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Introduction: Immunosuppression puts animals in a susceptible state and disrupts the balance of
intestinal flora, which can imcreazs the rizk of dizezse and cause serious harm o the farm. Echinacss
can exert its imrunomodulatory effect in varicus ways, but its influence on intestinal flora is unclear.

Methods: Thersefore, we inwvestigated the effect of Echinacea extract (EE) on gut microbiota in
immunosuppressed ducks by 18z-RMA sequencing in this experiment.

Results: The results showed that EE significantly improved the weight gain of immunosuppressed
ducks (p<0.001). It also increased the immurne organ index (p<0.01) and upregulated the levels of
TMF-o and IFM-y [p<0005) as well as IL-2 in the serum. The lesions of the bursa were evident <
compared to the spleen and thymus. After treatment in the EE group, the lymphocyte count of the
bursa retumed to healthy levels and the lesions were significantly improved. The diversity analysis
showed that neither of the alpha-diversity indices showed a significant difference (p> 005 Howewver,
the EE group had a trend coser to the healthy group compared to the M group. B-diversity analysis
revealed a high degree of sample separation between the healthy and immunosuppressed groups.
The sequencing result showed a significantly higher relative abundance of Prevorello and
Prevotelia_ UG 031 in the dexamsethasone-trested group, which could be potential biomarkers of
dexamethasone-induced immunosuppression. EE increased the relative abundance of Akkermaonsia,
Bacreroides, and Alistipes and significantly decreased the relative abundance of Meganmonas,
Streptococcus, and Enterococcus (p< 0005).

Conclusion: The results showed that Echinacea extract improves the development of
immunosuppressed ducks and modulates intestinal immune fumctiom by increasing the abundance of
beneficial bacrerizl genera in the intsstine.
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Effect of Echinacea on gut
microbiota of
Immunosuppressed ducks

Renzhao LinY, Chanping Zhi#, Yalin Su?, Jiaxin Chen?, Debao
Gao?, Sihan Li! and Dayou Shi*

!College of Veterinary Medicine, South China Agricultural University, Guangzhou, China,
2Guangdong Maoming Agriculture and Forestry Technical College, Maoming, China, *Guangzhou
Technician College, Guangzhou, China

Introduction: Immunosuppression puts animals in a susceptible state and
disrupts the balance of intestinal flora, which canincrease therisk of disease and
cause serious harm to the farm. Echinacea can exert its immunomodulatory
effect in various ways, but its influence on intestinal flora is unclear.

Methods: Therefore, we investigated the effect of Echinacea extract (EE) on
gut microbiota in immunosuppressed ducks by 16s-RNA sequencing in this
experiment.

Results: The results showed that EE significantly improved the weight
gain of immunosuppressed ducks (p<0.001). It also increased the
immune organ index (p<0.01) and upregulated the levels of TNF-a and
IFN-y (p<0.05) as well as IL-2 in the serum. The lesions of the bursa were
evident compared to the spleen and thymus. After treatment in the EE
group, the lymphocyte count of the bursa returned to healthy levels and
the lesions were significantly improved. The diversity analysis showed
that neither of the alpha-diversity indices showed a significant difference
(p>0.05). However, the EE group had a trend closer to the healthy group
compared to the M group. p-diversity analysis revealed a high degree of
sample separation between the healthy and immunosuppressed groups.
The sequencing result showed a significantly higher relative abundance
of Prevotella and Prevotella_UCG_001 in the dexamethasone-treated
group, which could be potential biomarkers of dexamethasone-induced
immunosuppression. EE increased the relative abundance of Akkermansia,
Bacteroides, and Alistipes and significantly decreased the relative
abundance of Megamonas, Streptococcus, and Enterococcus (p<0.05).

Conclusion: The results showed that Echinacea extract improves the
development of immunosuppressed ducks and modulates intestinal immune
function by increasing the abundance of beneficial bacterial genera in the
intestine.

KEYWORDS

gut microbiota, immunosuppression, Echinacea extract, duck, Prevotella
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1. Introduction

China is the world’s largest producer and consumer of
waterfowl], including the meat duck, egg duck, and meat goose
industries. The total value of waterfowl production has exceeded
$100 billion, with duck farming accounting for 74.3% of world
production and goose farming for 93.3%. They can provide large
quantities of high-quality meat and down. In recent years, diseases
caused by immunosuppression have become more and more
prevalent in large intensive farms, and the direct or indirect losses
and hazards caused by them are quite huge. Immunosuppression
can lead to retarded weight gain, decreased egg production in
laying hens, and decreased litter size in breeding pigs by affecting
animal intake and reducing feed conversion ratios. Meanwhile, the
animals are vulnerable to infection, erosion by pathogenic
microorganisms, and secondary diseases, which can be fatal in
serious cases. However, there is still a gap in studies related to
immunosuppression in waterfowl compared to reports in
chickens, pigs, and rats. The factors leading to immunosuppression
are mainly divided into disease factors, human factors, and
feeding environment factors. Most of the factors causing
immunosuppression in ducks are viral diseases, such as duck
circovirus (DCV) (Hong et al., 2018), duck euthero virus (Wang
et al., 2020), duck influenza virus, duck herpesvirus type 2, duck
distemper virus (DPV) (Dhama et al.,, 2017), etc. These diseases
are characterized by damage to the immune organs and hinder the
process of the humoral immune response.

Dexamethasone can cause an immunosuppressive state in
animals, and it was selected as an immunosuppressive drug in
this test.
dexamethasone-induced immunosuppression pathology, more

In experiments studying animal models of

attention has been paid to changes in leukocytes and immune
cells, and a lack of focus on clinical signs such as body weight (Lo
et al., 2005; Harada et al., 2011; Hundakova et al., 2022).
Immunosuppression led to atrophy of the thymus and the bursin,
organ function was affected, and organ indexes showed a
significant decrease after modeling, whereas the spleen showed
no difference. It was found that dexamethasone-induced
immunosuppression significantly reduced splenic lymphoid
follicles in the spleen of house sparrows. But did not affect their
CD3 immune effect and had a minimal effect on splenic
lymphocytes in mice (Jeklova et al., 2008; Crouch et al., 2022).
Research on natural herbal medicines is critical to reducing
the risk of drug resistance on farms. Echinacea, as a natural herb,
possesses a wide range of medicinal effects, and it contains a great
potential medical value that is worth exploring. Echinacea was
already used to treat traumatic injuries, septicemia, and toothache
by Indians in the 18th century. Nowadays, it is more commonly
used to treat skin diseases and to combat respiratory diseases such
as influenza and asthma in Western countries (Aarland et al.,
2017). A large number of studies have also reported that EE can
exert immunomodulatory effects by affecting immune system
mechanisms in different ways (Block and Mead, 2003; Randolph
et al,, 2003; Sharifi-Rad et al., 2018), such as activating immune
cells and promoting the secretion of interferon-a (Zhai et al.,
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2007). However, the effects of its interaction with the intestinal
flora on the immune system are still inconclusive.

It has been found that the immune regulation of the body is
inseparably related to gut microbiota (Hansen et al., 2010). The gut
microbiota is a system composed of a large variety of bacteria,
including beneficial, harmful, and neutral bacteria. These
microbiotas play a key role in digestion and absorption, growth and
development, immune regulation, and physiological and structural
changes in the intestine (Liu et al., 2009; Quinteiro-Filho et al., 2012).
The immune function of the host is closely linked to the dynamic
balance of the gut microbiota (Yamashiro, 2017; Liu et al., 2021).
Normal flora has an important role in promoting the maturation of
immune cells and tissues, while the presence of imbalances in the
flora, is associated with the development of infectious and
inflammatory diseases such as bacterial vaginosis, inflammatory
bowel disease, and rheumatoid arthritis (Srinivasan et al., 2012;
Ferreira et al.,, 2014; Trompette et al., 2014; Wagenaar et al., 2021).
The gut microbiota can affect the host’s immune system in direct or
indirect ways. The flora directly eradicates pathogenic competitors
by competing for nutrients and ecological niches, acting as a
biological barrier together with the intestinal mucosa; or indirectly
influencing the host’s immune system through flora metabolites,
enhancing its defense mechanisms (Kamada et al., 2013). For
example, SCFAs are common metabolites of the flora, mainly
produced by Firmicutes and Bacteroidota. They provide energy to
intestinal epithelial cells, maintain the integrity of the intestinal
mucosa, balance the pH of the intestinal microenvironment, have a
positive regulatory effect on intestinal immune cells, and exert an
inhibitory effect on intestinal inflammation (Correa-Oliveira et al.,
2016; Parada et al., 2019; Blaak et al., 2020).

Abnormalities in the species, ratio, and the number of gut
microbiota could occur due to medical origin, drug abuse, and
other problems. The immune regulation and metabolic function
of gut microbiota will be affected as the homeostasis of the
microbial population are out of order. As a result, changes in the
intestinal flora may lead to disruption of the normal immune
response process and even immunosuppression. It may also lead
to changes in the microenvironment in the intestinal tract and
abnormalities in the digestive and absorption functions of the
animal. This effect can affect the increase in body weight, decrease
in meat yield, increase in feed weight ratio, etc., causing economic
losses to the farm (Choi et al., 2014).

In this experiment, we analyzed the effect of EE on the
treatment of the dexamethasone immunosuppressed duck model
by the 16 s-RNA intestinal flora sequencing method and explored
the relationship between the immunomodulatory effect of EE and
intestinal flora.

2. Materials and methods
2.1. Animals and treatment

The protocol was performed after the approval of the
Institutional Animal Welfare and Research Ethics Committee of
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South China Agricultural University, Guangzhou, China, and
every effort was made to minimize animals suffering during the
experiments. A total of 60 healthy 7-day-old Pekin ducks
(purchased from Foshan Guiliu Poultry Co., Ltd.) were randomly
divided into three groups of 20 ducks each. They were divided into
a blank group (K), a model control group (M) and an Echinacea
extract treatment group (EE). In the M and EE groups,
dexamethasone (purchased from Chongqing Buur Animal
Pharmaceutical Co., Ltd.) was injected intramuscularly at a dose of
3.5mg/kg for 7 days to construct an immunosuppressed animal
model, with no dexamethasone injection in group K. After the
animal model was established, the EE group added 0.6 g/kg of
Echinacea purpurea extract powder (purchased from Sichuan
Hengrui Tongda Veterinary Medicine Co., Ltd.) to the basic diet,
while the K and M groups had no addition to the basic diet. During
the experiment, all three groups were fed and watered ad libitum.

2.2. Body weight, immune organ index,
and serum cytokines

We randomly selected six ducks from each group and sampled
them at 0, 7, and 14 days after EE administration. The ducks were
euthanized. And the weight of the body, spleen, thymus, and bursa
of each duck was measured and recorded.

The immune organ index is calculated as follows. Immune
organ index =immune organ weight (mg)/body weight (g). Their
blood was obtained from the jugular vein, centrifuged at
3000 rpm/min for 10 min, and the serum was collected to detect
the TNF-a, IFN-v, and IL-2 levels in it by Elisa.

2.3. Pathological histological sections

After modeling, the spleen, thymus, and bursa of ducks in the
healthy and immunosuppressed groups were randomly dissected
and placed in 10% neutral formalin fixation, paraffin-embedded and
HE stained to observe histopathology. According to the pathological
changes, test ducks were randomly selected for dissection at 7 and
14 days of treatment and immune organs with lesions were obtained
for HE staining to observe the pathological changes.

2.4. Study on the diversity of cecum
contents microbiota

After dissection of 5 randomly selected test ducks in each group
at 14 d after the administration, 2 g of cecum contents were placed
in lyophilized tubes and stored at —80°C for the study of intestinal
contents flora diversity. The total genomic DNA of the samples was
extracted by CTAB/SDS method, and the DNA concentration and
purity were detected on 1% agarose gel. Depending on the
concentration, DNA was diluted to 1 ng/pL with sterile water, and
the 16S rRNA genes of different regions were amplified with specific
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primers and barcodes. Equal amounts of 1X loading buffer
(containing SYB green) were mixed with PCR products, DNA
detection was performed on a 2% agarose gel, and the mixed PCR
products were purified using Qiagen Gel Extraction Kit. Sequencing
libraries were generated using the NEBNext® Ultra™ IIDNA
Library Prep Kit (Cat No. E7645). Library quality was assessed by
Qubit@2.0 fluorometer (Thermo Science) and Agilent Bioanalyzer
2,100 system. Finally, the library was sequenced on the Illumina
NovaSeq platform and a 250 bp paired-end read was generated.

To continue expanding the sequencing volume, the sample size
was first predicted and measured by plotting sparsity and species
accumulation curves. Based on the results of species annotation,
the top 10 species with maximum abundance in each group from
taxonomic levels of phylum and genus were selected to generate
cumulative bar charts of species relative abundance to visualize
species with greater relative abundance at different taxonomic
levels and their proportions. Alpha diversity reflects the richness of
the sample communities through Chaol, Dominance, Observed_
otus, Pielou_e, Shannon, and Simpson. Beta diversity was analyzed
by PCA for similarity and similarity in the community structure of
different samples. The top 35 genera in terms of abundance were
selected and clustered at both species and sample levels based on
species annotation and abundance information and plotted as a
heat map to facilitate the discovery of the high and low aggregation
content of species in each sample. Species abundance data between
groups were hypothesis tested using the MetaStat method to obtain
p-values, species with significant differences between groups were
screened based on p-values, and histograms of differential species
between groups were plotted. To discover and interpret high-
dimensional biomarkers (genes, pathways, and taxonomic units),
comparisons were performed using the LEfSe (LDA Effect Size)
analysis tool (Segata et al., 2011) to find statistically different
Biomarkers between groups based on statistical significance and
biological relevance. In addition, KO database-based metabolic
function prediction of the colony was performed by PICRUSt2
based on 16S sequencing data.

2.5. Data statistical analysis

The raw data of each group was collected during the experiment
and analyzed by IBM SPSS Statistics 26 statistical analysis software.
The values were analyzed with One-way ANOVA, LSD, and

Kruskal-Wallis tests and converted to graphs by GraphPad Prism
8. The analysis results are expressed as “mean + standard error.”

3. Results

3.1. Effect of Echinacea on growth
performance and immune enhancement

The results showed that Echinacea extract significantly improved
the slow body weight gain and decreased immune organ index levels
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caused by immunosuppression, and increased the levels of IFN-y,
TNF-a, and IL-2 in the serum of immunosuppressed ducks. The
immunosuppressed animal model was established after 7 days of
continuous dexamethasone injection. The body weight of animals in
the immunosuppressed group was significantly lower compared to
the K group (p<0.001). Echinacea extract was started in the EE and
M groups. At 7 and 14 days, the body weight of ducks in the EE group
was significantly higher than in the M group (p<0.001). However,
there was still a significant difference compared to the K group
(p<0.001) (Figure 1A). In the comparison of immune organ indices
between the groups, the spleen index showed a significant difference
between the EE and M groups only at 14days of the administration,
with the EE group being significantly higher than the M group
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(p<0.01) (Figure 1B). While before treatment with Echinacea extract,
the thymic and bursal indices showed significant differences between
the healthy control group and the immunosuppressed group,
immunosuppression significantly reduced the levels of both of these
immune organ indices (p<0.001). At 14 days of the administration,
the EE group showed a significant recovery in the thymus (p<0.001)
and bursal (p <0.05) organ index levels, both higher than the M group
(Figures 1C,D). The levels of IFN-y, TNF-a, and IL-2 in the serum of
the EE group showed a tendency to increase during drug
administration (Figures 1E-G). IFN-y showed a significant decrease
(p<0.05) after immunosuppression. But at 7 days of drug
administration, it was significantly higher (p<0.05) in the EE group
compared with the M group (Figure 1E).
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Bursin Spleen " Thymus

FIGURE 2

Effect of Echinacea on histopathology of immune organs (HE
staining). (A) Pathological changes of immune organs after 7days
of immunosuppression. The area indicated by the red arrow
shows a poorly demarcated bursal skin medulla; (B) Pathological
changes of bursa of each group after 7days of treatment;

(C) Pathological changes of bursa of each group after 14days of
treatment. In the area circled by the red circle, the cells are less
aggregated and sparser and the number of lymphocytes is
reduced. (N=6).

3.2. Effect of Echinacea on
histopathology of immune organs

After modeling, the cortical and medullary boundaries of the
lymph nodules of the bursa phalloides in the model group were
indistinct, the epithelial reticular cell layer disappeared, and the
cortical and medullary lymphocytes were significantly reduced. In
contrast, the spleen and thymus showed no significant abnormalities
(Figure 2A). Therefore, after the administration, the bursa was
taken for staining at 7 and 14 days, respectively. In the bursa of
group K, the lymph nodes were demarcated between the cortex and
the medulla, separated by epithelial reticular cells, and there were a
large number of lymphocytes in the cortex and medulla. In contrast,
lymphocytes were significantly reduced in the M group and slightly
reduced in the EE group after 7 days of treatment (Figure 2B). After
14 days, lymphocytes in the cortex and medulla of the bursa of the
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M group decreased significantly, medullary lymphocytes showed
vacuolar degeneration, while the number of lymphocytes in the EE
group recovered to healthy levels (Figure 2C).

3.3. Regulation of gut flora abundance in
immunosuppressed ducks by Echinacea
purpurea

The number of species that could be observed leveled off
when the sample size reached 19-20, showing that the depth and
richness of this sequencing test could already indicate the diversity
of species in the sample community. The sequencing results are
reliable and can be used for subsequent data analysis.

Among the components of the gut microbial community at the
phylum taxonomic level in each group of ducks, Bacteroidota,
Firmicutes, Desulfobacterota, Actinobacteriota, and Verrucomicrobiota
were the main dominant microbiotas. The species composition of
the K and EE groups was similar, with Bacteroidota, Firmicutes, and
Verrucomicrobiota as the main dominant microbiotas. The relative
abundance of Bacteroidota increased to 49.86% in the EE group,
which was markedly higher compared to the K (43.14%) and M
(44.46%) groups. The relative abundance of Firmicutes was
significantly lower in the EE group (40.68%) compared to the K
group (47.19%) and the M group (50.58%). The relative abundance
of Verrucomicrobiota in the EE group reached 4.55%, more than that
of the K group (2.59%) and the M group (0.67%) (Figure 3A). At the
genus classification level, Bacteroides, Butyricicoccus, Akkermansia,
Megamonas, and Streptococcus are the main dominant microbiotas.
The relative abundance of Bacteroides in the EE group (29.88%) is
more than that of the K (27.62%) and M (25.51%) groups. The
relative abundance of Megamonas markedly increased in the M
group (16.51%) compared to the K (6.36%) and EE (6.68%) groups.
The relative abundance of Akkermansia in the EE group reached
4.55%, more than that of the K (2.59%) and M (0.67%) groups.
Remarkably, the relative abundance of Prevotellaceae_UCG-001 in
the M group was up to 5.34%, while that of the K group was only
0.25%, and the EE group was 1.36% (Figure 3B).

3.4. Effect of Echinacea on the diversity
of intestinal flora

None of the a-diversity indices showed significant differences
(p>0.05). But the EE group showed a trend of recovery in all
indexes compared to the M group. The indices of Chaol,
Dominance, and Observed_otus in the M group were lower than
those of the K group. In contrast, the indices of the EE group were
closer to the K group than the M group. The Shannon, Simpson,
and Pielou_e indices increased in group M compared to group K,
but those in group EE decreased to a similar level to group K
compared to group M (Figure 3C). Analysis of p-diversity using
PCA revealed a significant degree of sample separation between
the healthy and immunosuppressed groups and a marked effect of
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FIGURE 3
Regulation of gut flora abundance in immunosuppressed ducks by Echinacea purpurea. (A) Cumulative histogram of the top 10 species in relative
abundance at the phylum taxonomic level; (B) Cumulative histogram of the top 10 species in relative abundance at the genus taxonomic level;
(C) Box plot of the alpha diversity index; (D) PCA analysis of beta diversity. (N=5).

immunosuppression on the gut microbiota. The EE group was
more similar to the M group, indicating that no significant
changes in the diversity of the gut microbial community were
produced after the administration (Figure 3D).

3.5. Clustering of the main intestinal flora
affected by Echinacea

The top 35 genera in terms of abundance were selected and
clustered at both species and sample levels. There were 19 genera
belonging to Firmicutes and seven genera belonging to
Bacteroidota. The genera that showed differences in variation due
to immunosuppressive effects were mainly in these two groups. It
can also be found that the abundance of some genera in the EE
group is more convergent to the healthy group compared to the M
group. Enterococcus, Megamonas, and Fusobacterium were more
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abundantly aggregated in the M group, while the genera with
higher abundance aggregation in the EE group included
Akkermansia, Bacteroides, and Alistipes (Figure 4A).

3.6. Analysis of species differences
between groups

After 14 days of treatment, it was found by Metastat analysis
that Megamonas (p <0.05), Prevotellaceae_ UCG_001 (p<0.05),
Ruminococcus_torques_group (p <0.05), and Prevotella (p <0.001)
all showed a significant increase in relative abundance, while
Collinsella (p<0.01), Muribaculaceae (p<0.05) showed a
significant decrease. The relative abundance of Megamonas,
Streptococcus, and Enterococcus was significantly decreased in
the EE group compared with the M group (p<0.05). The EE
group, in comparison with the K group, significantly increased the
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FIGURE 4

Species abundance clustering analysis and analysis of species
differences between groups. (A) Clusters of species abundance in
the top 35 relative abundances at the genus level; (B—D)
Histograms of species abundance with significant differences
between groups (top 15). N=5, p<0.05 (*), p<0.01 (**), p<0.001
(#).

relative abundance of Alistipes (p <0.05), Prevotellaceae_UCG_001
(p<0.001), and Prevotella (p<0.01).
Streptococcus,
abundance (p <0.05) (Figures 4B-D). In the Lefse analysis, it was
found that the dominant microbiota in the M group was

Instead, decreased

Collinsella, and Muribaculaceae in relative

Prevotellaceae, Prevotellaceae_UCG_001; the K group mainly had
Streptococcaceae, Lactobacilliales, Butyricoccus, Bacilli as the
dominant microbiota; and the dominant microbiota in the EE
group was Mogibacterium_sp_, Prevotella (Figure 5).
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3.7. Predicting the metabolic function of
microbiota affected by Echinacea

Functional predictions based on the KO database showed that
among the top 35 metabolic pathways of relevance, the M group
had a significantly higher abundance of flora associated with six of
these pathways than the K and EE groups, including K1091,
K07024, K07482, K07491, K07496, and K08303. Meanwhile the
abundance with 15 of these pathways was significantly lower than
the other two groups. On the other hand, the EE group had a
significantly higher abundance associated with seven of these
pathways than the K and M groups, including K01915, K05349,
K03530, K01897, K03100, K01190, and K03169 (Figure 6A).
According to the KO database classification of these metabolic
pathways, 27.3% of them are related to metabolism, 15.2% to
genetic information processing, 12.1% to cellular processes, while
organismal systems, human diseases and unclassified each account
for 12.1% and environmental information processing for only 9.1%
(Figure 6B).

4. Discussion

Dexamethasone-induced immunosuppression significantly
inhibited the growth performance of ducks. It included a
significant slowing of body weight gain, and a marked reduction
in the thymus and bursal index (p<0.001). In the trial,
immunosuppression damaged the normal structure of the bursa
of Fasciola and reduced the number of lymphocytes. And this
damage was significantly relieved by the administration of
Echinacea extract and restored the number of lymphocytes to a
healthy level. The above results indicated that Echinacea extract
could effectively repair the damage of the bursa of Fasciola,
promote lymphocyte proliferation and improve the immune organ
index. It was reported in several studies that the immune-
enhancing effects of the polysaccharide components of herbal
medicine were mainly achieved by significantly increasing the
levels of TNF-a, IFN-y, and IL-2 in serum (Fan et al., 2013; Zhou
et al.,, 2018; Liu et al.,, 2022; Nam et al., 2022), and Echinacea
extract also increased the levels of these three cytokines in the
serum in this trial. It is worth considering that there is a link
between changes in serum levels of immune-related cytokines and
changes in the intestinal flora. Several studies have reported that
the flora is involved in host immunity mainly through their
metabolites as signaling factors, acting on immune cells and
regulating the expression as well as the release of anti-inflammatory
or pro-inflammatory factors. For example, butyric acid in SCFAs
can inhibit the proliferation of Th1 cells (Guilloteau et al., 2010),
the main cytokines secreted by Thl cells are TNF-a, IFN-y, and
IL-2, so butyric acid can inhibit the secretion of pro-inflammatory
factors and play an immunomodulatory role; or lipopolysaccharide
in the flora can promote the secretion of pro-inflammatory factors
and induce chronic systemic inflammation (Nicholson et al., 2012).
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The intestinal flora, as another organ of the animal body, is not
only involved in the digestion and absorption process but also
influences the immune process of the animal body by metabolizing
and synthesizing essential nutrients needed by the body. The intestinal
flora has a crucial role in the development and maturation of the
immune system. Lack of colonization of the intestinal flora reduces
metabolites associated with the development of the body’s immune
organs and tissues, thereby inhibiting the development of the body’s
immune function, which may be defective, as is common in germ-
free and neonatal animals (Ennamorati et al., 2020; Yang and Cong,
2021). During colonization, infection training enhances the resistance
of the microbiota to infection, while stimulating the host immune
system to respond, which can promote the development and
maturation of the immune system (Butel et al., 2018; Stacy et al,
2021). The absence of specific intestinal flora may affect the
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maturation and differentiation of immune cells, such as CD4+ T cells
in the spleen (Ostman et al., 2006) and Th17 cells in intestinal
lymphoid tissue (Ivanov et al., 2009). Conversely, deletion of immune
organs can likewise affect the stability of the gut microbiota, as
splenectomy can result in abnormal intestinal flora composition in
mice (Wei et al., 2021). Immunosuppression can lead to changes in
the intestinal flora, which in turn can cause many problems. In this
study, Echinacea purpurea was found to regulate the changes in flora
caused by immunosuppression.

The sequencing results revealed a recovery trend in the EE
group. Although no significant differences were seen in the alpha-
diversity indices (p>0.05), the EE group showed an opposite trend
in each index compared to the M group, gradually returning to
healthy levels. There were similar reports in the intestine of
immunosuppressed mice (Fang et al, 2019; Li et al, 2021).
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Prediction of metabolic function of the microbiota. (A) Heat map
of the predicted metabolic functions of the flora based on the
KO database (top 35). The horizontal coordinate is the sample
name and the vertical coordinate is the associated metabolic
pathway number, N=5; (B) Plot of the predicted metabolic
functions of the flora as a percentage.

Remarkably, immunosuppression significantly increased the
abundance of Megamonas and Prevotellaceae_ UCG_001, while
Akkermansia, Alistipes, and Butyricicoccus were significantly
reduced. In contrast, Echinacea extract is effective in alleviating these
changes in flora and may even increase the abundance of beneficial
bacteria to improve the immune deficiency of the body. The relative
abundance of Prevotella. Prevotellaceae_UCG_001 was significantly
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higher in the immunosuppressed group. Both could be potential
biomarkers in dexamethasone-induced immunosuppression
observed in the Lefse analysis. Prevotella is strongly associated with
systemic and chronic inflammation. Prevotella copri may increase the
probability of developing colitis by affecting the structure of the flora
when colonized in the mouse intestine (Scher et al., 2013). Prevotella
intestinalis colonization may affect the metabolic processes of the
intestinal flora, exacerbating intestinal inflammation and potentially
systemic autoimmunity (Iljazovic et al., 2021). Some studies have
reported a positive association between Prevotella and HIV-induced
intestinal inflammation (Dillon et al.,, 2016). However, further
research is needed to uncover the relationship between Prevotella
and immunosuppression.

Megamonas, together with Bifidobacterium, can act as beneficial
bacteria to regulate the composition of the gut microbiota to
promote the synthesis and secretion of SCFAs (Dillon et al., 2016;
Wu et al,, 2022). In the immunosuppression model group, its
elevated abundance may be more associated with the positive
aspects. The decrease in its relative abundance correlates with the
activation of abnormal immune responses, such as in the intestine
of patients with Crohn’s disease (Maldonado-Contreras et al., 2020),
immune thrombocytopenia (Yu et al., 2022), or IgA nephropathy
(Dong et al., 2020), where its abundance is significantly reduced. It
suggests that the relative abundance of Megamonas is related to the
immune status of the organism. Its abundance increases when the
immunity declines, while it decreases significantly with abnormal
activation in the immune response.

Akkermansia is a genus of beneficial bacteria that has received
recent attention in research reports. Its Akkermansia muciniphila
could enhance the activity of immune cells by being injected
intravenously into mice to reduce the tumor burden in mice (Dong
et al,, 2020; Luo et al, 2021). Its colonization of the intestine
increases the expression of genes involved in the immune response,
producing IL-8 to participate in the hosts mucosal immune
regulation. It also produces mucins that positively works on
intestinal epithelial cells to maintain the integrity of the intestinal
epithelial mucosa (Derrien et al., 2011; Reunanen et al., 2015).
Immunosuppression significantly reduced the relative abundance
of Akkermansia in the gut to only 0.67% in the immunosuppressed
model group. Its low abundance may lead to the absence of the
functions described above and put the already immune dysregulated
hosts at increased risk of disease infection. However, its relative
abundance was significantly higher in the EE group supplemented
with Echinacea extract, enhancing the protective effect on the
intestine and modulating mucosal immune function. It also displays
significant anti-inflammatory properties in the intestine, effectively
relieving DSS-induced acute colitis (Qu et al., 2021). Echinacea
extract may improve intestinal mucosal immune function and
restore host immunity by increasing the abundance of Akkermansia
in the gut of immunosuppressed ducks. It also enhances the
immunity by increasing the abundance of Alistipes. Because Alistipes
could bind to TLR4 and activate the expression of TNF to enhance
the immune clearance of tumor cells (Tida et al., 2013). However,
there is no definitive evidence for the main components of
Echinacea extract that act with the flora.
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The gut microbiota interacts with the host primarily through
metabolites produced during the metabolism of the flora. The
prediction of the metabolic function of the flora revealed that
immunosuppression had a significant effect on the metabolism of
the flora and involved metabolic pathways associated with some
human diseases and organism systems. While Echinacea extract
antagonized the effect of immunosuppression on the mycota and
increased the abundance of mycota associated with metabolic
functions of human diseases and organic systems. The classification
based on the KO database revealed that KO3671 is associated with
the immune system. It has a regulatory role not only in plant
immune responses (Mata-Perez and Spoel, 2019) but also in
mammals, playing a role in the regulation of immune signal release
(Kim et al., 2008; Mougiakakos et al., 2011). It mainly through its
protection of cells against oxidation and thus reducing immune cell
apoptosis positively affects the immune system (Lu and Holmgren,
2012). Akkermansia, Alistipes, Butyricoccus, and Bacteroides, whose
relative abundance increased in the EE group, were found to have
genes corresponding to KO3671 in the functional prediction.
We speculate that the increased abundance of the genus mentioned
above may have increased the Trx content in the intestine, exerting
its enhancing and modulating effects on the immune system. It
could be one of the pathways of immune function modulation by
Echinacea extract, but more evidence is needed to prove it.

5. Conclusion

To sum up, Echinacea extract can significantly alleviate the
immunosuppressive effect of dexamethasone on ducks. It mainly
by
immunosuppressed ducks, restoring the function of immune

contributes improving the growth performance of
organs, and regulating the level of immune-related cytokines in the
serum. 16s-rRNA sequencing identified Prevotella as a potential
biomarker for dexamethasone-induced immunosuppression.
Echinacea extract may modulate intestinal immune function by
increasing the abundance of beneficial bacterial genera such as
Akkermansia and Alistipes in the intestine. The trial provides a
possibility for the application of Echinacea in waterfowl and
enriches the research on immunosuppression in waterfowl.
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Abstract : To solve the problem of difficult cultivation of precious potted plants,
this paper designed an intelligent potted plant cabinet which can be monitored
remotely. Embedded control system was developed based on Keil environment,
Wireless communication and real-time monitoring devices are brought together, IP
address is created in Alibaba Cloud server, data center is established, cloud
middleware is set up, B/S version and mobile App access system are developed,
and automatic plant of plant cabinet and intelligent monitoring of potted growth
status are realized through temperature and humidity control device, light intensity
control device, watering control device and real-time monitoring device. The
growth and flowering period of jasmine was taken as the experimental object to
verify the plant effect. The intelligent plant cabinet controlled the temperature
deviation within +0.5 °C, the air humidity deviation within +1.5% RH, the light
intensity deviation within +23 Lx, the soil humidity deviation within +4.1% RH,
and the flowering period was prolonged by 4-5 days. The plant cabinet can
intelligently control environmental factors according to the growth habits of
jasmine, and the system has fast response and stable operation, which can be
extended to intelligent cultivation of various potted plants.

Keywords: potted plant cabinet; internet of things; user interaction; intelligent
cultivation; remote control

1. Introduction

With the improvement of people's living standards, all kinds of precious potted plants
appear in every household, but most of them have harsh growth conditions, which are
affected by many factors such as soil, sunshine, water, fertilizer, etc. It is difficult to
properly control them by relying solely on manual experience. In addition, due to
people's busy work or business trips, they neglect potted plants, resulting in poor
growth and even death of precious potted plants. The use of intelligent plant cabinet is
an effective method for the healthy growth of potted plants. Its plant characteristics are
mainly reflected in remote real-time monitoring and intelligent control of various
environmental factors, which can provide the best growth conditions according to the
different growth needs of various potted plants [1].

! Corresponding author: Yujie WANG, Guangdong Maoming Agriculture & Forestry Technical

College; e-mail: 875757807@qq.com
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In recent years, many researchers have put forward a variety of design methods for
intelligent plant cabinets. British scholar Natalie King designed an intelligent plant
basin that can be called thirst [2]. The plant basin uses microcomputer chips and
sensors, which has certain intelligence, but does not apply the Internet of Things to the
plant system [3]. The plant basin uses microcomputer chips and sensors, which has
certain intelligence, but does not apply the Internet of Things to the plant system. Y. Z.
Zheng developed an intelligent flowerpot system that can move autonomously. The
flowerpot has automatic watering and charging functions, and realized the use of
mobile App control system for intelligent plant [4], but only limited to a small range of
Internet of Things systems; The new intelligent flowerpot control system based on
Internet of Things technology adds Bluetooth and GMS short message devices on the
basis of microchip, and realizes the functions of short-distance Bluetooth
communication and long-distance short message notification [5]. The above designs are
all based on microchips, adding some communication functions and Bluetooth
functions, realizing the functions of environmental factor data collection and remote
monitoring, but it is difficult to realize all-round monitoring and intelligent plant of
environmental factors and growth information of different kinds of potted plants in
different growth periods [6].

2. Overall Composition of the System

The intelligent plant monitoring and management system mainly adopts Alibaba Cloud
server and applies the Internet of Things framework, which is divided into sensing
layer, transmission layer, support layer and application layer[7]. All kinds of sensors
collect data according to the preset frequency, while the embedded control module is
mainly responsible for effectively processing the perceived information, sending it to
the cloud server by the communication module, establishing a data center in Alibaba
Cloud server, designing middleware, and realizing information collection, combing,
storage and display [8].

The sensing layer integrates temperature and humidity sensors, soil humidity
sensors, cameras, stepping motors, electromagnetic locks, etc. Through data collection
and calculation, the information aggregation of environmental factors (temperature,
humidity, light intensity, etc.) in the plant cabinet can be realized [9]; In the
transmission layer, the plant cabinet has a fixed IP address in Alibaba Cloud, and the
embedded control module transmits the status data of the plant cabinet to the IP address
through GPRS, and receives the control command from the cloud at the same time. In
the support layer, Alibaba Cloud Server provides services such as cloud services, cloud
storage and cloud data security library to the intelligent management system of the
plant cabinet, meeting the requirements of creating an intelligent plant cabinet cloud
data center and installing middleware; In the application layer, according to different
application requirements, the mobile App version application system for mobile phones
is developed, and users can freely access the server through mobile phones and view
the growth status of potted plants in real time [10] .

3. Hardware Design

Embedded control module is the core of this system design, which is mainly
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responsible for a great deal of data exchange with temperature and humidity control
device, illumination intensity control device, watering control device, cabinet door lock
control device, real-time monitoring device and GPRS module.

The microcontroller STM32F103ZET6171 based on ARM Cortex-M kernel is
used as the main control chip of this system, which receives and processes data through
serial port. The sensors used are GY-30 illumination sensor, FDR soil moisture sensor
and 485 temperature and humidity sensor. GY-30 illumination sensor is a digital
ambient illumination sensor with I2C interface and built-in standard 12C
communication protocol. The controller can directly read the digital amount of current
illumination. The clock line SCL of GY30 is connected with PA4 of the controller, and
the data line SDA is connected with PAS of the controller. Both soil moisture sensor
and temperature and humidity sensor adopt standard MODBUS RTU485
communication protocol, which is connected with the sensor through standard 485
interface, and the collected values are obtained according to the protocol. GPRS
communication is connected with the controller through SIM 800C module. The sensor
information collected by the controller is sent to the GPRS communication module
through serial port 3, and then the GPRS module transmits the data to the remote end.
The real-time monitoring function is realized by the ALIENTEK OV7725 camera
module, which is connected with the interface (P6). The OLED display screen of this
system adopts IIC communication interface. The controller PB6 is connected with the
clock line SCL of OLED, and the controller PB7 is connected with the data line SDA
of OLED. The display screen is driven by time sequence. Atomizer, peristaltic pump,
fan and refrigerator are all high-power devices. The controller controls the operation
and closing of power devices by controlling the switch of relays. When the controller
outputs low level, the relays are pulled in, and when the controller outputs high level,
the relays are turned off. The atomizer control interface is connected with the 10 port
PE1 of the controller, the peristaltic pump control interface is connected with the 10
port PE2 of the controller, the fan control interface is connected with the 10 port PE3
of the controller, and the refrigerator control interface is connected with the 10 port
PE4 of the controller.

4. Software Design

System program is mainly local, remote and cloud three levels of programming. The
local program is developed based on Keil environment, which mainly completes sensor
data collection and real-time display of plant cabinet status, and controls the operation
of each device according to cloud-matched plant information. The remote access
system is a mobile App, which provides users with user rights management, potted
growth data display, remote monitoring and control; Cloud middleware, as a bridge
connecting the plant cabinet and the remote access system, sends the real-time status
data of the plant cabinet to the data center, and also provides services for users,
transmitting user instructions to the plant cabinet. In addition, the cloud middleware
also provides the support of the control model and algorithm of double feedback of data,
environmental factors and potted growth status for the plant cabinet system.

The communication module of this design adopts Socket communication design
program, and transmits the status information of plant cabinet collected by sensors to
the cloud for processing. After the initialization of the Socket communication program,
it will automatically establish a connection with the port and start monitoring and
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blocking, waiting to establish a connection with the port of the plant cabinet. After
being connected with the port of the plant cabinet, The plant cabinet sends coded data
to the cloud. In order to reduce the power consumption of the plant cabinet system,
only the code of updated data is sent. After receiving the data, the cloud decodes and
updates the plant cabinet information base and operation log according to the specified
format, and then feeds back the response information to the plant cabinet. Users can
send control commands to the plant cabinet by delegating middleware through mobile
App, and the embedded control module of the plant cabinet receives and executes the
commands. When the plant cabinet is started and closed, each component runs
according to the instruction in turn. When the plant cabinet is about to reach a preset
instruction state, according to the running speed of the plant cabinet, the suspension
instruction is sent to the system in advance to reduce the error caused by system delay.

A camera is installed in the plant cabinet, can automatically take pictures of potted
plants. Then the image is transmitted to the cloud, and the cloud server automatically
identifies the types of potted plants according to the image characteristics, and
formulates the plant scheme. Then the system automatically configures environmental
factors such as temperature, humidity and light intensity in the plant cabinet, and
automatically completes the plant task. At the same time, the potted plant growth data
is fed back to the user App for the user to assist in decision-making.

5. Test

In order to verify the effectiveness of this system, jasmine is used as the experimental
object, and the plant system test and plant effect test are carried out respectively. Two
pots of jasmine plants with similar growth status and potted soil were put into the plant
cabinet and named as No.1 plant and No. 2 plant respectively. The plant cabinet system
corresponding to No.l plant operated normally, while the plant cabinet system
corresponding to No.2 plant was set to a closed state, that is, No.1 plant was planted
with the plant cabinet and No.2 plant was planted normally.

5.1 Experiment of Plant System

Start the plant cabinet for plant, and the sensors of the intelligent plant cabinet collect
data twice a day, once at 8: 00 a. m. and once at 8: 00 p. m. In order to ensure the
accuracy and stability of the collected data, the data are collected from the third day
after being put into the plant cabinet, and the collection days are 10 days. The collected
data are shown in Table 1. From the experimental data in Table 1, it can be seen that
the temperature average of 20 times of temperature and humidity sensing collection the
average value of temperature and humidity sensor collected for 20 times is 29.755 °C,
and the temperature acquisition deviation is controlled within 0.08 °C; The average
value of air humidity collected for 20 times is 70.225 RH, and the deviation of air
humidity collection is controlled within 0.115 RH; The average of 20 times of
illumination is 9198.31 x, and the deviation of illumination acquisition is controlled
within 171x; The average value of soil moisture collected for 20 times is 63.315% RH,
and the deviation of soil moisture collection is controlled within 3.6% RH. Therefore,
the sensor data acquisition accuracy is high, which shows that the plant cabinet system
designed in this paper has good reliability and stability.
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In this experiment, by observing the number of petals of jasmine flowers, we can
determine whether the flowers fall off. The test time is 15 days, and the number and
corresponding time of bud wilting under the two cultivation methods are recorded. The
test data are shown in Table 1.

Table 1. System Test Data.

Soil Moisture

Collect Temperature/°C Air Humidity/% RH Ilumination/Ix Content/% RH
numbe
r Collectio Deviatio Collectio Deviatio Collectio Deviatio Collectio Deviatio

n n n n n n n n

1 28.3 0.5 69.2 -1.4 9225 18.0 59.5 4.5
2 27.6 -0.1 69.0 -1.5 9218 11.0 61.0 22
3 28.1 0.5 71.0 0.6 9200 -10.0 62.0 0.9

4 28.4 0.2 70.3 1.3 9175 -15.0 61.0 -1
5 31.6 -0.3 68.2 -1.2 9205 20.0 61.2 -3.8
6 30.0 0.1 70.0 0.5 9231 -17.0 59.9 -1.6
7 31.2 -0.3 71.9 -1.5 9186 30.0 61.8 -1.4
8 28.1 0.4 69.2 1.2 9183 -13.0 61.9 0.9
9 31.3 0.1 70.3 0.9 9210 24.0 62.6 0.2
10 29.5 0.3 69.0 1.5 9215 16.0 64.4 0.5
11 29.2 0.2 71.3 -0.4 9195 -8.0 57.4 223
12 29.6 0 69.1 -1.3 9175 -19.0 57.2 2.4
13 31.9 -0.2 70.0 1.8 9185 19.0 64.9 -1.6
14 30.9 -0.1 70.7 1.9 9195 31.0 62.3 2.9
15 31.7 0.3 71.2 1.2 9200 22.0 58.1 2.1
16 29.8 0 71.1 -0.1 9214 14.0 60.6 0.6
17 28.9 -0.4 69.6 -0.8 9205 37.0 61.9 0.3
18 28.0 0.3 72.3 -0.5 9175 -16.0 61.2 -1.6
19 29.9 0.2 70.1 1.2 9188 13.0 64.3 -1.5
20 31.1 -0.1 71.0 -0.3 9186 -19.0 63.1 1.8

5.2 Cultivation Effect Test

In this experiment, by observing the number of petals of jasmine flowers, we can
determine whether the flowers fall off. The test time is 15 days, and the number and
corresponding time of bud wilting under the two cultivation methods are recorded. The
experimental results show that: The No. 1 plant put in the plant cabinet has a better
growth environment, Compared with No. 2 plant, its flowers bloom for a long time,
However, due to the lack of a better growth environment for the normally planted No. 2
plant, Its flowers bloom for a relatively short time, Therefore, the flowers of No. 2
plant wither faster than those of No. 1 plant, Therefore, the flowering period of No. 1
plant is relatively prolonged, It can be seen from Table 2 that the flowering period of
jasmine flowers cultivated by intelligent potted system is prolonged by about four to
five days compared with that corresponding to ordinary cultivation mode, and the total
number of buds is also more than that under ordinary cultivation, indicating that
various environmental factors provided by the plant cabinet system are beneficial to
prolong the blooming time of buds and increase the number of buds, and the plant
effect is obvious.
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Table 2. Flowering Test Data.

Time (day) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Numb — Plant ooy 4 g 3 17 20 25 26 28 32 37 42
er of NO.1
blight  Plant
buds  Nop 0 0 8 14 IS 18 19 2 26 27 29 32 35 35 35
6.Conclusions

A kind of intelligent management plant cabinet of Internet of Things suitable for plant
potted plants is designed. Using network communication technology, The system is
developed on the basis of Alibaba Cloud architecture, and the two-way communication
between plant cabinet and Alibaba Cloud server is realized through cloud middleware,
and the mobile App is developed for users as the access terminal, which can better
guide users to carry out fine management and verify the feasibility of plant potted
plants by using the new generation of information technology.

This design solves the problem that potted plants are not well cared for by people.
The product realizes intelligent plant through the control unit, combines the basic
factors required for plant growth, provides the most suitable growth environment for
plants, and effectively improves the survival rate of potted intelligent plant.

The test results show that, The intelligent plant cabinet system developed by this
design runs stably, It is safe and reliable. The temperature deviation is controlled
within +0.3 °C, the air humidity deviation is controlled within +1.2% RH, the light

deviation is controlled within +171x, and the soil humidity deviation is controlled

within 3.6% RH. The plant cabinet can intelligently control the environmental factors
according to the growth habits of jasmine flowers, and the plant effect is obvious,
which can be extended to the intelligent plant of various potted plants.
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of Avibacterium paragallinarum

LIU Yang-yang'®, MA Hong-mei'?, HU Si-shun", NIU Jia-qiang”, LI Zi-li', ZHOU Zu-tao', LIU Mei'
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Abstract: In order to study the relationship between the plasmid and the pathogenicity of of Avian paragallinarum (APG)
strain, the virulence plasmid of APG isolate APG-Hu was deleted by maintain at 42°C . The plasmid-deleted strain was identified
by PCR and named APG-HuA. The physiological and biochemical characteristics, growth curve, drug sensitivity and pathogenicity
of APG-HuA were determined by biochemical micro-identification tube method, spectrophotometer at OD gy, test paper method
and chicken infection test respectively. The results showed that plasmids p250 and pA14 were deleted in APG-HuA, except for
pYMHS. There were no significant difference in the physiological and biochemical characteristics, growth curve, and drug
resistance between APG-HuA and the parent strain of APG-Hu. The results of chicken infection experiments showed that most of
chickens inoculated with APG-HuA had no obvious clinical manifestations, which was similar as normal, and the overall incidence

was significantly weaker than that of the same dose of APG-Hu infected chickens, indicating the virulence of APG-HuA was much
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lower than that of APG-Hu. The results suggested that the virulence of APG was related to plasmid of p250 and pAl4, and the

potential tolerance to a variety of antibiotics might associated with the presence of pYMHS. This study not only lays a foundation

for the study of the pathogenesis and drug resistance mechanism of APG, but also provides some reference for exploring the

application potential of APG plasmid.

Key words: Avibacterium paragallinarum; plasmid p250; plasmid pAl14; plasmid deletion strain APG-HuA; pathogenicity
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Table 1  Primers used for plasmid detection by PCR
iy FEIA SR 514 & 1LJFF(nt) FFA(5-3") F=4) bp Tm
Plsmid GenBank accession Primer Size of start and end (nt) Sequence of (5'-3") Product size C
p250 AY300023.1 p250-F 363-382 GAACAAGGGGTTAGGTATGG 590 52
P250-R 952-933 ATTGTAGCACCTGAGTTTCC
pAl4 EF120635.1 pAl4-F 3-24 GCGATTGCTCATCATATTGTCC 386 50
pAl4-R 388-368 AAATCACGATAATTGCCACCC
pYMHS EF015636.1 pYMHS-F 107-127 TCGGCATCGTCAACATAACC 612 55
pYMHS5-R 718-737 GCGAAACAGACAGAAGCACC

1.3 APG-HUARIEWETE HPEELAPG-HuAFIAPG-
Hulp 75 o R T b . Ak, AR, A
TRERE IR . 5l S e L B S (T IR E N
40 wg/mLIYNAD), 37 °C 5% COFEFE16 h, WL
PRI AR AR e HEAH TR A A i i 6 s 0 P 5 i
P A S e LR

1.4 APG-HUAAE K & B E I WOk Bk 2% bk
APG-HuA 5 2E 75 bk APG-Hu %y $ 42 Fh TSBI 14 5% F2 5L
(& 5% 1L TEA10.01% NAD), 3%3% E ODgon B 15 F] 1
B4 1:100 049 4270 2 510 mL TSB:3edt, B
37 °C 200 /min{R %35 5%, BMH1 hHHI100 pL W
FIH 43 606 B I H ODgon 1B, F22 %524 h, 55
R3ANEE, BUPEEMRELER, Sk,
1.5 APG-HUAMIZHEIRIE 1 A MR APG-HuA#£Fh
FTSB(& 5% 1LiE #10.01% NAD), 37 C 5% CO,
K16 h, HUE SR FEWIRAT T0.01% NADFIS%
A MTERTSATAR b, Al KRER . AR A .
ROV A, PRRE. ZAEHX. KRV AE. ki
BEWy . RAREE. EEFE. AFF. L LAIE
FHE R 2P EACT NIRRT R R R W, K55724 h,
W)= A R RN, HDEZE . e E AR =15 mm
FIMEUR, 11 mm~14 mm3BE AP A, <10 mm#Ah
fiif 245 .

1.6 APG-HUAXT BRI BIFR IR e 54270 d
APGHUA Ay FH P B 1 22 AR R AR BLIY 53 720 . oK
PR PBSZL6 H A8 4k, HoAth 2 38 53 S HE T 52 % Fh APG-
HuAFIAPG-Hu. bk a7 R34, L5 & 55 ) ok
10* cf/ K. 10° cfw/ HAFI106 cfu/ H . SZE6 I8 43 2H b 25
TSR, & HWERIGRIEIR,, FRLES d. #M)ES5 CRE
ST TAIE 5 B R R LA PR 16sRNA PCRESE!,

2 & B
2.1 APG-HUAMIIERPCRETELER J%42 CH

L B 5% 20 R 3R 15 9 T bk APG-HuA J% 35 7 bk 4 b T
TSBIRIRKE FRHE T, 1537 5 43 ) 32 IRUTORE 36 47 PCR
R, IR0 E FORLAR BE . 45 R R, APG-HuA$: 3%
PIRERLIN B pYMHS JFOR: , (HRBEAE I FIpA14F1p250
JFORL (1), APG-HuFl APG-HuA 35 B I JF 403 i 53
) 47108.7+2.72 ng/puLA10.9+2.45 ng/pL. FHH, 42 C
ST LU 25 b 15 S APG-Hu 1 pA 141 p250 J5 L I
Brde, (HARAEIA S pYMHS BRI B de . WRETF Bk
PSS SR IR AE A S A% R 22 I A 7 1

p250 pAl4  pYMHS5
M 1 2 1 2 1 2
2000bp
1000bp
750bp
500bp
250bp

M: DL2000 DNA Marker; 1: APG-Hu; 2: APG-HuA

1 APG-HuA H1JT#I#9 PCR #67U

Identification of plasmid in APG-HuA by PCR

2.2 APG-HUAMI AW S TELER 1% APG-HuA Fl
APG-Hud R A AL i B e B AT AR AR, 45
RIEIR, APG-HuA X} Z FppEZS , fpems . % b5 |
FIENES, WEEEE . BRI R SR
A AL e R 56 S B P . APG-HuA 5 APG-Hu:
TP FEAR — 5, B FORL B 2% I R B2 APG Y 3
AR

2.3 APG-HUAXEKEZ&MME FHEE T
) 5 OD oo 8L B 77 125 22 ] APG-HuA A Ko il 28 25 31
Y%, APG-HuAZE3 h~10 hi¥E s i, Hola]—
i 18] APG-Hu # ODgoonn {BL 17 0.1 ~0.2, 10 hZ J5 %
HEREELDFEER, “HEI6hWELBBFREM,
ODgonEL 2 M 1.6 (B12). RHHER I KL p250 FllpA14
Xof APG I AE KM RE TCHH S 50

Fig. |
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1.8 2.4 APG-HUARIZHBIRTE R K-BAR A L E

3 ij ARG APG-HuA XS 25y i BURME , 455 R, APG-HuAX}

312 BUfib R . FORRE . BWbE . RIRER . ki

QIO HURFUR, MERRER, ARV E. AEx. 4

s BREPEHE, WAy ZFRZ(FRD. 5
0.4 SRR R APG-HufH b, 38068 3 10 24 ) SR G
0.2 BEER, BT BMRAEGED. XEW, ok
0

p250MIpAl4 ik 2 A S0 APGTit 2517, FBipYMHS i)
RERBER I WAEFRAY, HAEW 1 2Rtk BL N &
B A FUTBRAR S

1 35 7 9 11 13 15 17 19 21
Time (hour)

B 2 APG-HuA#0 APG-Hu B4 %
Fig. 2 The growth curve of APG-HuA and APG-Hu
& 2 APG-Hu # APG-HuA MZ5 I SR MA NI E B EZ, mm)
Table 2 Antibiotic susceptibility of APG-Hu and APG-HuA (Inhibition zone diameter, mm)
W/ A RRER ARVE BIEDE PORRE ZAER HADE ki BRER  A8FR aEmE AR 'Y

Strain/drug ~ Gentamycin Ofloxacin Enrofloxacin Amikac ~ Nebcin  Ciprofloxacin Cefalotin ~ Kantrex Chloramphenicol Erythromycin Cefalexin Amoxicillin

APG-Hu 2.1 1.7 3.9 2.7 1.8 3.6 0.9 3.1 1.7 2.1 3.5 0.8
APG-HuA 2.4 1.7 4.2 2.6 1.8 3.7 0.9 3.2 1.9 2.1 3.5 0.8
S 1 S S 1 S R S 1 S S R

72 Note: S: #/% Susceptible; I: P4 Intermediate; R: @} Resistant

2.5 APG-HUAXT BRI EIfF1EIRIE  FFAPG-HuA 5
APG-Hu%r | ZHE TS24 0070 H 8 fa FE it 2 KR
RN KIGIEO, ELLEMEES d, JdRER,
FEH BT BT IR o 55 . 45 R R, APG-HuA4H
A PRAE AR B, R 10° cfw/ KB A2 Mg FE IR e o
120 h7FE7ERE T 52 b Bl CBA 00 OB i A (B 3A), HiAx
X34 e HH i e, 5 PBS X R 2H 3 AR — 2 (81 3B).
LI G AR VLI WS, B EE T R R D &
TS, 212 h~48 hiflt > 55 X I AR AR 4%
RIHK ., APG-HuSLIn SRR YL f524 h, it 50%
DL EMSRNG, Fre s ilimas doERRIHE, B
PRI A B NSO RE TSP, S A%
AT, HE T SRR 8 0 T REHE 23 I (E3C)
TR A & R, R N, RS0 B ) R
£; APG-Hu 10* cfu/ H 20 38 i) PR 38 3 5 APG-HuA
10° cfu/ HZHAG I R IE 28 A0, (HAEAR BEIH . . X
FW, APG-HuH A E5RAFH 1, M APG-HuAF: 1148
59, X 5 TR p250 Fl pA14 Sk 2 A5 56 . o 36 BH kL
p250HipA14JE R I, 5APGHI#E IAH K,

FI &% 175 MINAD B TSARE J5 5L, M TR
e, U H B PROE R XG4 5 B B
IR AR B W R IR N %, 48168 RNA PCREE
TEMAPG ., Tl ARIE R B YL RS 1) APG 43 35 5 S IR 3%
HLTCAR T AT W DRIEE IR 8 SRR i o R ZE A oA H
RIRIEIR (EI3B), WARRES EBAPG, FHHAPGIK

~27-

GLAG i LS L 5 08 S APG I B B R R &

A B C

A: —MIETF EMIK; B: E%;
C: ETEAKETFTRAMETA
A: Unilateral infraorbital sinus swelling; B: Normal,
C: Yellow caseous material in infraorbital sinus

Bl 3 LI ES APG-Hu F1 APG-HuA S IR R H
Fig. 3  Clinical symptoms of experimental chickens infected with
APG-Hu and APG-HuA

3 3 #

AICHE: i 3 5 5 38 b ) —Fo 28 B0 W G 2075
BRI, R E . Ed TN EE L,
IRTE R E S AT, 28 B K P v e R SR
AEEB G . JHE D PR 5 ] PN T R R L TR TR A 2
Tl L 97 0 3 A B B TR A TR O B R R B
ARE S HAR B R & AR M BLA ¢, WINADE
WARAPG 5 FbL I Rk . Hair, 52 A HX
SPHEP. pFAERA R ERE . KRR
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APGH) 2 A1 S R I & A5, 38N T 500 Ay
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Bt sErs . fESCI 5 T, NADIRHIAPGEE itk
B AMASTNAD AR AT A PG I i B i SR 47 JIAR ARG,
BHEHIN, i E i 2 B LU APGYE 1 0% 19 #f
KA APGIEYL , AR A AT RE A IR Ak ) 3 2e 9 37 57
FINADIEIR A APG Y JRYL™ , [E] Py JE 26 38 37 77 7
APGRIZRI ., ZEHEHENATELNAPGE MK
G PE WG 3753 B A APGE . fH X & 5 £ FENADE
AR TR ) SR I 0L, LR ] PN X AR o ) 7
B, BARFRERAMT

HIAE B ICHEN , APGH) &AL 5 FUBipA 14
FThaemocin{ii 14 (4 L8 1A B H TR p2503E [ Y P24 H
AR ) A — E B A SR PET HHE BE T & R
APG-Hu [i] B} #7217 pA14 . p250FlpYMHS, X A [ Py
A IR S B3 5ORL [R] B A7 E T — P NAD JE {46
APGHUT, Sk T F 58 APG TR i A M 24 h e, AR IF
FURTHHE S P B | ARk A A A R R
APG-Hu" Y kL . HY BEFE (AO) & — Pk 515548 5],
BT P MAH AT BEE T 2 0], X FEFEAPG DNAK
MR, ST DNASERE IS H g — /N IEE, %
ARG SEAR , AT S B e L AR . 42 C 2T ik
W, IS TR LR ZHDNASZ AR N I, &
25 & AO 55 J7 1 B RE A &L 5 APG Hr pA 14 Fll
p250fk A%, HARM AR H42 C iSRSk T HokL
BRIHRAPG-HuA . ZRWFI0 45 SRAESE, pA14H1p2504k
AN SRS TR R A A AR L AR R R K 2
PBURYE, HRZ0 R RED) R T . DB RS I R AE AR
FUT 54 B 4B L E] UL, pA14F p250 1Y fil 2 AN 6k, 59
T APG-Hul 7 Jy, sm HAEALUR N 1 4 58 g
P g B G 2H 7 H APG-HuA ) 3 85 20 R Ik T APG-Hu .
H L3RR, JFikipAl4Flhaemocinifih: 5 APG#H: J1 &
HAERN ARSI A G . R, Rl Bt kipA 14
14 717 2 5% haemocin 3% P4 #Y 5 BL p250 B] BE A B) T
APGIE S5 .

A NBIMN R, AR SEI IR o 75 S R S A A
SRR B BoRipYMHS, BRI AAMY A APG-HuA $2
B b 8 R DNAHE i H A P iR i ¥ RE 2 PCR
Kl ElpYMHS (558 AR JE/R) . HIHEN, pYMHSH
e —FhERE M N IR VE R, T RE [N B F7E T APG
B FEK ZHDNAFI 40 B b . B FpYMHS & 2 Fphutk
S, H5RFoRpLS8s i, K i 2% 8K APG-Hu
FI APG-HuA 1) Ji2 KL 4 B4 %% A4 DHS o 8% 32 25 20 i
I 5 I 85 3% B 0 Ui 3k 2 AH B BH M TR, IR R A

PCRAGZ I ] pYMHS ) FF € DNAJFA . Htbigw, R
B VARG, pYMHS{H A VE R SR B AR A 7
1. pYMHS B F2%E /7 7E V] X4 hI9™ BLAPG £ Hjiif 2
PR JRUES .

=l N AL &% I APG Wit 32 B 5 ™ 8 (1) 5
HCTR 25 AL AN T A . 25 50l 2 O & B
APG/r B TA M Z Tl H 25 b SSvapk . &K
FmR. BUEE. mIEE. WK, Jeong
S5 % DL H E 55 ) 1) APG A MR A7 76 10 35 ) i AR Rk
ZE5, WHEFEELZEMAINSE . i H A E R WE
TEZRB S HLE, SR, H B JEUE R IE SEpYMHS
5 APG it 25 ¥ 19 R B o A BF 78 o APG-Hu # 7F
pYMHS, FEAFIHIH AN 251, vIREh T H
AP F RS R DL K pYMHS #4709 P F& X nT g
Z Fop A A . R R AR T ik % R pYMHS
{HpYMHS5 ) f£1E,, Fil/r APG-Hu b REfEHE £ Fh 24 1)
YUtk ML BRI 1. /R pYMHS 5 APGHit 24
PERY R R, JELEMSE 0T LGl I € APG-HuH pYMHS5
FDNA B i T RE I, B0 dp YMHS il 2k %
S EFFR ., F Y KAPGA B vk B B HUSRIE , &
NS pYMHS 7E Bl N B9 AT 15 O, M 46 7 | A
APGZ it 251 5 pYMHS 1R 7L 1) B

T R EE LA SR AICfE E H 2T
e, IR N5 APG B AR P S0 HLE 0 AT,
W 5T %F APG T RLAE W 2 RE P B 50 6% A B T APG
SOF VL 25 AL BT, 3E— 2 B R SR Y 4y
FHHIE, M43 A R P2 1 TR i B T A
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