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Shanghai, China
Crucian carp (Carassius auratus) is one of the major freshwater species and is

also a common food fish in China. Recently, Carassius auratus herpesvirus

(CaHV) could induce fatal viral disease with high mortality of crucian carp,

which had caused huge economic losses. In this study, we described a rapid

and simple recombinase-aid amplification (RAA) assay coupled with lateral flow

dipstick (LFD), which could achieve sensitive diagnosis of tumor necrosis factor

receptor (TNFR) of CaHV within 35 min at 40°C. Our RAA-LFD method had a

satisfactory detection limit of 100 gene copies per reaction, which was 100-

fold more sensitive than traditional PCR. In addition, no cross-reaction was

observed with other viral pathogens, including koi herpesvirus (KHV), cyprinid

herpesvirus 2 (CyHV-2), infectious hematopoietic necrosis virus (IHNV), spring

viremia of carp virus (SVCV) and grass carp reovirus (GCRV). Furthermore, the

overall cost of the method was cut in half compared to previous studies. In

conclusion, RAA-LFD assay is therefore, a promising alternative for point-of-

care testing (POCT) of CaHV, which is feasible and of certain value in

application of aquatic disease control.
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Introduction

Crucian carp (Carassius auratus) is a genus of Carassius in

the family Cyprinidae (Xiao et al., 2011). More than 1000 years

ago, crucian carp was domesticated in China and introduced

into Europe and most parts of the world since the 17th century

(Chen, 1956; Balon, 2004; Gao et al., 2012; Podlesnykh et al.,

2015). It has the advantages of fast growth, short reproductive

cycle, tender meat and high nutritional value (Liao et al., 2013).

With the continuous development of breeding technology, the

output of crucian carp in China alone has reached 2.7556 million

tons in 2019 (Bureau of Fisheries and Fishery Administration

under Ministry of Agriculture and Rural Affairs, Nation Fishery

Technology Extension Center and C. S. o. Fisheries, 2020).

Carassius auratus herpesvirus (CaHV, KU199244) is

assigned to family Alloherpesviridae and genus Cyprinivirus.

CaHV is a fatal pathogen of crucian carp, which can cause

100% mortality within one week (Zhang and Gui, 2018; Gui and

Zhang, 2019). The isolation of CaHV was firstly reported from

the tissues of diseased crucian carp with acute gill hemorrhages

in 2016 (Fang et al., 2016). Due to the devastating economic

losses, CaHV rapidly becomes a subject for applied research in

aquaculture industry. CaHV is a linear double-stranded DNA

virus, the entire genome consists of 275,348 bp with 150

predicted open reading frames (ORFs) including tumor

necrosis factor receptor (TNFR, ORF 146R) (Zeng et al., 2016).

Aquatic virus including reoviruses, rhabdoviruses and

herpesviruses, have brought serious harms to fish and been

considered as emerging threats to global aquaculture (Murray,

2012). Cyprinid herpesvirus 2 (CyHV-2) causes acute gill

hemorrhage and high mortality in goldfish (Carassius auratus)

and crucian carp (Tang et al., 2020; Wen et al., 2021).

Phylogenetic analysis showed that CaHV was closely related to

CyHV-2 with 98.8% similarity (Liu et al., 2018). ORF 146R is a

specific gene of CaHV. Koi herpesvirus (KHV) is formally

known as cyprinid herpesvirus-3 (CyHV-3), mainly infects

common carp (Cyprinus carpio) and koi (Cyprinus carpio koi)

(Hedrick et al., 2005; Yi et al., 2014). Infectious hematopoietic

necrosis virus (IHNV) causes clinical disease and mortalities in a

wide variety of salmonid species (Dixon et al., 2016). Spring

viremia of carp virus (SVCV) has serious effect on crucian carp

and grass carp (Ctenopharyngodon idella) with 90% mortality

(Liu et al., 2022). Grass carp reovirus (GCRV) can cause

hemorrhagic disease and result in tremendous loss of grass

carp industry (Wang et al., 2012; Wang et al., 2013; Rao and

Su, 2015).

Fish herpesviruses diseases have an incubation period, latent

or persistent infection is one of the unique characteristics (Zhang

and Gui, 2015). Diagnostic assays for CaHV detection were

reported, such as multiplex polymerase chain reaction (PCR),

paraffin section assay (Fang et al., 2016) and real-time PCR (Li

et al., 2019; Zhao et al., 2020). However, precise instruments and

trained technicians are required for the traditional detected
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methods, which are unachievable in limited-resource settings

including aquafarms and aqua stores.

Recombinase-aid amplification (RAA) has been a novel

isothermal nucleic acid rapid amplification technology in

recent years for aquatic diseases pathogen detection, such as

IHNV (Chen et al., 2020), CyHV-2 (Preena et al., 2022), GCRV

(Wang et al., 2020). The reaction is typically completed in

approximately 30 min at 37–42°C (Bei et al., 2010). Lateral

flow chromatography strip (LFD) is suited for the visualization

of RAA amplicons, as it facilitates analysis of results with the

naked eye (Li et al., 2018), and the results can be observed

directly in 5-10 minutes (Urusov et al., 2019). Therefore, RAA-

LFD method could be applied for point-of-care testing (POCT)

for the early infection prevention and control of CaHV.

Based on our previous study of the extraction of DNA from

fish skin mucus within 30 seconds with low cost (USD $0.02) (Gui

et al., 2022), we established a rapid, sensitive and cheap method to

detect CaHV within 35min from sample collection to result

interpretation. Our study could provide a simple, rapid, and

low-cost detecting application for POCT in aquaculture industry.
Materials and methods

Viruses

CaHV DNA was extracted from the crucian carp infected

with CaHV, by using skin mucus swabbing and the disc method

as we described before (Gui et al., 2022). Briefly, healthy crucian

carp were injected intraperitoneally with diseased fish tissue

filtrate (viral suspension) kindly provided by Dr. Qiya Zhang

(Institute of Hydrobiology, Chinese Academy of Sciences).

Other viruses, including CyHV-2 (NC_019495), KHV

(NC_009127), IHNV (NC_001652), SVCV (NC_002803), and

GCRV-JX01 (MG189638.1), were previously stored in the

laboratory. DNA of CyHV-2 and KHV were extracted with a

Viral RNA/DNA Extraction Kit (Code No. 9766, Takara

Biotechnology Co., Ltd., China), which was carried out in

accordance with the instructions of the kit. RNA of GCRV-

JX01, IHNV and SVCV were extracted with TRIzol reagent

(Invitrogen, USA), which was performed in accordance with the

manufacturer’s instructions. Complementary DNA (cDNA) was

reverse transcribed by using PrimeScript reverse transcription

system (Code No. 2680A, Takara Biotechnology Co., Ltd.,

China) in accordance with the product protocol, as described

in previous study (Wang et al., 2018; Feng et al., 2022). All

samples were stored at − 80°C until use.
Design of primers

The conserved sequences of TNFR (ORF 146R) (GenBank

accession no KU199244.1:268307-269281) were chosen as target
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regions. RAA nucleic acid amplification technology is different

from conventional PCR in primer design, the length should be

between 30-35 nucleotides (NT) and ideally generate a 100–300

bp amplicon. Thus, five pairs of candidate primers for RAA

assays were designed based on RAA primer design principles,

the optimal primers were determined by the RAA agarose gel

electrophoresis (RAA-AGE) assay. For visualization of the

amplified RAA products by a lateral flow dipstick, a DNA

probe was designed based on the suitable target sequence

between the optimal upstream and downstream RAA primer.

Biotin labels were added at 5′-end of the downstream primer to

detect the cellular nucleotide. The probe was labeled with

fluorophores (FAM) at 5′-end and a polymerase extension

blocking group, C3-spacer at 3′-end. In addition, a

tetrahydrofuran residue (THF) was added as an internal basic

nucleotide analogue. Conventional PCR primers were also

designed targeting the conserved sequences of CaHV-TNFR

gene by Primer Premier 6.0 software. All primers and probe

(Table 1) were synthesized and labeled by Suzhou Azenta

Biotech Co., Ltd.
Polymerase Chain Reaction (PCR) and
construction of recombinant plasmid

Conventional PCR was carried out using PCR-F/R primers

specific for TNFR gene of CaHV with product sizes of 789 bp (in

Table.1). The cDNA of IHNV, SVCV, GCRV and DNA of

CyHV-2, KHV were used as templates to verify the specificity of

the established PCR method for CaHV detection, respectively. A

25 µL volume of PCR amplification reaction consisted of 12.5 µL
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of loading dye mix (Code No. RR003Q, Takara Biotechnology

Co., Ltd., China), 1 µL of the primers (10 µmol/L) and 2 µL of

DNA template, 8.5 µL ddH2O was added at last. The reaction

conditions consisted of an initial denaturation at 95 °C/5 min,

followed by 32 cycles of denaturation at 95 °C/30s, annealing at

58 °C/30s, extension at 72 °C/50s with a final extension of 72 °C/

10 min. Amplicons were visualized by using 1.2% agarose gel

electrophoresis, and 100-2000bp DNA marker (Code No.

B500350 Sangon Biotech Co., Ltd., Shanghai) was used

in experiment.

The TNFR amplicon was inserted into pGEM-T-Easy vector

(Promega, Madison, WI, USA), and stored at − 20°C until

further use. After identified by sequencing, the concentration

of the recombinant plasmid pGEM-T-TNFR was about 80ng/mL
by using Nanodrop 2000 (Thermo Fisher Scientific, Waltham,

MA, United States). Based on the size of vector (3015 bp) and the

insert (789 bp), the copy number was 1010 copies/mL converted

according to the formula:

Plasmid copy number (copies/mL) = [plasmid concentration

(ng/mL) × 10-9× (6.02×1023)]/[total fragment length

(bp)×660g/mol]

Total fragment length = vector length(bp)+fragment

length(bp)
Recombinase aid amplification (RAA) and
lateral flow dipstick (LFD) assay

On the basis of the RAA nucleic acid amplification kit

(fluorescence method) instructions (ZC Bio-Sci&Tech Co.,

Ltd., Hangzhou), the RAA reaction system comprised of A
TABLE 1 The sequences of primers and probes designed in this study.

Gene name Prime
name

Sequences (5’-3’) Product size
(bp)

Function

TNFR-
ORF146R

RAA-F1 TGTTCGACTCATACCCCTACCCACCAGACTA 139 RAA

RAA-R1 ATCGAGAGCAACGTCGGTTTCCAACCATTCA

RAA-F2 CTGTTCGACTCATACCCCTACCCACCAGACTACC 148

RAA-R2 ACTCGCGGATCGAGAGCAACGTCGGTTTCCAACC

RAA-F3 CTGTTCGACTCATACCCCTACCCACCAGACTAC 138

RAA-R3 CGAGAGCAACGTCGGTTTCCAACCATTCACTG

RAA-F4 CTAATCGCTGTCCTCTTGACCCTATCGGGCCTGGA 98

RAA-R4 GTTGGCTTGGTGATTGCACGTCTGGTGGGTAGTCT

RAA-F5 TGCTTCTAATCGCTGTCCTCTTGACCCTATCG 108

RAA-R5 TGATTGTTGGCTTGGTGATTGCACGTCTGG

RAA-LF CTGTTCGACTCATACCCCTACCCACCAGACTACC RAA-LFD

RAA-LR Biotin-ACTCGCGGATCGAGAGCAACGTCGGTTTCCAACC

RAA-Probe FAM-CTACCCACCAGACTACCCACCAGACGTGCAA(THF)TCACCAAGCCAACAATC-
Spacer

PCR-F ACCCCTACCCACCAGACTAC 789 PCR

PCR-R TCGAGGTTCGTTTTGGCGTA
fro
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buffer 41.5mL, forward primer (10mmol/L) 2mL, reverse primer

(10mmol/L) 2mL, template 2mL. These components were added

into the lyophilized RAA reaction tube. Then 2.5µL of B buffer

(magnesium acetate, 280 mM) was placed on the cap of the

reaction tube to commence the reaction. The tube was covered

and mixed thoroughly, and centrifuged at low speed for 10

seconds. After reaction at 39°C for 30min, 50mL phenol

chloroform was added to purify the amplicons. The purified

products were mixed with 6×DNA loading buffer (Sangon

Biotech Co., Ltd., Shanghai), and then visualized by 2%

agarose gel electrophoresis (AGE).

Additional, LFD (USTAR Biotechnologies Co., Ltd.,

Hangzhou) and RAA-nfo Kit (ZC Bio-Sci&Tech Co., Ltd.,

Hangzhou) were utilized for the RAA-LFD assay. 50mL
amplification system of RAA was performed according to the

manufacturer’s instruction as follows, A buffer 40.9mL, forward
primer 2mL, reverse primer 2mL, probe 0.6mL and 2mL template

DNA were added into the lyophilized RAA reaction pellets

containing the enzyme nfo (Endonuclease IV). Then 2.5µL of

B buffer (magnesium acetate, 280 mM) was placed on the cap of

the reaction tube to commence the reaction. After mixed

properly by centrifugation, the reaction tubes were

immediately incubated at 39°C for 30min. LFD assay was used

to detect the product of RAA-nfo. 10mL amplified product was

mixed with 100ul PBS buffer, and the lateral flow dipstick was

inserted into the solution at room temperature. The results could

be observed after 5 min. The criteria for optimal reaction

conditions were as follows, clear and obvious test line (T) and

quality control line (C) formed in LFD strips, indicating that

nucleic acid fragments to be detected were contained in the

sample. Meanwhile, only quality control line could be recorded

in the sample of negative control (Urusov et al., 2019).

Therefore, the optimization conditions of RAA-LFD

were determined.
Optimization of RAA-LFD detection
method conditions

The recombinant plasmid pGEM-T-TNFR (105 copies/mL)
was used as template. The suitable primers were selected after

RAA-AGE method. The optimal primer was used for RAA-LFD

diagnostic methods. Primer concentration, reaction temperature

and incubation time were optimized in subsequent tests. The

concentration of primers (RAA-LF/LR) were diluted from 10mM
to 0.156mM by two-fold serial dilution, incubated at 39°C for

30min. Then, RAA reactions were performed respectively at

35°C, 36°C, 37°C, 38°C, 39°C, 40°C and 41°C, and the reaction

was carried out at the optimal primer concentration for 30 min.

Finally, optimal reaction time was also determined, RAA

reaction mixtures were incubated respectively in a constant

temperature metal bath for 20min, 25min, 30min and 35min

at the optimal primer concentration and temperature.
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Sensitivity of RAA-LFD assay

To test the sensitivity of RAA-LFD assay, different copies

(107 ~ 100 copies/µL) of the recombinant plasmid were used as

templates for both RAA-LFD detection and conventional PCR-

AGE detection.
Specificity of RAA-LFD assay

RAA-LFD assay was performed to detect CaHV and the

other fish viruses including CyHV-2, KHV, IHNV, SVCV and

GCRV under the optimized conditions.
Results

Clone of CaHV TNFR by PCR

Only the sample of CaHV generated 789 bp product with

successful PCR amplification, which confirmed the specificity of

primer pairs (PCR-F/R) to identify CaHV (Figure 1). The TNFR

amplicon was inserted into pGEM-T-Easy vector and the

recombinant plasmid pGEM-T-TNFR was constructed.
CaHV RAA primer screening by RAA-AGE

Primers RAA-F2/R2 and F3/R3 with product sizes of 148 bp

and 138 bp, respectively, gave the highest band intensity

(Figure 2). However, primer RAA-F2/R2 yielded better results

by comparing to primer RAA-F3/R3 during RAA-LFD detection

(data not shown), resulted in the selection of RAA-F2/R2 in the

remaining experiment. The 148 bp product obtained by RAA-

F2/R2 showed 100% similarity to CaHV TNFR (ORF146R) gene

by sequencing.
Optimal reaction conditions of RAA-LFD

The primer concentration, reaction time and temperature

were optimized in this experiment. The optimal reaction

conditions were as follows: quality control line and test line

were clear and the brightest, primer concentration was the

lowest, and reaction time was the shortest. Thus, the optimal

reaction conditions were determined. The primer concentration

was 0.625mM, the reaction temperature was 40°C and the

reaction time was 30 min (Figure 3).
Sensitivity test

The CaHV-harboring plasmids (pGEM-T-TNFR) were 10-

fold diluted, and the sensitivity of RAA-LFD and conventional
frontiersin.org
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PCR-AGE was compared based on the concentration from 107

to 100 copies/mL. The results shown that the lowest detectable

limit was 102 copies/mL for RAA-LFD (Figure 4A), and 104

copies/mL for conventional PCR (Figure 4B). The sensitivity of

RAA-LFD assay was 100 times higher than that of conventional

PCR-AGE assay.
Specificity test

With the DNA of CaHV, CyHV-2, KHV and cDNA of

GCRV, IHNV, SVCV as templates, the products were amplified

by RAA-LFD assay. As shown in Figure 5, only the RAA product

of CaHV showed both test line and quality control line on

dipstick. However, the products of other viruses and negative

control could only show quality control line, which indicated

that the specificity of RAA-LFD assay was good, and this method

was tenable.
Discussion

Fish herpesviruses could cause mild disease in natural

conditions, which are responsible for severe losses of

aquaculture industry in recent years (Gotesman et al., 2013;

Xu et al., 2013). Over 14 herpesviruses have been considered to

be associated with disease outbreaks in fish recent years

(Kibenge, 2019). Therefore, it is very important to explore a
Frontiers in Cellular and Infection Microbiology 05
specific, sensitive and cheap method to better prevent and

control fish herpesviruses

Several specific and sensitive methods have been developed

for detection of viruses in fish, such as reverse transcription

(RT)-PCR, nested PCR test, real-time PCR (qPCR), reverse-

transcriptase real-time PCR (RT-rPCR) and reverse-

transcriptase droplet digital PCR (RT-ddPCR) (Gilad et al.,

2004; El-Matbouli et al., 2007; Sadler et al., 2008; Honjo et al.,

2010; Yuasa et al., 2012; Purcell et al., 2013; Zeng et al., 2014; Jia

et al., 2017). However, the requirement of specialized equipment

and trained technicians of those methods limit the applications

outside the laboratory environment.

Isothermal amplification technologies, such as RPA/RAA

and loop mediated isothermal amplification (LAMP) assays,

have features of high specificity, rapidity and simplicity of

detection of various viruses (Congdon et al., 2019; Fan et al.,

2020). In comparison between RPA/RAA and LAMP, RPA just

demands a single pair of primers and lasts around 30 min,

whereas LAMP requires 6 primers and lasts around 60 min,

which illustrates that RPA is more convenient and economical

than LAMP for aquatic diseases detection (Zhang et al., 2014;

Lobato and O’Sullivan, 2018; Diagne et al., 2020). Therefore, the

feasibility of RPA/RAA assay for CaHV detection was assessed,

and the obtained results were compared with those of PCR as the

reference method.

Among the various visualization methods for RAA/RPA

amplicons, LFD is an endpoint detection technology for visual

observation of amplification products for POCT. We optimized
FIGURE 2

RAA primer screening. 1, RAA-F1/R1 (139bp); 2, RAA-F2/R2 (148bp); 3, RAA-F3/R3 (138bp); 4, RAA-F4/R4 (98bp); 5. RAA-F5/R5 (108bp). M: DNA
Marker (100~2000 bp).
FIGURE 1

PCR results of different virus with TNFR primer (PCR-F/R). 1, SVCV; 2, GCRV; 3, IHNV; 4, KHV; 5, CyHV-2; 6, negative control (water); 7, CaHV.
M: DNA Marker (100~2000 bp).
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the reaction conditions of RAA-LFD assay, the results showed

that high concentration of primers would cause false positive

results (Figure 3A), which might due to the false-positive signals

from primer–dimers (Yang et al., 2020). RAA-LFD assays

demonstrated excellent sensitivity by facilitating the detection

of low copy numbers of the CaHV-harboring plasmids (pGEM-

T-TNFR). Our RAA-LFD assay showed a comparable limit of

detection (100 copies), exhibited by most of the RPA assays

developed for fish viruses, such as largemouth bass ranavirus
Frontiers in Cellular and Infection Microbiology 06
(58.3 copies) (Guo et al., 2022), CyHV-2 (100 copies) (Preena

et al., 2022) andMicropterus salmoides rhabdovirus (170 copies)

(Feng et al., 2022). However, it needs to be further verified by

testing more samples of natural infection before being practically

applied as routine diagnostic methods.

RPA-LFD assays are relatively expensive by comparing to

conventional PCR methods, which would last more than 1h and

cost approximately $20 each reaction from DNA sample

extraction to visualized result obtaining (Qin et al., 2021).
A

B

C

FIGURE 3

Optimization of RAA-LFD reaction conditions. The optimal primer concentration was 0.625mM, the reaction temperature was 40°C and the
reaction time was 30 min. (A) screening of primer and probe concentration; (B) screening of reaction temperature; (C) screening of reaction
time. +: positive group (plasmid pGEM-T-TNFR, 105copies/mL). −: negative control (water). C, control line; T, test line.
A

B

FIGURE 4

Sensitivity of RAA-LFD and PCR-AGE assays. (A) RAA-LFD; (B) PCR-AGE; 1-8: 107copies/mL~100 copies/mL. N, Negative control; C, control line;
T, test line; M, DNA Marker (100~2000 bp).
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However, based on a swabbing and disc method for DNA

extraction established in our lab (Yi et al., 2014), the total

reaction time from DNA extraction to RAA-LFD assay could

be completed within 35 min and cost lower than USD $10.

Therefore, our method has a great potential to be as a useful tool

for reliable and quick POCT of CaHV infection, especially in

resource-limited conditions such as aqua farms and stores.
Conclusions

A simple and reliable RAA-LFD assay detecting CaHV was

developed for the first time which could accomplish successful

detection of 100 copies of the viral TNFR gene within 35 min at

40°C. This presents a rapid and sensitive POCT of CaHV under

resource-limited conditions.
Data availability statement
The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and accession

number(s) can be found in the article/supplementary material.
Ethics statement
All handling of fish in this study was conducted in

accordance with the guidelines of the Shanghai Ocean

University Animal Care and Use Committee with approval

number SHOU-2021-118.

Author contributions
Conceptualization, LG and ML. Methodology, YZ and XL.

Software, YZ. Validation, DX. Formal analysis, YZ and JL.

Investigation, LG. Resources, WZ, LG, and ML. Data curation,
Frontiers in Cellular and Infection Microbiology 07
YZ. Writing—original draft preparation, LG and YZ. Writing—

review and editing, ML and LG. Visualization, DX. Supervision, ML.

Project administration, YZ. Funding acquisition, WZ. All authors

contributed to the article and approved the submitted version.
Funding

LG provided the funding of the National Key Research and

Development Program of China (2018YFD0900601 and

2018YFD0900302) and the Science and Technology

Commission of Shanghai Municipality (21ZR1427200), both of

which were received from government. The funder designed the

experiment and reviewed the manuscript. WZ provided the

funding of the China Agriculture Research System of MOF

and MARA (CARS-46) which was received from government.

The funder did the analysis.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The reviewer WH declared a shared affiliation, with no

collaboration, with several of the authors, LG, YZ, DX, XL,

and ML, to the handling editor at the time of review.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
FIGURE 5

Specificity test of RAA-LFD. N, negative control; C, control line; T, test line.
frontiersin.org

https://doi.org/10.3389/fcimb.2022.981911
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Gui et al. 10.3389/fcimb.2022.981911
References
Balon, E. K. (2004). About the oldest domesticates among fishes. J. Fish Biol. 65
(s1), 1–27. doi: 10.1111/j.0022-1112.2004.00563.x

Bei, L., Hairong, C., Qingfeng, Y., Zhenju, H., Guifang, S., Zhifang, Z., et al.
(2010). Recombinase-aid amplification:a novel technology of in vitro rapid nucleic
acid amplification. Sci. Sin.(Vitae) 40 (10), 983–988. doi: 10.1360/052010−508

Bureau of Fisheries and Fishery Administration under Ministry of Agriculture
and Rural Affairs, Nation Fishery Technology Extension Center and C. S. o.
Fisheries (2020). China Fishery statistical yearbook (Beijing: China Agriculture
Press), 1–144.

Chen, S. C. (1956). A history of the domestication and the factors of the varietal
formation of the common goldfish, Carassius auratus. Sci. Sin. 5, 287–321.

Chen, Z., Huang, J., Zhang, F., Zhou, Y., and Huang, H. (2020). Detection of
shrimp hemocyte iridescent virus by recombinase polymerase amplification assay.
Mol. Cell Probes 49, 101475. doi: 10.1016/j.mcp.2019.101475

Congdon, B., Matson, P., Begum, F., Kehoe, M., and Coutts, B. (2019).
Application of loop-mediated isothermal amplification in an early warning
system for epidemics of an externally sourced plant virus. Plants (Basel) 8 (5),
139. doi: 10.3390/plants8050139

Diagne, C. T., Faye, M., Lopez-Jimena, B., Abd El Wahed, A., Loucoubar, C.,
Fall, C., et al. (2020). Comparative analysis of zika virus detection by RT-qPCR,
RT-LAMP, and RT-RPA. Methods Mol. Biol. 2142, 165–179. doi: 10.1007/978-1-
0716-0581-3_14

Dixon, P., Paley, R., Alegria-Moran, R., and Oidtmann, B. (2016).
Epidemiological characteristics of infectious hematopoietic necrosis virus
(IHNV): a review. Vet. Res. 47 (1), 63–63. doi: 10.1186/s13567-016-0341-1

El-Matbouli, M., Rucker, U., and Soliman, H. (2007). Detection of cyprinid
herpesvirus-3 (CyHV-3) DNA in infected fish tissues by nested polymerase chain
reaction. Dis. Aquat. Organ. 78 (1), 23–28. doi: 10.3354/dao01858

Fang, J., Deng, Y., Wang, J., Tao, L. I., Chen, Z., Zhou, L., et al. (2016).
Pathological changes of acute viral hemorrhages in the gills of crucian carp. J.
Fish. Sci. China 23 (02), 336–343. doi; 10.3724/SP.J.1118.2016.15332.

Fan, X., Li, L., Zhao, Y., Liu, Y., Liu, C., Wang, Q., et al. (2020). Clinical
validation of two recombinase-based isothermal amplification assays (RPA/RAA)
for the rapid detection of African swine fever virus. Front. Microbiol. 11, 1696. doi:
10.3389/fmicb.2020.01696

Feng, Z., Chu, X., Han, M., Yu, C., Jiang, Y., Wang, H., et al. (2022). Rapid visual
detection of Micropterus salmoides rhabdovirus using recombinase polymerase
amplification combined with lateral flow dipsticks. J. Fish Dis. 45 (3), 461–469. doi:
10.1111/jfd.13575

Gao, Y., Wang, S.-Y., Luo, J., Murphy, R. W., Du, R., Wu, S.-F., et al. (2012).
Quaternary palaeoenvironmental oscillations drove the evolution of the Eurasian
Carassius auratus complex (Cypriniformes, cyprinidae). J. Biogeogr. 39 (12), 2264–
2278. doi: 10.1111/j.1365-2699.2012.02755.x

Gilad, O., Yun, S., Zagmutt-Vergara, F. J., Leutenegger, C. M., Bercovier, H., and
Hedrick, R. P. (2004). Concentrations of a koi herpesvirus (KHV) in tissues of
experimentally infected cyprinus carpio koi as assessed by real-time TaqMan PCR.
Dis. Aquat. Organ. 60 (3), 179–187. doi: 10.3354/dao060179

Gotesman, M., Kattlun, J., Bergmann, S. M., and El-Matbouli, M. (2013). CyHV-
3: the third cyprinid herpesvirus. Dis. Aquat. Organ. 105 (2), 163–174. doi: 10.3354/
dao02614

Gui, L., Li, X., Lin, S., Zhao, Y., Lin, P., Wang, B., et al. (2022). Low-cost and
rapid method of DNA extraction from scaled fish blood and skin mucus. Viruses 14
(4), 840. doi: 10.3390/v14040840

Gui, L., and Zhang, Q. (2019). A brief review of aquatic animal virology researches
in China. J. Fish. China 43 (01), 168–187. doi: 10.11964/jfc.20181011472.

Guo, Y., Wang, Y., Fan, Z., Zhao, X., Bergmann, S. M., Dong, H., et al. (2022).
Establishment and evaluation of qPCR and real-time recombinase-aided
amplification assays for detection of largemouth bass ranavirus. J. Fish Dis. 45
(7), 1033–1043. doi: 10.1111/jfd.13627

Hedrick, R., Gilad, O., Yun, S., McDowell, T., Waltzek, T., Kelley, G., et al.
(2005). Initial isolation and characterization of a herpes-like virus (KHV) from koi
and common carp. Bull. Fish. Res. 2, 1–7.

Honjo, M. N., Minamoto, T., Matsui, K., Uchii, K., Yamanaka, H., Suzuki, A. A.,
et al. (2010). Quantification of cyprinid herpesvirus 3 in environmental water by
using an external standard virus. Appl. Environ. Microbiol. 76 (1), 161–168. doi:
10.1128/AEM.02011-09

Jia, P., Purcell, M. K., Pan, G., Wang, J., Kan, S., Liu, Y., et al. (2017). Analytical
validation of a reverse transcriptase droplet digital PCR (RT-ddPCR) for
quantitative detection of infectious hematopoietic necrosis virus. J. Virol.
Methods 245, 73–80. doi: 10.1016/j.jviromet.2017.03.010
Frontiers in Cellular and Infection Microbiology 08
Kibenge, F. S. B. (2019). Emerging viruses in aquaculture. Curr. Opin. Virol. 34,
97–103. doi: 10.1016/j.coviro.2018.12.008

Liao, X., Cheng, L., Xu, P., Lu, G., Wachholtz, M., Sun, X., et al. (2013).
Transcriptome analysis of crucian carp (Carassius auratus), an important
aquaculture and hypoxia-tolerant species. PloS One 8 (4), e62308. doi: 10.1371/
journal.pone.0062308

Li, T., Ke, F., Gui, J., Zhou, L., Zhang, X., and Zhang, Q. (2019). Protective effect
of clostridium butyricum against Carassius auratus herpesvirus in gibel carp.
Aquacult. Int. 27 (3), 905–914. doi: 10.1007/s10499-019-00377-3

Li, J., Macdonald, J., and von Stetten, F. (2018). Review: A comprehensive
summary of a decade development of the recombinase polymerase amplification.
Analyst 144 (1), 31–67. doi: 10.1039/c8an01621f

Liu, J., Zhang, P., Wang, B., Lu, Y., Li, L., Li, Y., et al. (2022). Evaluation of the
effects of astragalus polysaccharides as immunostimulants on the immune response
of crucian carp and against SVCV in vitro and in vivo. Comp. Biochem. Physiol. C
Toxicol. Pharmacol. 253, 109249. doi: 10.1016/j.cbpc.2021.109249

Liu, B., Zhou, Y., Li, K., Hu, X., Wang, C., Cao, G., et al. (2018). The complete
genome of cyprinid herpesvirus 2, a new strain isolated from allogynogenetic
crucian carp. Virus Res. 256, 6-10. doi: 10.1016/j.virusres.2018.07.016

Lobato, I. M., and O’Sullivan, C. K. (2018). Recombinase polymerase
amplification: Basics, applications and recent advances. Trends Anal. Chem.:
TRAC 98, 19–35. doi: 10.1016/j.trac.2017.10.015

Murray, A. G. (2012). Epidemiology of the spread of viral diseases under
aquaculture. Curr. Opin. Virol. 3 (1), 74–78. doi: 10.1016/j.coviro.2012.11.002

Podlesnykh, A., Brykov, V., and Skurikhina, L. (2015). Polyphyletic origin of
ornamental gold-fish. Food Nutr. Sci. 6, 1005–1013. doi: 10.4236/fns.2015. 611104

Preena, P. G., Kumar, T. V. A., Johny, T. K., Dharmaratnam, A., and
Swaminathan, T. R. (2022). Quick hassle-free detection of cyprinid herpesvirus 2
(CyHV-2) in goldfish using recombinase polymerase amplification-lateral flow
dipstick (RPA-LFD) assay. Aquacult. Int. 30 (3), 1211–1220. doi: 10.1007/s10499-
021-00806-2

Purcell, M. K., Thompson, R. L., Garver, K. A., Hawley, L. M., Batts, W. N.,
Sprague, L., et al. (2013). Universal reverse-transcriptase real-time PCR for
infectious hematopoietic necrosis virus (IHNV). Dis. Aquat. Organ. 106 (2),
103–115. doi: 10.3354/dao02644

Qin, Z., Xue, L., Cai, W., Gao, J., Jiang, Y., Yang, J., et al. (2021). Development of
a recombinase-aided amplification assay for rapid detection of human norovirus
GII.4. BMC Infect. Dis. 21 (1), 248. doi: 10.1186/s12879-021-05942-x

Rao, Y., and Su, J. (2015). Insights into the antiviral immunity against grass carp
(Ctenopharyngodon idella) reovirus (GCRV) in grass carp. J. Immunol. Res. 2015,
670437–670437. doi: 10.1155/2015/670437

Sadler, J., Marecaux, E., and Goodwin, A. E. (2008). Detection of koi herpes virus
(CyHV-3) in goldfish, carassius auratus (L. ) Expo. Infect. Koi. J. Fish Dis. 31 (1),
71–72. doi: 10.1111/j.1365-2761.2007.00830.x

Tang, R., Lu, L., Wang, B., Yu, J., and Wang, H. (2020). Identification of the
immediate-early genes of cyprinid herpesvirus 2. Viruses 12 (9), 994. doi: 10.3390/
v12090994

Urusov, A., Zherdev, A., and Dzantiev, B. (2019). Towards lateral flow
quantitative assays: Detection approaches. Biosensors 9 (3), 89. doi: 10.3390/
bios9030089

Wang, T., Li, J., and Lu, L. (2013). Quantitative in vivo and in vitro
characterization of co-infection by two genetically distant grass carp reoviruses.
J. Gen. Virol. 94 (6), 1301–1309. doi: 10.1099/vir.0.049965-0

Wang, H., Sun, M., Xu, D., Podok, P., Xie, J., Jiang, Y., et al. (2018). Rapid visual
detection of cyprinid herpesvirus 2 by recombinase polymerase amplification combined
with a lateral flow dipstick. J. Fish Dis. 41 (8), 1201–1206. doi: 10.1111/jfd.12808

Wang, Q., Zeng, W., Liu, C., Zhang, C., Wang, Y., Shi, C., et al. (2012). Complete
genome sequence of a reovirus isolated from grass carp, indicating different
genotypes of GCRV in China. J. Virol. 86 (22), 12466. doi: 10.1128/JVI.02333-12

Wang, H., Zhou, S., Wen, J., Sun, M., Jiang, Y., Lu, L., et al. (2020). A real-time
reverse-transcription isothermal recombinase polymerase amplification assay for
the rapid detection of genotype III grass carp (Ctenopharyngodon idella) reovirus. J.
Virol. Methods 277, 113802. doi: 10.1016/j.jviromet.2019.113802

Wen, J., Xu, Y., Su, M., Lu, L., and Wang, H. (2021). Susceptibility of goldfish to
cyprinid herpesvirus 2 (CyHV-2) SH01 isolated from cultured crucian carp.
Viruses 13 (9), 1761. doi: 10.3390/v13091761

Xiao, J., Zou, T., Chen, Y., Chen, L., Liu, S., Tao, M., et al. (2011). Coexistence of
diploid, triploid and tetraploid crucian carp (Carassius auratus) in natural waters.
BMC Genet. 12 (1), 20. doi: 10.1186/1471-2156-12-20
frontiersin.org

https://doi.org/10.1111/j.0022-1112.2004.00563.x
https://doi.org/10.1360/052010�508
https://doi.org/10.1016/j.mcp.2019.101475
https://doi.org/10.3390/plants8050139
https://doi.org/10.1007/978-1-0716-0581-3_14
https://doi.org/10.1007/978-1-0716-0581-3_14
https://doi.org/10.1186/s13567-016-0341-1
https://doi.org/10.3354/dao01858
https://doi.org/10.3724/SP.J.1118.2016.15332
https://doi.org/10.3389/fmicb.2020.01696
https://doi.org/10.1111/jfd.13575
https://doi.org/10.1111/j.1365-2699.2012.02755.x
https://doi.org/10.3354/dao060179
https://doi.org/10.3354/dao02614
https://doi.org/10.3354/dao02614
https://doi.org/10.3390/v14040840
https://doi.org/10.11964/jfc.20181011472
https://doi.org/10.1111/jfd.13627
https://doi.org/10.1128/AEM.02011-09
https://doi.org/10.1016/j.jviromet.2017.03.010
https://doi.org/10.1016/j.coviro.2018.12.008
https://doi.org/10.1371/journal.pone.0062308
https://doi.org/10.1371/journal.pone.0062308
https://doi.org/10.1007/s10499-019-00377-3
https://doi.org/10.1039/c8an01621f
https://doi.org/10.1016/j.cbpc.2021.109249
https://doi.org/10.1016/j.virusres.2018.07.016
https://doi.org/10.1016/j.trac.2017.10.015
https://doi.org/10.1016/j.coviro.2012.11.002
https://doi.org/10.4236/fns.2015. 611104
https://doi.org/10.1007/s10499-021-00806-2
https://doi.org/10.1007/s10499-021-00806-2
https://doi.org/10.3354/dao02644
https://doi.org/10.1186/s12879-021-05942-x
https://doi.org/10.1155/2015/670437
https://doi.org/10.1111/j.1365-2761.2007.00830.x
https://doi.org/10.3390/v12090994
https://doi.org/10.3390/v12090994
https://doi.org/10.3390/bios9030089
https://doi.org/10.3390/bios9030089
https://doi.org/10.1099/vir.0.049965-0
https://doi.org/10.1111/jfd.12808
https://doi.org/10.1128/JVI.02333-12
https://doi.org/10.1016/j.jviromet.2019.113802
https://doi.org/10.3390/v13091761
https://doi.org/10.1186/1471-2156-12-20
https://doi.org/10.3389/fcimb.2022.981911
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Gui et al. 10.3389/fcimb.2022.981911
Xu, J., Zeng, L., Zhang, H., Zhou, Y., Ma, J., and Fan, Y. (2013). Cyprinid
herpesvirus 2 infection emerged in cultured gibel carp, Carassius auratus gibelio in
China. Vet. Microbiol. 166 (1), 138–144. doi: 10.1016/j.vetmic.2013.05.025

Yang, X., Zhao, P., Dong, Y., Shen, X., Shen, H., Li, J., et al. (2020). An improved
recombinase polymerase amplification assay for visual detection of vibrio
parahaemolyticus with lateral flow strips. J. Food Sci. 85 (6), 1834–1844. doi:
10.1111/1750-3841.15105

Yi, Y., Zhang, H., Lee, X., Weng, S., He, J., and Dong, C. (2014). Extracellular
virion proteins of two Chinese CyHV-3/KHV isolates, and identification of two
novel envelope proteins. Virus Res. 191, 108–116. doi : 10.1016/
j.virusres.2014.07.034

Yuasa, K., Kurita, J., Kawana, M., Kiryu, I., Oseko, N., and Sano, M. (2012).
Development of mRNA-specific RT-PCR for the detection of koi herpesvirus
(KHV) replication stage. Dis. Aquat. Organ. 100 (1), 11–18. doi: 10.3354/dao02499

Zeng, X., Chen, Z., Deng, Y., Gui, J., and Zhang, Q. (2016). Complete genome
sequence and architecture of crucian carp Carassius auratus herpesvirus (CaHV).
Arch. Virol. 161 (12), 3577–3581. doi: 10.1007/s00705-016-3037-y
Frontiers in Cellular and Infection Microbiology 09
Zeng, W., Wang, Y., Liang, H., Liu, C., Song, X., Shi, C., et al. (2014). A one-step
duplex rRT-PCR assay for the simultaneous detection of grass carp reovirus
genotypes I and II . J . Viro l . Methods 210, 32–35. doi : 10.1016/
j.jviromet.2014.08.024

Zhang, Q., and Gui, J. (2015). Virus genomes and virus-host interactions in
aquaculture animals. Sci. China Life Sci. 58 (02), 156–169. doi: 10.1007/s11427-
015-4802-y

Zhang, Q., and Gui, J. (2018). Diversity, evolutionary contribution and
ecological roles of aquatic viruses. Sci. China Life Sci. 61 (12), 1486–1502. doi:
10.1007/s11427-018-9414-7

Zhang, H., Zeng, L., Fan, Y., Zhou, Y., Xu, J., and Ma, J. (2014). A loop-mediated
isothermal amplification assay for rapid detection of cyprinid herpesvirus 2 in gibel
carp (Carassius auratus gibelio). ScientificWorldJournal 2014, 716413. doi: 10.1155/
2014/716413

Zhao, Y., Zeng, X., and Zhang, Q. (2020). Fish herpesvirus protein (CaHV-138L)
can target to mitochondrial protein FoF1 ATPase. Virus Res. 275, 197754. doi:
10.1016/j.virusres.2019.197754
frontiersin.org

https://doi.org/10.1016/j.vetmic.2013.05.025
https://doi.org/10.1111/1750-3841.15105
https://doi.org/10.1016/j.virusres.2014.07.034
https://doi.org/10.1016/j.virusres.2014.07.034
https://doi.org/10.3354/dao02499
https://doi.org/10.1007/s00705-016-3037-y
https://doi.org/10.1016/j.jviromet.2014.08.024
https://doi.org/10.1016/j.jviromet.2014.08.024
https://doi.org/10.1007/s11427-015-4802-y
https://doi.org/10.1007/s11427-015-4802-y
https://doi.org/10.1007/s11427-018-9414-7
https://doi.org/10.1155/2014/716413
https://doi.org/10.1155/2014/716413
https://doi.org/10.1016/j.virusres.2019.197754
https://doi.org/10.3389/fcimb.2022.981911
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Quick detection of Carassius auratus herpesvirus (CaHV) by recombinase-aid amplification lateral flow dipstick (RAA-LFD) method
	Introduction
	Materials and methods
	Viruses
	Design of primers
	Polymerase Chain Reaction (PCR) and construction of recombinant plasmid
	Recombinase aid amplification (RAA) and lateral flow dipstick (LFD) assay
	Optimization of RAA-LFD detection method conditions
	Sensitivity of RAA-LFD assay
	Specificity of RAA-LFD assay

	Results
	Clone of CaHV TNFR by PCR
	CaHV RAA primer screening by RAA-AGE
	Optimal reaction conditions of RAA-LFD
	Sensitivity test
	Specificity test

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


