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Abstract

The rapid and accurate diagnosis of swine diseases is indispensable for reducing their

negative impacts on the pork industry. Next-generation sequencing (NGS) is a promising

diagnostic tool for swine diseases. To support the application of NGS in the diagnosis

of swine disease, we established the Swine Pathogen Database (SPDB). The SPDB

represents the first comprehensive and highly specialized database and analysis plat-

form for swine pathogens. The current version features an online genome search tool,

which now contains 26 148 genomes of swine, swine pathogens and phylogenetically

related species. This database offers a comprehensive bioinformatics analysis pipeline

for the identification of 4403 swine pathogens and their related species in clinical

samples, based on targeted 16S rRNA gene sequencing and metagenomic NGS data.

The SPDB provides a powerful and user-friendly service for veterinarians and researchers

to support the applications of NGS in swine disease research.

Database URL: http://spdatabase.com:2080/

Introduction

The swine industry is extremely important worldwide.
China is the world’s largest pork producer and raises
approximately half of the global pig population (1). Swine
diseases are considered a serious threat to the swine industry
and have had severe socio-economic impacts. For example,
up to October 2019, approximately 1.2 million pigs were
culled because of African swine fever (ASF) in China,

causing severe economic losses (1). Pig-raising patterns in
China have been altered since the ASF outbreak, which
led to the closure of nearly 60% of the country’s swine
farms (1–3). Furthermore, pathogens such as the Porcine
epidemic diarrhea virus (PEDV), Porcine reproductive and
respiratory syndrome virus (PRRSV), Streptococcus suis,
Mycoplasma hyopneumoniae, Toxoplasma gondii and
Taenia solium also caused considerable economic losses
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in the swine industry (4–9). Rapid and accurate diagnosis
is an indispensable step for the successful containment
of swine disease outbreaks (10). Improvements in next-
generation sequencing (NGS) technology have revolution-
ized pathogen detection methods for disease diagnostics.
The most common applications of NGS include whole-
genome sequencing (WGS), targeted NGS and metagenomic
NGS (mNGS) (11). WGS is useful for characterizing
isolates, predicting phenotypes, tracking outbreaks and
identifying infection sources (12). Targeted NGS, which
focuses on specific genes, facilitates the profiling of
individual microbial communities including bacteria (13),
fungi (14) and parasites (15). It is a powerful tool that can
aid in the understanding of disease pathogenesis as well as
in the development of novel diagnostics, therapeutics and
preventative measures (13). Metagenomic NGS can detect
universal pathogens regardless of the type of microbe;
therefore, it can be useful in the identification of novel
organisms (11). Thus, NGS has gained attention for its
potential utility for the investigation of the causative
agents of swine diseases, as made evident by several recent
studies (16–19).

However, the application of NGS in swine disease
research has several limitations in the context of data,
including data storage, management and maintenance.
Currently, the most common data management systems
used for swine pathogen sequences are the National Center
for Biotechnology Information (NCBI) (20), DNA Database
of Japan (DDBJ) (21) and the European Nucleotide Archive
(EMBL-ENA) (22). However, information retrieval is
relatively complex and inconsistent among these resources.
To support the diagnosis and epidemiological investigations
of highly contagious pathogens, several pathogen-specific
sequence databases have been established, such as the Euro-
pean Classical Swine Fever Virus Database (10), Influence
Research Database (unpublished), Bovine Viral Diarrhea
Virus Database (23), Foot and Mouth Disease Database
(24) and PRRSV-webtool (unpublished). However, there is
no integrated and specific database system containing all
swine pathogen sequences. The second limitation is data
analysis, particularly for researchers who lack expertise
in bioinformatics. Several user-friendly tools have been
designed to solve this problem, such as MG-RAST (25),
Metavir 2 (26), MicrobiomeAnalyst (27), SILVAngs (28)
and MPD (29). However, there is no ‘swine pathogen-
specific’ NGS data analysis tool available to support NGS
as a diagnostic tool in swine disease containment. The third
limitation is the lack of standard operating procedures
(SOPs) and standards in every step of swine disease
studies that use NGS, including sampling, sequencing, data
submission, data analysis and data publication. Technical
variations in NGS analysis must be minimized to enable

efficient data sharing, improve the comparability of studies
and facilitate meta-analyses (30–32).

In this study, we have developed and established the
Swine Pathogen Database (SPDB) to (i) store, manage and
maintain swine pathogen sequences; (ii) provide a user-
friendly analysis platform for swine pathogens; and (iii)
develop SOPs and standards for NGS analysis in swine
disease diagnosis.

Materials and Methods

Database construction and implementation

The database and web interface were developed based on
the LAMP technology stack. Linux (CentOS 6.10) was used
as the operating system to provide maximum stability and
a multithread computation environment. Apache 2.2.15
provided the most important and fundamental function as
a web service. MySQL 5.5.4 was used as the relational
database, and PHP 5.6.4 was adopted for dynamic web
page rendering. As a web-based database, jQuery and Boot-
strap were also used. Integrated analysis workflows were
developed using Perl 5.10.1. The data update workflow
was written in Perl 5.10.1. In this version of the SPDB,
SOAP 2.21, BWA 0.7.17, Bowtie 2–2.3.5.1, Blast+ 2.6.0
and R 3.5.1 can be used for NGS analysis in web-based
interactive mode. The database is scheduled to be updated
on a quarterly basis.

Database source

The SPDB contains three types of databases: pathogen
information, genome and reference databases (Figure 1).
Information on infectious agents affecting pigs was col-
lected from the Diseases of Swine (33), a major inter-
nationally recognized reference book on swine veterinary
medicine, as well as from the websites PubMed, Web of Sci-
ence and the World Organization for Animal Health (OIE).
Data on pathogens listed as a notifiable disease by the OIE,
pathogens with a negative impact on production, pathogens
with zoonotic potential and pathogens sequenced from
swine-origin samples without clarified impact on the host
or associated with human health were collected. Regarding
parasitic pathogens, only data on endoparasites were col-
lected. Users are also encouraged to report new pathogens.
With these input data, a pathogen information database
of 333 swine infectious agents, with their respective taxo-
nomic division, representative disease and zoonotic poten-
tial, has been constructed.

The genetic sequences of swine, swine pathogens and
phages associated with bacterial pathogens were imported
from two main sources: public resources (NCBI, DDBJ
and EMBL-ENA) and users. The SPDB supports the
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Figure 1. Workflow of the data integration processes. Genetic sequence and pathogen information are imported from two main sources: public

resources and users.

storage and management of data submitted directly by
users. As of March 2020, the genome database of SPDB
contained 18 swine host genomes, 6223 bacterial pathogen
genomes, 9577 viral pathogen genomes, 5743 parasitic
pathogen genomes and 4587 phage genomes. The back-
ground information of each genome is checked and
rearranged. When integrating data from NCBI, DDBJ and
EMBL-ENA databases, if identical projects and samples
are found, the program is designed to give preference and
retain the data from NCBI.

For integrated analysis workflows, in total, six reference
databases have been constructed, including the swine
host genome database, bacterial pathogen database (132
species), bacterial pathogen 16S rRNA database (132
species), viral pathogen database (114 species), parasitic
pathogen database (87 species) and phage database (4070
species). Depending on the research strategy, the SPDB gives
users the option to choose these online reference databases.
The swine host genome database contains 18 swine whole
genomes. The bacterial pathogen, viral pathogen and
parasitic pathogen databases are non-redundant sources
of bacterial, viral and parasitic pathogens, respectively.
The bacterial pathogen 16S rRNA database contains

only bacterial pathogen 16S rRNA sequences. The
phage database is also non-redundant and collects phage
sequences of bacterial pathogens. These reference databases
are formatted for use with different tools.

Validation of swine pathogen screening tool

For validation, 21 different mock communities were built
and submitted to the pathogen screening tool. Each mock
community contained 10 species, which were randomly
selected by the shuf command from the pathogen informa-
tion list. The reads datasets were built, and their abundance
was calculated using wgsim software. The contig, gene,
protein and 16S rRNA sequences were downloaded from
GenBank. All tests were performed using the recommended
parameters. We evaluated the performance of each test by
examining the assignments at the species level. For each
test, the predicted relative abundance or sequence number
of each species was compared with the known abundance
or sequence number, respectively. The Pearson correlation
coefficients were calculated between predicted and known
proportions for each tool and were used to evaluate the
result of each test.
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Figure 2. Database schema of data search and download system. Main data structure and relationships between different tables are illustrated.

Case study: accurate detection of swine

pathogens from clinical samples using the SPDB

Two different datasets were chosen to illustrate the results
that can be obtained with the SPDB. The first dataset
contained viral metagenomic sequencing data from dif-
ferent piglets that died from congenital tremors (CT) in
Guangdong, China. The second dataset included metage-
nomic data of two stillborn fetuses from a commercial
swine farm in Jiangxi province. Notably, in these two
fetuses, the common pathogens such as PRRSV, Porcine
circovirus 2, T. gondii, P. parvovirus, Classical swine fever
virus, Japanese encephalitis virus and Suid alphaherpesvirus
1 had not been detected through polymerase chain reac-
tion (PCR) tests. The nucleic acid of the collected samples
was extracted using the QIAamp cador Pathogen Mini
Kit (Qiagen, Hilden, Germany) according to the manufac-
turer’s instructions. Paired-end sequencing was performed
using the Illumina HiSeq PE150 platform (Illumina, San
Diego, CA), and the raw metagenomic reads were trimmed
using Sickle (https://github.com/najoshi/sickle) with default
parameters to remove low-quality reads. Whole-genome de
novo assemblies were performed using SPAdes v3.13.1 (34)
with the following parameters: -k 21,33,55,77 –meta –only-
assembler. The metagenomic raw reads have been deposited
to the NCBI Sequence Read Archive, with accession number
SRP254232.

Results

Data search and download

The data search and download system contains a genome
database and a pathogen information database. A relational
database is used to host all relevant data. A schema of the
database is shown in Figure 2. The major data record types
are ‘Species classification’, ‘Taxa’, ‘Genome information’,
‘Pathogen information’ and ‘Link’. ‘Species classification’
includes host, virus, bacteria, parasites and phage and is

related to ‘Taxa’ by the ‘Kingdom’. Then, ‘Taxa’ could be
referenced to ‘Genome information’, ‘Pathogen informa-
tion’ and ‘Link’. The data search and download system is
implemented by an open-source database system, MySQL.
The SPDB provides three options for users to search for
targets: (i) keyword-based search, (ii) ‘hot words’-based
search and (iii) advanced search (Figure 3). For quick and
focused searches, users can input one or more words in the
keyword-based search field to obtain the desired datasets.
The SPDB displays the 20 hot words in the middle of
the page, and users can click these words to view the
corresponding data. Based on the search records of users,
hot words are recognized and added. For accurate and cus-
tomized searches, an advanced search option is available,
which allows the user to search the target using 17 different
fields.

Data analysis platform for swine pathogen

We designed a user-friendly data analysis platform for swine
pathogens. For data protection and to explore the full
functions, we recommend that users register for an account.
After registering for an account, users can log into the plat-
form, which contains five sections: personal data manage-
ment, analysis process management, tasks and results man-
agement, submit data management and audit data man-
agement. In the personal data management section, users
can upload their data for analysis as well as create, rename
and delete files. Data stored in this part are always private.
In the process management section, users can choose tools
to analyze their data, manage and view job progress and
download the results, which go into the tasks and results
management section. The submit data management section
has been designed for data updating. We encourage users
to upload their data to help update the database. Users can
upload different types of sequences (gene, contig, scaffold
and genome) of swine pathogen in FASTA format. In the
current version of the SPDB, only genome sequences will be
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Figure 3. Interfaces of data search and download system. (A) Search page. A search box on the top is for a keyword-based search for quick and

focused searches; clicking on the search without character input in the search box will allow the user to enter accurate and customized searches; the

next section displays the top 20 hot words for each category, which can be directly linked to the corresponding data. (B) Search result page. The top

of this page shows an option for advanced search, allowing the user to search the target using 17 fields to find the appropriate information more

accurately. The bottom section represents the search result list, with 30 fields listed in total.

added to both the genome database and reference database,
whereas other sequences will be added only to the reference
database. After uploading data, users can view the progress
of data submission in the audit data management section.
The system supports and accepts data with varying degrees
of detail. Administrators can check and process data in the
audit data management section.

Swine pathogen screening tool

The swine pathogen screening tool is a comprehensive
bioinformatics analysis pipeline for identifying 4403 swine

pathogens related species in clinical samples, based on
targeted 16S rRNA gene sequencing and mNGS results.
Depending on the data type, the general workflow for
data analysis includes two different categories that are
merged in the workflow overview shown in Figure 4. The
first is the metagenomic 16S rRNA sequencing amplicon
taxonomic assignment, which accepts 16S rRNA data in
FASTA format. Blastn is then used to align the submitted
sequence against the 16S pathogen reference database.
The second category is the mNGS taxonomic assignment.
Depending on the research strategy, the SPDB gives users the
option to choose up to four reference databases, including
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Figure 4. Integrated workflows for a pathogen screening tool. The workflows are shown in different colors based on input data (reads in blue,

contig/scaffold/gene in yellow, protein in green and 16S tag in purple).

the bacterial pathogen database, viral pathogen database,
parasitic pathogen database and phage database. For these
categories, three data types are accepted: (i) reads, input
files should be single-end or paired-end reads in FASTQ
format retrieved from any NGS sequencer platform. An
optional filtering step for host reads has been introduced
to reduce the dimensionality of the input dataset and
to reduce the computational analysis time. After the
host contamination removal process, users can download
the clean data. Three tools (SOAP, Bowtie 2 and BWA)
have been provided for reads mapping to the reference

database; (ii) contig/scaffold/gene, sequences are compared
with the selected database using blastn; and (iii) protein,
sequences are compared with the selected database using
tblastn.

The swine pathogen screening tool and workflows
provide a user-friendly web-based interface, as shown in
Figure 5. The users are required to submit their files into
the system, select a specific tool or workflow and set the
essential parameters. The submitted job gets incorporated
into the tasks queue. If enough computing resources are
not available, the job is placed on a waiting schedule. The
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Figure 5. Screenshots of the pathogen screening tool. (A) File upload module. (B) Necessary arguments setting. (C–D) Overview of results. The top

10 species are shown in both a table and a histogram format. (E) The resulting files. The generated files can be downloaded. Species_result.xls is

the result of species level. Taxa_summary_result.xls shows the result at the genus to phylum levels. Taxonomy.mid.xls contains all analysis records.

Taxonomy.mid.filter.xls is the filtered result based on the set parameters and is the source file of Species_result.xls and Taxa_summary_result.xls.

task page is refreshed to update users on the status of the
submitted jobs. When the job is complete, the results can

be downloaded and visualized online. The user guide can
be found at http://spdatabase.com:2080/faq.html.

http://spdatabase.com:2080/faq.html
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Validation of the swine pathogen screening tool

To evaluate the performance of the swine pathogen screen-
ing tool, we constructed 21 mock communities; the key
results are listed in Table 1. We observed a strongly pos-
itive (r > 0.80) and highly significant (P < 0.01) Pearson
correlation between the predicted and known proportions,
indicating the accuracy of the tool. For read mapping to the
reference database, SOAP, Bowtie 2 and BWA were used.
The test results showed that SOAP runs faster than the other
tools.

Case study: accurate detection of swine

pathogens from clinical samples using the SPDB

To further validate the reliability of the application of
the swine pathogen screening tool in detecting swine
pathogens, two datasets were conducted to search for
swine pathogens by using this online analysis platform
(Supplementary Table S1). In the first dataset, composed
of two NGS data from different piglets that died from
CT, 13 viruses were successfully detected by mapping
the raw reads to the swine virus references collected
in this database (Supplementary Figure S1), including
Atypical porcine pestivirus (APPV), known as the pathogen
causing CT in piglets (35). The presence of APPV in the
piglets was further confirmed by reverse transcription-
PCR. Among the viruses identified in the NGS raw reads,
PEDV, APPV, Torque teno sus virus 1b and Sapelovirus A
were also found in the assembled scaffolds with lengths
longer than 500 bp (Supplementary Table S2). The second
dataset was used to search for potential pathogens that
caused abortion in swine, including viral, bacterial and
parasitic pathogens. Consistent with the previous PCR
results, no viral pathogens associated with swine abortion
were detected in the two stillborn fetuses. Similarly,
though several bacterial pathogens were detected, none
was considered as the pathogen that caused abortion in
swine (Supplementary Figure S2A). Meanwhile, Neospora
caninum, the newly recognized parasitic pathogen that can
cause fetal mummification in swine (36), was detected
with high relative abundance in both stillborn fetuses
and further confirmed by real-time quantitative PCR
(qPCR) (Supplementary Figure S2B). This suggested that
the abortion in the selected clinical case may have been
caused by this parasitic pathogen. The above results
indicated the swine pathogen screening tool could provide
a comprehensive analysis of swine pathogens in NGS data
and thus was a powerful tool for swine disease diagnosis.

Standard operating procedure

Since no generally accepted ‘analysis standard’ exists for
NGS analysis workflow in swine disease diagnosis, the

SPDB provides recommended parameters for every work-
flow of the pathogen screening tool. These recommended
modes are regarded as SOPs related to the swine pathogen
taxonomic classification. The modes are based on our labo-
ratory experience and related studies (37–40). All parame-
ters and steps included in these SOPs are subjected to strict
checks and repeated validation.

Resource integration

The SPDB was primarily constructed to support the appli-
cation of NGS in swine disease diagnostics. In addition, it
is important to combine NGS technology with clinical signs
and symptoms and with confirmation by other diagnostic
methods. Thus, we provided a quick link to access a remote
diagnosis platform for major epidemics in pigs, which was
created and is maintained by the Institute of Animal Health,
Guangdong Academy of Agricultural Sciences. This plat-
form was developed to provide a comprehensive remote
diagnosis service for swine disease and realize online real-
time visualization of swine disease data. By employing such
huge data collection, we can efficiently apply big data and
cloud computing technologies, analyze the occurrence rules
of important swine diseases and predict the development
trends and regional distributions of epidemics.

The SPDB also provides quick links to access other
databases. Users can easily visit NCBI, DDBJ and Euro-
pean Molecular Biology Laboratory (EMBL). Databases of
important pathogens can also be accessed, including the
European Classical Swine Fever Virus Database (10), Influ-
ence Research Database (unpublished) and Foot and Mouth
Disease Database (24). Pigs are important models for evo-
lutionary research and are commonly used as biomedical
models for studying reproduction, tissue degeneration/bio-
logical maintenance, stem cells and immune responses (41,
42). Thus, the links to addressable databases of swine have
also been provided. The SUS-BAR is a database of pig pro-
teins with statistically validated structural and functional
annotation (43). PigVar is a database of pig variations
and positive selection signatures (44). The porcine trans-
lational research database is a manually curated, genomics-
and proteomics-based research resource (45). Lastly, LncR-
NAnet is a comprehensive Sus scrofa long non-coding RNA
database (46).

Discussion

Unbiased NGS approaches enable comprehensive pathogen
detection in clinical microbiology laboratories and have
numerous other applications in public health surveillance,
outbreak investigation and infectious disease diagnosis.
NGS technology is among the most promising strategy for

https://academic.oup.com/database/article-lookup/doi/10.1093/database/baaa063#supplementary-data
https://academic.oup.com/database/article-lookup/doi/10.1093/database/baaa063#supplementary-data
https://academic.oup.com/database/article-lookup/doi/10.1093/database/baaa063#supplementary-data
https://academic.oup.com/database/article-lookup/doi/10.1093/database/baaa063#supplementary-data
https://academic.oup.com/database/article-lookup/doi/10.1093/database/baaa063#supplementary-data
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Table 1. Performance of the pathogen screening tool

Dataset
number

Data type Content Data size Analysis
tool

Database CPU Running
time

Correlation P-value

1
Paired-end
reads

Bacteria 5.43 × 109

Bowtie 2

Bacteria

16 327 9.91 × 10−1 2.75 × 10−8

BWA 8 435 9.91 × 10−1 2.56 × 10−8

SOAP 8 225 9.94 × 10−1 6.29 × 10−9

2
Paired-end
reads

Parasite 5.59 × 109

Bowtie 2

Parasite

16 192 9.94 × 10−1 6.29 × 10−9

BWA 8 205 9.64 × 10−1 7.26 × 10−6

SOAP 8 233 9.82 × 10−1 4.53 × 10−7

3
Paired-end
reads

Phage 5.67 × 109

Bowtie 2

Phage

16 100 9.71 × 10−1 2.88 × 10−6

BWA 8 89 9.71 × 10−1 2.93 × 10−6

SOAP 8 57 9.75 × 10−1 1.77 × 10−6

4
Paired-end
reads

Virus 4.26 × 109

Bowtie 2

Virus

16 89 9.46 × 10−1 3.46 × 10−5

BWA 8 119 9.41 × 10−1 4.89 × 10−5

SOAP 8 59 9.60 × 10−1 1.07 × 10−5

5
Paired-end
reads

Combine∗ 7.20 × 109

Bowtie 2

Host and bacteria

26

1135

8.76 × 10−1 1.85 × 10−4Host and Parasite 1068
Host and phage 1077
Host and virus 1076

BWA

Host and bacteria

20

1485

8.76 × 10−1 1.86 × 10−4Host and parasite 1251
Host and phage 1269
Host and virus 1247

SOAP

Host and bacteria

20

631

8.13 × 10−1 1.31 × 10−3Host and parasite 528
Host and phage 563
Host and virus 510

6 Contig Bacteria 1.67 × 108 blastn Bacteria 20 49 1.00 6.65 × 10−64

7 16S tag Bacteria 5.18 × 105 blastn 16S 20 16 1.00 6.65 × 10−64

8 Gene Bacteria 6.16 × 104 blastn Bacteria 20 14 9.82 × 10−1 4.19 × 10−7

9 Protein Bacteria 2.03 × 104 tblastn Bacteria 20 21 9.08 × 10−1 2.85 × 10−4

10 Contig Parasite 1.26 × 107 blastn Parasite 20 26 1.00 6.65 × 10−64

11 Gene Parasite 6.00 × 104 blastn Parasite 20 14 9.95 × 10−1 3.50 × 10−9

12 Protein Parasite 1.90 × 104 tblastn Parasite 20 16 9.87 × 10−1 1.16 × 10−7

13 Contig Phage 2.62 × 106 blastn Phage 20 14 9.33 × 10−1 7.92 × 10−5

14 Gene Phage 3.42 × 104 blastn Phage 20 16 9.31 × 10−1 9.05 × 10−5

15 Protein Phage 1.14 × 104 tblastn Phage 20 17 8.58 × 10−1 1.50 × 10−3

16 Contig Virus 2.12 × 106 blastn Virus 20 14 1.00 6.65 × 10−64

17 Gene Virus 5.37 × 104 blastn Virus 20 13 9.33 × 10−1 7.92 × 10−5

18 Protein Virus 1.79 × 104 tblastn Virus 20 14 9.57 × 10−1 1.36 × 10−5

19 Contig Combine 1.02 × 108 blastn

Bacteria

20

37

1.00 0.00
Parasite 17
Phage 31
Virus 17

20 Gene Combine 9.50 × 104 blastn

Bacteria

20

19

9.32 × 10−1 9.90 × 10−6Parasite 19
Phage 19
Virus 19

21 Protein Combine 3.04 × 104 tblastn

Bacteria

20

27

8.16 × 10−1 1.22 × 10−3Parasite 19
Phage 21
Virus 17

Ten columns are displayed. ‘Dataset number’ indicates the serial number of the resulting dataset. ‘Data type’ indicates the type of data displayed. ‘Content’ shows the species composition
of the dataset, where ‘Combine’ indicates that the dataset contains sequences from bacteria, virus, parasite and phage, and asterisks (∗) indicate that the dataset contains sequences from
swine. ‘Data size’ indicates the number of bases or amino acids in the data. ‘Analysis tool’ lists the tool used for analysis. ‘Database’ lists the reference database used. ‘CPU’ lists the number
of CPUs employed for the job. ‘Running time’ lists the total time taken for the job in minutes. ‘Correlation’ lists the average Pearson correlation coefficient between predicted and known
relative proportions of species in the datasets. ‘P-value’ displays the observed P-values for analyzing differences between the predicted and known relative proportions of species. The data
under ‘Data size’, ‘Correlation’ and ‘P-value’ are displayed in scientific notation.
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the diagnosis of swine diseases; however, the lack of pro-
fessional bioinformatics analysts in most laboratories limits
its use for pathogen identification. Thus, we established the
SPDB to implement more feasible NGS applications in the
clinical diagnosis of swine diseases.

Before the SPDB was established, we collected and
arranged swine pathogen information. The book Diseases
of Swine has been thoroughly reviewed and published in 11
English editions and 10 Chinese editions (33), but updating
a book is difficult and time-consuming. In 2015, a database
of 137 pig infectious agents was constructed, which
included their taxonomic divisions, zoonotic potential,
status as emerging pathogens and information on OIE
listings (47). The database, however, was not accessible. It is
crucial to update pathogen information in real-time; thus,
we established an up-to-date, comprehensive, convenient
and freely available swine pathogen information database.
We collected information on swine pathogens not only from
the Diseases of Swine (33) but also from PubMed, Web of
Science, the OIE official website and user submissions. In
the first version of the SPDB, we collected information on
333 pathogens that were combined with pathogen genome
data in a data search and download system. In the next
version of the SPDB, we aim to provide more information
on the pathogens, such as important studies, prevention
and control measures, and create an independent swine
pathogen information search system.

The SPDB is the first integrated database for swine
pathogens and their related species. The SPDB has two
main functions: a management system of sequences and
a web-based analysis platform for swine pathogens. As a
management system, 26 148 genome sequences of swine,
bacterial pathogens, viral pathogens, parasitic pathogens
and phage were collected, which are searchable in three
modes using 17 fields. The SPDB genome search tool offers
many advantages over the widely used sequence databases,
such as NCBI (20), DDBJ (21), EMBL-ENA (22) and other
pathogen-specific sequence databases (10, 23, 24). Firstly,
compared with the other databases that only provide the
English version, the SPDB is available in both English
and Chinese, which is beneficial to the vast number of
users whose native language is Chinese. Secondly, the SPDB
is an easy-to-use specialized database that automates the
core tasks in NGS data analysis of swine pathogens, while
providing both the genomic and background information of
pathogens. The SPDB also provides links to several address-
able databases of swine to support academic exchange
and improve database utilization. As a web-based analysis
platform for swine pathogens, we designed a user-friendly
system to achieve one-stop data management and data
analysis services. In this version of SPDB, we developed a
simple, standardized and rapid analysis pipeline from the

receipt of clinical samples to the generation of a test report.
This pipeline, named the swine pathogen screening tool, can
identify 4403 swine pathogens and related species in clinical
samples based on targeted 16S rRNA gene sequences and
mNGS sequences. Our pipeline has several advantages: (i)
it is a specific swine pathogen analysis tool; (ii) a range
of data types can be accepted, including reads, contig,
scaffold, gene, protein and 16S rRNA; (iii) the customized
reference databases can save computing resources as well
as reduce computing time; and (iv) thorough visual results
are provided. The analysis results of 21 different mock
communities and 2 datasets of clinical samples indicated
that the swine pathogen screening tool was a powerful tool
for swine disease diagnosis. However, this tool provides
only a prediction of the suspected pathogens and hence
orthogonal traditional methods such as culturing, qPCR
and serologic assays used for routine clinical diagnosis of
swine disease are still required to confirm the diagnosis.

The database and workflows are frequently updated to
reflect the availability of new datasets and studies. The aim
is to establish a ‘one-click-analysis’ pipeline for pathogen
identification in complex samples using NGS to provide a
rapid and accurate tool for veterinarians and researchers.
The future version of the SPDB will provide predefined
workflows for targeted 16S rRNA gene sequencing, mNGS
and WGS. These workflows will contain guidelines for sam-
pling and sequencing, raw reads preprocessing, sequence
assembly, genome structural analysis, database annotation,
community profiling and sequence alignment. Additionally,
we aim to set up SOPs and standards for NGS work-
flows for the rapid diagnosis of swine pathogens. The stan-
dardization will enable efficient data sharing, improve the
transparency of data collection and analysis and facilitate
meta-analyses. Such predefined workflows, however, are
not ideal for all analyses. Therefore, the future version
of the SPDB will provide customized workflows for the
professional bioinformaticians interested in the method or
workflow development, encouraging them to share their
developments on our platform. The SPDB is willing to
provide an open-source for swine disease research.

Current metagenomics data and associated analy-
sis results are widely dispersed around different types
of resources from public data archives to specialized
databases. Integration of the varied types of metagenomics
data is essential to overcome major obstacles in data
reusability, accessibility and transparency. Prior to our
work, no specialized metagenomics database had been
developed for swine pathogens. This study will pave
the way for the development of a curated database
for swine metagenomics data (including both 16S and
metagenomics sequencing data) providing a clear, concise
and up-to-date overview of the differences in microbial
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composition across the different swine diseases, together
with relevant information on the published studies. The
effective management of swine metagenomics data and
associated analysis results will contribute to the application
of NGS in swine health and disease research.

Conclusion

The SPDB is the first integrated swine pathogen database
and first web-based NGS data analysis platform for swine
pathogens. The primary mission of the SPDB is to facilitate
the analysis and management of datasets for researchers
with a user-friendly web interface. Currently, the SPDB
provides two powerful tools: an online genome search tool
covering 26 148 genomes and a swine pathogen screening
tool covering 4403 swine pathogens and related species.
With the generation and integration of more advanced data,
the SPDB could be potentially developed into a global swine
pathogen database and data analysis platform for swine
diseases.

Supplementary data

Supplementary data are available at Database online.
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