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Abstract: Despite the fact that five years have passed since the outbreak of COVID-19, the coronavirus continues to coexist with our lives,
making ongoing attention to COVID-19 important for understanding its transmission mechanisms, optimizing prevention and control
strategies, and promoting the formulation of public health policies. Meanwhile, traditional Chinese medicine remains actively involved
in the prevention and treatment of COVID-19. As a result, our team has continued to collect data on traditional Chinese formulas and
natural products for this purpose and has released a new version of TCM2COVID in 2024. This version documents more than 300
traditional Chinese medicine formulas, includes over 320 herbs and more than 90 natural products, and incorporates data on ingredients,
ingredient-related targets, diseases, and disease-related targets. On this basis, an online tool has been integrated, featuring a “Formula-
Herb-Disease multi-level Knowledge Graph Network” to assist users in conveniently browsing and querying relevant knowledge. In
conclusion, TCM2COVID in 2024 offers a more comprehensive and user-friendly resource platform to facilitate continued research on
the COVID-19 pandemic. TCM2COVID in 2024 can be accessed for free at https://cellknowledge.com.cn/tcm2covid/.
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1. Introduction

Throughout the last 3,000 years of Chinese history, there is a
well-documented history of traditional Chinese medicine (TCM) in
the treatment of infectious diseases [1]. Modern TCM has played a
role in several epidemics, such as the outbreaks of SARS-CoV in
2003 and MERS-CoV in 2012, where TCM interventions showed
significant effects [2]. The outbreak of COVID-19 posed a serious
threat to global public health [3]. However, China made significant
contributions to epidemic prevention and control, with TCM
playing an important and indispensable role in combating the
pandemic [4, 5]. The “three medicines and three formulas” of
TCM played a key role. The “three medicines and three formulas”
include Chinese patent medicines such as “Lianhua Qingwen”,
“Huoxiang Zhengqi”, and “Qingfei Paidu Decoction”, which have
demonstrated significant clinical efficacy, effectively improving
patient symptoms, shortening the course of the disease, and
reducing the incidence of severe cases [6]. Meanwhile, TCM has
relatively mild side effects, making it suitable for patients of various
constitutions, emphasizing holistic conditioning, and enhancing the
body’s immune response. This combination of historical experience

and modern research data fully demonstrates the unique value of
TCM in epidemic prevention and control.

Clinical research indicates that TCM has a definitive therapeutic
effect on COVID-19 [7, 8]. Large-scale clinical trials have
demonstrated that patients in the TCM treatment group have
significantly shorter symptom relief times compared to the control
group, with relief rates for fever and cough symptoms increasing by
40% and 30%, respectively. TCM can reduce the proportion of
patients progressing to severe cases by 55% and lower the mortality
rate among severe or critically ill patients by 49% [9]. Mechanistic
studies have found that TCM regulates immune responses through
multiple pathways, inhibits viral replication and inflammatory
responses, and enhances the body’s resistance to the virus.
Additionally, the philosophy of syndrome differentiation and
treatment in TCM enables the selection of suitable formulas according
to the patients’ varying constitutions and conditions, thus facilitating
personalized treatment. These mechanistic studies provide scientific
evidence for the application of TCM in combating COVID-19,
further consolidating its position in the public health system [10].

To assist researchers in clarifying the mechanisms of TCM in
the fight against COVID and to support efforts against this global
pandemic, we previously developed TCM2COVID, a database of
anti-COVID-19 TCM resources that provides detailed clinical
evidence, treatment mechanism information, an intuitive user
interface, and powerful visualization capabilities [11].On May 5,
2023, the World Health Organization announced that COVID-19
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is no longer considered a public health emergency of international
concern. Although the trend of the novel coronavirus pandemic is
gradually declining, the risk of new variants still exists, and the
virus may still cause localized outbreaks or the emergence of
variants; therefore, COVID-19 remains a potential threat to global
health [12]. This reminds us that we must learn from the lessons
of the COVID-19 pandemic and strengthen our preparedness for
future pandemics. In response to researchers’ demand for more
comprehensive resources and to provide a more convenient and
efficient user experience, we have developed an updated version
of TCM2COVID—TCM2COVID in 2024, which includes
new anti-COVID TCM formulas, natural product (NP), and herb
resource data, as well as tools for the “Formula-Herb-Disease
multi-level Knowledge Graph Network” TCM2COVID is
available for free at https://cellknowledge.com.cn/tcm2covid/.

To better highlight the unique contributions of TCM2COVID in
2024, we compared it with similar databases, such as HERB [13],
SymMap [14], and SOFDA [15]. While HERB is a well-established
TCM database, it lacks information on formulas associated with the
herbs, does not include COVID-19 related data, and does not
feature visualization graphs. SymMap, although offering useful
visualization capabilities, limits flexibility as it does not allow for
the simultaneous selection of multiple factors (such as formulas,
herbs, and diseases), which is crucial for studying complex diseases
like COVID-19. On the other hand, SOFDA, a TCM syndrome
ontology database, evaluates the relationships between syndromes,
diseases, and formulas, but its visualization results do not include
ingredient information, and it does not focus on the dynamic
associations between formulas, herbs, and diseases in the context of
COVID-19. TCM2COVID in 2024 stands out by integrating these
factors into a dynamic, interactive knowledge graph, providing a
more comprehensive and flexible tool, especially for COVID-19
research. By combining the relationships between formulas, herbs,
and diseases, TCM2COVID in 2024 enables researchers to explore
these connections in greater detail. This comparative analysis
underscores the uniqueness of TCM2COVID in 2024 in providing
a more robust and user-friendly platform for TCM research in the
context of the COVID-19 pandemic.

2. Data Expansion

In order to stay updated with the latest progress in the field of
COVID-19, we have significantly expanded the data in
TCM2COVID in 2024. First, we collected relevant data from the
latest literature through manual text mining. Using a series of
keywords, we conducted a comprehensive literature search in
databases such as CNKI, PubMed, bioRxiv, Web of Science, and
Google Scholar. Additionally, we annotated the collected data using
information from authoritative reference databases. Data related to
“properties”, “meridians”, “used parts”, “indications”, and
“ingredients” were collected from the HERB database, SymMap
database, TCMID 2.0 database [16], and ETCM database [17]. The
2D structural diagrams, molecular formulas, and SMILES of NPs
are sourced from the NCBI PubChem database [18]. In summary,
the data in TCM2COVID in 2024 have significantly increased
compared to TCM2COVID in 2022 (as shown in Table 1):

1) Formula data: A total of 14 records were added, including 11
records of SARS-CoV-2 subtypes, two records of Omicron
subtypes, and one record of the SARS-CoV-2 Omicron
variant. All 14 of these new data entries are based on
experimental evidence from laboratories.

2) Herb data: 12 relevant records have been added.

3) Nature Product data: 12 new records have been added, including 3
records for SARS-CoV subtypes and 9 for SARS-CoV-2 subtypes.
Among these newly addedNature Product data, 6 are sourced from
computational methods and 6 from laboratory experimental
evidence, reflecting a diverse range of data sources.

Finally, and importantly, in order to make the data and
functionality more comprehensive, we have added a series of new
data by accessing the HERB database:

1) Herb-related data: Includes 14,875 records of herb-related
ingredient data and 11,287 records of gene target data for these
related ingredients.

2) Disease-related data: A total of 28,212 new disease records and
11,403 disease-related gene target data.

3. Knowledge Graph Visualization

Due to the complexity of medicinal ingredients, numerous targets,
and the complexity of TCM terminology, in-depth research in TCM
faces numerous challenges. Therefore, further elucidating the
relationships between various TCM terms, including formulas and
herbs, as well as deriving new discoveries based on TCM principles
to promote precision medicine, are pressing issues that need to be
addressed [19]. To tackle this, we have added a new knowledge
graph visualization tool on the TCM2COVID in 2024 website: the
“Formula-Herb-Disease multi-level Knowledge Graph Network”. This
tool enables users to efficiently and conveniently conduct multi-layer
association analysis of the “Formula-Herb-Disease” knowledge graph
network.

Through the navigation bar, users can easily link to the Network
tool page. First, users can select the formula of interest and
corresponding herbs in the search box (e.g., Figure 2: Formula:
Angong Niuhuang Pills; Herbs: NIU HUANG; SHUI NIU JIAO;
SHE XIANG). If users want to explore whether the formula and
herbs are associated with certain diseases (e.g., Figure 1: Disease:
Acquired Immunodeficiency Syndrome), they can search for and
select the disease in the disease-specific search box.

After making these selections, clicking “Search”will generate a
knowledge graph for “Formula-Herb-Disease”. By clicking “Result
download”, users can download the JSON data file corresponding to

Table 1. Comparative analysis with similar databases

Formula
information Visual atlas

COVID-19
related contents

TCM2COVID
in 2024

Yes Yes Yes

HERB No No No
SymMap No No Formulas No
SOFDA Yes No Ingredients No

Figure 1. Data relationship diagram
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the graph. It is important to note that users can select the data to be
plotted from the legend above the graph for a clearer view of the data
of interest and can highlight the interaction relationships by hovering
the cursor over the graph.

Next, I will provide a brief introduction to the interaction
relationships in the network graph:

1) Formula-Herb

The database includes 301 formulas, involving 325 herbs. Users
can view the corresponding relationship between formulas and herbs
through detailed pages. To make it more convenient, we developed
the “Formula-Herb-Disease” interaction network analysis function,
where users can select the formulas and herbs of interest in the
search box for an intuitive understanding of their relationships.

2) Herb-Ingredient

To ensure the integrity of the interaction network, we obtained
herb-related ingredient information by accessing the HERB
database. After selecting the herb of interest, users can directly
view the ingredients associated with the herb in the network graph.

3) Ingredient-Ingredient_Target

By accessing the HERB database, we obtained the active
ingredients of the herbs and their targets, referred to as
Ingredient_Target. Users can click on the annotations in the graph
to explore these targets’ relationships with others.

4) Disease-Disease_Target

By accessing the HERB database, we obtained information on
diseases and their related targets. By considering disease-related
genes, we can intuitively connect formulas with diseases,
revealing drug-gene-disease module associations [20].

5) Disease-Ingredient

Finally, by analyzing the obtained Ingredient_Target and
Disease_Target, we determine the association between diseases
and ingredients. If there is an overlap between the
Ingredient_Target and Disease_Target, they are considered linked;
otherwise, they are not.

Below the network interaction graph, users can view a table
with the selected herbs, along with their degree, closeness, and

betweenness data in the interaction relationships. It is important to
note that the table is sorted in descending order based on degree
(e.g., Figure 2: NIU HUANG; SHUI NIU JIAO; SHE XIANG).

4. Discussion

Since the outbreak of COVID-19, TCM has been widely used in
the treatment of COVID-19 with significant results [21]. However,
there are still controversies regarding the safety and effectiveness of
TCM within the global medical community [22–25]. Before effective
vaccines were developed, Chinese doctors achieved good therapeutic
outcomes by integrating Eastern and Western medicine [26, 27]. As a
result, many studies have called for breaking down the barriers between
Eastern and Western medicine and using TCM and Conventional
Western Medicine together in treatment [28–30]. Some studies have
begun systematically analyzing Chinese herbal formulas for treating
COVID-19, exploring the integration mechanisms of TCM, and
developing knowledge graph networks related to formulas [31].

TCM2COVID is committed to addressing the controversies
surrounding the effectiveness and mechanisms of TCM. The
previous website recorded detailed information on more than 280
Chinese formulas (including over 300 herbs), covering clinical
evidence and therapeutic mechanisms, and documented more than
80 NPs with potential therapeutic mechanisms. To supplement the
information on emerging viral variants, we updated the website
data by consulting literature and public databases. We have also
developed a new “Formula-Herb-Disease multi-level Knowledge
Graph Network” tool. This tool allows users to quickly analyze
the multi-layered associations in the “Formula-Herb-Disease”
knowledge graph, helping to predict the efficacy of formulas and
explore the relationships between formulas and diseases.

To improve data accessibility, we have integrated API interfaces
within TCM2COVID in 2024, allowing users to conveniently access
and retrieve data programmatically. Users can access data from the
search and network pages through the following API endpoints:
https://cellknowledge.com.cn/tcm2covid/php_mysql/API_search_formu
la.php, https://cellknowledge.com.cn/tcm2covid/php_mysql/API_search_
ingredient.php, https://cellknowledge.com.cn/tcm2covid/php_mysql/
API_search_herb.php and https://cellknowledge.com.cn/tcm2covid/
php_mysql/API_network.php. We believe this improvement will
significantly enhance the usability of the database and the
convenience of data access, providing users with a more flexible
way to interact with the data.

Table 2. Interpretation of the mean scale for belief, concern, and practice

Data Classification 2022 2024 Increase

Formula Formula Distribution SARS-CoV 1 1 –

SARS-CoV-2 280 291 11
SARS-CoV;SARS-CoV-2 6 6 –

Omicron 0 2 2
SARS-CoV-2 Omicron variant 0 1 1

Formula Classification By in silico method 21 21 –

By wet-lab experiment 266 280 14
Total of Formula 287 301 14

Herb Total of Herb 313 325 12
Nature Product Nature Product Distribution SARS-CoV 30 33 3

SARS-CoV-2 51 60 9
MERS-CoV 3 3 –

Nature Product Classification By in silico method 14 20 6
By wet-lab experiment 70 76 6

Total of Nature Product 84 96 12
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However, TCM2COVID in 2024 still has some limitations.
First, the “Formula-Herb-Disease multi-level Knowledge Graph
Network” tool does not directly associate diseases with formulas
or herbs but connects diseases to ingredients via gene targets.
While this network pharmacology-based approach has shown
significant advantages in identifying potential therapeutic targets
and related pathways, it reveals correlations rather than direct

causal relationships. Additionally, some gene-target associations
have not been fully validated experimentally, which may result in
incomplete or inaccurate links within the network. Despite these
challenges, network pharmacology remains a key tool in TCM
research, and with the integration of artificial intelligence, it holds
promise for enhancing the precision and reliability of TCM
treatments. Looking ahead, we plan to address these limitations by

Figure 2. New features page in TCM2COVID in 2024. (A) Search section. (B) Result 1: Network interaction graph. (C) Result 2: Herb
nodes and their indicator data
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incorporating experimental validation and multi-omics data in future
studies, aiming to refine and strengthen the connections within the
knowledge graph.

Moreover, because each herb option involves multiple
ingredients and gene targets, the large amount of data may cause
delays in system processing when handling numerous queries.
Therefore, it is not recommended for users to select too many herbs
at once. To address the delays in handling large-scale queries, we
plan to implement key optimization strategies. First, we will
enhance data processing by introducing more specific and precise
filtering conditions. By filtering out irrelevant or redundant data
during each query, we can significantly reduce the data volume that
needs to be processed, improving the system’s overall efficiency,
especially when handling complex relationships in large datasets.
Moreover, we will add new scoring methods to assess the
relationships between formulas, herbs, ingredients, and diseases,
refining the strength of these connections to help users select the
most relevant data. Additionally, we recognize the role of hardware
limitations in contributing to system delays, particularly when
processing large amounts of data. To overcome this, we plan to
upgrade our hardware infrastructure, which may include server
upgrades, expanding storage capacity, and enhancing computational
power. We believe that by implementing these improvements,
system delays will be significantly reduced, and the overall
performance of the knowledge graph tool will be enhanced.

Another limitation of the dataset is its primary focus on TCM,
which may introduce certain geographic or cultural biases. While
TCM has gained increasing global recognition for its therapeutic
effects, particularly in addressing public health challenges like
COVID-19, we acknowledge that expanding the scope of the
dataset to include other traditional medicines from different
regions could offer valuable insights. For instance, traditional
systems such as Ayurvedic medicine [32] or Western herbal
medicine [33], though not included in our current database, have
demonstrated significant therapeutic potential in various studies. A
comparison of their effects alongside TCM could provide a more
comprehensive understanding of global traditional medicine
practices and their collective efficacy in treating diseases. In
future updates, we plan to consider incorporating data from these
other traditional medical systems to broaden the scope of our
dataset and reduce potential geographic and cultural biases.

Despite some current limitations, TCM2COVID has played a
crucial role in promoting the global recognition and application of
TCM, especially in the context of pandemic prevention and
control. By integrating and organizing a large amount of data
related to TCM, it has become a valuable resource for global
researchers and medical experts studying TCM for COVID-19.
The platform offers a convenient way for researchers worldwide
to share and analyze TCM data, enhancing global understanding
of the therapeutic potential of TCM and providing vital support
for more scientific and effective use of TCM in combating the
pandemic. In response to global public health crises like the
COVID-19 pandemic, TCM2COVID has played a key role in
facilitating the rapid application of TCM treatments. Furthermore,
TCM2COVID supports the integration of TCM with global
healthcare systems. By offering a scientifically rigorous and
accessible database, the platform demonstrates how TCM can
complement modern medicine, especially in public health
emergencies. This integration plays a crucial role in enhancing
global healthcare responses and addressing the diverse needs of
different medical traditions worldwide. Looking ahead, in the
future, users will be able to leverage our knowledge graph to
connect formulas, herbs, ingredients, and diseases via gene

targets, enabling researchers to quickly identify potential
therapeutic targets and pathways. This will not only accelerate
research progress but also provide scientific evidence for the
application of TCM in pandemic control, fostering the integration
of TCM with global public health strategies. TCM2COVID in
2024 will continue to play a central role in promoting the global
recognition and application of TCM, contributing not only to the
in-depth understanding of TCM mechanisms but also supporting
the development of global public health policies that incorporate
traditional medicine.

In conclusion, TCM2COVID in 2024 records more than 300
Chinese formulas (including over 320 herbs), offers detailed
clinical evidence and therapeutic mechanisms, and documents
over 90 NPs with potential therapeutic mechanisms. Additionally,
over 14,000 ingredient data, 28,000 disease data, and over 11,000
gene target data have been added, along with the newly developed
“Formula-Herb-Disease multi-level Knowledge Graph Network”
tool. This platform provides user-friendly and practical resources
for recording, querying, and browsing TCM treatments for
COVID-19, which will help develop and clarify the mechanisms
of new TCM treatments for COVID-19 and support research
efforts against the pandemic.
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