detection.

Patho Gene-spinTM DNA/RNA Extraction Kit uses the chemotropic salt in
lysis buffer inactivates immediately DNase/RNase to ensure isolation of intact
DNA/RNA. Patho Gene-spinTM DNA/RNA Extraction Kit uses advanced
silica-gel membrane technology for rapid and effective purification of DNA
or RNA without organic extraction or ethanol precipitation. Furthermore, the
buffering conditions are finely adjusted to provide optimum binding of the
DNA/RNA to the column.

The protocol is based on the lysis buffer that effectively dissolves and

denatures virus envelope and capsid protein without additional enzyme
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treatment to easily elute viral gene. The binding buffer added after the elution
helps to attach genes only to silica-gel membrane, and two different washing
buffers efficiently remove proteins and other contaminants to get high purity

viral gene. Swab and blood specimens were used same protocol.
I1. Specimens preparation:

Stool swabs were in 3 ml liquid viral transport media tube (UTM),each
specimen was aliquot into three cryotube containing 1000 pl of the sample
which stored at (-20°) until genome extraction. After that, required part of
specimens were taken and centrifuged at 10000 rpm for 5 minutes, discarded
the supernatant except 100 ul of the solution was left to be used in re-

suspension of the pellet for RNA/DNA extraction.
I11. Assay Procedure:

The procedure was carried out in accordance with the manufacturer's

instruction with some modification as following:

1. Three hundred (300) ul from cell-culture supernatant or blood plasma
was transferred into 1.5ml micro centrifuge tube.
2. A 500 pl Lysis buffer was added, then the lysate mixed by vortex for
(25sec). Mixture was incubated at room temperature for (15 min).
DNase (20) pl (modification).
3. Six hundred pl from binding buffer was added, and completely mix
well by gently vortex. This step is conducive efficient passage of cell
lysates through a column and to increase binding onto column resins and
important for effective deproteinization.
4. The lysates of cell was placed in a spin column that provided 2m collection
tube.
5. Loaded lysates on the column and centrifuged for 2 min at 13,000 rpm.
6. Discarded solution in collection tube and place the spin column back in the

same (2ml) collection tube.
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7. A 500 pl of washing buffer A was added to spin column and centrifuged
for 2 min at 13,000 rpm.

8. The solution was discarded in collection tube and places the spin

column back in the same (2ml) collection tube and centrifuged for 2
min at 13,000 rpm and then Discarded solution.

9. Five hundred pl of washing buffer B was added to the spin column and
centrifuged for 1min at 13,000 rpm.

10. The solution was discarded in collection tube and places the spin
column back in the same (2ml) collection tube. Centrifuged for 1min at
13,000 rpm. It is important to dry the membrane since residual ethanol may
interfere with downstream reactions.

11. Placed spin column in an RNase-free (1.5ml) microcentrifuge tube; then
50 pl of Elution buffer was added directly onto the membrane and was
incubated at RT for 2min, then centrifuged for 2min at 13,000 rpm.

12. At this stage the supernatant was containing viral genome (RNA).

3.4.1.2: Estimation of the Extracted RNA and DNA Concentration and

Purity
After  extraction of viral RNA from samples ; the

concentration of RNA yield and purity are measured by using Mlite bio drop

(England) , by Appling 5 ul of the extracted RNA in the instrument curette.

Extracted with purity in between (1.7-1.9) at absorption wave length 260/280

was included in this study, otherwise; RNA/DNA extraction of the sample

was repeated.

3.4.1.3. GoTaq® 1-Step RT-qPCR Protocol

I.Description

GoTaq®1-Step RT-gPCR System(a,b) combines GoScript™ Reverse
Transcriptase and GoTag® gPCR Master Mix in a single-step real-time
amplification reaction. The system, which is optimized for RT-gPCR,
contains a proprietary fluorescent DNA-binding dye, BRYT Green® Dye.

The system enables detection of RNA expression levels using a one-step RT-
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qPCR method, combining GoScript™ Reverse Transcriptase and GoTaq®

gPCR Master Mix in a single step real-time amplification reaction.

The GoScript™ RT Mix for 1-Step RT-gPCR (50X) includes optimized
amounts of GoScript™ Reverse Transcriptase, RNasin® Plus RNase Inhibitor
and additives to enhance single-step reactions.The GoTaqg® qPCR Master
Mix is a simple-to-use, stabilized2Xformulation that includes all components
for gPCR except template, primers and water. This formulation, which
includes a proprietary dsDNA-binding dye, a low level of carboxyl-X-
rhodamine (CXR) reference dye (identical to ROX™ dye), GoTaq® Hot Start
Polymerase, MgCI2, dNTPs and a proprietary reaction buffer, produces
optimal results in gPCR experiments. A separate tube of CXR Reference. Dye
Is included for use with instruments that require a higher level of reference
dye than that in the GoTag® qPCR Master Mix.

I1. General Considerations
I. JPCR Primers

Optimize the primer concentrations for each primer combination. Primer
concentrations can range from 50nM to 300nM; perform titrations to ensure
optimal results. As a general rule, a concentration of 200nM for each PCR
primer is a recommended starting point.

1. RNA Template

The amount of RNA required to detect the target of interest depends on several
factors, primarily the abundance of that RNA target in each sample. As a
starting point to detect RNA at unknown expression levels, we recommend
using 100ng/ml of total RNA template per reaction. A high-copy-number
RNA transcript may be detected in as little as 500ng/ml, while a low-copy-
number RNA transcript may require more than 100ng/ml. Up to 100ng/ml of
RNA can be used in each reaction. For optimal results, the RNA template

should be purified to remove genomic DNA contamination. This is
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particularly important when using amplification targets within a single exon
to avoid amplifying any contaminating genomic DNA.
Ii. BRYT Green® Dye

The BRYT Green® Dye in the GoTag® qPCR Master Mix has spectral
properties similar to those of SYBR® Green I. excitation at 493nm and
emission at 530nm. Use the instrument optical settings established for
SYBR® Green | assays with GoTag® gPCR Master Mix.
Iv. CXR Reference Dye and Instrument Considerations

The GoTag® gPCR Master Mix contains a reference dye, carboxy-X-
rhodamine (CXR), which is identical to ROX™ and allows GoTaq® qPCR
Master Mix to be used directly on most instruments that perform passive
reference normalization, e.g., from Applied Bio systems.
1. GoTaq® 1-Step RT-gPCR Protocol

1.Materials to Be Supplied by the User

« real-time PCR instrument and related equipment (i.e. Optical-grade
PCR plates and appropriate plate covers)

esterile, aerosol-resistant pipette tips.

* nuclease-free pipettes dedicated to pre-amplification work

*RNA template.

*Qpcr primers.

2. Assembling the GoTag® 1-Step RT-gPCR Reaction Mix

The final reaction volume in this protocol is 20ul. The volumes given
here may be scaled for larger or smaller reaction volumes.

1. The GoTag® gPCR Master Mix and Nuclease-Free Water were
thawed at Real time PCR.

2. The GoTag® gPCR Master Mix for 3-5 seconds to mixVortexed at
low speed to avoid aeration.

3. Determined the number of reactions to be set up, including negative
control reactions. Added 1 or 2 reactions to this number to compensate for
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pipetting error. While this approach does require using a small amount of

extra reagent, it ensured that you will have enough reaction mixed for all

samples.

4. Assembling the GoTaq® 1-Step RT-gPCR Reaction Mix (continued)

1. Prepared the reaction mix (minus RNA template) by combining the GoTaq®
qPCR Master Mix, GoScript™ RT Mix, PCR primers and Nuclease-Free
Water as described in Table (3-6). The RNA template was added. Vortexed

briefly to mix.

Note: The primer concentrations should be optimized for each primer combination.

2. The appropriate volume of reaction mix to each PCR tube or well of an optical-

grade PCR plate.

3. The RNA template was sealed (or water for the no-template control reactions)

to the appropriate wells of the reaction plate.

4. The tubes or optical plate was sealed, and centrifuged briefly to collect the

contents of the wells at the bottom. Protected from extended light exposure

or elevated temperatures. The samples are ready for thermal cycling.

4. Thermal Cycling

The cycling parameters below are offered as a guideline and may be modified as

necessary for optimal results as shown Table (3-10).

Table 3.10: Standard Cycling Conditions

Step Cycles Temperature Time
Reverse transcription 1 at37°C 15 minutes
Reverse transcriptase inactivation and | 1 95°C 10 minutes
GoTag® DNA Polymerase activation

Denaturation 95°C 10 seconds
Annealing and data collection 40 60°C 30 seconds
Extension 72°C 30 seconds
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Use the instrument optical settings established for SYBR® Green | assays with
GoTaq® gPCR Master Mix.

3.5. Detection of TLR-7 (rs5743557) and IFN-y (rs3853839) SNPs by

Sequencing

Total DNA for SNPs of TLR-7 (rs5743557) and IFN-y (rs3853839)
polymorphism were extracted from peripheral blood of patients using sanger
sequencing technique.

3.5.1. Principles of Assay

Is based on two major processes: isolation of total DNA from specimens and
Polymerase chain reaction (PCR) is allows the amplification of a target region
from a DNA template by using specific oligonucleotides .Finally, the PCR
products of TLR-7 (rs5743557) and IFN-y (rs3853839) to detected SNPs were sent
to macro gene \ KOREA to detection the variation of TLR-7 (rs5743557) and
IFN-y (rs3853839) SNPs.

3.5.2. Extraction of Total DNA from Clinical Samples

The G-spin™ Total DNA Extraction Mini Kit is suitable for use with
deferent swabs and fresh or frozen whole blood and blood which has been
treated with EDTA. Pre-separation of leukocytes is not necessary °
Purification does not require phenol/chloroform extraction or EtOH
precipitation, and provides the simplest protocols. DNA is eluted in Buffer
GE , TE (10:1), 10mM Tris (pH 7.5 ~ 8) or water, is prepared for direct
addition to PCR or other enzymatic reactions. Alternatively, it can be safely
stored at (—20°C) for later use. The purified DNA is protein-free, nucleases-
free and does not include other contaminants or inhibitors. G-spin™ Total
DNA Extraction Mini Kit is optimized for extraction of (20-30kb) DNA

fragments and able to extract up to 50 kb fragments.
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All

reagents required for the total DNA extraction were provided

with DNA extraction kit (G-Spin total DNA Extraction kit, Cat .No. 14001

Intron / Korea).

3.5.3. Assay Procedure

The procedure is carried out in accordance with the manufacturer's

instruction as following
|. Extraction of Total DNA From Swabs

1.
2.

A 300 ul of blood were placed into a (1.5 ml) micro-centrifuge tube.
Added (400 ul) of CL Buffer, (20 ul) of proteinase K solution and (40 ul)
of RNase A into sample tube and mixed by vortexing vigorously. Then
incubated the lysate at (56°C) for 30 min.

A 1.5 ml tube were centrifuged briefly (to remove drops from the inside
of the lid.

Added (400 ul) of Buffer BL into the lysate, and mixed well by gently
inverting 5 - 6 times. After mixing, was incubated the lysate at (70°C) for
5 min.

A 1.5ml tube was centrifuged briefly to remove drops from the inside
of the lid.

A 400 pl of absolute ethanol was added into the lysate, and mixed well by
gently inverting 5 - 6 times or by pipetting. DO NOT vortex. After mixing,
the (1.5 ml) tube was to remove drops from inside of the lid.

A 800 pl of the mixture from step 7 was applied carefully (to the Spin
Column (in a 2 ml Collection Tube) without wetting the rim. Closed the
cap was closed and centrifuged at 13,000 rpm for 1 min. Then the filtrate
was discarded and placed the spin column in a 2 ml collection tube
(reused).

step 8 was repeated by applied up to 600 pl of the remaining mixture from
step 7 to the spin column. The filtrate was discarded and placed the spin

column in a new (2 ml) collection tube.
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9. The mixture from step 7 was carefully applied to the spin column (in a 2
ml collection tube) without wetting the rim, then the cap was closed , and
centrifuged at 13,000 rpm for 1 min. The filtrate was discarded and placed
the spin column in a new (2 ml) collection tube (additionally supplied).

10.Seven hundred pl of Buffer WA was added to the spin column without
wetting the rim, and centrifuged for 1 min at 13,000 rpm. The flow-through
was discarded and reused the collection tube.

11.After then (700 ul) of Buffer WB was added to the spin column without
wetting the rim, and centrifuged for 1 min at 13,000 rpm. The flow-through
was added and placed the column into a new (2.0 ml) collection tube
(additionally supplied), then gained centrifuged for additional (1 min) to
dry the membrane. The flow-through was discarded and collection tube
altogether.

12.The spin column placed into a new (1.5 ml) tube (not supplied), and added
(30 - 100 pl) of buffer CE directly onto the membrane. Then incubated for
1 min at room temperature and then centrifuged for 1 min at 13,000 rpm

to elute.

3.5.4. Measurement of Concentration and Purity of Extracted DNA

The DNA quantity and purity was determined using a spectrophotometer
(Nano drop) at the absorbance at 260nm and 280nm respectively. The
concentration of DNA was estimated at ng/MI and the purity calculated as
260/280 ratio, when the DNA solution is pure the ratio ranged 1.8-2.

3.6. Detection of TLR-7 (rs5743557) and IFN-y (rs3853839)
Genes Polymorphism By Polymerase Chain Reaction (PCR)

3.6.1 Primers Pairs Dilution

The primers source were from Bioneer primers are commonly transported in
a lyophilized state. The units of a lyophilized primer are given as a mass, in
Pico moles. To create a stock of primers, one would reconstitute the primer in

sterile, nuclease-free water. The company supplies the amount of sterile,
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nuclease-free water to be added to each primer to obtain master stock
(100Pmol/ml) that will be used again to obtain working stock. As following:
The tube was spin down before opening the cap, then the desired amount of
water was added according to the oligos manufacturer to obtain a 100 pmol/ul
(Master Stock). VVortex properly for re-suspend the primers evenly. Then 10ul
of the master stock was transferred to a 0.2ml Eppendorf tube that contains
90ul of sterile, nuclease-free water (Working Stock). The master stock is
stored at -20 C"and the working stock is stored at -20 C". Finally, the working
stock was thawed on ice and vortex before using in PCR and then stored at -
20C'.

3.6.2. PCR Experiments

PCR amplification was done using conventional thermal cycler (Biometra -
Germany) as follows: Template DNA (about 2 pl) was added into PCR master
mix tubes. Forward and reverse primers were added 1.5 pl into PCR master
mix tubes (for each one). Distilled water was added to PCR Premix tubes to a
total volume of 25 pul as the table (3-11).

Table 3.11: Recommended volumes and concentration for applying PCR
into AccuPower® PCR tubes.

No. Content of PCR Reaction Mixture Volume/ pl
. Master mix 10 ul
¢ Forward primers (each one of snps) 1.5 ul
’ Reverse primers (each one of snps) 1.5ul
) Template DNA 5 ul
° Nuclease free water 5 ul
Total 25 ul
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3.6.3. Thermal Cycles Condition

Reactions were placed in a thermal cycler (Biometra-Germany) that had
been preheated to 94°C and beforehand set up to the desired cyclic conditions.
The target regions of TLR-7 (rs5743557) and IFN-y (rs3853839)
polymorphism were amplified using specific primers according to mention

conditions in table (3-12).
Table 3.12: Amplification Conditions of TLR-7 (rs5743557) and IFN-y (rs3853839)

Genes in Patients with Gastroenteritis .

Gene Initial Denaturation | Annealing | Extension Final No. of Hold
denaturation extension | cycles
TLR-7 95C° /5min | 95C°/30sec | 58 C°/30 | 72C°/30 72C° 40 4C°
sec sec /10min
rs5743557
IFN-y 95C° /5 min | 95C°/1 min 60 C° 72C°/ 72 C° 40 4C°
/Imin 2min /5min
rs3853839

PCR products of target regions TLR-7 (rs5743557) and IFN-y (rs3853839)
polymorphism were electrophoresed on 1.5% agarose at 75 V for 1h and

visualized by safe stain. Photos were taken using gel documentation system.

3.7. Agarose Gel Electrophoresis Technique
The agarose gel electrophoresis was perfumed according to the method of
Robinson and Lafleche (2000). This technique was used to detect viral

genomic ; genomic DNA extracts, and PCR products.
3.7.1 Preparation of Solutions and Buffers

|. Loading Buffer

The buffer was prepared from 0.25 % Bromophenol blue and 40% sucrose
and stored at 4° C (Sambrook and Rushell, 2006).
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1. TBE Buffer (1X)

To prepare 500 ml of 1X TBE buffer, 50 ml of TBE (10X) stock solution
was mixed with 450 ml of deionized water. The pH value was adjusted to 8
with concentrated HCI or 0.5 M tris base solution. Then the volume was
completed to 500ml with deionized water.

3.7.2 Gel Electrophoresis Protocol

1. Device setup: The casting gates were sited on the ends of the gel tray and
locked in place firmly against casting tray. This was done by engaging the
"claws" of the gate in the recess of the side wall of the tray. The comb was
sited into the slots of the gel tray, (1.0 mm above the base of gel casting tray)
so that the sample wells are near the cathode.

2. Gel dissolving: 1g of agarose was dissolved in 100ml of 0.5 X TBE solution
by melting to 100°C to prepare 1% agarose gel for migrated genomic DNA
extracts. Whereas, 1% or/and 2% agarose gel was prepared in 1X TBE buffer
for migrated PCR products.

3. Gel casting: After agarose gel dissolving completely, it let to cooling to
approximately 60°C and 2-3 pl of the safe stain stock solution was added, then
slowly pour the agarose into the gel- casting tray, and any air bubbles were
removed. The comb was positioned at approximately 1.5 cm from one edge
of the gel. The agarose was allowed to solidify at room temperature at least
30 min. After that, the claws were disengaged from the gel tray and the comb
was separated gently. Then the gel was placed in the gel tank in such a way
that the wells should be on end with the cathode. 1X TBE buffer (depending
the purpose) was added to the buffer tank until it was about 5 mm above the
top of the gel.

4. Loading the samples: Each 5ul of the genomic DNA sample was mixed
with 3ul loading dye briefly and loaded into the wells. Whereas, the PCR
products were loaded without loading dye because of the PCR master mix

contained loading dye.
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5. Gel electrophoresis conditions: After sample loading the electric field was
turned onat 5 V/cm (75V) for 60-120 min until bromophenol blue dye reached
at the end edge of the gel.
6. The gel was photographed using gel documentation system (Cleaver
Scientific - UK).
3.8. Sequencing of Studied Markers
3.8.1. Nucleic Acids Sequencing of PCR Amplicons

The resolved PCR amplicons were commercially sequenced from both
directions, forward and reverse directions, following the instruction manual
of the sequencing company (Macrogen Inc. Geumchen, Seoul, South Korea).
Only clear chromatographs obtained from ABI (Applied Biosystem) sequence
files were further analyzed, ensuring that the annotation and variations are not
because of PCR or sequencing artifacts. By comparing the observed nucleic
acid sequences of local samples with the retrieved nucleic acid sequences, the
virtual positions, and other details of the retrieved PCR fragments were
identified.

3.8.2. Interpretation of sequencing data

The sequencing results of the PCR products of the targeted samples were
edited, aligned, and analyzed as long as with the respective sequences in the
reference database using BioEdit Sequence Alignment Editor Software
Version 7.1 (DNASTAR, Madison, WI, USA). The observed variations in
each sequenced sample were numbered in PCR amplicons as well as in their
corresponding position within the referring genome. The observed nucleic
acids were numbered in PCR amplicons as well as in their corresponding
positions within the referring genome. Each detected variant within the
genome sequences was annotated by SnapGene Viewer ver. 4.0.4

(https://www.snapg ene.com).
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3.8.3. Translation of Nucleic acid variations into Amino acid residues

The amino acid sequences of the targeted ORFla gene-encoded
nonstructural  protein  were retrieved from the NCBI server
(http://www.ncbi.nlm.nih.gov). The retrieved protein ID number of the
nonstructural protein was QAA77572.1 for the human-infecting astrovirus.
This protein was made of 920 amino acid residues. The observed nucleic acid
variants in the coding portions were translated into a reading frame
corresponding to the referring amino acid residues in the encoded protein
using the Expasy online program (http://web.expasy.org/translate/). Multiple
amino acid sequence alignment was conducted between the referring amino
acid sequences and their observed mutated counterpart using the “align” script
of the BioEdit server.
3.8.4. Comprehensive Phylogenetic Tree Construction

A specific comprehensive tree was constructed in this study according to
the neighbor-joining protocol described by (Bunyan and Salem, 2022). The
observed variants were compared with their neighbor homologous reference
sequences using the NCBI-BLASTnN server (Hamad et al. 2022). Then, a full
inclusive tree, including the observed variant, was built by the neighbor-
joining method and visualized as a circular cladogram using the iTOL suit
(Letunic and Bork, 2019). The sequences of each classified phylogenetic

group in the comprehensive tree were colored appropriately.
3.9: Evaluation of TLR-7 and IFN-y Concentration in Blood Serum
of Patients and Control.

The concentration of TLR-7 and IFN-y in the serum of patients
with EG were evaluated by enzyme Ilinked immunosorbent assay
(ELISA).

I. Assay Principle

This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has
been pre-coated with Human TLR-7 and IFN-y antibodies. TLR-7 and IFN-
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vy presents in the sample were added and binds to antibodies coated on the

wells. And then biotinylated Human TLR-7 and IFN-y  Antibodies were
added and binds to TLR-7 and IFN-y in the sample. Then Streptavidin-HRP
Is added and binds to the Biotinylated TLR-7 and IFN-y Antibodies. After

incubation unbound Streptavidin-HRP is washed away during a washing step.

Substrate solution is then added and color develops in proportion to the

amount of Human TLR-7 and IFN-y. The reaction is terminated by addition

of acidic stop solution and absorbance is measured at 450 nm.

I1. Assay Procedure

1.

All reagents were prepared, standard solutions and samples as instructed.
Bring all reagents to room temperature before used. The assay was

performed at room temperature.

Determined the number of strips required for the assay. Inserted the strips

in the frames for used. The unused strips should be stored at 2-8°C.

Added 50ul standard was added to standard well. Note: Don’t add
antibody to standard well because the standard solution contains
biotinylated antibody.

Forty ul of sample was added to sample wells and then added 10ul anti-
TLR-7 (or IFN-y) antibody to sample wells, then added 50ul streptavidin-
HRP to sample wells and standard wells (Not blank control well). Mixed
well. Covered the plate with a sealer. Incubated at 60 minutes at 37°C.
The sealer was removed and washed the plate for 5 times with wash buffer.
Soaked wells with at least 0.35 ml wash buffer for 30 seconds for each
wash. For automated washing, aspirated or decanted each well and washed
for 5 times with wash buffer. Blotted the plate onto paper towels or other
absorbent material.

Added 50ul substrate solution A to each well and then added 50ul
substrate solution B to each well. Incubated plate covered with a new
sealer for 10 minutes at 37°C in the dark.
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7. 50ul from stop solution was added to each well, the blue color was
changed into yellow immediately.

8. Determined the optical density (OD value) of each well immediately using
a microplate reader set to 450 nm within 10 minutes after added the stop
solution.

I11. Calculation of Result

Construct a standard curve by plotting the average OD for each standard
on the vertical (Y) axis against the concentration on the horizontal (X) axis
and draw a best fit curve through the points on the graph. These calculations
can be best performed with computer-based curve-fitting software and the

best fit line can be determined by regression analysis.

IV. Typical Data This standard curve is only for demonstration purposes. A

standard curve should be generated with each assay.
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Figure 3.2. Standard curve
3.10. Statistical Analysis

Statistical analysis was carried out using SPSS version 23, where data were
expressed as the Means, Standard deviation, one —sample T Test, one—way

ANOVA and the Chi-Square test, and correlation, were used to find the
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association between the categorical variables, P-value (P< 0.05) was

considered statistically significant.
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Chapter Four

4. The Results

Results

4.1: Distribution of Patients with Gastroenteritis (GE) and Apparently

Healthy Control (AHC) Groups According to Their Age

Table (4-1) shows the mean age groups of the study population. The mean

age of the patients with GE was (43.56+8.31 months) was more than the mean

age of the AHC (40.6+ 10.96 months). There are non-significant statistical

differences (p=0.42) between pateints with gastroenteritis and Apparently

healthy control.

Table 4.1 : Distribution of Patients with GE and AHC according to their Age.

Mean of Range
Study groups | No. age S.D S.E (P-value)
(Months) Minimum [ Maximum
GE 150 43.56 8.31 2.304 | 6 months | 120 months
P=0.42
50 40.6 10.96 4.59 8months 120 months
AHC NS
(P>0.05)
200
Total

4.2 .Distribution of Patients with GE and AHC According to Age

Stratum

Figure (4-1) shows the age stratum of the study population groups. The age
group 6-44 months , 45-83 months and 84-122 of GE and AHC,were 47% ,16%
, 9% and 16% , 7% and 6% ,respectively.
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Patients group

AGE GROUP

Figure 4. 1: Age Groups of the Study Population.
4.3: Distribution of Patients with GE and AHC According to Their sex

sex distribution is represented in Figure (4-2). Fifty-eight percent (58%) (116
out of 200) of the study population were male, while female represented 42%
(84 out of 200).
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female
42%
M male

female

Figure 4.2: sex Distribution of the Study Population.

4.4. Clinical Characteristics of the Study Population

The most important clinical characteristics of the study population are shown
in table 4-2. Sixty-five (43.4%) of patients was present with stomach cramping,
while stomach ache ; Loss of appetite and Body aches accounted for 30% ;

23.3% and 3.3% ,respectively of gastroenteritis illness.

Half of children (50%) had a hospital stay for more than 3
days , and about half of them had a medical history especially nausea, vomiting
, stomach ache ,loss of appetite, body aches, fever , low-grade fever or chills,
headache, and muscle aches 20 (13.3 %) , 40(26.7%) ,30 (20%) ,28 (18.7%),
25(16.7%),15(10%),10 (6.7%), 13 (8.7%) ,5 (3.3%) and 4 (2.6%),respectively

as shown in Table (4-2).
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Table 4.2: Clinical Characteristics of infant and young children patients

Results

Variables

No.(%)

No. days prior to admission

75 (50%
< 3 days (o0%)
47 (31.3 %)
4-14 Days
28 (18.7%)
> 14 Days
Diagnosis
_ 65 (43.4%)
Stomach Cramping 45 (30%)
Stomach Ache 35 (23.3%)
Loss of Appetite. 5 (3 3%)
Body Aches. |

Length of Hospital Stay
1-3 days

65 (43.3%)
80 (53.3%)

None
Nausea.

Vomiting.
Stomach Ache.
Loss of Appetite.
Body Aches.
Fever.

Low-Grade Fever or Chills,

> 3 days
_ 5 (3.3%)
Variables
Medical histor
y 30 (20%)

20 (13.3 %)
40 (26.7%)
30 (20%)
28 (18.7%)
25 (16.7%)
15 (10%)
10 (6.7%)
13 (8.7%)
5 (3.3%)
4 (2.6%)
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4.5. Detection of Norovirus (NoV) and Astrovirus (AsV) by Real-
Time Polymerase Chain Reaction Technique (RT.PCR)

4.5.1. Extraction Nucleic Acid by Specific Viral DNA/RNA Extraction Kit

Out of 150 stool swabs specimens involved in this study 51.3% (77 out of 150
cases) were found to have a viral infection more than 48.7%( 73 out of 150 cases)
patients who did not show have a viral genome as shown in Figures (4-4). While,
no viral nucleic acid was detected among all the examined apparently healthy
specimens (50) as control group . There were statistically significant differences
(p = 0.03) between patients with the viral genome and those without the viral
genome Table (4-3).

Table 4.3 : Percentage of Viral Genome Extraction of Patients with GE and
AHC Groups.

Study Groups
Viral Genome AHC GE Chi-Square
For Norovirus No. (50) No. (150) (P-value)
Positive N 0 77
% 0% 51.3%
Negative N 50 73 P=0.03
% 100% 48.7% S.
Total N 50 150 (P<0.05)
% 100% 100%
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4.5.2. Detection of Norovirus Genotypes By gRT.PCR

The analysis of norovirus genotypes results was made by using a Real Time
PCR analyzer (Rotor-gene Q MDX /thermal cycler integrated with a system for

fluorescence detection and a dedicated software).

The total positive result of Norovirus (Gl , GII&GIII) according to qRT-PCR
shows 37.6% (29 out of 77 cases) as positive less than 62.4% (48 out of 77
cases) as negative, as shown in Table (4-4) as well as Figures (4-5-A, B, C, D

& E) . Statistically significant differences (p = 0.03) among patients group.

Table 4.4: Percentage of Norovirus Genotypes Positive Signals in Patients with GE by
Using gRT.PCR Technique.

NoV
No. % P value
Genotypes
Positive 29 37.6% P=0.03
Negative 48 62.4 % Sign
Total 77 100 >0.05
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4.5.2.1.The Results of NoV in the Patients With GE According to the Age

Stratum.

In gastroenteritis, the most commonly affected age group infected with NoV
was (3-36 months) which constituted 19.5% (15 out of 77 cases), while the age
group (37-72 months) was constituted 11.6% (9 out of 77 cases), followed by

6.5 % (5 out of 77 cases) in age group (73 -120 months).

Statistical comparison of these age strata revealed significant differences (p<

0.02) Table (4-5).

Table 4.5. Frequency of NoV RT-PCR Signal Among The Patients With GE According

to the Age group.

Results

Norovirus
Months P value
No. Positive Negative
44 15 29
3-36
Age group 57.1% 19.5% 37.6%
21 9 12 Anova test
37-72
27.2% 11.6% 15.7% P=0.02
12 5 7 Sign.
73-120
15.7% 6.5% 9.1% (P<0.00)
77 29 48
Total
100% 37.6% 62.4%
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4.5.2.2.Sequencing of Human Norovirus Genotypes of Clinical
Isolates

One specific PCR fragment partially covering the coding regions of the VP1
gene (343 bp) in human-infecting noroviruses was amplified in this study Figure
(4.6). The amplified PCR fragments were directly exposed to Sanger sequencing
experiments to assess the pattern of genetic polymorphism in the clinical viral

samples.

All the observed nucleic acid variants was translated to their corresponding
amino acid sequences using the Expasy translate server. A specific
comprehensive tree was built to assess the accurate genotyping of the observed
variants and their phylogenetic distribution. After positioning the 343 bp
amplicons’ sequences within the genomic sequences of the human norovirus, the
details of its sequences was highlighted, and the total length of the amplified

amplicons was also determined Table (4-6).

Table 4.6. The position and length of the 343 bp PCR amplicons that used to partially
amplify the coding portions of the VP1 gene within human norovirus genomic sequences
(GenBank acc. no. EU310927.1).

Amplicon Reference locus sequences (5’ - 3) length

*“CGTGGGAGGGCGATCGCAATCTGGCTCCCAGCTTTGTG
vp1gene AATGAAGATGGCGTCGAGTGACGCCAGCCCATCTGATG
Nucleic acid GGTCCACAGCCAACCTCGTCCCAGAGGTCAACAATGAG
sequences of GTTATGGCTTTGGAGCCCGTTGTTGGTGCCGCAATTGCG
the viral vPL GCACCTGTAGCGGGCCAACAAAATGTAATTGACCCCTGG
gene  ATTAGAAATAATTTTGTACAAGCCCCTGGTGGAGAGTTC
ACAGTATCCCCTAGAAACGCTCCAGGTGAAATACTATGG
AGCGCGCCCTTGGGCCCTGATCTGAATCCCTACCTTTCTC
ATTTGGCCAGAATGTACAATGGTTATGCAGGTG**

343 bp

*refers to forward primer placed in the forward direction
**refers to reverse primer placed in the reverse complement direction

4.5.2.3.Sequences Alignment Fragment Results of VP1 Gene (343 bp) in
Human-infecting noroviruses

Interestingly, the alignment results of the 343 bp samples revealed the

presence of four Nuclotide variations represented by four Nuclotide substitutions
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in four loci in the analyzed samples in comparison with the most similar referring
reference nucleic acid sequences (GenBank acc. no. EU310927.1) Figure ( 4-7).
The present results indicated the presence of four Nuclotide variants in the
investigated samples, namely 56G>A, 147A>T, 231C>T, and 288T>C. Results
from the direct Nuclotide translation of the 56G>A indicated that this variant
showed a missense effect on the protein, namely p.6S>N.

Results of translations was also indicated that 147A>T, 231C>T, and 288T>C
of the detected variants was translated to p.36A=, p.64F=, and p.83P=
respectively Figure ( 4-7). These translated variants were silent (synonymous)
variations that occupied specific distributions in the investigated samples. It was
inferred from the tree that our investigated samples were divided into two
genotypes within the same norovirus sequences. The majority of samples were
suited within the GII clade, while both S3 and S4 was suited within the GllI

clade.
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Figure. 4.5. Nucleic acid sequences alignment of eight samples with their corresponding reference
sequences of the 343 bp amplicons of the VP1 genetic sequences. The symbol “ref” refers to the
NCBI referring sequence (GenBank acc. no. EU310927.1), and the letter “S#” refers to the sample
number
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In addition, current results indicated the presence of four Nuclotide variants
observed in the investigated samples, namely 86C>T, 131G>A, and 239G>A
detected in several investigated clinical samples. To confirm these variations,
the sequencing chromatograms of the investigated samples, as well as their
detailed annotations, were verified and documented, and the chromatograms of
their sequences were shown according to their positions in the PCR amplicons.

The presence of each one of these variants was confirmed in its original
chromatograms and the absence of any possible technical error was also

confirmed Figure (4.8).
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Figure 4.6. The chromatogram of the investigated human norovirus. The clarity of the observed
peaks refers to the strict contamination-free technical parameters followed to validate each
variant in the present samples. The letter “S” refers to the code of the investigated samples in
this study. The identified variations were respectively arranged according to the names of the
investigated samples (S1 to S8).
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The observed nucleic acid variations were further analyzed to identify whether
such substitutions induce possible alteration in their corresponding positions in
the major capsid protein. All nucleic acid sequences of S1 to S8 were translated
to their corresponding amino acid sequences using the Expasy translate suite.
Results from the direct nucleic acid translation of the 56G>A indicated that this

variant showed a missense effect on the protein, namely p.6S>N.

Whereas the amino acid alignment of these amino acid sequences with their
references showed that three of these variants (147A>T, 231C>T, and 288T>C)
exhibited silent effects on the major capsid protein within the size of the
amplified loci Table (4.7) and Figure (4-9 a).

These synonymous (silent) variants was detected in various samples and
exemplified in the entire major capsid protein sequences, namely p.36A=,
p.64F=, and p.83P= Table (4.7) and Figure (4-9 b).

However, these amino acid alterations may be developed by the invading viruses
as an adaptation to drugs that are directed toward its targeted major capsid
protein (Legnardi et al., 2020). To summarize all the results obtained from the
sequenced 343 bp fragments, the exact positions of the observed mutation was
described in Table (4.7).

Table 4.7. The pattern of the observed mutation in the 343 bp of the VP1 gene amplicons
in comparison with the NCBI referring sequences (GenBank acc. EU310927.1).

No. Sample Native Allele Position in Position in Type of Variant
the PCR the reference variant  summary
fragment sequences

1. S3, S4 G A 56 5101 Missense p.6S>N
(6S)

2. S3, S4 A T 147 5192 Silent p.36A=
(36A)

3. S1, S6 C T 231 5276 Silent p.64F=
(64F)

4, S1, S6 T C 288 5333 Silent p.83P=
(83P)
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The identified variations were respectively arranged according to the names
of the investigated samples (S1 to S8). The letter “p.” refer to the “protein”
position in which the variation was detected. The symbol > and = refer to the

missense and silent effect of a variant respectively.

A) sequences of amino acid residues within PCR amplicons
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bbb b e bbb bbb e |

ref.
MEKMASSDASPSDGSTANLVPEVNNEVMALEPVV GAATAAPVAGQQNVIDPWIRNNFVQAPGGEFTVSPRNAPGEILWSAPLGPDLNPYLSHLARMYN
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B) sequences of amino acid residues within the entire protein
The entire structure of the VP1 protein (protein_id="ABY27560.1)

MKMASSDASPSDGSTANLVPEVNNEVMALEPVVGAAIAAPVAGQQNVIDPWIRNNFVQ
APGGEFTVSPRNAPGEILWSAPLGPDLNPYLSHLARMYNGYAGGFEVQVILAGNAFTAGK
IIFAAVPPNFPTEGLSPSQVTMFPHIIVDVRQLEPVLIPLPDVRNNFYHYNQSNDPTIKLIAM
LYTPLRANNAGDDVFTVSCRVLTRPSPDFDFIFLVPPTVESRTKPFTVPILTVEEMTNSRFPI
PLEKLFTGPSGAFVVQPQNGRCTTDGVLLGTTQLSPVNICTFRGDVTHIAGTHDYTMNLA
SQNWNNYDPTEEIPAPLGTPDFVGKIQGVLTQTTRGDGSTRGHKATVSTGSVHFTPKLGS
VQFTTDTNNDLETGQNTKFTPVGVVQDGNSAHQNEPQQWVLPNYSGRTGHNVHILAPAV
APTFPGEQLLFFRSTMPGCSGYPNMNLDCLLPQEWVLHFYQEAAPAQSDVALLRFVNPD
TGRVLFECKLHKSGYVTVAHTGPHDLVIPPNGYFRFDSWVNQFYTLAPMGNGAGRRRAL

Figure 4.7.Amino acid residues alignment of the detected variations of the VP1-encoded major
capsid protein within the investigated human-infecting norovirus samples. A) The amino acid
substitutions are highlighted according to their corresponding positions within the amplified 343
bp locus. B) The amino acid substitutions are highlighted according to their corresponding
positions within the entire protein. The grey highlights refer to the amplified region of the VP1-
encoded glycoprotein. The cyan colors refer to the amino acid non-synonymous variations in the
entire protein sequence.
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4.5.2.4. Phylogenetic of Norovirus Isolates from Patients with GE

To give a phylogenetic understanding of the actual distances between these
investigated samples and the most relative reference strains of human norovirus,
a comprehensive phylogenetic tree was generated in the present study according
to nucleic acid variations observed in the amplified 343 bp of the VP1 gene
amplicons. This phylogenetic tree contained S1 to S8 samples alongside other
relative Nuclotide sequences of human norovirus sequences.

Within this tree, investigated the local sample were samples were incorporated
alongside relative sequences to constitute the majority of the incorporated
sequences within the generated cladogram. The total number of the aligned
nucleic acid sequences in this comprehensive tree was forty-one. Two types of
cladograms were generated to explain two different representations of the
incorporated human norovirus sequences, a rectangular cladogram Figure (4-10
a), and a circular cladogram Figure (4-10 b).

In both cases of the constructed cladogram, the investigated samples were
clustered into five phylogenetic clades within the human norovirus sequences.
The most interesting fact observed in our investigated viral isolates is correlated
with the positioning of our investigated samples into two related important
genotypes within the human norovirus, these serotypes are genotype Il (GlI) and
genotype I11 (GII1). Within the Gll, six investigated samples (S1, S2, S5, S6, S7,
and S8) were incorporated to constitute one large clade of Gll that was made of
twenty-nine samples. Within this major clade, our samples slightly deviated into
different positions. This sort of slight diversity was reflected by the slight
evolutionary effects of the observed nucleic acid substitutions of 231C>T and
288T>C in inducing tilts in the incorporated tree. Thus, these variations were
only minor deviations within the same genotype. Furthermore, the aggregation
of all investigated viral samples with each other may refer to the presence of only
close patterns of the phylogenetic distribution of these sequences. The current
observation of this tree has confirmed sequencing reactions because it explained

the actual neighbour-joining-based positioning in such observed variations.
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Slight phylogenetic distances was observed between the samples of Gl and the

nearest serotypes of the same human noroviruses. Within the Gl clade, both S3
and S4 were incorporated. The reason behind the different positioning of both
samples was attributed to the detection of the 56 G>A and 147A>T. Both variants
caused a dramatic conversion of their positioning from the GII clade to GllI
clade. This observation indicates a considerable evolutionary roles for 56G>A
and 147A>T in changing the genotype of the investigated norovirus sequences.

Thus, the currently observed nucleic acid variations was noticeable distributions
within the same viral genotype in altering the current positioning of the
investigated viral samples.

Next to the clade of GlI, human norovirus samples of GI were suited. This
observation indicated the human norovirus Gl represents the closest genotype to
the samples of Gll according to VP1 sequences. However, the VP1-based Gl
sequences are less frequently deposited in the NCBI database since the clade of
Gl was made of only two samples of two phylogenetic distances.

Besides the clade of Gl, the clades of GV and GIV were respectively suited with
distinct phylogenetic positions from both Gll and Gll1lI. These data indicated that
the VP1 gene sequences showed closer phylogenetic positions between Gll and

GIII than that found between the other incorporated genotypes.
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Figure 4.8 The comprehensive rectangular cladogram phylogenetic tree of genetic
variants of the VP1 gene fragment of eight human-infecting norovirus samples. The
black-colored triangle refers to the analyzed viral variants. All the mentioned numbers
referred to GenBank accession number of each referring species. The number “0.1” at
the top portion of the tree refers to the degree of scale range among the comprehensive
tree-categorized organisms. The letter “S#” refers to the code of the investigated
samples.

Noteworthy, the utilization of the VP1 gene sequences in this study has given a
remarkable confirmation for the presence of the accurate identification of the
actual genotype of this viral organism. It was observed that the investigated viral
samples occupied the same positions within the major clade of GII with slight
phylogenetic distances. This indicated the presence of high genetic homology
among the viral sequences of these strains within the major clade of GIl. The
other related clades of the other genotypes were found to occupy variable

phylogenetic positions away from the major clade of Gll sequences.
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4.5.2.5. Sample sequence were Submitted in NCBI and the Accession
Number of nucleotide sequences of Norovirus Gll

SUB11565544 Seql ONG678619
SUB11565544 Seq2 ONG678620
SUB11565544 Seq3 ON678621
SUB11565544 Seqg4 ONG678622
SUB11565544 Seq5 ONG678623
SUB11565544 Seq6 ONG678624

4.5.2.6. Sample was submitted in NCBI and the accession number of
nucleotide sequences of Norovirus GllI

SUB11565548 Seql ONG678617
SUB11565548 Seq2 ONG678618

4.5.3. Detection and Qualtitative of Astrovirus (AsV) Genome By
gRT.PCR:

The analysis of AsV results was made by using a Real Time PCR analyzer
(Rotor-gene Q MDX /thermal cycler integrated with a system for fluorescence
detection and a dedicated software). The total positive result of AsV according
to gRT-PCR shows 18.1% (14 out of 77 cases) as positive less than 81.9% (63
out of 77 cases) as negative, as shown in Table (4-8) as well as Figures (4-11-
A & B) . Statistically significant differences (p = 0.04) among patients group.

Table 4.8. Percentage of AsV Positive Signals in Patients with GE by Using gRT.PCR
Technique.

AsV
Genome No. % P value
Positive
14 18.1
P=0.04
Negative
63 81.9 Sign
>0.05
Total
77 100
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Figure 4.9.B: Qualtitive & melting curve for detection of by RT-PCR
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4.5.3.1.The Results of Astrovirus in the Patients With GE According to the

Age group.

In gastroenteritis, the most commonly affected age group infected with AsV was
(3-36 months) which constituted 9.1% (7 out of 77 cases), while the age group
(37-72 months) was constituted 5.1% (4 out of 77 cases), followed by 3.9% (3
out of 77 cases) in age group (73 — 120 months ). Statistical comparison of these

age strata revealed significant differences (p< 0.05) Table (4-9).

Table 4.9. Frequency of AsV RT-PCR Signal Among The Patients With GE According

to the Age Stratum.

Results

AsV
Months P value
No. Positive Negative
44 7 37
3-36
57.1% 9.1% 48.1 %
Age group
21 4 17 Anova test
37-72
27.2% 5.1% 22.1% P=0.02
12 3 9 Sign.
73-120
15.7% 3.9% 11.7% (P<0.00)
77 14 63
Total
100% 18.1% 81.9%

4.5.3.2: Sequencing of Human AsV of Clinical Isolates
One specific PCR fragment partially covering the coding regions of the ORF1
gene (289 bp) in human-infecting astrovirus was amplified in this study Figure

(4-11). The amplified PCR fragments were directly exposed to Sanger sequencing
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experiments to assess the pattern of genetic polymorphism in the clinical viral

samples.

All the observed Nuclotide variants were translated to their corresponding
amino acid sequences using the Expasy translate server. A specific
comprehensive tree was built to assess the accurate genotyping of the observed
variants and their phylogenetic distribution. After positioning the 289 bp
amplicons’ sequences within the genomic sequences of the human astrovirus,
the details of its sequences were highlighted, and the total length of the amplified

amplicons was also determined Table (4-10).

Table 4.10: The position and length of the 289 bp PCR amplicons that used to partially
amplify the coding portions of the ORFla gene within human astrovirus genomic
sequences (GenBank acc. no. MH933759.1).

Amplicon Reference locus sequences (5’ - 3') length

*CGTCATTATTCGTTGTTATACTAACCTGTAGATTCATCC g9 by
GTATGGCAACGGTTTTTATTGGCACCAGATTCGAGGTCC
ORFlagene GTGATGCCAATGGGAAGGTTGTGGCTACTGTACCAACCA
Nucleic acid GAATTAAAAATGTGGCATTTGACTTTTTCCAGAAGCTAA
sequences of AACAGTCAGGGGTGAGGGTTGGAGTCAATGAATTTGTTG
the viral TTATAAAGCCAGGTGCATTATGTGTCATAGACACCCCTG
ORFlagene AAGGGAAAGGGACAGGTTTCTTTTCTGGCAACGACATAG
TAACAGCAGCACATGT**

*refers to forward primer placed in the forward direction
**refers to reverse primer placed in the reverse complement direction

4.5.3.3.Sequences Alignment Fragment Results of ORF Gene (289 bp) in
Human-infecting Astroviruses
Interestingly, the alignment results of the 289 bp samples reveale the presence

of four Nuclotide variations represented by four Nuclotide substitutions in three
loci in the analyzed samples in comparison with the most similar referring

reference nucleic acid sequences (GenBank acc. no. MH933759.1) Figure ( 4-
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13). The present results indicate the presence of three Nuclotide variants in the
investigated samples, namely 86C>T, 131G>A, and 243G>A detected in several

investigated clinical samples.

I

Figure 4.10: Nucleic acid sequences alignment of six samples with their corresponding
reference sequences of the 289 bp amplicons of the ORFla genetic sequences. The
symbol “ref” refers to the NCBI referring sequence (GenBank acc. no. MH933759.1),
letter “S#” refers to the sample number.

In addition, current results indicate the presence of three nucleic acid variants
in the investigated samples, namely 86C>T, 131G>A and 239G>A detected in
several investigated clinical samples.

To confirm these variations, the sequencing chromatograms of the investigated
samples, as well as their detailed annotations, were verified and documented,

and the chromatograms of their sequences were shown according to their
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positions in the PCR amplicons. The presence of each one of these variants was
confirmed in its original chromatograms and the absence of any possible

technical error was also confirmed Figure (4-14).

bserved in:

131

Observed in: all samples

Figure 4.11 The chromatogram of the investigated human astrovirus. The clarity of the
observed peaks refers to the strict contamination-free technical parameters followed to
validate each variant in the present samples. The letter “S” refers to the code of the
investigated samples in this study. The identified variations were respectively arranged
according to the names of the investigated samples (S1 to S6).

The observed nucleic acid variations was further analyzed to identify whether
such substitutions induce possible alteration in their corresponding positions in
the major capsid protein.

All nucleic acid sequences of S1 to S6 was translated to their corresponding
amino acid sequences using the Expasy translate suite. Amino acid alignment of
these amino acid sequences with their references showed that nine variants
exhibited silent effects on the nonstructural protein within the size of the

amplified loci Figure (4-15 a).

These synonymous (silent) variants was detected in various samples and
exemplified in the entire nonstructural protein sequences, namely p.364A=,
p.409V=, and p.445A= Table (4.11) and Figure (4-15 b).

To summarize all the results obtained from the sequenced 289 bp fragments, the

exact positions of the observed mutation was described in Table (4.11).
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Table 4.11. The pattern of the observed mutation in the 289 bp of the ORFla gene

amplicons in comparison with the NCBI

MH933759.1).

referring sequences (GenBank acc.

No. Sample Native Allel  Position Position in Type of variant ~ Variant
e in the the summary

PCR  reference

fragmen  sequences

t

S2 cC T 86 1260  Silent (364A) p.364A
1. -
S5, S6 G A 131 1305  Silent (409V) p.409V
2. B
S1-56 G A 239 1413 Silent (445A) p.445A
3. B

The identified variations were respectively arranged according to the names of the investigated samples (S1 to
S6). The letter “p.” refer to the “protein” position in which the variation was detected.

A.sequences of amino acid ¢

B.sequences of amin

o acid residues within the entire protein

in 11> QAA77572.1)
PEF vRer’oA\ DWIVRGLIFPTTGR
xS

ISLEVVILTCRFIRMATVFIGTRFEVRDANGK VVATVPTRIKNVAFDFFOKIKOQOSGVRVGY
NEFVVIKPGALCVIDTPEGRKGTGFESGNDIVIAAHV VGNNTFVNVCOCYEGLMY EAKVRY M
PEKDIAFITCPGDLHPTARIKLSKNPDYSCVIVMAYVNEDLVVSTAAAMVHGNTLSYAYV
RTODGMSGAPVOCDKYGRVEAVHQT
KAQLNSTAENPASVATOQOPIATLEQK
KEKKGKTKHGRGRVRRNILRKGVKLLT YRELLEKGILDRETFLDLIDRIIC
DEDYYDEDDDGWGMVGDDVEFNY N NEDOTKPTPAPR IV PKPCPEPETE P 5
KKGEQPEHEQQVVNSTKSQKNDPOPYSQTY GKAPIWESY DF |>wn| SDDAKFILPAPHRIT
KADEIVLGSKIVKLRTIHETAIK TONYSALPEAVFELDKAAYEAGLEGFLORVKSKNKAPK
NYKGPOKTKGPKTTTH

FTGGAVILDPADFHPVKAPSOVELLKEEIERL
SDIVDLVRTAMEREMEKVLRDEINGILAPELQ
P

Figure 4.12: Amino acid residues alignment of the detected variations of the ORFla-
encoded nonstructural protein within the investigated human-infecting astrovirus
samples. A) The amino acid substitutions are highlighted according to their
corresponding positions within the amplified 289 bp locus. B) The amino acid
substitutions are highlighted according to their corresponding positions within the entire
protein. The grey highlights refer to the amplified region of the ORFla-encoded
glycoprotein. The cyan colors refer to the amino acid synonymous variations in the
alignment chart.
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4.5.3.4. Phylogenetic of Astrovirus Isolates from Patients with GE

To give a phylogenetic understanding of the actual distances between these
investigated samples and the most relative reference strains of human astrovirus,
a comprehensive phylogenetic tree was generated in the present study according
to nucleic acid variations observed in the amplified 289 bp of the ORF gene
amplicons. This phylogenetic tree contained S1 to S6 samples alongside other
relative nucleic acid sequences of human astrovirus sequences.

Within this tree, the local samples were incorporated alongside relative
sequences to constitute the majority of the incorporated sequences within the
generated cladogram. The total number of the aligned nucleic acid sequences in
this comprehensive tree was forty-one. Two types of cladograms were generated
to explain two different representations of the incorporated human norovirus
sequences, a rectangular cladogram Figure (4-16 a), and a circular cladogram
Figure (4-16 b).

In both cases of the constructed cladogram, the investigated samples were
clustered into eight phylogenetic clades within the human astrovirus sequences.
The most interesting fact observed in our investigated viral isolates is correlated
with the positioning of our investigated samples and their neighbour sequences
into eight related important serotypes within the human astrovirus, these
serotypes are ranged from serotype-1 to serotype-8. Within the serotype-3, all
investigated samples (S1 to S6) were incorporated to constitute one large clade
of serotype-3 that was made of 16 samples. Within this major clade, our samples
slightly deviated into different positions. This sort of slight diversity was
reflected by the potential evolutionary effects of the observed nucleic acid
substitutions in inducing such tilts in the incorporated tree. Despite the
noticeable alterations these nucleic acid substitutions (86C>T, 131G>A, and
239G>A) made within the serotype-3, these variations were only minor
deviations within the same serotype. Furthermore, the aggregation of all
investigated viral samples with each other may refer to the presence of only close

patterns of the phylogenetic distribution of these sequences. The current
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observation of this tree has confirmed sequencing reactions because it explained
the actual neighbour-joining-based positioning in such observed variations.
Distinct phylogenetic distances were observed between the samples of serotype-
3 and the nearest serotypes of the same human astroviruses. Thus, the currently
observed nucleic acid variations were only a minor tilt within the same viral
serotype without taking and noticeable evolutionary effect in altering the current
positioning of the investigated S1 — S6 samples.This finding strongly suggested
that these (S1 — S6) samples may represent known genetic variations of the

serotype-3 within the human astrovirus sequences.

Next to the clade of serotype-3, human astrovirus samples of serotype-1 were
suited. This observation indicated the human astrovirus serotype-1 represents the
closest serotype to the samples of serotype-3 according to ORF1la sequences.
The clade of serotype-1 was made of 30 samples of variable phylogenetic
distances. Besides the clade of serotype-1, the clades of serotype-2, serotype-7,
and serotype-6 were respectively suited with distinct phylogenetic positions
from both serotype-3 and serotype-1. On the other portion of the tree, the viral
sequences of serotype-5, serotype-8, and serotype-4 were respectively located in
other distinct phylogenetic distances. These data indicated that the ORF1a gene
sequences showed closer phylogenetic positions between serotype-3 and
serotype-1 than that found between the other incorporated serotypes. This tree
showed that the most diverse clades among all observed clades were represented
by serotype-3 and serotype-1. Within both serotypes, a higher number of human
astrovirus sequences were incorporated with various distances. Our investigated
samples represented a special type of serotype-3, while the other incorporated
sequences of serotype-3 were found in close phylogenetic positions to some of

the samples of serotype-1 within the same tree.
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Figure 4.13 The comprehensive rectangular cladogram phylogenetic tree of genetic variants of
the ORF1a gene fragment of six human-infecting astrovirus samples. The black-colored triangle
refers to the analyzed viral variants. All the mentioned numbers referred to GenBank accession
number of each referring species. The number “0.01” at the top portion of the tree refers to the
degree of scale range among the comprehensive tree-categorized organisms. The letter “S#”

refers to the code of the investigated samples

Noteworthy, the utilization of the ORF1a gene sequences in this study has
given a noticeable confirmation for the presence of the precise identification of

the actual serotype of this viral organism. It was found that the investigated viral
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samples occupied the same positions within the major clade of serotype-3 with
extremely phylogenetic distances. This indicated the presence of high genetic
homology among the viral sequences of these strains within the major clade of
serotype-3.

The other related clades of the other serotypes was found to occupy variable
phylogenetic positions away from major clade serotype-3 sequences. This data
may have shown no potential phylogenetic effect of the observed nucleic acid
variations on inducing remarkable alterations in the investigated viral strains.

However, this ORFla gene-based comprehensive tree has provide an
inclusive tool for the high ability of such genetic fragments to efficiently identify
viral serotypes using the ORF1a genetic fragment. This, in turn, gives a further
indication of the ability of the currently utilized ORF1a gene-specific primers to
describe the investigated human astroviruses and their accurate phylogenetic

positions.

4.5.3.5. Sample was submitted in NCBI and the accession number of
nucleotide sequences of Astrovirus

Banklt2589912 Seql = ON669284
Banklt2589912 Seq2  ON669285
Banklt2589912 Seq3  ON669286
Banklt2589912 Seq4  ON669287
Banklt2589912 Seq5  ON669288
Banklt2589912 Seqg6 ON669289

4.6.The Results of Gene Polymorphism of Toll-like receptor -7 (TLR-7
rs3853839) and Interferon-gamma (IFN-y rs9976971) SNPs

4.6.1. Extraction Total Genome DNA from the Stool Swabs

By using specific Total genome DNA extraction kit (G-Spin total DNA
Extraction kit, Intron / Korea) the genomic DNA Figure (4-17) was extracted
,purifying and migrated using agarose gel from the stool swabs specimens of
patients with GE as well as apparently healthy control groups as a first step to

amplify the target region of TLR-7 rs3853839 and IFN-y rs9976971 genes.
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Figure 4.14: The electrophoresis pattern of gnomic DNA extracted from stool swabs
samples of GE patients and healthy control groups ; Electrophoresis conditions, 1%
agarose, 75V, 20 mA for 1h (5 ul in each well), stained with red safe solution.

4.6.2.Genotyping of TLR-7 (rs3853839) Gene in GE and AHC

For TLR-7 rs3853839 genotyping, the genomic DNA was amplified using
specific primers and accomplished by the Thermo-cycler apparatus under the
optimal condition as mentioned in the table (3-7). The results revealed that the
presence a single band (408 bp) of the target sequence of TLR-7 rs3853839 gene
in agarose gel Figure (4-18)

Lgy\-_-)ug:,w:-) () e e ) iy
B % ' i

TLR-7 genome (408 bp)

Figure 4.15: Agarose gel electrophoresis of an amplified product patterns of TLR-7
rs3853839 exonb5 region. Electrophoresis conditions, 1% agarose, 75 V, 20 mA for 1h (5
ul in each well), stained with red safe solution.

Table (4-12) show the percentage of a single band (408 bp) of the target
sequence of TLR-7 rs3853839 gene. The positive result, according to PCR
amplification of a single band (408 bp) of TLR-7 rs3853839gene in women
patients with GE and AHC were 30% (45 of 150 cases) and 10% (5 of 50 cases),
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respectively . While, the negative results were in patients with GE and AHC
were 70% (105 of 150 cases) and 90% (45 of 50 cases), respectively as shown
the Table (4-12).

Table 4.12: Percentage of TLR-7 rs3853839 signals in patients with GE and AHC
groups by PCR technique.

TLR-7 rs3853839 GE AHC
gene band No.(%0) No.(%0)
Heterozygote 45 (30%) 5 (10%)
Homozygote 105 (70%) 45 (90%)
Total 150 (100%) 100%) 50

4.6.2.1.Genotyping of TLR-7 rs3853839 Among Study Groups.

The results show that DNA polymorphism distribution were DNA
polymorphism distributions according to CA ; AT ; TA and GA genotypes
of TLR-7 rs3853839 polymorphism were respectively 62.2% (28 out of 45 cases)
; 31.1% (14 out of 45 cases); 6.7% (3 out of 45 cases) and 0% (0 out of 45 cases)
in the GE patient group and was found GA genotype 100 % (5 out of 5 cases)
in the control group. In addition , was found just transversion mutation in GE
patients , while in control group just transition mutation in TLR-7 rs3853839
gene Table (4-13).
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Table 4.13: Comparison between patient with GE and HC on percentages of TLR-7
rs3853839 gene polymorphism.

Study group OR P
Polymorphism of | OR | value
TLR-7 Type of HC GE [Pati 9504 C.I for OR
3853839 Mutation ents] | [Cont [Patients]
s gene NO.(30) | NO.(150) rol]
lower | Upper
C\A Transyversion | 0.0% 62.2% 0.7 1.1 0.08 0.79 0.93
A\T Transyersion | 0.0% 31.1% 0.8 13 |0.001 | 083 0.95
A T'ransyersion | 0.0% 6.7% 0.7 1.1 0.08 0.79 0.93
Iranstion 100%
G\ A 0.00% 0.7 1.2 0.01 0.90 0.99

4.6.2.2.Sequences Alignment Fragment Results of TLR-7 rs3853839 Gene,
Exon-5 Region by Bio Edit Program Version 7.2.5

The sequencing results show that many SNPs between the one resolved
haplotypes and between the TLR-7 rs3853839, exon5 for Primer3 P! reference
sequences. The results appeared in the presence of nine SNPs Figure (4-18).
Reveal that which located at positions 22; 341; 354 a substitution mutation A—C
; positions 8; 361 substitution A— T ; position 18 substitution T— A; and last
one at position 113 substitution C— A Figure (4-19) according to the reference

sequence alignment of the human TLR-7 rs3853839 gene.

10 20 30 40 50 60 70 80 90 100
U O U P Y O Y ) U OO OO U OO OO I YOO IO O OO
reference
ACTGACAAATACAGTCATGGGGTTGGGGATGCTGTTTAGACAGCTGAAAATAAGACCTGAATTGTTTATTTTTAAAATGTTGCAAAAG
AGAGGCAGCAAA

110 120 130 140 150 160 170 180 190 200
U O U I Y Y ) U AU O U OO I Y IO Y O OO
reference
TGGGAATTTTTAATTCTGATTCTTGGTATGTTTTAGAACAATGATTTGTTCTTTCTTATACTTTCAGGTGTTTCCAATGTGGACACTGAA
GAGACAAATT
1524

210 220 230 240 250 260 270 280 290 300
OO O O OO OO OO0 OO0 O OO OO O O O
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reference
CTTATCCTTTTTAACATAATCCTAATTTCCAAACTCCTTGGGGCTAGATGGTTTCCTAAAACTCTGCCCTGTGATGTCACTCTGGATGT

310 320 330 340 350 360 370 380 390 400

U Oy s U ) O ) I Y I Y
reference
ATGTGATCGTGGACTGCACAGACAAGCATTTGACAGAAATTCCTGGAGGTATTCCCACGAACACCACGAACCTCACCCTCACCATTAA
CCACATACCAGA
I1S24 e A
1S25 ...
1529
1548
1S53

Figure 4.16: Sequences alignment fragment results of TLR-7 rs3853839 gene, Exon-5
region by Bio Edit program version 7.2.5

The recording six new recording in gene bank NCBI & American bank Unde
ACCESSION NUMBERS :

LC715217
LC715218
LC715219
LC715220
LC715221
LC715222
4.6.3.Genotyping of IFN-y rs9976971 Gene in GE and AHC

For IFN-y rs9976971 genotyping, the genomic DNA was amplified using
specific primers and accomplished by the Thermo-cycler apparatus under the
optimal condition as mentioned in the table (3-7). The results reveal that the
presence a single band (441 bp) of the target sequence of IFN-y rs9976971 gene
in agarose gel Figure (4-20).
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Figure 4.17: Agarose gel electrophoresis of an amplified product patterns of IFN-y
rs9976971exon5 region. Electrophoresis conditions, 1% agarose, 75V, 20 mA for 1h (5 ul
in each well), stained with red safe solution.

Table (4-14) shows the percentage of a single band (441 bp) of the target
sequence of IFN-y rs9976971 gene. The positive result, according to PCR
amplification of a single band (441 bp) of IFN-y rs9976971gene in patients with
GE and AHC were 21.3% (32 of 150 cases) and 8% (4 of 50 cases), respectively
. While, the negative results were in patients with GE and AHC was 78.7% (118
of 150 cases) and 92% (46 of 50 cases), respectively as shown the Table (4-14).

Table 4.14: Percentage of IFN-y rs9976971 signals in patients with GE and AHC groups
by PCR technique.

IFN-y rs9976971 GE AHC
gene band No.(%0) No.(%)
Heterozygote 32 (21.3%) 5 (8%)
Homozygote 118 (78.7%) 45 (92%)
Total 150 (100%) 50(100%)
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4.6.3.1.Genotyping of IFN-y rs9976971 Among Study Groups

The results showed that DNA polymorphism distribution were DNA
polymorphism distributions according to GA ; CT ; AT and AG genotypes
of IFN-y rs9976971 polymorphism were respectively 53.1% (17 out of 32 cases)
; 21.9% (7 out of 32 cases); 15.6% (5 out of 45 cases) and 9.3% (3 out of 32

cases) in the GE patient group .

While, polymorphism distributions according to GA and AG genotypes
of IFN-y rs9976971polymorphism were 60%(3 out of 5 cases) and 40% (2 out of
5 cases) ; respectively in the control group. In addition , was found just
transversion mutation in GE patients , while in control group just transition
mutation in IFN-y rs9976971 gene Table (4-15). The frequency of transversion

mutation more than the transition mutation (A\G).

Table 4.15: Comparison between patient with GE and HC on percentages of IFN-y
rs9976971 expressed gene polymorphism

Study group OR P
Polymorp oR | valu
hism of Type of :
ot [Pati & 95% C.I for OR
Mutation HC GE \
IFN-y ents] | [Cont [Patients]
gene NO.(50) | NO.(150) 2]

lower | Upper

G\A Transtion 60% 53.1% | 0.8 1.7 (0001 | 083 0.99

C\T Transversion | 0.0% 219% | 0.7 14 |0.008 | 077 0.97

AT Transversion | 0.0% 156% | 0.6 1.3 [ 0006 | 0RO 0.96

A\G Transtion 40% 93% | 08 | 1.1 (0003 088 | 095
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4.6.3.2.Sequences Alignment Fragment Results of IFN-y rs9976971 Gene,
Exon-5 Region by Bio Edit Program Version 7.2.5

The sequencing results show that many SNPs between the one resolved
haplotypes and between the IFN-y rs9976971, exon5 for Primer3 P reference
sequences.

The results appeared in the presence of ninteen SNPs Figure (4-6). Which
revealed that which located at positions 20; 21;74 a substitution mutation G—A
; positions 48 substitution C— T ; position 19 substitution A— T; and last one
at position 405 substitution A— G Figure (4-21) according to the reference
sequence alignment of the human IFN-y rs9976971 gene.

10 20 30 40 50 60 70 80 90 100
PO OO U OO O U OV OO OO OO 1OV OO OO OO OO OO OO
reference
GGAGGATCCCTCCTGGGGCGGAAGGAGCAGTTGCGCTGCCCCCAGCTCAGCGCCTCTTCCTCCTGCGGGACAAGCGGCGCTTATCGC
ATACGGCTAGGCC

IS21 A
1S22 A
1S23 ALLAL
1S24 ... A e

110 120 130 140 150 160 170 180 190 200
PO P PP O 99 YO W 9 OV O 0 90 OV O OO 90 OO O O

reference
CCCTCGCCAGGGCCCCTAACCTCTGCACAGTCTGGGATTCCTGGACGTGGATGGGTACTGGCAGCGCACGGTCGTGCCTGTCGTGTA
CTGAACCAGGGAG

1521
1522
1523
1524

210 220 230 240 250 260 270 280 290 300
PO P PP O 99 YO W 9 OV O 0 90 OV O OO 90 OO O O

reference

CTCCCCGAAGGCGCGAACCAGGGTTGAATTGCACTCCGCGCTCCCCCAGCAAAGCCCCTCGCCCCGACCTGGAGCCGAGTCCTCCCG

GCAGGGCTCCCTT

1521

1522

310 320 330 340 350 360 370 380 390 400
OO OO0 90 900 00 900 000 990 990 990 99 990 9 99 OO OO OO OO OO OO

reference
CTGTGATTGACCCTGAGCCTGCGTTCGCGCTGACGACGGGGACTGCGGGGGTCTCGTGGTGGGAATTGTGGGCGCTGACATAGGAGA
GGCGCCTGCTGGG

1521
1522
1523

410 420 430 440
O O N o e e O |

reference CGCTAGGACGCAGGACCCCTTGGGACAGGAACGGGTGTATG

17X R c W

Figure 4.18. Sequences Alignment Fragment Results of IFN-y rs9976971Gene, Exon-5 Region by
Bio Edit program version 7.2.5.

The recording four new recording in gene bank NCBI & American bank Unde
ACCESSION NUMBERS :

LC715223 ; LC715224 ; LC715225 ; LC715226
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4.7. Evaluation of Serum TLR-7 and IFN-y concentration By ELISA

Among Study Population

Table (4-16) shows the mean of serum TLR-7 concentration for AHC and
patients with GE groups was 20.60 + 1.0pg./ml and 67.28 + 2.0pg./ml
respectively. Statistically, significant difference ( p<0.05) was found on
comparing the mean of serum TLR-7 concentration among these study groups
( Table 4-16) .

Table 4.16: Results of serum TLR-7concentration by ELISA for AHC and patients with
GE.

Control Case
TLR-7 (pg/ml) (pg/ml)
Meanz SE 20.60+£ 1.0 67.28 £ 2.0
LSD 5.43
P value P<0.05 (0.001) *

While, the table (4-17) shows the mean of serum IFN-y concentration for
AHC and patients with GE groups were 19.66+ 1.78 pg./ml and 52.9 £1.9 pg./ml
respectively. Statistically, significant difference ( p<0.05) was found on
comparing the mean of serum IFN-y concentration among these study groups (
Table 4-17).

Table 4.17: Results of serum IFN-y concentration by ELISA for AHC and patients with
GE.

IFN-y AHC GE
(pg/ml) (pg/ml)

Meanz SE 19.66+ 1.78 52.9 +1.9

LSD 3.59

P value P<0.05 (0.039) *

4.8. Spearman's Rho Statistical Testing of Age, gender, Norovirus (NoV) ;
Astrovirus (AsV) and SNPs of TLR-7and IFN-y To Evaluate The Studied
Markers In Study Population

A strong positive relationship (with highly significant correlation) was found

between Nov; Ast and SNP TLR-7 (rs5743557) in GE (r = 0.986, P = 0.007).
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Similarly, there is a strong positive relationship (with highly significant
correlation) between NoV; AsV and IFN-y (rs3853839) in GE (r =0.984 ,P =
0.008). A strong positive relationship (with highly significant correlation) was
found between Nov; Ast and Sign and symptoms in patients with GE (r = 0.970,
P = 0.002). In addition, A strong positive relationship (with highly significant
correlation) was found between NoV; AsV and SNPs of TLR-7 (rs5743557) and
IFN-y (rs3853839) according to ages patients who have GE infection (r=0.855,
P=0.001); (r=0.788, P=0.009) and (r=0.739, P= 0.004), respectively. However,
there are no significant correlations among NoV; AsV and SNPs of TLR-7
(rs5743557) and IFN-y (rs3853839) according to the gender of study population

(and as illustrated in Table 4 -18).

Table 4. 18: Spearman’s Rho Statistical Testing of Age, Gender, NoV ;AsV and SNPs of
TLR-7 (rs5743557) and IFN-y (rs3853839) To Evaluate The Studied Markers In infants
and children with gastroenteritis infection.

NoV &
: Age groups TLR-7 IFN-y AsV Sign and
Spearman's rho S
P (Months) rs5743557 rs3853839 symptoms
NoV & R 0.855** 0.986** 0.984** 0.970
AsV P 0.001 0.007 0.0008 0.002
| TR R 0.788**
| rs5743557 o 0.009
| |FN-7 R 0.739
| rs3853839| o 0.004
| R 0.166 -0.149 0.123 0.145
Gender
P 0.249 0.477 0.512 0.034
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Conclusions

The Following Conclusions are obtained from the Present Study

1. Noroviruses and astroviruses have become the most important cause of viral
gastroenteritis in infants and children.

2. NoV-GII ; NoV-GlII strains and AsV- serotype3 remained the predominant
genotype and major pathogen causing diarrhea in lragi childhood. In contrast, NoV-
G-I had experienced minor pathogen causing diarrhea in Iragi childhood.

3. The circulation of different human NoV genotypes (GII& GIII) and AsV-
serotype3 in patients older than 12 years of age, suggesting that preventive measures
should be taken against norovirus and astrovirus infection in older patients.

4.0ur study indicated that TLR-7 and IFN-y polymorphism may be associated with
GE risk in the Iraqi childhood. But, the exact role and effects of TLR-7 and IFN-y
polymorphism in GE is not fully identified.

5.The serum levels and production rate of TLR-7 and IFN-y significantly increase
in childhood with GE in compare childhood heathy control group. It may be
concluded that TLR-7 and IFN-y acts as a risk factor in the pathogenesis of virial
gastroenteritis.
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Recommendations

The Recommendations of these Study Dependent on Current Results are

1. Further prospective studies are required with a large number of cases are needed
to validate the results of the current study which may lead to a better understanding

of the role of NoV and AsV in childhood patients with gastroenteritis.

2. To study the complete hole genome sequence and the detection the new
genotypes and strains prevalent in Iraq and their differences from the global

prevalence and importance in childhood patients with gastroenteritis.

3. Continuous monitoring norovirus genotypes and astrovirus serotypes circulating
in pediatric population is needed for current vaccine development.

4. Continued systematic surveillance to evaluate norovirus and astrovirus
association with diarrhea and other diseases is needed to assist with epidemiological
surveillance and disease burden in people of all the age groups.
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5.Discussion
5.1. Viral Infection; Symptoms; Signs and Gastroenteritis

Gastroenteritis is the second leading cause of pediatrics infections worldwide,
resulting in at least two million hospitalizations annually. Enteric viruses are
among the most important pathogens associated with diarrheal illnesses in adults
and children. These cause a great endemic burden and management difficulty
even in advance healthcare systems (Gholam et al.,2019).Rotavirus and NoV,
followed by AstV, AdV, SaV, and others. These agents are transmitted to the host
via various routes such as faeco-oral, person-to-person, and by fomites (Hasan et
al.,2021). Steyer et al., (2016) suggested that tests for viral agents such as
rotaviruses (in winter), noroviruses genogroup Il, adenoviruses trait 40/41, and
astroviruses are to be excluded primarily. GE is more common in infants and
children under 3 years with the highest incidence in these age periods. nausea and
vomiting are the most common associated symptoms. Lack of exclusive
breastfeeding and contamination of weaning foods may be risk factors. Infections
may be the primary cause of AGE among the children studied. The current results
shows that the symptoms of infant and young children patients distributed
between acute to severe , where the diagnosis of disease depending on the
Stomach Cramping was 65 cases (43.4%), in addition the most symptoms of
disease was Nausea at 40 cases (26.7%), as shown in table (4.2), these finding
was consistent by Jassas et al., (2018) who mentioned that the clinical symptoms
of gastroenteritis disease can cause several signs and symptoms including
vomiting, nausea, abdominal pain, and, most importantly, diarrhea.
Gastroenteritis can be acute, chronic, or recurrent, in addition The largest portions
of gastroenteritis cases are due to viral infections. The complications including
severe dehydration and shock, metabolic acidosis, severe electrolyte imbalance,
convulsions, and severe immunocompromised may all occur with late or missed
treatment. Physicians should be alert to any child complaining of flu-like
symptoms along with repetitive diarrhea and vomiting. Other major causative
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agents of infectious gastroenteritis are bacterial, followed by parasitic infections
(Gholam et al.,2019). The clinical manifestations of viral gastroenteritis are due
to the effects that the viruses, along with specific cytotoxins, have on the
enterocytes of the intestine. The virus uses the enterocyte to replicate, leading to
interference with brush border enzyme production, which in turn leads to
malabsorption and osmotic diarrhea. Additionally, viral toxins lead to direct
damage and cell lysis of enterocytes and intestinal villa, causing a transudate loss
of fluid into the intestine. The loss of cell function can lead to electrolyte
abnormalities which are caused by the loss of transporter functionality. That can
lead to acid-base disturbances as well. The virus is then shed through feces, and
occasionally in the vomitus. Peak viral load within the stool is anywhere between
24 to 48 hours after symptomatology. Some studies show viral shedding lasting

for several weeks past symptomatology (Jenkins et al.,2021).

5.2. Distribution of Patients with Gastroenteritis (GE) and Apparently
Healthy Control (AHC) Groups According to Their Age

Generally, acute gastroenteritis infections are mostly reported in <1 year of age
children (Abdel-Rahman et al.,2021). The current result was showed that the
average age of sick children with gastroenteritis was 43.56 months, meaning that
children aged 3 years and under were the most affected by the infection compared
to older ages, and this is consistent with what was mentioned by EI-Shabrawi et
al., (2015); Khalil et al., (2015) and Abdel-Rahman et al.,(2021). This study
results showed that the average age of infection with gastroenteritis at age 3 year
and less was higher than the age after 3 years. This may be due to the fact that the
digestive system may be fully developed and functional, but the immature
anatomical and functional features of the early intestine predispose to it abnormal
bacterial (bacterial or viral) colonization in the intestine, the latter may interfere
with function, the immune and neurological development of the digestive system,
which makes microorganisms capable of causing disease in abundance at this age

specifically (Indrio et al.,2022). Previous report that indicated that an
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adventurous stage when most children progress from crawling to walking, which
Is usually characterized by falling and standing as they practice. They also have
a common habit of putting dirt into their mouth without the knowledge of their
mother. Furthermore, when children are together, the probability of spreading
infection is high. Infants and toddlers usually wipe off saliva from their mouth
with their hands and use the same hands to wipe or rub their noses and eyes,
transferring the same hands to their toys and touching other children. The virus is
then transmitted from child to child via bodily contact, toys, and other fomites
(Siqueira et al.,2017). Detection may be lower in older children be due to
protective immunity. If children, especially in this area, are exposed at a younger
age, they may have protective immunity and, therefore, the infection rate can be
lower It is observed in older children (Khumela et al.,2021).While, when the age
progressed beyond 3 or 4 years, the disease began to decline, reaching the primary
stage, and this is consistent with what was mentioned by the researchers Doll et
al.,(2018) and Hungerford et al.,(2018) who found that the decrease in the disease
Is due to an increase health care facilities represented in providing vaccines for
some group against certain pathogens, possibly due to improvements in hygiene

conditions, and other public health interventions.

5.3. Distribution of Patients with GE and AHC According to sex.

Gastroenteritis are one of the infectious disease causes by many viruses, and the
prevalence of this disease was shown higher in male when its epidemiology is
studied by sex, the males are exposed to the disease more compared to female
children (Khan, 2021). In the current study, the incidence of infection in males
was higher than females, reaching 58% for males, while it was 42% for females;
This agrees with a previous study by Tsague et al., (2020) who showed that the
infection rate higher in males (11.4%) than females (8.6%). In addition, these
finding consistent with a study done by Hussein et al., (2018) who concerning

the sex, a study revealed a high number of male’s patients than females’ patients
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in Diyala. These may be because males excreted large amounts of
microorganisms especially viruses in their feces than females’ children.In
contrast, other studies have been conducted in Iraq (in Basra) by Thwiny et al.,
(2015) and in China by Qi et al.,(2018) who showed that the infection in female
more than male. Furthermore, Obili et al., (2020) who explained that females
have a higher infection than males due to the different composition of the
digestive system and the proximity of the stool opening from the urine opening,
which may increase the incidence of infectious diseases that may be caused by
bacteria or viruses. Das et al., (2018) have shown that there is a slight decline in
these gender differences in the recent years, this is may be depending on the type
infections that them get it in this age. The rate of infection in our study in male
to female children was (1.3: 1), these findings are incompatible with study by Ali
et al., (2021). Another studies which were in anti-parallel to with the reported
ratios of 1.5: 1 from Bahrain and 1: 2.4 from India (Kahn et al., 2012). This result
may be due to the vulnerability of males that probably to be admitted to hospitals
than female children. A slight decline in these gender differences in the recent

years, this is may be depending on the type infections that them get it in this age.

5.4. Detection of Norovirus (NoV) and Astrovirus (AsV) by Real-Time
Polymerase Chain Reaction Technique (RT.PCR).

5.4.1. Viral nucleic acid in study populations

Although at least 25 different bacteria and protozoa can cause diarrhea, more than
75% of cases found to be caused by viruses. Viruses that can cause gastroenteritis
include rotavirus,norovirus, enteric adenovirus, human astrovirus, and Sapporo
virus. The traditional methods for virus discovery such as filtration, tissue culture,
electron microscopy and serology were powerful techniques for the detection of
viruses. However, due to their limitations, the traditional techniques were
replaced by molecular techniques such as polymerase chain reaction (PCR) and

DNA sequencing (Sanger method). Out of 150 stool swabs specimens involved
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in this study 51.3% were found to have a viral infection more than 48.7% patients
who did not show have a viral genome. A previous study found that Qiagen Kits
tend to extract a high proportion of human nucleic acids, which could explain the
lower viral proportion reported in the present study (Zhang et al., 2018). Despite
this difference, all the viruses present in the mock or clinical samples could be

detected with all the methods evaluated herein.

A diarrheal stool sample is the standard specimen type required by diagnostic
laboratories to test for gastroenteritis pathogens. In routine practice, a much larger
proportion of patients would not submit a stool specimen for laboratory testing
(Zhuo et al., 2018).Therefore, some factors that may reduce the rate of viral
genome diagnosis, including what the researchers, Schrader et al., (2012) and
Kim et al., (2013) referred to when diagnosing the virus with this technique,
which is the presence of some ions and salts in the samples that contain the virus,
as is the case with samples stool and other fetal fluids, which are potential
inhibitors of RT-gPCR, especially that viral genes of the type RNA, which are
more affected by the presence of substances that affect the diagnosis.The
diagnostic methods used to detect viruses in stool samples are sequence-
dependent molecular amplification techniques such as PCR, which cannot
identify a pool of viruses and completely new viruses in clinical samples.
Therefore, a novel approach that is sequence independent such as viral
metagenomics approach using NGS is desirable and should be developed for viral
diagnosis and to overcome the unresolved cases of gastroenteritis (Mo et al.,2015;
Oude et al.,2016).

5.4.2. Detection of Human Norovirus (HNoV) By RT-PCR.

Human Norovirus (HNoV) is the leading cause of nonbacterial foodborne
outbreaks of gastroenteritis. Individuals who are asymptomatically infected may
act as reservoirs to facilitate transmission of NoV. Human noroviruses (HUNoV)

are associated with 18% of diarrheal diseases worldwide and cause 200,000
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deaths among children every year, mostly in developing countries (Atmar et
al.,2018). In our study, we detected HUNoV RNA(GI ; GII&GIII) according to
gRT-PCR in 37.6% % of studied cases. This overall frequency is slightly more
than data reported by Kirby et al.,(2010) with Anfruns-Estrada et al.,(2020) with
differences being probably due in part to differences in the date of sample
collection and to the fact that our study included cases infected by a higher
diversity of genotypes. While all patients included in that previous study were
infected by GI1.4 or GI1.3 strains. In addition, these result, consistent with study
of Mohammad et al., (2020) who found 35% (15 out of 43) in stool samples from
patients with gastroenteritis had mixed infection with one or more enteric viruses.
In contrast, these result disagreement with Timurkan et al., (2017) Ronnelid et
al., (2020) and Sun et al., (2022) who found 86 (20.1%) of the 427; 20% and
1.82% (13/713) in stool samples from patients with gastroenteritis, respectively.
Furthermore, Gelaw et al., (2019) who detection of noroviruses (NoVs) 13.2% in
stool samples by RT-PCR. Dey et al., (2014) who detection rate of 19.5% of
Noroviruses in the children in this study was less than some viruses and higher
than the other viruses those previously reported. Li et al., (2021) was from 2011
to 2018, noroviruses were detected in 16.5% of specimens from children with
diarrhea. These differences might be due to the varying study periods, as well as
the geographical distribution of the studied population. In addition, the vaccine
that was given to children to a decline in these viruses associated gastroenteritis
and a subsequent increase in norovirus associated gastroenteritis as observed
(Enweronu-Laryea et al.,2018). The high norovirus prevalence corresponds well
with other study in high- and middle-income countries where norovirus has
become the most common etiology in severe childhood diarrhea (Bucardo et al.,
2014). Other studies from Malawi and Tanzania have shown lower prevalence of
norovirus compared to this study, but used other detection methods that might not

be directly comparable (Platts-Mills et al., 2017; lturriza-Gomara et al., 2019).

110



Chapter Five Discussion

Quantitative RT-PCR is one of the important techniques that have been applied
for the detection of enteric viruses associated with gastroenteritis. This test has
enabled rapid, accurate, and simultaneous detection of enteric viruses with
enhanced sensitivity and specificity (Siah et al.,2014; Zhang et al.,2015). By
implementing real-time PCR as a diagnostic technique for fecal viruses, many
more and different viruses are detected making the performance of these
techniques worthwhile. So, the detection of virus particles in children has made
the real-time PCR assay was very important because the examination has a high
sensitivity and specificity towards diagnosing viral particles in samples. It has
now become difficult to determine the fraction of gastroenteritis cases that, in
fact, can be attributed to the types of many viruses that related to the
gastroenteritis disease (Corcoran et al.,2014).The opinion of authors of current
study, the differences in percentages of NoV detection among the present as well
as these studies could be attributed to the period of sample collection (seasons);
site of infection, genetic as well as environmental factors, sample size, the quality
& sensitivity of the techniques used in these studies to viral genome extraction.
However, most of the studies done in this respect have included a small numbers
of gastroenteritis cases and for better revealing of the importance of NoV in
childhood suffering from acute gastroenteritis, this may need enrollment of large

case-control studies.

5.4.2.1. The Results of Norovirus in the Patients with GE According to the
Age group.

Noroviruses are increasingly being recognized as one of the more important
viral agents of childhood gastroenteritis disease worldwide (Mans,2019).
In current study, was found in gastroenteritis, the most commonly affected age
group infected with NoV was (3-36 months) which constituted 19.5% (15 out of
77 cases), while the age stratum (37-72 months) was constituted 11.6% (9 out of

77 cases), followed by 6.5 % (5 out of 77 cases) in age group (73 -120 months).
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These results was consistent with Dey et al., (2014) and Benninga et al., (2016)
who found the global prevalence of norovirus gastroenteritis conducted between
2008 and 2014 estimated norovirus to be responsible for 18% (95%) of all acute
gastroenteritis cases in children < 5 years.

The findings from this study showed the importance of Norovirus in children
under 5 years hospitalized with acute gastroenteritis and identified children <3
years to be the most vulnerable to a host of Norovirus strains. Benninga et
al.,(2016) which indicated that infants and most young children have low
Immunity against bacterial and viral infections associated with the
gastrointestinal tract, such as E. coli and Norovirus, and therefore the average age
of infection is close to obtained in our results above. Although noroviruses can
cause gastroenteritis in all age groups, the course of this infection in childhood is
more serious than in adults due to the insufficient development of the immune
system in young children. In various studies on the relationship between age and
genotype, evidence of such a relationship has not been detected (Timurkan et al.,
2017; Lopman and Grassly,2016; Mans,2019). The results of current study may
be explained by two reasons. the immune system in children aged under 2 years
was still not perfect; had lower consumption of breast feeding which may
provide protection against infection and these children have poor health

awareness.

5.4.2.2. Sequencing of Human Norovirus Genotypes of Clinical Isolates
Noroviruses are divided into six genogroups (GI-GVI1) and human strains are
grouped into GI, GII, and GIV. Although Norovirus causes economical and
public-health problems, a thorough study of Norovirus is hampered by the lack
of cell culture systems or animal models. Noroviruses are indirectly transmitted
to humans from contaminated food and water sources and can also be transmitted
directly from person to person. Extensively diverse NoV genotypes within

genogroup | and genogroup Il were reported from previous studies in Ethiopia
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(Gelaw et al.,2022). In the current results, the most interesting fact observed in
our investigated viral isolates is correlated with the positioning of our investigated
samples into two related important genotypes within the human norovirus, these
serotypes are genotype Il (Gll) and genotype Il (GlIl). Within the GllI, six
Investigated samples (S1, S2, S5, S6, S7, and S8) were incorporated to constitute
one large clade of GIlI that was made of twenty-nine samples. These results
compatible with the study of Timurkan et al., (2017) who found GII noroviruses,
especially the Gl1.4 strains, are the predominant cause of gastroenteritis, both in
outbreaks and in sporadic cases worldwide. The prevalence and outbreak activity
of the GI genogroup, which is the second most predominant genogroup, are
limited, and reports of GIV around the world are also rare. NoV is prone to gene
recombination, resulting in new variants or genotypes. Therefore, the
investigation of genotypic distribution is of great significance for epidemiological
studies of viruses and the development and application of vaccines. The NoVs
types were GI117, GII12, Gl121, G112, and Gl14, indicating that the GII types of
diarrhea circulating are diverse, and continuous surveillance of GII types of
diarrhea is necessary (Sun et al., 2022).

Norovirus VP1 consists of an S domain that forms a scaffold enveloping the viral
RNA and a P domain composed of subdomains P1 and P2 (Beier et al.,2014).
The S domain has the most stable conserved sequence. The P1 domain is less
variable than P2 domain and the P2 domain is the most exposed and the most
variable in structure (Kim et al.,2019).in addition Differentiation of VP1 genes
among the predominant genotypes determined by sequence-based typing
methods may help improve the understanding on the epidemiology and evolution
of NoVs (Lee et al.,2021). The results showed that Detection of Gl and GlI
Norovirus strains in swabs of blood and stool samples obtained from infants and
children with gastroenteritis, and we analyzed them using sequencing analysis,
and this in turn may help to provide some important information that in turn

discover the most important pathogenic strains of Norovirus that are prevalent
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among these groups. This is consistent with what was indicated by the researcher
Lu et al ,(2020), who discovered the same pathological strains for samples of
some university students.In the current study we showed the presence of
heterogeneous nucleotides in the diagnosis of Norovirus, and that the most
common type is GlI. These result agreement with study by Verhoef et al., (2015),
GII often associated with person-to-person transmission contact of a person with
other types of transmission, whereas non-Gll.4 genotypes, such as GII.3, are
more often associated with transmission via food (Verhoef et al.,2015). The
increasing the number of samples extracted may increasing the probability of
detection and genetic sequencing of the virus, but processing time, cost and
resources also increase accordingly. This finding could be related to different
biological properties and/or host responses between Gl and Gl strains during
infection, but differences between sensitivities of Gl and GIl RTqPCR assays
used for screening could also partially explain it. Indeed, the proportion of cases
with a negative RTgPCR result in stool was also significantly higher for Gl than
Gll cases (38.6% vs. 20.6%, respectively), suggesting that performance of
RTQPCR assays or viral load in stool could differ between the two genogroups.
Evidence of the association between viral load and genogroup is limited, but some
data indicate that shedding may be higher for GlI genotypes (Cheung et al.,2019
; Anfruns-Estrada et al.,2020).The present study has the following limitations.
Case number is very low but it is from a single center. The positivity rates and
genetic diversities of the different enteric viruses observed in this smaller study
might be enlightening but not conclusive.

5.4.3. Detection of Human Astrovirus (HAstV) By RT-PCR.

Gastroenteritis (GE) is one of the most common disease around the world.
Acute viral gastroenteritis is one of the most common infectious diseases
worldwide. Human astrovirus is currently recognized as a major cause of sporadic

gastroenteritis in both children and adults (Wu et al.,2020). The detection rate of
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HAstV in childhood with GE was 18.1% in the present study, which is different
to that previously reported in, shanghai (5.22%), Thailand (2.6%), Asian Russia
(2.8%) and Germany (5.0%), the mean incidence worldwide of 11.0% and
Guangzhou, China (3%) (Johnson et al.,2017; Kumthip, et al.,2018;
Zhirakovskaia et al.,2018; Jacobsen et al.,2018; Lu et al.,2021; Luo et al.,2021).
Iraqi studies have shown low single infection prevalence for astrovirus. This
exemplified with Al-Sadawi et al.,(2017) study in Alnajaf/ Irag which recorded
3/200 (10.4%) chromate-graphic immunoassay- positive Astrovirus results; Ali
et al., (2016) in Baghdad/ Irag in which out of the 465 samples analyzed only
10.1% were immunochromatographic assay positive astrovirus results ; Mitab,
(2013) in Almuthana/ Iraq study which recorded 39/335 (11.6%) multiplex rRT-
PCR technique positive results for Astrovirus and AlShuwaikh, 2016 study in
Baghdad/ Iraq along with Hussein, et al., (2018) study in Dyala/ Iraq that gave
zero (0%) results for Astrovirus by the immunochromatographic assay from 188
and 160 samples with Acute Diarrhea respectively.The highest incidence rate in
this study has matched only with Mitab, (2013) study, this may be explained the
high accuracy and sensitivity of the RT-gPCR assay in the detection of these
viruses and this matched with what mentioned in other previous studies (Logan
et al.,2007). In comparison to other global molecular based studies from Italy
(Biscaro et al.,2018), Germany (Jacobsen et al.,2018), Lebanon (Zaraket et
al.,2017) and Egypt (Ahmed et al.,2011 ). The prevalence of HAstV in this study
IS the highest, telling that this virus exists, flowing and contributing expressively
to gastroenteritis in different Iragi provinces. Vu et al., (2016) and Tsague et al.,
(2020) were detected HAstV in 11.7% and (10.3%) of 506 fecal samples from
infants on admission for acute gastroenteritis, respectively. In addition, the
frequency value obtained in this study is higher than the frequency of 7.0% for
HAstVs in diarrheal stool samples obtained in a study in South Africa among
children aged 7-12 months (Nadan et al., 2019). By contrast, the percentage in

the present study is lower than that reported in children under 5 year old in Lagos,
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Nigeria (Ayolabi et al.,2012), where a prevalence of 40.4% was reported
(Ayolabi et al.,2012). The effects of differences in social factors and geographical
locations could probably have resulted in this variation. The positive rate of
HAstV can differ with respect to time and has tended to decrease in the last decade.
Analysis of the monthly positive rate by year did not show distinct seasonal
variations in HAstV infection. Cumulative positive rates revealed a relatively high
HAstV incidence from March to July and a relatively low incidence from August
to October; however, definitive conclusions cannot be drawn because of the small

number of positive samples (Kim et al.,2019).

This study has several limitations. only samples that tested positive with the
commercially available RT-PCR assay were genotyped,; thus, types that did not test
positive with this assay were probably not detected. The company claims that this
PCR assay can detect HAstV Types 1-8, but this assay may not detect HAstVs
whose genomes have variations at primer-binding sites. The detection of HAstV
infection in hospitalized children with acute diarrhea in mid-Euphrates provinces
Hospitals was performed exclusively on symptomatic patients, but not in children
without acute diarrhea (asymptomatic). The stool samples were collected at only
one site and it would be of interest to perform a similar study at several others
sites in same provinces. The lack of some data from patients, such as those having
pets, did not allow the identification of these specific risk factors associated with

Astrovirus infection.

5.4.3.1. The Results of Astrovirus in the Patients With GE According to the
Age Stratum.

HAstVs are considered to cause infections mainly in children younger than five
years (Biscaro et al.,2018 ; Varela et al.,2019). In gastroenteritis, the most
commonly affected age stratum infected with AsV was (3-36 months) which
constituted 9.1% (7 out of 77 cases), while the age stratum (37-72 months) was

constituted 5.1% (4 out of 77 cases), followed by 3.9% (3 out of 77 cases) in age
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stratum (73 — 120 months ).These results compatible with Kim et al.,(2019) and
Varela et al.,(2019) studies, who found 38.8% of HAstV-positive patients were
older than five years, which suggests that HAstV infection may also occur in
adolescents and adults. The higher percentage of patients over five years in this
study could be attributed to the fact that we collected stool samples from patients
of all ages with diarrhea symptoms. Vu et al., (2019) Most novel astroviruses were
found in children <2-year-old (30/39 children, 77%, p = 0.01).In addition ,AstV-
1 is the most frequently isolated type worldwide, in this study the sequenced
strain has typed as AstV-1 serotype in a patient with a diarrheal infection aged 7
months old and this matched with Guix et al., (2002)which demonstrated that
most infections with AstV-1 and AstV-3 occurred in children younger than 2
years old. The high incidence of Astrovirus relies on the age of patients, analytical
approaches used and the season of isolates assembly in which HAstV infectious
rate is more common among those younger than 2 and in temperate regions in the
cold weather period beside of using RTqPCR assays that provide high speed,
sensitivity and reproducibility and reduction of contamination risk in the
diagnostic of HAstVs (Saied et al.,2013).We thought, this phenomenon in this
study may be explained by Astrovirus is common and spreads through food and
water. In fact, the virus may continue to be shed for up to a month after infection,

although intermittently and at low levels.
5.4.3.2. Sequencing of Human Astrovirus Genotypes of Clinical Isolates

Currently, the genotype of HAstV has been classified into classic HAstV
(HAstV1-HAstV8), novel HAstV-MLB (MLB1-MLB3), and novel HAstV-
VA/HMO (VA1-VA5). The classic HAstV accounts for 2.9-5.0% of acute
gastroenteritis in children, and classic HAstV1 remains the predominant
genotype. Although the novel HAstV-MLB and HAstV-VA/HMO were initially
detected in children with gastroenteritis, the definite association between these

novel HAstV genotypes and gastroenteritis has not yet been established
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(Wohlgemuth et al.,2019; Vu et al.,2020). On the other hand, the novel HAstV-
MLB and HAstV-VA have been increasingly reported to associate with central
nervous system infection in humans, particularly, in immunocompromised
individuals (Koukou et al.,2019). The current results of comprehensive circular
cladogram phylogenetic tree of genetic variants of the ORF1a gene fragment of
six human-infecting astrovirus samples. The prevalence of HAstV infection has
been sequentially reported from around the world with a wide range of variability
from 0 to 29.7% ( Vu et al.,2017). The prevalence varies from study to study
depending on the study population and geographical region that the study has
been conducted. For instance, in South America, the prevalence of HAstV
infection in Brazil was reported with low infection rate at 0.8% ( Amara et
al.,2015). , whereas in North America a prevalence was reported at 3.5% in
Mexico ( Romo-Saenz et al.,2020). In Africa, a prevalence of HAstV infection
was reported at 7.0% in South Africa ( Nadan et al.,2019)., 9.9% in Kenya and
Gambia, 10.3% in Congo, 11-14% in Egypt ( Zaki et al.,2020). , and 19.4% in
Nigeria. In Europe, a prevalence of HAstV infection was reported at 2.5% in
Netherland and 3% in Italy. In Asia, a prevalence of HAstV infection was
reported at 1.6-2.8% in China, 1.9% in Korea, 2.6% in Taiwan, 2.4-16.4% in
Japan, and 1.4-3.1% in Thailand (Wei et al.,2021). Some of HAstV-infected
cases were found to be co-infected with two or three other enteric viruses. This
observation is similar to what we have reported previously during 2011-2016 at
57.4% in the same geographical area (Kumthip et al.,2018) suggesting that
gastroenteritis in children in Thailand are infected with a wide variety of enteric
viruses and require more attention on the situation. Nevertheless, high rate of co-
infection with other enteric viruses is not uncommon, it has also been reported
elsewhere, such as 38.2% in Nigeria( Arowolo et al.,2020) and 71% in Germany/(
Jacobsen et al.,2018). The infection rate abruptly increased to 2.2% in children
with the age of>6-12 months old and continued increasing in the older age

groups, and reached highest rate in children with the age of > 48-60 months old.
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The data imply that at the age of<1-6 months old, the children might be
protected by maternal antibodies acquired in utero or via breast feeding and these
maternal antibodies declines after > 6—12 months old. As a result, the infection
rates went up to 2.2%, 2.6%, and 2.7% in children with the age of>6—-12,> 12—
18, and > 18-24 months old, respectively. In addition, the infection rates
increased further approximately two folds to 4.1%, 3.8%, and 4.8% in children
with the ages of >24-36, > 3648, and > 48-60 months old. The infection rates
increased approximately two folds in children with the age of > 24-60 months old
compared to those observed in children with the age of>6—24 months old is
probably related to the hygienic fed pattern in younger children compared to
relatively unhygienic behavior or activities at the playground of older children.
Apparently, older children may have much more chances to expose to and being
infected with HAstV as well as many other enteric viruses (Wei et al.,2021). Six
genotypes were found to circulate during 2015-2016, with HAstV-1 being
predominant, followed by HAstV-5, HAstV4, HAstV-2, HAstV-8, and HAstV-
3. Except for HAstV-1a and 1b, all other HAstVs are of a single subtype/lineage.
HAstV5\4\2\8\3 have not been reported in Shanghai.The detection of these
genotypes in this study indicates that multiple HAstVs were circulating in
Shanghai. It would be interesting to monitor the frequency of these genotypes in
the Shanghai population in the future. Like other recent studies (Bitencurt et al.,
2019; Kim et al., 2019; Wu et al., 2020), HAstV-6 and -7 were not detected.
Notably, the peak of HAstV-induced cases in 2016 was almost five times higher
than in the preceding year. A rapid rise in HAstV-4 cases was observed during
the high HAstV peak season from December 2015 to April 2016. Furthermore,
HAstV-4- positive samples showed a high viral load. Multiple factors might have
contributed to this result. Compared with the 2015 data, both the case number and
detected genotypes of HAstV infections had increased over the same period last
year, and HAstV-4 in particular had the most obvious change. The HAstV4

strains observed in this study may be a variant because they exhibited a
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characteristically high stool shedding. In addition to clarifying the relationship
between this variant and the severity of the disease, it is also necessary to study
its infectiousness. As is well known, norovirus infections are a leading cause of
acute gastroenteritis worldwide in persons of all age groups. Interestingly, the
cases of norovirus infections in January 2016 were almost five times lower than
in January 2015 during the same period based on SDCSS data (Gong et al., 2018).
In contrast, the incidence of rotavirus infection was similar. There may be some
underlying connection between the decrease in the number of norovirus cases and
the increase in HAstV cases. Phylogenetic analyses of the RdRp (ORFL1b)
nucleotide sequences of HAstV strains detected in this study revealed that these
strains share high nucleotide sequence identities with global strains reported from
different remote countries and continents, demonstrating a worldwide circulation
of HAstV strains that occurs continuously and has an impact on epidemiology
and evolution of HAstV strains.A combined analysis of ORF1b and ORF2
regions that allow to differentiate the polymerase genotype, capsid genotype and
polymerase/capsid genotype was performed in this study. Of note, a putative
recombinant HAstV polymerase genotype 1/HAstV capsid genotype 2 was
identified, suggesting the possible occurrence of a recombination event. More
details could be obtained on the recombination event if SimPlot analysis was
performed; unfortunately, the requirement for SimPlot is a long sequence of more
than 1000 bp, which is not the case for our amplified strains. There is increasing
evidence of recombination events in astrovirus which contribute to genetic
variability and imply cross species transmission or zoonotic potential. Putative
recombination sites within ORF1b and ORF2 have been reported previously. It is
common for ssSRNA viruses to exchange genome fragments in highly conserved
regions, increasing the prevalence of the virus and affecting its phylogenetic
grouping and vaccine development. The recombination of strains is an open door
to mutations that may mislead future epidemiological investigations and

compromise vaccine development (Nadan et al.,2019; Nadan et al.,2021).
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Limitations of this study included the lack of seasonal distribution data of classic
human astrovirus due to lockdown restrictions during the study period, and the

absence of novel astrovirus strain data.

5.5. The Results of Gene Polymorphism of Toll-like receptor -7 (TLR-7) and
Interferon-gamma (IFN-y) SNPs.

5.5.1. Genotyping of TLR-7 Gene in GE and AHC

Small-molecule agonists of TLRs are currently used for detection the severity
of many viruses since have important role against viruses (Dowling and
Mansell,2016). One important example has been the use of TLR7 and TLR9
agonists in combination with detection severity of many viruses (Offersen et
al.,2016; Tsai et al.,2017). Toll-like receptors (TLRs) including TLR3, TLR7 and
TLR8 are essential for activation of the antiviral response upon viral infection,
and can sense sSRNA or dsRNA in the cytosol (Jensen et al.,2012) .Studies have
shown an increased viral infection of Norovirus in children with TLR7
(McCartney et al.,2008; Jensen et al.,2012), This explains the percentage of TLR-
7 identification in our results, where DNA polymorphism distributions according
to CA ; AT ; TA and GA genotypes of TLR-7 rs3853839 polymorphism were
respectively 62.2% ; 31.1%; 6.7% and 0% in the GE patient group and was found
GA genotype 100 % in the control group. The results appeared in the presence
of ninteen SNPs. Reveal that which located at positions 22; 341; 354 a
substitution mutation A—C ; positions 8; 361 substitution A— T ; position 18

substitution T— A; and last one at position 113 substitution C— A.

Li et al.,(2021) polymorphism of rs3853839 is in the 3’ untranslated region
(UTR) of the TLR7 gene and leads to changes in hsa-miR-298, which is a typical
miRNA binding change of 3° UTR. Similarly, Mukherjee & Tripathi
(2019) stated that TLR7 SNPs (rs3853839 & rs179008) had significant

relationship with Dengue virus infection. Also Zhang et al., (2020), in Chinese
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Han patients, SNPs at TLR7 were investigated for their relevance in HIV-1
infection and prognosis. TLR7 SNP (rs3853839) was also found to be
substantially linked to chikungunya virus infection in Indians (Dutta & Tripathi,
2017). In Chinese patients, the TLR7 SNP (rs3853839) has also been linked to
HCV persistence and predisposition to enterovirus-71-mediated hand, foot and
mouth infection (Yue et al., 2014). All of these investigations found that the
TLR7 SNP (rs3853839) plays a role in viral infection and pathogenesis in
different ethnic groups. The significant elevation of TLR-7 mRNA transcripts in
individuals carrying the G mutant allele, as well as the higher level of G allele-
containing TLR7 mRNA in heterozygous participants supported a physiological
role for TLR7 SNP (rs3853839) in the adjustment of TLR7 mRNA expression,
according to a study on systemic lupus erythematosus patients (Shen et al.,
2010). Also, Raafat et al., (2018) reported that TLR signaling can be regulated by
miRNAs through direct effects on expression or by modulation of downstream
regulators, adaptor molecules, and cytokines. The TLR7 SNP (rs3853839) has the
potential to impact miRNAs binding and as a result, TLR7 mRNA expression
and/or sensitivity. The wild C allele features a binding site for miR-3148 (miR-
3148), which causes fast transcript breakdown and reduces TLR7 mRNA levels.
Similarly, Shen et al., (2010) concluded the link between the risk allele G of the
TLR7 SNP (rs3853839) and higher TLR7 transcript expression. The GG genotype
was shown to be substantially more common among severe/critically sick

patients in the current investigation.

5.5.2. Genotyping of IFN-y Gene in GE and AHC

In this study, we demonstrate that HAstV-1 induces IFN-y at 21.3% (32 out of
150 cases) while in apparently healthy group shows at 8% (5 out of 50 cases) this

increasing in the percentage of IFN-y in patients with Astrovirus in contrast to
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the control group It means that the virus induce the IFN-y production that lead
to the limitation from infection these findings was consistent with the researcher
Guix et al (2015) who demonstrated that the production of IFN, which limits
astrovirus replication in vitro and is important for the clearance of astrovirus in
vivo. In the current finding , we diagnosed IFN-y and its role in reducing the
severity of infection with the astro virus, and the importance of choosing this type
of interferon was for its important role in reducing viral infection, as it is
specialized for viruses, and this is consistent with what was mentioned by
previous studies that mentioned type Il IFNs (IFN-y) are responsible for
regulating and activating the immune response induced in virtually all cell types
upon recognition of viral components, especially nucleic acids, by cytoplasmic
and endosomal receptors, and type Il interferon is induced by cytokines such as
IL-12, and its expression is restricted to immune cells such as T cells and NK
cells (Marvin et al.,2016; Carsetti et al.,2020). Other study have indicated that
the importance Clinical study of the relationship between interferon-gamma and
astrovirus infection, extending extensively ranging from asymptomatic infections
to fatal encephalitis, so the study of this type of interferon plays a major role in
knowing the body’s ability to end viral infection and reduce its symptoms that
may affect the health of infected children, as they are at the beginning of the
formation of the immune system and its functional and physiological completion
(Cortez et al.,2017). By analogy, IFN-y is a potent activator of macrophages, and
clinical and experimental evidence showed that IFN-y plays a key role in
antimicrobial activities that regulate mycobacterial infection. In recent
years, IFN-y +874 A>T gene polymorphism has been widely studied for potential
association with increased/reduced/no risk of PTB, but the findings were
inconsistent, and still the precise association between the IFN-y +874 A>T SNP
and PTB risk is inconclusive. This inconclusive finding warranted further studies
with large sample sizes for accurate estimation of the association between

the IFN-y +874 A>T gene polymorphism and PTB disease. Hence, in order
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provide a precise conclusion against the above-mentioned controversial results, a
meta-analysis is thought to be needed to achieve more reliable and accurate
statistical evidence on the association between IFN-y +874 A>T SNP and PTB
susceptibility. The pooled ORs generated from a large sample size and sufficient
statistical power from various studies have the power to reduce the random errors
(Areeshi et al.,2021). IFN-y polymorphism correlated with some of the clinical
features of gastroenteritis may be related to factors including race, immune state

perfect , type of viral infection DNA or RNA or genetic or clinical heterogeneity.

5.6. Evaluation of Serum TLR-7 and IFN-y concentration By ELISA Among
Study Population

Various inflammatory cytokines and interferon’s are considered to have an
important role to regulate IL-10-producing B cells or B10 cells, and it also has a
role in Sensing the RNA of some microorganisms, including pathogenic viruses,
as TLR7 contributes to the differentiation and development of Regulatory B cells
are unknown. In addition, interferon’s have a regulatory role in the inflammatory
response (Rosser et al.,2014; Chodisetti et al.,2020 a).

Our current data show that the concentration of TLR7 in the serum of people
with gastroenteritis showed a statistical variation at (0.001), while the
concentration of interferon gamma was at (0.039). The researcher Chodisetti et
al .,(2020 b) pointed out their regulatory role for antibody-producing B cells and
that increasing their gene expression has the effect of reducing interleukin-10
production. TLR7 is required for a rapid nonneutralizing IgM response that limits
acute infection. The lack of neutralizing power for these antibodies in
vitro suggests a mechanism involving other accessory factors or cell types, such
as ADCC or complement-mediated lysis of virus particles. This IgM response is

not sufficient for full recovery from infection, and clearance of infectious virus
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from the plasma likely also requires the evolution of neutralizing antibodies and

GC responses at later time points (Bonsignori et al.,2012).

TLR7 promotes early secretion of IL-10 by CD4 T cells, and this cytokine plays
an important role in inhibiting acute infection. This finding is consistent with
previous reports indicating that TLR7 can regulate 1L-10 secretion. Importantly,
IL-10 secretion is not completely abolished in the absence of TLR7 but is delayed
until after the peak of proinflammatory cytokines, suggesting that additional
pathways can promote IL-10 secretion during retroviral infection. Nevertheless,
the timing of IL-10 secretion could be a key aspect of its ability to regulate the
antiretroviral immune response (Browne et al.,2013). In the current study we used
TLR-7 as diagnostic tool for detection the severity of norovirus and our finding
shows increasing in the concentration of TLR-7 at patients group in contrast to
control group , so our selection of this immunological parameter came in
agreement with many previous studies on the effects of TLR against RNA virus
infection, as it has an important role in increasing the immune response through
increasing the immune response and increasing the production of
proinflammatory cytokines. that lead to inhibition of viral replication (Lanford et
al.,2013 ; Bam et al.,2017).

Activation of TLRs initiates the integration of contextual cues and signals to
regulate host inflammatory and immune responses (Kumar et al.,2011) TLR7
recognizes viral sSSRNA to induce a wide range of proinflammatory cytokines and
IFNs (Walsh et al.,2012). Here, we noticed the role of interferon- y (IFN-y) and
mechanism in immune response. Our results showed that there were significant
differences for TLR-7 at (0.001), where performed the least significant difference
(LSD) analysis to show its effect on the infection of gastroenteritis, which was
caused by a virus, including Norovirus and Astrovirus, where these viruses induce
multiple TLRs accompanied by excessive inflammatory factors production (Chi
et al.,2013). While in intestinal epithelial cells, TLR7 mRNA is up regulated By
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these viruses, suggesting that TLR7 mediates the inflammatory response during
infection (Wang et al.,2016). In addition, the DNA of these viruses stimulates
TLR3 signaling, which aids in the activation of macrophages and natural killer
cells (Zhu et al.,2015). In current study, there was a significant difference in the
relationship between interferon gamma and patients with gastroenteritis caused
by Norovirus and Astrovirus at probability level of (0.003) and this is consistent
with a study conducted in living cells on the effect of interferon gamma
laboratory, where they found that infection of cells with some types of
enteroviruses It triggers a response of target cells by increasing the production of
IFN-y (Arimori et al.,2014; Stegemann et al.,2018). IFN-y exerts its direct anti-
TGEV activity through a paracrine mechanism by which IFN-y from immune
cells act on TGEV-infected cells in vivo. The co-existence of IFN-y and IFN-o/3
in the local microenvironment of TGEV-infected. By analogy ,this is in
agreement with previous studies with herpes simplex virus 1 (HSV-1) and
hepatitis C virus (HCV) showing that the combination of type | IFNs and IFN-y
synergistically inhibits viral infection both in vitro and in vivo (Okuse et al.,2005;
Shan et al.,2019).

In the current study we evaluated the correlation coefficient between IFN-y &
TLR-7 and gastroenteritis patients from one side and Norovirus & Astrovirus
from other side, This is what a previous study indicated that an important function
of toll-like receptors (TLR) and interferon’s is the detection of microbes by host
guard cells that direct innate immune responses and adaptive cascades. In
addition to increasing the potency of antigen-presenting cells (APCs) thus

providing a higher immune response (Shonyela et al.,2019).
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