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Biosensing Technology for Dengue Virus Detection
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Abstract Dengue virus is a single-stranded RNA virus transmitted by mosquitoes, belonging to the flaviviridae. Currently,
there are no targeted antiviral drugs and effective virus vaccines of timely prevention. Due to the importance of clinical de-
tection, new methods for detecting Dengue virus infection have emerged in recent years, trying to detect and control this in-
fection early. This review mainly describes the biosensing technologies for the detection of Dengue virus related diagnostic
markers, including optical, electrochemical, enzyme-linked immunosorbent assay and other biosensing methods, and com-
prehensively evaluates the sensitivity, accuracy, concentration range, detection limit and clinical application ability of differ-
ent detection methods, so as to further improve the detection performance of these technologies, and to promote the devel-

opment of this field. It will provide references for the early diagnosis of Dengue virus infection.
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Figure 1 Scheme for MMS-sandwich ELISA of Dengue antigen (Ag)*?
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EDC/NHS A [E 58 B R, EDC: 1- 2 KE-(3-— F IR Z{U5E 7 46
ok V¥, NHIS: N-4 J5E 3y 31 1 I e g P M 3

Figure 2 Scheme of PHB fibers-based ELISA for Dengue virus detec-
tion®¥), (a) Electrospinning technique for fabrication of PHB fibers, (b)
dip-coating by immersing PHB fibers, (c) and (d) chemical structures of
PHB and poly(MMA-co-MAA), (e) physical attachment of Dengue Ab to
the coated surface, (f) covalent immobilization of Dengue Ab by
EDC/NHS treatment, EDC: 1-(3-dimethylaminopropyl)-3-ethylcarbo-
diimide hydrochloride, NHS: N-hydroxysulfosuccinimide sodium salt
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Table 1 Optical biosensors for detection of Dengue virus

Detection method

Type of Dengue

Nano materials

Limit of detection

Linear range

Reference

Optical DNA biosensor

SERS based lateral flow
biosensor
Label-free biosensor
Colorimetric biosensor
SPR biosensor
Optical DNA biosensor

SRP biosensor
LSPR fiber optic sensor
LSPR biosensor
SRP biosensor
Optical DNA biosensor

Optical DNA biosensor
SERS biosensor
SERS biosensor
SERS biosensor

SRP biosensor

Dengue serotype 2
NSI protein

Dengue serotype 2
Different Dengue serotypes

Dengue serotype 2

Dengue serotype 2 and 3
Dengue anti-NS1 antibody
Dengue anti-NS1 antibody

Dengue serotype 2
Dengue DNA sequence

Dengue DNA sequence
NS1 protein
NS1 protein
Dengue DNA sequence
Dengue serotype 2

Silica nanospheres

Silver nanoparticles
AuNPs
Silica nanoparticles

Gold nanoparticles
rGO-PAMAM
AuNPs

Silver nanorods
AuNPs

0.2 amol/L
15 ng/mL

1 pmol/L

1 zmol/L

2 X 10* particles/mL
1.54 nmol/L
5.73 pg/mm’

1X107%° mol/L

2 fmol/L
7.67 ng/mL
0.49 fmol/L
0.08 pmol/L

1.0X107'%~1.0X107"°
mol/L
15~500 ng/mL

31~260 copies/mL
1.0X1075~1.0X10™"
mol/L

0.08~0.5 pmol/L
1.0X102'~1.0X107"?
mol/L
~1 pmol/L

1 fmol/L~10 nmol/L
0.08~5 pmol/L

[17]

[18]

[58]
[59]
[60]

[61]

[62]
(7]
[63]
[64]

[65]

[66]
[67]
[68]
[69]

[70]

i, JHRE PNA #REFFIELER DNA ZRASTERUHT R 57

Eb s LFD kA Ll, SERS filif#MK T ZIKV #1 DENV

HHT PNA/DNA E&WH 7B, AuNPs fréFsrH A
R4, FL, WHRMBIERA SR, 510865 DNA NERET
BT, PNA 4R R HLA 5 40 1) S A M A E A
PE. BT LU, Ferraz ZEUSHRIE T 3T a1 37 5h 1)
T AL IRES, H T8 AR E IS TSI, Z 7
T R DX At HE DX I, 7 R A DX S 38 ] S A R 4T
e M. MINBARE S, RB4IER 1, W4
Y F BT RS AN X . 7 20 0 23 P MR, S
O &L task. T, SR REE, X—
AREEZIEARNGE. B § 7 B R %k E iR
(Pan Bio & HHG)76, NS1 2 4 4R A= 4
P81 2 B PR R 6 4 R0 B [gG/IgM LA,
3.3 REEER S G (SERS)E YL RS

SERS /& m UK H 2k M R, B e 8 IX I,
ALEE H SRR s S NG AE B, TR R,
S R VAR 9T L5 4y - U BUAE D7 T A3 B2 M. Neo
LR DNA SR D R4 FOER S g Kot 1 [ e e A5 2%
FM, ST 4 Mgk 5o 8 Iy 24 14 2 SE I H R T 41
R, A AR PN e B TRIRE, A I ) B S AL A,
TG e 30 3 IR SR v ok aot e ER e S AR AR, T2 FH TG b
TCAHE ) ssDNA BEAT SERS Kl 4605t A5 26 . B0k
PEE S BRBHIEAR. K, WI7E POCT H33IRMA.

FERIABH(ZIKV) R B H TR e ASRE R AR AL, 1H
RABURGREEANH. BT SERS i m R T,
Sanchez-Purra iff 78 /NAS & T 2T LFD *F- &5 11 SERS
MEH L. FIF SERS Gfith )4 0K B 51 I8 B 5 1
Bk, KIX4» ZIKV 1 DENV JE45#5E [ 1 (NSDHAE
YikrEY, KR 358 0.72 ng/mL 1 7.67 ng/mL. 5
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NS FIARIIER. PR, SERS AT DA A A 5 HAAG I 2 2
PIRB BT, TS LFD 44 M+ POCT.
Song ZEOIRY R T I AL K I H 2H 35 (LCHA) FI A4 28 B
XN (HCR)HJ SERS 1%/ 2% (& 4). UL DENV HN¥EFR, 18
o LI/L2 KR JE C1 R BIEEFR 72+ DENV. 5] A ROX
PeRbrid ik 2 €2 I ] B4 25 LCHA, {# DENV
AW IEER. [FIE, 7F SERS-AgNRS F5%1 EJIA ROX Fx
LR J2(HT A1 H2)FE R HCR, #4950 ROX K1 GES.
T RIAT 5 O TR, A4 I Ak S A% R R
T, AL R H 43 (individual CHA)Y) 4.5 1%,
[FIES, {55 M g 2] T Bar ek, i CHA 1.8 fi%
e E] 5.4 /%, H DENV M FREZ 0.49 fmol/L.
Ik, SERS i€ B A R UF (e st SR IIRE R, 8 Sk
iR R IS WP TR I A SRR,

’] \/(\ oenv O O QT/CI 3 A N
AeE e e e R0 s "L
£ ‘ \ = e L2’ i f
ROX LCHA DENV L) n-£ - y -
c2 ’L © / df 4P
\ R e . . . .
' } HCR : :f '] -W
> Q B .
4, H1.® H2 LN e
= ; [ e — \_ == AENR S-Ag
AgNRs array
///////// ¥ ////7/ T ¥ S

B4 B R Ie H AR (LCHA) IR 2855 52 R (HCR) To g™ 14 S
FT 8 55575 SERS 6 II7 = (&1

Figure 4 Illustration of SERS assay of DENV gene via a cascade
enzyme-free signal amplification strategy of localized catalytic hairpin
assembly (LCHA) and hybridization chain reaction (HCR)'*!
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AZ LB R SRR 16 [ 8, R RGN K 2R 1) 5% e SE B L i
BUG R AT, Shen 26115 5 1i(QDs) & Ui [ DNA
FIRERER, JHK QDs 7R MAE 5 AR S S MEAZ TR I
(DSN)&hi &, FIH DSN HIEEUIRE, SCLEE RNA [I7E
W, RET —MgEA0RT RNA RSN 7%, o]
%ME%TH*&% SRR, KPP YL R
POk, L REEEL 5. Chowdhury ZEP ] AuNPs Fl
%%ﬁm%E*%a?ﬁﬁﬁ#ﬁwﬁﬁAﬁﬂwﬂ
/\IJ_IIW JLRRIC T DNA $REF, EES7 T 8 i PP 8 5 4k
R B GRS v, Hsieh BRRRZHOURY T —Fh Gy
FRIRES, W I BRI A ALY B (HRP) 135 P 3E 4T 5 34
T B BRGSO . B A B SR AR, A
FEWFALIS (3D, vk B @ s, R
e, ARIE AR 7 V2 R R S VL S R T R
RPUE B, Xie 5020648 A HIHEZMOF) H T %
FRiCAZER RS I R 48, K MOF 5 PR AN [H] 98 6 brid
DNA #REF54, ld dE3A0 A0 BAE R KL, 4
DENV 1 ZIKV [ RNA [ 41 [F] B FE7E RS, 2GR ET Bl R
MR 5 F6A5 5, BR324 232 pmol/L Al 192
pmol/L. Bk, T RXER BN [ PR A ey R R %A
W77 AL C T DENV AL Ju A%+ T —F H
PR CHA CEE IRy SEHE A 5). ZHEAH =Fh
AT &R e (HT, H2 A1 H3)F—AMiEfh DNA C(K %
H4 5B EYNA K. 24 DNA C fA7ER, s
CHA P4 AR T, 154 5 DNA C R HIAH R I IX 3,
KA B CHA JEFA AT 21, SEEL T TFREUE DL K BB 7R
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5, WidiZE 55 DNA CIKELZMES 280 H 4.
PRI SINT 5 B AR e X4 A R I H4,
AT DASEI XS AS [F] 43 B P PR s s e A . SO 6
HIRE RNA Ny, g Eiail 0.1~50
nmol/L, # PR 0.048 nmol/L. Kill4h5 SAlFBY T 1% 4% &%
HIAR S RE, A T IR PR 2.
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Figure 5 Target-catalyzed assembly of pyrene-labeled hairpins for
exponentially amplified biosensing!®*!
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Table 2 Recent developments in electrochemical Dengue virus biosensors

Limit of detec-

Electrode Detection technique Analyte Linear range tion Reference
CNT-SPE CA NS1 0.04~2 pg/mL 12 ng/mL 4
PAH/CNT cv NS1 0.1~2.5 pg/mL 0.035 pg/mL 3]
Au/CD DPV NS1 1~100 ng/mL 0.33 ng /mL 196]
Nanoporous DPV DENV-2 1~10° pfu/mL 1 pfu/mL o7

alumina/Pt wire
PGE DPV DENV-1 1~40 nmol/L 0.92 nmol/L 98]
Nanoporous DPV DENV1(31-mer ssDNA) 1072~10"°mol/L 9.55X10712 e
alumina/Pt wire mol/L
ZnO/Pt-Pd CV/DPV DENYV target ssDNA 1X107°~100X 4.3X10°mol/L (100}
10 mol/L
Mn,O; nanofiber CV/DPV/EIS Dengue consensus primer 1 nmol/L~1 120X 10 mol/L ot
pumol/L
Thiophene-SPE/AuNPs CVI/EIS NSl 0.04~0.6 pg/mL 0.015 pg/mL o)
/Protein A
PGE DPV DENV-3 10~100 nmol/L 3.09 nmol/L (871
Au EIS/CV NS1 0.1~10 pg/mL 0.09 pg/mL [103)
Au EIS/CV NS1 0.01~1.00 pg/mL 30 ng/mL [104]
Awliposome EIS/CV DENV-1~DENV-3 0.01~1.00 pg/mL 3 ng/mL t1os)
AuNPs/PVB EIS/CV Dengue fever and Dengue haemorrhagic — — (1oe]
Fe;04/PVB EIS/CV DENV-1~DENV-3 — — [107]
AuNPs/PANI/CramoLL EIS/CV Glycoproteins from DENV-1~DENV-3 — — (108]
AuNPs/PANI/BMOLL EIS/CV Glycoproteins from DENV-1~DENV-3 — — (109]
CNT/polypyrrole-NHS EIS/CV DENV-2 1073~10 g/mL — o]
Cys-MBA-AuNPs EIS/CV DENV-1~DENV-4 — — tm
GO-PMC EIS/CV DENV-1~DENV-4 1~2X10%pfu/mL 0.12 pfu/mL (2]
AAO EIS/CV DENV DNA IX1072~1X10"° 2.7X10""2mol/L {3
mol/L

Si0,/APTES-GO EIS DENV DNA — 1 fmol/L (4]

CNT: BRGVKE, SPE: 22 M ENR HAl, PAH: TIFT AL, Aw/CD: £/m i s, PGE: 4540 58 sk, PVB: T ZJHEESE T B%, PANL %A%, CramoLL: Cratylia
mollis %4 %, BMOLL: Bauhinia monandra %4225, MBA: 4-57 35K IR, PMC: B MR E A kL, AAO: FIEALES, APTES: 3-R A% = 2 ALk,
GO: FAbF M, CA: VB HIRIE, DPV: Z 5 kiR 2%, EIS: BRBTINE %, CV: fEIMR 2.

TARAAE(SIO) T HAL A A E ) R T, A
TR A, I R B, SIS A I AL 2
e[

FAb, FRR R T AR B 0 R B AR TR R S A
WA 53 750 SR AR R HE T R, @, Pk,
TEAA L AR B R AR (AR )R ] AR AR ot
K, T A0 DR R S b M R R VR R B T R i,
Anusha 25020120 FE 4 45 Wl S A0 B 3 T — P o 26 W A SR
B8, FHF 43 M7 I BB RRE b v R AT REIR FE . R Ah,
BHE R DR A, e piinT Lk Bk
b RS ) AT B LT HR R AR 11051001 A iU o
PEAE 4 J8 2R THI 1) BB [ 5 8 8 2 S BUEMIS M AR, A
U H T2 B A el A 225 B 2K R e A [ e AE
M ES), L 2 77 A AR S AR 1221 21 F fif
JFI pH BE T R R A R, S i e O s
Al FELRH EL A R i S s A e AR o AE e v, IR, B
WA TG DAL A B [ s 7 2QBE g AR D224 gk ok 4
YRR FENE S o FIEME, BTFRAGRERA. §
HPERELT . RITE MO 2 . AW 2 PR L AR B B
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SR AT, E B A B 0 I RS DU AR B N
Fjr108],
42 RIZHEYIEREE

L E AL BERE I BIRAE S g H, R E AR
i, BALMIEHEE .. RBUESSRa, sRmaRE
TZ VRN H WL AR VS TR e RE . IR
R ZF(C VYR ZE 53 Bk AR 22 iR(DP V)2, CV A& 7732
O T A W hs 4 S 55 AR ) A IR AR 1271281l g
TERLR F 2 DNA %, AIsEdixd H AR 8 A0 55
TR CV B DPV £ lll. {511, Rashid S 201 H —F
& YK RO /A 40 K 26 /48 10 A 25 (AuNPs/SiNWs/ITO) HE
T2z Yk s, DL H R (MB) S8 Ak I8 TR i 7 71,
SEPR T Ak e A R ARSI, R R I ) 9 B S B R
0.01~50 nmol/L. Tripathy ZE!1 U - G4 /&f E AL 2K
PRI T —Hh DNA GORALIEER, A8 5 A5 75 1
TEMIVEE A 1 amol/L~1 pumol/L, KMIFE A 120X 1072
mol/L. Singhal 5100 H 5 T4 {8 /41-41(ZnO/Pt-Pd)
U F A5 A AL 85 (FTO) B AR I FELAL 27 AR WAL I 2%,
FIFHERET DNA FIHE DNA [ 12432 5 CV il DPV #i R,
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Figure 6 Schematic illustration of dendritic HCR for electrochemical
detection of DENV nucleic acid!*!
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it G b i B K A= P A% 2R 2%, R DUBR 9 0.025 mg/mL.
Palomar Z534TF Au 9KRL B IHIRAVKE & &0k
[E] 7 B AP, R T — RS I DENV-2 (1 F Ak 2222
LA (A 8), LMV 1X1012~1X10° g/mL,
KERIE 3X 1078 g/mL, ZALERAE EA KT 11,
T LI o TR P 2 o A P, ] e,
FAG AR p b A B 5

A) "
/e "
- “ l S | 2em E.
i - 4cm
7cm \
15cm
1stgen. 2 gen,

B) 1 Y 4
2 Sai

7 mple flows to

Add patient nj ad;
0\ sample onto a M " s
\ sample pad 4 uns n

olecule
Immuno-complex
flows towards the
SPGE via lateral
6 Connect to a " \ flow
reader and 2™ gen,
(L measure the
- rasult

Immuno-complex
Electron transfer f binds secondary
!mm ereclroacwa g immuno-recognition

molecule conjugated
TEMPO) IOSPGE on SPGE

Bl 7 L2 R <G R AT ] (K 8 3 NST 2 1 s AL 22 A i s
(A)ZE 1 X 7 em KSR AR, (B)A 2 4K 4 em KAb 2 &M
R 2 R R DY B ENRIERTIC K] AuNPs S0 o A5 R A 152
Figure 7 Schematic representation of screen-printed gold electrodes
based electrochemical lateral flow immunosensor for detection of Dengue
NS1 protein. (A) 1st generation with 7 cm length and immunonanobeads
(AuNPs-AB-Fc)!'"® (B) 2nd generation with 4 cm length and chemically
modified PEG-stabilized and TEMPO-tagged AuNPs!'3?!
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Figure 10 Schematic of label-free immunosensors for non-structural
protein 1 (NS1) by functionalizing single-walled nanotubes networks!'*”!
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