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Phenotypic And Molecular Investigation Of Some Virulence Factors In
Salmonella Typhi Isolated From Patients With Enteric Fever In Al-
Diwaniyah City.

Monther Lilo Radi 1: lilomundher@gmail.com 1; Asst.Prof .Dr. Hadaf Mahdi
Kadem 2 hadaf.mahdi@qu.edu.iq 2

Conclusion

The current study aimed to isolate and diagnose Salmonella typhi bacteria from
people with typhoid fever in the city of Diwaniyah for the period from
14/8/2022 to 14/12/2022, where 120 samples were collected distributed between
ages (1 - < 50) years and samples for both sexes. Pathological signs were also
detected by phenotypic and biochemical diagnosis and confirmed by Vitek and
16 SrRNA test using PCR technique.

The results of isolation during the study period showed that 51 samples out of
120 isolates were positive, 27% of which belonged to S. typhi bacteria and 16%
belonged to other bacterial species. The results also showed that 69 isolates were
negative for growth by 57%. The results also showed that the infection rate in
males is higher than in females, as the percentages for males and females
reached 65.5% and 34.4%, respectively. As for the age groups, the age group (1-
10) years gave the highest infection rate, which amounted to 34.37%, followed
by the age group (41-<50) years, with a rate of 28.125%, while the lowest
incidence rate was recorded in the age group (21-30) years of people with
enteric fever. This study included investigating the ability of 32 isolates of S.
typhi bacteria to produce virulence factors such as hemolysin, capsula, protease
production, and biofilm formation in two ways. The isolates also showed high
biofilm formation using the two methods, as it was 59.37% for the Congo red
acar method, while it was 81.25% distributed between strong and moderate for
the TCP tissue culture plate method.

The antibiotic sensitivity test was conducted, as the current study showed that all
isolates were 100% resistant to Ampicillin (AM) and Pincillin (P) of the B-
lactams group, and Cefotaxime (CTX) of the Cephalosporines. The resistance
was 93.7% for amoxicillin-clavulanic acid, while the resistance was weak or
non-existent for the group of Carbapenem antibiotics, which was 9.37% for
imipenem (IPM) and non-existent for meropenem (MEM), meaning that the
bacteria are fully sensitive. The results also showed that the resistance to some
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antibiotics of the Tetracycline group was low compared to the Cephalosporine
group and the P-lactams group. In Tetracycline (TE) it was 15.6%, and
Doxycycline antibody was 21.8%. Aztreonam (ATM), which belongs to the
Monobactams group, showed a high resistance of 96.8%. %, as well as high
resistance also appeared by 93.7% to Ciprofloxacin (CIP) and 56.1% to
Chloramphinicol (C), while the resistance was low by 18.7% to Levofloxacin
(LEV). In the molecular study, molecular detection of some virulence factors
genes (PrgH, PagC,) was carried out using PCR technique, as it was found that
the DNA of all isolates contains these genes by 100%. The results of some
isolated S. typhi strains showed the presence of genetic mutations of the non-
conservative type in the amino acids of the PrgH gene of the bacterial strain
0Q696845.1. It revealed the presence of one mutation for the amino acid
Phenylalanine F, which was replaced by the amino acid Lucene L. Given the
importance of Salmonella bacteria Salmonella typhi and its relationship to the
occurrence of infections in the stomach and intestines and its resistance to
antibiotics. The study aimed to isolate and diagnose Salmonella typhi from
patients in Diwaniyah.

Molecular detection of bacteria using PCR technology. And phenotype detection
of virulence factors. Detection of the genotype of some genes encoding
virulence factors using PCR technique (prgH, prgC). Analysis of the genetic tree
and the sequence technique of amino acids for these genes. Determination of
antibiotic resistance of bacteria.

Keywords: phenotypic, molecular investigation, Salmonella typhi, enteric fever
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sl sldal) oy oS iy 4y gudal) 48U Jana
Biofilm formation Adherence Mean O.D value
e e 5l Camia e <0.120
Jas sia L gia 0.120 - 0.240

LASY dplual) (and Lol 8
test

Clabaall Gal &Y L) 45 5k S, typhi @Y ) sl (8 dwleall s ol ja) A
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Molecular study 4z jad) 4l Al
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Determination of Antibacterial Susceptibility

Thermocycler Programmed to DNA
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daa a8 Cua thermocycler sl adcaall Jlea Jlaainls 3 jalill oy 33 A Je i (g jal
oLl cpadd) Jsaall G Jal e 32ay el p3a i 5 cddagioall Ciliall coin jleall

16 SFRNA gene |
Steps Temp. °C Time Cycle
Initial denaturation 95 5 min 1
Denaturation | 95 1 min
Annealing 55 1 min 35
Extension 72 2 min
Final extension 72 10 min 1
Steps Temp. °C Time Cycle
Initial denaturation 95 5 min 1
Denaturation 95 30 sec
Annealing 56 30 sec 35
Extension | 72 45 sec
Final extension | 72 5 min 1
PrgH gene
Steps : Time
Initial denaturation 95 5 min 1
Denaturation 94 30 sec
Annealing 58 30 sec 35
Extension 72 45 sec
Final extension 72 5 min 1
Pag C gene
Steps
Initial denaturation 95 5 min 1
Denaturation 94 30 sec
Annealing 55 30 sec 35
Extension 72 1 min
Final extension 72 5 min 1

DNA Sequencing ¢35 paaladl Judusd

sadall Julus Jeld o) a¥ Macrogen a8l 4 il ) deldl) i 6 clse Jla ) o
oald a8 e Al jall Al a2 DNA sequencing system Dles Jlaainls (5563l
AS il

b Jwainls (16 SIRNA, |, PrgH, Pag C) &gl cliall il Julas ¢ ja) &
Juaninly (alall Jiandll o3 lld 2ay dlal) il y e slaall bl S el 0 BLAST
.NCB-Gen Bank Submission
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Phylogentic tree 451 sl 3 )

Ay 3l Jdssl Molecular Evolution Genetic Analysis (MEGA) gl n paiiul
3adll a3 W (16 SIRNA, PrgH, Pag C) ddagivall cliall 1550 sl uld
.Neighbor-Joining Method 44 )l alasiuly 43 ) 1)
dE8LA) g =l
Om pabeel gl 55 (Al 5 Ay saall (el al sed e @ silay palidY die 120 pen il < el
5 S. typhi LSS 27% Ow e 5 A s ilS Aie 120 Jual (0 die 51 of i (50 > - 1)
57 % Aty s 92 Al ciilS e 69 o)) Liad liall ching s Al 4,85 ¢ 5N 16%
S 11 5 65.6 % 4y S, typhi LSy e S5 27 llia of Adlall ) jll il el
LS Ala) Y @ilS ais (1 -10) daesdl &l o)) L)l i) Ll 85344 0 A
4 yenll A5l Laiy 28,125 dpeis A3 (41 < 50) el 4dl) L3l 34,375 % 4w S, typhi
&3 Ao Qi Wiy 12,5 9% Ay Aias (31 — 40) 4y pead) 43dll 5 18,75 % Ay i (11 — 20)
(1 JS8) (21 — 30) A eal) &3dll 5 6,25 % Faniy el

H male

H female

f f f f f f 1
o = N w E) (6] (o)) ~N

1-10 years 11-20 years 21-30 years 31-40years  41<50 years

Crindl g 4y pand) LAY Caia Ae  ga Adilil) paadly Glbaall i g dlas (1 JS&)
4 panl) il 0,955 ¢ 0,039 = du gunal) Ay ginal) dad 0.666 ¢ 10.39 = s\S 22 0 4o
o ouiall g
(%5 A3 (5 gie die 4 gina CUBMIL) aa g) ) 300

Ol JuilaY) 8 calS Ailal) Al all 8 dbal) cVs aliee o YT jleeY) paan i pall Canay
L_uagsc\..uxj\)@\ e..\s:é\l.@_u.ud}’dsg\ju\ym(l 10)&4.:)4&\*&9 P«
M\JJCA@L:J\ odd i yi) N8 ch);Y\ 4 yaall il UA).:S\ ng.\:ﬂag_mﬂ | dh TAKY
Ay yenl) 23l s Sl sin B e sleel 335 cpdl) JULYI ) sy 3 (Saha et al., 2001)
s ol LS 8 sl A (41 < 50) o Al all sda A Ll all 2l Wl 3ladl A je SiSY)
(o) Jleall Cania ) AbaY) a5 2y 8

Morphological identification of S. typhi Al D gallall (g jgdiall il
lele Copaill 3 LSl jelaad) alliadll Ll “lilaicl S, typhi i) S salld) caasl

ais ozl JSi sl 3 siie da g Aol 53 A8 jaie ol S daal s Cilpae (S8 < yek 3 7 jene
&s¥1 U=l Blood agar s MacConkey agar Jie b ySall J ad o) 68 5 sall Jalas 51 aladi)

1300



2023 sl 9 2l dteladly dublonkn dl dullesdd] Gig@nell dundl pad] ddall

No.9 — Mayv 2023 Iraqi Journal of Humanitarian, Social and Scientific Research &L‘ J
. y Print ISSN 2710-0952 -Electronic ISSN 2790-1254

s Salmonella-Shigella (SS) agar L5 s Xylose lysin deoxy cholate (XLD) 2w s
Aoluadi of d0lan) bis S Bismuth Sulfite agar L s
A,y s delu 18- 24 33l Lgiian aay gl 5iuY) Ll o doa gl ) all clinal) (il o
dacls Ol yerive JS5 Blood agar a2 D81 lavy o (5 Sl saill jeda us 2° 37 50 5a
MacConkey agar S} S sSlall Jas g e ey g3l Ganl Ok Allae 58 doane 5 i
LS Sl penindd din sad jelay ale 1-3 ks (G5S0 5 ke ) bl jiual o5l & jels
s Bl 53 (52 )5 Ol a5 S ek ua SS agar s XLD agar s e
go ¢l ad Ol jexine IS8y Ll & jedas (H,S e gl e b Sl 68 ey el ol e
(2 Js) Bismuth Sulfite agar taw s Ao 2 gl 38 5

A

bugde -B Al duaell 10X 350 jeaall cani by i<l JSG - A Styph|b).&(2d5.u)
buy Je -E S.S agar bus e -D  MacConkey agar bus = -C  Blood agar
Bismuth Sulfite agar -u5 Je -F  XLD agar

A g alasiudy ) S palluadl yeblsal) g g sl i o) 3.4
Direct rapid identification of S. typhi by Vitek 2 compact

I Ay il asSll Vitek 2 Sles Uasd s bl Y 3all e ay puall G pil) aladia o

32 o Jsanll a3 dae )3l s Ay seaall pailaddl s d8lull Gl LY (e Ll Jpanll &

y‘.uua\a.u\wadj;‘.auy‘yd\ U\decd‘)s:SJ_&)muAStypmh‘).\Sﬂajud)c
Ay grall asl) il el

4 gaal) cilabiaall S, typhi LS Asubus
Susceptibility of S. typhi to antibiotics

s lme 12 35 CLST (2022) s &senll lsbinall fpndiaall (an a6l jaf o3
Kirby Bauer L}\;J\ U\JLAAM ua\j‘z’ oyl Z\s.a).Lu S. typhi L\).\S.\ da dl.u.u‘){\ Z\.a_al..;z

Amp|C|II|n (AM) Galeaad) L i B- Lactams ebS‘z’LueS\ iilias de gana (0 KAl
Amoxicillin 2bz=es <100% 4y ) Ay 32/32 Aagill <ilS 3 Pincillin (P) sl 5
Glbcad dawly Wl 93.7% 4wy e 32/30 mUll S s Clavulanic acid
4y Cefotaxime (CTX) sbad daglie LSyl cilsé Cephalosporin <l s sllawl

Al 32/32 &1 %100
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o8 Lasia ol dimun il Carbapenem dc sesal L Sl daglia of gl @ yell LS
Meropenem sbiadl & Wi 9.37% 4wy 32/3 <Y 3adl <l Imipenem (IPM) sl
i s «32/0 Y ) ilS 5 JalS JS dlua L S o) (sl da sana A il cilS 238 (MEM)
dc ganay 4jlie ALB S Tetracycline 4e sase Sliliae (axdd dagladl of Liad gl
Ay 5 32/5 @Y jall cuilS 238 Tetracycling (TE) dbiacd 2USYUL de gana g by ) o gllanl)
Of il cijelals 32/7 ¥ ol il s 21.8% 4awis Doxcycline (DO) bl 5 15.6%
Ale culs | il 4a i o) Monobactams de sesal 292y 3l Aztreonam (ATM) 2biaxll
duiy Ll 4lle clS Ciprofloxacin (CIP) sbcaal 4 gliall 5 <96.8% dawis ol 43 32/31
daniy 4 glaall < jels 338 |evofloxacin (LEV) sbaaall i W <32/30 Y el <S5 93.7%
<Y 3all 5 56.1% 4awis Chloramphenicol (C) sbaalls <32/6 <Y jall cuilSs 18.7% K
(3 Js5) 32/18

35 a0 Ao glia Cald Y jall ada it A gaad) Calabiaall &y Kl Y jall A glia Y amal Aagls
oda JAla Q¢ ga JJAJM\ ‘_A{: d}m Jale J};}M:&A}u\ 0 s s s MDR padxiall
(Ali, o G5 Ll o3a 5 2y i8Sl Y Jall G Coaad Al @l ikl e il ()5S 850 Y )
2015)

s Ampicillin <hiladd 4lle dagliae ekl S, typhi Lt S e gaes o) gl @ ekl
Oo Y Ao sendl N oases Al Amoxicillin-Clavulanic acid swzaes Penicillin
Cilay 33) LeSOlal () Cilabizaall o2g] Lgia glia (5 323 28 (5 sladl jlaadl (5685 e yigd Al Glaliaal)
Pencillin-binding proteins el ) 4ysall Cldliadl Jsas Ji 51 B-Lactamases
51 S, typhi @Y e abaae gl Gl ) e sllaandl ouilly Wi (Harwood et al., 2000) PBPs
A gL Sl ) clsliad) oda 3a3 Canaa ) 2ga3 a8 3l g 4y gaad) Calaliaal) s3gd daglia Lgasen
(Brooks, et al., B-Lactamases e 3 ddaul s diadd) aidasi ol PBPs bl ;Y1 adl s
2007)

Glabiaall B-Lactam 4als zis Sl Slay 3Y) (e Ae ganal 4send 4 B-Lactamases o)
Chbaal)l dee didand A 255 Gilaall o3 g dalall oda ) ele Ay ja dilia) Gask e gl
OB Ol salladl by 3 & (Abrescia et al., 2012) Cephalosporin_ penicillin Jis 43 sl
Gl 3] Aol g1 ath ) JS00 o8 Cephalosporln; pen|C|II|n Jis B-Lactam labias da glaa
Al ) Al 83 WS .(Mlcheal et al., 2006) <lbadll s3a Jae Jhat Al B-Lactamase
S. Ve 0 78% of oaall 3 Wang et al. (2003) 5 Jilll & Cortez et al. (2022)
Wy 2 Bacci et al. (2012) alal 0l 4wl Wi Ampicillin sbaal 4aglae <ilS typhi
Ampicillin sbiaed 4 slae aall (e 415 jrall Sl gallall Y3l (10 128 33,30 o LaaY b

delia B-Lactam labiae el ‘"_,_“J\J Carbapenem <labiaed 431G de ganall 3l < ekl
O30S 3% caluill thiazolldine &als & <y <15 )0 Jlasa) 8 cpludd) e LS 5 8 Calids
Alcaal dagliall dagama < A5 9.37% A Imipenem obadd Leheglie il &l
G S B-Lactamases <las i) ddavl g Leaia &3 B-Lactam e slie alaaa o) . Meropenem
paall B-Lactam grisal o8 ) 13gd 4dall jlas Siley 350 Lol )V (e Leziad 5 B-Lactam 4dls
sl s p-Lactam 4dls Jsa 4lesll de gendll doad U5 (e Carbapenem sliadl
& Lla s cilaladl oda cali (Giguére, 2013 ; Fadil, 2019) B-Lactamases e x4
B- ey i) ellias il g ol S daal Aladl s das sall Uy an Allad L3y A el Ciladlall
m Aaul g sl ) Imipenem Jie Glalcadl o3 acadi 88 (<1 [actamases
058 o deing T e € 50 500 ) 5 53 5 4 5ISN) lill 8 5 s 5l dehydropeptidase
.(Karen, 2015) 4Kl
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A S Al 5 AN laad) 0 oS5 Jadaat e “Ladl Jaad i) Monobactams de saxs Ll
O35S 96.8% Gty sliadll 3¢l Ale daglia S, typhi ¥ e < jelal S8 Aztreonam sbiae Jic
o2 (Sldalu ye 5 Lelia leawd oy ol 5 lee 55 (e 3y 8 B-Lactam 4als (e ()5S Cilabiaall 28
138 85y 288 dzadiiae ()5S3 A Ao liall ol i) el csala miba sl o 5 el Cani 38 lalizanl)
sl Cephalosporin s Penicillin s daslun e O sl (Al (aza all 23kad Sy ¢ sall
Oe LS e claliaal) o3 Llis paeat e bl <l (Karen, 2015) Carbapenem
<l ) s sl s Amoxicillin-Clavulanat s Ampicillin Jis caagll a8 sa M) L s s S
o Sl SGN Jadl e i s Cefazidime s Cefotaxime s Cefoxitin Ji
(Gigueére, 2013) <y ) sa sllapd)

Jie Gaig ol 0288 Lals Al Glaliadl) de geas ) 2523 Al Tetracycline e seas o) WS
o3 olad ALl daglia S, typhi oY e ekl 2 Doxycycline s Tetracycline <lalcas
Acaal Lol 1 daglie ¥ 3al) Cipelal 5 il e (21.8% 5 15.6%0) cawis s laliaall
18.75% Ay 5 (5 551 aalad) (4 Sl Adadiall Cilabiaal) de gana ) 2523 53 Levofloxacin
Cua iyl daal 7 jdad Tangd JKE 4 eall Clabiaall A gl gl WY Gl Ciaual
el Laall 350y Aaglia ()5S Sl MDR saaxiall 45000 e slialls S, typhi LSy <
oA dxlall 45,0915 Aminoglycoside s Cephalosporin s Ampicillin Jie JsY!
JulaY) & Aala (o el 13 Ll ¥are 534 ) ) sl lae i sl aa el 2 DlaS dadiivuall
(Fadil, 2019) 23l & gus (30 ¢ silag 323l 5 Ausal A (pus (50

4 gall laladll S, typhi LS s 5lia (3 J5)

- 100
- 80
- 60
- 40
i - 20
LEV CIP

0
CTX | AMC | ATM | IPM | MEM TE
Cephalosporine B-lactam Lnobacta s Carbapenem FIuoroqumoIoni‘anaramphlnLcoﬂ'etracycllnes
053 Aaial 05l i

AV (5 sle die 4 gine QMRS aa ) #( = D sl 4y ginall Al 260.6 = S 220 dad
(%5

S. typhi LS A 8 gl pall Jal e (o g phaall Ciisl) 5.4
Detection Virulence Factors of S. typhi
Haemolysin production s saell 75 (1.5.4
Oy sanel) =15 &1 S, typhi @Y e aaea o) Haemolysin 5s) pall dale sl il < ekl
(Flayyih, 2017) 4wl 0 44l cilia 5i e ae geiliall 028 sl Cua (5-4 J 2
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Capsule production adaésall e 2iSll 254

Al ) e il o2 i) a4l g€l LY din g0 K S, typhi DY e gaen o gl iy
OY LSl anal jaY degall 3 5) puall Jal se (e iia ddaiaall £l ) @ S3 N Huda (2021)
(e capsule idaisal) ks Callss | 4y Sl Al mhan s 4d)) dadi Ak Jiad ddaisal) ke
sl e Leaiaai oy il a5 ) e dalE Gl el e 3ke (CPS) samie cily Su
i pallialls Ala) & gaad aga 35 um Jule 58 Vi antigen o .(Flemming, 2016) &<yl
(Seth-Smith, 2008) SPI-7 i sallusll &uual 5a¥1 5 ol b o i iy Capm Ll
Protease production sl zW) .3.5.4

g Al o3 i) Cum AN A it ) g W S, typhi Y e aea o gl @ ekl
(2 Jsx>)(Angham, 2015)
Biofilm formation sl eliall (<3 454

BRSSP PN N T |

Cua gl eldall (oS3 o Ui )08 48 el HLAAV) 13 S, typhi (e e 32 gliad) o
CrsSil Aplag) dagi IS Al sl el g O jertie JSG 59,37 % Al Al e 19 & eh
OpsSE LAY Al Aaii ey W 5 505 (sh AY) Ol yanioall G jeh a8 (5 sl oLER))
(4 dS.;i) ij;\aj\ ¢Lial)

Aa L Al Aol )l Gedeln 48 any a1 i &I ISTAG) Jhay (g ol cLiall 0y S5 (4 JS3)
LS e (B s oall) s sl eLaall S e Ly 530 Jiay (A #5a)) S, typhi Sl o° 36
g sl oLl 45 Ko

Tissue Culture Plate method 4awd¥) 4], 4a gl 43y )b -2
Aani¥) de) ) Aa gl ARk aladinly & gal) B8 (S8 e S, typhi LS 58 LAl
.(Stepanovi¢ et al., 2007) s zuull < e 3 5 micro titer plate Lad <y (TCP)
Curli <5 Vi antigen 5 <bY &l asla s 5Ll S, typhi LiSl 4 saall 4038 ety
i <y (Gibson et al., 2006 ; Jonas et al., 2007) 4 sl dpie YU ddasi yall <l 5 jll
s IS8 455K A pSall Y Sal) (e 32/12 ) 3583l Ay phall aladinly & gal) a2 V) 0 oS5
iy 32 e e 14 (8 Ja sia (g sl eLiall (50685 OIS a8 37,500 dniy s 5 sl cLiall
2 (2 Jsan) (2 Jsan) sl cliall datia ye g Admn colS L 32/6 5 43.75%
S. typhi LS <Y je 83 pall Jal se (any

S. typhi No. 32
89l paall Jal = positive 4 sall < jal) negative Adbud <Y el
Virulence factor isolates isolates
No (%) No (%)




2023 Ll 92l dontelidly doelonkd 19 dotbonid] i ginadd dod| i) delal)
No.9 — May2023 " e o e e o e asor o
Haemolysin 0 I 0 32 | 100
Vi-Capsular 32 100 0 0
Protease 0 0 32 100
Biofilm Strong 12 375 20 62.5
formation Moderate 14 43.75 18 56.25
Weak or 6 18.75 26 81.25
non
S @ dad 100.87
4 gizall Aol 0*
4 gl

5% Y2 (5 siua die 4y gina CENEA) 2a 53

<Y el (e (34.5%) O | skaaY (A (Farahani et al., 2018) 4w )y ae gl oda i)
sliall Le ye ol dbma (5.7%) 5 dansia (59.6%) 5 sl cliaall &y datia culS
<Y el (e (66.6%) o < Sy (Al (Huda, 2022) 4wl e ae il oda Cidlidl g (5 gaal)
ol oLaall i Sy ol A € 4, i)

Al e 5 dle ccana) Jals Lilad lage Sldle day (5 sl Lial) 0 o5 e 1 S0l 5 508 )
daladl e eliaill y Canzaall doeliadl clilain) 4 Lgua ) g2 Ay sl e ) asa g ol
Ale 3 ga s e Sl Al e sl Cadl LS .(Hall-Stoodley & Stoodley , 2009) (= el
(Gilbert et al., 2002) LS.l %unl‘ LY 0 & e 3l 5 4 gaal) Claliad) daglia G
LS & gaal) labiaal) J g s e | 4 guall 432 Y) o) Curtiin et al. (2003) Al <iiS 3)
YLl 4 lladl) elli e e (g sl oLiall daiiall G S e pliaill 4 gladll 380 53 () WS
e gliall Ly SN YDy Ao Al 4y gall Apie W) (0 6S5 8 1A A gaad) A W) i Y ) A syl
e S, typhi LS 5,8 a5 4le 5 (Chauhan et al., 2016) MDR 4:sall cilabiaall
A @l a5 iy HSd) aaeie (e 435Sl capsule Adaisall LS elidl il g i by ol
G817 ke ddaiaall 3ga g pe Alla B s Ll (el i o oS S, typhi of sk
PES gl &)J‘\_ILIAJ UJS".. ﬁodﬁj u\ UA\)JS\ us.m.. \mem (5.\1.3} J)A‘ﬂggj:\ﬂ\ cLaall
.(Wain et al., 2005 ; Somda et al., 2018) awall Jala Jshi 5yl L S o188

Molecular Study Ay ) A Al

(1500 base (s> leana 5 16S RNA O o daasadadl Clisall o) gial (e SUl B
bl Casi i il Cuelal L S £l g paea 3 3sa sl 316l Al DNA o< pairs)
e iy Sl 16S rRNA Gl (e S, typhi LS e 48 e &Y 32 10 J DNA 4l
i Aals ol ge (385 150 Ll 165 rRNA Crall aiil 55l (5 ,aY) duallall gl yall
4 siall Lol (e (iU NCBI ¢« (BLAST ) de il sal g Lt o jiil) e gill DLl
A8 yall Y 3l Y (g (100 — 95) On Lo a3 Al <Y dall VB g ol
S alle a8 ey dallall ciliad) @iy Lo &5 40 jlad) 2ay s (s AT dpalle @Y
«0Q357576 «0OQ357575 «0Q357574 «0OQ357573 «0OQ357572) & Sl e
3_adll st adie) 5 (0Q326509 «0Q326508 «0Q326507 «0Q326506 «0Q326505
S. LS e calsll ool (53l 5 16S rRNA cpall Juiall dudeall e glaill 5 ¢ gdall 435 5l
Neighbor-Joining 4& kb alaiiuly Leaw ) &3 am g (MEGA 11.1) b pladiuls typhi
(5 J&) Method
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. OQ326506.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq
. O0Q326509.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq
. OQ357575.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq
. 0OQ357576.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq
MK341704.1 Salmonella enterica subsp. enterica serovar Typhi China

. OQ357573.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq
. OQ357572.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq
. 0Q357574.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq
LRS90082.1 Salmonella enterica subsp. enterica serovar Typhi UK

MK484110.1 Salimonella enterica subsp. enterica serovar Typhi India

MN726567.1 Salmonella enterica subsp. enterica serovar Typhi Pakistan
MN726572.1Salmonella enterica subsp. enterica serovar typhi Pakistan
MN726574.1Salmonella enterica subsp. enterica serovar Typhi Pakistan

MTO75685.1 Salmonella enterica subsp. enterica serovar Typhi Pakistan

MZ773245.1 Salmonella enterica subsp. enterica serovar Typhi Pakistan

OP177665.1 Salmonella enterica subsp. enterica serovar Typhi India

r . OQ326505.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB lraq

a5 | & . OQ326507.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq
. 0OQ326508.1 Salmonella enterica subsp. enterica serovar Typhi strain MHQEB Iraq

S. typhi &Y axsiall 16S rRNA O sl (e 4y shaill 4350 gl 5l Jalas (5 JS5)
Lpalladl Y 3l g Alaall Y 3l ol (sae ekl Al
S. typhi 39l s Jal gad Al sl cidsl)

Genotypic Detection of S. typhi Virulence Factors

A3l S, typhi LS e die 20 J b5l all dalse Clia (e PCR W) ¢l a) o
6550 Gaalall 5 ame 330l Jaat 3l Aalxid) (PrgH, PagC,) cbuall 4aal) 5 duale) ciliall)
The genes of  4xal¥) all dhadall cliall Calagiul o Auaall el
ool Gesa ey oA PagC 5 PrgH S, typhi LY Island  Pathogenicity
Jie S. typhi LS dual jely ddagi jall Glindl (10 de gene el Jlly PAIS dnil jeY)
(InvA, OrgA, PrgH, SpaN, Invd, SipB, SitC, PagC, msgA, SpiA, SopB, IpfC,
o it LSl DNA (0 30 el JS5 <5 Al (Marcus et al., 2000) SifA)
Jal g2l o3 (pe ST o aal o 588 o) saal sl Aadadll Ky G 35 puall ol ga Adasi yall Cilinal)
.(Jerod et al., 2006) &Y Jaill e a sl ) LK by o Jaisal e Sl

s PrgH 5 PagC it Ay paall il ) Allad) 4 ol 3 PCR Jelé il iy
(Jerod et al., 4ulyn go il oda Ci€ Cua (7 JS&) 5 (6 JS3) DY el 22ea1 100 %
Jaly el & Wil eSS il sl s3gd Al all Gline aes @l @ S3 Al 2006)
Aadasl Al due ) cilils Gl sy eds das e PrgH ol o) aas G ¢ 5all s LA
238 a3 ) <Ll 2 AL-Quraishi (2018) a2 (S Wi (TTSSs) il g il (e 51_3Y)
sl e PrgH 5 PagC i 91.4% 554.2% il sty (81 A g jaall il 3 el
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PCR el (e 425Ul o 52383 31 9 G sbal) (1.5%6) 39083 a3 (A gsl) Jaa ) (6 )
3> (.8 ad 454 bp e il y PagC ¢l 4kl cllidllls Aadadl) S, typhi < sl
4881 60 32al g el La 80 i 8 100

IR

PCR ol ¢y 425U o 5231 Saa g O slall (1.590) 59083 gl (Al dun 5 (7 J2)
3> (34 ©al 756 bp W gl g PrgH ¢pad bl sl Aadlaal S, typhi < !
4881 60 3aad el Le 80 Uiy <55 100

oaS LJE sa s e AN elie gy ) jadall PAagC Gl AN b el Jilad ekl

DL Aali; 0Q696846.1 Alaadl ADLL i dudladl VL (e de sendl

dpllay il 4Sleall EDHB119415.1 ALl s A8 5aY) sasidll Y 5l WP000789474.1

EEM1469327.1 A3l dauilly o lail) 3agy <uilS Lty EGI1810692.1 4zl A1) &l
(8 JS8) Aty al) ASkeall o o Gl ECD1077532.1 &l

EGI1810692.1 virulence membrane protein PagC Salmonella enterica subsp. enterica serovar Typhi Canada

EDH8119415.1 virulence membrane protein PagC Salmonella enterica subsp. enterica serovar Typhi UK

100 WP 000789474.1 virulence membrane protein PagC Salmonella USA

. 0Q696846.1virulence membrane protein PagC Salmonella enterica subsp. enterica serovar Typhi Iraq

EDR7757160.1virulence membrane protein PagC Salmonella enterica subsp. enterica serovar Typhi USA

EEM1469327.1 virulence membrane protein PagC Salmonella enterica subsp. enterica serovar Typhi UK

ECD1077532.1 virulence membrane protein PagC Salmonella enterica subsp. enterica serovar Typhi UK

0Q696846.1 4hull S. typhi LiSsl PagC ¢ 45181 5l Julas (8 Js)
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Al WD PagC o 4l (alal abill Jalaall Jdad gl o ekl
sl 5 A 8l pallall YL (e de sana e A5 lie 3gh (5l 2sa s e 0o 0Q696846.1
(9 JSa) Al B il el Laagaas 5 Al

20 40

| I
@® 00696846.1 N.lGlNlll. l Ilsplsll aPscslESEc 50
wP_000789474.1 NERGMNNMEKER BsPUSEN apscsSHESEG 50

EDH8119415.1 NERGMNMKNR llllsplsll apscsSlESEG 50
EDR7757160.1 NERGMNMKNR NMEBBSPNsSEN apsGcslESEG 50
EGI1810692.1 NERGMNMKNR | |sP|s|| aPsGcslESEG 50
ECD1077532.1 NERGMNM PESER QPscslESEG 50

S
EEM1469327.1 NERGMNNKNR NEBDSPMSEN apscslESEG

Consensus NIRGVNVKYR YEDDSPVSFI| SSLSYLYGDS QDSGSIESEG IHYHDKFEVK

100%
Conservation | | |
0%

60 80 100

| | |
@® 006968461 licSEvEGPAN RESBNESENA BAcNGTHEERAT IIIIATQIGI SESNENsSsSER 100
wP_000789474.1 MGSEVMEGPAN RESBNESENMA EAGNGTHMEAT HATQBGE SESNKESSRK 100
EDH8119415.1 MGSEMEGPAN RESBNESE¥A HAGNGTHMKAT sEsNKNssRE 100
EDR7757160.1 MGSEMMGPAN RESBNESENA BAacNMGTHEAT B sEsnKlssRK 100
EGI1810692.1 MIGSEMNMGPAN RESBNESENA EAGNGTHEAT SEsSNKNsSSRE 100
ECD1077532.1 MIGSEMMGPAN RESBNESENA BAGNMGTMEAT E SESNKESSRK 100
EEM1469327.1 MIGSEMMGPAN RESBNESENA EAGNGTHMEAT EKEHATQBGE SESNEKNSSRE 100

Consensus YGSLMVGPAY RLSDNFSLYA LAGVGTVKAT FKEHATQDGD SFSNKISSRK

100%
Conservation | |
0%

120

|

® 0Q696846.1 TGHAWGAGHA
WP_000789474.1 TGHAWGAGHQ
EDH8119415.1 TGEAWGAGNQ
EDR7757160.1 TGEAWGAGNQ
EGI1810692.1 TGEAWGAGNQ
ECD1077532.1 TGEAWGAGHQ McHEGsnliss TKAN 134
EEM1469327.1 TGEAWGAGHa McEEcsnliss TKHEN 134

Consensus TGFAWGAGVQ MNPLENIVVD VGYEGSNISS TKIN

Conservati;:% | |
A SN ABLATS, typhi LS PagC ol Aaied) (rabead dlulual) 45 e G (9 JS)
AT Llle @Y 10 0Q696846.1

0Q696845.1 Alaall A 41 5l 3 jadll Jilas @ilis & jelal 388 PrgH gpall daally Ll

iLdls EHQ9162075.1 A€l leie dpallall WL (e paell L& caall 13

s EEM9241234.1 dulay pll ¥ e Tam ol g€ Law PUGT70842.1
(10 Js&) ECD7318704.1

PUGE5808.1 type lll secretion system inner membrane ring protein PrgH partial Salmonella enterica subsp. enterica serovar Typhi Brazil

McHEGsSNliss TEEN 134
MGHEGSNlss TKEN 134
NGNEGSNESS TKEN 134
NGMEGSNiSs TKHEN 134
MGNEGSNss TEEN 134

PUGT70842.1type Ill secretion system inner membrane ring protein PrgH Salmonella enterica subsp. enterica serovar Typhi Brazil

EHQ9162075.1 type lll secretion system inner membrane ring protein PrgH Salmonella enterica subsp. enterica serovar Typhi Canada

. 0QB96845.1type Il secretion system inner membrane ring protein PrgH Salmonella enterica subsp. enterica serovar Typhi Iraq

EHK2169259.1 type Ill secretion system inner membrane ring protein PrgH Salmonella enterica subsp. enterica serovar Typhi Canada

s EEM9241234.1 type |l secretion system inner membrane ring protein PrgH Salmonella enterica subsp. enterica serovar Typhi UK

ECD7318704.1 type lll secretion system inner membrane ring protein PrgH Salmonella enterica subsp. enterica serovar Typhi UK

0Q696845.1 DA S, typhi LSl PrgH  cesl &5l 5 il Jilas (10 JS4)

Cus 0Q696845.1 dalaal) Al PrgH sl dsiel) Galead el duladll Jilas 5 5o
<Ol g (Phenylalaning) F o) Jad S (aalall aa) 95 jika 3 a5 (e aeilial) GaiS
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