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SUMMARY

DEVELOPMENT OF ADIPSTICK TEST BASED ON IMMUNOLOGICAL
AGGLUTINATION FOR THE DETECTION OF BACILLUS ANTHRACIS SPORES

Bacillus anthracis represents a serious threat of biological weapons, and there is an urgent need to
develop a rapid, simple and sensitive assay to detect B. anthracis spores in environmental samples.
Commercial lateral flow immunoassays for detection of B. anthracis spores are easy to perform but
exhibit very low sensitivity. This study aims to develop a sensitive and simple dipstick test, based on
agglutination reaction between B. anthracis spores and antibody-coated magnetic particles, to detect
spores of this pathogen. To this aim, factors affecting the test performance including antibody,
nitrocellulose membrane type, incubation time and pH of reaction between detection conjugate and
sample, and concentration of Tween-20 were optimized. Under the optimal condition (monoclonal
antibody to Anthrax Spore Specific 23A-14G9, UniSart® CN95 nitrocellulose membrane, 30 minutes of
incubation, pH 9.0, and 1% Tween-20), the developed test could detect B. anthracis spores with the
limit of detection of 6 x 10* spores/mL, and showed no cross-reactivity to B. thuringiensis, B. cereus, B.
subtilis, B. clausii, Yersinia bercovier va Yersinia rohdei and E. coli. When applied to detect B.
anthracis spores in simulated starch samples, the developed assay has a detection limit of 107 spores/g
starch. This new immunoassay is particularly suitable for screening of B. anthracis spores in powdery
samples because of its simplicity and improved sensitivity.
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1. PAT VAN PE nhan nay c6 thé duoc sir dung lam vii khi sinh
Tac nhan gay bénh than, Bacillus anthracis, la hoc. Vi du dién hinh Ia cac vu khang bé bing
vi khuan Gram duong, hinh que, hiéu khi va c6 thu chtra bao tir cua B. anthracis tai My trong
kha ning tao bao tir. Bao tir cua B. anthracis co nam 2001 da khién 5 ca tir vong. Ngoai van dé
thé ton tai bén bi trong cac moi truong khic anh huong truc tiép dén tinh mang con ngudi,
nghiét [1]. Trong ty nhién, dich than thuong céc vy khing b nay con gay nén ndi lo so cho
bung phét trén céc quan thé dong vat, gia suc. toan xa hoi My trong khoang thoi gian dai sau
Hang nam ciing ¢6 khoang 2000 truong hop do.

mac bénh than ¢ ngudi duoc ghi nhan trén toan Hién nay, mot sé hé thong real-time PCR cam
thé gioi. Ngoai ra, do tinh nguy hiém va viéc tay trén thi truong cho phép phat hién B.
dé dang tao bao tir cua B. anthracis ma tac anthracis ngay tai hién truong véi do nhay va
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do dic hiéu cao [2]. Tuy nhién, nhugce diém
cua cac hé thong nay la gia thanh thiét bi va
sinh pham rat cao, han ché kha niang ap dung
rong rai. Vi vay, dé giai quyét nhu cau phat
hién nhanh B. anthracis ngay tai hién truong,
mot s6 sinh pham dya trén ky thuat sic ky
mién dich da dwoc phat trién nhu BioThreat
Alert (Tetracore), BADD (AdVvnt
Biotechnologies), SMART Il (New Horizons
Diagnosics), miPROTECT (Miprolab) [3].
Tuy nhién, ngudng phat hién cua cac que thir
nay rat cao, dao dong trong khoang tir 2,3 x
107 dén 4,2 x 10° bao ta/mL [3]. Piéu nay c6
thé gay ra hién tuong am tinh gia, hét sic nguy
hiém trong hoat dong phong chéng khung bé.
Dé nang cao do nhay phan tich cua que thir
phat hién bao tir B. anthracis, Wang va dong
tac gia da phat trién mot cdu hinh que thar mai,
duoc dat tén 1a “Road closure” trong d6 mot
khang thé don dong dac hiéu dugc gan Ién bi
tir dé phan ung vai bao tir va gay ra hién tuong
két tu bi [4]. Phuc hop két tu nay s& khong dich
chuyén Ién trén que thir ma s& tao thanh mot
vach tin hiéu c6 thé quan sat dugc bang mit
thuong & ngay dau que thur dugc goi la
“Retention line”. Muc tiéu cua nghién ctru nay
la ing dung nguyén 1y “Road closure” va
khang thé thwong mai dé phat trién que thir
phat hién nhanh bao ti B. anthracis véi do
nhay cao.

2. THUC NGHIEM

2.1. Vatliéu

Cac chung vi khuan duoc sir dung trong nghién
ctru ndy bao gébm: chung B. anthracis Sterne
34F2 tr vic xin vo doc nhiét than
(VETVACO), chung B. thuringiensis ATCC
10792, chung B. subtilis subsp. subtilis 168
ATCC 23857, chung B. cereus ATCC 10876,
B. clausii tr men tiéu hdéa Enterogermina
(Sanofi aventis), chung E. coli DHb5alpha,
Yersinia bercovier ATCC 43970 va Yersinia
rohdei ATCC 43380. Trong d6, chung B.
anthracis Sterne 34F2 da duoc loai bo plasmid
pX0O2 va khéng con kha nang gy bénh. Céac
hoa chét chinh dugc str dung trong nghién ctu
bao gom: khéang thé da dong anti-B. anthracis
tir dé (Tetracore), khang thé don dong anti-B.
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anthracis 8G4 (Tetracore), khang thé don dong
dac hiéu bao tr B. anthracis 23A-14G9
(Tetracore), khang thé da dong khang IgG
chugt ma hiéu M5899 (Sigma), khang thé da
dong khang IgG dé ma hiéu G4018 (Sigma), bi
tr Carboxyl-Adembeads duong kinh 300 nm
(Ademtech). Céc hoa chit thong thuong khac
c6 ngudn goc tir Sigma va Thermo Fisher
Scientific.

2.2. Phuong phap

2.2.1. Phwong phdp tao bao tir

Bao tr cua B. anthracis Sterne 34F2, B.
thuringiensis ATCC 10792, B. cereus ATCC
10876 va B. subtilis subsp. subtilis 168 ATCC
23857 duoc tao theo quy trinh cia Wang va
ddng tac gia [4]. Bao tir dugc tinh sach bang
phuong ly tdm gradient sucrose theo Weldy va
dong tac gia [5]. Mat d¢ bao tir dwoc xac dinh
bang phuong phép cy trai trén dia thach LB.
2.2.2. Phwong phdp tao céng hep phét hién
gi@a khang thé va bi tir Carboxyl-Adembeads
Cong hop phat hién giita khang thé va bi tur
duoc ché tao theo huéng dan cua nha san xuat.
Cong hop phat hién dugc bao quan & ndng do
5 mg bi/mL & 4°C.

2.2.3. Phuwong phdp in phun que thir

Qua trinh in phun vach kiém chtng dugc thyc
hién bang thiét bi Linomat 5 (CAMAG).
Khéang thé da dong khang IgG chudt M5899
(Sigma) va khang thé da dong khang IgG dé
G4018 (Sigma) duoc in phun véi nong do 2
pg/em tai vi tri cach mép dudi que thur 1,5 cm.
Sau d6, mang duoc siy ¢ 37°C trong 1 gio va
dugc cit thanh cac que thir c6 do rong 4 mm
bing AUTOKUN Cutter. Ba loai mang dugc
thor nghiém la UniSart® CN95 (Sartorius),
UniSart® CN140 (Sartorius) va CNPC-SS12
10 um (MDI technologies).

2.2.4. Phwong phdp phdt hi¢n bao twr B.
anthracis bang que thi “Road Closure”

Bao tir B. anthracis dwoc phét hién bang que
thr “Road closure” theo nguyén 1y dugc trinh
bay & Hinh 1. Mau phan tich duoc tron voi 3
ML cong hop phéat hién trong 500 pL dém
Borat 50 mM pH 8,5-9,5 chira 1% BSA va u
lic 15-60 phut & nhiét do phong. Sau do, gid tir
duoc sir dung dé loai bo dich va thu cong hop



phét hién. Tiép do, 50 uL PBS pH 7,5 chta
0,5-1,5% Tween-20 duoc bd sung dé hoa tan
cong hop. Que thir dugc cam vao céc giéng dé
phan tich phan g két tu. Quy trinh phan tich
que thir “Road closure” dugc ti wu bang cach
thay d6i céc théng s6 nhu loai mang
nitrocellulose, pH va thoi gian 0 caa phan (ng
cua cong hop phét hién vai bao tir, ndng do
Tween-20.

Dbi véi miu duong tinh, bao tr va cong hop
phat hién s& lién két chéo tao thanh mot mang
ludi c6 kich thudc khbng gian I6n do vay
khong di chuyén duoc I&n trén mang
nitrocellulose (Hinh 1). Khi cim que thir vao
mau phan tich, phtc hop trén s& két tu tai vi tri
tiép xdc gitra que thir va bé mat dung dich tao
thanh vach “Retention” c6 kha ning quan sat
duoc bang mat thuong. Céc cong hop phat hién
& trang théi ty do sé di chuyén Ién trén que thir
va phan ing véi khang thé vach kiém ching va
cho tin hiéu mau tai day. Bi véi mau am tinh,
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toan bd cong hop phat hién & trang thai tu do
s& di chuyén 1én trén mang nitrocellulose dén
vi tri vach kiém ching va tao tin hiéu tai day.
Dbi v6i miu bot gia nhiém, 10 mg tinh bot da
duoc nhidm chu dong bao ta hoic té bao sinh
dudng duoc can vao mot éng eppendorf 1,5
mL. Sau d6, 1 mL dung dich dém Borat 50
mM pH 9,0 dugc bé sung vao dng, dao tron
manh trong 30 gidy va duoc dé ling 10 phuit.
Tiép d6, 500 pL dich néi dugc chuyén vao éng
eppendorf mai chira 3 uL cong hop phat hién
va lic ¢ nhiét do phong trong 30 phat. Céc
budc phan tich tiép theo cua que thir duoc tién
hanh tuong tu nhu & trén.

Hinh anh cac que thir duoc scan bang may
EPSON V800. Sau d6, cuong d6 mau vach
“Retention” duoc dinh luwgng bang phan mém
ImageJ.
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Hinh 1. Nguyén ly két tu ciia que thir “Road closure” phdt hién bao ti B. anthracis

3. KET QUA VA THAO LUAN

a) Két qua lya chon khang thé tao cong hop
phéat hién bao tir B. anthracis theo nguyén ly
“Road closure”.

Khéac vé6i que thir sic ky mién dich théng
thuong, thay vi phai sa dung hai khang thé
(mot khang thé tém bat va mot khang thé phét
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hién) thi ddi véi que thir “Road closure” theo
nguyén Iy két tu chi can sir dung mot khang thé
1a d3 c6 thé phat hién duoc bao tir B. anthracis.
Do vay, d6 chinh xac cua que thir “Road
closure” phu thugc rat nhidu vao dic tinh cua
khang thé tao cong hop phat hién. Trong
nghién cau nay, ba khang thé thwong mai tir



hing Tetracore di duoc thir nghiém dé tao
cong hop voi bi tir 1a: (i) khang thé da dong
anti-B. anthracis tir dé, (i) khang thé don dong
dac hiéu bao tir B. anthracis 23A-14G9 va (iii)
khang thé don dong anti-B. anthracis 8G4. Két
qua thir nghiém (Hinh 2) cho thay, ¢ ndng d6 5
x 10° bao tir/que, cac khang thé da dong anti-B.
anthracis tr dé va khang thé don dong dic
hiéu bao tir B. anthracis 23A-14G9 cho vach
“Retention” rd rang c6 thé quan sat bang mat
thuong. Trong khi d6, & khang thé don dong
anti-B. anthracis 8G4 khong thiy xuét hi¢n
vach “Retention”. O c&c mau am tinh cua ba
loai khang thé duoc thir nghiém déu khoéng
xuit hién vach “Retention”. Diéu nay cho thiy
su xuat hién cua vach “Retention” trén cac que

thir sir dung hai loai khéng thé da dong anti-B.
anthracis tir dé va khang thé don dong dic
hiéu bao tor B. anthracis 23A-14G9 la lién
quan dén su hién dién cua bao tir B. anthracis.
Bén canh do6 trén toan bo cac que thir déu xuét
hién vach kiém chung ré rang cé thé quan sat
bang mat thuong. Khi so sanh vé cuong do tin
hiéu vach “Retention” giita cac mau duong cua
que thir (Hinh 2), khang thé don dong dac higu
bao tur B. anthracis 23A-14G9 cho tin hi¢u gip
khoang ba lan so véi khang thé da dong anti-B.
anthracis tir dé. Tir cac két qua nay, dé nang
cao do nhay phat hién cua que thi, khéng thé
don dong dic hiéu bao tir B. anthracis 23A-
14G9 duoc lya chon dé tao cong hop phét hién
cho cac thi nghiém tiép theo.
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Hinh 2. Két qua lira chon khang thé tao céng hep phat hién bao tir B. anthracis. Ba khang thé duroc thir
nghiém la khang thé da dong anti-B. anthracis tir dé (KT1), khang thé don dong ddc hiéu bao tir B.
anthracis 23A-14G9 (KT2) va khang thé don dong anti-B. anthracis 8G4 (KT3)

A. Hinh anh quét cac que thiz. Mdi thi nghiém dwoc Iap ba lan.

B. Cuong dé tinh hiéu vach “Retention”.

3.2. Téi wu cac théng sb caa quy trinh phat
hién bao tir B. anthracis bing que thir
“Road closure”

Trong nghién cau mo duong cia Wang va
ddng tac gia, loai bi tir co kich thuéc 300 nm
(Ademtech) cho @ nhay phat hi¢n tét nhat [4].
Vi vay, trong nghién ctu ndy, loai bi tur trén da
duogc sir dung dé tao cong hop phét hién véi
khang thé don dong dic hiéu bao ti B.
anthracis 23A-14G9. Cac thong sé khéc cua
quy trinh phéat hién bao tir B. anthracis bing
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que thtr “Road closure” da dugc t6i uu hoa bao
gom: (i) loai mang nitrocellulose (UniSart®
CN95, UniSart® CN140, CNPC-SS12 10 pm);
(if) pH cua phan ung gitra cong hgp phéat hién
véi bao tir (8,5; 9,0; 9,5); (iii) thoi gian u cua
phan tng gitra cong hop phéat hién voi bao tu
(15 phat, 30 phat, 60 phat); (iv) nong do
Tween-20 (0,5 %, 1 %, 1,5 %). Két qua thir
nghiém cho thay, diéu kién téi wu cta quy trinh
phét hién bao tir B. anthracis bang que thir
“Road closure” la st dung mang UniSart®



CNO95; véi pH ctaa dém phan (tng Borat 50 mM
la 9,0; ndng d6 Tween-20 1a 1 % (két qua
khong duoc trinh bay). Két qua t6i wu thoi gian
U phan tng cua cong hop phat hién véi bao tir
(Hinh 3) cho thiy thoi gian u cang dai s& cho
vach “Retention” cang dam. Tuy nhién, gita
cac khoang thoi gian u 1a 30 phdt va 60 phut,
cuong d6 tin hiéu vach “Retention” khong ¢6
su khac biét c6 ¥ nghia thong ké (p = 0,149).
Do vay, thoi gian u 30 phat duoc lya chon la
thoi gian U tdi uru cho phan tng gitra cong hop

phat hién vai bao tr. So sanh vai cac nghién
ctru di dugc céng bd cho thdy c6 mot sé su
khac biét vé diéu kién téi uu cua quy trinh
phén tich nhu sau: thoi gian u la 10 phat; pH
9,5; nong d6 Tween-20 la 0,5 % trong nghién
ctru cia Wang va dong tac gia [4]; trong khi
do6, thoi gian u la 30 phat; pH 9,0; nong do
Tween-20 la 1 % trong nghién cau cua ching
t6i. Cac khac biét nay co thé 1a do cac khang
thé don dong dugc sir dung trong hai nghién
cau la khéc nhau.
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Hinh 3. Két qud toi wu thoi gian 4 céng hop phat hién va bao tir B. anthracis.
A. Hinh dnh quét cac que thiz. Méi thi nghiém duwroc Idp ba lan.
B. Cuong dé tinh hiéu vach “Retention”

3.3. Ngwdng phat hién va phan #ng chéo cia
que thir “Road closure”

Bao tir B. anthracis dugc pha lodng toi céac
ndng do khac nhau nham xac dinh ngudng phat
hién cua que thir. Két qua phan tich (Hinh 4A)
cho thay & nong do 3 x 10* bao tu/que van c6
thé quan sat dugc tin hiéu & vach “Retention”
mac du khd mo. Do vay, c6 thé két luan so bo
ngudng phét hién cua que thir di vai bao tur B.
anthracis la 3 x 10* bao tu/que hodc 6 x 10*
bao ta/mL dém. Khi so sanh v&i ngudng phéat
hién ciia cac que thir sac ky mién dich thuong
mai nhu BioThreat Alert (2,3 x 10° bao
ti/mL), BADD™ Advnt (23 x 107 bao
tia/mL), SMART Il ™ (2,3 x 107 bao ta/mL),
miPROTECT (> 4,2 x 10° bao ti/mL), ngudng
phat hién cua que thir “Road closure” phat
trién trong nghién ciru nay 1a thip hon it nhat
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la 300 lan [3]. Piéu nay phan 16n la do kha
nang co dac mau khi sir dung cong hop phét
hién bi tir gan khang thé. Tuy nhién, khi so
sanh vai nghién citu mo duong cia Wang va
dong tac gia [4], ngudng phét hién cua que thir
dugc phét trién trong nghién ctu ndy van cao
hon khoang 10 lan (6 x 10* bao tir/mL so véi 5
— 7 x 10° bao ti/mL). DY nhay cao cua que thu
trong nghién ctu cua Wang va ddng tac gia la
nho viéc st dung thiét bi do tin hiéu tir tinh
chuyén dung, trong khi nghién ctru caa ching
t6i phat hién tin hiéu vach “Retention” bang
mét thuong [4].

D6i voi mau tinh bot gia nhiém, két qua phan
tich (Hinh 4B) cho thiy ¢ ndng do 107 bao tir/g
cho vach “Retention” c6 thé quan sat dugc rd
rang bang mét thuong. O mau bot gia nhidm B.
anthracis c6 nong do 3 x 10° bao tu/g khdng



c6 tin hiéu tai vach “Retention”. Két qua nay
cho thdy ngudng phét hién cua que thu déi véi
mau tinh bot gia nhiém 1a khoang 107 bao tir/g.
Phan &ng chéo cua que thir vai cac tac nhan vi
khuan khac di duoc danh gid bang céch sir
dung bao tir caa B. thuringiensis, B. cereus, B.
subtilis, B. clausii & mat do 107 bao ta/mL va
té bao sinh dudng Y. rohdei, Y. bercovieri, E.
coli & mat do 10”7 CFU/mL. Két qua thir
nghiém (Hinh 4C) cho thay que thir khdng c6
phan wng chéo vai toan bd cac tic nhan da
dugc thir nghiém. Biéu nay cho thay khang thé
don dong 23A-14G9 1a co6 tinh dac hiéu cao
dbi véi bao tir B. anthracis.
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Hinh 4. Nguong phat hi¢n bao tix B. anthracis
va phan ing chéo cua que thi: “Road closure”
A. Ngurong phét hién trong dém borat
B. Nguong phéat hién trong mau bét gia nhiém.
C. Phan #ng chéo cua que ther vdi cac tac
nhan vi khudn.

(-): Mau kiém chirng am; 1: bao tu B.
thuringiensis; 2: bao tu B. cereus; 3: bao tir B.
subtilis; 4: bao tir B. clausii; 5: té bao E. coli;
6: té bao Y. bercovier; 7: té bao Y. rohdei; 8:
Kiém chimg duong.

4. KET LUAN
Nghién ctu nay d& phat trién dugc que thir
phat hién bao tur B. anthracis dya trén nguyén
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1y “Road closure” véi cac théng sb duoc tdi wu
la: cong hop phat hién duoc ché tao tir bi tir
Carboxyl-Adembeads duong kinh 300 nm va
khang thé don dong dic hiéu bao tir B.
anthracis 23A-14G9; mang ché tao que thir 1a
UniSart® CN95; pH cua dém phan tng gita
cong hop phat hién véi bao tir 1a 9,0; thoi gian
U cta phan ¢ng gitta cong hop phat hién vai
bao tir 1a 30 phat; nong dd Tween-20 1a 1 %.
Que thu tao ra c6 ngudng phat hién bao tu B.
anthracis 1a 3 x 10* bao ta/que hoic 6 x 10
bado t/mL dém borat va khong c6 phan ung
chéo vai bao tir cua B. thuringiensis, B. cereus,
B. subtilis, B. clausii, E. coli, Y. bercovier va Y.
rohdei. Que thir ndy cé thé phat hién duoc bao
tir B. anthracis trong mau tinh bot gia nhiém
voi ngudng phét hién la 107 bao tu/g bot.
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