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ABSTRACT

Background: Burkholderia pseudomallei is the main cause of Whitmore disease in humans and
animals. It is mainly prevalent in tropical Southeast Asia and Northern Australia with a high
mortality rate, the disease is likely to recur and cause persistent infection.

Objective: To determine the genetic characteristics of B. pseudomallei strains isolated from
pediatric patients with Whitmore disease treated at the National Children’s Hospital.

Methods: The study was conducted at the National Children’s Hospital from 2017 to 2023.
A total of 37 strains of B. pseudomallei were isolated and cultured from clinical samples of
pediatric patients diagnosed with Whitmore disease. Illumina sequencing technology
successfully sequenced the entire genome of 37 bacterial strains.

Results: Among 37 B. pseudomallei strains, we detected 12 genotypes: ST67 was 10/37 strains
(27%); ST221 and ST541 were 5/37 strains (13.5%); ST545 was 3/37 strains (8.1%); ST46,
ST50, ST68, ST500, ST507, ST544 each had 1 strain. In addition, we also detected 1 strain with
anew gene sequence belonging to the ST group with no information in the PubMLST database.

Conclusions: Subgroup ST67 is the common genotype of B. pseudomallei isolated from
children diagnosed with Whitmore in the Northern provinces of Vietnam. This is the first study
in Vietnam to publish a large number of whole genome sequences of B. pseudomallei strains.
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TOM TAT
Dit vin dé: Vi khuan Burkholderia pseudomallez la can nguyén chinh gay bénh Whitmore cho

ca nguoi va dong vat. Bénh luu hanh chu y€u tai Vung nhiét d6i Dong Nam A va ving Bac Uc
c6 ty 1¢ tir vong rat cao, bénh c6 kha ning tai phat va nhiém tring dai ding.

Muc tiéu: Xac dinh dic diém kiéu gen va cdc ddc tinh di truyén cua cac chung vi khuan
B. pseudomallei phan 1ap tr cac bénh nhi nhiém Whitmore duogc diéu tri tai Bénh vién Nhi
Trung wong.

Phwong phap nghlen curu: Nghlen ctru dugce thyc hién tai Bénh vién Nhi Trung uong tir ndm
2017-2023. Tong s0 37 chung vi khuan B. pseudomallei dugc phan lap nuodi cay tur cac mau
bénh pham cua 29 bénh nhi duoc chan doan mac Whitmore. Ky thuat glal trinh tw gen the hé
moi Illumina dugc sir dung dé giai trinh tu thanh cong toan b hé gen cua 37 chung vi khuan.

Két qua: Trong s6 37 ching vi khuan B. pseudomallei, c6 12 kiéu trinh ty gen: ST67 1a 10/37
chung (27%); ST221 va ST541 1a 5/37 chung (13,5%); ST545 1a 3/37 chung (8,1%); ST46,
ST50, ST68, ST500, ST507 va ST544 mdi loai co 1 chung. Ngoai ra, 1 chung c6 trinh ty gen
moi thuoc nhom ST chua ¢6 thong tin trén co s¢ dit licu PubMLST.

Két luan: Phan nhom ST67 la kiéu gen phd bién cta vi khuan B. pseudomallei dugc phén 1ap
tir cac benh nhi dugc chan doan Whitmore tai cac tinh thanh phia Béc Viét Nam. Day la nghién
ctru ddu tién tai Viét Nam cong bd sd lwong 16n trinh ty toan bo hé gen ctia ching vi khuan
B. pseudomallei.

Tir khéa: Bénh Whitmore, vi khuan B. pseudomallei, kiéu gen, tré em.

1. PAT VAN DPE

Burkholderia pseudomallei 1a mot loai vi khuin Gram
am c6 doc luc cao va la can nguyén gay bénh Whitmore,
mot bénh truyén nhiém lay tir dong vat sang nguoi co
ty 1& tir vong cao. Trung tAm Kiém soat va Phong ngira
dich bénh (CDC) Hoa Ky phan loai B. pseudomallei
1a tac nhén sinh hoc chon loc cp 1 vao nam 2012 [1].
Bénh Whitmore dugc coi la dic trung ¢ nudc nhiét
déi trén toan thé gidi, dic biét 1a Pong Nam A va phia
Bic Uc. Ganh nang bénh tat toan cau hang nam cua
bénh Whitmore do vi khuan B. pseudomallei, udc tinh
la khoang 165.000 ca, trong d6 c6 89.000 ca tur vong
[2]. Tai Viét Nam, udc tinh mdi nam c6 khoang 10.000
ngudi nhiém Whitmore va gan 5.000 ngudi tir vong [3].

*Tac gia lién hé

Trinh tu b gen B. pseudomallei duoc cong bd 1an dau
tién 1a ctia chung vi khuan B. pseudomallei K96243 vio
nam 2004. N6 bao gdm 2 nhiém sic thé c6 kich thudc
4,07 va 3,17 Mbp, va dugc xép vao nhoém vi sinh vat co
bo gen phirc tap nhét dugc giai trinh tw [4]. Nhiém sic
thé 1 c6 kich thudc 16n hon nhim sic thé 2, chira ty 18
16n hon céc trinh tw ma hoa lién quan dén chirc nang cot
161 cua té bao, ch:fmg han nhu trao ddi chét, sinh téng
hop va van dong. Nhiém sdc thé 2 chua cac trinh ty ma
hoa chu yéu lién quan dén sy thich nghi véi méi truong
cua sinh vat, séng sot va doc luc.

K¥ thuat gii trinh ty gen thé hé méi 1a k¥ thuat dugc
danh gia c6 hi¢u suat va tinh chinh xac cao trén theé gioi.
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Tai Viét Nam hién nay chua c6 nghién ctru nao bao cao
vé trinh ty toan bo hé gen cua cac chung B. pseudomallei
Iwu hanh & cac tinh phia Bic, do vy chung toi tién hanh
nghién ctru sir dung k¥ thuat giai trinh tu gen thé thé
méi dé xéac dinh toan bo bd gen nham xéc dinh dic diém
bd gen cua cac ching vi khuan B. pseudomallei phan
lap tr cac bénh nhi Whitmore diéu tri tai Bénh vién Nhi
Trung wong c6 y nghia khoa hoc va thyc tién.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Dia diém, thoi gian nghién ciru

Tai Bénh vién Nhi Trung uvong tir nam 2017-2023.
2.2. Pbi twong nghién ciru

Cac méu luu ching vi khuan B. pseudomallei cia cac
bénh nhi Whitmore di€u tri tai Bénh vién Nhi Trung
uong.

2.3. Phwong phap nghién ciru
2.3.1. Thiét ké nghién ciru
Nghién ctru mo ta.

2.3.2. C& mdu nghién ciru

3. KET QUA

Chon mAu thuén tién, 1iy toan bd cac ching vi khuan
con luu gitr duge ctia bénh nhi Whitmore diéu tri tai
Bénh vién Nhi Trung wong trong thoi gian ttr ndam 2017-
2023 tai Khoa Vi sinh, Bénh vién Nhi Trung uong.

2.3.3. Ky thudt sw dung trong nghién ciru

- K§ thuat nuoi céy va dinh danh vi khuan: mau bénh
pham duoc nuoi cay, phan l1dp va dinh danh vi khuan
B. pseudomallei trén hé thong may Vitek 2.

- (Giai trinh ty toan bd bg gen cta 37 ching vi khuén
B. pseudomallei bang k¥ thuat giai trinh ty Illumina. S6
li¢u thu dugc sau khi gidi trinh ty toan by h¢ gen cua
chung vi khuan s& duoc lap rap bang cong cu SPAdes
va dugc danh gia bang phan mém QUAST. Kiém tra
d6 toan ven ctia h¢ gen di duogc lap rap bang phan mém
BUSCO.

- Phan tich dix liéu kiéu gen st dung co s¢ dir li¢u
genbank MLST cua cac chiing vi khuan B. pseudomallei
trén thé gioi.

2.4. Pao dirc trong nghién ctru

Nghién ctru dugce su dong v ciia Hoi dong Pao dic

trong nghién ctru y sinh hoc Bénh vién Nhi Trung wong,
s0 2068/BNVTW-HDDbD ngay 7/9/2022.

3.1. Pic diém dich t& hoc ciia cac chiing vi khuin B. pseudomallei tham gia nghién ciru

Bang 1. Pic diém chung ciia cac chiing vi khuin B. pseudomallei trong nghién ctru

. Bénh . Gidi Nega A A 2 . .
TT | Ching | F2 | Tubi | o phﬁ% lyé_ip Piura| NKH Bénh phim Dia chi
1 | S1 | STT47 | 6tudi | Nam | 29/4/2022 Vzl‘;"g Co Méu Ha Tinh
2 | s2 | STTI5| Stwéi | Nam | 1/11/2019 Vzgg Co Méu Ha Noi
18 Tit , , N
3| s3 [STTI4 | 4 Nam | 14/11/2019 Co Méu Ha Noi
ang vong
4 | S4,S5 | STT36 | 12tudi | N&& | 83/2021 | Khoi | Khong M hach Quang
S6 | STT35 | 6twdi | Nam | 17/9/2021 | Khoi | Khong M hach Ha Noi
6 | S7,S8 | STT34 | 4tudi | Nam | 13/7/2021 | Khéi | Khong Mu hach Nghé An
7 |$9,S14| STT33 | 7théng | Ni | 28/9/2020 | Khoi | Khong | Dichmangphéi | fanh
S10, ,, 7 ,
8 | S12, |STT32| 5tudi | Nam | 4/10/2020 | Khoi Co dM}111 h?.cﬂilma“: Vinh Phuc
313 ich noi khi quan
2. ye R , Thanh
9 S11 STT31 | 10 tu6i | Nam | 12/9/2020 | Khdi | Khong Mu hach Hoéa
10 | 90> | STT30 | 4wdi | N | 4/11/2020 | Khoi | Khong | Mihach,miu | Ha Tinh
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. Bénh Ze Gioi Nga X n 2 . ,

TT | Chung nhan Tuoi tirllh phﬁ%l lyaflp Daura | NKH Bénh pham Dia chi
11 | S17 | STT29 th%i g | Nam |14/01/2020 | Khoi | Khong | Dich mi xuong Ha Noi
12 531282 STT28 | Studi | Nam | 6/6/2020 | Khoi | Khong M hach (%Iuiilﬁg
13 S19 | STT27 | 3tudi | Nam 5/7/2020 Khoi | Khong Mu hach Nghé An
14 | S20 |[STT26 | 2tudi | N | 23/7/2020 | Khéi | Khong M hach Ha Noi
15 | S21 |[STT25| 4tudi | Nam | 30/7/2020 | Khéi | Khong M hach Ha Tinh
16 | S23 |STT24 | 8tudi | Nit | 21/8/2020 | Khéi | Khong Méu Lang Son
17 | 2% | STT23 | 11wéi | Nam | 30/82020 | ¥ | C6 | Mau, ngikhiquan | 04l

S25 vong Nguyén
18 | 26 | STT22 | 5twdi | Ni |[18/10/2019 | Khoi | Khong M hach Tﬁ%gh
19 | S27 | STT21 | 2tudi | Ni |19/10/2019 | Khéi | Khong M hach Thai Binh
20 | S28 | STT20 | 4tudi | Nam | 6/1/2019 | Khoi | Khong | Dich mu xuong Ha Noi
21 | S29 |STTI9 | 6tudi | Nam | 7/1/2019 | Khéi | Khong M hach Ha Noi
22 | S30 | STTII |2thang| Nam | 1/1/2019 | Khoi Co Mau Nam Dinh
23 | S31 | STTI3 | 11tudi | Nam | 10/7/2018 Vg‘fg Co Mau Béc Giang
24 | S32 | STTI7 | 5tudi | Nam | 22/8/2018 | Khoi | Khong | Dich mang phoi Son La
25 | S33 | STTI6 | 5tudi | Nam | 30/9/2019 | Khéi | Khong M hach Nghé An
26 | S34 |STTIS | 5tuéi | Nit | 9/8/2018 | Khéi | Khéng Dich khép Bic Giang
27 | S35 | STTIO | 3tudi | Nam | 12/2/2018 | Khéi | Khéng M hach Théi Binh
28 | S36 | STT9 thléi g | Nam | 27/2/2018 | Khoi | Khong M hach Théi Binh
29 | S37 | STTS | 8tudi | Nit | 6/6/2018 | Khéi | Khong M hach Ha Noi

V6i 37 chiing vi khuan B, pseudomallez tir mau bénh phdm cia 29 bénh nhi c¢6 d6 tudi chi yéu dudi 5 tudi (20/29),
ty 1& tré nam (20/29) nhiéu gép 2 1an tré nit (9/29).

3.2. Pic diém bd gene ciia chiing vi khuan B. pseudomallei

Chung t6i tién hanh giai trinh ty toan bo bd gen cua 37 chung vi khuan nay bang ky thuat Illumina va két qua giai
trinh tw gen duoc sir dung dé phan tich cac dic diém vé ngudn gde, sy phan bé kiéu gen cua vi khuan dya trén co
s& dir liéu MLST.

//\ /. \\\\\

=

snpS1_Chromosome2

snpS1_Chromosome1

Hinh 1. Trinh tw b gen nhiém sic thé s6 1 va nhiém sic thé so 2 cia vi khuin B. pseudomallei
(Md chung S1, ma nghién cieu STT 47)
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Phan tich 37 chung vi khuan thudc chi Burkholderia, lodi Burkholderia pseudomallei (> 49%) véi ty 1€ trinh ty
khong xac dinh 13 dudi 2,3%. H¢ gen cua cac chung c6 kich thude nho nhét 13 6.807.351 bp, 16n nhat 1a 7.378.129
bp va ty 1&6 GC xap xi 68%.

3.3. Pic diém phin bd kiéu gen (STs) ciia cac ching vi khuin B. pseudomallei

Bing 2. Kiéu gen (STs) ciia cac chiing vi khuin B. pseudomallei

S6 | Kiéu
Tén ching lwong gen ace gitB | gmhD | lepA | lipA | narK | ndh
ching | (ST)
S20 1 68 3 4 11 1 5 4 6
S11 1 544 1 3 2 3 8 4 3
S26 1 507 3 1 11 3 5 4 6
S33 1 500 1 4 13 1 1 4 3
S19 1 50 3 1 2 1 1 4 3
S32 1 46 3 1 2 1 1 3 3
S1, S6 2 392 1 2 6 1 1 4 1
S24, S25 2 169 1 1 2 3 8 4 1
S10, S12, S13 3 - 1 2 2 2 1 4 1
S14, 87, S8, S9 4 545 1 12 2 3 5 22 1
S2, S23, S3, S31, S34 5 541 3 4 2 3 5 4 1
S15, S16, S21, S4, S5 5 221 1 12 2 3 5 29 1
SRR | w0 | | 5 |4 |3 |4 |0 |4 |6

Phan tich 37 chung vi khuan B. pseudomallei dwa vao 7 gen chinh 14 ace, gltb, gmhD, lepA, lipA, narK va ndh cho
thiy cac chung nghién ctru thugc 12 nhém (STs) da dugc bdo cdo ¢ cac nghién ctru trong va ngoal nudce. Trong 12
nhom sequence type (STs), nhom ST67 1a nhom pho bién nhat chiém 10/37 ching (27,0%), tiép theo sau 1a ST221
va ST541 chiém 5/37 chung (13,5%) va ST545 chiém 3/37 ching (8, 1%) Céac nhoém ST con lai nhu ST46, ST50,

ST68, ST500, ST507, ST544 chi dugc phat hién & mot truang hop mai loai. Trong nghlen clru nay, chung toi phat
hién ra 3 chung B. pseudomallei ky hiéu S10, S12 va S13 ¢6 kiéu trinh tu gen méi chua dugc bao cao trong cac
nghién ctru va chua dugc phan nhom trén co s¢ dir liéu MLST.

Color grouped by column *ST*
Qs

@s0

@67

Qe

@189

@

@392

@50 & &
@507

el ‘

@s5u

o |

(@ unknavm @

Hinh 2. Phén b6 kiéu gen (STs) ciia 37 chiing vi khuin B. pseudomallei trong nghién ctru
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3.4. Kiéu gen ciia cac chiing vi khuén B. pseudomallei dwge phan lap tir cing mdt bénh nhin

C6 5 bénh nhén phan 1ap duge 2 chung vi khuén B. pseudomallei & mdi bénh nhan va c6 1 bénh nhan phan lap
dugc 3 ching vi khuan. Két qua kiéu gen cuia cac chung trong bang 3.

Bang 3. Kiéu gen (ST) ciia cac chiing B. pseidomallei dwge phan 1ap tir cing mdt bénh nhan

Ma chiing | Bénh nhan Ki(eSuTg)en ace gltB gmhD lepA lipA narkK ndh

S18 67 3 4 3 4 1 4 6
STT28

S22 67 3 4 3 4 1 4 6

S7 545 1 12 2 3 5 22 1
STT34

S8 545 1 12 2 3 5 22 1

S9 545 1 12 2 3 5 22 1
STT33

S14 545 1 12 2 3 5 22 1

S15 221 1 12 2 3 5 29 1
STT30

S16 221 1 12 2 3 5 29 1

S24 169 1 1 2 3 8 4 1
STT23

S25 169 1 1 2 3 8 4 1

S10 - 1 2 2 2 1 4 1

S12 STT32 - 1 2 2 2 1 4 1

S13 - 1 2 2 2 1 4 1

Két qua cho thdy 100% céc chung vi khuan duoc phan lap tir cung mot bénh nhan déu c6 két qua gidng nhau vé
kiéu gen. Chung S18 va S22 ¢6 cung kiéu gen ST67, chung S7 va S8 ¢6 cung kiéu gen ST545, chiing S9 va S14
¢6 cung kiéu gen ST545, chung S15 va S16 ¢6 cung kiéu gen ST221, ching S24 va S25 ¢o kleu gen ST169, va 3
chung vi khuan B. pseudomallel S10, S12, S13 dugc phan lap tu benh nhan ma s6 STT32 1a céc chiing co kleu gen

moi chua duoc cong bb trén co so dir heu MLST.

4. BAN LUAN

Tudi cua bénh nhén trong nghién ctru nay chu yéu la
<5 tudi chiém 69% (20/29). Két qua nay cung phu hop
v6i két qua trong cac nghién ctru trude day cua Mahan
A va cOng sy tai Malaysia trén 42 tré¢ mac bénh co d
tudi trung binh 1a 4,7 tu6i [5] va nghién ctru cua Turner
Pva cong sy tai Campuchia trén 173 tré mac bénh co d6
tudi trung binh 14 5,7 tudi [6]. Piéu nay ciling ¢6 thé giai
thich do ca 3 nghién ciru déu dugc tién hanh & cac nude
thudc Vung Pong Nam A ¢o dic dlem vi tri dia ly, khi
hau va nhieu tap quan sinh hoat gan twong ty nhu nhau,
do vay két qua nghlen ctru cling twong dong Ty 1€ bénh
nhi nam/ntt = 2/1, cling phu hop véi két qua nghién ciru
ctia nhiéu tac gia da bao cdo trudc day la ty I¢ mac bénh
cua nam thuong cao hon nit, bao cdo ciia Lumbiganon P
va cong su tai Thai Lan [7] c6 ty 1€ nam gidi 1a 62,2%.

Néam 2004, lan dau tién trinh ty bd gen vi khuén B.
pseudomallez duoc phén tich va cong bo la cua chung vi
khuan B. pseudomallei K96243. N6 bao gom 2 nhlern
sic thé co kich thudc 4,07 Mbp va 3,17 Mbp, duge xep
vao nhom 5% vi sinh vét c6 bo gen 10'n nhat dugc g1a1
trinh tu [8]. Nghién ctru ctia chung t6i ciing cho thiy co

su tuong thich hoan toan véi kich thuge cua chung vi
khuan B. pseudomallei K96243 da dugc cong bd trude
day [4].

Phan loai trinh ty da 6 1a phuong phap phan loai di
truyen dya trén sy thay d6i trinh tu cac alen trong 7 gen
quan gia. Toc do thay d6i cham cua cac alen nay va
su thiéu hut khong 13 rang cia céac alen ké thira khién
phuong phap nay tro thanh phuong phap ly tuorng dé so
sanh kiéu gen clia cac chung trong va giita cac phong
thi nghlem Hién nay MLST da duoc sir dung dé xéac
dinh moi quan hé glua céc ching vi khuan, theo doi sy
lay lan toan cau va ca tinh trang khang khéang sinh ¢ cac
chang vi khuan [9].

Céan cu vao trinh tu toan bd hé¢ gen cua 37 chung vi
khudn B. pseudomallei thu duoc sau khi giai trinh ty
gen cho phep chiing t6i phéan tich cac ki€u sub type
(STs) cua cac chung vi khuén B. pseudomallez phan bd
tai Vi¢t Nam va moi quan h¢ cua chiing véi cac chin

B. pseudomallez phan b tai cac khu vuc khac trén thé
gii. Két qua phan tich MLST toan bd hé gen ctia cac
ching trong nghién cttu da xdc dinh dugc 12 nhom ST
cho thdy muc do phéan bd kiéu gen B. psedomallei tai
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mién Bac Viét Nam rat da dang vé kiéu gen va muc do
phan bd.

Phan nhém ST67 1a kiéu gen cia vi khuan
B. pseudomallei pho bién nhat tai Viét Nam chiém 27%,
phan bd & nhiéu tinh thanh phia Bac Viét Nam. Phan
nhoém ST67 nay trude déy ciing da dugc bao cao la kiéu
gen clia ching vi khuan phd bién & Smgapore Phan
nhom ST50 dugc tim thay trong nghién ciru, phan nhom
nay cling dugc phat hién tai Viét Nam va An D6 lan
dau tién vao nhiing nam 1990 cho thay sy di cu lién tuc
ctia vi khuan. Kiéu gen ST46 cung dugc tim thiy ¢ mot
chung vi khuan trong nghién ctru ctia chung toi.

Kiéu ST67 1a kiéu ST phd blen duoc tim thay trong
nghién clru cta chung toi chiém 27% tong s vi khuan,
chiing t6i cting no lye daé timra mdi lién quan g1u’a nhom
ST67 phd bién nay va biéu hién bénh trén 1am sang cua
bénh nhan, tuy nhién chung t0i cling khong | thé quan sat
thdy c6 mdi lién quan nao glua chung. Piéu nay ciing
da dugc bao céo trong mot sO nghién cuu trude day
tai Trung Quoc va mot s6 nudce khac, cac tac gia cling
khong tim ra mdi lién quan nao gitra cac phdn nhom ST
phé bién véi cac biéu hién tridu ching 1am sang cua
bénh nhan [10]. M6t trong nhu’ng Iy do cho sy thiéu lién
két nay co6 thé 1a kich thudc mau nho.

Két qua phan tich hé gen phat hién 3 chung vi khuan
S10, S12, S13 chua xac dinh duoc kiéu ST, kiéu gen clia
chung vi khuan nay chua duoc ghi nhan trén hé thong
genbank cua vi khuén B. pseudomallei. Day 6 thé 1a
mot kiéu ST méi do dot bién mot allen nao do dugc
phat hién lan dau tién tai Viét Nam va chua duge bao
c40 & bat cr mot qudc gia nao. Theo thdng ké ctia chiing
toi, 3 chung B. pseudomallel nay dugc phan lap tur 1
bénh nhén va ca 3 chung nay c6 cung kiéu gen va kiéu
allen, do Vay c¢6 thé 3 chung nay thuc chat c6 thé chi
lal chung vi khuén B. pseudomallel 0 mdt bénh nhan
va diéu nay ciing phi hop vai két qua ctia nghién ctru.

5. KET LUAN

Két qua cho thiy kiéu gen cua cac chung vi khuén B.
pseudomallei Tuu hanh tai cac tinh phia Béc Viét Nam
rat da dang, c6 t6i 12 kiéu ST dang Iuu hanh, trong do
kiéu ST67 la kiéu gen luu hanh pho bién nhét (27%),
va cac kiéu gen ST déu c6 ngudn gc tir cac nudc Dong
Nam A.
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