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ABSTRACT Duck circovirus (DuCV) infection
occurs frequently in ducks in China and is generally
believed to lead to immunosuppression and secondary
infection, though there has been a lack of detailed
research and direct evidence. In this study, one-day-old
Cherry Valley ducklings were artificially infected with
DuCV alone and co-infected with DuCV and Avian
Pathogenic Escherichia coli (APEC). The immune
indexes at 32 d old were systematically monitored,
including immune organ weight, lymphocyte transfor-
mation rate, IL-10, IL-12, soluble CD4 (sCD4), soluble
CD8 (sCD8), IFN-g, viral loads in each organ, APEC
colonization, and so on. The results showed the develop-
ment of immune organs in ducklings was affected, result-
ing in a decrease in the lymphocyte transformation rate
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(LTR), IL-12, sCD4, sCD8, IFN-g and an increase in
IL-10 content at 8 to 32 d postinfection (dpi). In the
detection of virus loads in some organs, it was found
that 8 dpi, DuCV existed stably in various organs, sug-
gesting the importance of preventing and controlling the
virus in the early stage of culture. The results of explor-
ing the DuCV infection that shows some influence on
secondary infection by APEC. The results showed that
DuCV infection could significantly enhance the pathoge-
nicity of APEC and the colonization ability of APEC in
vivo. DuCV can induce more serious APEC infection in
24 dpi than in 14 dpi. Based on the above results, it can
be concluded that DuCV infection will affect the
immune system, cause immunosuppression, and lead to
more serious secondary infection.
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INTRODUCTION

Duck industry has produced five billion ducks in
China, accounting for more than 80% of the worldwide
quantity, and duck has become the third-largest meat
food in China after pork and chicken. However, the cur-
rent situation of duck breeding is extremely worrying;
the breeding model is relatively simple and extensive,
and epidemic prevention is extremely difficult. From the
analysis of the surveillance results of duck virus, duck
circovirus (DuCV) has the highest infection rate among
all virus diseases, and we found an obvious rule that if
there is DuCV infection, the degree of bacterial infection
is often very serious. Although a few routine artificial
infection tests have been carried out in the past decade,
and some evidence of DuCV infection in vivo and multi-
ple organ infection and damage have been obtained
(Yang et al., 2020; Zhu et al., 2019), due to the lack of a
suitable culture system in vitro, there are few studies on
the infection and pathogenic mechanism of DuCV. In
addition, DuCV often shows chronic or subclinical infec-
tion in the clinic, and there are no corresponding drugs
and vaccines in the clinic (Huang et al., 2018; Li et al.,
2020). These problems lead to the lack of awareness of
the harm of DuCV throughout the industry, so that pre-
vention and control of DuCV are seriously ignored.
DuCV belongs to circoviridae, circovirus genus, no

enveloped. The DNA structure is a single-stranded circu-
lar structure, the diameter is small, and there is no signifi-
cant difference between circovirus and other circoviruses
under an electron microscope (Stewart et al., 2006).
DuCV was first found on a German farm by Hattermann
in 2003 (Hattermann et al., 2003). For more than a
decade, the infection rate of DuCV has not decreased, its
harm has become more prominent (Cha et al., 2014;
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Wozniakowski et al., 2014). At first, people thought that
DuCV was similar to other species of circovirus, which
could infect the corresponding immune organs, resulting
in low immunity and immunosuppression, thus, increas-
ing the probability of infection of other pathogenic micro-
organisms to the body and causing secondary infection or
aggravating the clinical manifestations of other diseases
(Fringuelli et al., 2005; Liu et al., 2006). According to
data obtained from the artificial infection of DuCV in
Beijing ducks, the pathogenic characteristics of DuCV
include systemic infection (especially immune organs),
persistent infection, and horizontal transmission, which
makes DuCV more likely to circulate infection and
increase susceptibility to other pathogens (Hong et al.,
2018). There are a few studies on the infection and patho-
genicity of DuCV but there are no studies to systemati-
cally evaluate the effect of DuCV infection on the
immune system.

At present, bacterial secondary infection is an enor-
mous problem facing duck industry in China. Most meat
ducks develop rapidly after 25 d of age, resulting in
large-scale acute death, and conventional treatment can-
not adequately control the disease. In the ranks of
immunosuppressive viruses, DuCV has the characteris-
tics of a wide spread and a high infection rate. Epidemio-
logical investigation found that DuCV infection exists
on farms in most areas (Liu et al., 2020a), and there is
even evidence that DuCV has the characteristic of verti-
cal transmission (Li et al., 2014). Multichannel transmis-
sion and persistent infection may lead to a very high
infection rate of DuCV. It has been proved that ducks
infected with DuCV have more bacterial or viral infec-
tions and a higher pathogen loads than noninfected
ducks (Ji et al., 2020; Zhang et al., 2013). The pathogen
detection and analysis in our laboratory in the past three
years also found that DuCV-positive diseased ducks
often have very serious bacterial infections. Combined
with the previous research progress and clinical judg-
ment analysis of DuCV (Liu et al., 2020b; Yang et al.,
2020), the immunosuppression caused by DuCV infec-
tion is likely to play a key role in many factors of bacte-
rial secondary infection. However, this inference lacks
the most direct evidence, and so far there is no system-
atic test to prove the existence of a correlation between
DuCV and other pathogenic secondary infections, espe-
cially bacterial secondary infections.

In this study, the model of DuCV infection was con-
structed, the growth performance index was tracked and
recorded, and the effect of DuCV infection on immune
function was systematically evaluated. In addition, the
models of secondary infection of Avian Pathogenic
Escherichia coli (APEC) in different time periods were
established to record the bacterial colonization, morbid-
ity, and death after secondary infection of APEC, and
to compare the effects of different periods of DuCV
infection on the secondary infection of APEC. Studies
have shown that DuCV has an obvious inhibitory effect
on the immune system and can aggravate the secondary
infection of bacteria, which should cause widespread
concern.
MATERIALS AND METHODS

Virus Strains and Bacterial Strain

DuCV as a strain was isolated in 2018 from a duck in
Shandong Province (A/Duck/Shandong/08/2018). The
DuCV virus was titrated in Cherry Valley duck by
determining TCID50 (50% tissue culture infective dose).
It has been prepared into virus suspension. APEC SD1
strain were isolated in our laboratory. APEC was grown
on Luria-Bertani (LB) agar and eosinmethylene blue
medium for bacterial isolation and identification, respec-
tively. Moreover, APEC was identified by gene sequenc-
ing of 16SrDNA (Ma et al., 2018).
Establishment of standard curve of DuCV
qPCR method

DuCV DNA from livers was extracted using the virus
DNA Extraction Kit (Bioer Technology, Hangzhou,
China) and subsequent PCR amplification of 362-bp
fragment was carried out using a specific pair of primers
(DuCV-F � 50-AATACACAGACCCACCGGCC-30;
DuCV-R � 50-CGTACCTTCACCCGCTCCTT-30)
designed by Primer Premier 6.0. After agarose gel elec-
trophoresis, the amplified products were recovered using
the Recovery Kit (CWBIO, Beijing, China). The ampli-
fied PCR product was cloned into pMD18-T EasyVector
(Bao Bio Engineering, Dalian, China) to obtain the
recombinant plasmid. Ten-fold serial dilutions of the
vector construct were used to generate a standard curve
for the qPCR assay. A pair of primers (DuCVqPCR-
F � 50-AAGGAGCGGGTGAAGGTACG-30; DuCVq
PCR-R � 50-CACCTGTTGTGTTGTCCGGC-30) for a
138-bp amplicon was redesigned with Primer Premier
6.0. The ChamQ Universal SYBR qPCR Master Mix
(Vazyme, Nanjing, China) was used according to the
manufacturer’s recommendations, with the following
reaction conditions: predenaturation at 95°C for 30 s,
followed by 40 cycles of denaturation at 95°C for 10 s,
annealing at 60°C for 15 s. Each experiment was
repeated 3 times.
Animal experiment

Two hundred one-day-old Cherry Valley duck were
randomly assigned into four groups (Group Ⅰ−Ⅳ) and
maintained in 4 independent positive pressure isolators.
Two trials were designed to evaluate the effects of DuCV
on immune system (Exp-1, group Ⅰ−Ⅱ) and secondary
infection of APEC (Exp-2, group Ⅲ−Ⅳ). In Exp-1, at the
1 d posthatching (dph), each duck in group I was
infected with 0.5 mL 102 TCID50/mL of the DuCV virus
through intramuscular injection and group Ⅱ was injected
with 0.5 mL PBS intramuscularly. In Exp-1, at 8, 16, 24,
and 32 dpi, 3 ducks in each group were selected to record
and observe the pathological changes, body weight and
immune organ index. Fresh anticoagulant blood was col-
lected and peripheral blood lymphocytes were collected
to detect the lymphocyte transformation rate (LTR).
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The concentrations of cytokines, soluble CD4 (sCD4)
and soluble CD8 (sCD8) in serum were detected by
ELISA, and the virus load in some organs was detected
by qPCR. In Exp-2, at the 1 dph, each duck in group Ⅲ
was intramuscularly injected with 0.5 mL 102 TCID50/
mL of the DuCV virus and group Ⅳ was injected with
0.5 mL PBS intramuscularly. At 8, 14, and 24 dpi, 3
ducks were killed randomly and the viral load was
detected by qPCR in groups Ⅲ. It was confirmed that
DuCV has been infected. Both group Ⅲ and group Ⅳ
received intramuscular injection of 0.5 mL APEC (108

CFU/mL) at 14 and 24dpi. After inoculated with APEC,
the mortality in 60 h and bacterial colonization in 12 h
and 24 h were recorded and observed respectively.
Detection of pathological changes, body
weight and immune organ index

Started from 8 dpi, the changing trend of body weight
was recorded. At 8, 16, 24, and 32 dpi, 3 ducks were ran-
domly selected for dissection. The hearts, livers, spleens,
thymuses, bursa of Fabricius were taken and their path-
ological changes were observed. The weight of immune
organs (spleens, thymus, bursa of Fabricius) was
weighed, and the index of immune organs was calculated
by the formula: Immune organ index (g/Kg) = Immune
organ weight (g)/Body weight (Kg).
Detection of sCD4, sCD8 and cytokines in
serum by ELISA

Fresh blood was collected from group I and group Ⅱ to
prepare serum, cytokines were detected by duck IL-10,
IL-12, IFN-g, sCD4, sCD8 ELISA Kit (Lengton Biosci-
ence, Shanghai, China; Zajkowska et al., 2001).
Detection of LTR

Anticoagulant blood was collected to isolate peripheral
blood lymphocytes in group Ⅰ and group Ⅱ, respectively.
Ninty-six-well cell culture plate was taken, 100 mL cell
suspension (1 £ 106 cell/mL) was added to each well, 6
terms holes were repeated in each sample, and Roswell
Park Memorial Institute-1640 (RPMI-1640; Gibco,
Shanghai, China) marginal control terms were added
around. 25 mL Concanavalin A (ConA; NEW Cell &
Molecular biotech, China; 10 mg/mL) was added into 3
of the 6 terms. The culture plate was placed in 37°C incu-
bator for 36 to 48 h. After the end of culture, 10 mL Cell
Counting Kit-8 (CCK-8; NEW Cell & Molecular bio-
tech, China) was added to each well, and then incubated
for 2 to 4 h. The cell culture plate was taken out and its
absorbance at 490 nm was measured. The LTR was cal-
culated according to the formula, LTR = (mean value of
OD490nm stimulated by ConA-mean value of OD490nm
without ConA stimulation) / mean value of OD490nm in
the control group (Yu et al., 2017).
Detection of viral load in organs by qPCR

QPCR was also performed to detect differences in
viral loads between days of infection on the basis of an
established standard curve. The viral load of Exp-1 was
detected at 8, 16, 24, 32 dpi, and the viral load of Exp-2
was detected at 8, 14, 24 dpi.
Statistical analysis

The data from 3 independent experiments were
expressed as mean § SD, and SPSS 17.0 software was
used for statistical calculations. A one-way analysis of
variance (ANOVA) followed by an LSD mean separa-
tion was used to determine the significance of differences
among groups, with P < 0.05 used as the threshold for
statistical significance. Figures were exported using
GraphPad Prism software.
RESULTS

Changes in clinical symptoms and
pathological changes and body weight and
immune organ index

After DuCV infection, the appearance of symptoms of
8 to 16 dpi was not obvious, but at 16 to 32 dpi, it was
obvious that the ducks infected with DuCV were thinner
and dispirited, and that they had rougher feathers and
more shedding than those of the PBS group. The patho-
logical changes in each organ were not obvious. Due to
the slow development of the disease, obvious pathologi-
cal changes and no death occurred in 24 dpi. As shown
in Figure 1A, the overall organ size of the DuCV group
was slightly smaller than that of the PBS group at the
times of 24 dpi and 32 dpi. In view of this, the body
weights of both the DuCV group and the PBS group
were recorded, as shown in Figure 1B. The results
showed that during the 32 d recording period, the body
weights of infected ducks in the DuCV group gradually
increased, but were always significantly (P < 0.05) lower
than those of normal ducks in the PBS group. As shown
in Figure 1C, D, and E, it was found that the immune
organ (thymus and spleens) index level in the DuCV
group was significantly (P < 0.05) lower than that in the
PBS group. The index of immune organs in the PBS
group showed a stable trend, while the index of the
spleen, thymus, and bursa of Fabricius in the DuCV
group decreased at 8 to 24 dpi and increased after 24
dpi, though it was still lower than that in the PBS
group.
Effects of DuCV infection on Lymphocyte
Proliferation and cytokine secretion

From the previous results, it is concluded that DuCV
infection can indeed cause damage to immune organs, so
we further detected lymphocyte proliferation and cyto-
kine secretion. The result is shown in Figure 2A. In the



Figure 1. Effects of DuCV infection on body weight and immune organ index of ducklings. The immune organs were dissected at 8, 16, 24, and
32 dpi to observe the histopathological changes (A), body weight (B), relative thymus index (C), relative spleen index (D) and relative bursa index
(E). *P < 0.05.
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DuCV group, the LTR of 8 to 24 dpi decreased gradually
and the LTR of 24 dpi reached the lowest. Twenty-four
to 32 dpi began to increase, but it was still lower than
that of the PBS group. The LTR of the DuCV group
was significantly (P < 0.05) lower than that of the PBS
group. Determination of sCD4 and sCD8 useful in the
evaluation of the state of immune activation. As shown
in Figure 2B and C, the molecular contents of sCD4 and
sCD8 in the DuCV group at 8 to 16 dpi were highly sig-
nificant (P < 0.01) lower than those in the PBS group,
24 to 32 dpi was extremely significant (P < 0.001) lower
than that in the PBS group, the content of sCD8 in the
8 dpi PBS group was highly significant (P < 0.01) higher
than that in the DuCV group, and 16 to 32 dpi was
extremely significant (P < 0.001) higher than that in the
DuCV group. From the overall trend, the molecular con-
centration of sCD4 and sCD8 in the DuCV group
decreased continuously at 8 to 24 dpi, while at 24 to 32
dpi it increased gradually. As shown in Figure 2D, E, F,
the contents of IL-12 and IFN-g in the DuCV group
decreased at 8 to 24 dpi and increased gradually 24 to 32
dpi, and the overall levels were lower than those in the
PBS group and were extremely significant (P < 0.001)
lower than those in the PBS group at 24 dpi while the
trend of IL-10 was opposite.
Determination of viral loads

Previous studies have shown that DuCV can cause
persistent infection, and the amount of virus in various
organs is relatively stable 8 d after infection (Liu et al.,
2020b). Similarly, we also detected the viral load in
some organs, especially in immune organs. The result is
shown in Figure 3. The viral loads of the thymus
(Figure 3A), spleens (Figure 3B), and bursa of Fabricius
(Figure 3C) increased gradually in 8 to 24 dpi, and
reached the peak in 24 dpi, then decreased slightly, but
there was no significant difference Figure 3.D and E are
the viral loads of hearts and livers, respectively. The



Figure 2. Effect of DuCV infection on cytokine secretion and LTR. The lymphocytes isolated from duck peripheral blood were collected, the OD
value was measured by CCK-8, and the transformation rate (A) was calculated according to the formula. The concentrations of sCD4 molecule (B),
sCD8 molecule (C), IFN-g (D), IL-10 (E) and IL-12 (F) in serum at 8, 16, 24, and 32 dpi were detected by enzyme linked immunosorbent assay
(ELISA). *P < 0.05; **P < 0.01;***P < 0.001.

Figure 3. The viral loads of each organ changed after DuCV infection. The viral loads of livers (A), hearts (B), spleens (C), thymus (D) and
bursa of Fabricius (E) were detected by qPCR at 8, 16, 24, and 32 dpi, and the virus copy number was calculated according to the standard curve.
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viral loads of hearts and livers are not significantly dif-
ferent but show an upward trend.
Statistics of death and colonization in vivo
after inoculation with APEC

Immunosuppression induced by virus infection is a
crucial mechanism of secondary bacterial infection. The
suppression of immune function inevitably increases the
susceptibility of poultry to a variety of bacteria
(Subler et al., 2006). Therefore, we speculated that duck
circovirus will also increase the susceptibility of ducks to
bacteria, so we tested the survival rate and colonization
rate of ducks infected with DuCV and APEC.

We tested the DuCV viral load in various organs
before the bacteria inoculation. As shown in Figure 4A,
B, and C, viral loads were detected in each organ at 8,
14, and 24 dpi. The 24 dpi compared to the 8 and 14 dpi,
the viral loads of the livers, spleens, thymus, exceeded
9.51 £ 104 copies/mL. This shows that DuCV grows and
multiplies in vivo when 24 dpi is inoculated with bacte-
ria; the results of this viral loads detection are consistent
with those detected in the previous study of the immu-
nosuppressive effect and proved that the subsequent
test is DuCV secondary APEC infection.

As shown in Figure 5A, the survival rate of 14 dpi
inoculated with APEC was 20% in the DuCV + APEC
group; this was significantly (P < 0.05) lower than that
in the APEC group Figure 5.B shows the survival rate
of 24 dpi inoculation with APEC. After 24 h, the sur-
vival rate of the DuCV + APEC group was as low as
5%, while that of the APEC group was 15%.

The bacterial loads count in each organ was shown in
Figure 5C, D and E, F. As shown in Figure 5C, the num-
ber of APEC in livers 12 h after 14 dpi inoculation. The
number of APEC in livers and hearts of the DuCV
+APEC group was significantly (P < 0.01) higher than
that of the APEC group, about twice as much as that of
the APEC group. As shown in Figure 5D, the number of
APEC in livers and hearts in DuCV + APEC group was
extremely significantly (P < 0.001) higher than that in
APEC group at 24 h, about three times higher than that
in the APEC group. As shown in Figure 5E and F, the
Figure 4. The viral loads of each organ changed after DuCV infection a
were detected by qPCR, the viral loads in thymus, spleens, bursa of Fabriciu
lated according to the standard curve.
number of 24 dpi inoculated with APEC in hearts and
livers in the DuCV + APEC group was significantly (P
< 0.01) higher than that in the APEC group; the num-
ber of APEC inoculated by 14 dpi was about 7 £ 107

CFU/mL at 12 h and reached 7 £ 108 CFU/mL at 24 h,
which was higher than that in APEC inoculated by 14
dpi.
DISCUSSION

DuCV has spread widely all over the world and is one
of the viruses with the highest infection rate in waterfowl
(Wan et al., 2011; Wang et al., 2021). The harm of
DuCV has gradually attracted our attention with the
large-scale development of the duck industry in China,
nevertheless, not much is known about the pathological
mechanism so far.
Most members of the circoviridae family—such as

porcine circovirus, chicken infectious anemia, parrot
beak feather virus, and so on—will cause immunosup-
pression. It has been proved that DuCV invades the
host immune system and can cause feather disorder,
growth retardation, weight loss, and lymphocytopenia
(Soike et al., 2004; Wang et al., 2011). Our study also
found that compared to the normal group, the DuCV
infection group experienced significantly inhibited body
weight and immune organ development. LTR refers to
the detection of T lymphoid activity and function in
vitro, so as to reflect the immune ability of the body
(Bertram et al., 1997). The results of our study showed
that the LTR in the DuCV group was significantly lower
than that in the normal group, indicating that DuCV
infection significantly inhibited the proliferation and dif-
ferentiation of lymphocytes; the decrease in the number
of lymphocytes may be an important reason for aggra-
vating bacterial infection. IL-10 is produced by Treg
lymphocytes, macrophages, and dendritic cells, which
can inhibit the production of proinflammatory cytokines
(such as IL-2, IL-12, TNF-g, etc.), promote the expres-
sion and secretion of HLA-G5, and inhibit the expression
of costimulatory molecules in dendritic cells and macro-
phages (Docke et al., 2009). According to our results,
the results showed that the content of IL-10 increased
nd before APEC inoculation. When 8 dpi (A), 14 dpi (B) and 24 dpi (C)
s, hearts and livers were detected, and the virus copy number was calcu-



Figure 5. The mortality of ducklings secondary to APEC infection and bacterial colonization in different time after DuCV infection. Each group
was inoculated with APEC at 14 dpi and 24 dpi, and the death of 14 dpi (A) and 24 dpi (B) and the colonization of APEC at 12 h (C), 24 h (D), and
24 dpi at 12 h (E) and 24 h (F) were recorded. *P < 0.05; **P < 0.01;***P < 0.001.
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rapidly after DuCV invaded the body, which signifi-
cantly inhibited the secretion of IL-12 and IFN-g, result-
ing in immunosuppression. This is consistent with the
previous results (Jansky et al., 2003). We speculated
that cytokine secretion stimulators or IL-10 blockers
may play a role in reducing the harm of the virus; this
requires further exploration.

T cells are the main effector cells of acquired immu-
nity and are widely involved in many immune responses,
such as signal recognition, antigen presentation, the
release of inflammatory factors, activation and chemo-
taxis of other immune cells, and so on (Farber et al.,
2014). SCD4 molecule is the main surface marker of
helper T lymphocytes and an important immune cell in
the immune system, which can regulate or assist other
lymphocytes to function in the immune response. SCD8
molecule is the main surface marker of cytotoxic T lym-
phocytes and is immunized by class Ⅰ histocompatibility
on the surface. SCD4 and sCD8 monitoring is considered
an indicator of lymphatic system reconstruction
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(Ho et al., 1994). Many authors believe that sCD4, sCD8
are markers of T lymphocyte activation (De Rie et al.,
1996; Sato et al., 1996). The increase in T lymphocyte
soluble receptor concentrations would confirm the acti-
vation and proliferation of T lymphocytes, thus main-
taining the inflammatory process (Kuryliszyn-
Moskal, 1998). Our study found that, from the overall
trend, the concentration of sCD4 and sCD8 molecules in
the DuCV infection group decreased continuously at 8
to 24 dpi, while 24 to 32 dpi increased, though it was still
significantly lower than that in the normal group. This
indicates that DuCV infection significantly reduced T
cell-mediated immune function, which had a great
impact on humoral and cellular immunity. In addition,
we found that the immune organ index, LTR, IL-12,
sCD4, sCD8, IFN-g, and other concentrations in the
infected group reached the lowest in 24 dpi, and then
gradually increased. In the detection of viral loads in
some tissues and organs, it was found that the viral loads
of the thymus, spleen, bursa of Fabricius, and other
organs reached the peak at 24 dpi. It can be seen that
with the increasing or decreasing trend of viral loads,
the contents of IL-12, sCD4, sCD8, and IFN-g are also
positively correlated with the change of viral loads, and
it has been reported that IFN-g is secreted by CD4 and
CD8 (Liu et al., 2015), which also confirms that the con-
tent of IFN-g is positively correlated with the content of
sCD4 and sCD8 molecules in this study. Therefore, the
immunosuppression caused by DuCV infection is a con-
tinuous process, especially in 24 dpi, which may be
related to the clinical incidence of meat duck breeding at
about 25 d old. This suggests that we should pay special
attention to the improvement of immune function by
drugs before the age of 25. In addition, we found that 8
dpi DuCV has been stable in various organs, which is
consistent with previous studies (Liu et al., 2020b).
Therefore, the relationship between viral changes and
immune system damage in the first 8 d after infection
must be further studied, as this is very important to
understanding the pathogenic mechanism of DuCV.

In this study, we found that DuCV infection signifi-
cantly promoted the pathogenicity and colonization
ability of APEC, which was reflected in mortality, onset
time, bacterial loads, and other indicators. In addition,
the infection of APEC in 24 dpi after DuCV infection
was more serious than that in 14 dpi, which was consis-
tent with the above immunosuppression results. There-
fore, our study shows that immunosuppression caused
by DuCV infection is the key factor causing bacterial
secondary infection, and the degree of immunosuppres-
sion is positively correlated with the degree of bacterial
secondary infection.

In short, this study proved that DuCV infection
causes serious damage to the immune system and used
direct evidence to prove that DuCV infection promoted
the pathogenicity and colonization of APEC infection.
Our findings are essential to helping the industry fully
understand the dangers of DuCV. At the same time, our
data play a positive role in guiding the clinical use of
drugs and promoting the establishment of an integrated
prevention and control system for DuCV and the devel-
opment of vaccines and drugs. However, we recognize
that the more in-depth infection and pathogenesis of
DuCV, especially the molecular mechanism, are not
clear and require further study.
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