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Lawsonia intracellularis is the causative agent of porcine proliferative enteropathy (PPE)—a disease of great economic impact to
the global pig industry, but the isolation and continuous passage culture of this bacterial species is very difficult which limits the
development of inactivated or live vaccines. While China is the largest pig rearing country in the world, only one study has reported
the isolation of L. intracellularis. In this study, we examined 1574 ileal samples collected from 10 slaughterhouses in Hubei
Province, China, and obtained 104 samples tested positive for L. intracellularis. From these positive samples, we successfully
isolated a L. intracellularis strain designated LI-HuB23, which could be continuously passaged in IEC-18 cells. The successful
isolation of LI-HuB23 was confirmed by transmission electron microscopy (TEM), indirect immunofluorescence assay (IFA), PCR
amplifying, and Sanger sequencing of the marker gene (aspA). LI-HuB23 exhibited stable proliferation over 10 passages and it was
still being passaged for over 30 generations. Oral inoculation of 28-day-old pigs with LI-HuB23 containing 6.9 x 10® bacterial
microorganisms induced loose stools and watery diarrhea between Days 14 and 28 postinfection. Challenging pigs showed an
average daily gain (ADG) lowered than the control pigs (206.05 4 23.48 g/day vs. 241.43 +16.78 g/day). All challenging were
serologically positive for L. intracellularis IgG at 21 days postinoculation. Histological examination detected crypt hyperplasia,
characterized by a reduction in goblet cells within the hyperplastic crypts. Colonization of L. intracellularis in ileal crypts was
confirmed by immunohistochemical examination.
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enteropathy, mainly affects pigs aged 4-12 months and is char-
acterized by severe clinical signs, including bloody diarrhea,
tarry red stools, melena, and in some cases, sudden death [5].
The chronic form, commonly identified as porcine adenoma-

1. Introduction

Porcine proliferative enteropathy (PPE), also known as porcine
ileitis, is a significant enteric disease caused by the intracellular

bacterium Lawsonia intracellularis [1-3]. The clinical manifes-
tations of PPE are generally classified into acute, chronic, and
subclinical forms, each with distinct pathological features [4].
The acute form, often referred to as hemorrhagic proliferative

tous disease, affects pigs between 6-20 weeks of age, presenting
with intermittent diarrhea, anorexia, and stunted growth,
which ultimately leads to impaired growth uniformity within
affected cohorts. The subclinical form, which represents the
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most common manifestation of L. intracellularis infection, is
often asymptomatic or characterized by subtle signs, making it
challenging to diagnose clinically [4, 6]. Despite the absence of
obvious symptoms, subclinical infections result in reduced
growth performance and significant economic losses, primarily
due to poor growth uniformity within the herd [7, 8].

Lawsonia intracellularis is an obligate intracellular, gram-
negative bacterium, with dimensions ranging from 1.25 to
1.75 pm in length and 0.25 to 0.43 pm in width. This bacterium
is nonspore-forming, microaerophilic, and typically exhibits a
bacillary morphology, which can be either curved or straight
[1]. Despite extensive research, L. intracellularis cannot be cul-
tured on conventional bacteriological media and necessitates a
microaerophilic environment for successful in vitro cultivation
[3]. The culture and growth of L. intracellularis depend on the
use of specific eukaryotic cell lines, including IEC-18, Int 407,
PK-15, IPEC-]2, and McCoy cells [3, 9, 10]. Moreover, the
complex and highly contaminated intestinal milieu in which
L. intracellularis resides also makes the isolation and mainte-
nance of this bacterial species under laboratory conditions a
considerable challenge, limiting further research and the devel-
opment of control strategies against L. intracellularis at the
global level [11].

China is the largest pig-rearing and pork-consuming coun-
try globally and the pig industry plays a pivotal role in the
nation’s economic infrastructure. Epidemiological investiga-
tions have shown that L. intracellularis infection is common
in pigs in China, with a farm positivity rate as high as 93.6%
[12]. However, only one study has reported the isolation of
L. intracellularis from pigs in China [13], marking a milestone
in isolating the Chinese epidemic clinical strains, but additional
bacterial recoveries are necessary. In this study, we isolated a
strain of L. intracellularis, designated LI-HuB23, from ileitis-
positive samples collected from slaughtered pigs in Hubei Prov-
ince using the IEC-18 cells (ATCC CRL-1589). LI-HuB23 dem-
onstrated stable propagation and passage in the cells for over 30
generations. Oral inoculation of 28-day-old pigs with cell-
cultured LI-HuB23 successfully induced clinical manifestations
of PPE. These results highlight the potential of LI-HuB23 as a
promising candidate for the development of vaccines
against PPE.

2. Materials and Methods

2.1. Sample Collection and qPCR Detection. From 2023-2024,
a total of 1574 pig ileal samples were collected from 11 slaugh-
terhouses in Hubei Province, China. Following collection, intes-
tinal mucosa samples (50-100mg) were scraped and
homogenized in 1 mL of sterile saline, followed by centrifuga-
tion at 200 X g for 2min to collect the supernatants. DNA
extraction was performed using a commercial nucleic acid
extraction kit (Vazyme Biotech, Nanjing, China) and utilized
as templates to examine the nucleic acids of L. intracellularis
using qPCR assays. The primers were designed to target the
aspA gene (forward: CCTTGGAGGTAAATTGATTTCTCC
and reverse: ATGTTCAGCTTTCTGGTGTTCTTA) and
probe (FAM-TCCACAGCGAGGACCACTTGAGA-TA
MRA), which have been widely used for the identification of
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L. intracellularis [14-16]. Additionally, the full length of the
aspA gene of L. intracellularis strain N343 (GenBank
accession no. CP004029) was synthesized and cloned onto the
pUC-57 vector to generate the standard plasmid. DNA copy
numbers were calculated using the formula: Ct=-3421X1g
(DNA copy number) +42.89 (R*=0.9986 and efficiency
=96.02%).

2.2. Cell Line and Culture Conditions. Rat intestinal epithelial
cells (IEC-18; ATCC CRL-1589) were cultured in Dulbecco’s
modified eagle medium (DMEM; Gibco, USA) supplemented
with 10% fetal bovine serum (FBS; Gibco, USA) and without
antibiotics. The cells were passaged every 2 days at a ratio of 1:4
using 0.25% trypsin (Gibco, Thermo, Waltham, USA). For
infection, cells were seeded at a density of 3 x 10* cells/mL in
DMEM containing 5% FBS and no antibiotics 1 day prior to
inoculation. Uninfected control cells were maintained at 37°C
in a humidified atmosphere with 5% CO,.

2.3. Isolation of Lawsonia Intracellularis. Lawsonia intracellu-
laris strains were isolated from positive samples using IEC-18
cells, following previously published methods [13, 17, 18].
Briefly, the mucosal specimens were homogenized in
phosphate-buffered saline (PBS, pH 7.4) containing 1% trypsin
(Gibco, Thermo, Waltham, USA) using a QIAGEN
TissueLyser II (QIAGEN, Hilden, Germany), followed by
incubation at 37°C for 35 min. The homogenates were mixed
with an equal volume of sucrose—potassium glutamate (SPG)
solution (0.218 M sucrose, 0.0038 M KH,PO,, 0.0072 M
K,HPO,, and 0.0049 M potassium glutamate; pH 7.0)
supplemented with 10% FBS (Gibco, USA). Subsequently, the
mixture was filtered using membranes with decreasing pore
sizes (100-, 70-, 40-, 1.2-, 0.8-, and 0.65-um). The filtrates
were diluted in DMEM (Gibco, USA) containing 7% FBS at
a volume ratio of 1:10. The dilutions were inoculated into IEC-
18 cells at 30% confluence and maintained at 37°C in a tri-gas
chamber (8% O,, 8.8% CO,, and 83.2% N,). Three hours
postinfection, the medium was replaced with fresh DMEM
supplemented with 5% FBS, neomycin, vancomycin, and
amphotericin B and refreshed every 2-3 days. The infection
medium was refreshed every 2-3 days. Bacterial cultures were
harvested at 7 days post medium replacement and subsequent
passaging were conducted as previously described by Lawson
etal [3].

2.4. Phylogenetic Analysis. The full-length nucleotide sequence
of aspA (1416 bp) was amplified using PCR with a pair of
designed primers (forward: 5-TTACATGACTTTCATT
TTGA-3" and reverse: 5'-ATGCATGAATTCCGTAAAGA-
3') in a 25 L reaction mixture containing 12.5uL of 2 X Taq
Master Mix (Vezamy, Nanjing, China), 10 uM of each primer,
2 uL of L. intracellularis genomic DNA, and 8.5 uL of nuclease-
free water. Cycling conditions were initial denaturation at 95°C
for 5 min, followed by 35 cycles of 95°C for 155, 45°C for 155,
72°C for 1 min, and a final extension at 72°C for 10 min. Sanger
sequencing (Beijing Tsingke Biotech, China) was conducted on
the PCR products to obtain the amplified sequence, which was
compared to the nucleotide sequences of L. intracellularis aspA
publicly available in NCBI using Clustal W. A neighbor-joining
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tree was generated based on the sequence comparison results
using MEGA 11, with 1000 bootstrap replicates [19].

2.5. Preparation of a Monoclonal Antibody Against Lawsonia
Intracellularis. Monoclonal antibodies were prepared follow-
ing the methods reported by Guedes and Gebhart [20] and
Boesen et al. [21]. Briefly, inactivated L. intracellularis
(1 % 108 bacterial microorganims) was mixed with QuickAnti-
body adjuvant (Biodragon, Beijing, China) at a volume ratio of
1:1, which was injected intramuscularly into 8-week-old spe-
cific pathogen-free (SPF) Balb/c mice (purchased from the
Laboratory Animal Center at Huazhong Agricultural Univer-
sity). At 21- and 35-days postinjection, a booster immunization
through the same routine was given, respectively. At 38-days
postinjection, the mice were euthanized and spleens were col-
lected. Spleen cells were fused with SP2/0 myeloma cells
(ATCC CRL-1581) using 50% polyethylene glycol hybridomas
(Thermo, Waltham, USA). Fused cells were screened in hypox-
anthine—aminopterin—thymidine (HAT) medium (Thermo,
Woaltham, USA). HAT-resistant clones were further screened
using IFA to identify the cells which can secret L. intracellu-
laris-specific antibodies. The cells were purified using the lim-
iting dilution (1 cell/well) method. Mouse experiment was
approved by the Animal Experiment Ethics Committee of
Huazhong Agricultural University.

To prepared monoclonal antibodies were used to examine
the L. intracellularis strain isolated in this study, the vaccine
strain B3903 (Boehringer Ingelheim Enterisol Ileitis), IEC-18
cells (ATCC CRL-1589), McCoy cells (ATCC CRL-1696), Sal-
monella choleraesuis (C78-1, China institute of veterinary drug
control, Beijing, China), and/or Escherichia coli O157:H7
(EDL933) using western blot analysis. In brief, bacterial strains
or cells were lysed through sonication and were lysed in sodium
dodecyl sulfate (SDS). Total proteins were separated using
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
were transferred onto polyvinylidene difluoride (PVDF) mem-
branes. The membranes were then blocked at 4°C overnight in
PBS containing 1% skimmed milk. After washing using PBST,
the membranes were incubated with the prepared monoclonal
antibody (1:5000 dilution) for 2 h at room temperature. Mem-
branes were then incubated with horseradish peroxidase
(HRP)-conjugated goat anti-mouse IgG (1:1000 dilution; Pro-
teintech, Wuhan, China) and were finally stained using diami-
nobenzidine and hydrogen peroxide solution (Beyotime,
Shanghai, China) according to the manufactory instructions.

2.6. Indirect Immunofluorescence Assay (IFA). The indirect
IFA was also conducted to examine L. intracellularis strains
using the prepared monoclonal antibody. In brief, the L. intra-
cellularis strain isolated in this study and/or the strain B3903
(1 x 107 bacterial microorganisms) was inoculated into IEC-18
monolayers and were incubated at 37°C for 5 days in a tri-gas
chamber. The cells were fixed with pre-cooled methanol for 15
min and washed three times using PBS, followed by incubating
with the prepared monoclonal antibody (C17) at 37°C for 1 h.
Bacteria incubated with a commercially purchased monoclonal
antibody against L. intracellularis (BIO 323; Bio-X Diagnostics,
UK) at the same conditions were used as controls. After incu-
bation, the cells were washed using PBS and were incubated

with a Cy3-conjugated goat anti-mouse IgG (1:500 dilution;
Proteintech, Wuhan, China) in dark for 1h at 37°C. Finally,
the cells were stained using 4,6-diamidino-2-phenylindole
(DAPI; Beyotime, Shanghai, China) for 10 min at room tem-
perature in the dark and were examined using an inverted
fluorescence microscope (Nikon, Japan).

2.7. Transmission Electron Microscopy (TEM). To prepare
bacterial samples for TEM examination, the supernatants of
cell culture were centrifuged at 12,000 rpm, 4°C, for 10 min.
The pellets were washed three times using PBS and were fixed
using 2.5% glutaraldehyde at 4°C for 4h. The samples were
then adsorbed onto copper grids and stained using 1% sodium
phosphotungstate for 30 s. The grids were subsequently exam-
ined using a transmission electron microscope (Hitachi, Japan).

2.8. Bacterial Titering. To determine bacterial titer, L. intracel-
Iularis was inoculated into IEC-18 monolayers in different wells
of a 96-well plate (Corning, Corning, USA). The plate was
incubated at 37°C for 6 days in a tri-gas chamber. A medium
replacement was given at the third days postinoculation. Law-
sonia intracellularis was detected using IFA and infected cells
were enumerated. The TCIDs, values were calculated using the
Reed—Muench method [22], with eight replicates per dilution.

2.9. Animal Experiments. To assess the virulence of the
L. intracellularis isolated in this study, ten 28-day-old pigs
(purchased from the Laboratory Animal Center at Huazhong
Agricultural University) were randomly divided into two
groups and each group contained five pigs. Before experiment,
blood and fecal samples were collected to confirm L. intracellu-
laris-negativity using IFA and qPCR, respectively. Afterwards,
each pig in one group (LI-challenging group) was orally inocu-
lated with L. intracellularis (6.9 X 10° bacterial microorganisms
in 10mL SPG buffer), while pigs in the other group received
oral administration of 10 mL SPG buffer per pig (SPG-treated
group). Body weights were recorded once at 0-, 7-, 14-, 21-,
and 28-days postinoculation. Fecal samples were collected
from each pig twice every week postinoculation to examine
the bacterial DNAs using qPCR. Blood was collected from
each pig every 7-days postinoculation to detect the serum anti-
body using the IFA method described below. At 18-days post-
inoculation, one pig from LI-challenging group was euthanized
and dissected. The ileum was collected for histological and
immunohistochemical detection. All remaining pigs were
euthanized and dissected at 31-days postinoculation. Fecal
scores were formulated reference to Joens et al. [23]: Grade 0
=normal feces, Grade 1 = soft feces, Grade 2 = watery diarrhea,
Grade 3 =hemorrhagic diarrhea, and Grade 4 = mortality.
Antibodies in pig serum induced by L. intracellularis were
determined using the IFA method described by Guedes et al.
[24]. In brief, L. intracellularis infected IEC-18 cells in wells of a
96-well plate were fixed using cold methanol at the 6 days post
bacteria-infection. After washing three times using PBS, 100 uL
of distilled water was added into each well and the plate was
incubated at 37°C for 10 min. Serum samples were diluted in
PBS containing 5% BSA at a volume ratio of 1:15, and a series of
twofold-dilutions were added into the wells, followed by incu-
bation at 37°C for 30 min. After washing three times using PBS,

35UB917 SUOWIWOD BAIEa.1D 3|qed | dde a3 Aq pausenob ale sajole YO ‘8sn Jo Sa|n 1oy Arig 1T 8UlUO A3|1/M UO (SUO 1} PUOD-pUe-SWLB)W0 A8 1M Alelq | pul|uo//:Sdny) suonipuoD pue swid | 8yl 8es *[5202/80/70] U0 Arld i auluo AB|IM ‘6T.T0SZ/PRUYSSTT OT/I0p/Wod A8 1m AReiqipuljuo//:sdny wolj pepeojumoq ‘T ‘SZ0z ‘Pedh



the cells were incubated with FITC-conjugated goat anti-pig
IgG H&L (1:500 dilution; Abcam, Cambridge, UK) at 37°C for
1 h in dark environment. Finally, the cells were examined using
an inverted fluorescence microscope (Nikon, Japan).

2.10. Ethic Statements. All animal experiments were approved
by the Animal Ethics Committee of Huazhong Agricultural
University. The approval number for mouse experiment is
HZAUMO-2025-0045. The approval number for pig experi-
ment is HZAUSW-2025-0011. During the experiment, the ani-
mals were handled following the ARRIVE guidelines 2.0 [25].

2.11. Statistical Analysis. Statistical analyses were performed
using GraphPad Prism (version 8.0.1), employing multiple
t-tests to compare groups. Data are presented as mean =+ stan-
dard deviation (SD). Statistical significance was determined at
p<0.05 (*), and p<0.01 (**).

3. Results

3.1. Sample Detection and Isolation of Lawsonia intracellularis
LI-HuB23. Examination of the 1574 ileal samples collected
from the slaughterhouses in Hubei using qPCR, 104 samples
were detected to be positive for L. intracellularis. By inoculating
the homogenates of these 104 samples into IEC-18, a strong
positive signals (Ct value =25) reflecting bacterial multiplica-
tion was detected by qPCR in the cells inoculated with one
sample (Supporting Information 1: Figure S1) at the 10-pas-
sages (Figure 1A). IFA examination demonstrated heavily
infected cells (HICs), with more than 30 intracellular L. intra-
cellularis organisms per cell (Figure 1B). These results indicated
a L. intracellularis strain was isolated successfully and it was
designated LI-HuB23. TEM examination showed that
LI-HuB23 exhibited a rod-shaped morphology (Figure 1C).
Phylogenetic analysis based on the nucleotide sequence of
aspA showed that LI-HuB23 was phylogenetically related to
L. intracellularis strains PPE-GX01-2022 (GenBank accession
no. CP107054), N343 (GenBank accession no. CP004029), and
PHE/MN1-00 (GenBank accession no. NC_008011; Figure 1D
and Supporting Information 2: Figure S2). Our on-going exper-
iment revealed that LI-HuB23 could be continuously passaged
in IEC-18 over 30-generations (Supporting Information 3:
Figure S3). The highest titer of LI-HuB23 was 10>>> TCIDsy/mL
in IEC-18 cells (Figure 1E).

3.2. Preparation of Monoclonal Antibodies Against Lawsonia
intracellularis LI-HuB23. A total of three monoclonal antibo-
dies designated A34, C17, and E12 were finally produced by the
hybridoma cells and C17 demonstrated the better effect to
capture L. intracellularis under the same conditions (Support-
ing Information 4: Figure S4). Particularly, C17 showed a simi-
lar effect on recognizing different L. intracellularis strains
(LI-HuB23 and B3903) with the commercially purchased
monoclonal antibody BIO323 (Figure 2). Western blot analysis
revealed that C17 exhibited a good specificity to recognize
L. intracellularis (Figure 3).

3.3. Virulence Assessment of Lawsonia intracellularis LI-
HuB23 in Pigs. After challenging, fecal shedding of L. intracel-
lularis was observed on Day 4, with a peak shedding observed
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Days 14 and 24, reaching a maximum count of 8 X 10° bacterial
microorganisms per gram feces (Figure 4A). Additionally, oral
inoculation of LI-HuB23 induced the shedding of abnormal
feces including soft feces and watery diarrhea between 14 and
28 days after challenging (Figure 4B,C). Pigs inoculated with
LI-HuB23 showed an average daily gain (ADG) lowered than
the control pigs (206.05 & 23.48 g/day vs. 241.43 & 16.78 g/day;
Figure 4D). During the experiment, all control pigs were sero-
logically negative for L. intracellularis IgG antibodies, while two
pigs in the challenging group were serologically positive for
L. intracellularis I1gG at 14 days postinoculation and all pigs
were serologically positive at 21 days postinoculation (Figure 4E
and Supporting Information 5: Figure S5).

Intestinal mucosa proliferation was observed in the ilea
collected from pigs inoculated with LI-HuB23 (Figure 5A).
Histological examination detected crypt hyperplasia, character-
ized by a reduction in goblet cells within the hyperplastic crypts
(Figure 5B). Colonization of L. intracellularis in ileal crypts was
confirmed by immunohistochemical examination (Figure 5C).

4. Discussion

The isolation of L. intracellularis remains inherently challeng-
ing due to its obligate intracellular and microaerophilic nature
[3]. Successtul cultivation requires specific host cell systems and
highly controlled incubation conditions to maintain the precise
atmospheric parameters essential for bacterial growth [18, 26].
Additionally, the complex and heavily contaminated intestinal
environment, in which L. intracellularis resides further com-
plicates its isolation and propagation [9]. To date, fewer than 25
strains of L. intracellularis have been successfully cultured and
preserved worldwide [27]. Most of these strains have been
derived from cases of porcine hemorrhagic enteropathy
(PHE), likely because the number of competing microorgan-
isms in the ileum of infected pigs is relatively low, facilitating
the isolation of the bacterium [4]. In China, only a single strain
of L. intracellularis has been reported from a PHE case and
research on the pathogenicity of these isolates in animal models
remains limited [13]. In this study, the L. intracellularis strain
LI-HuB23 was successfully isolated from a porcine intestinal
sample obtained at a slaughterhouse. The identity of the isolate
was confirmed as L. intracellularis at the genetic level through
PCR amplification, sequencing, and sequence analysis. TEM
and IFA revealed its characteristic curved rod morphology,
consistent with previous descriptions [3, 9].

Histological examination of L. intracellularis provides a
direct visualization of bacterial colonization within cells and
tissues, serving as a valuable diagnostic tool for L. intracellularis
infection. Among commonly used staining methods, Warthin—
Starry silver staining has been widely applied [9, 23]. However,
its limitations include poor specificity, making it difficult to dis-
tinguish L. intracellularis from other curved rod-shaped bacteria,
as well as inconsistent reproducibility [28]. Antibody-based
detection methods, such as IFA, IHC, and IPMA, offer high
specificity, superior sensitivity, and strong reproducibility, mak-
ing them reliable diagnostic tools for L. intracellularis infection
[28-32]. Previous studies have demonstrated that antibody-
based methods exhibit a sensitivity of approximately 87%
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(B) IFA of LI-HuB23 at the 10th passage (40x). (C) TEM image showing the morphology of LI-HuB23 (bar =2 pm). (D) Phylogenetic tree
based on nucleotide sequence of aspA. (E) Bacterial titers of LI-HuB23 at different passages cultured on IEC-18 cells.
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FIGURE 2: IFA revealing the efficacy of monoclonal antibody C17 on recognizing Lawsonia intracellularis strains LI-HuB23 and B3903

compared to that of the commercial monoclonal antibody BIO323.
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FIGURE 3: Western blot analysis showing the specificity of monoclo-
nal antibody C17 on recognizing Lawsoniaintracellularis. Lane 1:
L. intracellularis strain B3903; Lane 2: L. intracellularis strain LI-
HuB23; Lane 3: IEC-18 cells; Lane 4: McCoy cells; Lane 5: S. choler-
aesuis; Lane 6: E. coli O157:H7.

when compared to the gold standard PCR [10]. In this study, a
monoclonal antibody targeting L. intracellularis was developed
for the specific detection of the bacterium. Western blot analysis

confirmed that the antibody specifically recognized a protein of
approximately 22kDa in L. intracellularis, with no cross-
reactivity observed with IEC-18 cells, McCoy cells, S. choleraesuis,
or E. coli O157:H7. Furthermore, IFA results demonstrated its
effectiveness in detecting L. intracellularis strains LI-HuB23 and
B3903, indicating its potential as a highly specific diagnostic
antibody.

During the continuous passage of L. intracellularis LI-HuB23,
the bacterial titer exhibited an increasing trend and stabilized after
the 20th passage, indicating strong adaptation and stable growth
in IEC-18 cells. IFA staining revealed HICs, defined by the pres-
ence of more than 30 intracellular bacteria per cell. This observa-
tion aligns with previous studies describing the intracellular
proliferation of L. intracellularis within host cells (3, 13, 17, 18].
The TCIDs, method, a widely utilized approach for quantifying
viral titers, is valued for its simplicity, reproducibility, and effec-
tiveness in assessing pathogen infectivity [33]. Although this
method does not directly enumerate bacterial cells, it provides
an indirect measure of infectivity that correlates with bacterial
load, as confirmed by complementary gPCR analysis. Alternative
techniques, such as antibody-based staining for bacterial enumer-
ation, present certain limitations, including incomplete bacterial
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FIGURE 4: Virulence assessments of Lawsonia intracellularis strain LI-HuB23 in pigs. (A) Detection of bacterial DNA in fecal samples from
pigs at different days postinoculation using qPCR. (B) Fecal scores of pigs recorded at different days postinoculation. (C) Pig with watery
diarrhea. (D) Average daily weight gain in pigs postinoculation. (E) Levels of L. intracellularis-specific IgG antibodies in the serum of pigs

postinoculation.

fixation on slides [2, 34], which may lead to underestimation of
bacterial counts and reduced reproducibility. Additionally, these
methods are unable to differentiate between viable and nonviable
bacteria, posing challenges for accurate interpretation of results.
In the animal experiment, 28-day-old pigs were orally inoc-
ulated with the 12th passage of LI-HuB23 at a dose of 6.9 x 10°
L. intracellularis (10°° TCIDs5,). Fecal shedding was first
observed on Day 4 postinfection, with peak shedding occurring
between Days 14 and 24, reaching concentrations of up to 8 X

10° L. intracellularis per gram of feces. IgG antibodies were
detected in some pigs by Day 14 and all pigs were seropositive
by Day 21. Vannucci et al. [35] observed similar patterns of
fecal shedding and seroconversion in pigs infected with cell-
cultured L. intracellularis, with peak shedding occurring
between Days 14 and 28 and detectable titers by Day 14. His-
tological analysis of the ileum revealed mild intestinal hyper-
plasia, with H&E staining showing crypt hyperplasia, epithelial
cell layering, and the disappearance of goblet cells in
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FiGure 5: Damages of pig ilea induced by inoculation of Lawsonia intracellularis strain LI-HuB23. (A) Intestinal mucosal proliferation
observed in the ilea of pigs inoculated with LI-HuB23. (B) Histological examination revealed crypt hyperplasia, characterized reduction in
goblet cells within the hyperplastic crypts. Yellow arrow points to the hyperplastic crypts. (C) Colonization of L. intracellularis in ileal crypts
confirmed by immunohistochemical examination. Red arrow points to the L. intracellularis colonizing the ileal crypts.
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hyperplastic crypts. Immunohistochemistry confirmed the
presence of L. intracellularis in the crypts, consistent with the
characteristic lesions of ileitis [2].

In this study, the intestinal pathological changes observed
in pigs infected with the cell culture-derived LI-HuB23 strain
were less severe compared to those caused by the clinically
derived LI-HuB23 strain. Specifically, gross examination
revealed reduced mucosal thickening in the ileum, along with
decreased crypt hyperplasia on H&E staining and lower levels
of L. intracellularis colonization as detected by IHC (Support-
ing Information S1: Figure S1). This attenuation may be attrib-
uted to the strain’s adaptation to cell culture through multiple
passages. Previous studies, such as those by Vannucci et al. [35]
have reported a reduction in virulence following 20—40 pas-
sages of strains isolated from PHE cases. The strain used in
this study was derived from a porcine intestinal adenomatosis
(PIA) case, which typically presents with milder symptoms
than PHE, and may, therefore, have undergone more rapid
adaptation to cell culture conditions, resulting in reduced
pathogenicity.

5. Conclusion

In this study, a continuously passaged L. intracellularis strain,
LI-HuB23, was successfully isolated from 104 L. intracellularis-
positive ileal samples out of a total of 1574 collected samples.
Additionally, a monoclonal antibody with high specificity for
L. intracellularis was generated. Through continuous passag-
ing, LI-HuB23 exhibited cellular adaptation, maintaining a
stable titer over successive passages. Furthermore, infection of
4-week-old pigs with a dose of 6.9 x 10® (10°° TCIDs,) resulted
in clinical symptoms and histopathological lesions characteris-
tic of porcine ileitis. The inoculated pigs exhibited clinical
symptoms and histopathological changes consistent with por-
cine ileitis, thereby confirming the pathogenic potential of LI-
HuB23 and its ability to reproduce key features of the disease.
These findings provide valuable insights into the in vitro adap-
tation and pathogenicity of L. intracellularis, facilitating future
studies on its pathogenesis, immune responses, and vaccine
development.
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