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Avian infectious bronchitis virus (IBV) is a highly infectious pathogen, which
seriously threatens the global poultry industry. Traditional Chinese Medicine
(TCM) has shown some potential in the fight against IBV infection, but its
application in the veterinary field is limited by the lack of systematic and massive
data support. Based on the TCM inheritance computing platform, this study
integrated 34,324 TCM prescriptions, 7,505 Chinese patent medicines and 4,207
platform-specific formulas, screened 336 candidate formulas consistent with IBV
clinical phenotypes and obtained 5 core formulas through association rule and
clustering analyses. The therapeutic effects of the IBV-infected yellow-feathered
broilers were evaluated. The TCM compound had time- and group-dependent anti-
IBV effects. TCM-1 performed the best in alleviating clinical symptoms and
restoring growth; TCM-1/2/5 alleviated symptoms on the 14" day and TCM-2/3
significantly promoted weight gain. These formulations protected the thymus and
bursa of Fabricius but did not affect the spleen index. Different formulations
reduced the viral load in a time- and tissue-dependent manner. TCM-2/3
significantly increased antibody levels, and all formulations balanced inflammatory
cytokines and oxidative stress better than ribavirin. TCM-5 showed the best tracheal
ciliary protection effect, while TCM-4 had the poorest overall efficacy. This study
identified the TCM formula pattern for IBV using a data-mining approach
previously established in human medicine and verified their therapeutic potential in
a chicken model. The observed effects were associated with immunomodulation,
antioxidation, and anti-inflammation. Although the methodology is not entirely
novel in human TCM, its application to avian IBV with multi-dimensional in-vivo
validation represents an advance in veterinary phytomedicine. This study provides
evidence-based candidates for the clinical prevention and treatment of infectious
bronchitis in chickens. This study provides evidence-based candidates for the
clinical prevention and treatment of infectious bronchitis in chickens.
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INTRODUCTION

Avian infectious bronchitis (IB) is an acute and
highly contagious respiratory disease in chickens caused
by the infectious bronchitis virus (IBV), this virus belongs
to the y-coronavirus genus of the Nidovirales order and
the Coronaviridae family (Jing et al., 2025). The

characteristic of IBV is its significant variability and the
existence of multiple serotypes, which poses considerable
challenges to immune control and prevention (Huang et
al., 2025). The typical symptoms of this disease include
tracheitis, conjunctivitis and ciliary stasis. It can affect
chickens of different breeds and ages (Jackwood et al.,
2015). Clinically, IBV infection manifests as respiratory
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symptoms and systemic signs, such as weight gain or loss,
reduced egg production, decreased eggshell quality, and
lower feed conversion efficiency. It can also lead to
problems like pseudoeggs and secondary bacterial
infections, imposing a significant economic burden on the
global poultry industry (Zhang et al., 2020; Quinteros et
al., 2022).

Due to the high variability of the IBV strain, immune
failure is a common phenomenon, which further
complicates the prevention and control efforts (Legnardi
et al., 2020). In China, the government has prohibited the
use of antiviral drugs in food animals to control drug
residue, which presents a new challenge for IBV
management (Sasse et al., 2024). At the same time, the
use of traditional Chinese medicine (TCM) in the
treatment of IBV has gained increasing attention (Abbas
et al., 2022; Xiang et al., 2026). TCM offers unique
advantages in regulating the physiological functions of
animals, enhancing immunity, and improving disease
resistance and antiviral capabilities (Prajapati et al., 2022;
Lu et al., 2024; Yu et al., 2025). Moreover, TCM's
integrative approach can effectively complement the
shortcomings of modern drug treatments. The exploration
and application of antiviral compound TCM formulations
may become an alternative or supplementary strategy to
IBV vaccination (Gul et al., 2023).

The TCM Inheritance Computing Platform is an
auxiliary system for the inheritance and research and
development of TCM, constructed based on big data
mining and intelligent analysis technologies (Ren et al.,
2023). Its core functions encompass the integration and
processing of vast amounts of TCM prescription and
medical case data, as well as the integrated application of
data mining algorithms such as association rule analysis
and cluster analysis (Chen & He, 2022; Zhang, Hou, et
al., 2022; Zhao et al., 2022). This platform can explore
the functionalities and applications of TCM diagnostic
rules, characteristics of prescription compatibility, the
construction of intelligent experience inheritance systems
in TCM, and the computational system for the inheritance
of TCM, thus providing technical support for the
inheritance of TCM theory and the optimization of
clinical diagnosis and treatment (Liu et al, 2022).
Initially, it was used for the mining and optimization of
human TCM prescriptions. TCM diagnosis is a crucial
component of TCM; it is a method for understanding
patients'  conditions, analyzing illnesses, and
differentiating syndromes to guide treatment (Tian et al.,
2024). Animals cannot express their symptoms directly
like humans; however, their pathological states can be
analogous to those of humans. Therefore, the application
of TCM in the treatment of animal diseases often requires
reference to treatment methods for similar symptoms in
humans (Wang et al., 2023; Wang, et al., 2025).
Additionally, many drugs are validated using animals as
experimental models before they are marketed (Polis &
Samson, 2024).

According to the theory of TCM, infectious
bronchitis in chickens is classified as wind-warm
syndrome of the Qi-blood blazing type. During the onset
of the disease, chickens kept in enclosed and poorly
ventilated environments for extended periods are
vulnerable to attack by external pathogenic factors,
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particularly wind pathogen and heat pathogen (Liu et al.,
2025). After invading the body through the respiratory
tract, these pathogenic factors first impair the lung
meridian, leading to failure of lung qi to disperse, and
then symptoms such as cough, chest distress, sore throat
and swollen uvula arise (Ichikawa et al., 2013). In
traditional Chinese veterinary medicine (TCVM), the
therapeutic principles for treating IBV usually include
clearing heat and detoxification, resolving phlegm,
relieving cough and asthma. Existing studies have
confirmed that several herbal medicines exhibit certain
therapeutic effects against IBV, including Hypericum
perforatum (Chen et al., 2019), Allium sativum (Mohajer
Shojai et al., 2016), Sambucus nigra (Chen et al., 2014)
and Shegandilong granule (SGDL) (Feng et al., 2021).

The TCM inheritance computing platform was
originally developed for human prescription analysis.
However, its use in IBV can be justified. First, IBV
infection in chickens causes respiratory mucosal damage,
cough, phlegm, and systemic inflammation. These
features are similar to a common human TCM pattern
known as wind-warm pathogen attacking the lung with
phlegm-heat stagnation. Second, IBV belongs to the
Coronaviridae family and shares genomic and pathogenic
traits with human coronaviruses such as SARS-CoV-2.
Several herbs identified in this study, including
Glycyrrhiza uralensis, Ephedra sinica and Scutellaria
baicalensis, have been reported to show antiviral activity
against human coronaviruses. Based on these
considerations, this study applies the platform to identify
potential anti-IBV herbal combinations and validates their
efficacy in-vivo. The goal is to provide new therapeutic
options for IBV control and to offer a theoretical basis for
the rational application of veterinary TCM.

MATERIALS AND METHODS

TCM  prescription mining study: Source of
Prescriptions: Through cross-retrieval of 34,324 TCM
(TCM) formula datasets from the China Formula
Database, 7,505 TCM patent medicine formulation
datasets from the Cross-retrieval Database of Traditional
Chinese Patent Medicine Formulas, 33,837 traditional
formula records, 4,207 TCM patent medicine formulation
datasets from the TCM Inheritance Computing Platform,
as well as the Chinese Veterinary Pharmacopoeia, with
keywords including "cough", "lung", "toxin" and
"phlegm", a total of 1,121 accurately recorded TCM
formulas from the China Formula Database, 853 Chinese
patent medicine entries and 1,102 traditional formula
records from the Cross-retrieval Database of Traditional
Chinese Patent Medicine Formulas, 464 patent
formulations from the 4,207 TCM patent medicine
formulation datasets of the TCM Inheritance Computing
Platform, 11 patent formulations from the Chinese
Veterinary Pharmacopoeia, and 11 formulas of new
veterinary drugs were obtained.

Prescription Selection Criteria: Three veterinary
medicine researchers were assigned to conduct data
collation of the collected formulas. Only those existing
patent formulas consistent with the pathogenesis of IBV
infection in chickens were included for subsequent
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analysis. In addition, duplicate formulas with identical
herbal compositions were merged; non-pure TCM
preparations were excluded. For the formulas retrieved
using the keyword "cough", those associated with TCM
diseases that induce cough but are irrelevant to IBV
infection - such as trachoma, toothache, acute epidemic
conjunctivitis, and dysmenorrhea - were also eliminated.
Herbal processing methods were not considered
temporarily, and all medicinal materials were counted
based on their raw forms. The final valid dataset was
determined by taking the intersection of the data
independently collated by the three researchers.

Data Analysis: Data were analyzed using the "TCM
Inheritance Computing Platform V3.0" software. The
"Data Analysis" module was used to perform statistical
and mining analyses, including "Statistical Analysis,"
"Prescription Analysis," and "Symptom Analysis." The
frequency of medicinal ingredients, their properties (such
as "Four Natures" and "Five Flavors"), medicinal effects,
and meridian tropism were statistically analyzed. In TCM,
medicinal ingredients are classified based on their "Four
Natures" (the four temperature qualities: cold, cool, warm,
hot) and "Five Flavors" (the five tastes: sweet, sour, bitter,
pungent, salty). These qualities help to determine the
therapeutic effect of the medicine on the body. "Meridian
tropism" refers to the specific pathways or meridians in
the body that a herb targets, influencing its action on
different organ systems. Symptom patterns and
prescription formulations were further analyzed using

association rules and k-means clustering (Zhu et al., 2021).

In the association rules analysis, a support value of 25 and
a confidence value of 0.7 were applied to examine the
correlations between drugs. In the clustering analysis, the
number of clusters was set to k=5, which was determined
based on the elbow method of within-cluster sum of
squares and the clinical interpretability of the resulting
herb combinations. Each cluster represents a distinct
compatibility pattern. The centroid formula of each cluster
was selected for subsequent in-vivo testing.

Reagents and Animals

Viral strain: The pathogenic IBV strain M41 (batch
number AVI1511) was purchased from the China
Veterinary Drug Inspection Institute. The strain was
propagated in 10-day-old specific pathogen-free (SPF)
chicken embryos (Guangxi Veterinary Research Institute).
A 100 pL aliquot of the IBV M41 strain was inoculated
into the SPF chicken embryos under sterile conditions.
The survival status of the embryos was observed every 12
hours, and any embryos that died within 24 hours were
discarded. After 72 hours post-inoculation, allantoic fluid
was collected from the infected embryos and stored at -
80°C. The 50% embryo infectious dose (EIDsp) of the
IBV M41 strain in SPF chicken embryos was determined
and calculated using the Reed-Muench method.

Herbal medicines: The herbal medicines used in this
study were purchased according to the prescription
formulas developed for the experiment, with the drugs
provided by Xiangxiang Pharmacy in Guangxi Province,
China. The five TCM compound extracts were prepared
by decoction, with the herbs mixed in a 1:1 ratio. This
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equal-ratio approach is a common initial screening
strategy when the active components and their optimal
proportions are unknown; it allows for unbiased
assessment of whether a given formula concept exhibits
biological activity. Optimization of herb ratios is reserved
for subsequent studies. This ratio was chosen to assess
whether the herbal combination would produce a certain
effect, without prior determination of the active
ingredients or their specific therapeutic properties. The
mixed medicinal materials were soaked in cold water to
submerge their surface for 30 minutes, then boiled over
high heat before switching to low heat for another 30
minutes, after which the decoction was poured out. The
herbal residues were re-boiled twice with fresh water
following the identical procedure as the first extraction.
The three batches of decoction were combined, filtered to
remove the herbal residues, and the supernatant was
collected. The supernatant was concentrated on a
concentration of 1 g/mL using a vacuum pump and a
rotary evaporator under the conditions of 0.08 MPa and
60°C and then stored for subsequent use (Zhang et al.,
2017). Yellow-feathered broiler chicks were purchased
from Guangxi Fufeng Animal Husbandry Group Co., Ltd.
(Nanning, Guangxi, China). The chicks were housed in
wire cages with adequate ventilation and lighting and had
ad libitum access to feed and water throughout the
experiment. At 14 days of age, the chicks were randomly
assigned into 8 groups using a random number table, with
20 chicks per group. Randomization was performed
before any treatment. The groups were designated as
follows: blank control group (NC), TCM formula 1-5
treatment groups (TCM-1 to TCM-5, each at 1 mL/0.5 L),
positive drug control group (ribavirin, 100 mg/0.5 L) and
IBV model group (IBV). The NC and IBV groups were
administered physiological saline as the control. The
investigator responsible for clinical scoring and sample
collection was blinded to group allocation. However, due
to the distinct appearance and odor of the TCM decoctions,
blinding during drug administration was not feasible. The
experiment was initiated 14 days of age, with continuous
administration of the corresponding treatments for 1 week
and the entire experimental period lasted 14 days. On the
same day of viral challenge, the treatment groups received
the respective TCM formulas. All groups except the NC
group were challenged via the intranasal and intraocular
routes with IBV at a dose of 10° EIDso. All chicks were
then housed in molded plastic isolation units and provided
with free access to feed and water.

Animals: From 14 days of age, the treatment groups
received their respective TCM compounds for 7
consecutive days. The experiment lasted for a total of 14
days. On the day of the viral challenge, all groups except
the blank control group were inoculated intranasally and
ocularly with IBV at a dose of 105 EIDso. All chicks
were housed in plastic separation enclosures and were
allowed free access to food and water throughout the
experiment. The animal experiments were approved by
the Animal Protection and Welfare Committee of Guangxi
University (approval number GXU-2021-105) and were
conducted in accordance with the ethical guidelines and
approved protocols. All procedures followed the ARRIVE
guidelines (https://arriveguidelines.org).
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Comparison of effects in animal
experiment

Efficacy evaluation and daily weight gain: All chicks
were housed in molded plastic separate enclosures and
were allowed free access to food and water. After the
infection, five chicks from each group were randomly
selected and observed for 14 days. The growth efficiency
was measured by monitoring their weight and clinical
signs. The clinical signs were assessed according to the
scoring criteria in Table 1, including mental state, feeding
and drinking behavior, head shaking, wheezing, sneezing,

and coughing.

therapeutic

Table I: Chick clinical symptom scoring criteria

Curative Clinlcal symptom value

effect

Death The dead chickens were found to have died of 5
infectious bronchitis after necropsy and PCR
testing.

Invalid Chickens may exhibit symptoms of depression 4
such as lying down, rough feathers, closed eyes,
lethargy, reduced food consumption, neck
stretching, severe rales, visible mucus in the
mouth and nose, coughing, and white or watery
diarrhea.

Somewhat The chicken displays signs of low energy, 3

relieved reluctance to exercise, decreased appetite, a

slight cough, abnormal breath sounds (rales),
presence of mucus in the mouth and nasal cavity,
and mild diarrhea.
moderately  The chicken is in a good mental state, 2
relieved occasionally exercises, has a decreased appetite,
breathes through the mouth, and has mucus in
the mouth.
considerably The chickens exhibit signs of good mental well- |

relieved being, with normal breathing and appetite. Some
chickens may display mouth breathing and have a
slight presence of mucus in their mouths.

completely  The chicken is in good spirits and its breathing 0

relieved and appetite have returned to normal.

Immune organ indices: At 3, 7 and 14 days post-
infection (dpi), five chicks from each group were
randomly selected for weight measurement. Collect the
spleens, thymuses and bursa of Fabricius from each
group, weigh them separately, and calculate the relative
organ weights as the immune organ index. The
calculation of the immune organ index is as follows:
Immune organ index=organ weight (mg) / body weight

(2).

Detection of viral load and antibody levels: Samples
were collected on the 3™, 7" and 14™ days. Five chicks
were randomly selected from each group and euthanized
by cervical dislocation. The tracheal tissues were
immediately harvested and placed in sterile centrifuge
tubes for subsequent analysis. For serum preparation, the
blood samples were left at room temperature for 2 hours,
then centrifuged at 3,000 rpm for 10 minutes to separate
the serum; the resulting serum samples were stored at -
80°C until further testing. The viral load in the trachea
was quantified using quantitative real-time polymerase
chain reaction (qQPCR). According to the manufacturer's
instructions, total viral RNA was extracted from the
tracheal tissue homogenate using a column-based viral
RNA extraction kit (Genstar). The extracted RNA was
reverse-transcribed into complementary DNA (cDNA)
using a reverse transcription kit (Genstar). qPCR
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amplification was performed using specific primers for
IBV on a real-time fluorescence quantitative PCR
instrument. The reaction system and cycling conditions
were set according to the kit protocol, and the viral load
was calculated using the 2*(-AACt) method. Serum levels
of IBV-specific antibodies were determined by indirect
enzyme-linked immunosorbent assay (ELISA) using a
commercial kit (IDEXX Laboratories, Inc., Westbrook,
ME, USA). All procedures were carried out in compliance
with the manufacturer’s standard protocols. The
absorbance value at 450 nm was measured using a
microplate reader, and antibody concentrations were
calculated based on the standard curve generated from the
kit’s reference standards.

Serum oxidative stress indices in TCM-treated IBV
chicks: Serum samples collected at 3, 7and 14 dpi as
described in 3.3.4 were used for the detection of
oxidative stress-related indices. The concentrations of
nitric oxide (NO), malondialdehyde (MDA), xanthine
oxidase (XOD) and the activity of ttotal antioxidant
capacity (T-AOC) were measured using commercial
biochemical reagent kits (Solarbio Beijing China). All
detection procedures were performed following the
manufacturer’s instructions. A spectrophotometer was
used to measure the absorbance values at the
corresponding wavelengths, and the levels or activities
of each index were calculated according to the standard
curves and formulae provided in the kits.

Serum inflammatory cytokines in TCM-treated IBV
chicks: Serum samples collected at 3, 7, and 14 dpi were
used to quantify the concentrations of six inflammatory
cytokines, namely interleukin-4 (IL-4), tumor necrosis
factor-a (TNF-a), interferon-y (IFN-y), interleukin-10 (IL-
10), interleukin-6 (IL-6), and interleukin-1p (IL-1p).
Commercial ELISA kits specific for chicken cytokines
(Beyotime Institute of Biotechnology, Nanjing, China)
were employed for detection. All experimental procedures
were performed strictly following the manufacturer’s
standard protocols. The optical density (OD) value at 450
nm was measured using a microplate reader, and the
cytokine concentrations were calculated based on the
standard curves provided with the kits.

SEM analysis of tracheal ciliary damage: At 7 dpi five
chicks were randomly selected from each group and
euthanized. The middle segment of the trachea was
collected and cut into 0.5 cm long tissue pieces. The tissue
samples were immediately fixed in 2.5% glutaraldehyde
solution at 4°C for 24 h. After fixation the samples were
rinsed three times with 0.1 mol/L phosphate-buffered
saline PBS each for 15 min. Gradient dehydration was
performed using 30, 50, 70, 80, 90, 95 and 100% ethanol
each for 15 min. The dehydrated samples were dried by
critical point drying with liquid carbon dioxide. The dried
samples were mounted on sample stages and sputter-
coated with gold. The tracheal ciliary ultrastructure was
observed and imaged wusing a scanning electron
microscope at an accelerating voltage of 10 kV. The
arrangement density integrity of cilia and the
morphological changes of the tracheal surface were
observed and recorded.
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Lung histopathological observation: At 7 dpi five
chicks were randomly selected from each group for
euthanasia. Lung tissue samples were collected and fixed
in 4% paraformaldehyde solution at room temperature for
24 h. Fixed samples were dehydrated through a gradient
of ethanol cleared with xylene and embedded in paraffin.
Paraffin sections with a thickness of 5 pym were prepared
using a microtome. The sections were dewaxed to water
stained with hematoxylin and eosin HE and then
dehydrated cleared and mounted with neutral balsam. The
pathological changes of lung tissues were observed under
an optical microscope. The morphological structures of
primary bronchi parabronchi and respiratory capillaries
were examined. The presence of pathological lesions such
as hemorrhage congestion edema and necrotic cell debris
was recorded and analyzed.

Statistical analysis: Sample size was estimated based on
a preliminary power analysis (0=0.05, power=0.8,
expected 30% difference in viral load), requiring a
minimum of 4 chicks per group per time point.
Accounting for potential mortality, 5 chicks per group per
time point were used (n=5, total 20 per group at start).
Data are presented as mean + SEM. Comparisons between
each treatment group and the IBV model group were
performed using one-way ANOVA with Dunnett’s post
hoc test. Two-way ANOVA was used for time-dependent
analyses. All tests were two-sided, and P < 0.05 was
considered significant. No adjustment was made for
multiple comparisons across different parameters or time
points. Statistical analyses were performed using
GraphPad Prism 9.0.

RESULTS

Data screening and database construction: Through a
standardized screening process, 336 herbal prescriptions
containing 361 different drug components were
systematically identified for the treatment of IBV
(Suppliementary materials 1). The established database
comprehensively documents clinical —manifestations
associated with each prescription, with symptom
distribution patterns (Fig. 1).
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Fig. I: Distribution of TCM diseases in the square (frequency greater
than 9).
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Prescription pattern characterization: Phytochemical
analysis revealed different treatment preferences. Four
properties: mainly warm medicinal ingredients (42.3%),
followed by neutral (28.1%) and cold (19.6%)
components; five flavors: sweet ingredients accounted
for 38.7% of the formula, along with pungent (29.2%)
and bitter (22.1%) components; meridians: the spleen
meridian was the main one (34.5%), followed by the
stomach meridian (27.8%) and the lung meridian
(22.6%); pharmacological effects: the first item
accounted for 41.2% of the total components, followed
by the second item (23.8%) and the third item (18.3%)
of the drugs (Table 2-4, Fig. 2A-C). The
pharmacological effect chart (Fig. 2D) illustrates the
various therapeutic effects of the herbs, with each
numbered item representing a unique action. The first
item, relieving cough, expectorating phlegm, and
relieving asthma, refers to herbs that help control
coughing, remove phlegm, and alleviate asthma or
wheezing symptoms. The second item, clearing heat,
describes herbs used to eliminate excessive internal heat,
typically for fever, inflammation, or infection. The third
item, tonifying essence, refers to drugs that can
strengthen the body when qi, yin, or yang are
insufficient. The fourth item, dispelling exterior
pathogenic factors, involves herbs that drive out wind,
cold, and heat, often used in the early stages of colds or
flu. The fifth item, regulating qi, includes herbs that
promote the smooth flow of qi (important energy) within
the body, helping to alleviate symptoms caused by qi
stagnation, such as abdominal distension, fullness, or
pain. The sixth item, consolidating (consolidating)
function, refers to herbs that help the body retain body
fluids, especially in cases of excessive sweating or
diarrhea. The seventh item, diuretic and dampness-
eliminating, describes herbs that promote urination and
help eliminate dampness within the body, useful for
edema, urinary problems, or heaviness. The eighth item,
calming the liver and extinguishing wind, involves herbs
that calm the liver and extinguish wind, causing
symptoms such as dizziness, tremors, or convulsions.
The ninth item, calming the mind, refers to herbs that
help soothe the mind and spirit, used to treat anxiety,
insomnia, or emotional agitation. Finally, the tenth item,
aiding digestion, includes herbs to improve digestion and
alleviate symptoms such as abdominal distension,
indigestion, or food stagnation.

Table 2: Analysis of the four Natures and five flavor

NO. Four Natures Frequency Rate NO. Five Tastes Frequency Rate

I Warm 1036 37.84% 1  Bitter 1593 37.12%
2 Cold 983 35.90%2  Punfent 1272 29.64%
3 Neutral herbs 553 20.20%3  Sweet 1139 26.54%
4 Cool 133 4.86% 4  Sour 168 391%
5 Hot 33 121% 5 Salty 19 2.77%
Table 3: Analysis of the meridian tropism
NO. Meridian FrequencyRate NO.Meridian FrequencyRate
tropism tropism
I Lung 2286  34.55%7 :'“ge_ 387 5.85%
ntestine
2 Spleen 965 14.58%8  Bladder 186 2.81%
3 Stomach 916 13.84%9  Gallbladder 137 2.07%
4 Heart 685 10.35% 10 Small Intestine 100 1.51%
5 Liver 470 7.10% 11 Triple Burner 26 0.39%
6 Kidney 449 6.78% 12 Pericardium 12 0.18%
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Fig. 2: Analysis of the Four Qi, Five Flavors, Meridian Tropism and Efficacy of Traditional Chinese Medicine in IBV Prescription Data Set. (A) Radar
plot showing the statistical analysis of the Four Natures; (B) Radar plot showing the statistical analysis of the Five Tastes; (C) Radar plot showing the
statistical analysis of the Meridian Tropism (Gui Jing); (D) Pharmacological Actions statistical chart, where items 1-10 represent: Cough Suppressant,
Phlegm-Resolving, and Antiasthmatic; Clearing Heat; Tonifying Deficiency; Releasing the Exterior; Regulating Qi; Astringing (Consolidating) Functions;
Promoting Diuresis and Resolving Dampness; Calming the Liver and Extinguishing Wind; Calming the Shen; Digestive Aid.

Herbal frequency profiling: Quantitative analysis of 361
herbs (total occurrence: 2,087) identified 60 high-
frequency  components (>10  occurrences). The
decamerous dominant herbs comprised: Licorice (15.2%),
Platycodon (12.8%), Bitter Apricot (11.5%), Fritillaria
(9.7%), Ephedra (8.9%), Pinellia (8.3%), Tangerine Peel
(7.6%), Perilla (6.9%), Scutellaria (6.2%), and Stemona
(5.7%) (Complete ranking in Table 5).

Table 4: Analysis of prescription efficacy

No. Prescription efficacy Frequency Rate

| Cough Suppressant, Phlegm-Resolving and 870 31.78%
Antiasthmatic
2 Clearing Heat 507 18.52%
3 Tonifying Deficiency 435 15.89%
4 Releasing the Exterior 234 8.55%
5  Regulating Qi 206 7.52%
6  Astringing (Consolidating) Functions 91 3.32%
7  Promoting Diuresis and Resolving Dampness 64 2.33%
8  Calming the Liver and Extinguishing Wind 58 2.11%
9  Calming the Shen 40 1.46%
10 Digestive Aid 38 1.39%

Association rule mining: An association rule analysis
was performed on the 336 prescriptions and 361
medicinal herbs. The frequency of herb combinations was

analyzed with the following parameters: a minimum
support of 15% and a confidence of 0.5. Support was set
to 56, meaning only herb combinations that appeared 56
times or more in the dataset were included in the results.
This analysis identified 14 common herb pairs. For
example, the combination of Licorice & Bitter Apricot
Kernel appeared 101 times, resulting in support of 10.30%.
Support in Table 6 is calculated as the ratio of the number
of occurrences of the herb pair to the total number of
prescriptions, multiplied by 100%. Confidence refers to
the probability that herb B will appear when herb A is
present in a prescription. The core associations between
herbs were further analyzed and are presented in Table 7
and the topological map of core prescription rules (Fig. 3).
For instance, the association rule Platycodon & Bitter
Apricot Kernel > Licorice had a confidence of 0.82,
meaning that 82% of prescriptions containing Platycodon
and Bitter Apricot Kernel also contained Licorice. A
confidence threshold of 0.7 was applied, meaning only
data with a probability of 70% or higher was considered.

Cluster analysis and formula optimization:
Hierarchical clustering (k=5) partitioned prescriptions into
five therapeutic clusters in Table 8.



1098

Table 5: Herbal formulations with a prescription frequency greater than 10
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No. Herbal formulations Freque No. Herbal formulations Freque No. Herbal formulations Frequ
ncy ncy ency
I Licorice (Glycyrrhiza uralensis) 179 21 Anemarrhena (Anemarrhena 39 41 Asarum (Asarum sieboldii) 17
asphodeloides)
2 Platycodon (Platycodon grandiflorus) 139 22 Bai Qian (Cynanchum paniculatum) 31 42 Isatis Root (Isatis indigotica) 16
3 Bitter Apricot Kernel (Prunus 135 |23 Poppy Shell (Papaver somniferum) 30 43 Radish Seed (Raphanus sativus) 15
armeniaca)
4 Fritillaria (Fritillariae cirrhosae Bulbus) 125 |24 Trichosanthes (Trichosanthes kirilowii) 28 44 Ginkgo Nut (Ginkgo biloba) 15
5  Ephedra (Ephedra sinica) 114 |25 Mustard Seed (Sinapis alba) 27 45 Bletilla (Bletilla striata) 14
6  Pinellia (Pinellia ternata) 100 (26 Borneol (Cinnamomum camphora) 27 |46 Northern Slippery Root (Codonopsis 14
pilosula var. modesta)
7  Tangerine Peel (Citrus reticulata) 98 27 Zhi Ke (Citrus aurantium) 26 47 Cinnabar (Mercury sulfide) 14
8  Perilla (Perilla frutescens) 87 28 Rehmannia (Rehmannia glutinosa) 25 48 Mulberry Leaf (Morus alba) 14
9  Scutellaria (Scutellaria baicalensis) 79 29 Polygala (Polygala tenuifolia) 24 49 Agarwood (Aquilaria sinensis) 13
10 Stemona (Stemona tuberosa) 78 30 Tian Hua Fen (Trichosanthes rosthornii) 22 50 Ginger (Zingiber officinale) 13
Il Mint (Mentha haplocalyx) 72 31 Scrophularia (Scrophularia ningpoensis) 21 51 Pear (Pyrus spp.) 13
12 Mulberry Root Bark (Morus alba) 68 32 Lily (Lilium lancifolium) 19 52 Cattle Gallstone (Bos taurus) 13
13 Gypsum (Gypsum fibrosum) 67 33 Codonopsis (Codonopsis pilosula) 19 53 Donkey-hide Gelatin (Equus asinus) 12
14 Corydalis (Corydalis yanhusuo) 62 34 Asparagus Tuber (Asparagus 19 54 Hawthorn (Crataegus pinnatifida) 12
cochinchinensis)
15 Loquat (Eriobotrya japonica) 6l 35 Honeysuckle (Lonicera japonica) 18 55 Dried Ginger (Zingiber officinale) 12
16  Ophiopogon (Ophiopogon japonicus) 49 36 Tangerine Peel (Citrus reticulata) 18 56 Zhi Shi (Citrus aurantium) I
17 Poria (Poria cocos) 48 37 Dried Tangerine Peel (Citrus reticulata) 18 57 Houttuynia (Houttuynia cordata) I
18 Coltsfoot Flower (Tussilago farfara) 48 38 Cobra Gall (Naja naja) 17 58 Rhubarb (Rheum palmatum) I
19 Schisandra (Schisandra chinensis) 45 39 Arisaema (Arisaema erubescens) 17 59 Forsythia (Forsythia suspensa) I
20 Aster (Aster tataricus) 40 40 Gardenia (Gardenia jasminoides) 17 60 White Peony Root (Paeonia lactiflora) 11

Table 6: High frequency combination analysis of prescriptions (15%)

No.Herb combinations Rate Support

| Licorice, Bitter Apricot Kernel 101 10.30%
2 Licorice, Platycodon 90  9.17%
3 Licorice, Ephedra 82 836%
4 Bitter Apricot Kernel, Ephedra 77  7.85%
5 Licorice, Tangerine Peel 74 754%
6 Platycodon, Bitter Apricot Kernel 72 7.34%
7 Licorice, Pinellia 67 6.83%
8 Licorice, Bitter Apricot Kernel, Ephedra 63  6.42%
9 Licorice, Fritillaria 62 6.32%
10 Platycodon, Ephedra 60  6.12%
I'l Licorice, Platycodon, Bitter Apricot Kernel 59 6.10%
12 Licorice, Perilla 59 6.10%
13 Bitter Apricot Kernel, Perilla 58 591%
14 Platycodon, Fritillaria 57 581%
Comparison of therapeutic effects in animal

experiments

Efficacy rating and daily weight gain: At 3 dpi, the
chicks successively exhibited lethargy, reduced appetite,
increased water intake, frequent head shaking, droopy
wings, coughing, oral breathing, and tracheal rales.
Clinical symptoms of IBV-infected chicks were observed
and scored at different time intervals (Fig. 4A). During the
observation period, both the ribavirin group and the IBV
group maintained consistently high symptom scores,
whereas the TCM-1 group had the lowest symptom scores
after treatment, and the scores of the TCM-2 group were
nearly comparable to those of the TCM-5 group. At 14 dpi,
the symptom scores of all chicks in the TCM-1, TCM-2
and TCM-5 groups dropped to 0. The IBV group still had
over half of the chicks in a diseased status, but its scores
were comparable to those of the Ribavirin group, with the
condition gradually improving. Throughout the entire
observation period, the TCM-1 group exhibited a superior
therapeutic effect. The dynamic changes in average daily
gain (ADG) of IBV-infected yellow-feathered broilers
treated with different TCM preparations were monitored
from 0 to 14 dpi (Fig. 4B). At 0 dpi, no significant
difference in ADG was observed among all groups. From
1 dpi onward, the ADG growth rate of the IBV model
group was markedly slower relative to the NC group. In

contrast, all the TCM treatment groups (TCM-1 to TCM-5)
showed a more consistent ADG growth trend compared to

the NC group; it is notable that the TCM-2 and TCM-3

groups demonstrated a more significant increase in ADG.

Table 7: Analysis of the core associations between herbs rules

(confidence 0.5)
No. Association rules Confidence

A B level
I Platycodon, Bitter Apricot Kernel Licorice 0.82
2 Bitter Apricot Kernel, Ephedra  Licorice 0.82
3 Licorice, Ephedra Bitter Apricot Kernel 0.77
4  Tangerine Peel Licorice 0.76
5  Perilla Licorice 0.76
6  Bitter Apricot Kernel Licorice 0.75
7  Perilla Bitter Apricot Kernel 0.74
8 Ephedra Licorice 0.73
9 Ephedra Bitter Apricot Kernel 0.68
10 Pinellia Licorice 0.67
Il Licorice, Platycodon Bitter Apricot Kernel 0.66
12 Platycodon Licorice 0.65
13 Licorice, Bitter Apricot Kernel  Ephedra 0.62
14 Licorice, Bitter Apricot Kernel  Platycodon 0.58
I5 Licorice Bitter Apricot Kernel 0.57
16 Bitter Apricot Kernel Ephedra 0.57
17 Bitter Apricot Kernel Platycodon 0.53
18 Ephedra Platycodon 0.53
19 Platycodon Bitter Apricot Kernel 0.52
20 Licorice Platycodon 0.51
21 Fritillaria Licorice 0.5
Table 8: Analysis of medication core combinations

Formula category Quantilty. of
o. prescription

Licorice, Bitter Apricot Kernel, Platycodon, 141

Perilla, Ephedra, Pinellia
2 Licorice, Fritillaria, Tangerine Peel, Bitter Apricot 93

Kernel, Platycodon, Pinellia

Platycodon, Stemona, Licorice, Bai Qian, Ephedra,
3. ) 62

Bitter Apricot Kernel

Scutellaria, Honeysuckle, Licorice, Houttuynia, 23

Ophiopogon, Ephedra
5 Rehmannia, Fritillaria, Ophiopogon, Licorice, 33

Borneol, Bitter Apricot Kernel
Note: Each formula is the centroid of a cluster from k-means analysis.
Herbs are listed in descending order of frequency within the cluster.
Equal ratios were used for initial screening.
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broilers over 14 days after IBV challenge. (B) Dynamic changes in
average daily gain (%) of the groups during 14 dpi.

Effects of TCM preparations on immune organ indices
in IBV-infected broilers: The immune organ indices
(thymus, spleen, and bursa of Fabricius) of the IBV-
infected broilers were measured on the 3, 7, and 14 dpi to
evaluate the immune protection mediated by the TCM. In
the thymus index (Fig. 5A), the TCM-2, TCM-3, TCM-4,
TCM-5, and NC groups showed significantly higher values
than the IBV group at 3 dpi (P<0.05 to P<0.001). At 7 dpi,
compared with the IBV group, the TCM-4 group showed a
significantly increased thymus index (P<0.05). On the 14th
day, compared with the IBV group, the TCM-5 group
showed a significantly increased thymus index (P<0.05).
For the spleen index (Fig. 5B), no statistically significant
differences were observed between any treatment group
and the IBV group at all time points, although the values in
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some TCM groups increased. Regarding the bursa of
Fabricius index (Fig. 5C), the TCM-1, TCM-3, TCM-4,
TCM-5, and NC groups showed significantly higher values
than the IBV group (P<0.05 to P<0.001), while the TCM-2
and ribavirin groups did not show any differences. On the
7% day, only the ribavirin group showed a significantly
increased index (P<0.01). On the 14" dpi, the TCM-2
(P<0.01) and TCM-5 (P<0.05) groups showed significantly
higher indices, while no effects were observed in other
groups. In summary, these results indicate that the TCM
formulations exerted time- and group-dependent protective
effects on the development of the thymus and bursa of
Fabricius in IBV-infected broilers, thereby alleviating
virus-induced immune suppression, without observing
significant regulation of the spleen index.
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Fig. 5: Inmune organ indices of TCM-treated IBV broilers. (A) Thymus,
(B) spleen, (C) bursa of Fabricius indices in IBV broilers treated with
TCM preparations/ribavirin, detected at 3, 7, 14 dpi. *P<0.05,
*P<0.001, ****P<0.0001 (vs. IBV group).
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Effects of TCM preparations on IBV load and
antibodies in chicks: To evaluate the antiviral and
immunomodulatory effects of TCM preparations, IBV viral
loads in trachea and nasal sinus were quantified by qPCR at
3,7, and 14 dpi, and IBV-specific antibody levels in serum
were measured by ELISA. For tracheal viral load at 3 dpi
(Fig. 6A), TCM-1, TCM-2, TCM-4, TCM-5, and the NC
group exhibited significantly lower viral loads than the IBV
group (P<0.05 to P<0.0001), while TCM-3 and ribavirin
groups showed no statistical difference. At 7 dpi (Fig. 6B),
only TCM-3 (P<0.05) and NC (P<0.0001) groups displayed
reduced viral loads relative to the IBV group, with no
significant effects observed in other TCM preparations or
ribavirin; by 14 dpi (Fig. 6B), no significant differences
were detected between any treatment group and the IBV
group. In nasal sinus, viral loads were significantly
decreased in TCM-1, TCM-2, TCM-4, and NC groups at 3
dpi (P<0.01 to P<0.0001) compared with the IBV group,
whereas TCM-3, TCM-5, and ribavirin groups showed no
difference (ns). At 7 dpi, TCM-3 (P<0.05), TCM-5 (P<0.01),
and NC (P<0.0001) groups exhibited significantly lower
viral loads versus the IBV group, with no effects in other
groups; by 14 dpi, no significant differences were observed
across all treatment groups relative to the IBV group.
Regarding IBV-specific antibody response (Fig. 6C), all
groups showed near-baseline OD450 values (<0.3) at 3 dpi,
with no significant differences. By 7 dpi, partial TCM
groups (e.g., TCM-1, TCM-4, TCM-5) displayed a
numerical increase in OD450 values, though most remained
below the positive threshold of 0.3. At 14 dpi, TCM-2 and
TCM-3 groups exhibited significantly elevated OD450
values (>0.3), indicating enhanced antibody production
compared with the IBV group. Collectively, these findings
demonstrate that TCM preparations exert time- and group-
dependent antiviral effects by reducing IBV viral loads in
respiratory tissues and promoting specific antibody
responses during IBV infection.

”
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Oxidative stress-related indices in TCM-treated IBV-
infected chicks: To evaluate the effect of TCM
preparations on the oxidative stress response of chicks
infected with IBV, the levels of serum nitric oxide (NO),
malondialdehyde (MDA), xanthine oxidase (XOD), and
total antioxidant capacity (T-AOC) were measured on
days 3, 7, and 14. Dunnett's multiple comparison test was
used to compare each group with the IBV control group.
At 3 dpi (Fig. 7A), compared with the IBV group, the NO
concentrations in the TCM-2 (P<0.0001), TCM-3
(P<0.01), TCM-4 (P<0.0001), TCM-5 (P<0.01), ribavirin
(P<0.0001), and NC (P<0.0001) groups were significantly
increased, while no difference was observed in the TCM-1
group. In the TCM-1 group (P<0.0001), TCM-2
(P<0.0001), and TCM-3 (P<0.05) groups, the T-AOC
activity was significantly increased, while no effect was
detected in the other groups; compared with the IBV
group, there were no statistically significant differences in
the MDA and XOD levels of all treatment groups (TCM-1
to TCM-5, P<0.0001 to P<0.05) and ribavirin (P<0.05)
and NC (P<0.0001). At 7 dpi (Fig. 7B), compared with
the IBV group, the NO concentrations in all TCM groups
(TCM-1 to TCM-5, P<0.0001 to P<0.05), ribavirin
(P<0.05) and NC (P<0.0001) were significantly higher,
while there were no significant differences in T-AOC,
MDA and XOD levels between any treatment group and
the IBV group. On the 14th day (Fig. 7C), no statistically
significant differences in the levels of NO, T-AOC, MDA,
or XOD were observed between any treatment group and
the IBV group, although there were numerical trends in
some TCM groups. In summary, these findings indicate
that TCM preparations have a time-dependent regulatory
effect on oxidative stress response, with the most
significant effects observed for NO and T-AOC on days 3
and 7, respectively, while there was no sustained effect on
MDA or XOD.
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Serum inflammatory cytokine levels in TCM-treated
IBV chicks: In order to study the immunomodulatory
effect of TCM preparations on the inflammatory
response of chicks infected with IBV, at 3, 7, and 14 dpi,
the concentrations of IL-4, TNF-a, IFN-y, IL-10, IL-6,
and IL-1fB in serum were quantitatively determined by
ELISA, and the differences were evaluated using
Dunnett's multiple comparison test. At 3 dpi (Fig. 8A),
the IL-4 levels in the TCM-3 (P<0.01), TCM-5 (P<0.05),
and NC (P<0.001) groups were significantly increased,
while only the TNF-o level in the NC group was
significantly increased (P<0.05); there were no
significant differences in the levels of IFN-y, IL-10, and
IL-6 among all treatment groups. It is notable that
compared with the IBV group, the IL-1p concentrations
in all TCM groups, the ribavirin group, and the NC
group were significantly higher (P<0.0001). At 7 dpi
(Fig. 8B), IL-4 levels were significantly increased in
TCM-2 (P<0.01), TCM-3 (P<0.01), TCM-4 (P<0.05),
TCM-5 (P<0.01) and NC (P<0.0001) groups, and TNF-a
levels were elevated in TCM-1 (P<0.05), TCM-2
(P<0.01), TCM-3 (P<0.01), TCM-4 (P<0.01), TCM-5
(P<0.01), and ribavirin (P<0.01) groups. The levels of
IFN-y in the TCM-1 (P<0.05), TCM-2 (P<0.05), TCM-3
(P<0.05), TCM-5 (P<0.05) and NC (P<0.01) groups
were significantly higher. The levels of IL-10 in all
TCM groups, ribavirin and NC (P<0.01) groups were
also higher. There was no significant difference in IL-6
levels among the Chinese medicine 2 group (P<0.0001),
Chinese medicine 3 group (P<0.0001), Chinese medicine
5 group (P<0.001) and the control group (P<0.0001),
while the IL-1P levels were significantly increased. At
14 dpi (Fig. 8C), IL-4 levels were significantly higher in
TCM-1 (P<0.05), TCM-2 (P<0.05), TCM-3 (P<0.05),
TCM-5 (P<0.05) and NC (P<0.01) groups, while TNF-a,
IFN-y, IL-10, and IL-6 levels showed no significant
differences across all treatment groups (ns). IL-1P
concentrations remained significantly elevated in TCM-1
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TCM-4 (P<0.01), ribavirin (P<0.0001) and NC
(P<0.0001) groups. In conclusion, these findings
indicate that the TCM preparations exert a time-
dependent and cytokine-dependent regulatory effect on
inflammatory responses. On the 7th day, the most
significant effects were observed on IL-4, TNF-a, IFN-y,
IL-10, and IL-1B, suggesting a potential role in
regulating the pro-inflammatory and anti-inflammatory
cytokine networks during IBV infection.

SEM analysis of tracheal villus damage in TCM-
treated IBV chicks: SEM was used to evaluate the
ultrastructural morphology of the tracheal cilia of chicks
at 7 dpi (Fig. 9). The control group showed dense and
regularly arranged tracheal cilia, with a completely
intact and well-organized surface morphology. In
contrast, the IBV model group exhibited extensive loss
of tracheal «cilia, almost completely depleted,
accompanied by obvious surface swelling and
protrusion. This group showed severe structural damage
consistent with the pathological injury induced by IBV.
In the treatment groups, the Chinese medicine 4 group
and the Chinese medicine 5 group retained some
tracheal cilia, with relatively regular arrangement, and
minor cilia loss. Compared with the IBV group, their
structural damage, including no obvious surface
swelling, was significantly reduced. Compared with the
IBV group, the TCM-1, TCM-2 and TCM-3 groups
showed reduced cilia loss, but a significant portion of
the cilia was still missing, with slight structural disorder.
Compared with the IBV group, the ribavirin group
showed reduced cilia loss, but its cilia consumption was
more severe than the TCM-4 and TCM-5 groups, with
slight residual irregularity in the structure. In summary,
TCM-4 and TCM-5 provided the best protection of
tracheal ciliary integrity, whereas TCM-1, TCM-2, and
TCM-3 showed moderate effects, and ribavirin was less
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Histopathological observation of lung tissue in TCM-
treated IBV chicks: Histopathological changes of lung
tissues were observed in chicks at 7 dpi (Fig. 10). The NC
group showed intact lung tissue structure. The
morphology of primary bronchi, parabronchi and
respiratory capillaries was normal, and no pathological
changes (including hemorrhage, congestion, edema or cell
necrosis) were identified. In contrast, the IBV model
group exhibited obvious pathological damage in lung
tissues. Parabronchial structure was unclear, with a small
amount of necrotic cell debris present. Occasional
hemorrhage in parabronchi, capillary/interstitial vascular
congestion and perivascular edema in interstitium were
also observed, accompanied by loose connective tissue
(corresponding to black, yellow and orange arrows,
respectively). TCM-1, TCM-2 and TCM-5 groups showed
mild pathological damage. Only occasional slight
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interstitial vascular congestion was noted, with no obvious
hemorrhage, edema or necrotic debris. TCM-3 group
presented a small amount of parabronchial congestion and
interstitial edema, but no necrotic cell debris. TCM-4
group had only occasional minor hemorrhage in
parabronchi, while other structures remained relatively
intact. The Ribavirin group showed a small number of
goblet cells in primary bronchi, small amounts of
eosinophilic substances in the lumen, and mild thickening
of respiratory capillary walls in small areas

(corresponding to green and blue arrows, respectively).
The degree of pathological damage in this group was
significantly lighter than that of the IBV group. In
summary, all TCM formulations alleviated IBV-induced
lung pathology to varying degrees, with TCM-1, TCM-2,
TCM-5, and ribavirin showing the mildest lesions, while
TCM-3 and TCM-4 exhibited intermediate protection.

Fig. 10: Lung Histopathological Changes in TCM-Treated IBV Chicks at 7 dpi. Arrows indicate: black = parabronchial hemorrhage; yellow = vascular
congestion; orange = perivascular edema; green = goblet cells; blue = respiratory capillary wall thickening. NC displays intact structure; IBV shows

severe pathological lesions.

DISCUSSION

IBV is the main pathogenic virus threatening the
global poultry industry. It is highly contagious and can
cause severe respiratory diseases and systemic disorders

in chickens, resulting in increased mortality rates among
chickens, reduced egg production in egg-laying hens, and
significant economic losses (Rafique et al., 2024). The
current IBV prevention and control strategies mainly rely
on vaccine immunization and chemical antiviral agents
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(Liu et al., 2024). However, IBV exhibits a high degree of
genetic variation and many serotypes, resulting in
insufficient cross-protection provided by traditional
vaccines (Zhang et al., 2021). The long-term use of
chemical drugs often leads to the development of drug
resistance in viruses, and the presence of drug residues
poses a risk to public health, highlighting the serious
limitations of the existing control measures (Zhao et al.,
2023). TCM has emerged as a promising alternative for
managing livestock and poultry viral diseases, owing to its
unique advantages including multi-target regulation, low
toxicity, and minimal residues (Sun et al., 2014,
Yurdakok-Dikmen et al., 2018; Zhang et al., 2020).
However, the development of anti-IBY TCM formulas
has long been constrained by empirical methods, lacking
systematic big data support and modern technological
guidance, which has hindered the realization of precise
targeted drug development. Therefore, overcoming the
bottlenecks of TCM empirical research, establishing a
TCM formula research and development system based on
modern big data technology, and integrating the
"diagnosis and treatment based on syndrome
differentiation” theory of TCM with the needs of precise
prevention and control, has become a scientific issue that
urgently needs to be addressed in the modernization of
TCM and the green management of IBV (Li, 2016).

This study innovatively adopted a cross-disciplinary
approach to apply the TCM Inheritance Computing
Platform V3.0 (hereafter referred to as the Platform) to
anti-IBV TCM formula development, establishing a
standardized research workflow involving TCM big data
mining, core formula clustering and animal experiment
verification (Wang et al., 2018). First, the Platform was
utilized to integrate 34,324 marketed traditional TCM
prescriptions, 7,505 TCM patent medicines, and 4,207
formulas from the TCM Inheritance Database, screening
out 336 candidate formulas that matched the clinical
phenotypes of IBV infection. Subsequently, association
rules and cluster analysis were conducted to clarify the
compatibility rules of the core drug pairs and identify five
types of core prescriptions with different therapeutic
effects. Finally, through animal experiments, the
therapeutic effects of five TCM preparations on IBV-
infected ~ white-feathered  broiler  chickens  were
systematically evaluated. The comprehensive anti-IBV
mechanisms of these preparations were elaborated from
multiple dimensions such as alleviation of clinical
symptoms, recovery of growth performance, regulation of
immune function, virus clearance, regulation of oxidative
stress, inhibition of inflammatory response, and
improvement of histopathology. This provided a solid
experimental basis for the clinical application of TCM in
IBV control and further research on potential target points
for its potential effects.

TCM has a history of over 4,000 years. Its empirical
knowledge and systematic documentation have evolved
into a complex treatment system for various diseases (Ma
et al., 2025). The Platform is an auxiliary system for TCM
inheritance and research and development (R&D),
constructed based on big data mining and intelligent
analysis technologies, which provides robust technical
support for the preservation of TCM theories and the
optimization of clinical diagnosis and treatment (He ef al.,
2012; Zuo et al., 2015; Ren et al., 2023). Initially
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designed for mining and optimizing human TCM
formulas, the Platform has been successfully applied to
analyze staging syndrome differentiation and acupoint
selection rules for peripheral facial paralysis (Wang,
2023); establish a TCM prescription database for
palpitations and explore its medication rules (Dai et al.,
2018); analyze the regularity of umbilical application of
TCM in the treatment of cirrhotic ascites (Sun et al.,
2017); analyze and summarize the composition principles
of traditional TCM prescriptions for nausea (Han et al.,
2016); investigate the prescription regularity of diarrhea in
clinical practice guidelines for traditional Chinese medical
practitioners to discover new TCM agents for diarrhea
treatment (He & Zhu, 2016); and explore the composition
and medication rules of prescriptions for angina pectoris
to develop new TCM agents for angina pectoris therapy
(Zhao & Teng, 2015). Building on this experience in
summarizing TCM medication rules, this study drew an
analogy between the pathological features of IBV-infected
chickens (e.g., respiratory mucosal damage and immune
dysfunction) and the human TCM syndrome of "failure of
lung qi to disperse and descend, phlegm-heat stagnating in
the lung" (Zhou-Suckow et al., 2017; Ganapathy, 2021;
Su & Xiong, 2021; Mikami et al., 2023). This analogy
provides a critical theoretical foundation for translating
human TCM big data to TCM R&D, effectively avoiding
targeting deviations caused by unguided data migration.
The core formulas screened by the Platform exhibited
distinct targeting characteristics in terms of four natures
and five flavors, meridian tropism, and therapeutic
efficacy: warm and cold herbs accounted for similar
proportions; sweet, acrid, and bitter flavors dominated,;
herbs tropic to the lung, spleen and stomach meridians
were the most frequently used; and their core efficacies
focused on relieving cough, resolving phlegm, alleviating
asthma, clearing heat, and tonifying deficiency - all of
which are highly consistent with the respiratory symptoms
induced by IBV infection (Feng et al., 2024).

Association rule and clustering analyses further
revealed the core compatibility rules of anti-IBV TCM
formulas. The highest confidence levels were observed for
the herb pairs Platycodon grandiflorum + Armeniaca
vulgaris var. ansu to Liquorice and Armeniaca vulgaris
var. ansu + Ephedra sinica to Glycyrrhiza uralensis.
Liquorice also occupied a central position in the
association rule network topology, as it can restore
systemic homeostasis and act as a "guiding herb" to
harmonize the effects of other components in TCM
prescriptions (Prajapati et al., 2026). Additionally,
liquorice is rich in bioactive constituents, primarily
triterpenoids, flavonoids, and polysaccharides (Wu et al.,
2025). Modern  pharmacological  studies  have
demonstrated its diverse biological activities, including
anti-inflammatory, analgesic, anti-cancer, antiviral,
antioxidant, and hepatoprotective effects (Zhang et al.,
2021; Wang et al., 2025). Most of the key herbs identified
in the association rule network have been reported to
possess  antiviral activity = against coronaviruses
(Schlittenlacher et al., 2022). For instance, Perilla
frutescens leaf extract inhibits SARS-CoV-2 through
direct viral inactivation (Tang et al., 2021; Chin et al.,
2022; Dissook et al., 2022). Systematic reviews and meta-
analyses have identified Liquorice, Pinellia ternata and
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Bitter almond as the most frequently used Chinese herbs
for alleviating COVID-19 clinical symptoms (Xiong et
al., 2020). Electronic medical record data from hospitals
in Wuhan, China, demonstrated that Citrus reticulata peel,
Scutellaria baicalensis and Pinellia ternata ameliorate
COVID-19 symptoms by clearing heat and resolving
phlegm (Shu et al., 2020). Clinical data mining further
revealed that the Glycyrrhiza uralensis-Pinellia ternata
herb pair is a potential candidate against moderate
COVID-19, exerting its effects via dual binding to the IL-
6/STAT3 signaling pathway (Luo et al., 2022). The main
active components of Fritillaria cirrhosa have also been
reported to directly inhibit the cellular entry of SARS-
CoV-2 variants by blocking the interaction between the
viral spike protein and angiotensin-converting enzyme 2
(ACE2) (Ma et al., 2020; Wang et al., 2022). Network
pharmacology, molecular docking, and experimental
studies have validated the therapeutic efficacy of the
Bitter almond + Liquorice herb pair against COVID-19
(Yang et al., 2020; Hong et al., 2023). Platycodon
grandiflorum acts as a potential broad-spectrum antiviral
agent with antiviral and immunomodulatory properties in
viral diseases (Gao et al., 2025); notably, its major active
components can function as inhibitors of SARS-CoV-2
entry (Gurung et al., 2022). Bioactive compounds derived
from the Ephedra sinica + Liquorice herb pair exhibit
strong binding affinity to COVID-19-related targets (Li et
al., 2021). Specifically, the extract of ephedra binds to
ACE2 with high affinity, acting as a blocker to prevent the
virus from attaching (Sadeghier al., 2023). Furthermore,
the citrus peel extract reduces the replication of the novel
coronavirus by regulating the Rho GTPase, PI3K-AKT
and MAPK/ERK signaling pathways, and inhibits the
formation of syncytia mediated by the spike protein of the
novel coronavirus (Bostanciklioglu et al., 2024; Kumara
et al., 2025). IBV and SARS-CoV belong to the same
virus family and share similarities in terms of genomics
and pathogenesis (Quinteros et al., 2022). The infectious
bronchitis coronavirus pneumonia model provides new
insights into the transmission route of the novel
coronavirus (Nefedova et al., 2021). Therefore, based on
the reported mechanisms of these herbs in combating the
novel coronavirus, we can identify the potential antiviral
mechanisms of the five formulations in the associated rule
network topology of this study, and preliminarily clarify
the antiviral effects of these five formulations against the
IBV virus.

After infection, IBV mainly targets the epithelial
cells of the chicken respiratory tract, causing damage to
the airway mucosa, shedding of cilia, and inflammatory
responses, manifesting as depression, coughing and
respiratory rales (Liu et al., 2024). At the same time, it
induces immune stress and digestive dysfunction,
resulting in slow growth of broiler chickens (Suhail et
al., 2025). The results showed that chickens infected
with IBV exhibited persistent respiratory symptoms, and
ribavirin had limited effect in alleviating these
symptoms. In contrast, the TCM preparations, especially
TCM-1, maintained a lower symptom score throughout
the experiment and completely relieved the symptoms at
14 dpi. TCM-2 and TCM-5 also achieved complete
symptom relief at this time point. This indicates that the
TCM preparations alleviate respiratory damage caused
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by IBV by inhibiting virus replication, reducing mucosal
inflammation, and promoting ciliary repair. In terms of
growth performance, the IBV model group had
significantly lower ADG than the normal control group,
while all the Chinese medicine groups showed a trend
closer to the control group's ADG, with significant
weight gain advantages for TCM-2 and TCM-3. This
finding substantiates the existence of inter-group
differences in the regulatory effects of different TCM
preparations against IBV infection, and such variations
in therapeutic efficacy may be attributed to the multi-
pharmacological properties of TCM herbs. On the one
hand, they alleviate respiratory tract damage by
inhibiting viral replication, thus rapidly relieving clinical
symptoms (Chen et al., 2020); on the other hand, they
enhance nutrient absorption through modulating host
metabolic and immune functions, thereby reversing the
growth retardation induced by viral infection (Chen et
al., 2022).

The thymus, spleen, and bursa of Fabricius are core
chicken immune organs governing T cell maturation,
immune regulation, and B cell differentiation, respectively
(Zhang et al., 2020; Tian et al., 2023). IBV infection
induces immune organ atrophy and immunosuppression
via apoptosis and inflammatory infiltration (Najimudeen
et al., 2020; Sun et al., 2021; Najimudeen et al., 2023).
This study found TCM preparations exerted time- and
group-dependent protective effects on the thymus and
bursa of Fabricius but not the spleen. At 3 dpi, TCM-2,
TCM-3, TCM-4, and TCM-5 all increased the thymus
index, inhibited early thymocyte apoptosis, and
maintained the T cell maturation microenvironment. Only
TCM-4 maintained this advantage at 7 dpi, while TCM-5
performed best at 14 dpi, reflecting the time window
differences related to the pharmacokinetics and targeting
pathways of the active ingredients. For the bursa of
Fabricius, TCM-1, TCM-3, TCM-4, and TCM-5 all
showed an increase in index at 3 dpi, ribavirin only
worked at 7 dpi, and TCM-2 and TCM-5 regained the
advantage at 14 dpi. This indicates that the TCM
formulation provides continuous protection during the
early infection and recovery stages by promoting B cell
proliferation and humoral immune homeostasis, while the
effect of ribavirin is limited to the middle stage. No
significant difference in spleen index was observed
between the two groups, which may be due to the
tolerance of the spleen to IBV damage, highlighting the
time and targeting differences mediated by TCM in
immunological protection (Jiang et al., 2022). Ribavirin
demonstrated a weaker ability to induce antibodies
compared to the TCM preparations, highlighting the
latter's advantage in activating the adaptive immune
system (Wen et al., 2024).

IBV invades the host through cilia adhesion,
replicates in the trachea and lung tissues and causes
damage to the mucosal barrier and viral transmission. The
tissue damage is correlated with the viral RNA load
(Cavanagh, 2007; Okino et al., 2017; Yang et al., 2018;
Sultan et al., 2019). Unlike ribavirin, TCM-1, TCM-2,
TCM-4, and TCM-5 inhibited early viral replication in
epithelial cells through active components such as
polysaccharides and flavonoids at 3 dpi or significantly
reduced the viral load in the trachea by enhancing innate
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mucosal immunity. Only TCM-3 maintained significant
viral inhibition at 7 dpi, indicating that some preparations
focus on early blocking, while TCM-3 exhibits a sustained
mid-term effect, which may be due to different metabolic
rates of active components and targeting replication
stages. Nasal sinus viral load detection confirmed the
differences in tissue targeting: TCM-1, TCM-2, and
TCM-4 inhibited nasal sinus replication at 3 dpi, while
TCM-3 and TCM-5 were dominant at 7 dpi. Regarding
the antibody response, the level was at the baseline at 3
dpi, showed an increase in some TCM groups at 7 dpi,
and significantly exceeded the positive threshold of TCM-
2 and TCM-3 at 14 dpi. This delayed immune
enhancement supplements the viral load dynamics, with
early direct antiviral effects and late antibody-mediated
protective effects. Scanning electron microscopy results
showed that TCM-4 and TCM-5 maintained the integrity
of tracheal cilia, maintained the mucosal barrier function,
alleviated respiratory symptoms, and lung tissue
pathology confirmed that the TCM preparations were
more effective in relieving congestion, edema, bleeding,
and necrosis than ribavirin. It suggests that the TCM
preparations can protect the integrity of tracheal cilia and
maintain the function of the respiratory mucosal barrier
(Tamaoki et al., 1996; Zhou et al., 2022). The mechanical
clearance function of cilia is the first line of defense
against the invasion of IBV (Becker et al., 2024). The
protective effect of TCM preparations on cilia can not
only reduce IBV adsorption and invasion, but also
facilitate the excretion of respiratory secretions, thereby
alleviating symptoms such as cough and respiratory rales
(Campos-Gomez et al., 2023). Lung histopathological
findings further confirmed that TCM preparations can
alleviate IBV-induced pulmonary congestion, edema,
hemorrhage, and necrosis, with efficacy significantly
superior to that of the ribavirin-treated group.

IBV infection induces excessive ROS production,
triggering  oxidative stress characterized by NO
overproduction, reduced T-AOC, and accumulation of
MDA and XOD (Zhang et al., 2022; Han et al., 2024).
Excessive NO can induce respiratory epithelial cell
damage (Moratin et al., 2025). As a lipid peroxidation
product reflecting cellular oxidative damage levels, MDA
and T-AOC, a key metric for evaluating the host’s
antioxidant capacity, are combined to determine the extent
of cellular oxidative stress (Ekin et al., 2021). XOD
activation represents a key pathway for ROS generation
(Wu et al., 2023). At a resolution of 3 dpi, the NO
concentrations in TCM-2, TCM-3, TCM-4, and TCM-5
significantly increased, while TCM-1, TCM-2, and TCM-
3 also showed an increase in T-AOC, without significant
accumulation of MDA or XOD. This indicates that the
increase in NO induced by the TCM is an immune
regulatory signal, rather than a by-product of oxidative
damage, and the enhanced antioxidant capacity controls
ROS-mediated lipid peroxidation. On the 7th day, NO
remained elevated in all TCM groups, while T-AOC,
MDA, or XOD did not show significant differences,
meaning that NO is involved in inflammatory signal
transduction. By the 14th day, all oxidative stress
indicators returned to the levels of the IBV group,
confirming that the TCM mainly regulates oxidative stress
in the early and middle stages, without persistent damage.
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Oxidative stress is closely related to inflammatory
responses because excessive ROS activates NF-«kB and
other pathways, inducing the release of pro-inflammatory
cytokines (TNF-a, IL-6, IL-1B) and inhibiting anti-
inflammatory cytokines (IL-4, IL-10), thereby triggering
an inflammatory storm (Sun et al., 2024; Wang et al.,
2025). The regulation of inflammatory cytokines by TCM
preparations is time-dependent and cytokine-dependent.
On the third day, IL-1B levels increased in all the TCM
groups, ribavirin, and the normal control group, while IL-
4 only increased in the TCM-3 and TCM-5 groups. This
indicates an early innate immune activation through IL-1
and partial anti-inflammatory regulation by IL-4. At 7 dpi,
pro-inflammatory and anti-inflammatory cytokines in all
groups significantly increased, reflecting an active
inflammatory stage. During this stage, TCM balanced
antiviral immunity and tissue protection by synchronously
regulating the cytokine network, thereby maintaining
homeostasis in the body. On the 14th day, only IL-4 and
IL-1p remained elevated, indicating the later resolution of
inflammation and promotion of immune repair. Ribavirin
showed weaker cytokine regulation than TCM-2 and
TCM-4, highlighting the advantages of TCM over single-
component chemical drugs in terms of immune pathway
regulation and interference with the IBV life cycle, being
multi-component and multi-targeted (Zheng et al., 2025).
Overall, TCM preparations can inhibit excessive
inflammatory responses by balancing the inflammatory
cytokine network (Tie et al., 2025). This regulatory effect
not only reduces the inflammatory infiltration in lung
tissues and respiratory tracts but also prevents the damage
to immune organs caused by inflammatory cytokines,
thereby creating favorable conditions for the recovery of
immune function (Yu et al., 2024).

This experiment integrates the results of clinical
symptoms, immune organ function, viral load, and the
oxidative stress-inflammation response axis. The anti-IBV
effect of the TCM formulation is achieved through phased
and multi-step synergistic regulation rather than a single
target action. For example, TCM-1 optimizes growth
recovery, TCM-3 shows excellent mid-term virus
clearance rate, although the early response is delayed.
TCM-2 and TCM-3 perform well in immune activation,
most formulations outperform ribavirin in oxidative stress
and inflammation regulation, TCM-5 protects the tracheal
cilia and effectively alleviates symptoms, and TCM-4
shows the weakest overall efficacy. The efficacy of the
TCM formulations is manifested in three stages. In the
early stage (3 dpi), the focus is on inhibiting IBV
replication in the trachea and sinuses, enhancing
antioxidant capacity, regulating NO release, reducing
oxidative damage, and protecting immune organs. In the
mid-stage (7 dpi), the focus shifts to immune organ repair
and inflammation balance through thymus and Bursa of
Fabricius regulation, and some formulations maintain
virus suppression. In the later stage (14 dpi), priority is
given to specific antibody induction and immune repair
consolidation to achieve complete symptom resolution
and growth recovery. These differences arise from the
different active component compositions and ratios
targeted at different virus replication stages and immune
pathways. Specific components and targets need to be
further clarified through component analysis and in vitro
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experiments to guide the best formulation screening and
formula optimization (Houeze et al., 2023).

This study’s value lies in its innovative use of the
Platform to construct an anti-IBV drug database and
screen 5 effective formulas via data mining, verified by
animal experiments. This screening model can be
extended to other livestock and poultry diseases,
shortening drug discovery and reducing in-vivo testing
needs. Dynamically tracking key indicators throughout
infection clarified stage-specific roles of TCM
preparations, providing a more accurate reflection of
regulatory processes than traditional single-indicator,
single-time-point studies. Compared with ribavirin’s weak
middle-stage bursa protection and lack of obvious
antiviral/immunomodulatory effects, TCM preparations
offer comprehensive protection that meets clinical needs
and aligns with green poultry farming trends of reducing
chemical drug use (Lillehoj et al., 2018).

Nevertheless, this study has limitations. The core
bioactive components of TCM preparations have not yet
been determined, which hinders the clarification of the
"component-target-effect" relationship. The regulatory
effects on oxidative stress and inflammation are only
explored at the overall level, without in-depth analysis of
the activation of downstream signaling pathways. The five
core formulas were derived from clustering analysis using
equal herb ratios. While this approach is suitable for
initial screening, it does not reflect optimal clinical
compatibility or potential synergistic interactions. The
equal-ratio design may underestimate or overestimate the
efficacy of certain formulas. The choice of k=5 was based
on statistical and interpretability criteria; other clustering
solutions might yield different groupings. Therefore, the
five formulas should be viewed as representative
candidates rather than definitive. The sample size per time
point (n=5) is relatively modest. Therefore, the results
should be interpreted as preliminary. Future studies with
larger sample sizes and across multiple independent
cohorts would help to confirm and extend these findings.
Animal experiments use a single IBV strain, and the
efficacy of different serotypes needs to be verified. Future
research  should adopt high-performance liquid
chromatography (HPLC) to identify the core components,
clarify the direct inhibitory effect and targets through in
vitro cell experiments, and use transcriptomics and
proteomics to elucidate the molecular mechanisms of
immune regulation, oxidative stress inhibition, and
inflammation regulation (Li et al., 2024; Wang et al.,
2026). The formulation with the best overall efficacy
should undergo multi-strain challenge tests and field trials
to verify its clinical applicability and safety, providing
data support for industrialization.
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