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Abstract: [Objective] To investigate the genomic phylogeny as well as the in vivo and in vitro
infection and replication characteristics of the tick-borne parainfluenza virus type 5 (strain
PIV5-JC12) recently isolated from Yunnan Province. [Methods] The strain PIV5-JC12 was
identified through cytopathic effect (CPE) observation, negative staining electron microscopy, and
an indirect immunofluorescence assay (IFA) based on the P protein. We determined its optimal
culture temperature by comparing viral proliferation efficiency at 33 °C and 37 °C in Vero cells. A
phylogenetic tree based on the whole genome was constructed via the maximum likelihood method
to elucidate the molecular evolutionary characteristics of this strain. After infection of six
representative cell lines of different origins (Vero, MDCK, HeLa, Huh7.5, MRC-5, and BHK-21),
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CPE observation, RT-qPCR, and tissue culture infectious dose 50% (TCIDsy) assays were
employed to evaluate the virus replication kinetics. The in vivo pathogenicity of PIV5-JC12 was
evaluated in Kunming (KM) and C57BL/6J mice. Mice were infected intranasally with high and
low doses (2x 10" TCIDso and 2x10° TCIDsp) and monitored for body weight and survival rate. The
viral loads in various tissue and organ samples were measured at the time points of 1, 4, 7, and
10 days post-infection (dpi), and histopathological changes were examined. [Results] PIV5-JC12
induced CPEs, as manifested by the rounding and detachment of Vero cells. Irregular spherical
particles with diameters of 50-200 nm were observed, and the specific P protein was identified by
immunofluorescence. The tick-borne strain PIV5-JC12 showed the highest sequence identity with
the tiger-borne strain PIVS5 (0Q236149.1). Viral replication and proliferation in Vero cells were
more efficient at 37 °C than at 33 °C. PIV5-JC12 infected all the six cell lines of human, murine,
simian, and canine origins. However, the CPEs varied among the cell lines, being more pronounced
in Vero, MDCK and BHK-21 cells. Higher RNA replication efficiency was observed in Vero,
MDCK, and HeLa cells. In vivo infection studies revealed differential susceptibility of KM and
CS57BL/6J mice to PIV5-JC12. The body weight loss (5%) was only observed in the high-dose
infected C57BL/6J mice at 10 dpi. Lung viral loads in both mouse lines reached 10*~10° copies/g,
while no infectious virus was detected in the lung tissue at any of the time points examined.
Histopathological staining analysis of lung tissue at the early stage (4 dpi) and late stage (10 dpi) of
infection showed no significant pathological damage. [Conclusion] PIV5-JC12 isolated from tick
samples from Yunnan Province shows broad cellular tropism and low pathogenicity in mice. The
findings provide a basis for research on the pathogenic characteristics of PIV5 and its potential
application as a vaccine vector.

Keywords: parainfluenza virus type 5; cytopathic effect; replication kinetics; in vivo pathogenicity
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FA4-P8 PIVS, #E7R8 PIVS 1] BB 545248 I 0 38 9
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M Vi F) SR BE R

(EAS T R, W S5 B Bl W A IR
B 1Y A AT R 3 A b ) SR R A 1Y
FEMAEP, 2022 4, FRESEERMNERIT
VR R I 43 B ) HL/Tick/2019 ¥k, Z0% 55
22.6 WX R EEFRE, BRERIE . HAEA
YRR T LR RAT RN, 20 & IREE
WA G AT R B SA h E P B AR R R
FJEMEE RN RAE 5 K ML H 20 . R, B
HOC T B s Aty PIVS e HOW AN 6 o AEoms
BLEI AT T4 B B

AT FE N 2 i 2 SR B A i U RE AR e 43 B 3R
f3—Fk PIV5-JC12 £k, i @364 551 447 |
PRANEE SRS B R AR L B A0 3 5 e LA
Keo/NEURNECRE IWESE, B AE R PIVS-IC12
PRARGL R, PR PIVS BYES W RMETEL
FRAERLAAR I

1 M5

1.1 ‘ApEREETE

7N Fh 40 g (Vero, MDCK. HeLa. Huh7.5.
MRC-5 1 BHK-21)#J iy H [ 55 7 B 47 il 0
o 1 9 T B 5 1 i 0 A R R TR R A . Y
10% Jify 4 1L 7 (Omega 2\ 7)) DMEM K% 77 3
(Gibco 24T, T 37°C. 5% CO, HEFEfih s,

2023 4 5 H, N8 EHE A —4
TR G oREFGF AN R 60 K, ZIES
SLUE Y RN, g S I — iR AT
fFEE, 4 °C. 3000 r/min 2.0 5 min J5 B FiF4%
Flt Vero 20 M, &AL 318, Hbh—41 (5N
JCI2)TEER G 5 d BRI MR 28 . Bl
NI L E PR IO R, 28) 7R ek S R R,
A RRA w4, A lumina NovaSeq
VAP T 2 SN o AR B R s o
EA% T, 8 SPAdes v3.15.3 B4 #E4T de novo
21 2K AR O 75 3 DR 20 2 91245 3@ i MAFFT
v7.505 Hik K BP9 5 2% 7 T 2 E 1
X231 FI ] IQ-TREE v2.3.6 3 T #) KBl 4k i
(maximum likelihood method, ML)} £ R G & &
61 Hy ModelFinder [ 3 i 1% i 4 7 £k B
RIS SE 3047 1000 YR [ JEAG K (bootstrap) WAl
Sy SCAIEEE s JE, T FigTree A% R4k
BT SR, SR BN, XF
PR SR FRAEA MBS PIVS BERK 41 (NCBI %
S5 00Q236149.1)— B PE e &, ik 99.74%,
YE N RITUERTE S Bl W Toma s
W B2 B BE 2 B A8 Bl BRGS0 e B
T S0 2 A ] 9 I A L 0 e R
S E K N TR 3 N LR N %= 7 S B &5
FEIR T B IR (L 9 42 T PO
BRI FLBH 45 1 I ) 25 %8 (Y5 A CHPC2.4.6.YNIC/
23/001.00).

1.2 PIV5-JC12 ¥R Z4MA0

# Vero, MDCK. Huh7.5. BHK-21 % HeLa
LI 1x10° 4L . MRC-5 DL 2x10° ANAFLET 24 fL
M, 500 pL/AfL, F 37°C. 5% CO, KiFihfi rh 1
TR, FRANBRIL A IR 80%-90% I #7515 7
e, LL0.01 8% 4 & E (multiplicity of infection,
MOI) )3 B 7 T 42 R0 L2 40 AL, 37 °CHZBf 2 h
JaFE IR, ol 500 pL 7 2% FBS U5 5%
5, F37°C. 5% CO, &M T akarstige. K
B 2 h JFE R Oh, BT 0, 24, 48, 72,
96. 120 h 7F o i85 T 40 RG0S5 48 s 22 3L
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(cytopathic effect, CPE) (L] A 50 um), FfUk
YL S FIEFEA, YRIET-80 °C, M is#E:
Kk

T3 & B B (Olympus 2y A)) T W 4%
PIVS5-JC12 #RIBEGL A 5 ARG L A, 7 20 e
PEE4E . ARE L HERL iV A E A CPE,
1.3 PIV5-JC12 fRSHEEWE

24 PIVS-JC12 #R B4 Vero 41 i 4 1 BH i
CPE I, K5 3590 8 T-80 °CUkRl 1 ¥k, WHUR
B LIE A . B, 4°C. 3000 r/min &
O 10 min, FUER LG KBRS 4% 2%
PR 6150 A% 1:1 Eb B A TC & b, =R KIS
30 min, A KIESEEE, HRGbrARE TiE
SIHREE T ME I RERIE
1.4 8 #¥ % & K X (indirect
immunofluorescence, IFA)¥ E

SRPE YL Vero A 48 h )5, F LG, H
PBS FEPE4NAE 1 ;5 A 100 pl 4% £ 5 P
] W (ALt R E R A R A R, = e
30 min; FEMEW, fIA 200 uL PBS, ‘& THEK
JRGVREAM, R 5 min, ERE 3K; [A4AL
Fm A 100 uL 7% 0.1% Triton X-100 & PBS, =
7 B AL 10 ming FEE B, A 200 pL
PBS, B TR EFEMM, K 5 min,
A 3 LA 200 pL 3% LLF M, %=
M 30 mine —HUWE : FEAEHW, W
A 100 pL —HiRs BB (PIVS P & 8 va ke Bt
A, 1:1 000 Fiks, sRICEATEADRHEARA
H), 4°CHEWHE; VKRG, BfLINA 100 puL
T B I 10 92 O —HE (FITC bR ic 19 o BUPL A
1:1 000 % B¢, Amresco 2~ 1), iR I H
45 min; PEJE A 50 uL 5 ug/mL Y DAPI
(ThermoFisher Scientific 2 7)) #1741 ffg 1% 4 {4,
10 min; PBS ¥£¥% 3 ¥R, &K 5 min; N4z
ek Rl de st RS E R A BRA R ARG 1R
PN R, B i FH e R AR 9 10 10455 (Leica
SPR):RAEKIA .
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K4 A %R PR UL (P9 % R ERHE A IR
S ENIRBUK R RNA, RS, 286 & &
RT-qPCR {22 9k #5 A% R 7 12128, A S0 45 A L
I, 515N F (5-GACCAGAAAATTATT
GAAT-3') Fl R (5-TACCAGGCACATGTGGGGT
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CAAGTAGC-MGB-3', L5 ¥ K4REF ¥ L
TR — MR AP RHA TR A F A .

% I8 M-MLV One-Step RT-qPCR (Probe) Kit
(AT T FE IR PR AR A B 2wy ik B 5 B il sz 1
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T 54.7 °CIEMIN AR DGR 5, SN
FAM. BADFEARR 3 A AL, 80 i il
Y=-3.514X+41 T+ R DU, A St
23K,
1.6 FHALDIEFREFIENE
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AT 10 5 LLBREER RS, ik 8 MR, 100 pL/AL
Az 96 fLbk, BRI 6 NEAfL, Jfix
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5% COy Z511 FH5 5% . A H AL 40 B A AR RN
TG JE 45 5 Kid s Bl CPE By L&, AR 4
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L EA 3K, IR AR(D)ITR,

logio TCIDse=L—d(s—0.5) (1)

APy Lo SRR B, d O R X
Bz 25, s IBHMESL LA EA,
1.7 mHYIsCie

6 JH & HEME BB (KM)5 C57BL/6J /N 41
H b il R RS s R R A BRA R, A SR
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GE A Bl ) S 5 R A A T 7 4 G e
BRI LI 45 ) S 5 Sl AR B B 2 W AL
Ii5h bdbs20260114004 .

Hf L3R 2 Fhih /NS X REZH(PBS) L G
5 2H (2x10° TCIDso) Al 7 7] 42 £H (2% 107 TCIDsy),
A 12 H, SR U, B 50 uL.
AL RKIEh 0d, F 1. 4. 7. 10 d U,
T L A A S A T B A T S R e
PREI, IR H WA,
1.8 (ALAREFFEENE

FREUN A LUS A 4 R I PBS
HEATHHEE , 80k 4°C, 455, 6.5m/s, PRI
3%, BEJE 12 000 r/min £5.0> 10 min, HC L7
100 uL HEATEE BEM B, Rr A 5 K I 3 A
10 5 BB R ZE 107, 2208 1.6 35 kb 7%
B TCIDso M2 . HFVAH LR RRIRIG 5 S K, #F
RN ST IC s A5 R BB B CPE myfL%K,
M #% Spearman-Karber 2\ = i 55 20 41 TCIDs,
T
1.9 ZESH

{8 Ffl GraphPad Prism 10 3K {4 E 17 %04 2 &
Mg it b . Z A Ia) AR T 7 22 41
(analysis of variance, ANOVA), M 8] HL# R
RS, A DGR g3 B R HH T B MR mLH AU G
P<0.05 RREFAGIFE L, B Er
EZFIR,

2 EREH

2.1 HRSRE S Bk PIVS-JCI2 N $
KE

Wi i REAR S R B 0, BRI E R Vero
Y, TR JC12 BIREAIERYY Vero il H8E
CPE. & ARMF/Hr, #iIAsrE k15 PIVS i
B, 4N PIVS-IC12. 4IMEHR7AE . JRaEhi FIE
SEHEARIEELSE R DR, PIVS-ICI2 YL
Vero 4 fitd 5 = Z R I M AN 15 4, MUIUG B 2 ity
RS 9% H 2 B0 SR P e (B 1A); FLBR

1 YL WL ZE B AN HLI 5 5% 22 1108 19 95 5 R
HAE R 50-200 nm (& 1B); PIVS-JC12 jB&He4 n]
FE 20 M 5T rh AR B 2 (G5, T IR R
LR NARS, UESE T PIVS Frmtk P EE Y
FiE(HE 10),
2.2 MESRIRE S B PIVS-JCI12 Ry 1L
¥FHIE

LRI FEE R, PIVS-IC12 FE N4
R 15246 nt, W 7 K, L4 8 Bk
(& 2A), Sk B I H s AE EAL R AR, ASBIF9E 43
SHET PIVS-IC12 By aFH 4 751 (K 2B), NP
FEH(E 20) & F R (F 2D T Rk T,
PR NIR, 3 DRG KB RIS E—EART
gER . AN, Sk R S S LATE ST X 4 ] ) E
R RIFRAER S, ARG A T INET
H(MK593539.1 Fi1 NC003443.1), F7E4:E Xt
SMNEES SCHEAT T 4T (SE PR AR RS R 0.7)

SIER AP P TR AW, . R
AL IR BRI 2R G ErfCR R
PIV5-JC12 (&l 2B 41 8 5~ 4) 5 — Bk 42 Rg F2 IR
PIV5 (NCBI % 55 & 0Q236149.1) R 2K T [F] —
M7 oyS7, ERE R L. NP5 FIEHFM RS
KEERS2EFNASEY S, H—5H
N T PEFE TR LI S5 R4 R (K 2C.,
2D). (HARERER R, R MOR IR B Rk,
PIV5-JC12 5 BBy yT.#k (HLI/Tick/2019, & 2
ARGV Z NV IS S X g uns

A — 20k e £, PIVS-IC12 5 RIS
B R(PMV/GD/ZAK2044) 11 43 R 41 4 iR — 2
PR 99.74%, 15 HLI/Tick/2019 Bk ) — 5
M 98.85%. TEZIEIR/KF I, PIV5-IC12 5%
J5 73 B Bk PMV/GD/ZAK2044 1) — 3501 [A) #F 5
. Hid SH 8 A & 548 7 91 52 2 —30(100%),
L A —EIk 99.33%, tHILZ F, PIVS-JCI2
5 HLJ/Tick/2019 ¥ 1 SH & H — & LA
87.18% (£ 1), k4R E RSk F R B
FAAH HEIE
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Mock

PIVS

&1 PIV5S-JICR2DBHBIVILZEE
Figure 1

Identification of the PIV5-JC12 isolate. A: Cytopathic effect induced by the PIV5-JC12 strain; B:

Electron micrograph of PIV5-JC12 virus particles; C: Indirect immunofluorescence assay of the PIV5-JC12

strain.
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Figure 2 Genomic structure and evolutionary characteristics of the tick-borne PIV5-JC12 isolate. A: Genomic
structure and encoded proteins of the PIV5-JC12 strain; B: Phylogenetic tree based on the complete genome of
the PIV5-JC12 strain; C: Phylogenetic tree based on the NP gene of the PIV5-JC12 strain; D: Phylogenetic tree
based on the F' gene of the PIV5-JC12 strain. Each sequence in the phylogenetic tree is annotated sequentially
with accession number and strain name; Accession numbers are from the NCBI database.

http://journals.im.ac.cn/actamicrocn



4018

ZHANG Yue et al. | Acta Microbiologica Sinica, 2026, 66(8)

F&1 PIV5-JC12, [ERIEPMV/GD/ZAK2044 K 883 EHLY/ Tick/2019/F 51 Eb 5%

Table 1 Sequence comparison of PIV5-JC12, tiger-origin PMV/GD/ZAK?2044, and tick-origin HLJ/Tick/2019
Region PIVS5-JC12 length/nt PMV/GD/ZAK2044 HLJ/Tick/2019

Length/nt aa/% Length/nt aa/%
Whole genome 15 246 15204 99.74 15 246 98.85
NP 1530 1530 99.40 1530 99.01
V 669 669 99.09 669 97.70
P 1179 1179 99.49 1179 97.64
M 1134 1134 99.47 1134 98.38
F 1 656 1656 99.81 1 656 98.46
SH 135 135 100.00 135 87.18
HN 1 698 1698 99.82 1698 98.01
L 6 768 6 768 99.33 6 768 99.33
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Cytopathic effect; B: Changes in nucleic acid copy number; C: Viral titer changes.
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Figure 5 Cytopathic effects and replication kinetics of PIV5-JC12 infected six cell lines with MOI of 0.01. A:

Cytopathic effect; B: Virus replication kinetics according to nucleic acid; C: Virus replication kinetics according

to TCIDs, titer.
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Table 2 Characteristics of PIV5-JC12 strain infected six cell lines

Cell Source Morphology RNA TCIDs, CPE
lines Peak/ th  Peak/ t/h
(copies/mL) (TCIDs¢/mL)
Vero African monkey kidney cell  Epithelial like ~ 4.16x10° 72 2.82x10’ 120 Rounding, shrinking, sloughing
MDCK  Canine kidney epithelial cells Epithelial like ~ 9.43x10® 96 1.84x10° 48 Rounding clumping, sloughing
HeLa Human cervical cancer cells  Epithelial like ~ 9.34x10° 72 2.82x10° 120  Not obvious
Huh7.5 Human hepatoma cells Epithelial like 20.00x10° 72 6.30x10° 120 Not obvious
BHK-21 Baby hamster syrian kidney ~ Fibroblast like 2.46x10° 120 1.85x10* 72  Rounding
MRC-5 Human embryo lung cell Fibroblast like 8.30x107 120 2.82x10° 96 Not obvious
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Figure 6 In vivo biological characterization of PIV5-JC12. A: Schematic diagram of the group and experimental
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the PIV5-JC12 strain; C: Viral load and infectious virus titration in lung tissues.
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Figure 7 Histopathological findings of H&E staining in the lungs of the PIV5-JC12 strain infected mice.
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