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Abstract: Tenofovir disoproxil fumarate (TDF) is a nucleoside analogue that has been widely used for clinical
treatment of human immunodeficiency virus (HIV) and hepatitis B virus (HBV) infection. The aim of this study
was to investigate whether TDF has anti-Zika virus (ZIKV) activity in vitro. The inhibitory effect of TDF on ZIKV
was detected by plaque reduction assay. Then, the anti-ZIKV activity of TDF at RNA level and protein level was
verified by real time quantitative PCR and Western blot. Finally, MTT assay was used to determine the cytotoxicity
of TDF. Our results showed that TDF not only reduced the formation of plaque after ZIKV infection, but also
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inhibited the replication of ZIKV RNA or expression of ZIKV NS2B protein. The 50% effective concentration
(ECs,) of TDF in inhibition of ZIKV replication were 14.96-27.47 pmol-L"', while that of ribavirin was 56.01 +

12.16 umol- L, which served as the positive control. The cytotoxicity of TDF and ribavirin in Vero cells were very

low, with their 50% cytotoxic concentration (CCs,) values being greater than 500 pmol-L™". The therapeutic index

of TDF calculated by CC,,/EC;, was greater than 18.20, which was significantly higher than that of ribavirin.

The results suggest that TDF has good anti-ZIKV activity in vitro and is expected to become a candidate drug

for anti-ZIKV therapy.
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o ZifEE DMK EE (capsid, C) i 7 JE &
F/f% 85 1 (premembrane and membrane, prM/M) A £
JiE 5 F (envelope, E), F 45 #) & 1 £ 4% NS1.NS2A.
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Figure 1 The structures of tenofovir disoproxil fumarate (TDF,
A) and ribavirin (B)
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200 pL, UK FZ4A# 30 min. FFAHALIK R, 2 1.5 mL
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Figure 2 Plaque reduction assay to determine anti-ZIKV activity.
A: Plaque reduction assay for TDF and ribavirin in Vero cells; B:

Plaque inhibition curves. Mock: Non-infected cells; DMSO: ZIKV
infected cells. n=3,x+s
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Figure 3 Dose-dependent reduction of ZIKV yield by TDEF. Viral

RNA levels were quantified by means of real time quantitative
PCR.n=3,x+s
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ZiA| E%%Xﬂ‘ Vero 41 i ) CCs, th A - 500 umol - L'
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Figure 4 Effects of TDF on ZIKV NS2B protein expression by
Western blot. A: Representative Western blot images of Vero cells
after treatment with TDF; B: Quantification of NS2B protein band
intensities, relative to those for f-actin. Mock: Non-infected cells;

DMSO: ZIKV infected cells. n = 3, x + 5. “P<0.05, “*P<0.001 vs
DMSO

Table 1  Antiviral activity of TDF and ribavirin against ZIKV
strain SZ-WIVO0I1 (n = 3). ECy,: 50% Effective concentration; CCy:
50% Cytotoxic concentration; PA: Plaque reduction assay; VY:

Virus yield reduction assay; TI: Therapeutic index

EC,,/umol - L"! CC,,/umol - L"!
Compound o/ ok TI
PA VY MTT
Ribavirin ~ 56.01 + 12.16 - >500 >8.93
TDF 2447+8.07 1496+ 8.29 >500 >18.20

50

Cell viability / %

N A

N\
Ribavirin / jtmol-L™!

Figure 5 Cytotoxicity of TDF (A) and ribavirin (B) in Vero cells which were determined by MTT assay. n =3, x £ s
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)8, TDF s& H3% [ Gilead Sciences 2 &) A2 77 ] —
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96 W RN KPR B 7 TDF B A5 i ZIKV 3 1, Bt
Ji i B B A I ST AN R o B O S5 43 il AE
RNA F1 2 [H /KTt — DA 7 H 5 ZIKV 30 i 1
FH o W 0 400 1) T 2 7 == B 1K S5 58 359 2% B TDF LA
=K 7 A ZIKV S . MTT Bl 25 R &,
TDF X} Vero 4 Hd (1) £ PE AR /)N, 83 CCso/ECs, T 5 H
TDF F1¥E 7 18 R B H 16 7 48 %m T FE PR e 250 2
Fibk. [H, TDF A & AT ZIKV 3G (13 /216 IT
2.

AR H AT E 5T ZIKV 259 BT 708 & 3R 3R 8
TARDLAEAGHZIKVIEEM T L2, (HIRZ 241
Ja& T R 25 ) AN A R T R, X L2 mT Re B A
P NI AE FH FEAE A A U, ghsh, i H IR 2
ARALHE T A A P R IR A BT ZIKV i 21617
{HIX BeAh S W 25805 AR BN 15 AR & 24
PESS A Rt — 0wt g, PR B L E b IR TG R AT
FIH . H53EE FDA )25 W) 4k g S K 14 7328, #4245
22 4 ey N AVBLCL DX 26, IR I L 25
MR AT REIEFE A S I B, (B A SR W%
/b TDF N CHb#E BT 254 HOUEIR B 202454, 24k
& K A T A O U ORI Ak bW B AU, H R
TDF &) 2 T 4 4- B3 30 % HBV 2 4% £F 22 BH Wi va
J7202 45 B 52 % W] TDF 7] F T & 4R 390 49 4 HIV %
Ye R BARH WA 7Y, Ak, TDF A 2 H T gk 10 &«
1 ZIKV IR TT -

TDF 5 FDA Tttt i 2597, I R 58 ot 7t 45
S, EAg B R AHIV R e 3% b TDF 1925030
FIEERAL . EZBRIRAS R, HIV YL 3 #. O ik TDF
75~600 mg J&i AJ 7£ 0.8~1.0 h Py ik B ¢ K ML 25 K &
(Croa)s Conae  68.6~618 pg-L" (0.11~0.97 pmol-L"),
Il TDF DA 3 mg- kg 71 & & bk i3 5 45 25 )5 €, T 3%
8.5 mg-L"' (13.38 umol-L"). TDF ¥ 25485 /12 A1 7
B REIHICR, AZEEL LA FME24, B8 TDF fF 4
U ZIKV 1) ECs, 55 T ¥ X Rk TDF 600 mg J& 1 C,,....
{H72 5 TDF Sk S 45 25 J5 1 C 0L . R IRAE
25 (AR SNE PRI 1 2 i N E P, (B AR AL R
KM, TDF A M T IR IRIGIT ZIKV 2G4 (1) mT Getk

TDF & & R a2y, & 0 R G Rl K8 &
VAR o B VAR T T A A P D R R U Tl R A A
NERBEIR, SR 5 DU B T R I . B
R AR T S A M 5 R AR R S5-I AR
T = W FR 45 &1 40 ) HIV-1 3% #% 5 i f HBV % & i
MG P, H7E 5 DNA B4 )5 FH 1 DNA 85 2E K 1T &
FEPUI #/E P20, RNA MK RNA KA B (RNA-
dependent RNA polymerase, RdRp) /& 3% % & RNA &
BRI B, B R, DR MR PR i 2
RIEA RS 2 —. BFRLR M, ZHE 2R i
A A T ZIKV RdRp /7 A it ZIKV AE P28, k%8 2
B AT 25 40 B Y B IR Ak o — R R R 5 R
SRS 55 4 Mk 45 & RARp IS VEAL s 9 B & it AR
I B RNA B, i & 22 1597 # RNA (1 5 1 T & 18
PUZIKV.DENV HCV 25 5 BHpi 5 15 14279, TDF
)8 T AZ A, TR L HE 0 LA FH B A AT BB 2 ZIKV
RdRp, 1H 1 75 18 5296 56 40F . e 4N, TDF 4K 4 T ZIKV
T T A 7 I8 O 2 ) S 50 B PR e HE AT BRE

AW 5 ROR B TDF 7544 B $i ZIKV i 1,
ot ZIKV #4078 B B A T R BB AR, A N
W R BT ZIKV G ia 97 25 18 Bk S &9, ok
I PRIE ST ZIKV B G 5] e ™ B B 5E | B fili
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