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A B S T R A C T

Duck hepatitis A virus type 3 (DHAV-3) infection is characterized by severe hepatitis. In recent years, DHAV-3
has become widespread in Asia and has led to economic losses. Conventional methods for DHAV-3 detection
usually depend on the use of larger equipment that is not portable and is not fit for on-site diagnoses. In this
study, a rapid reverse transcription insulated isothermal (RT-iiPCR) technique was developed for the on-site
detection of DHAV-3 based on the POCKIT™ system in a convenient device. The concentration of primer pairs
and probes were optimized for amplification of the DHAV-3 VP3 gene of DHAV-3, with no amplification of 12
other duck pathogens. The detection limit of viral RNA was 3.85×101 copies/μL, and the analytical sensitivity
and specificity levels were both 100% in the detection of 40 liver samples. Furthermore, 97.5% of the RT-iiPCR
results were in agreement with those of rRT-PCR, with a kappa value of 0.93. This method is time-saving and
better suited to field diagnoses because of its portable device.

1. Introduction

Duck hepatitis A virus (DHAV) is the causative agent of duck viral
hepatitis which is characterized by an increased number of liver va-
cuoles, liver necrosis and hemorrhage, and a high mortality rate,
especially in young ducklings (Yugo et al., 2016). Persistent DHAV
infection is considered to be an age-dependent and dose-dependent
predisposition in young ducks (Fu et al., 2009; Jilbert et al., 1998), and
the highest DHAV viral loads are found in the liver (1011.15 copies·g−1),
spleen (1010.37 copies·g−1), and kidney (1010.30 copies·g−1) (Zhu et al.,
2018).

DHAV was categorized as a member of the Picornaviridae by the
Virus Taxonomy Ninth Report of the International Committee on
Taxonomy of Viruses (ICTV). According to phylogenetic analyses and
neutralization tests, DHAV is genetically divided into three genotypes:
DHAV-1, DHAV-2, and DHAV-3(Doan et al., 2016). However, DHAV-3
is widely distributed throughout Asia (Wen et al., 2018), and epide-
miological investigations revealed that a significantly higher proportion
of DHAV infections were caused by DHAV-3 (66.2%) between 2013 and
2015 in South Korea compared with DHAV-1 (Soliman et al., 2015). In
China, the highest number of outbreaks caused by DHAV-1 occurred in

2010–2012, but this declined continuously in subsequent years. From
2013–2015, the most frequently detected genotype in China was DHAV-
3, representing 57.1% of 14 isolates identified in five provinces. Phy-
logenetic analyses showed that all DHAV-3 strains isolated in this study
belonged to a monophyletic group, which has become the predominant
viral type since 2013, particularly in Shandong and Sichuan provinces
(Wen et al., 2018). Such changes of the predominant DHAV type and its
epidemic features show the importance of developing new detection
methods and vaccination strategies.

Many duck pathogens causing hepatitis and their similar clinical
symptoms make them difficult to identify. Therefore, immunological
and molecular methods have been used for rapid diagnostics. An in-
direct enzyme-linked immunosorbent assay (ELISA) based on re-
combinant VP3 protein of DHAV-3 has been developed to efficiently
monitor antibody levels in sera from duck flocks with suspected DHAV
infection (Shen et al., 2015). However, this assay does not distinguish
between DHAV-1 and DHAV-3 because of cross-reactivity between the
two genotypes. PCR-based assays are rapid and sensitive compared with
classical diagnostic assays such as virus isolation, or when specific pa-
thogens are difficult to isolate or culture in vitro (Espy et al., 2006).
Thus, techniques such as RT-PCR (Chen et al., 2013), real-time RT-PCR
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based on SYBR-Green I fluorescence (Huang et al., 2012), and real-time
TaqMan RT-PCR (Hu et al., 2016) have been developed to detect DHAV.
Although these detection methods are rapid and very sensitive, they
rely on laboratory-based instruments.

Insulated isothermal PCR (iiPCR) is a type of gene amplification
technique based on the principle of Rayleigh–Bénard convection. It
involves the amplification of target cDNA by cycling reaction compo-
nents through different temperature zones to achieve denaturation,
annealing, and extension steps of PCR (Chang et al., 2012; Tsai et al.,
2012b). Since it was first reported in 2002 (Krishnan et al., 2002), iiPCR
assays have been used for the detection of many animal pathogens, such
as the H3N8 subtype of equine influenza virus (Balasuriya et al., 2014),
foot and mouth disease virus (Ambagala et al., 2017), and providing
high sensitivity comparable with an OIE-certified commercial nested
PCR kit for white spot syndrome virus (Tsai et al., 2012a). This ap-
proach has also been used as a qualitative method for rapid on-site
malaria detection, which achieved 96.9% efficiency and a detection
limit of ≥100 copies of plasmodial DNA (Chua et al., 2016). All iiPCR
reactions are completed using the POCKIT™system (GeneReach USA,
Lexington, MA), which is a small device which is convenient for on-site
rapid detection. Besides, the process steps of RNA extraction from livers
sample in the field involves the centrifugation of crushed tissues. It
could be completed by a cubee™ Mini-Centrifuge with portable power
source manufactured by Genereach Biotechnology corporation.

In this study, an on-site rapid RT-iiPCR assay was developed tar-
geting the VP3 gene of DHAV-3. A one-step duplex rRT-PCR assay for
DHAV (Hu et al., 2016) was evaluated in parallel with RT-iiPCR for
analytical sensitivity and specificity, and the accuracy of the two assays
for detecting DHAV-3 in liver samples was compared. In order to be
more suitable to on-site detection, the PetNAD™ nucleic acid rapid
extraction kit was used in liver samples. And It was compared with the
TRIzol method.

2. Materials and methods

2.1. Viruses, bacteria, and clinical samples

Seven clinical isolates of DHAV-3, eight virus species, and four
bacterial species that potentially infect ducklings were used to evaluate
the specificity of the RT-iiPCR assay (Table 1). Forty archived sequen-
tial DHAV-3 liver samples (containing 31 positive samples and 9 ne-
gative samples), which were collected from sick ducklings less than 3
weeks old in May 2016 in China. These samples had been confirmed by
the reported real-time quantitative PCR (Huang et al., 2012) before
they were used in this study. The amplifications were sequenced and
analyzed at the Laboratory for Preventive Veterinary Science of
Southwest University for Nationalities. All animal procedures used in
the present study were conducted in accordance with good animal
practices as defined by the Laboratory Animal Use License (Certificate
No. SYXK (CHUAN) 2014−187).

2.2. Virus nucleic acid extraction and cDNA synthesis

The performance of two different nucleic acid extraction methods
using the manufacturer’s instructions was evaluated in this study.
Initially, DHAV-3 nucleic acid was extracted from 15 clinical samples
(10 of which were identified as positive) using the PetNAD™ nucleic
acid rapid extraction kit (GENERADAR Biotechnology Corp., Xiamen,
China). Clinical samples were centrifuged at 13,000 × g for 2min prior
to nucleic acid extraction. The centrifugation of clinical samples was
completed by a cubee™ Mini-Centrifuge with portable power source
manufactured by Genereach Biotechnology corporation. Then, 200 μL
of supernatant was mixed with 600 μL of buffer PB1, and shaken for
1min. Next, 600 μL of buffer PB2 was added, and the mixture was
transferred to a spin column. Wash steps were performed as described
in the manufacturer’s manual. Total RNA was eluted in 50 μL of elution

buffer PB5. All nucleic acid preparations were stored at –80 °C prior to
testing. Subsequently, these samples were compared with those ob-
tained using TRIzol reagent (Applied Biosystems Inc., Carlsbad, CA).
Total RNA was then reverse-transcribed into cDNA using a
PrimeScript™ reverse transcription kit (TaKaRa Biotechnology, Dalian,
China). These cDNA was in preparation for the rRT-PCR assay.

2.3. Bacterial nucleic acid extraction

DNA was extracted from plate cultures of Pasteurella multocida
SWUN 0300, Escherichia coli (O46) SWUN 0314, Salmonella enteritidis
SWUN 5223, and Riemerella anatipestifer SWUN 0233 using a DNA ex-
traction kit (TaKaRa Biotechnology) according to the manufacturer’s
instructions. Subsequently, these DNA samples were used to determine
the specificity of the RT-iiPCR assays.

2.4. Development of RT-iiPCR for DHAV-3

Primers and probes were designed according to the complete
genome sequence (GenBank database) from 22 different DHAV-3
strains (accession nos. DQ256132.1, DQ256133.1, DQ812093.1,
KC993890.1, GQ485311.1, GQ485310.1, KU860090.1, KP233203.1,
JF835025.1, GQ122332.1, EU755009.1, EU877916.1, KP995438.1,
JF914944.1, JX312194.1, GU066821.1, GU066823.1, GU066824.1,
EU352805.2, GU066822.1, EU747874.1, and DQ256134.1), eight dif-
ferent DHAV-1 strains (accession nos. FJ971623.1, GU944671.1,
FJ496342.1, FJ496339.1, FJ496344.1, J496341.1, FJ496340.1, and
KU923754.1), and two DHAV-2 strains (accession nos. EF067923.1 and
EF067924.1). The target was a 161 bp nucleotide sequence specific to
the VP3 gene of DHAV-3 (accession no. EU352805.2), which was
chosen using Primer Express software, version 1.0, for TaqMan tech-
nology. Primer sequences were: VP3F, 5′-GATATAGTCATGGTGCT
TAG-3′ and VP3R, 5′-AGGGACCCTCTCCAATATTG-3′; and the TaqMan
probe was VP3P, FAM-GGCTCACACAGTGACCCCTGGCAACA-BHQ1.

The RT-iiPCR assay was optimized by testing DHAV-3 strain
SWUN3501. Based on Uni-ii PCR Starter Kit instructions (GENERADAR
Biotechnology Corp.), various concentrations of components were
tested and screened in a total volume of 50 μL, including forward and
reverse primers at 10 μmol μL−1 (0.5–4 μL), the 10 μmol μL−1 probe

Table 1
Reference strains and isolates used in this study for RT-iiPCR specificity testing.

Pathogens Source RT-iiPCR detection rRT-PCR detection

DHAV-3 strain SWUN3501 a Pos 31.51
DHAV-3 strain SWUN3502 a Pos 27.81
DHAV-3 strain SWUN3503 a Pos 26.34
DHAV-3 strain SWUN3504 a Pos 34.19
DHAV-3 strain SWUN3505 a Pos 29.11
DHAV-3 strain SWUN3506 a Pos 24.37
DHAV-3 strain SWUN3507 a Pos 27.77
DHAV-1 strain SWUN3523 a Neg Neg
NDV SWUN 2690 a Neg Neg
GPV SWUN 5301 a Neg Neg
MPV SCAU 251 b Neg Neg
AIV CAHEC 343 c Neg Neg
FAV-ⅠSWUN 7002 a Neg Neg
DAstV-1 CAU121 d Neg Neg
DAstV-2 CAU122 d Neg Neg
P. multocida SWUN 0300 a Neg Neg
E. coli (O46) SWUN 0314 a Neg Neg
S. enteritidis SWUN 5223 a Neg Neg
R. anatipestifer SWUN 0233 a Neg Neg

a, Southwest University for Nationalities, China; b, Sichuan Agricultural
University, China; c, China Animal Health and Epidemiology Center, China; d,
China Agricultural University, China.
Pos, positive; Neg, negative. NDV, Newcastle disease virus; GPV, gosling par-
vovirus; MPV, muscovy parvovirus; AIV, avian influenza virus; FAV-I, fowl
adenovirus-I; DAstV: duck astrovirus.

Y. Ren, et al. Journal of Virological Methods 270 (2019) 126–130

127



(0.05–0.4 μL), 5U·μL−1 Taq DNA polymerase (1–5 μL), and 20U·μL−1

reverse transcriptase (0.5–2 μL). Optimum conditions were determined
by the absorption ratios at A520/B550.

The RT-iiPCR reaction was carried out using the POCKIT™ device as
RT at 42 °C for 10min, then iiPCR at 95 °C for 30min. Reaction signals
were processed by an optical detection module and shown auto-
matically on the display screen. Results were converted automatically
to “+” (positive), “–” (negative), or “?” (inconclusive), according to the
default S/N thresholds of POCKIT™ (Miszczak et al., 2011.).

2.5. The detection limits of RT-iiPCR

DHAV-3 strain SWUN3501 RNA was extracted by PetNAD™ nucleic
acid rapid extraction. Copy numbers were detected by rRT-PCR as
previously described by Hu et al. (2016). The primer and probes se-
quences of rRT-PCR were: F3, 5′- GTGCTTAGACGCTGGCAGAT-3′ and
R3, 5′-TTCGATTGAAAACTATCTGAAACCTATC-3′; Taqman probe was
P-VP0, FAM-TCAGTGGGCTAACACAGTAGCCCCTG-BHQ. The con-
centrations of relevant reagents and the thermocycling conditions for
the detection of DHAV-A were as described previously (Hu et al., 2016).
Ten-fold serially diluted standard RNA templates with RNase-free water
were simultaneously assayed by RT-iiPCR and rRT-PCR to compare
their sensitivity. All samples were amplified using optimum conditions.

2.6. RT-iiPCR specificity

All of pathogens, used in the test of specificity, was confirmed by
rRT-PCR (Hu et al., 2016). A total of 12 non-DHAV-3 pathogens were
used to determine the specificity of the RT-iiPCR (Table 1). Nucleic acid
templates were extracted from DHAV-1 attenuated strain SWUN3523,
duck astrovirus 1 (DAstV-1), DAstV-2, gosling parvovirus, muscovy
parvovirus, avian influenza virus (H5N1), fowl adenovirus-I, P. multo-
cida, E. coli (O46), S. enteritidis, and R. anatipestifer.

2.7. RT-iiPCR repeatability and reproducibility

Six different RNA dilutions from positive samples
(1× 10–2–1×10–7) were used to evaluate the reproducibility of RT-
iiPCR. Each sample was amplified in triplicate.

2.8. Analysis of RT-iiPCR and comparison with rRT-PCR

The one-step duplex rRT-PCR assay for the detection of DHAV-1 and
DHAV-3, which was used as a comparison with RT-iiPCR, was estab-
lished as previously described (Hu et al., 2016). A total of 40 clinical
liver samples collected from sick ducklings were analyzed simulta-
neously by rRT-PCR and RT-iiPCR. Analytical Sensitivity and specificity
were determined by 2× 2 contingency tables. The degree of agreement
between the two assays was assessed by calculating Cohen’s kappa (k)
values.

3. Results

3.1. Protocol optimization

Optimization testing showed that the combination of 3.5 μL
(10 μmol μL−1) primers, 0.25 μL (10 μmol μL−1) probes, 1 μL (5
U·μL−1) Taq DNA polymerase, and 1.25 μL (20 U·μL−1) reverse tran-
scriptase, Premix Ex Taq 25 μL in a total volume of 50 μL achieved the
maximum A520/B550 value of 4.65. These reagent volumes were used
for all subsequent experiments.

3.2. Comparison of detection limits of rRT-PCR and RT-iiPCR

The rRT-PCR assay detected a DHAV-3 RNA concentration of
3.85×108 copies/μL, which was serially diluted and tested in

duplicate. The rRT-PCR assay detection limit was a dilution of 10–6 to
10–7, and regression analysis indicated that good linearity was achieved
(slope = –3.3968, R2= 0.998; Fig. 1). The rRT-PCR amplification ef-
ficiency (%), calculated by the formula E= [10−1/slope−1] × 100, was
96.97%. By comparison, the RT-iiPCR detection limit was 10−6 to
10−7dilutions (Table 2), indicating that the sensitivities of the two
methods were approximately identical.

3.3. RT-iiPCR specificity

DHAV-3 RNA could be detected from all seven DHAV-3 strains both
by RT-iiPCR and by rRT-PCR, but nucleic acids extracted from 12 other
duck pathogens could not be amplified (Table 1). These data indicate
the high level of RT-iiPCR specificity for DHAV-3.

3.4. Comparison of the two nucleic acid extraction methods

Samples extracted with TRIzol and PetNAD™ nucleic acid rapid
extraction were simultaneously compared by rRT-PCR and RT-iiPCR.
Both methods of RNA extraction were able to achieve the same positive
detection rate for 15 DHAV-3 samples of 66.7% (10/15) (Table 3),
which agreed with prior sequencing results. PetNAD™ nucleic acid
rapid extraction therefore achieves the similar results as TRIzol but is
more rapid and does not need a high-speed centrifuge, which can be
inconvenient for on-site pathogen detection.

3.5. Comparison between rRT-PCR and RT-iiPCR in the analysis of liver
samples

The rRT-PCR and RT-iiPCR were compared in the detection of 40
archived liver samples (containing 31 positive samples and 9 negative
samples), which had been confirmed by the reported Real-Time
Quantitative PCR (Huang et al., 2012) to evaluate their sensitivity in
detecting DHAV-3. For this purpose, RNA was extracted by the
PetNAD™ nucleic acid rapid extraction kit. The rRT-PCR assay

Fig. 1. The linear relationship of every dilution detected by rRT-PCR.

Table 2
Evaluation of rRT-PCR and RT-iiPCR sensitivity for DHAV-3 amplification.

Dilution DHAV-3 SWUN3501 virus strain

RT-iiPCR rRT-PCR (Ct value)

10−2 Pos 15.11 ± 0.039
10−3 Pos 18.03 ± 0.057
10−4 Pos 22.21 ± 0.018
10−5 Pos 25.07 ± 0.024
10−6 Pos 28.97 ± 0.031
10−7 Pos 32.16 ± 0.082
10−8 Neg Neg
10−9 Neg Neg

Limits of detection (LOD) are bold. Neg, negative; Pos, positive.
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successfully detected DHAV-3 nucleic acid in 30/31 established positive
liver samples (Table 4). However, the RT-iiPCR assay detected 31/31
positive samples. The analytical sensitivity and specificity of the rRT-
PCR of DHAV-3 and RT-iiPCR were determined from 2×2 contingency
tables as compared to sequencing analysis. The analytical sensitivity
and specificity were respectively 96.77% and 100% for the rRT-PCR
while the RT-iiPCR showed 100.00% both. Therefore, rRT-PCR and RT-
iiPCR were in good agreement with the real consequences in liver
samples. RT-iiPCR was 97.5% in agreement with rRT-PCR (Table 4)
with a kappa value of 0.93.

3.6. Evaluation of RT-iiPCR reproducibility

RT-iiPCR were used to analyze six samples in triplicate which were
obtained from serial dilutions (from 10–2 to 10–7) of DHAV-3 strain
SWUN3501. The consistency of this analysis was indicative of the high
reproducibility of RT-iiPCR.

4. Discussion

DHAV-3 is one of the major pathogens of duck hepatitis and is
widespread throughout the world, causing major economic losses for
commercial duck farms. Liver injury is characteristic for DHAV-3, but
this can also be caused by many other duck pathogens such as DHAV-1,
DHAV-2, Newcastle disease virus, DAstv-1, and bacteria (Fu et al.,
2009), so diagnosis can be difficult. Therefore, there is a need to de-
velop a rapid, effective, and reliable detection method. Although virus
isolation and purification are currently the recognized classical method
for virus detection, its performance depends on the type of culture
medium, susceptibility of the host cell, coinfection of multiple patho-
gens, and many other uncertain conditions (Kumar et al., 2016).

In recent years, RT-iiPCR as a new fast molecular diagnostic method
were more and more used in the detection of pathogens (Ambagala
et al., 2017; Carossino et al., 2016). The reagents and reaction systems
are contained in a small device (POCKIT™), and results are obtained
after automatic data processing with a default algorithm, without the
need for manual data analysis and interpretation. Thus, this method
facilitates the rapid diagnosis of disease and can be applied to many
situations.

In the present study, a new RT-iiPCR assay for DHAV-3 detection
based on the POCKIT™ system was developed. Similar to quantitative
RT-PCR, this assay is also based on TaqMan® probe hydrolysis to gen-
erate a fluorescent signal. The optimum reaction system included
35 μmol primers, 2.5 μmol probes, 5 U Taq DNA polymerase, and 25 U
reverse transcriptase, which were contained in one tube for a single
reaction and processed using vacuum freeze-drying technology. The
premixed reagents simply require dissolving in sterile deionized water
before use. This technique also reduces the operating time, which
prevents sample contamination (Wilkes et al., 2015). Moreover, seven
DHAV-3 strains collected from different area were correctly diagnosed
by our RT-iiPCR assay, which demonstrated high specificity for DHAV-
3. The low limit of detection for RT-iiPCR was 3.85× 101 copies/μL,
which was similar to rRT-PCR (from 100 to 10−7 dilutions) (Hu et al.,
2016). The results of rRT-PCR and RT-iiPCR were in excellent agree-
ment with the actual findings in liver samples, while RT-iiPCR was
97.5% in agreement with rRT-PCR with a k value of 0.93. Although RT-
iiPCR had no significant improvement in sensitivity or accuracy com-
pared with rRT-PCR, its advantages of rapid nucleic acid extraction,
short processing time, and portable device mean that it has potential for
field-deployable diagnoses. The RT-iiPCR also would be run as part of a
suite of PCR tests for differential diagnosis or for more targeted de-
tection.

5. Conclusions

This study established an RT-iiPCR method based on the POCKIT™
system that can be processed in a mini-type device weighing less than
0.83 pounds which is convenient to transport. The entire detection
process from RNA extraction to obtaining the results takes only about
1 h. Moreover, the technique is both sensitive and specific. It was de-
monstrated that the RT-iiPCR/POCKIT™ system can be used as a reli-
able and effective tool for the diagnosis and detection of DHAV-3, and
that it could facilitate molecular epidemiological investigations of
DHAV-3 and prevent and control DHAV breeding reservoirs.
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Table 3
Performance evaluation of PetNAD™ and TRizol RNA extraction methods for
DHAV-3 detection by rRT-PCR and RT-iiPCR.

Sample ID Sequencing
result

petNADTM Trizol

rRT-PCR (Ct
value)

RT-iiPCR rRT-PCR (Ct
value)

RT-iiPCR

SCSl11 Pos 30.16 Pos 28.77 Pos
SCSl12 Pos 28.93 Pos 25.64 Pos
SCSl13 Pos 25.76 Pos 24.16 Pos
SCWJ21 Pos 31.31 Pos 32.79 Pos
SCWJ3 Pos 27.52 Pos 23.41 Pos
SCWJ4 Pos 28.43 Pos 26.93 Pos
SCWJ5 Pos 30.34 Pos 27.14 Pos
SCWJ6 Pos 29.53 Pos 25.72 Pos
SCWJ7 Pos 26.78 Pos 24.15 Pos
SCWJ8 Pos 21.31 Pos 24.22 Pos
SCSl41 Neg Neg Neg Neg Neg
SCSl50 Neg Neg Neg Neg Neg
SCSl61 Neg Neg Neg Neg Neg
SWUN05 Neg Neg Neg Neg Neg
SWUN07 Neg Neg Neg Neg Neg

Neg, negative; Pos, positive.

Table 4
The level of agreement between rRT-PCR and RT-iiPCR assays for the detection
of DHAV-3 in liver samples.

The known samples

Positive Negative Total

rRT-PCR Positive 30 0 30
Negative 1 9 10
Total 31 9 40

The known samples

Positive Negative Total

RT-iiPCR Positive 31 0 31
Negative 0 9 9
Total 31 9 40

rRT-PCR

Positive Negative Total

RT-iiPCR Positive 30 1 31
Negative 0 9 9
Total 30 10 40
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(2017NZYQN01).
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