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Abstract

Salmonella spp. are among the major causative agents of foodborne illness. Conventional microbiological
methods are effective for pathogen detection and isolation but have limited ability to assess the genetic
relatedness among isolates recovered from different samples. This study applied Nanopore whole-genome
sequencing to assess the genetic relatedness among Salmonella spp. isolates recovered during a banh mi-
associated foodborne outbreak in Vietnam. A total of 16 outbreak-associated samples, including food and
clinical specimens, were tested for common microbiological hazards and bacterial toxins relevant to foodborne
outbreak investigations. Ten of the 16 samples were positive for Sa/monella spp. The recovered Salmonella
isolates were subjected to whole-genome sequencing and bioinformatics analysis to assess read quality,
genome assembly characteristics, serotype, multilocus sequence type, plasmid profile, and antimicrobial
resistance-associated genes. All ten isolates were identified as Salmonella enterica serovar Enteritidis,
belonged to sequence type ST11, and showed highly similar genetic profiles. Single nucleotide polymorphism
(SNP) analysis revealed pairwise distances of 0 - 6 SNPs, with several food isolates showing identical SNP
profiles to isolates recovered from clinical specimens. These findings indicate a close genetic relationship
between the food and clinical isolates and provide genomic evidence supporting the epidemiological hypothesis

of a common exposure source in the outbreak.
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Application of Nanopore whole-genome sequencing to analyze the genetic ...

Ung dung giai trinh tu toan bé hé gen bang cong nghé Nanopore trong phan tich
mai lién hé di truyén giiia cac chiing Sa/monel/a spp. lién quan dén vu ngd doc
thuc pham do banh mi tai Viét Nam

Pham Ngoc Ha', Nguyén Phuong Thio!, Hi Anh Thu!, P§ Pirc Huy?, Nguyén Thanh Trung'
1Vién Kiém nghiém an toan vé sinh thuc phcfm quéc gia, Ha Noi, Viét Nam
2Truwong Pai hoc Khoa hoc va Cong nghé Ha Noi, Ha Noi, Viét Nam
Tom tit
Salmonella spp. 1a mot trong nhimg tac nhan quan trong gy ngd doc thuc pham, tuy nhién, cic phuong
phap vi sinh truyén thong chii yéu cho phép phat hién tac nhan ma chua du kha niang danh gia mdi lién hé di
truyén gitra cic chung phan 1ap tir cac mau khac nhau. Nghién ctru nay ing dung giai trinh tu toan bo hé gen
bing cong nghé Nanopore nham hd trg danh gid mdi lién hé di truyén giita cic ching Salmonella spp. trong
mdt vu ngd doc thuc phém lién quan dén banh mi tai Viét Nam. Téng s6 16 mau thuc phém lién quan dén vu
viée duge xét nghiém céc chi tiéu vi sinh va doc t6 thuong gip trong diéu tra ngd doc thuc pham. Két qua cho
thdy 10/16 mau dwong tinh v6i Salmonella spp., trong khi phan 16n céc chi tiéu khac am tinh hodc & mirc thép.
Céc ching Salmonella phan 1ap tir cac mau duong tinh dugc giai trinh t toan bd hé gen bang coéng nghé
Nanopore va phan tich tin sinh hoc dé xac dinh chat lugng dir liéu doc, dic diém lip rap hé gen, kiéu huyét
thanh, kiéu trinh tu da locus, plasmid va cac gen lién quan dén khang khang sinh. Két qua cho thdy 10 ching
phan lap déu dugce xéac dinh 1a Salmonella enterica serovar Enteritidis, thudc kiéu trinh tu ST11 va ¢6 hd so di
truyén tuong déng. Phén tich da hinh nucleotide don (SNP) cho thiy khoang céach giita cac chung dao dong tir
0 dén 6 SNP, trong d6 mot s6 chung phan 1ap tir thuc pham c6 kiéu SNP gidng hét cac ching phan 1ap tir bénh
pham. Cac két qua nay cho thdy cac chung phan lap tir thuc phdm va bénh pham c6 méi lién hé di truyén chat
ché& va cung cip bang ching hé gen hd tro gia thuyét dich t& hoc vé mot ngudn phoi nhiém chung trong vu
viéc.
Tir khéa: Salmonella spp., ngé déc thiee pham, banh mi, gidi trinh tw Nanopore, méi lién hé di truyén, gidi
trinh tw toan bo hé gen

1. PAT VAN DE

Salmonella spp. 1a mot trong nhung mam bénh vi khuén quan trong lién quan dén ngo doc thuc pham trén
toan thé giéi. Theo TH chirc Y té Thé glO’l (WHO), Salmonella nam trong sé cac nguyén nhan hang dau giy
bénh tiéu chay do thuc pham trén toan cau, trong khi Trung tim Kiém soat va Phong ngira Dich bénh Hoa Ky
xac dinh Salmonella 1a mét trong nhitng nguyén nhan hang dau gay bénh, nhap vién va tir vong do thuc pham
[1], [2]. Tai Viét Nam, mot s6 vu ngo doc thye pham gan day ciing da thu hit sy quan tdm dic biét dbi véi vai
tro cua Salmonella trong cac san pham banh mi an lién. Nam 2023, vu ngo doc lién quan dén banh mi tai Hoi
An da ghi nhan 313 truong hop nhép vién; qué trinh diéu tra phat hién Salmonella trong mot s6 nguyén ligu
thuc phém, bao g6m thit lon, rau va rau thom [3]. Nam 2024, vu ngd doc khac dién ra tai Long Khanh, tinh
Béng Nai, lién quan dén hon 500 truong hop nghi ngd ngd ddc sau khi tiéu thy banh mi. Tai day, cac cép nhat
chinh thirc bao c4o rang 4/8 mau thuc pham, bao gom pété, thit lon ché bién, gid lya va rau cii mudi chua,
duong tinh v&i Salmonella [4]. Cac vu ngd doc lién quan dén banh mi & mién Nam Viét Nam tiép tuc ghi nhan
céc mau bénh pham 1am sang duong tinh v&i Salmonella, bao gdbm céc trudng hop tai Viing Tau va Bong Thap
[5], [6]. Céc su cb an toan thyc pham trén cho thiy thyc trang nhiém Salmonella trong nguyén li¢u va banh mi
thanh pham 14 van dé dang quan tam tai Viét Nam, qua d6 dit ra nhu cau cap thiét vé cac cong cu kiém nghiém
phong thi nghiém khong chi hd tro phat hién mam bénh ma con phuc vu cong tac truy xut ngudn gdc trong
qua trinh diéu tra ngd doc.

Cong tac didu tra ngd doc thuc pham doi hoi sy phdi hop ddng bo gitra thong tin dich t& hoc, lich st tiép
xuc thuc phém, diéu tra truy vét va xét nghiém kiém nghiém. Theo do, viéc phat hi¢n vi sinh vat gay bénh
trong thuc pham nghi ngd 1a ¢t 16, nhung thuong khong di dé ching minh liéu cac chung phén lap tir cac
méu khac nhau c6 lién quan v& mit di truyén hay xudt phat tir mot ngudn nhiém chung. Trung tim Kiém soat
va Phong ngira Dich bénh Hoa Ky (CDC) mé ta quy trinh diu tra ngd doc thuc phdm 1a mot qué trinh nhidu
budc bao gé)m phat hién cac chum ca bénh, xac dinh tac nhan gay bénh, diéu tra tiép xuc thue phém, hoat dong
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truy vét va xét nghiém mau thyc pham, méi truong hodc 1am sang [7]. Mic du nudi cay vi sinh truyén thong la
nén tang dé phat hién va phan 1ap Salmonella tir mau thyc phdm, phuong phap nay cho thiy han ché dbi véi
truy xuat nguon gbc do khong cung cap thong tin & mirc do hé gen vé mdi lién hé giira cac chung. Do d6, giai
trinh tu toan bo hé gen (WGS) da tré thanh cong cu quan trong trong diéu tra ngd doc thuc pham, cho phép so
sanh cac chung vi khudn & d6 phan giai cao va c6 thé gitip phan biét cac ching lién quan d&én vu ngd doc vai
céc ching nén khong lién quan. Co quan Quén 1y Thuc phim va Duoc phdm Hoa Ky (FDA) 1a t6 chirc da tng
dung thanh cong WGS d¢é so sanh cac chiing phan lap tir bénh nhan, thyc pham va mau méi truong, qua d6 hd
trg xac dinh ranh giéi vu ngd doc, quy két ngudn gdc va diéu tra truy vét [8].

Hién nay, cong nghé gidi trinh tu h¢ gen doan dai Nanopore thu hat sy quan tdm ngay cang 16n trong linh
vuc diéu tra mdm bénh truyén qua thyc phém nho kha ning tao ra cac doan doc dai, hd tro quy trinh thao tac
nhanh chéng va cung cép dir liéu phit hop cho viéc lap rap hé gen, du doan kiéu huyét thanh, phat hién gen
khang khang sinh, phan tich plasmid va danh gia méi lién hé di truyén. Quick va cong su da ching minh rang
giai trinh ty Nanopore thoi gian thyc cho phép quan ly nhanh céac truong hop ngd ddc do Salmonella Enteritidis
gdy ra tai bénh vién [9]. Li va cdng su da ap dung cach tiép can tuong ty vao nam 2022, truy xuét vu ngd doc
do Salmonella Typhimurium gay ra tai Trung Qudc bang k¥ thuat metagenomic [10]. Taylor va cong su d ap
dung giai trinh ty doan dai da mau dé thu hdi toan bo hé gen va plasmid tir cac mam bénh thuc phém, bao g@)m
Salmonella va Escherichia coli O157 [11]. Trong mot nghién ctru sir dung giai trinh tu Nanopore da mau, Wu
va cong sy da dy doan kiéu huyét thanh va gen khang khang sinh trén 69 kiéu huyét thanh Salmonella [12].
Rheman va cong su da déc trung hoa E. coli va Salmonella khang khang sinh tir hai san [13]. Bogaerts va cdng
su da chi ra rang cong nghé Nanopore ONT R10 cai tién két hop vdi phan tich da hinh nucleotide don (SNP)
cho két qua trong duong véi Illumina ddi véi phan tich vu ngd doc dua trén SNP ciia cic mam bénh vi khuan
ngoai Salmonella [14]. Cac nghién ctru ndy cho thay giai trinh ty Nanopore c6 thé hd trg dinh danh vi khuan
nhanh, du doan kiéu huyét thanh, phan loai dya trén dinh loai trinh ty da locus (MLST), phat hién gen khang
khang sinh, ddc trung hoa plasmid va phan tich mdi lién hé di truyén.

Béanh mi 14 loai thue phdm thuong duge cAu thanh tir nhiéu thanh phan in 1ién khac nhau thay vi 1a mot san
phém déng nhét don 1é. Céc thanh phén phé bién bao gém banh mi bot mi, mot hodc nhiéu loai nhan giau
protein nhu cha bong (rudc), cha lya, xuc xich hodc thit nudng, pate hodc cac loai s6t bo, rau tuoi hodc rau
chua (dua gop) nhu dua chudt, ca r6t, su hao, rau mui, duoc ban 1é truc tiép tai diém ban duong phé. Do su
nhidm ban cua mot nguyén lidu thanh phan c¢6 thé 1am mat tinh an toan thuc pham cua san phdm hoan chinh,
cAu trac dang to hop nay la nguyén nhan cbt 131 dé cac cudc didu tra vu ngo doc hién tai tién hanh thu thap va
kiém nghiém riéng 1é timg nguyén liéu banh mi ciing v&i cac mau 14m sang lién quan nham khu tra chinh xéac
ngudn 6 nhiém.

Hién nay, cac cong bd vé viéc ing dung giai trinh twy WGS Nanopore trong diéu tra ngd doc thuc pham va
truy xudt ngudn gdc hé gen dbi voi Salmonella tai Viét Nam van con han ché. Vi vay, nghién ciru nay duoc
thuc hién nham budc dau ung dung cong nghé giai trinh tu toan bd hé gen Nanopore trong viéc dic trung hoa
cac chung Salmonella phan 1ap tir mau thyc phém lién quan dén mot vu ngo doc thuc phém do banh mi tai Viét
Nam, v61 muc ti€u xac dinh kiéu huyét thanh, kiéu trinh tu da locus, hd so plasmid, cac gen khang khang sinh
va méi lién hé di truyén gitra cac chung lién quan dén vu ngd doc.

2. VAT LIEU VA PHUONG PHAP
2.1. Béi canh trwong hop ngd doc thue phim va mé ta miu thir nghiém

Vao thang 4 nam 2026, mdt vu ngd ddc thuc phém nghi ngo da xay ra tai mot xa thudc tinh Nghé An, Viét
Nam. Theo béo céo diéu tra ngd doc ban dau, su viéc c6 lién quan dich t& hoc dén viéc tiéu thu banh mi va cac
nguyén liéu ban tai mot co so kinh doanh thtre dn duong phd. Cac bira an nghi ngd dién ra vao ngay 16 va 17
thang 4 ndm 2026. Ca bénh dau tién ghi nhan triéu chimg lic khoang 20:00 ngay 16/04/2026 va ca cudi cing
khéi phat triéu ching luc khoang 11:30 ngay 18/04/2026. Tong s ghi nhan 32 ca mic, khong c6 truong hop
tir vong. Céc tridu chimg 14m sang chinh bao gdm nén mira, dau bung, tiéu chay nhidu 1dn, mét moi va sbt &
mot s trudng hop voi nhiét do ghi nhan tir 39 - 40°C.

Doi diéu tra dia phuong di 14p danh sach tuyén cia tat ca 32 truong hop, ghi nhan ngay/gid n bira an nghi
ngo, ngay/, glo khoi phat tri€u chirng va ngay/gio den co soy té cua tlrng truong hop. Cac bénh nhan sinh séng
réi rac & nhidu xom/thon trong xa, pht hop véi ngudn phoi nhidm gén lién v6i mot diém ban chung thay vi mot
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ho gia dinh don 1¢. Toan bd 32 ca mic déu khai thac c6 an cung mdt loai banh mi thép cAm nhiéu nhén, dugc
chuén bi véi su két hop nhét quan g@)m: pate, thit nudng, cha lya, xuc xich, rude (cha bong), su hao ngdm chua,
ca rot va sbt. Co so kinh doanh lién quan 12 mot quiy hang duong phd da ban khoang 700 suat banh mi, trong
d6 c6 khoang 500 suat loai thap cam, trong giai doan tir 16 dén 17 thang 4.

Céac mau lién quan dén vu ngd doc dugc thu thap boi doi diéu tra dia phuong va chuyén dén Vién Kiém
nghiém an toan vé sinh thyc pham quéc gia dé xét nghiém theo yéu cau cia co quan y té tinh. Cac mau nguyén
lidu thyc phdm duoc tiép nhan ngay 19/04/2026, cac mau s6t va bénh pham phan dwoc tiép nhan ngay
21/04/2026. Tong cong c6 16 mau lién quan dén vu ngd doc dugc dwa vao nghién ciru nay, bao gom rudce, cha
lua, xuc xich, thit nuéng, su hao, ca rdt, sbt mayonnaise va cac loai sot khac. Bénh pham phén ciing duoc giri
kém trong diéu tra bd sung. Phan tich hé gen trong nghién ciru ndy tap trung vao cac ching Salmonella phan
1ap tir cic mau dwong tinh v&i Salmonella.

Cac mau thyuc phém gém rude, cha lua, xuc xich, thit nudng va rau ngam chua dugc thu thép truc tiép baoi
doan kiém tra lién nganh tai co s¢ ctia nguoi kinh doanh trong dot kiém tra tai chd ngay 17 - 18/04/2026. Mau
banh mi paté dugc thu thap riéng dudi dang banh mi hoan chinh ban cho khach hang chir khong tach thanh cac
thanh phan riéng 1¢. Mau sét va mau phan dugc thu thap trong diéu tra theo ddi va chinh thuc giri ¢én Vién
Kiém nghiém an toan vé sinh thuc phim qudc gia boi S& Y té tinh Nghé An ngay 20 thang 4 nim 2026. Dé
bao dam tinh bao mat, cac dinh danh ca nhén cua nguoi bénh va tén co sé kinh doanh thuc phém khong duoc
dwa vao ban thao nay, thong tin mau chi duge bao cdo bang mi dinh danh phong thi nghiém.

2.2. Héa chit va thiét bi
2.2.1. Héa cht

Phuong phap nudi cdy vi sinh truyén thong sir dung méi trudng ting sinh Rappaport-Vassiliadis (RV) soya
broth (Oxoid, Hoa Ky), canh thang Muller-Kauffmann tetrathionate-novobiocin - MKTTn (Oxoid, Hoa Ky),
thach Tryptone soya agar - TSA (Oxoid, Hoa Ky), thach Xylose Lysine Deoxycholate - XLD (Oxoid, Hoa Ky),
canh thang Brain heart infusion - BHI (Merck, Puc), Butterfield phosphate buffer (Merck, Puc), thach
mannitol Egg yolk polymyxin - MYP (Oxoid, Hoa Ky), thach Modified charcoal cefoperazone deoxycholate
agar - mCCDA (Oxoid, Hoa Ky), kit mién dich enzyme kiém tra doc t6 rudt tu ciu, thach Thach trypton-mat-
glucuronid - TBX (Oxoid, Hoa Ky) va thach Baird-Parker - BP (Oxoid, Hoa Ky). B kit GeneJET Genomic
DNA Purification (Thermo Scientific, Hoa Ky) duoc sir dung dé tach chiét DNA tong sb cua cac chung vi
khuan phan lap.

2.2.2. Thiét bi

Thiét bi giai trinh tuy hé gen bao gdm Oxford Nanopore Technologies PromethION 2 Solo (Oxford
Nanopore Technologies, Anh), stt dung Flow Cell R10.4.1 PromethION (FLO-PRO114M). Ngoai ra, qua trinh
chuén bi thu vién sir dung cac thiét bi nhu Quantus Fluorometer (Promega, Hoa Ky), NanoDrop ND-1000 UV-
Vis Spectrophotometer (Thermo Fisher Scientific, Hoa Ky), ti &m Memmert IN110 (Memmert, Dtc), t an
toan sinh hoc Esco AC2 (Esco, Singapore), micropipette da kénh v6i dai thé tich thich hop cung cac phu kién
phong thi nghiém chuén khac.

2.3. Phuong phap nghién ciru
2.3.1. Xét nghiém vi sinh va doc 16 vi sinh vt

Cac mau lién quan dén vu ngd doc duoc xét nghiém cac mdi nguy vi sinh va doc t thuong gap lién quan
dén ngo doc thuc phdm. Salmonella spp. duge phat hién theo TCVN 10780-1:2017 va doc tb rudt tu cdu theo
ISO 19020:2017. Bi véi cac chi tidu khéac, Bacillus cereus dugc dinh luong theo TCVN 4992:2005,
Campylobacter spp. theo ISO 10272-2:2017, E. coli theo TCVN 7924-2:2008, va Staphylococcus aureus theo
ISO 6888-1:2021.

2.3.2. Phan lap Salmonella va lya chon ching

D6i véi mau thir nghiém cho két qua duong tinh v6i Salmonella, mot khuan lac nghi ngo Salmonella co
hinh thai dién hinh 1a khuan lac tam den c6 ving mau d6 bao quanh trén thach XLD dugc chon dé phan tich
tiép. Céac khuén lac duoc chon duogc tinh sach bﬁng cach céy chuyén trén thach TSA va duoc khéng dinh 1a
Salmonella spp. bé“mg c4c tiéu chi sinh hoa va huyét thanh quy dinh trong TCVN 10780-1:2017.
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2.3.3. Tach chiét DNA va gidi trinh tw Nanopore

Miu DNA téng s6 dugc tach tir cac chung Salmonella dugc tinh sach béng bo kit GeneJET Genomic DNA
Purification theo hudng dan cta nha san xuét. Nong dd DNA dugc do bang may do huynh quang Quantus, véi
nong do tdi thiéu 36 ng/uL. P tinh khiét DNA dugc danh gia bang may quang ph NanoDrop; cac méu ¢ ty
16 ODaso/280 tir 1,8 - 2,0 duoc chon dé giai trinh tu h¢ gen. Thu vién giai trinh tu duoc chuén bj béng Native
Barcoding Kit 96 V14 (SQK-NBD114.96). Cac thu vién da gan ma vach duoc chuén héa va gop chung trudc
khi nap 1én flow cell. Qua trinh giai trinh ty dwoc thyc hién trén thiét bi Oxford Nanopore Technologies
PromethION 2 Solo str dung Flow Cell R10.4.1 PromethION (FLO-PRO114M). Thao tdc ma hoa base va tach
ma vach dugc thuc hién béng Dorado v2.0.0 v6i mo hinh si€u chinh xac R10.4.1/E8.2 400 bps
dna r10.4.1 _e8.2 400bps_sup@v5.2.0 [15]. C4c chudi doc dit liéu thdé Nanopore ctia cdc chiing Salmonella
duogc luu trit tai co so dir liu NCBI Sequence Read Archive (SRA) véi BioProject PRINA1530768.

2.3.4. Phan tich tin sinh hoc

Dt liéu doc thd duoc ma hoa base va tdich ma vach béng Dorado [15], cac doan doc theo tirng ma vach
duoc loc chat lugng va lép rap de novo bang Flye [16] trong quy trinh EPI2ME Labs wf-bacterial-genomes
[17], sau d6 dugc danh bong bang Medaka [18], cac bd lap rap da danh bong trai qua xac nhan phén loai va
dinh typ huyét thanh/MLST in silico trong cling quy trinh, cht thich hé gen dwoc thuc hién bang Bakta [19],
cac gen khang khang sinh thu dwoc va dot bién diém lién quan dén khang dugc du doan bing mé-dun
ResFinder/PointFinder [20], cac replicon plasmid, tinh di dong va gen AMR mang trén plasmid dugc xac dinh
bang MOB-suite [21], phan tich SNP 13i hé gen, cin chinh va suy luan phat sinh loai dugc thuc hién bang CSI
Phylogeny [22].

Vé chi tiét, cac doan doc d duoc mi héa base tir mdi ma vach dugc phan tich riéng bang quy trinh EPI2ME
Labs wf-bacterial-genomes [17]. Chét luong doan doc dugc danh gia bé'mg ) luong doan doc, téng s6 base,
d6 dai doan doc trung binh va trung vi, gia tri N50, diém Q trung binh va d6 bao phu udc tinh do quy trinh bao
cho. Cac doan doc vuot ngudng chat luong Q > 10 dwoc gir lai cho phan tich tiép theo. Lap rap hé gen de novo
dugc thyuc hién trong quy trinh bang Flye [16], tiép theo 1a danh bong bang Medaka [18] dé tao ra cac file
FASTA contig cudi cing. Quy trinh dugc chay bang EPI2ME Labs wf-bacterial-genomes v2.0.2, tich hop Flye
v2.9.6 cho lép rap de novo va mo hinh Medaka vi tham s6 mic dinh. X4c nhan loai va sang loc nhiém ban
dugc thuc hién bang budc phan loai trong quy trinh. Chi céc bo l1ap rap dugc phan loai 16 rang 1a Salmonella
enterica va khong ¢ bang chimg vé trinh tu nhiém ban dang ké méi duoc gitr lai cho phan tich tiép theo.

Chét lugng l4p rap dugc danh gia bing sé luong contig, tong chiéu dai 1ap rap, contig 16n nhét, gia tri N0,
ham luong GC va d6 bao phu Iip rép trung binh wdc tinh. Téng chidu dai lip rap dwoc tinh 1 tong tat ca contig
dugc giir lai, trong khi d¢ bao phu lip rap trung binh dwgc ude tinh tir cac gia tri d6 bao phu cip contig bang
céch tiép can c6 trong s theo chiéu dai. Cac b lap rap dwoc chap nhan dic trung cho hé gen khi chiing thé
hién d6 bao phu lap rap trung binh ddy du, wu tién it nhat 30X, phan manh lap rap thap, N50 contig 1én hon 1
Mb, téng chiéu dai ldp rap phi hop véi kich thudce hé gen ky vong khoang 4,6 - 4,9 Mb, va ham lugng GC xép
Xi 52%. Cac bo lap rap c6 d bao phii trung binh thap hon, s contig cao hon hodc gia tri N50 contig thap hon
van duoc giit lai, nhung két qua tiép theo ctia chung khi so sanh dua trén SNP s& dugc dién giai than trong.

Céc file FASTA contig sinh ra tir mdi ma vach duogc sir dung cho cac phan tich duya trén hé gen tiép theo
trong quy trinh EPI2ME Labs [17]. Phan tich MLST va dy doan kiéu huyét thanh in silico dwgc thuc hién bang
céc dau ra twong mg tir quy trinh [17]. Chu thich hé gen dwoc thuc hién bang Bakta [19]. Cac gen lién quan
dén khang khang sinh va dot bién diém lién quan dén khang dugc du doan bang mo-dun ResFinder/PointFinder
tich hop trong quy trinh EPI2ME Labs wf-bacterial-genomes [17], [20]. C4c contig lién quan dén plasmid,
replicon plasmid va yéu t6 di dong cua plasmid dwoc xac dinh bang MOB-suite [21]. Viéc xac dinh cac gen
khéang khang sinh va dot bién diém dugc thuc hién khi khong chi dinh co s¢ dit liu tuy chinh, mo-dun quy
trinh nay ap dung co s¢ dir liéu ResFinder v2.6.0 va co s¢ dit liéu PointFinder mé rong, cung voi ngudng phat
hién mic dinh cua cong cu la d6 ddng nhét nucleotide tdi thiéu 90% va do bao phu tdi thiéu 60%.
ResFinder/PointFinder phat hién cac gen va dot bién duoc liét ké trong co s& dit liéu tham chiéu d3 dugc thAm
dinh cua ching va do d6 c6 thé khong nim bét cac yéu td khang méi, phan ky cao hodc chua duge dic trung.
Hb so khéang khang sinh dugc dién giai 1a tép hop cac gen va dot bién khéng dugc cong nhan hién tai ma quy
trinh phat hién duoc, khong dic trung héa day du resistome ciia cac chung.
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Dé cho phép tai lap doc lap phan tich tin sinh hoc, cac phién ban cong cu va co s6 dit liéu sau di dugc st
dung: Bakta v1.12.0 v6i co s6 dit liéu Bakta di kém v5.1, ResFinder va PointFinder v4.7.2, nhu dugc dong goi
v6i quy trinh EPI2ME wf-bacterial-genomes v2.0.2, ciing v6i co so dir liéu tham chiéu AMR/d6t bién diém
tuong (mg, va MOB-suite v3.1.9 v&i plasmid tham chiéu di kem.

Dbi v6i phan tich mdi lién hé duya trén SNP, cac file FASTA contig cudi ciing dugc phén tich bang nén tang
CSIPhylogeny cta Center for Genomic Epidemiology [22]. CSIPhylogeny dugc sir dung dé goi va loc SNP,
xé4c nhan céac vi tri SNP, tao cin chinh SNP chét lugng cao ndi tiép, tinh khoang cach SNP timg cip va suy
ludn ciy phat sinh loai dua trén SNP. Két qua QC cap lap rap duge xem xét cuing voi kiéu huyét thanh, MLST,
ho so plasmid, hd so khang khang sinh du doan va dir liéu khoang cach SNP dé danh gia mdi lién h¢ di truyén
giita cac chung phan lap tir cac nguén mau khac nhau. Viéc phan tich SNP trong CSIPhylogeny dugc thuc hién
bang CSI Phylogeny v1.4 (Center for Genomic Epidemiology) véi cac tham sb chat lugng mic dinh cua nén
tang: d6 sau tdi thiéu tai vi tri SNP = 10X, d6 sau twong dbi tdi thiéu = 10%, khoang cach tdi thiéu giita cac
SNP = 10 bp, chét lwong SNP tdi thidu = 30, Z-score tbi thiéu 1,96, chét lwong anh xa doan doc tdi thiéu >
25, khoang cach tdi thiéu dén khoang trong/dau mit trinh ty = 10 bp. Bo ldp rép ciia ching S03 duoc sir dung
1am hé gen tham chiéu cho goi SNP, dugc chon duya trén chat lwong lip rap: 4 contig, N50 contig khoang 4,68
Mb, d¢ bao phu udc tinh khoang 48X, va tinh dai dién cta kiéu gen uu thé thu duge trong vu ngd doc nay [23]
3. KET QUA VA THAO LUAN
3.1. Cac miu lién quan dén vu ngd doc va két qua xét nghiém truyén thong

Téng s6 16 mau lién quan dén vu ngd doc duge phan tich va phan loai theo loai mau (Bang 1). Dir liéu vé
ngdy nhan mau thé hién trong Bang 1 phan anh tht tw mau dén phong thi nghiém va khong dai dién cho nhém
6 y nghia sinh hoc hay dich t&. Khong c6 so sanh nio giita thoi gian nhan mau duoc du dinh va thoi gian thuc
hién. Cac mau giri gdm nguyén lidu lién quan dén banh mi, st va mau phén thu thap trong diéu tra vu ngd doc.

Bing 1. Tom tdt théng tin ciia cdc mau lién quan dén vu ngé déc va két qua phan tich vi sinh truyén thong

Nhém miu Mb ti miu Ngay nhan  Salmonella spp.  Phat hién dang chu y khac
Nguyén li¢u Cha bong 19/4/2026 Duong tinh B. cereus: 4,0 x 102 CFU/g
thuc pham Gio lua 19/4/2026 Am tinh Khong

Xuc xich 19/4/2026 Duong tinh Khoéng
Thit nuéng 19/4/2026 Duong tinh Khoéng
Rau cit mudi 19/4/2026 Duong tinh Khong
Sbt ca chua 19/4/2026 Am tinh Khong
Bénh mi paté 19/4/2026 Duong tinh E. coli: 9,0 x 10" CFU/g

S6t mayonnaise 001 21/4/2026 Am tinh Khoéng
S6t mayonnaise 002 21/4/2026 Am tinh Khoéng
S6t Sai Gon 003 21/4/2026 Am tinh Khong
S6t Com 004 21/4/2026 Am tinh Khong
Mau bénh Mau phan 1 21/4/2026 Duong tinh Khong
phim Mau phan 2 21/4/2026 Duong tinh Khong
Mau phan 3 21/4/2026 Duong tinh Khong
Mau phan 4 21/4/2026 Duong tinh Khong

M?au phén 5 21/4/2026 Duong tinh S. aureus: 2,1 x 105 CFU/g,

doc to rudt tu cau am tinh

Bang 1 cho thiy Salmonella spp. dugc phat hién trong 10/16 mau. Trong sé 11 miu nguyén liéu thuc phdm,
5/11 phat hién sy c6 mit cta Salmonella spp., bao gdbm cha bong, xtc xich, thit nuéng, rau cii mudi va banh
mi paté. Cac mau nguyén liéu con lai, bao gdm ca bén miu sét, déu cho két qua khong phat hién vi khuan. Tat
¢4 5 mau bénh phdm 1am sang déu phat hién s c6 mat cua Salmonella spp. Phan 16n cac chi tidu vi sinh va
doc 6 khac cho két qua am tinh hodc phat hién & muc th?ip. B. cereus duoc phat hién voi néng do 4,0 x 10?
CFU/g trong mau cha bong, E. coli véi ndng d6 9,0 x 10" CFU/g dugc phat hién trong mau banh mi paté va S.
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aureus dugc tim théy trong mau phan clia bénh nhan thu thap. Phan tich doc t6 rudt tu cau cho két qua am tinh
trong tat ca cac mau dugc thir nghiém. Két qua trén chi ra ring Salmonella spp. 14 mam bénh dugc phat hién
nhit quan nhét trong cac mau lién quan dén vu ngd doc thyc pham do banh mi.
3.2. Két qua giai trinh ty Nanopore va chét lrgng Iip rap hé gen

Céc chung Salmonella dugce khang dinh tir 10 mau duong tinh voi Salmonella dwoc tach chiét DNA tong
s0 va chudn bi thu vién cho qua trinh giai trinh ty. Thong tin vé chat lugng DNA déu vao cho mbi ching dugc
tom tat trong Bang 2.

Bing 2. Théng tin mau dau vao, két qua gidi trinh tw Nanopore va chdt lrong ldp rdp hé gen

bo

Miu Tén SRA N((i)(l}lg OD2z60/280 }g::’lcn ?(?ls); Qrs ?ll(sb(; Il::::),l Contig tllfllrc(;lc coNrft(:g

(ng/uL) ; s (Mb) (Mb)
27/1  S01 SRR40717781 91,3 1,83 24519 0,158 20,2 11,2 32,1 3 4,77 4,68
27/3  S02 SRR40717780 180,5 1,89 120.601 1,3 22,5 21,1 273,6 4 4,78 4,68
27/4 S03 SRR40717779 88,0 1,86  36.218 0,236 20,3 11,1 48,2 4 4,78 4,68
27/5 S04 SRR40717778 77,0 1,83  36.849 0,217 20,1 11,0 44,1 3 4,77 4,68
27/7  S05 SRR40717777 108,0 1,84  28.927 0,193 20,3 11,9 39,2 4 4,78 4,68
28/5 S06 SRR40717776 91,8 1,80  30.508 0,207 20,4 11,4 42,1 3 4,77 4,68
28/6  S07 SRR40717775 175,6 1,79 265458 1,3 20,8 8,41 305 3 4,77 4,68
28/7 S08 SRR40717774 85,3 1,64 10.635 0,0764 20,4 11,9 14,7 6 4,88 4,02
28/8  S09 SRR40717773 1733 1,89  30.539 0,19 20,3 10,8 40,1 3 4,77 4,68
28/9  S10 SRR40717772 62,4 1,89  55.788 0,326 20,2 9,9 65,3 3 4,77 4,68

Mau DNA tach tir 10 ching Salmonella dugc xac nhan c6 ndong do tir 62,4 dén 180,5 ng/pL. Hau hét cac
chung co gia tri ODasosso trong khoang 1,8 - 2,0, ngoai trir SO8 ¢6 gié tri thip hon 14 1,64. Giai trinh ty Nanopore
tao ra tir 10.635 dén 265.458 doan doc mdi chung, twong tmg v&i 0,0764 dén 1,3 Gb dit lidu gii trinh ty. Diém
Q trung binh dao dong tir 20,1 dén 22,5, cho thy chat lugng doan doc nhét quéan giita cac ching. Hau hét cac
bd ép rap thé hién chat lugng lip rap hé gen on dinh, v6i kich thude ldp rap khoang 4,77 - 4,78 Mb, 3 - 4
contig va gia trji N50 contig khoang 4,68 Mb. Nhimg két qua nay cho thiy hé gen thu dugc twong dbi hoan
chinh va khéng bi phan manh nhiéu. Tuy nhién, chung S08 thé hién d¢ sau giai trinh tu thdp hon, kich thudc
lap rap 16n hon, nhiéu contig hon va N50 contig thip hon so véi cac chung khac.

3.3. Pinh danh va xac dinh typ huyét thanh Salmonella

Két qua dinh typ in silico cho thay tat ca 10 ching déu thudc loai Salmonella enterica serovar Enteritidis,
v6i cong thire khang nguyén 9:g,m:- va kiéu trinh ty multilocus 1a ST11. Ho so nay dugc ghi nhan nhét quan
& cac ching phan 1ap tir ca mAu thyc phim va miu bénh phdm. Céc gia tri dinh danh trung binh toan cuc (ANI)
dao dong tir 0,991 dén 0,992, x4c nhan tit ca cac ching déu thudc loai Salmonella enterica & cip do loai; tuy
nhién, chi s6 nay chwa cung cap bang chimg vé mdi lién hé & cap do ching. Kiéu huyét thanh va ho so MLST
ddng nhat gitra cac chung 1a co s¢ cot 16i dé suy ludn mdi lién hé di truyén chit ché cia ching trong bdi canh
diéu tra vu ngd doc (Bang 3).

Ma tran khoang cach SNP tirng cip cho thy su khac biét di truyén rit thip gitra 10 ching Salmonella, dao
dong tir 0 dén 6 SNP (Hinh 1). Mot s ching c6 hd so SNP hoan toan giéng hét nhau, bao gdm cac nhom:
S01/S04/S06/S09/S10, S03/S05 va S02/S07. Khi ddi chiéu véi ngudn gdc mau, Salmonella trong mau cha
bong (SO1) va rau ct mudi (S04) khong thé phan biét vé mit di truyén véi ba ching phén lap tir mau phan
(S06, S09 va S10), trong khi mau xuc xich (S02) khong thé phan biét v6i chung phan lap tir mau phan thi tu
(S07). Vi c¢6 nhiéu hon mgt mau thyc pham c6 dic diém h¢ gen khong thé phan biét voi cac chiung phan lap tir
bénh pham, dir liéu SNP ddc lap chwa du co so dé xac dinh chinh xac mot nguyén liéu duy nhat 1a ngudn lay
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nhiém. Khoang cach SNP timng cap giita hiu hét cac ching con lai ciing rat thap, chi tir 1 dén 2 SNP, cho thdy
mirc d6 lién hé di truyén cuc ky cao. Riéng chiing S08 c6 khoang cach SNP timg cdp cao nhét so v6i cac ching
con lai (dao dong tur 4 dén 6 SNP) va nam trén mot nhanh tach biét trong cdy phat sinh ching loai dya trén
SNP. Tuy nhién, mirc d¢ khac biét nay van rat nho va ching SO8 van mang chung kiéu huyét thanh cting ho so
MLST véi cac ching khac. Do ching SO8 c6 do sau giai trinh tu thip hon va mirc d6 Iép rap phan méanh hon,
két qua ddi vai chiing nay can dugc dién giai mot cach than trong. Nhin chung, ma tran SNP va ciy phat sinh
chung loai hoan toan phu hop véi két qua dinh typ huyét thanh va MLST trinh bay trong Bang 3, qua d6 cho
thdy cac chung phan 1ap tir thyc pham va tir phan déu thudc cung mot cum Salmonella Enteritidis ST11 ¢6 mdi
lién hé chat ch&. Nhitng phat hién nay cung cb viing chic gia thuyét cho rang cac chung nay bét ngudn tir cing
mot ngudn 1y nhiém trong vu ngd doc.

Bing 3. Du dodn kiéu huyét thanh in silico va dinh typ trinh ti da locus (MLST) ciia cdc ching Salmonella

o X Cfmg thire . N N
Tén Miu Kiéu huyét Khang Kiéu trinh tuw ANI Phan d(zan truy
thanh . (ST) van
nguyén
S01 Cha bong Enteritidis 9:g,m:- 11 0,992 0,651
S02 Xuc xich Enteritidis 9:g,m:- 11 0,992 0,651
S03 Thit nuéng Enteritidis 9:g,m:- 11 0,992 0,651
S04 Rau cu mudi Enteritidis 9:g,m:- 11 0,992 0,651
S05 Banh mi paté Enteritidis 9:g,m:- 11 0,992 0,651
S06 Mau phan 1 Enteritidis 9:g,m:- 11 0,992 0,651
S07 Mau phén 2 Enteritidis 9:g,m:- 11 0,992 0,651
S08 Mau phén 3 Enteritidis 9:g,m:- 11 0,991 0,632
S09 Mau phan 4 Enteritidis 9:g,m:- 11 0,992 0,651
S10 Mau phén 5 Enteritidis 9:g,m:- 11 0,991 0,632
ANI: gia tri dinh danh trung binh toan cuc
. —
L v g5
1 .
L g !
S — M S 3
d S04 ) i
0000 0 506 ;E
. 509

(A) (B)
Hinh 1. Cdy phat sinh loai SNP [6i hé gen (A) va ma tran khoang cach SNP (B)

3.4. Hb so plasmid

Tat ca 10 ching Salmonella déu dugc phat hién mang cing mot plasmid chinh Plasmid_AB461, véi cac
replicon IncFIB, IncFII va IncX1. Plasmid nay dugc du doan la hop bao va mang céac déu 4n dic hiéu cho tinh
di dong gdm dang chuyén dong sir dung hé thong 1ong bé mit (MOBP) va dang chuyén dong lust (MPF_F).
Kich thudc dy doan cta plasmid kha twong dong giira cac chung, dao dong trong khoang tir 93,6 dén 98,7 kb.

Vietnam Journal of Food Control - vol. S, no. 3, 2026



Pham Ngoc Ha, Nguyen Phuong Thao, Ha Anh Thu, ... Nguyen Thanh Trung

Cac gen AMR blién quan dén plasmid déu duoc phat hién ndm trén Plasmid AB461 & tt ca cac chiing,
bao gém blaTEM-1B, tet(A), aph(6)-Id, aph(3")-Ib va sul2. Cac gen nay chiu trach nhiém cho kha ning khang
cic nhoém khang sinh nhu beta-lactam, tetracycline, aminoglycoside va sulfonamide. Viéc cliing xuat hién ciia
mot loai plasmid mang gen khang khang sinh & ca cac ching phan 1ap tir thuc phdm va tir bénh pham da cung
cAp thém bang chimg cung ¢ mdi quan hé chit ché giita cac ching trong vu ngé doc.

Bén canh d6, chiung SO8 mang thém mot plasmid du doan b sung 1a Plasmid AA474 véi thanh phan
replicon IncI-gamma/K 1, tuy nhién khong phét hién gen khang khéng sinh nao trén plasmid bo sung nay. Do
S08 c6 d6 sau giai trinh ty thdp hon va mirc d6 1ap rap phan manh hon so v&i cac chung con lai, két qua phat
hién plasmid bd sung nay can dugc dién giai mot cach than trong. HO so chung ciia Plasmid AB461 hoan toan
phtt hop vai cac két qua phan tich kiéu huyét thanh, MLST va SNP. Tuy nhién, cic gen khang khéng sinh nam
trén Plasmid AB461 (blaTEM-1B, tet(4), aph(6)-Id, aph(3")-Ib va sul2) thuong 1a nhimg gen phd bién trén
céc plasmid hop bao dang luu hanh rong rdi & vi khuan Salmonella ciing nhu ho vi khuin duong rudt
Enterobacteriaceae. Do d6, néu chi dua vao su hién dién cua cac gen nay thi chua du co sé dé khéng dinh
ngudn lay chung. Ho so plasmid va gen khang khang sinh chung tot nhat nén duoc xem 1a bang chimg hd tro,
chtr khong phai 14 bang chimg doc 1ap dé thiét 1ap mbi lién hé di truyén cdt 18i von da duoc chitng minh rd qua
MLST va phan tich SNP. Ngoai ra, nghién ctru nay chua thyc hién phan tich so sanh trinh tu & cip d6 plasmid
nhu can chinh tung cap hay udc tinh khoang cach dua trén thudt toan Mash, viéc thuc hién cac phan tich nay
trong tuong lai s& cung cdp danh gié truc tiép va chinh xac hon vé mdi lién hé giita cac plasmid thay vi chi dya
vao tom tit replicon va gen khang khang sinh trinh bay trong Béng 4.

Bing 4. Thong tin replicon plasmid dw dodn, tinh di dong va gen AMR lién quan dén plasmid

Kich thudc

o . Replicon Tinh di dong du . Gen AMR phat hién trén
Tén ID plasmid . (iR contig . .
plasmid doan/kiéu MOB . contig plasmid
plasmid

S01 Plasmid AB461 IncFIB, IncFIl, Hgp bao, MOBP, 93.665bp  blaTEM-1B, tet(4), aph(6)-1d,
IncX1 MPF _F aph(3")-1b, sul2

S02 Plasmid AB461 IncFIB, IncFIl, Hop bao, MOBP, 98.673bp  blaTEM-1B, tet(A), aph(6)-1d,
IncX1 MPF _F aph(3")-1b, sul2

S03 Plasmid AB461 IncFIB, IncFIl, Hogp bao, MOBP, 98.612bp  blaTEM-1B, tet(A), aph(6)-1d,
IncX1 MPF _F aph(3")-1b, sul2

S04 Plasmid AB461 IncFIB, IncFIl, Hgp bao, MOBP, 93.665bp  blaTEM-1B, tet(4), aph(6)-1d,
IncX1 MPF _F aph(3")-1b, sul2

S05 Plasmid AB461 IncFIB, IncFIl, Hogp bao, MOBP, 98.608 bp  blaTEM-1B, tet(A), aph(6)-1d,
IncX1 MPF _F aph(3")-1b, sul2

S06 Plasmid AB461 IncFIB, IncFII, Hgp bao, MOBP, 93.665bp  blaTEM-1B, tet(A), aph(6)-1d,
IncX1 MPF F aph(3")-1b, sul2

S07 Plasmid AB461 IncFIB, IncFIl, Hop bao, MOBP, 93.665bp  blaTEM-1B, tet(A), aph(6)-1d,
IncX1 MPF F aph(3")-1b, sul2
S08 Plasmid AA474 Incl-gamma/K1 Hop bao, MOBP, 94.458 bp Khong phat hién

MPF 1

Plasmid AB461 IncFIB, IncFII, Hop bao, MOBP, 93.667 bp  blaTEM-1B, tet(4), aph(6)-1d,
IncX1 MPF _F aph(3")-1b, sul2

S09 Plasmid AB461 IncFIB, IncFII, Hgp bao, MOBP, 93.666 bp  blaTEM-1B, tet(A), aph(6)-1d,
IncX1 MPF F aph(3")-1b, sul2

S10 Plasmid AB461 IncFIB, IncFIl, Hop bao, MOBP, 93.665bp  blaTEM-1B, tet(4), aph(6)-1d,
IncX1 MPF _F aph(3")-1b, sul2
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3.5. Kiéu gen khang khang sinh

Két qua du doan dic diém khang khang sinh duoc tom tat theo dau hiéu khang trong Bang 5. Tét ca 10
chung Salmonella d&u mang cung cac gen va dot bién lién quan dén kha niang khang khang sinh, bao gdm
aac(6")-laa, aph(3")-Ib, aph(6)-Id, blaTEM-1B, sul2, tet(4) va gyrd p.D87Y. Cac marker nay lién quan dén
kha nang khang véi cdc nhém khang sinh aminoglycoside, beta-lactam, sulfonamide, tetracycline va quinolone.
Hau hét cac gen khang thu duoc, bao gdm aph(3")-Ib, aph(6)-Id, blaTEM-1B, sul2 va tet(4), nam trén plasmid
du doan chung Plasmid AB461. Nguoc lai, aac(6')-laa va dot bién lién quan dén khang quinolone gyrd
p.D87Y nim trén nhidm sac thé. SO8 cling mang mot plasmid Incl-gamma/K 1 du doan b sung duoc bao cao
trong Bang 4, nhung khong phat hién gen AMR trén plasmid bo sung nay.

Bing 5. Cdc ddu hiéu lién quan dén khdang khang sinh, kiéu hinh dé khang di dodn va vi tri trén hé gen

Diu hi¢u £ 2 R
L, e, Loai dau  Nhom khang Kiéu hinh dé khang Vi tri hé gen . LA
k.hang khang hi¢u sinh du doan du doan Ching phat hi¢n
sinh
aac(6')-laa Gen khang Aminoglycoside Amikacin, Nhiém sic thé S01 - S10
tobramycin
aph(3")-1b Gen khang Aminoglycoside Streptomycin Plasmid AB461 S01 - S10
aph(6)-1d Gen khang Aminoglycoside Streptomycin Plasmid AB461 S01 - S10
blaTEM-1B Gen khang  Beta-lactam Amoxicillin, Plasmid AB461 S01 - S10
ampicillin,
cephalothin,
piperacillin,
ticarcillin
sul2 Gen khang  Sulfonamide Sulfamethoxazole = Plasmid AB461 S01 - S10
tet(4) Gen khang  Tetracycline Doxycycline, Plasmid AB461 S01 - S10
tetracycline
@A p.D87Y Dot bién Quinolone Ciprofloxacin, acid ~ Nhiém sic thé S01 - S10
diém nalidixic

H6 so dau hiéu khang khang sinh hoan toan dong nhat duoc ghi nhan & tat ca cac chung phéan lap tir thuc
pham va bénh phim. Piéu nay hoan toan phu hop véi két qua phan tich vé plasmid, kiéu huyét thanh, MLST
va SNP, qua dé cing ¢ vitng chic mdi lién hé di truyén chat ché gitra cac ching trong vu ngd doc.

3.6. Bing chirng hé gen tich hop cho chium ca bénh lién quan dén vu ngé déc

Két qua vi sinh truyén théng cho thdy Salmonella spp. 12 mam bénh dugc phat hién nhit quan nhét trong
céc mau lién quan dén vu ngd doc. Salmonella dugc phat hién trong 10/16 miu, bao gdm nim mau thyc phdm
va nam mau bénh phém. Nguoc lai, phé‘m 16n cac chi tiéu vi sinh va doc té vi sinh vat khac cho két qua am tinh
hoéc phat hién & muc the‘ip. Mic du S. aureus xuat hién & muc cao trong mot mau, két qua xét nghiém doc tb
rudt am tinh, do d6 khong di co sé két luan déy 13 vu ngd doc do tu cau.

Giai trinh ty toan bo hé gen cung cap do phan giai bd sung vuot trdi so v6i phuong phap nudi cdy truyén
thdng. Tat ca 10 ching Salmonella déu dugc phan loai 13 Salmonella enterica serovar Enteritidis, v6i cong
thirc khang nguyén 9:g,m:- va kiéu trinh tw ST11. Phan tich dya trén SNP cho thay khoang cach SNP timg cip
rat thap giita cac chiing, dao dong tir 0 dén 6 SNP, chi ra rang cic ching phan 1ap tir thuc pham va tir phan c6
mdi lién hé dich t& rt cao. Riéng chung SO8 c6 khoang cach SNP cao hon va chit lwong giai trinh tu/lép rap
kém hon céc chung khac. Tuy nhién, SO8 van chia sé chung kiéu huyét thanh, ho so MLST va cac dic diém hé
gen c6t 18i voi cac chung con lai.

Tét ca cac ching déu mang chung mét plasmid chinh dwgc dy doan 14 Plasmid_AB461, véi cac thanh phan
replicon gom IncFIB, IncFII va IncX1. Cac gen khang khang sinh lién quan dén plasmid, bao gém blaTEM-
1B, tet(4), aph(6)-Id, aph(3")-Ib va sul2, &&u dugc phat hién & tit ca cac chung. Ngoai ra, nghién ctru phat hién
tat ca cac chung cing mang chung céc déu hiéu khang khang sinh trén nhiém sic thé, bao gém aac(6')-laa va
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d6t bién gyrd p.D87Y. Chung S08 dwoc du doan mang thém mot plasmid Incl-gamma/K 1 khong mang bét ky
gen khang khang sinh nao.

Nghién ciru nay dong gop mot sé yéu té mai cho cong tac didu tra ngd doc thuc pham tai Viét Nam. Thi
nhét, day 1a mot trong nhimg nghién ctru dau tién tmg dung cong nghé giai trinh ty toan bd hé gen doan dai
Nanopore dé dic trung héa cac ching Salmonella tir mot vu ngd doc lién quan dén banh mi tai Viét Nam. Céac
vu ngd doc trong nude trude day cha yéu dua vao nudi cdy truyén théng ma khong co su dic trung hoa & cap
d6 hé gen hoic truy xudt ngudn gdc. Thir hai, nghién ctru da tich hop thanh cong viée dic trung hoa hé gen
bang WGS doan dai (gdm dinh typ huyét thanh, MLST, hd so plasmid, phét hién gen khang khang sinh va
phan tich mdi lién hé dya trén SNP) véi bang chimg dich t& hoc thuc dia va thanh tra an toan thuc pham. Day
la cach tiép can chua tirng duoc béo cao trude day ddi véi cac vu ngd doc duoc ghi nhan tai Viét Nam. Cac
béo cdo trong nudc di cong bd [3, 4, 5, 6] chi trinh bay két qua dua trén nudi cdy va/hodc dich t& hoc thong
thuong, trong khi cac nghién ctru Salmonella dya trén Nanopore trude day [9, 10, 11, 12, 14] chu yéu duoc
thyc hién trong cac nghién ctru quéc té va thiéu su xac nhan dich t& hoc tai hién treong. Thir ba, nghién ctru
nay chtng minh tinh kha thi trong thuc tién ctia viéc ing dung giai trinh ty Nanopore vao quy trinh tmg phé
khan cép ciia phong thi nghiém tham chiéu an toan thuc pham quéc gia, qua d6 phac thao 16 trinh kha thi dé
tich hop gidm sat hé gen doan dai vao cong tac didu tra ngd doc thuong quy tai Viét Nam.

Trong nghién ctru nay, giai trinh tuy Nanopore di gitip nhanh chong xac dinh mot cum dong di truyén vo
tinh (clonal cluster) Salmonella Enteritidis ST11 va 1am rd cdu trac Plasmid_AB461 da replicon trén tt ca cac
chung bang dir liéu doc doan dai, hoan toan phit hop véi nang luc phan giai plasmid da dwoc ghi nhan cua giai
trinh ty doan dai d6i v6i mam bénh-thuc pham [11]. Nhiing phat hién nay ciing twong déng véi cac bao cao
trugc day vé tinh kha thi cua giai trinh tw Nanopore trong viéc ddc trung hoa kip thoi cac vu ngd doc do
Salmonella, bao gém vu ngd doc Salmonella Enteritidis lién quan dén bénh vién duoc diéu tra béng giai trinh
tu Nanopore thoi gian thuc tai Vuong qudc Anh [9] va cac danh gid trén nhidu mau véi da dang kiéu huyét
thanh [12]. Qua trinh giai trinh tu trong nghién ctru nay cling hoan thanh véi thoi gian quay vong nhanh va yéu
ciu ha ting khiém t6n [24], phu hop véi cac bo céo cho thiy cai tién vé& hoa hoc flow cell va cong nghé ma
hoa base di thu hep dang ké khoang cach do chinh xac giita giai trinh ty Nanopore va Illumina trong phan tich
dua trén SNP [14]. Tuy nhién, nghién ctru khéng bao gdm tap dir lidu giai trinh tw doan ngén song song, do do,
céc 18i dac thu ciia cong nghé Nanopore con lai ¢6 thé anh huong dén khoang cach SNP timg cip nho nhat (tir
1 dén 2 SNP) va chua thé loai trir hoan toan.

Ban than mdi lién hé di truyén khong dong nghia voi xac nhéan tuyét ddi vé mot ngudn lay chung. Theo
hudéng dan quéc té va kinh nghiém tur cac cudc diéu tra ngo doc thuc phém dya trén WGS trudce day, di liéu
hé gen can phai duoc dién giai song song v6i bang chimg dich t&, méi truong va chudi cung tng, khong nén
coi 1a bang chimg doc 1ap duy nhat dé xac dinh ngudn chung [25]. Khoang cach SNP timg cip quan sat duoc
trong nghién ctru nay (tir 0 dén 6 SNP) nam hoan toan trong khoang gia tri thuong duge xem 1a chi bao cum
hé gen trong céac diéu tra ngd doc Salmonella trén thé gidi (thudng ap dung ngudng cum khoang 5 - 10 SNP
tuy thudc vao kiéu huyét thanh va bdi canh dich t&) [23]. Cong tac diéu tra hién truong doc lap da xac dinh mot
nguoi ban thirc dn dudng phd duy nhét 1a diém ngudn c6 kha nang cao nhét, dua trén danh sach tuyén truong
hop ghi nhén tit ca 32 bénh nhan déu tiéu thy san phdm banh mi nhidu nhan tir ngudi ban ndy & nhidu thén
khac nhau. Qua trinh kiém tra tai chd ciing phat hién nhiéu diém chua dam bao an toan thuc pham tai co s¢
nay. Nhimg bang chimg dich t& hoc thuc dia nay hoan toan phu hop vai két qua phén tich hé gen, ngay ca khi
chua thuc hién mot phén tich bénh ching hay thudn tap chinh thirc. Khi két hop lai, bang chimg tir hé gen va
dich & hoc da ciing ¢ manh mé gia thuyét vé nguon lay chung lién quan dén nguoi ban nay.

Téng hop lai, viéc phan lap lap lai Salmonella tir cac mau lién quan dén vu ngd doc, kiéu huyét thanh va
h6 so MLST hoan toan twong dong, khoang cach SNP thap, cing chung ho so plasmid va gen khang khang
sinh d3 chi ra ring cac ching thyc phdm va phan thudc cing mot cum Salmonella Enteritidis ST11 lién quan
dén vu ngd doc. Két hop véi bang ching dich t& hoc thuc dia, nhirng phat hién di truyén nay cung cp su hd
trg vitng chic cho ngudn lay chung trong vu ngd doc banh mi. Nhu da luu y, viée quy két ngudn gbe chinh xac
dén mot nguyén lidu cu thé ¢ cAp do chung van s& doi héi cac bude diéu tra truy xudt ngudn gdc sau hon [25].
Céc két luan cta nghién ctru nay cling can duoc nhin nhan dudi mot $6 han ché. Chi co mot khuén lac duoc
chon tr mdi mau duong tinh; diéu nay cé thé chua phan anh toan dién sy da dang hé gen bén trong mau do.
Nghién ctru thiéu sy so sanh véi tap dit liéu nén rong hon bao gém cac hé gen Salmonella Enteritidis ST11
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ngoai vu ngd ddc, 1am han ché kha nang phan biét cum dac thu cia vu ngd doc véi sy da dang dang Ivu hanh
rong rai cua kiéu huyét thanh phd bién nay. Qua trinh goi SNP sir dung bo lip rap cua ching S03 (mét trong
céc chung cta vu ngd doc) 1am hé gen tham chiéu thay vi mot hé gen tham chiéu dong doc 1ap; day 1a cach
tiép can duoc chap nhan cho cac chl"mg ¢ quan hé ho hang gan cing kiéu huyét thanh va kiéu trinh ty, nhung
¢6 thé tao ra d6 1éch nho lién quan dén tham chiéu trong khoang céach SNP tung cap duoc bao cao [23]. Viéc
tich hop chinh thirc dit liéu cip chung véi dit liéu dich t& va truy xuét ngudn goc chwa nim trong pham vi cla
nghién ciru nay. Thiéu tap dir liéu giai trinh ty doan ngan chay song song dé ddi chiéu truc tiép két qua tir
Nanopore véi tiéu chudn vang hién tai. O mot khia canh khac, cac két qua du doan vé kiéu huyét thanh, kiéu
trinh tu, plasmid va gen khang khang sinh trong nghién ctru nay dugc suy luan bang phwong phap tin hoc, do
d6 s& can dugc kiém ching thém thong qua céac phuong phap thuc nghi¢m doc lap trong tuong lai, chang han
nhu dinh typ huyét thanh truyén thng, thir nghiém hop bao plasmid hodc khang sinh do.
4. KET LUAN

Xét nghiém vi sinh truyén théng da phat hién Salmonella spp. trong nhiéu mau thuc pham lién quan dén vu
ngd doc. Phuong phép giai trinh tu toan bd hé gen doan dai bang cong nghé Nanopore cho thdy cac ching
Salmonella phan 1ap dugc déu c¢6 chung kiéu huyét thanh, kiéu trinh tu va hd so di truyén c6 do twong dong
rét cao. Khi két hop véi két qua diéu tra dich t& cho thay toan bo 32 bénh nhan déu sir dung san pham banh mi
tir cing mot ngudi ban, nhitng bang chimg hé gen nay da cling ¢ manh mé gia thuyét vé mot ngudn lay chung.
Tuy nhién, viéc xac dinh chinh x4c nguyén lidu nao 1a ngudn gdc gy bénh cu thé van doi hoi phai tién hanh
cac bude didu tra truy xuat ngudn gdc sau hon [25]. Bén canh dé, giai trinh tu Nanopore ciing cho phép phén
giai cu triic plasmid ¢ cAp d doan dai va c6 thoi gian hoan thanh két qua twong d6i nhanh, tao nén tang thuc
tién vitng chic cho viéc dic trung héa hé gen gﬁn nhu theo thoi gian thuc dé img phé kip thoi voi cac vu ngd
doc [24] Nhung phat hién tir nghién ctru nay khang dinh gia tri thiét thyuc ciia viéc két hop gitra phuong phap
nudi cay truyén théng va giai trinh ty toan bo hé gen doan dai. Day s& 1a mot hudng tiép can toan dién dya tren
bang chimg khoa hoc, gop phan nang cao hiéu qua cong tac diéu tra ngd doc thuc pham va truy xuat ngudn
géc tai Viét Nam.
DU LIEU

Céc doan doc tho tir két qua giai trinh tu toan b hé gen bang cong nghé Oxford Nanopore trong nghién
ciru nay da dugc luu trir tai co s& dir licu NCBI Sequence Read Archive (SRA) vdoi ma BioProject
PRINA1530768. Cac ma dinh danh SRA Run cu thé cho timg chung vi khudn bao gdm: S01, SRR40717781,
S02, SRR40717780, S03, SRR40717779, S04, SRR40717778, S05, SRR40717777, S06, SRR40717776, S07,
SRR40717775, S08, SRR40717774, S09, SRR40717773, va S10, SRR40717772.
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