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Abstract: Spotty liver disease (SLD) affects free-range laying hens, leading to mortality and reduced egg
production. Campylobacter species, including a novel strain, Campylobacter hepaticus, have been associated with
SLD cases worldwide. However, the cause of SLD like lesions found in broilers in Japan is still remains unclear.
The present study aimed to investigate the involvement of Campylobacter spp. in broiler SLD by conducting
microbiological, molecular, serological, histopathological, and immunohistopathological examinations using
specimens of liver, bile, cecum, and serum from SLD-like and non-SLD chickens. C. jejuni was predominantly
isolated and detected in approximately 40% of both non-SLD livers and SLD-like livers, with no significant
difference between them. While C. hepaticus was neither isolated nor detected in this study. Gross and
histopathology revealed multifocal necrotizing hepatitis, suppurative granulomatous hepatitis, and
cholangiohepatitis. Hepatitis stages classified as no hepatitis, subclinical, acute, and chronic hepatitis. C. jejuni
was more frequently present in acute-stage SLD-like livers, and high IgG antibody levels were noted in both
subclinical and SLD-like-affected chickens, indicating C. jejuni infection. Immunohistochemical also supported
these findings. The findings suggest that C. hepaticus was not involved in SLD-like in broilers in Japan, but C.
jejuni translocation from the intestines to the liver may be a contributing factor.

Keywords: Campylobacter spp.; Spotty liver disease (SLD); Avian vibrio hepatitis (AVH); Liver;
Broiler; Poultry

1. Introduction

Campylobacter is a genus of Gram-negative, spiral-shaped bacteria that includes several species
with zoonotic potential capable of causing animal illness [1]. Campylobacteriosis in humans is caused
primarily by the consumption of contaminated food, particularly undercooked or contaminated
poultry [2], unpasteurized milk [3], and untreated water [4]. C. jejuni is a common human pathogen
that causes diarrheal illnesses [5]. Moreover, Campylobacter infection can lead to various
complications such as hepatitis and cholecystitis [6], hemolytic uremic syndrome (HUS) [7],
meningitis [8], fetal death [9], or Guillain-Barré syndrome (GBS) [10].

Chickens are primary reservoirs of Campylobacter spp., mainly C. jejuni and C. coli. Since chickens
may harbor these organisms in the intestinal tract without any obvious clinical symptoms under
appropriate husbandry conditions, they have a symbiotic relationship as part of the intestinal flora
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[11]. However, in the 1950s, avian vibrionic hepatitis (AVH) was reported worldwide in the poultry
industry [12-17]. It affected laying hens and caused economic losses due to low egg production and
high mortality [18,19]. AVH was characterized by multifocal degeneration and necrosis of the liver
parenchyma [13,15,20]. After the 1970s, however, reports of AVH became fewer. Vibrio-like
organisms, later classified as Campylobacter, were suggested as possible causative agents [21], but
were not precisely identified.

In 2003, a disease very similar to AVH, characterized by white spotted lesions on the liver, was
reported again in free-range laying hens in the UK [22] and named “spotty liver disease” (SLD) or
“spotty liver disease syndrome” (SLS) in New Zealand, Australia, and other countries [22-26].
Campylobacter-like bacteria were isolated from the liver, bile, and intestinal contents, and the lesion
was successfully reproduced through experimental infection [27]. These isolates were later named as
a new Campylobacter species, C. hepaticus [28].

According to the livestock statistics of the Ministry of Agriculture, Forestry and Fisheries
(MAFF), Japan, as of February 1st, 2023, there were approximately 128 million adult layer chickens
and 141 million broiler chickens housed in Japan [29]. There have been no reports of SLD in laying
hens in Japan, but SLD-like lesions were found in broilers during poultry meat inspections in the
1990s. This increased detection rate followed the enactment of the Poultry Inspection Law in 1990
and the mandate of the Ministry of Health, Labor and Welfare (MHLW) for individual inspections of
chickens, ducks, and turkeys at large poultry processing plants [30]; however, most of the birds
inspected in Japan were broilers.

In Japan, AVH-like lesions are recorded as “inflammation” during poultry meat inspection.
Affected broilers exhibit white spots (focal necrosis) on the liver, and this may vary from farm to
farm. In some cases, many AVH-like lesions are observed simultaneously on the same farm.
Bacteriological tests targeting Campylobacter species have been conducted. Still, it has remained
inconclusive whether C. jejuni was the major causative agent of AVH because it was isolated from
both AVH-affected chickens and grossly normal livers and bile (unpublished data). Since 2000, such
outbreaks have declined due to countermeasures for preventing high pathogenic avian influenza,
such as improved feeding environment, enhanced biosecurity, and reduced chicken housing density.
Although SLD-like lesions continue to be found in broilers during meat inspection, albeit at low rates,
the involvement of C. hepaticus in liver lesions has not been investigated in Japan, and the causative
agent remains unknown.

The present study conducted bacteriological tests for Campylobacter species on broilers affected
by SLD-like and with grossly normal livers. In addition, molecular biological, pathological,
histopathological, immunohistochemical, and serological tests were performed to investigate
whether Campylobacter species, including C. hepaticus, are involved in SLD in broilers.

2. Materials and Methods

2.1. Sample Collection

After standard slaughtering and evisceration, samples of the liver with the gallbladder, cecum,
and blood clots in the heart were collected by meat inspectors (veterinarians) from broiler chickens
around seven weeks of age without any clinical disorders at a chicken processing plant located in
Miyazaki Prefecture, Japan, between September 2021 and April 2023. A total of 53 livers with no gross
lesions (referred to as non-SLD) and 66 livers with SLD-like lesions (referred to as SLD) were
randomly collected, and bile samples were taken aseptically from the gallbladders. Cecum samples
from non-SLD (n=33) and SLD (n=35) were also examined. These samples were subjected to
bacteriological, molecular biological, pathological, and immunohistochemical tests. To detect
antibodies against Campylobacter spp., 20 non-SLD and 20 SLD (n=20) chickens were selected to
collect serum samples from blood clots in the heart based on the bacteriological and multiplex PCR
examination results. All samples were placed in sterile bags and promptly transferred to the
laboratory in insulated boxes with ice packs, and testing was initiated within 24 hours of collection.

2.2. Isolation of Campylobacter Species
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Campylobacter spp. was isolated using a combination of direct plating and enrichment culture
followed by plating on Campylobacter-selective agar plates. Liver surfaces were decontaminated with
70% (v/v) ethanol. The liver capsule surface was decontaminated with 70% (v/v) ethanol, then
branded with a burner for a few seconds, aseptically cut, and stamped the deep liver parenchymal
split surface onto two selective media for Campylobacter spp., which included Brucella agar (BBL
Microbiology Systems, Cockeysville, MD) with 5% (v/v) horse blood supplemented with Skirrow
Campylobacter Selective Supplement (Thermo Scientific Oxoid, Hampshire, UK) and modified
charcoal cefoperazone deoxycholate agar (mCCDA) (Thermo Scientific Oxoid). These plates were
incubated at 37°C under microaerophilic conditions (80% N2, 10% CO2, 5% O2, and 5% H2) for up to
seven days. Additionally, an aliquot of 20 ul of bile and 0.2 g of cecum content were cultured on the
same selective Campylobacter media described above. Growth of suspected Campylobacter spp. on the
selective agar plates was observed at 3-, 5-, and 7-days post-cultivation.

For enrichment culture, approximately 1 g of liver, 1 g of swabbed cecum content with a cotton
swab, or 100 pl of bile was inoculated in 9 ml of Preston enrichment broth (Thermo Scientific Oxoid)
supplemented with 5% (v/v) lysed horse blood and then incubated at 37°C for 48 hours under
microaerobic conditions. Subsequently, a loopful (approximately 10 pl) of the enrichment culture was
streaked onto mCCDA agar plates, and incubated at 37°C for 48 hours. When these culture methods
isolated Campylobacter, the specimen was recorded as positive for isolation. Three suspected
Campylobacter spp. colonies were identified after Gram staining and biochemical tests, and
ambiguous isolates were subjected to PCR for species-specific confirmation.

To enumerate campylobacters in cecum contents, direct plating was used. Ten-fold serial
dilutions of each specimen (0.2 g) were made in 10 mM phosphate-buffered saline (pH 7.2, PBS), 25
pl aliquots of each dilution were plated onto mCCDA agar, and incubation was carried out at 37°C
for 48 hours. Colonies were counted to determine colony-forming units (cfu/g), with alower detection
limit of 4 x 10? cfu/g. Up to three suspected colonies from plates with the highest dilutions were
subcultured onto new mCCDA plates and confirmed in the same way as for direct plating and
enrichment culture. Suspected Campylobacter spp. isolates were preserved in Brucella broth (BBL
Microbiology Systems) containing 10% (v/v) glycerol (Nakarai Tesque Inc., Kyoto, Japan) at -80°C for
further analysis. C. jejuni 81-176 (NCTC 11828), C. coli JCM2529 (NCTC 11366), and C. hepaticus NCTC
13823 were used as positive controls.

2.3. Multiplex PCR for Detection of Campylobacter Species

Bacterial DNA was extracted from pure cultured colonies isolated from liver, bile, and cecum
contents using an alkaline-heat extraction method [31]. Moreover, DNA was extracted from Preston
enrichment broth after cultivation by heating the precipitate from the broth [32]. DNA from liver
tissue was extracted using DNeasy blood and tissue Kits (Qiagen Ltd., Hilden, Germany) following
the manufacturer’s instructions. For extraction of DNA from bile and cecum contents, the QlAamp
DNA Stool Mini Kit (Qiagen) was used for the removal of PCR inhibitors. The extracted DNA
samples were collected and stored at -20°C until testing.

To differentiate the various Campylobacter species, multiplex PCR was performed using a
combination of previously reported primers [33-36], including those for the genus Campylobacter
(C412F and C1228R for the 165 rRNA gene, 816 bp), C. jejuni (C-1 and C-3 for the ¢j0414 gene, 161 bp),
C. coli (CC18F and CC519 for the ask gene, 502 bp), and C. hepaticus (G2F3 and G2R2 for the glk gene,
463 bp). All primers were produced by Eurofins Genomics Co., Ltd. (Tokyo, Japan). Positive controls
included C. jejuni 81-176, C. coli JCM2529, and C. hepaticus NCTC 13823.

PCR was performed in a DNA thermal cycler (SimlpiAmpTM Thermal Cycler, Thermo Fisher
Oxoid) in 20 pl of the reaction mixture. Each mixture contained 2.0 ul (approximately 20 ng) of
genomic DNA, 2.0 ul of 10 x reaction buffer (Qiagen), four primer sets at 160 nM each, 0.625 U of Taq
DNA polymerase (Qiagen), each of the deoxynucleotides at 250 uM (Amersham Pharmacia Biotech,
Tokyo, Japan), and DNase-free distilled water (DW). The samples were incubated at 95°C for 1 minute
to denature the target DNA, followed by 35 cycles of 95°C for 1 minute, annealing at 56°C for 1.5
minutes, and 72°C for 1 minute, with a final incubation at 72°C for 7 minutes. Amplicons were held
at 4°C before analysis. Each reaction mixture was analyzed by gel electrophoresis through 1.5 % (w/v)
agarose (Nakarai Tesque) in 1 x Tris-acetate buffer (TAE) (Cosmo Bio Co., Ltd., Tokyo, Japan) and
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visualized by UV transillumination using Chemidoc™ Touch MP (Bio-Rad Laboratories Inc., CA)
after staining with gel red (Biotium Inc., Fremont, CA).

2.4. Pathological Examination

Before the microbiological examination, the livers were subjected to gross pathological
examination to classify them based on surface features (Figure 1) as follows: 1) non-SLD (no lesions
evident, Figure 1A); 2) mild-grade SLD (a few spots 1-2 mm in diameter distributed anywhere on
the liver surface, Figures 1B and 1C); 3) moderate-grade SLD (spots larger than 2 mm distributed
over several areas of the liver surface, Figure 1D); and 4) severe-grade SLD (larger spots distributed
over the entire liver surface, resembling cauliflower-like formations, Figures 1E and 1F).
Gallbladder and cecum samples were also examined for any lesions. After the gross pathological
examination, a histopathological examination was performed. Liver and cecum samples were fixed
in a 10% neutral buffered formalin solution (Nakarai Tesque) and embedded in paraffin (Sakura
Finetek Japan Co., Ltd., Tokyo, Japan). Thin sections 4-5 um thick were then prepared and stained
with hematoxylin-eosin (HE) for general histology. Masson’s trichome staining was conducted to
detect fibrin or fibrosis within liver tissues. Histopathological observations were made using a
microscope to evaluate hepatitis stages in both SLD and non-SLD liver tissue. Hepatitis stages were
classified as follows based on previously reported criteria: 1) no hepatitis, 2) subclinical hepatitis, 3)
acute hepatitis, and 4) chronic hepatitis [37]. The histopathological changes included hepatocellular
degeneration or necrosis, erythrocyte infiltration, fibrin deposition, and the types of inflammatory
cells (lymphocytes, heterophils or macrophages) infiltrating the liver parenchyma and periportal
areas. Subclinical hepatitis was identified by the presence of hepatocyte degeneration and cellular
infiltration in peripheral areas. Acute hepatitis was characterized by fibrin deposition, and cellular
infiltrates were observed in both peripheral areas and within the liver parenchyma. Chronic
hepatitis was characterized as granulomatous necrotizing hepatitis with peripheral infiltration.
Granulomas were examined for centers of caseous debris or fibrin, surrounded by multinucleated
giant cells (macrophages) and other inflammatory cells, and areas of fibrous tissue deposition.

Figure 1. Gross pathological features of livers collected from non-SLD and SLD chickens. (A) normal
surface appearance in non-SLD chickens; (B and C) multiple 1-2-mm-diameter spots distributed in a
few areas or the whole liver surface, indicating mild-grade SLD; (D) multiple spots larger than 2 mm
in diameter distributed in a few areas of the liver surface, indicating moderate-grade SLD; and (e and
f) multiple spots larger than 2 mm in diameter distributed over the whole liver surface, indicating
severe-grade SLD.
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2.5. ELISA Detection of Serum IgG antibody against C. jejuni

Serum IgG antibodies against C. jejuni were measured by ELISA to predict C. jejuni infection in
chickens with and without SLD. C. jejuni 81-176 (Penner serotype 23, 36) [38,39] was used as the
antigen for the ELISA, and 20 samples from each of the SLD and non-SLD broilers were collected.
Among the 20 samples, 10 were C. jejuni positive (Cj+) and 10 were negative (Cj-) based on the culture
and/or PCR results. The heart of each chicken was aseptically opened, and blood clots were collected
in a 1.5-ml microtube. The blood samples were incubated at 37 °C for 1 hour, and then the serum was
separated by centrifugation at 8,000 x g for 15 minutes at 4°C. The serum samples were stored at -
20°C until tested. As described previously, soluble antigens were obtained by acid extraction and
ELISA [40]. For measurement of the IgG antibodies against C. jejuni, each well of a 96-well ELISA
plate (Thermo Fisher Scientific, Waltham, MA) was coated with 75 ul of soluble antigen (1.0 pg/ml)
in 10 mM PBS and incubated at 37°C for 1 hour. After discarding the antigen, non-binding sites were
blocked with 200 pl of 1% (w/v) bovine serum albumin (Sigma-Aldrich Japan Co., Tokyo, Japan) in
PBS, incubated at 37°C for 1 hour, and then again at 4°C for 18 hours. After washing with PBS
containing 0.05% (v/v) Tween 20 (PBST) (Nakarai Tesque), 75 ul of 100-fold-diluted chicken serum
with a blocking solution was added. PBS was used as a control. Plates were incubated at 37°C for 1
hour, then washed with PBST, incubated with rabbit anti-chicken IgG v chain antibody conjugated
with horseradish peroxidase (Thermo Fisher Scientific) diluted 1,000-fold in blocking solution, and
incubated at 37°C for 1 hour. After washing, 75 ul of a chromogenic substrate containing 3 mM O-
phenylenediamine (Nakarai Tesque) in 20 mM citric acid buffer (pH 5.0) was added and incubated
at 20°C for 30 minutes. The reaction was stopped by adding 75 pl of 1 M sulfuric acid (Nakarai
Tesque). The optical density was measured at 492 nm (OD492) using a Bio-rad Benchmark (Bio-Rad
Laboratories, Hercules, CA).

2.6. Immunohistochemical Examination

An immunohistochemical examination (IHC) was conducted to detect C. jejuni antigens in liver
tissues [41]. Ten liver specimens from each of the SLD and non-SLD chickens were selected from Cj+
and Cj- specimens. Thin sections of the liver and cecum prepared for histopathological examination
were placed on platinum-coated slide glasses (Matsunami Glass Ind., Ltd., Osaka, Japan). Sections
were deparaffinized with 100% (v/v) xylene three times for 10 minutes each, rehydrated with 80-
100% (v/v) ethanol for 30 seconds each, and antigen retrieval was performed by autoclaving at 105°C
for 10 minutes. After cooling under running tap water for 20 minutes, sections were washed thrice
with PBS for 5 minutes each. Endogenous peroxidase activity was inhibited by treating the sections
with methanol containing 3% (v/v) H202 for 30 minutes at 20°C followed by washing in PBS. To
prevent non-specific binding, the sections were treated with Blocking One solution (Nakarai Tesque)
at 20°C for 30 minutes, then washed with PBS. As primary antibodies, polyclonal rabbit anti-C. jejuni
antisera (C. jejuni strains 81-176 and OH4382) diluted 1:2000 were applied to the sections, and
incubation was performed at 37°C for 1 hour, followed by washing in PBS. As a negative control,
only PBS was applied to the sections. After PBS washing, goat anti-rabbit IgG labeled with
horseradish peroxidase (Envision polymer; Dako Inc., Carpinteria, CA) was applied and incubated
at 37°C for 40 minutes. Sections were washed with PBS and stained with 3,3'-diaminobenzidine
(Dako) to visualize the antigen-antibody complexes. The reaction was stopped by washing the slides
with DW at 20°C for 5 minutes. Slides were then counterstained with hematoxylin for 20 seconds,
dehydrated with 70-100% (v/v) ethanol for 30 seconds each, and treated with 100% (v/v) xylene three
times for 15 minutes each. Bacterial antigens were observed using a light microscope. The positive
control was used for cecum tissue from which C. jejuni had been isolated. Antigen detection areas
were observed and counted per section, then compared between SLD and non-SLD in both the Cj+
and Cj- groups with high and low IgG antibodies.

2.7. Statistical Analysis

All statistical calculations were performed using GraphPad Prism 10 software version 10.2.2 for
Windows (GraphPad Software Inc., Boston, MA). Bacterial counts were converted into base-10
logarithms of cfu per gram (log10 cfu/g). The rates of Campylobacter spp. isolation and detection
were expressed as percentages, with samples categorized as Cj+ (where C. jejuni was isolated or
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detected) and Cj- (where C. jejuni was not found). IgG ELISA titers were expressed as averages with
standard deviation. Differences in IgG ELISA titers were analyzed using one-way ANOVA and
Tukey’s multiple comparisons test. The proportions of bacterial isolation rates by cultivation,
detection rates by PCR, and areas of antigen detection per section were compared using contingency
tables, the chi-squared test, and Fisher’s exact test. Statistical significance was defined as p<0.05.

3. Results

3.1. Isolation of Campylobacter spp.

The rates of isolation by cultivation and the rates of detection by multiplex PCR for
Campylobacter spp. are summarized in Table 1. C. jejuni was the predominant species isolated and
detected in both non-SLD and SLD chickens, regardless of gross liver lesions. In non-SLD chickens,
the rates of C. jejuni isolation from the liver, bile, and cecum contents were 43.4%, 18.9%, and 36.4%,
respectively, while in SLD chickens, the corresponding rates were 40.9%, 15.2%, and 22.9%,
respectively (Table 1). C. coli was isolated with lower frequency from liver, bile, and cecum contents.
C. jejuni was isolated from all livers from which C. coli had been isolated. Multiplex PCR showed
slightly higher detection rates for both C. jejuni and C. coli than for isolation across all samples. There
were no statistically significant differences between non-SLD and SLD chickens with regard to the
isolation and PCR detection rates for C. jejuni from liver, bile, and cecum contents. C. hepaticus was
not isolated from any samples by either cultivation or PCR. Quantitative analysis of Campylobacter in
cecum contents revealed no significant difference between non-SLD and SLD chickens, with levels
ranging from 7.2 to 8.0 log cfu/g (median: 7.6 log cfu/g) and from 7.1 to 8.1 log cfu/g (median: 7.7 log
cfu/g), respectively.

Table 1. Table 1: Rates of Campylobacter spp. isolation and detection by cultivation and multiplex PCR
from non-SLD and SLD chickens.

Liver Bile Caecum content
Specie
Non-SLD (n=53) SLD (n=66) Non-SLD (n=53) SLD (n=66) NOH-SLD(H=33) SLD (n=35)
Isolation* PCR** Isolation* PCR** Isolation* PCR** Isolation* PCR** Isolation* PCR** Isolation* PCR**
C. 10
23 23 27 30 10 17 10 12 12 15 8
Jejuni (28.6)
) (43.4) (43.4) (40.9) (455) (189) (32.1) (152) (182) (364) (45.5) (22.9)
C. coli 1 6 1 2 0 0 0 0 2 4 0 1

(%) (19 (113) (15 (3.0) (0.0) (0.0 0.0) (0.0) (61) (121) (0.0) (2.9

C. 0 0 0 0 0 0 0 0 0 0 0
hepatic 0 00)  (0.0) (00) (00) (0.0)  (0.0) (00) (00) (0.0) (0.0)  (0.0)
us (0.0)

(%)

No significant difference in isolation (*) and detection (**) rates between non-SLD and SLD chickens.

3.2. Pathological examination
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SLD chickens revealed spots throughout the liver surface, varying according to area and degree,
as shown in Figure 1. The stages of non-SLD and SLD were classified based on gross and
histopathological features of the liver (Table 2). Based on gross pathological findings, livers from SLD
chickens were classified as mild-grade (25.8%), moderate-grade (42.4%), and severe-grade SLD
(31.8%), respectively. Moreover, gallbladder enlargement was observed in 15.2% of SLD chickens.
Swelling of the cecum was observed in both SLD (22.9%) and non-SLD (36.4%) chickens.

Histopathological features of non-SLD and SLD livers included hepatocyte degeneration,
erythrocyte infiltration, and inflammatory cell infiltration, as shown in Figure 2. In livers with no
gross lesions, histopathological examination revealed no specific features in 19 of 53 livers (35.8%),
while 34 livers (64.2%) showed hepatocyte degeneration, erythrocyte infiltration, and periportal
inflammation referred to as cholangiohepatitis, suggesting a subclinical stage (Table 2). SLD livers
showed cholangiohepatitis and multifocal necrotizing hepatitis (MNH) with or without fibrosis
(Table 2). SLD livers with acute hepatitis (25.8%) showed cell infiltration (mainly erythrocytes,
heterophils, and lymphocytes) and fibrin deposition without fibrosis. Chronic-stage SLD livers
(74.2%) exhibited varying degrees of fibrosis alongside inflammatory cell infiltration (lymphocytes,
heterophils, and mainly macrophages) (Table 2). Bile duct proliferation and bile accumulation were
observed in both SLD (56.1%) and non-SLD (54.7%) chickens. In the swollen cecum, an inflamed
mucosal area with crypt hyperplasia and villous atrophy was widespread in all of the specimens
examined (data not shown).

The rates of C. jejuni isolation and detection in non-SLD and SLD livers classified based on gross
and histopathologic findings were collated. C. jejuni was not isolated or detected in the livers of non-
SLD chickens with no apparent abnormalities. On the other hand, the isolation/detection rate of C.
jejuni from livers with cholangiohepatitis was 43.4%, which was the highest among the samples
including livers from SLD chickens. Among the livers from SLD chickens with acute and chronic
stages of hepatitis, the isolation/detection rate of bacteria was roughly 11-17%, with no significant

difference between the various stages of hepatitis (Table 2).
‘Y &Y T' Z.- 'l RS R SR '\;;

Figure 2. Histological appearance of liver and cecum samples collected from non-SLD and SLD
chickens: (A) HE staining of a normal liver; (B) HE staining showing mild hepatocellular degeneration
with periportal inflammation; (C and D) Masson’s trichrome staining of livers with acute hepatitis;
(E to H) Masson’s trichome staining of livers with chronic hepatitis. Additionally, (I) shows HE
staining of the cecum with inflammatory cell infiltration in the submucosa, lamina propria, and crypts
of villi, with enterocyte necrosis.

Table 2. Pathological classification of non-SLD and SLD livers based on gross and histopathological
findings and results of isolation and detection of C. jejuni from the liver at each stage.
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Gross Histopathological C. jejuni
Hepatitis No. of
Chicken pathological Isolation
stage findings liver (%) PCR (%)
findings (%)
Non- None No hepatitis None 19(35.8)  0(0.0)*  0(0.0)*
SLD 34 (64.2)
None Subclinical Ery, Lym, Het, Mac 23 (43.4)** 23 (43.4)**
(n=53)
MNH with Ery, 17 (25.8)
10
Mild-grade SLD Acute  Lym, Het, Mac, FB, 10 (15.2)***
(15.2)***
FT(x)
MNH with Ery, 28 (42.4)
SLD  Moderate-grade 11
Lym, Het, Mac, FB, 10 (15.2)***
(n=66) SLD (16.7)***
FT(+)
Chronic
MNH with Ery,
Severe-grade SLD Lym, Het, Mac, FB, 21 (31.8) 7 (10.6)*** 9 (13.6)***
FT(++)

*, %, % significant differences between histopathological classifications at p<0.05.
++: severe fibrosis; +: moderate fibrosis; +: without or mild fibrosis

3.3. Serum 1gG antibody against C. jejuni

An ELISA assay was performed to deduce whether broilers had been infected with C. jejuni
regardless of the presence or absence of SLD lesions in the liver. When the IgG levels against C. jejuni
between non-SLD and SLD broilers were compared, there was no significant difference between the
two groups (data not shown). However, when IgG antibody levels were compared between chickens
in which C. jejuni was isolated and/or detected from livers and those in which it was not, significant
differences were found in both non-SLD and SLS chickens (Figure 3). Within each group, the levels
of IgG antibodies in serum from broilers from which C. jejuni was isolated or detected in their livers
by culture and/or PCR were compared with those from which it was not isolated or detected. In both
groups, IgG antibody titers were significantly higher in the group of Cj+ than in that of Cj- (Figure 3).


https://doi.org/10.20944/preprints202411.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 November 2024 d0i:10.20944/, rints202411.0651.v1

3.5 p<0.05
3.0 I 1
p<0.05
E 25 I .
a 2.0 —
T —e & O
a 1 —_— 14
© 1.0 — ‘I_ 11 o -l0
|
Y === T —gagS— 08
0.0 T T 1 I
Cj- Cj+ Cj- Cj+
(n=10) (n=10) (n=10) (n=10)
Non-SLD chickens SLD chickens
(n=20) (n=20)

Figure 3. Comparison of IgG antibody levels to C. jejuni in non-SLD and SLD broilers with and
without C. jejuni isolation and/or detection in the liver.

3.4. Immunohistochemical Examination

The detection of C. jejuni antigen by immunohistochemistry from non-SLD and SLD chickens is
shown in Figure 4. Although antibodies of two Penner serotypes (OH4382 and 81-176 strains) were
used to detect the antigens, no difference in antigen distribution was observed (data not shown).
Cecum tissue from which C. jejuni was isolated was used as a positive control to verify the
immunohistochemical test conditions, confirming abundant antigen detection in epithelial crypts
(Figure 4A-2 and 4A-3). SLD and non-SLD livers were observed within five views per section. The
antigen distribution area of individual samples is shown in Table 3.

Figure 4. Inmunohistochemical detection of C. jejuni antigen from non-SLD and SLD chickens. (A-1)
negative control; (A-2) positive control with C. jejuni antigens detected in cecum content; (A-3) C.
jejuni antigens in crypts of villi (black arrows) and epithelial cells (small square); (B) C. jejuni antigens
in macrophages (black arrows) and hepatocytes (small square) of non-SLD chickens; (C) C. jejuni
antigens in hepatocytes surrounding necrotizing lesions (black arrows) and macrophages (small
square) of SLD chickens; (D) C. jejuni antigens in bile duct from a bile-positive sample.

Non-SLD chickens were defined as those without gross lesions in the liver but included those in
which C. jejuni was not isolated or detected in the liver and no histopathologic lesions were observed
(normal) and those in which C. jejuni was isolated or detected in the liver and cholangiohepatitis was
evident (subclinical stage). No C. jejuni antigen was detected in the liver tissue of the former. In
contrast, in the latter, C. jejuni antigen was detected in hepatocytes located around necrotic tissue,
inflammatory cells, and capillary bile ducts but not within the necrotic tissue itself (Figure 4B to 4D).
However, the distribution of the antigen was low. In addition, the IgG antibody levels of chickens in
which C. jejuni antigen was detected were higher than those of chickens in which the antigen was
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not detected (Table 3). SLD chickens had liver tissue showing both the acute and chronic stages. In
those at the acute stage, C. jejuni was isolated and detected in all five SLD liver samples, while in
those at the chronic stage, C. jejuni was detected by PCR in two of the five specimens tested.
Examination of the antigen distribution of C. jejuni in liver tissues at the acute and chronic stages
revealed that it was present in all of the acute-stage tissues examined, as was the case for the
subclinical stage, although no antigen was detected in liver tissues at the chronic stage. IgG antibody
levels were higher in chickens in which C. jejuni had been isolated and/or detected in the liver (Table
3).

Table 3. ELISA IgG titer and immunohistochemical results classified by hepatitis stages and
bacteriological rates from non-SLD and SLD livers.

C. jejuni  ELISA(ODu49)Antigen distribution area
Hepatitis ~ Sample

Liver NecroticNormalHepatocyteMacrophage Bile
stage No. IsolationPCR P Y phag
area  area duct
128L - - 0.1 - - - - _
No 129L - - 0.2 - - - - _
hepatitis 1251 - - 0.3 - - - - -
(n=5) 116L - - 0.3 - - - - -
Non-
126L - - 0.4 - - - - _
SLD
113L + + 0.9 - + + - +
(n=10)
Subclinical 118L + + 1.2 - + + + _
hepatitis 132L + + 1.2 - + + + _
(n=5) 97L + + 1.7 - + + + -
108L + + 2.0 - + + + _
110L + + 0.8 + + - + -
Acute 120L + + 0.9 - + - + -
hepatitis 114L + + 12 + * - * -
(n=5) 136L + + 1.2 - + - + _
SLD 98L + + 2.6 + + + + _
(n=10) 107L - - 04 - - - - _
Chronic 127L - - 0.6 - - - _ _
hepatitis 138L - - 0.7 - - - - _
(n=5) 9L - + 1.6 - - - - _
100L - + 1.7 - - - - _

+: positive; +: weakly positive; -: negative

4. Discussion

The objective of this study was to determine whether Campylobacter spp. Including C. jejuni, C.
coli, and C. hepaticus is involved in the incidence of SLD in Japan as reported in other countries.
However, C. hepaticus was not isolated from the liver, bile, or cecum contents of broilers without gross
lesions or those showing SLD, nor was it detected by PCR. These findings suggest that C. hepaticus
may not be involved in SLD lesions in broilers, at least in Miyazaki prefecture, Japan. In contrast, C.
jejuni and C. coli were isolated and detected at similar rates in both SLD and non-SLD broilers, making
it challenging to determine their role in SLD. Several reports have indicated the possibility of internal
and external liver contamination by Campylobacter spp. [42,43]. However, it is unlikely that
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Campylobacter would have been isolated and detected on the liver surface because the fresh liver
samples used in this study were subjected to surface decontamination with 70% (v/v) ethanol and
burning surface of the liver for a few seconds, followed by aseptic cutting.

Several key questions arise regarding the involvement of C. jejuni/coli in the formation of white
spots (focal necrosis) on broiler chicken livers. These include the routes by which C. jejuni/coli reaches
the liver and gallbladder, whether C. jejuni/coli has the pathogenic potential to cause the observed
focal necrosis, reasons for the absence of C. jejuni/coli in all of the SLD-affected livers, and whether
the isolation and detection of C. jejuni/coli in grossly normal livers represents an early or subclinical
infection stage. To address these questions, we carried out IHC testing to examine the distribution of
C. jejuni antigen in liver tissues and evaluated serum IgG antibody levels to assess any prior infection
with C. jejuni as well as histopathological examination. Since the pathogenicity of C. jejuni has been
studied in greater detail than that of C. coli, and most of the isolates included in this bacteriological
examination were C. jejuni, we will focus our discussion on C. jejuni.

Previous studies have offered intriguing insights when considering the route of C. jejuni to the
liver. Experimental studies have shown that Campylobacter spp. can be recovered from the livers of
specific pathogen-free chickens after oral inoculation [44,45], resulting in bacterial invasion into the
intestinal mucosa followed by translocation to extraintestinal tissues such as the liver and spleen [44—
46]. These migration routes likely occur through the biliary, lymphatic, or vascular systems [47]. The
potential for C. jejuni to induce hepatitis by translocating from the intestinal tract to the hepatobiliary
system, leading to bacteremia and focal necrosis in the liver, is further supported by experimental
infection in various animal models (rthesus monkeys, mice, and quails) and a case report in humans
[48-51]. Notably, Misawa et al. reported [50] experimental infection of quail with C. jejuni strains
isolated from liver with SLD-like signs in a broiler chicken and a human patient with diarrhea. The
C. jejuni was inoculated intravenously and successfully reproduced SLD-like lesions in the liver,
indicating that C. jejuni has the potential to cause focal liver necrosis. At large poultry farms, broilers
are usually housed under high-density conditions, making them susceptible to stress due to poor
ventilation, high temperature, and other factors. Stress is known to promote translocation of intestinal
bacteria [52], and such a rearing environment may also be an important factor related to
extraintestinal infection.

In contrast to our initial expectations, C. jejuni was isolated and detected from non-SLD livers as
well as SLD livers in the 40% range, with no significant difference between the two. The isolation of
C. jejuni from non-SLD livers can be explained by the findings of histopathological and
immunohistological examinations, and the levels of IgG antibody against C. jejuni. Observation of
histological sections of the liver without grossly visible lesions revealed no significant histopathology
in 19 of 53 livers (35.8%), while 34 of the livers (64.2%) showed hepatocyte degeneration, erythrocyte
infiltration, and periportal inflammation (Table 2). In the former case, C. jejuni was not isolated or
detected in the liver, no histopathological abnormality was observed, no bacterial antigen was
detected. Furthermore, the absorbance at OD429, which indicates the level of IgG antibody against
C. jejuni, was less than 0.4, suggesting that the liver was normal and might not have been infected
with C. jejuni. Conversely, in the latter case, C. jejuni was isolated and detected, bacterial antigens
were identified, and the levels of IgG antibody against C. jejuni were higher than 0.9 at OD429.
Furthermore, pathological examination revealed the presence of an inflammatory cell infiltrate. Thus,
even without gross lesions in the liver, the histological evidence of inflammation, the presence of C.
jejuni antigens in the liver tissue, and the increased level of serum IgG antibodies suggested that these
chickens were infected with C. jejuni and had subclinical SLD. From the viewpoint of food safety, it
is important to note that broiler liver can be a significant source of contamination with C. jejuni, even
in the absence of gross lesions.

In discussing the reasons why C. jejuni was not isolated and detected in all of the livers showing
SLD lesions and in non-SLD livers at the subclinical stage, it is necessary to consider the viability and
proliferative potential of C. jejuni in the extraintestinal tract. Kiehlbauch et al. examined phagocytosis
and intracellular survival of C. jejuni strains in human and mouse mononuclear phagocytes in vitro
and found that the bacteria survived intracellularly for up to 6-7 days [53]. De Mero et al. [54] also
examined the intracellular survival of C. jejuni during infection of HEp-2 cells in vitro. This revealed
that C. jejuni strains were attached to the HEp-2 cell membrane, internalized by a phagocytosis-like
mechanism, but digested after phagosome-lysosome fusion after 36 hours. In the present study, the
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absence of antigens within the centers of necrotic areas suggested that C. jejuni did not proliferate in
the liver [55]. These findings suggest that C. jejuni can survive intracellularly for only a short period,
eventually being killed by the host’s response, resulting in rapid clearance or translocation to bile
ducts but triggering an immune response leading to inflammatory cell infiltration, fibrosis, and focal
necrosis.

Histopathological examination of liver specimens showing SLD lesions allowed classification
into acute and chronic stages, depending on the infiltrating cells and the degree of fibrosis (Figure 2
and Table 2). Interestingly, C. jejuni was isolated and detected by PCR from all SLD livers at the acute
stage, but from only two samples at the chronic stage. Judging from the high levels of IgG antibodies
against C. jejuni in chickens at the chronic stage as well as at the acute stage, it was considered that
the chickens were infected with C. jejuni. Histopathologic examination of the liver in the chronic
phase demonstrated significant deposition of fibrous tissue as a healing response after long-term
inflammation and foreign body encapsulation, suggesting that host defense reactions, including the
immune response, may have reduced the presence of C. jejuni to below the detectable level.

Considering the etiology of necrotizing hepatitis lesions in broilers, other pathogens may also
contribute to SLD. Previous research has identified C. billis [56], and a galliform
Chaphamaparvovirus [57] as potential causative agents. Other bacteria, including Clostridium
perfringens, Escherichia coli, Salmonella, and Pasteurella, can also induce hepatitis and liver surface
abscesses in poultry [58]. However, the proliferation profile in the liver may differ among bacterial
species. In chicks, the immune system is not fully developed at hatching, taking several weeks to
mature [59]. During this time, broiler chicks may be exposed to many organisms before they reach
slaughtering age.

5. Conclusions

Our findings suggest that C. hepaticus may not be associated with SLD in broiler investigate
chickens, at least in Miyazaki, Japan. To whether C. jejuni is involved in SLD in broilers, not only
bacteriological but also histopathological, immunohistological, and serological tests are necessary.
The present results showed that C. jejuni translocated from the intestinal tract to the extraintestinal
tract, including the liver tissue. Furthermore, SLD was shown to have subclinical, acute, and chronic
stages, and C. jejuni and its antigen were isolated or detected in broilers at the subclinical and acute
stages, which showed high levels of antibody against the organism. These findings suggest that C.
jejuni invasive to liver tissue has the potential to cause focal necrosis as a result of various host defense
responses.

Author Contributions: Conceptualization, N.M. and P.J.; formal analysis, P.J.; funding acquisition, N.M.;
investigation, A.I, N.F., P.]. and P.P.; methodology, N.M., P.]. and P.P.; resources, A.I, CM. S.S. T.T. K.Y., and
Y.M.; writing—original draft preparation, P.J.; writing—review and editing, N.M., N.F,, P.P,, TL. and T.T,;
supervision, N.M. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by grants from the Japan Science and Technology Agency (JST) and the
Japan International Cooperation Agency (JICA) for Science and Technology Research Partnerships for
Sustainable Development (SATREPS), “The Project for Acceleration of Livestock Revolution in Thailand aiming
to be the Kitchen of the World through the Development of Novel Technologies for Stable Livestock Production
and Food Safety.”, grant number JPMJSA1908.

Acknowledgments: The authors thank the staff of Miyazaki Prefecture Tsuno Meat Hygiene Inspection Center
and the staff of CADIC, University of Miyazaki, for their assistance.

Data Availability Statement: Not applicable.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Black, R.E.; Levine, M.M.; Clements, M.L.; Hughes, T.P.; Blaser, M.J. Experimental Campylobacter jejuni
infection in humans. J. infect. Dis. 1988, 157, 472-479.


https://doi.org/10.20944/preprints202411.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 November 2024 d0i:10.20944/preprints202411.0651.v1

13

2. Harris, N.V.; Weiss, N.S.; Nolan C.M. The role of poultry and meats in the etiology of Campylobacter
jejunilcoli enteritis. Am. J. Public. Health. 1986, 76, 407—411.

3. Doyle, M.P.; Roman, D.J. Prevalence and survival of Campylobacter jejuni in unpasteurized milk. Appl.
Environ. Microbiol. 1982, 44, 1154-1158.

4. Palmer, S; Gully, P.; White, J.; Pearson, A.; Suckling, W.; Jones, D.; Rawes, ].; Penner, J. Water-borne
outbreak of Campylobacter gastroenteritis. Lancet. 1983, 321; 287-290.

5. Boyanova, L.; Gergova, G.; Spassova, Z.; Koumanova, R.; Yaneva, P.; Mitov, L; Derejian, S.; Krastev, Z.
Campylobacter infection in 682 Bulgarian patients with acute enterocolitis, inflammatory bowel disease, and
other chronic intestinal diseases. Diagn. Microbiol. Infect. Dis. 2004, 49, 71-74.

6. Pigrau, C; Bartolome, R, Almirante, B.; Planes, A.M.; Gavalda, J.; Pahissa, A. Bacteremia due to
Campylobacter species: clinical findings and antimicrobial susceptibility patterns. Clin. Infect. Dis. 1997, 25,
1414-1420.

7. Delans, RJ.; Biuso, ].D.; Saba S.R.; Ramirez G. Hemolytic uremic syndrome after Campylobacter-induced
diarrhea in an adult. Arch. Intern. Med. 1984, 144, 1074-1076.

8. Thomas K.; Chan K.N.; Ribeiro C.D. Campylobacter jejuni/coli meningitis in a neonate. Br. Med. J. 1980, 280,
1301-1302.

9. Pacanowski, J.; Lalande, V.; Lacombe, K.; Boudraa, C.; Lesprit, P.; Legrand, P.; Trystram, D.; Kassis, N.;
Arlet, G.; Mainardi, J.L.; Doucet-Populaire, F. Campylobacter bacteremia: clinical features and factors
associated with fatal outcome. Clin. Infect. Dis. 2008, 47, 790-796.

10. Allos, B.M. Association between Campylobacter jejuni infection and Guillain-Barré syndrome, J. Infect. Dis.
1997, 176, Suppl 2, S125-5128.

11. Newell, D.; Fearnley, C. Sources of Campylobacter colonization in broiler chickens. Appl. Environ. Microbiol.
2003, 69, 4343-4351.

12. Tudor, D.C. A liver degeneration of unknown origin in chickens. J. Am. Vet. Med. Assoc. 1954, 125, 219-220.

13. Hofstad, M.; McGehee, E.; Bennett, P. Avian infectious hepatitis. Avian Dis. 1958, 2, 358-364.

14. Sevoian, M.; Winterfield, R.W.; Goldman, C.L. Avian infectious hepatitis. I. Clinical and pathological
manifestations. Avian. Dis. 1958, 2, 358-364; 1958.

15. Whenham, G.R;; Carlson, H.C.; Aksel, A. Avian vibrionic hepatitis in Alberta. Can. Vet. J. 1991, 2, 3-7.

16. Gardiner, M.R. Vibrionic hepatitis in fowls. Aust. Vet. ]. 1964, 40, 242.

17. Bogdanov, V.G.; Baranik, V.M.; Preventive measures against hepatitis caused by vibrios in laying hens.
Ptakhivnitstvo. 1975, 20, 71-73.

18. Shanker, S.; Lee, A.; Sorrell, T.C. Campylobacter jejuni in broilers: the role of vertical transmission. Epidemiol.
Infect. 1986, 96, 153-159.

19. Shane, S.M.; Gifford, D.H.; Yogasundram, K. Campylobacter jejuni contamination of eggs. Vet. Res. Commun.
1986, 10, 487-492.

20. Moore, R.W. Studies of an agent causing hepatitis in chickens. Avian. Dis. 1958, 2, 39-54.

21. Peckham, M.C. Avian vibrionic hepatitis. Avian. Dis. 1958, 2, 348-358.

22. Crawshaw, T.; Young, S. Increased mortality on a free-range layer site. Vet. Rec. 2003, 153, 664.

23. Crawshaw, T.; Hunter, S.; Wilkinson, D.A.; Rogers, L.E.; Christensen, N.H.; Midwinter, A.C. Isolation of
Campylobacter hepaticus from free-range poultry with spotty liver disease in New Zealand. N. Z. Vet. ]. 2021,
69, 58-64.

24. Crawshaw, T.R;; Irvine, R. Spotty liver syndrome in poultry in Great Britain. Vet. Rec. 2012, 170, 317-318.

25. Grimes, T.; Reece, R. Spotty liver disease—an emerging disease in free range egg layers in Australia. In
Proceedings of the 60th Western Poultry Disease Conference, California, USA, 20-23 March 2011.

26. Gregory, M.; Klein, B.; Sahin, O.; Girgis, G. Isolation and characterization of Campylobacter hepaticus from
layer chickens with spotty liver disease in the United States. Avian. Dis. 2018, 62, 79-85.

27. Van, T.T.; Elshagmania, E.; Gor, M.C.; Anwar, A., Scott, P.C.; Moore, R.J. Induction of spotty liver disease
in layer hens by infection with Campylobacter hepaticus. Vet. Microbiol. 2017, 199, 85-90.

28. Van, T.T.; Elshagmani, E.; Gor, M.C; Scott, P.C.; Moore, R.J. Campylobacter hepaticus sp. nov., isolated from
chickens with spotty liver disease. Int. |. Syst. Evol. Microbiol. 2016, 66, 4518-4524.

29. Ministry of Agriculture, Forestry and Fisheries. The 97th statistical yearbook of the Ministry of Agriculture,
Forestry and Fisheries Agency, Fiscal Year 2022. Available online:
https://www.maff.go.jp/e/data/stat/97th/index.html#8 (accessed on 30 Jan 2024).

30. Ministry of Health, Labour and Welfare. Poultry slaughtering business control and poultry meat inspection
act (tentative translation) Act No.70. Available online:
https://www japaneselawtranslation.go.jp/en/laws/view/4494/en (accessed on 30 Jan 2024).

31. Misawa, N.; Kawashima, K.; Kawamoto, H.; Kondo, F. Development of a combined filtration-enrichment
culture followed by a one-step duplex PCR technique for the rapid detection of Campylobacter jejuni and C.
coli in human faecal samples. |. Med. Microbiol. 2002, 51, 86-89.


https://doi.org/10.20944/preprints202411.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 November 2024 d0i:10.20944/preprints202411.0651.v1

14

32. Stone, G.G.; Oberst, R.D.; Hays, M.P.; McVey, S.; Chengappa, M.M. Detection of Salmonella serovars from
clinical samples by enrichment broth cultivation-PCR procedure. . Clin. Microbiol. 1994, 32, 1742-1749.

33. Linton, D.; Owen, R].; Stanley, J. Rapid identification by PCR of the genus Campylobacter and of five
Campylobacter species enteropathogenic for man and animals. Res. Microbiol. 1996, 147, 707-718.

34. Wang, G.; Clark, C.G,; Taylor, T.M.; Pucknell, C.; Barton, C.; Price, L.; Woodward, D.L.; Rodgers, F.G.
Colony multiplex PCR assay for identification and differentiation of Campylobacter jejuni, C. coli, C. lari, C.
upsaliensis, and C. fetus subsp. fetus. | Clin Microbiol. 2002, 40, 4744-4747.

35. Linton, D.; Lawson, A.J; Owen, RJ.; Stanley, J.P. PCR detection, identification to species level, and
fingerprinting of Campylobacter jejuni and Campylobacter coli direct from diarrheic samples. J. Clin. Microbiol.
1997, 35, 2568-2572.

36. Van, T.T.; Gor, M.C.; Anwar, A., Scott, P.C.; Moore, R.J. Campylobacter hepaticus, the cause of spotty liver
disease in chickens, is present throughout the small intestine and caeca of infected birds. Vet. Microbiol.
2017, 207, 226-230.

37. Serhan, C.N.; Ward, P.A_; Gilroy, D.W. Fundamentals of inflammation. 1st ed.; Cambridge University Press:
New York, USA, 2010; pp. 1-16.

38. Lior, H; Woodward, D.L.; Edgar, J.A.; Laroche, L.J.; Gill, P. Serotyping of Campylobacter jejuni by slide
agglutination based on heat-labile antigenic factors. J. Clin. Microbiol. 1982, 15, 761-768.

39. Penner, J.L.; Hennessy, J. Passive hemagglutination technique for serotyping Campylobacter fetus subsp.
jejuni on the basis of soluble heat-stable antigens. J. Clin. Microbiol. 1980, 12, 732-737.

40. Tangkonda, E.; Kubo, M.; Sekiguchi, S.; Shinki, T.; Sasaki, S.; Yamada. K.; Taniguchi, T.; Vetchapitak, T;
Misawa, N. Work-related increases in titer of Campylobacter jejuni antibody among workers at a chicken
processing plant in Miyazaki prefecture, Japan, independent of individual ingestion of edible raw chicken
meat. J. Vet. Med. Sci. 2021, 83, 1306-1314.

41. Haines, D.M.; Chelack, B.J. Technical considerations for developing enzyme immunohistochemical
staining procedures on formalin-fixed paraffin-embedded tissues for diagnostic pathology. J. Vet. Diagn.
Invest. 1991, 3, 101-112.

42. Whyte, R.; Hudson, J.A.; Graham, C. Campylobacter in chicken livers and their destruction by pan frying.
Lett. Appl. Microbiol. 2006, 43, 591-595.

43. Boukraa, L.; Messier, S.; Robinson, Y. Isolation of Campylobacter from livers of broiler chickens with and
without necrotic hepatitis lesions. Avian. Dis. 1991, 35, 714-717.

44. Knudsen, K.N.; Bang, D.D.; Andresen, L.O.; Madsen, M. Campylobacter jejuni strains of human and chicken
origin are invasive in chickens after oral challenge. Avian. Dis. 2006, 50, 10-14.

45. Chaloner, G.; Wigley, P.; Humphrey, S.; Kemmett, K;; Lacharme-Lora, L.; Humphrey, T.; Williams, N.
Dynamics of dual infection with Campylobacter jejuni strains in chickens reveals distinct strain-to-strain
variation in infection ecology. Appl. Environ. Microbiol. 2014, 80, 6366—6372.

46. Lamb-Rosteski, J.M.; Kalischuk, L.D.; Inglis, G.D.; Buret, A.G. Epidermal growth factor inhibits
Campylobacter jejuni-induced claudin-4 disruption, loss of epithelial barrier function, and Escherichia coli
translocation. Infect. Immun. 2008, 76, 3390-3398.

47. Lanier, W.A,; Hale, K.R.; Geissler, A.L; Dewey-Mattia, D. Chicken liver-associated outbreaks of
campylobacteriosis and salmonellosis, United States, 2000-2016: identifying opportunities for prevention.
Foodborne. Pathog. Dis. 2018, 15, 726-733.

48. Fitzgeorge, R.B.; Baskerville, A.; Lander, K.P. Experimental infection of rhesus monkeys with a human
strain of Campylobacter jejuni. Epidemiol. Infect. 1981, 86, 343-351.

49. Enokimoto, M.; Kubo, M.; Bozono, Y.; Mieno, Y.; Misawa, N. Enumeration and identification of
Campylobacter species in the liver and bile of slaughtered cattle. Int. ]. Food. Microbiol. 2007, 118, 259-263.

50. Misawa, N.; Ohnishi, T.; Uchida, K.; Nakai, M.; Nasu, T.; Itoh, K.; Takahashi, E. Experimental hepatitis
induced by Campylobacter jejuni infection in Japanese quail (Coturnix coturnix japonica). J. Vet. Med. Sci. 1996,
58, 205-210.

51. Yoon, J.G; Lee, S.N.; Hyun, H.J.; Choi, M.J.; Jeon, J.H.; Jung, E.; Kang, S.; Kim. J.; Noh, J.Y.; Choi, W.S.;
Song, J.Y. Campylobacter jejuni bacteremia in a liver cirrhosis patient and review of literature: A case study.
J. Infect. Chemother. 2017, 49, 230.

52. Mandal, RK,; Jiang, T.; Wideman, R.F.Jr; Lohrmann, T.; Kwon, Y.M. Microbiota Analysis of Chickens
Raised Under Stressed Conditions. Front Vet Sci. 2020, 7:7:482637. doi: 10.3389/fvets.2020.482637; 2020.

53. Kiehlbauch, J.A.; Albach, R.A;; Baum, L.L.; Chang, K.P. Phagocytosis of Campylobacter jejuni and its
intracellular survival in mononuclear phagocytes. Infect. Immun. 1985, 48, 446-451.

54. De Melo, M.A.; Gabbiani, G.; Pechere, J.C. Cellular events and intracellular survival of Campylobacter jejuni
during infection of HEp-2 cells. Infect. Immun. 1989, 57, 2214-2222.

55. Kita, E.; Oku, D.; Hamuro, A.; Nishikawa, F.; Emoto, M.; Yagyu, Y.; Katsui, N.; Kashiba, S. Hepatotoxic
activity of Campylobacter jejuni. ]. Med. Microbiol. 1990, 33, 171-182.


https://doi.org/10.20944/preprints202411.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 November 2024 d0i:10.20944/preprints202411.0651.v1

15

56. Van, T.T.; Phung, C.; Anwar, A.; Wilson, T.B.; Scott, P.C.; Moore, R.J. Campylobacter bilis, the second novel
Campylobacter species isolated from chickens with Spotty Liver Disease, can cause the disease. Vet Microbiol.
2023, 276:109603.

57. Sarker, S. Characterization of a novel complete-genome sequence of a galliform Chaphamaparvovirus from
a free-range laying chicken clinically diagnosed with spotty liver disease. Microbiol. Resour. Announc. 2022,
11:e01017-22. doi: 10.1128/mra.01017-22.

58. Tahseen, A.A.; Oscar, J.F.; John, B.H. In Avian Histopathology, 4th ed.; American Association of Avian
Pathologists: Madison, USA, 2016; pp. 355-422.

59. Mast, J.; Goddeeris, B. Development of immunocompetence of broiler chickens. Vet. Immunol.
Immunopathol. 1999, 70, 245-256.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202411.0651.v1

