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Summary. - The infections with duck hepatitis A virus type 3 (DHAV-3) become common in eastern Asia.
To better understand the molecular evolution and genetic variation of DHAV-3, a total of 482 dead Cherry Val-
ley duckling liver samples collected from Shandong province of China during 2012-2014 were tested, and the
complete P1 coding sequences of 18 DHAV-3 strains were analyzed. The detection rate of DHAV-3 was 64.5%
(311/482) in clinical liver samples and 73.0% (92/126) in duckling flocks. The P1 genes of the 18 DHAV-3 iso-
lates shared 91.9%-99.0% nucleotide similarity and 95.2%-100% amino acid similarity with those of the other
26 reference strains. Based on the P1 and VP1 gene sequences, phylogenetic analysis results indicated that the
genotyping of DHAV-3 strains presented a distinct geographical distribution. Except B63 strain, all Chinese
strains isolated from different host species (duck or goose) at different time were classed into the CH genotype.
All Korean and Vietnamese strains belonged to the KV genotype, and all the Korean strains were clustered into
KV1 subgenotype, while B63 strain and the Vietnamese strains from different host species (duck or goose) were
clustered into KV2 subgenotype. Ten variable amino acid residues were highly conserved within genotypes or
subgenotypes in the VP0, VP3 and VP1I, respectively, which were possibly the geographic molecular markers
of DHAV-3. To the best of our knowledge, this is the first study about the genetic variation of the P1 gene of
different DHAV-3 strains, which will be helpful for understanding the molecular epidemiology of DHAV-3.
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Introduction

Duck virus hepatitis (DVH), caused by duck hepatitis
virus (DHV), is an acute, rapidly spreading, and fatal disease
of young ducklings and has resulted in highly significant eco-
nomic losses to the duck industry worldwide. DHV includes
at least three different RNA viruses, duck hepatitis A virus
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to this work.

Abbreviations: DVH = duck virus hepatitis; DHV = duck hepatitis
virus; DHAV = duck hepatitis A virus; DAstV = duck astrovirus;
CH genotype = Chinese genotype; KV genotype = Korean and
Vietnamese genotype

(DHAV), duck astrovirus type 1 (DAstV-1) and duck astro-
virus type 2 (DAstV-2), and no antigenic relationships have
been found among them (Toth, 1969; Haider and Calnek,
1979; Woolcock, 2003). DHAV's had been classified into three
genotypes by phylogenetic analyses: the classical genotype 1
(DHAV-1) (Kim et al., 2006; Ding and Zhang, 2007; Tseng et
al., 2007), the genotype only isolated in Taiwan (DHAV-2)
(Tseng and Tsai, 2007), and the genotype firstly identified
in South Korea (DHAV-3) (Kim et al., 2007). Based on the
neutralization tests, DHAVs were divided into three sero-
types corresponding to the three genotypes (Kim et al., 2007;
Tseng and Tsai, 2007).

In our previous study, DHAV-1, DHVA-3 and DAstV-1
were detected from Shandong province of China (Chen et
al., 2014). In recent years, the mixed infections of different
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DHAV's become common in eastern Asia (Tseng and Tsai,
2007; Chen et al., 2013; Soliman et al., 2015; Lin et al., 2016),
causing disease prevention and control more challenging. As
anew serotype of DHAV isolated in South Korea and China,
DHAV-3 could cause an acute and fatal disease of ducklings
(Kim et al., 2007; Fu et al., 2008; Xu et al., 2012).

As the only member of a novel genus Avihepatovirus in
the family Picornaviridae, the complete genome of DHAV
is comprised of a single-stranded positive-sense RNA of ap-
proximately 7,700 nucleotides excluding the poly(A) tail at
the 3' end, encapsulated in an icosahedral structure, which is
composed of the structural proteins VPO, VP3 and VP1 (Kim
et al., 2006; Tseng and Tsai, 2007). These three structural
proteins are the secondary cleavage products of a capsid pre-
cursor polyprotein (P1). According to the alignment of the
capsid proteins of DHAV and other picornaviruses, several of
the most variable regions are at the termini, particularly the
N-terminus of VPO and the two termini of VP1 (Johansson
et al., 2002; Ding and Zhang, 2007; Gao et al., 2012), which
indicates that some conserved functions might be performed
by different capsid proteins of DHAV.

In this study, using the multiplex RT-PCR assay developed
in our previous work for diagnosing DHAV-1, DHVA-3 and
DAstV-1 mixed infection (Chen et al., 2014), we detected 482
clinical dead ducking liver samples collected from Shandong
province of China from 2012 to 2014. The complete P1 genes
of 18 DHAV-3 strains isolated from different duckling flocks
were selected for sequencing and analysis. This paper is the
first study about the genetic variation of the P1 genes of
different DHAV-3 strains, which will be helpful for under-
standing the molecular epidemiology of DHAV-3.

Materials and Methods

Clinical specimens and viruses. Liver samples from 482 dead
Cherry Valley ducklings under 3 weeks old were obtained from
126 flocks in Shandong province of China between January of 2012
and December of 2014. The 126 flocks of ducklings were all not
vaccinated with live DVH vaccine. The mortality of duck flocks
was 20%-85%, and the sick ducklings died quickly with typical
hemorrhagic hepatitis. Eighteen DHAV-3 strains (named JN1206,
JN1209, LY1304, LY1305, LY1402, LY1405, LY1408, LY1417,
QZ1401, QZ1403, QZ1404, WF1203, WF1210, WF1240, YT1213,
YT1220, ZQ1403 and ZQ1408) isolated from different duckling
flocks were selected for sequencing and analysis of the complete
P1 gene (Table 1).

Primers. According to our previous study (Chen et al, 2014),
the primers for DHAV-1, DHVA-3 and DAstV-1 typing (DHAV-1F:
5-GAT GTG GCA Y(T/C)GT TGT Y(T/C)AA Y(T/C)CG A- 3|,
DHAV-1R: 5-CTG ATG TD(G/A/T)C CAG GR(A/G)A TTG GTC
G-3', DHAV-3F: 5-GAG CCA GAA TTG GAA TGG ACA CA-3,
DHAV-3R: 5-CAT ACT TR(G/A)C CAC CAA CTG CCA ATC-3,

DASstV-1F: 5-ATG GCC CAG AGC GGT GAA AA-3'and DAstV-1R:
5'-GCC AGG TGT CAA CAA TCA TGC-3') were used to detect and
distinguish the three DHVs. Based on the sequence alignments of all
DHAV-3 sequences retrieved from GenBank (http://www.ncbi.nlm.
nih.gov), two pairs of primers were selected to amplify the complete
P1 gene. The first pair of primers (AF 5-CAC ACT GCC TGA TAG
GGT CG-3'and AR 5-CTG GCT TCC AAA GGT CAA TAA-3)
was designed to amplify a 1225 bp fragment (nucleotides 586-1810
in the genome of DHAV-3), and the other pair of primers (BF 5'-
GAC CTT TGG AAG CCA GTT TA-3'and BR 5'-CAT CAC AGG
CAC GAA CAA GT-3') was designed to amplify a 1517 bp fragment
(nucleotides 1795-3311 in the genome of DHAV-3). All the primers
were synthesized by Sangon (Shanghai, China).

Detection of clinical specimens. All the livers of the 482 dead
ducklings were analyzed by the multiplex RT-PCR method ac-
cording to the previous study (Chen et al., 2014). The viral RNA
was extracted from the liver samples using the E.Z.N.A.™ Viral
RNA Kit (Omega Bio-Tek, Doraville, USA) and reverse transcribed
into cDNA using a RevertAidTM First Strand cDNA Synthesis
Kit (Fermentas, Burlington, Canada) according to the manufac-
turer's instructions. Then, the cDNA was tested by the multiplex
RT-PCR method for differential diagnosis for mixed infection of
DHVA-1, DHVA-3 and DAstV-1.

RNA extraction and P1 sequencing. The DHAV-3 strains were
propagated in the allantoic cavities of 10-day-old duck embryos for
72hat 37°C. The virus RNA was extracted from allantoic liquids of
dead duck embryos. RT-PCR was then performed for amplification
of selected 18 P1 genes with the two pairs of primers. The RT-PCR
conditions were 50°C for 30 min, 94°C for 2 min, and then 32 cycles
of 94°C for 30 s, 50°C for 35 s, 72°C for 1 min, and with a final step
of 72°C for 5 min. PCR products were purified using a gel purifi-
cation kit (CWBIO, China), and the purified PCR products were
TA-cloned into the pMD18-T vector (TaKaRa, China) following
the manufacturer's instructions, and then sent to a commercial
service for sequencing (Shanghai Sangon Biological Engineering
Technology & Service Co., Ltd).

Sequence analysis. The P1 sequences of 26 DHAV-3 reference
strains and the VP1 sequences of other 31 DHAV-3 reference strains
were retrieved from GenBank (http://www.ncbi.nlm.nih.gov, Table 1).
Multiple sequence alignment was analyzed using DNAStar Clustal W
program (DNAStar Inc. Madison, WI, USA). Based on P1 and VP1
nucleotide sequences and amino acid sequences of the DHAV-3 strains,
the phylogenetic trees were respectively constructed by MEGA 6.0 with
Neighbor-joining method (Tamura et al., 2013).

Results

Detection of clinical specimens by the multiplex RT-PCR
assay

In the 482 clinical samples, 103 samples were identified as
co-infection with two of the three DHVs, while 379 samples
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Table 1. Summary of DHAV-3 strains used in this work

Strain Location Year of isolation GenBank Host Gene
Acc. No.
JN1206 Shandong, China 2012 KP715480 Duck P1
JN1209 Shandong, China 2012 KP715481 Duck P1
LY1304 Shandong, China 2013 KP715482 Duck P1
LY1305 Shandong, China 2013 KP715483 Duck P1
LY1402 Shandong, China 2014 KP715484 Duck P1
LY1405 Shandong, China 2014 KP715485 Duck P1
LY 1408 Shandong, China 2014 KP715486 Duck P1
LY1417 Shandong, China 2014 KP715487 Duck P1
QZ1401 Shandong, China 2014 KP715488 Duck P1
QZ1403 Shandong, China 2014 KP715489 Duck P1
QZ1404 Shandong, China 2014 KP715490 Duck P1
WF1203 Shandong, China 2012 KP715491 Duck P1
WF1210 Shandong, China 2012 KP715492 Duck P1
WF1240 Shandong, China 2012 KP715493 Duck P1
YT1213 Shandong, China 2012 KP715494 Duck P1
YT1220 Shandong, China 2012 KP715495 Duck P1
7Q1403 Shandong, China 2014 KP715496 Duck P1
7Q1408 Shandong, China 2014 KP715497 Duck P1
G Fujian, China 1999 EU755009 Duck P1
GD Guangdong, China 1999 GQ122332 Duck P1
B63 Beijing, China 2008 EU747874 Duck P1
FS Guangdong, China 2008 EU877916 Duck P1
SDO1 Shandong, China 2008 GQ485310 Duck P1
1v Shandong, China 2009 GU250782 Duck P1
C-BLZ Beijing, China 2009 GU066822 Duck P1
C-YCW Beijing, China 2009 GU066824 Duck P1
C-YCZ Beijing, China 2009 GU066823 Duck P1
C-YDF Beijing, China 2009 GU066821 Duck P1
SD02 Shandong, China 2009 GQ485311 Duck P1
C-GY Guangdong, China 2007 EU352805 Duck P1
JS2010 Jiangsu, China 2010 HQ654774 Duck P1
JT Jilin, China 2010 JE835025 Goose P1
SD1101 Shandong, China 2010 JQ409566 Duck P1
B-N Guangdong, China 2011 JX235698 Duck P1
SD1201 Shandong, China 2011 KC993890 Duck P1
GX12-01 Guanggxi, China 2012 KC893553 Duck P1
EY China 2014 KP995438 Goose P1
LS China 2014 KP233203 Duck P1
AP-04114 South Korea 2003-2004 DQ812093 Duck P1
AP-03337 South Korea 2003-2004 DQ256132 Duck P1
AP-04009 South Korea 2003-2004 DQ256133 Duck P1
AP-04203 South Korea 2003-2004 DQ256134 Duck P1
D11-JW-018 South Korea 2011 JX312194 Duck P1
DN2 Vietnam 2009 JF914944 Duck P1
KHO01 Vietnam 2012 KM361879 Duck VP1
KHO02 Vietnam 2012 KM361880 Duck VP1
LA1 Vietnam 2011 KM361881 Goose VP1
DN1 Vietnam 2009 JF925120 Duck VP1
NC Vietnam 2009 JF925121 Duck VP1
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Table 2. The results of the multiplex RT-PCR assay to detect infection in suspected positive clinical samples
Individual test results Group test results
Infection
Positive number Positive rate (%) Positive number Positive rate (%)

DHAV-1 154 31.95 29 23.02
DHAV-3 217 46.97 43 34.13
DAstV-1 8 16.67 0 0
DHAV-1+DHAV-3 62 12.86 25 19.84
DHAV-1+DAstV-1 9 5 3.97
DHAV-3+DAstV-1 32 6.64 18 14.29
DHAV-1+DHAV-3-
+DAstV-1 0 6 4.76
Total 482 126

were detected as positive for only DHAV-1 (154), DHAV-3
(217) or DAstV-1 (8) (Table 2). There was no sample detected
as DHAV-1, DHAV-3 and DAstV-1 co-infection. In the 126
duckling flocks, 6 (4.8%) were identified as DHAV-1, DHAV-3
and DAstV-1 mixed infection, 48 (38.1%) were identified as
mixed infection with two of the three DHV's, 72 (57.1%) were
single infection with one of the three DHV's (Table 2).

Sequence analysis of P1 gene and VPI gene

The P1 genes of selected 18 DHAV-3 isolates were suc-
cessfully amplified by RT-PCR. P1 gene sequences of the 18
DHAV-3 strains were submitted into GenBank, and the Acc.
Nos. were from KP715480 to KP715497 (Table 1). Further
analysis indicated that all these P1 genes were 2199 bp long
and encoded 733 amino acids, in which the VPO, VP3 and
VP1 were coded by amino acids 1-256, 257-493 and 494-
733, respectively. Multiple sequence alignment showed that
the P1 gene sequences of the 18 strains determined in this
study shared 95.9%-99.8% nucleotide sequence homology
and 97.4%-100% amino acid sequence homology with each
other, while they shared 91.9%-99.0% nucleotide similarity
and 95.2%-100% amino acid similarity with those of the
other 26 DHAV-3 reference strains. In multiple sequence
alignment of VP1 protein, five other Vietnamese strains were
added to the analysis (Table 1). The VP1 gene sequences of
the 18 strains determined in our study shared 94.7%-100%
nucleotide sequence homology and 96.2%-100% amino
acid sequence homology with each other, while they shared
90.1%-100% nucleotide similarity and 90%-100% amino
acid similarity with those of the other 31 reference strains.

As for P1 gene, the two DHAV-3 strains (JT strain and EY
strain) isolated from geese shared 91.9%-99.2% nucleotide
and 95.4%-100% amino acid sequence identities with the
42 strains isolated from ducks. Otherwise, for VP1 gene, the
three DHAV-3 strains (JT, EY and LA1) isolated from geese
shared 90.1%-99.6% nucleotide and 90.4%-100% amino acid
sequence identities with the 46 strains isolated from ducks.

It indicated that the DHAV-3 strains isolated from different
hosts shared high sequence identity, which was similar to
the strains entirely isolated from ducks.

Comparative analysis showed that variations occurred
throughout the entire P1 protein, and there was only one
high variable region (HVR) located at the C-terminus (amino
acid residues 178-219) of VP1, whereas a conserved QSD
(Gln-Ser-Asp) motif (amino acids 197-199) existed in the
HVR of all 49 DHAV-3 strains (Fig. 1).

Phylogenetic analysis

Based on the P1 nucleotide sequences and amino acid
sequences, respectively, of the DHAV-3 strains, the phyloge-
netic trees were constructed (Fig. 2). All of the 44 strains were
clustered into two distinct genotypes: all Chinese isolates
except B63 strain were included in one genotype (Chinese
genotype, CH genotype), while B63 strain, all the Korean and
Vietnamese strains belonged to the other genotype (Korean and
Vietnamese genotype, KV genotype). The P1 gene sequences of
the 37 DHAV-3 strains in CH genotype shared 94.7%-99.8%
nucleotide and 95.2%-100% amino acid sequence homology
with each other (Table 3). All KV strains could be further
divided into two subgenotypes (KV1 and KV2), and the P1
gene sequences of the DHAV-3 strains in KV genotype shared
93.4%-99.3% nucleotide and 97.0%-99.9% amino acid sequence
homology with each other (Table 3). All Korean strains were
clustered into KV1, while B63 strain and the Vietnamese strain
DN2 were clustered into KV2. The P1 gene sequences of the
DHAV-3 strains between CH and KV genotypes shared only
91.9%-96.1% nucleotide similarity and 95.2%-97.1% amino
acid similarity with each other (Table 3).

Based on the VPI nucleotide sequences and amino acid
sequences of the DHAV-3 strains, the phylogenetic trees were
constructed (Fig. 3). All of the 49 strains were also clustered
into two distinct genotypes: all Chinese isolates except
B63 strain were included in one genotype (CH genotype),
while B63 strain, all the Korean and Vietnamese strains



ZHANG, R. et al.. MOLECULAR EPIDEMIOLOGY OF DHAV-3 IN SHANDONG PROVINCE OF CHINA

467

HVR QsD___
Majority SVFMGLHEPALFFPLPAPTYTTHTLLNKIETMNLHNQSOOPDCHLCKICREMRKEWSRNHRPFRFCLRLEKTLAFELHLEIE
170 180 190 200 210 220 230 240
JN1206 * ... ... L7 A—— "5 A . (U NS IO - R
JN1209 *  ...... e T A o D @, SNt bbbt wnmmay Ryprmmmatty plammre b et g
1 P00 SV RO O W N ) o ek AR | 1 7 [ —— g ah Ml e M L
ZolADS w1 e poww My ssiamealt Do Tl L e e Rbranmorse oo, sopseog soerious:
1 20,12 T [ e p— oI T I RACORT )| E—_ L DTN O . B = S, " 5
Tl & Saneisasy mesrrrntls e e, AN e e s Fipsrminmns gl spanelatne s
rofeint: 0 I BN IO W o ) A e ] REVL | O —" TV WL Y R N | [ Y Y | D
OR1ARE] % A ameerady mommaill sEvsed R e e e Koy dloerlismer popsouneer weysr
il P N SO o TSR ORS| (| — i N N G0~ 0, S U 2
Zo1lADY = Suaen inmr mouemadl o | et e T e e
107 172107 SR ORI i o e AU i I [ —— L T Y S [N | TO T WO 1 W (I
THEIOS & e sowaresn mrrdeell v GE SN tsaian by rvndse Rl wlmelisrny popsmeser ol
16571 L2 0 [~ VO N S | T T ORI | IS—. (W L7 N O 1
WETODL: ™ deympmiemd swsmvelemee G SN T B bR Ios s Riprpmromee ol gmenseie prmmram, enpsns
WESHANEN & o [l e i |Stayts e Th 0 O ] 7 | T I—— T2 YRR N | Ao OO | TOU .1 YO | B
WEL2AT M L oowToienh noemaEh e Mt o M Rt Wanndealie SR sauEs
MBI E g csscsses ssrmsieels SERTEEEEE ST Bheo o sompdonias Siramnss IomeraaE SO e
FTI290 =  Sonuisss: Rnrneinesy ST Elrsalws: s saaess: sjimein snussEs: pinrs
G g eslehenide Siesraremisle |Ssnsiatid i S R e aveaa B eiae Snacans W |simeterasidn Al seropemies 1Sttt e
=GN 0000 G oI weoaieul TENeERIeRis: wusemi 3 1D, g (et Iy DuTaaneiieT plicoameniig, Suname Duarann
HS - e siereneseim . SR EE SO ENERE AT S A AT e oziare s Biirmn sy AlorrseEn S e
GRIZ=0] = SEgEpeipevss SEieamaml smesemtes msaeein bl g AT R A e oo | F i S e R
Rl ke lrsseiedtine SEadersisl st S0 eiE S B Niae S e eaateimdidie dlocimrmmes (Saelatide Sename
s - v e o OO bt s e T O {3, SE R Es popsawscane: slieedeniien TEuaeeoUny s
Js2010 I D v\ W [ O, AU 1) e ———,. T PSR U, A Y
= £ N 10,7 S < A o e o e e o A e S B ST 2 £ IS e W e I R s G v Rl e
SEFAPEE o hesishadine S|k tadidine S e |3, A B e Lrened Smpai e o seensmsierens [adetaite Mot
B 0 L SISO SOSeRNl TNy maiaa piknleass o ARG Sy 1 ol By g, R e o e
SR g adrameeiEe coseraamE | et eeEs apapane Ees ol leslaies e B it S e D e SR
SR L T T P e i B R R SR Y Booyigons Sevaneds geasibainy Jeas
1 - T el e | i B an et s ] () X it o T a2 SOt | sl R i 0.2 W M o0
BBl | 00 Sl AR RN A P S E e T e e S R T e S e
EENMEW © 0 scsmesesrecmms sesenemees SR S s sl mr e S spssmyssgrns  m | opamneyos FmEs R S ¢ e
OBy, Sk e L TR s G i e 1T S bR ol AR E TR | et e R R e T e
EAEIRE 00 sheasaiiacellis-anormmeee e snsn it Bl o o s s o kbl - i s o i SRS < S SR e e B R e ~ B Tty
(e N e s e s e R e e e 0, S Lo T e B b S TS e e e e e e
SBOUH s amsomssEe|E R e el mm IS s sy vy s e amarsevvons papsr e a e SrE AR S
BE033H.  sRieSegati geEs S...AP.RS.GL.I P D e e S e e ISR T e T e
Tz 0 T 1t N S S B RS G TF 1 o NN ST s ST A e | L e A . oLV JEO s N
c<Gm ol g i DR T o S...AP.RS.AL.I S T R e Sl e e e A BTG SR e I S R T R
Pt U 1L 0 5 . S . P.RS.GL.I s b e e e e T ooy s s S A
Bl LaMG=018  Sp i geias S BB JEar st L) D) S e o e e e R 7 b e e R R e e
ME. ol Seien S EMBS (Eil. ..o 13, EEE 1 R 1! ORI R. R L B e | D S
BNd: 000 st s S EMR SIS EE. s 12, e | R [ R R. B Sl b B A e Pl
BN s amees S 121 12 e L —— Dj. 1 o [ ! [ — R. e pa e e e
0721 T S BMRE SHE i 10, R | e {2 I R Ry B Bl S e e S e
BHIEE., — sccanaieck i b T EMBRS Bl ..o Dj. o e S 11! GO R. | oy oyl e - S
B 000 mmoslsecosd maems e EMR SRR ks Pl s Mo sk {2 SRR o PR e e T D e
HOE: = oy smeas S. 15, Eo o] - ER— 1, IS ([ —— | —— L | e P e
Fig. 1

Amino acids alignment based on VP1 proteins of 49 DHAV-3 strains

KV1

KVv2

CH

KV

Isolates in this study were marked with asterisks (*). The high variable region (HVR) at the C-terminus of VP1 is shown in box and the QSD motif has

been specifically marked.

belonged to the other genotype (KV genotype). The VP1
gene sequences of the 37 DHAV-3 strains in CH genotype
shared 93.9%-100% nucleotide and 95.4%-100% amino acid
sequence homology with each other (Table 4). Based on the
VP1 nucleotide sequences and amino acid sequences, all the
KV strains could also be further divided into KV1 and KV2
subgenotypes, and the VP1 gene sequences of the DHAV-3
strains in KV genotype shared 91.8%-100% nucleotide and
93.3%-100% amino acid sequence homology with each

other (Table 4). All Korean strains were clustered into KV 1,
while B63 strain and all Vietnamese strains were clustered
into KV2. The VP1 gene sequences of the DHAV-3 strains
between CH and KV genotypes shared only 90.0%-95.4%
nucleotide similarity and 90.0%-94.6% amino acid similarity
with each other (Table 4).

The amino acids alignment showed that there were 10
variable amino acid residues highly conserved within geno-
types or subgenotypes, and the 10 mutation points existed
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Phylogenetic (neighbor-joining) trees based on DHAV-3 P1 nucleotide sequences (a) and amino acid sequences (b)

The values at the forks indicate the percentage of trees, in which this grouping occurred after bootstrapping the data (1000 replicates; shown only when

>70%). The scale bar shows the number of substitutions per base. Isolates in this study were marked with asterisks (*).

Table 3. The nucleotide and amino acid sequence identity of P1 protein between DHAV-3 strains of different genotype and subgenotype

Nucleotide similarity (%)

Amino acid similarity (%)

Genotype or subgenotype CH KV1 KV2 CH KV1 KV2
CH 94.7-99.8 92.9-96.1 91.9-94.7 95.2-100 95.4-97.1 95.2-96.9
KV1 92.9-96.1 96.4-99.3 93.4-96.3 95.4-97.1 98.5-99.9 97.0-98.9
KV2 91.9-94.7 93.4-96.3 96.3 95.2-96.9 97.0-98.9 97.1
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Table 4. The nucleotide and amino acid sequence identity of VP1 protein between DHAV-3 strains of different genotype and subgenotype

Nucleotide similarity (%)

Amino acid similarity (%)

Genotype or subgenotype

CH KV1 KV2 KV1 KVv2
CH 93.9-100 91.9-95.4 90.0-95.4 91.7-94.6 90-94.6
KV1 91.9-95.4 95.7-99.2 91.8-94.2 91.7-94.6 97.1-99.6 93.3-99.6
KV2 90.0-95.4 91.8-94.2 95.4-100 93.3-99.6 95.4-100
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Table 5. Ten variable amino acid residues highly conserved within genotypes or subgenotypes in DHAV-3 P1 protein

Amino acid variation

KV(12)

Amino acid regions of P1 . CH(37)*
points KV1(5) KV2(7)
VPO (1-256) 164 Y(36)/N(1) F(5) E(2)
210 D(37) E(5) E(2)
VP3 (257-493) 485 A(20)/G(17) N(5) N(2)
492 N(37) D(5) D(2)
528 L(37) F(5) E(7)
590 M(37) T(5) T(7)
616 N(37) S(5) S(7)
VP1 (494-733) 671 P(37) S(5) S(5)/T(2)
676 H(37) P(5) P(7)
712 H(36)/R(1) L(5) Y(7)

not only in VP1 but also in VPO and VP3 (Table 5), which
indicated that the genetic variation of P1 proteins was con-
sistent with their genotypes.

Discussion

In this study, we detected DHAV-1, DHAV-3 and DAstV-1
in clinical liver specimens from 126 different duckling
flocks in Shandong province of China during 2012 to 2014.
Among the 482 clinical liver samples, 225 (46.7%) samples
were positive for DHAV-1 infection, 311 (64.5%) samples
were positive for DHAV-3 infection, and 49 (10.2%) were
positive for DAstV-1 infection (Table 2). Otherwise, of the
126 duckling flocks, 65 (51.6%) were positive for DHAV-1
infection, 92 (73.0%) were positive for DHAV-3 infection,
and 29 (23.0%) were positive for DAstV-1 infection. The
results showed that DHAV-3 was the most predominant
DHYV serotype in Shandong province of China in recent
years, which was consistent with our previous studies (Chen
etal.,2013,2014; Lin et al., 2016).

Ashasbeen shown in other members of the Picornaviridae,
such as foot and mouth disease virus (FMDV) and encepha-
lomyocarditis virus (EMCV), VP1 is considered as the most
abundant external capsid protein and contains the primary
neutralization epitope (Costa-Mattioli ef al., 2002; Kim et al.,
2006). Earlier studies suggested that the expressed FMDV
capsid precursor protein could be folded properly to main-
tain the functional discontinuous epitopes (Saiz et al., 1994;
Biswal et al., 2015). Analysis of the capsid proteins of DHAV
indicated that some conserved functions might be performed
by different capsid proteins in DHAV (Ding and Zhang, 2007).
In DHAVSs, VP1 is the most external and dominant of viral
surface proteins and has the highest genetic diversity amongst
different isolates (Kim et al., 2006, Tseng et al., 2006; Ding and
Zhang, 2007; Gao et al., 2012; Xu et al., 2013).

The genetic variation and molecular evolution of DHAV-3
VP1 have been studied (Xu et al., 2013; Ma et al., 2015). Al-
though the rate of nucleotide substitution for DHAV-3 VP1
genes was about three times faster than that for DHAV-1 VP1
genes, no detectable changes were found in viral neutraliza-
tion properties within the same serotype (Ma et al., 2015). In
this study, we sequenced and analyzed the complete P1 genes
of 18 DHAV-3 strains isolated from Shandong province of
China from 2012 to 2014. The results showed that the P1
genes of all DHAV-3 strains shared 91.9%-99.8% nucleotide
similarity and 95.2%-100% amino acid similarity with each
other. Based on the P1 sequences of the 44 DHAV-3 strains
and VP1 sequences of the 49 DHAV-3 strains, the phyloge-
netic trees indicated that the genotyping of DHAV-3 strains
presented a distinct geographical distribution. Except B63
strain, all Chinese strains isolated from different host species
(duck or goose) at different time were classed into the CH
genotype, while all Korean and Vietnamese strains belonged
to the KV genotype (Fig. 2 and 3). The amino acids alignment
showed that ten variable amino acid residues existing in the
VPO, VP3 and VP1 were highly conserved within genotypes
or subgenotypes (Table 3), which indicated that the ten
variable amino acid residues were possibly the geographic
molecular markers, and were beneficial in further research
on the epidemiological investigation of DHAV-3.

Interestingly, as the only Chinese strain divided into KV
genotype, the B63, was isolated in China in 2008, but until
now, its source still remained unclear. It gives us the indica-
tion that we should pay more attention to detection of the ge-
netic variations of DHAV-3. Recently, DHAV-3 was detected
in geese, which showed new epidemiological characteristics
of DHAV (Liu et al., 2011). The three DHAV-3 strains (JT, EY
and LA1) isolated from geese in China and Vietnam sharing
high sequence identity with the strains isolated from ducks
reminded us to prevent the cross-infection between duck
and goose in the control of duck viral hepatitis.
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According to the amino acid alignment, different from the
conserved SGD (Arg-Gly-Asp) motif of DHAV-1, an identical
QSD motif (amino acids 689-691) existed in the HVR of all 49
DHAV-3 strains (Fig. 1). Previous research of picornaviruses
suggested that the conservative RGD (Arg-Gly-Asp) motif
played a critical role in viral infectivity and the mutations at
the motif had significant effect on viral growth (Rossmann et
al., 1985; Boonyakiat et al., 2001; Rieder et al., 2005). In our
recent study we showed that there were no significant differ-
ences in the viral load in the same organ regardless whether
the ducklings were single-infected of co-infected by DHAV-1
and DHAV-3. This indicates that the co-infection of the two
viruses had no effect on the in vivo viral loads (Lin et al., 2016).
More studies should be done to examine whether the QSD
motif in DHAV-3 and the SGD motif in DHAV-1 interacted
with different cell receptors in the infected ducklings.
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