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Simple Summary: This study established laboratory tests for the detection of specific antibodies
against bacteria of the genus Brachyspira in the sera of dogs. By causing inflammation of the large
intestine, distinct species of Brachyspira can cause disease in several different animal species, such as
pigs and poultry, as well as humans. In dogs, Brachyspira pilosicoli and “Brachyspira canis” have been
isolated from fecal samples and rectal swabs. The former can cause clinical signs, such as diarrhea
and reduced growth, in pigs and poultry, as well as reduced egg production in poultry. The latter
species is generally considered apathogenic. This study evaluates different antigen preparations
of these bacteria for their suitability to detect specific antibodies. We were able to select a suitable
antigen preparation and detect specific antibodies against both Brachyspira species in individual dogs.
These laboratory tests are expected to help indirectly detect infection in dogs in the future and to
better understand the role of Brachyspira as a putative pathogen in dogs.

Abstract: Brachyspira pilosicoli (B. pilosicoli) is a pathogen in pigs, poultry, and humans causing
colitis, diarrhea, and poor growth rates. Its role as a canine pathogen is controversial, and the
seroprevalence of specific IgG antibodies against B. pilosicoli in dogs is unknown. A further, not yet
officially recognized Brachyspira species in dogs is “Brachyspira canis” (“B. canis“), which is proposed
to be apathogenic. This study evaluates enzyme-linked immunosorbent assays (ELISAs) measuring
serum IgG antibodies specific for B. pilosicoli or “B. canis” and investigates levels of specific IgG
antibodies against B. pilosicoli and “B. canis” in a cohort of clinical patients presented at an animal
referral clinic. These ELISAs use detergent-extracted antigens from B. pilosicoli and “B. canis”. To
increase analytic specificity, we precipitated the antigens with trichloroacetic acid (TCA) to isolate
and concentrate the respective protein fraction. Our results indicate that a large number of serum
IgG antibodies bind to shared epitopes of detergent-extracted antigens of the two spirochaetes. Our
data also suggest that dogs might not only carry B. pilosicoli but also have “B. canis”-specific serum
IgG antibodies.

Keywords: Brachyspira pilosicoli; Brachyspira canis; canine intestinal spirochetosis

1. Introduction

Brachyspira pilosicoli (B. pilosicoli) causes intestinal spirochetosis in pigs, poultry, and
humans [1]. Clinical signs in pigs and poultry include diarrhea and loss of production [2].
In pigs, the disease is generally milder than swine dysentery caused by B. hyodysenteriae,
B. hampsonii, or B. suanatina [3]. However, experimental infections in pigs and poultry
have confirmed the role of B. pilosicoli as a pathogen infecting the large intestine [2,4].
Although B. pilosicoli has been detected in fecal samples of dogs by different authors, its
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role as a canine pathogen is less clear as its detection is not consistently associated with
diarrhea [5–7].

B. pilosicoli is a very diverse pathogen undergoing frequent recombination [8]. The
outer membrane of Brachyspira contains lipooligosaccharides (LOSs) rather than lipopolysac-
charides (LPSs) [9]. LOSs have been shown to contribute to the serological heterogenicity
of B. pilosicoli [10]. It is also known that B. pilosicoli expresses diverse outer membrane
proteins and lipoproteins [11,12]. Infection with B. pilosicoli in pigs causes a systemic IgG re-
sponse, including antibodies directed against cytoplasmatic antigens and outer membrane
proteins [13].

Other Brachyspira species are also frequently detected in fecal samples of dogs. How-
ever, the taxonomic assignment to a specific species is often not clear. A distinct multilocus
enzyme electrophoresis (MLEE) profile assigned canine isolates similar to B. innocens as “B.
canis”, though this is not an accepted species yet [14]. Based on deposited 16S rRNA and
nox sequences, “B. canis” might also be identified via sequencing of these genes [5]. Several
studies using cultural investigation suggest that “B. canis” is the most common spirochaete
of the genus Brachyspira in dogs [5,6,15]. It is generally regarded as a commensal rather
than a pathogen [16].

Studies on the prevalence of antibodies against Brachyspira in dogs have not yet been
conducted. Thus, this study evaluated ELISAs designed to detect specific serum IgG
antibodies against B. pilosicoli and “B. canis”.

2. Materials and Methods
2.1. Brachyspira Strains

B. pilosicoli strains 102/06 and 26 and “B. canis” strains 284, 313, and S2017 were used
for antigen preparation. Strain 26 was originally isolated from a rectal swab of a dog with
diarrhea and strains 284 and 313 from rectal swabs of clinically unremarkable dogs from
the area of Leipzig, Germany [17]. Strain 102/06 is of porcine origin [18]. Strain S2017 was
isolated from a beagle dog living in a kennel in a research facility [17].

2.2. Canine Serum Samples

We utilized serum samples from the Small Animal Clinic at the Faculty of Veterinary
Medicine of Leipzig University (FVM-UL). These samples were surplus materials initially
collected for diagnostic purposes. The local ethics committee at the FVM-UL independently
reviewed and granted approval for this study (approval# EK9-2021, approved 31 May 2021).
Retrospectively, data on the presence of diarrhea, pre-existing conditions, and presenting
complaints were extracted from the patients’ electronic medical records. The gathered data
are shown in Supplementary Table S1.

2.3. Antigen Preparation

Antigen preparation was performed as previously described [17]. Briefly, Brachyspira
were anaerobically cultivated on blood agar, and the bacterial lawn of each agar plate
was rinsed with 2 mL of phosphate-buffered saline (PBS; pH 7.35). After centrifugation,
the resulting bacterial pellets were solubilized with a nonionic detergent-based extraction
reagent (B-PER bacterial protein extraction reagent; Thermo Fisher Scientific, Dreieich,
Germany) following the manufacturer’s instructions. The protein-containing fractions
were isolated on the ÄKTAprime plus (Cytiva, Freiburg, Germany) via size-exclusion
chromatography using a 5 mL-HiTrap-Desalting Column (Merck, Darmstadt, Germany).
After dialysis, the protein concentration was determined using the Advanced Protein
Assay Reagent (5× Concentrate, Cycloskeleton Inc., Denver, CO, USA) according to the
manufacturer’s instructions.

B. pilosicoli antigen was acquired from reference strain 397/1 (102/06) and isolate 26.
“B. canis” antigen was obtained from isolates 284, 313, and S2017 [17]. Using the same
extraction procedure, Escherichia coli (E. coli) antigen was acquired from isolates of clinically
healthy dogs.
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2.4. Gel Preparation

The detergent-extracted antigens of “B. canis”, B. pilosicoli, and E. coli, obtained as
described above, were individually covalently bound to separate CNBr-activated Sepharose
4B (VWR, Dresden, Germany) following the manufacturer’s instructions, yielding a “B.
canis”, a B. pilosicoli, and an E. coli gel, respectively.

2.5. Enzyme-Linked Immunosorbent Assay with Detergent-Extracted Antigen

The initial design of the enzyme-linked immunosorbent assay (ELISA) to detect specific
IgG antibodies directed against “B. canis” and B. pilosicoli antigen is shown in Figure 1.
ELISA plates were coated with 4 µg/mL detergent-extracted antigen at 4 ◦C overnight.
Columns 1–6 were coated with detergent-extracted “B. canis” antigen, while columns 7–12
were coated with detergent-extracted B. pilosicoli antigen. Blocking was carried out with
0.1% fish gelatin in PBS (1 h, room temperature). To assess the amount of cross-reacting
and specific IgG antibodies, serum preadsorption was conducted on a thermal shaker
(1 h; 1400 rpm; 21 ◦C) separately with the “B. canis” gel and the B. pilosicoli gel. After
preadsorption, the sera were separated from the gel via centrifugation (18,213 g; 5 min).
Subsequently, the preadsorbed sera and the sera without preadsorption were each applied
in duplicate to immobilized “B. canis” and B. pilosicoli antigen obtained through detergent
extraction (1 h; room temperature). Preadsorbed sera were tested at a final dilution of
1:200, while sera without pre-adsorption were diluted at 1:400. Rabbit-anti-dog IgG (Fc
fragment specific) peroxidase-conjugated antibody (Biozol, Eching, Germany) was used
as a secondary antibody at a dilution of 1:10,000 and was incubated for one hour at room
temperature. Between each incubation period, the ELISA plates were washed thrice with
PBS supplemented with 0.1% (v/v) Tween 20. Plates were developed using 2.2-azino-di-(3-
ethylbenzithiazoline sulfonate) (ABTS; Roche, Merck, Darmstadt, Germany) with H2O2 as
the substrate. After 15 min, the optical density (OD) was measured at 405 nm. As neither
positive nor negative reference sera were available, the interassay variation was calculated
with a randomly selected canine serum included in all nine assays. This interassay standard
deviated less than 17% from the respective mean value in any included assay.

Vet. Sci. 2024, 11, x FOR PEER REVIEW 4 of 14 
 

 

 
Figure 1. Design of the ELISA measuring IgG antibodies in canine sera that bind to detergent-ex-
tracted “B. canis” (red dots) and B. pilosicoli (blue dots) antigens. Preadsorption of canine sera was 
conducted with “B. canis” (red dots) or B. pilosicoli (blue dots) antigen immobilized to a gel as indi-
cated. After centrifugation, supernatants were examined for IgG antibodies against B. pilosicoli and 
“B. canis”, respectively. This figure was created with BioRender.com. 

2.6. Enzyme-Linked Immunosorbent Assay with Detergent-Extracted, Trichloroacetic  
Acid-Precipitated Antigen 

The detergent-extracted antigens of B. pilosicoli and “B. canis” were precipitated with 
10% trichloroacetic acid (TCA) to isolate the protein fraction from other fractions. The pre-
cipitation products were washed twice with 80% acetone and 0.9% sodium chloride. Sub-
sequently, the washed protein precipitates were solubilized with 1% SDS, 100 mM 
Tris/HCl (pH 8,0), and 0,5% NaCl. The isolated products (TCA antigens) were then con-
trolled for specificity in an indirect ELISA using specific antibodies against B. pilosicoli and 
“B. canis” that was previously produced through rabbit immunization followed by anti-
body purification [17]. The TCA antigens were subsequently used in an ELISA to detect 
specific antibodies against B. pilosicoli and “B. canis” in canine sera (n = 158). ELISA plates 
were coated with 1 µg/mL TCA antigen (1 h; room temperature). Columns 1–6 were 
coated with “B. canis”-TCA antigen, while columns 7–12 were coated with B. pilosicoli-
TCA antigen. Blocking was performed with 1% casein in PBS (1 h; room temperature). 
Sera were tested at a final dilution of 1:200 (1 h; room temperature). The optical density 
(OD) was determined. Rabbit-anti-dog IgG (Fc fragment specific) peroxidase-conjugated 
antibody (Biozol, Eching, Germany) was used as a secondary antibody at a dilution of 
1:5000 and was incubated for one hour at room temperature. Plates were developed using 
ABTS with H2O2 as the substrate. After each incubation period, the ELISA plates were 
washed thrice with PBS supplemented with 0.1% (v/v) Tween 20. As neither positive nor 
negative reference sera were available, the interassay variation was calculated using a 

Figure 1. Design of the ELISA measuring IgG antibodies in canine sera that bind to detergent-
extracted “B. canis” (red dots) and B. pilosicoli (blue dots) antigens. Preadsorption of canine sera was



Vet. Sci. 2024, 11, 302 4 of 13

conducted with “B. canis” (red dots) or B. pilosicoli (blue dots) antigen immobilized to a gel as
indicated. After centrifugation, supernatants were examined for IgG antibodies against B. pilosicoli
and “B. canis”, respectively. This figure was created with BioRender.com.

2.6. Enzyme-Linked Immunosorbent Assay with Detergent-Extracted, Trichloroacetic
Acid-Precipitated Antigen

The detergent-extracted antigens of B. pilosicoli and “B. canis” were precipitated with
10% trichloroacetic acid (TCA) to isolate the protein fraction from other fractions. The
precipitation products were washed twice with 80% acetone and 0.9% sodium chloride.
Subsequently, the washed protein precipitates were solubilized with 1% SDS, 100 mM
Tris/HCl (pH 8,0), and 0,5% NaCl. The isolated products (TCA antigens) were then
controlled for specificity in an indirect ELISA using specific antibodies against B. pilosicoli
and “B. canis” that was previously produced through rabbit immunization followed by
antibody purification [17]. The TCA antigens were subsequently used in an ELISA to
detect specific antibodies against B. pilosicoli and “B. canis” in canine sera (n = 158). ELISA
plates were coated with 1 µg/mL TCA antigen (1 h; room temperature). Columns 1–6 were
coated with “B. canis”-TCA antigen, while columns 7–12 were coated with B. pilosicoli-TCA
antigen. Blocking was performed with 1% casein in PBS (1 h; room temperature). Sera were
tested at a final dilution of 1:200 (1 h; room temperature). The optical density (OD) was
determined. Rabbit-anti-dog IgG (Fc fragment specific) peroxidase-conjugated antibody
(Biozol, Eching, Germany) was used as a secondary antibody at a dilution of 1:5000 and
was incubated for one hour at room temperature. Plates were developed using ABTS
with H2O2 as the substrate. After each incubation period, the ELISA plates were washed
thrice with PBS supplemented with 0.1% (v/v) Tween 20. As neither positive nor negative
reference sera were available, the interassay variation was calculated using a randomly
selected canine serum that was included in all five assays. This interassay standard did not
deviate more than 19% from the respective mean value in any included assay.

2.7. SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Two-fold concentrated reducing sample buffer was added 1:2 to all four antigen
preparations. Subsequently, these preparations were heated to 95 ◦C for 5 min. To obtain
samples with equal amounts of antigen, antigens were diluted with aqua bidest. to a
final concentration of 0.125 mg/mL. A total of 9 µL per sample was then fractionated in a
15% polyacrylamide gel. Subsequently, the gel was stained with Coomassie Blue at room
temperature overnight.

2.8. Silver Staining for Lipooligosaccharides

Silver staining originally modified for detection of LPSs was performed as previously
described to detect LOSs of Brachyspira [19,20]. Slight modifications led to the following
staining steps, which were conducted at room temperature on a 3D shaker (low setting). Af-
ter SDS-PAGE, the gel was washed in 10% ethanol for 10 min. Oxidation of LOSs and other
glycoproteins was achieved by incubation in 1% periodic acid for 30 min. Subsequently,
the gel was washed twice in 10% ethanol for 10 min. The gel was then fixated overnight
with 40% methanol and 10% acetic acid. The next day, the gel was washed twice in 10%
ethanol for 10 min and thrice in aqua bidest. for 3 min. Incubation in 0.1% silver nitrate for
30 min was followed by washing in aqua bidest. for 3 min. Finally, the gel was developed
via reduction in 4% sodium carbonate solution with 0.2% formaldehyde. After achieving
the desired contrast, the color reaction was stopped by exposing the gel to 1% acetic acid.

2.9. Statistical Analyses

Differences in median OD values between preadsorbed sera and samples without
preadsorption were evaluated using a Friedman omnibus test. For multiple post hoc
pairwise comparisons, Dunn–Bonferroni tests were performed. P-values smaller than 0.05
were considered statistically significant.
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The determination of cut-off values for specific antibodies was based on a standard
approach for outlier detection, i.e., we calculated Q3 + 1.5 × IQR, with Q3 and IQR denoting
the third quartile and interquartile range, respectively.

The data were analyzed using Prism 9.2.0 statistical software (GraphPad, La Jolla,
CA, USA).

3. Results

The primary objective of this study was to evaluate ELISAs for their accuracy in
detecting specific IgG antibodies against “B. canis” and B. pilosicoli antigens.

In the first ELISA, we included preadsorption of the sera with the detergent-extracted
antigen of B. pilosicoli or “B. canis” to assess the level of cross-binding IgG antibodies.
Preadsorbed sera and sera without preadsorption (n = 79) were then tested in the ELISA
against B. pilosicoli and “B. canis” detergent-extracted antigen. The results are presented in
Figure 2.
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Figure 2. Results of the ELISA measuring IgG antibodies in canine sera that bind to detergent-
extracted B. pilosicoli (A) and “B. canis” (B) antigens. Sera of 79 dogs with various clinical condi-
tions were tested with and without preadsorption with B. pilosicoli and “B. canis” antigens. Bars
represent median values. Statistical analysis was conducted using a Friedman omnibus test and
Dunn–Bonferroni post hoc tests. Statistically significant differences are labeled (**** p < 0.0001,
** p < 0.01).

As expected, the original sera (without preadsorption) yielded significantly higher
OD values than the respective sera preadsorbed with either Brachyspira spp. Sera that were
preadsorbed with B. pilosicoli antigen yielded significantly lower OD values when tested
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against B. pilosicoli antigen (median OD405 nm = 0.215 [IQR = 0.154]) than the same sera
after preadsorption with “B. canis” antigen (0.250 [0.160]). Analogously, sera preadsorbed
with “B. canis” antigen showed significantly lower OD values when tested against “B. canis”
antigen (0.195 [0.150]) than sera preadsorbed with B. pilosicoli antigen (0.223 [0.163]). To
test whether antibodies binding to these Brachyspira antigens in the ELISA cross-react only
between different Brachyspira spp., we investigated the effect of preadsorption with E. coli
detergent-extracted antigen gel for ten randomly selected sera. The results are shown in
Figure 3. When tested against B. pilosicoli detergent-extracted antigen, the preadsorption
of sera with E. coli detergent-extracted antigen reduced the median OD405 nm from 1.41
(IQR = 1.42) to 0.316 (0.175). When tested against “B. canis” detergent-extracted antigen, the
preadsorption of sera with E. coli detergent-extracted antigen reduced the median OD405 nm
from 1.43 (1.83) to 0.331 (0.262). There was no significant difference in the preadsorption
with either Brachyspira spp. detergent-extracted antigen gel for these ten sera. These
results suggest that the coating antigens used in this ELISA bind IgG antibodies that highly
cross-react with very different Gram-negative bacteria.

Vet. Sci. 2024, 11, x FOR PEER REVIEW 7 of 14 
 

 

 
Figure 3. Results of the ELISA conducted to detect specific IgG antibodies against “B. canis” and B. 
pilosicoli in canine serum. Preadsorption of 10 canine sera was accomplished with detergent-ex-
tracted “B. canis”, B. pilosicoli and Escherichia coli antigen. Sera with and without preadsorption were 
examined for specific IgG antibodies against detergent-extracted antigens of B. pilosicoli (A) and “B. 
canis” (B). Bars represent median values. Statistical analysis was performed using a Friedman om-
nibus test and Dunn–Bonferroni post hoc tests. Statistically significant differences are labeled (**** 
p < 0.0001, ** p < 0.01, * p < 0.05); ns—not significant. 

We, therefore, designed a second ELISA including a different coating antigen to de-
tect more specific IgG antibodies. In the second ELISA, we precipitated the detergent-ex-
tracted antigens with TCA before they were used as coating antigens. The specificity of 
these antigens was confirmed with an indirect ELISA using specific antibodies anti-”B. 
canis” and anti-B. pilosicoli generated through rabbit immunization. Only a minor cross-
reaction (less than 10%) was detected between the specific anti-B. pilosicoli and anti-”B. 
canis” hyperimmune sera and the B. pilosicoli and “B. canis” TCA antigens (Figure 4). 

Figure 3. Results of the ELISA conducted to detect specific IgG antibodies against “B. canis” and B.
pilosicoli in canine serum. Preadsorption of 10 canine sera was accomplished with detergent-extracted
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for specific IgG antibodies against detergent-extracted antigens of B. pilosicoli (A) and “B. canis” (B).
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and Dunn–Bonferroni post hoc tests. Statistically significant differences are labeled (**** p < 0.0001,
** p < 0.01, * p < 0.05); ns—not significant.
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We, therefore, designed a second ELISA including a different coating antigen to
detect more specific IgG antibodies. In the second ELISA, we precipitated the detergent-
extracted antigens with TCA before they were used as coating antigens. The specificity
of these antigens was confirmed with an indirect ELISA using specific antibodies anti-“B.
canis” and anti-B. pilosicoli generated through rabbit immunization. Only a minor cross-
reaction (less than 10%) was detected between the specific anti-B. pilosicoli and anti-“B.
canis” hyperimmune sera and the B. pilosicoli and “B. canis” TCA antigens (Figure 4).
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Figure 4. Results of the indirect ELISA including “B. canis” and B. pilosicoli detergent-extracted
antigens precipitated via trichloroacetic acid (TCA) as coating antigen. The indirect ELISA was
conducted using specific rabbit anti-B. pilosicoli and anti-“B. canis” antibodies against B. pilosicoli TCA
antigen (A) and “B. canis” TCA antigen (B).

Since these results indicate specificity, we screened serum samples (n = 158) of a
diverse cohort of canine patients in this second ELISA. The results are summarized in
Figure 5. As sera from dogs that were specific pathogen-free for Brachyspira spp. were not
available, outliers were determined via a quantile-based standard approach, yielding the
following cut-off values for the ELISA: 0.36 for “B. canis” and 0.32 for B. pilosicoli. Applying
these cut-off values, 17 (10.8%) and 15 (9.5%) of the 158 sera evaluated were seropositive for
B. pilosicoli and “B. canis”, respectively. Ten dogs had distinct levels of antibodies against
both Brachyspira spp. Sera with distinct levels of antibodies against B. pilosicoli are depicted
in Figure 5 with a level-based color-coding (also used to indicate the corresponding levels
of antibodies against “B. canis” antigen). The sera with the highest levels of antibodies
against B. pilosicoli (orange dots; OD > 0.6) did not have specific antibodies against “B.
canis”. Dogs with distinct levels of antibodies against B. pilosicoli were not documented
to have gastrointestinal clinical signs as a presenting complaint. Further information
on the presumptive or definitive diagnoses and presenting complaints of these dogs are
documented in Supplementary Table S1.
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however, were not specifically defined and included presumably numerous different de-
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In both TCA preparations, multiple bands were reduced, especially bands of lower mo-
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Figure 5. Results of the ELISA measuring IgG antibodies against detergent-extracted antigens of
B. pilosicoli and “B. canis” precipitated with trichloroacetic acid in dog sera (n = 158). Cut-offs were
calculated via a quantile-based approach, yielding the following cut-off values: 0.36 for “B. canis” and
0.32 for B. pilosicoli. Sera with distinct levels of antibodies against B. pilosicoli are colored as follows
(OD405 nm): values ≥ 0.32 but <0.4 are colored in violet. Values ≥ 0.4 but <0.5 are colored in green,
values ≥ 0.5 but <0.6 are colored in turquoise, and values ≥ 0.6 are colored in orange. The same sera
are also color-coded in the “B. canis” results, unrelated to the calculated OD value for “B. canis”.

Our results indicate that individual dogs might carry specific antibodies against
B. pilosicoli and/or “B. canis”. The antigens used for coating the ELISA plates in this
study, however, were not specifically defined and included presumably numerous different
detergent-extracted antigens of the two Brachyspira spp. We performed SDS-PAGE, followed
by silver staining and Coomassie Blue staining, to compare the band profile of the original
detergent-extracted antigens with the TCA-precipitated antigens (Figure 6). Silver staining
revealed multiple and varying bands in all antigen preparations. Prominent bands at
12–16 kDa for “B. canis” detergent-extracted antigens could not be found for B. pilosicoli. In
both TCA preparations, multiple bands were reduced, especially bands of lower molecular
weight ranging from less than 6.5 up to 20 kDa. Coomassie Blue staining also revealed
protein bands, mostly of higher molecular weight. Of note, the Coomassie Blue banding
pattern was distinct for “B. canis” vs. B. pilosicoli antigens, but the TCA precipitation did
not substantially alter the banding patterns for both Brachyspira spp.
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4. Discussion

Studies on the prevalence of Brachyspira spp. in fecal samples of dogs in different
countries are available [5,7,17,21–24]. However, we are not aware of any study investigating
the prevalence of antibodies against Brachyspira in dogs. This is unlike in pigs, where several
research groups have shown that screening of sera for antibodies against B. hyodysenteriae
is a valuable diagnostic approach to determining the herd status [25–27]. Furthermore,
specific serum IgG against B. pilosicoli was confirmed in vaccinated and challenged pigs
using whole-cell B. pilosicoli ELISAs [28].

We conducted a preadsorption of sera with B. pilosicoli, “B. canis” and E. coli detergent-
extracted antigens to validate the specificity of the results obtained in our first ELISA using
detergent-extracted antigens of “B. canis” and B. pilosicoli. As sera of specific pathogen-
free or convalescent dogs were not available and experimental infection with Brachyspira
has not been performed in dogs, a limitation of our study was the lack of positive and
negative reference sera. However, the reproducibility of our results was assured through
a randomly selected reference serum. The results indicate that a substantial number of
serum IgG antibodies detected in this ELISA bind to shared epitopes of bacterial antigens
of the two spirochaetes. In pigs, cross-reactive antibodies against B. hyodysenteriae and
B. pilosicoli have been recorded [13]. This cross-reactivity has been shown to produce
false-positive ELISA results when whole-cell antigens are used as coating antigens [29]. As
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the immune response against B. hyodysenteriae appears to mainly target LOSs, as shown in
immunized and convalescent pigs [30], ELISAs using LOSs as coating antigens can present
a valuable alternative [25]. However, some LOSs are serogroup-specific, which may lead
to false-negative results [31]. B. pilosicoli seems to possess more smooth LOSs which do
not necessarily cross-react antigenically with other B. pilosicoli strains, eliminating LOSs
as a potential antigen for ELISAs [11]. As an alternative to whole-cell or LOSs-ELISAs,
recombinant proteins may offer a more specific coating antigen. Still, the genetic and
antigenic diversity of B. pilosicoli makes it difficult to find a suitable candidate. BmpC,
with a molecular weight of 23 kDa, is an immunogenic protein found in B. pilosicoli [32].
It was isolated from B. pilosicoli strain 95–1000 but could not be identified in other B.
pilosicoli strains, emphasizing the difficulty of finding a suitable immunogenic protein as
an antigen for use in ELISAs designed to detect all B. pilosicoli infections [32]. Another
putative candidate is the lipoprotein MglB. After infection with B. pilosicoli, convalescent
pigs produced specific antibodies against this lipoprotein [33]. But again, Southern blot
analyses of chromosomal DNA revealed homologous sequences encoding the lipoprotein
in strains of B. innocens, B. murdochii, and B. alvinipulli [33]. Based on these published
results, we opted to test an extract of detergent-extracted proteins as antigen in an ELISA
rather than a single recombinant protein to maximize sensitivity.

For our second ELISA, we precipitated the detergent-extracted antigens with TCA,
which increased the specificity substantially as only minor cross-reactions between anti-
B. pilosicoli and anti-“B. canis” rabbit hyperimmune sera were observed (Figure 4). This
may be due to the reduction in unspecific antigens, such as phospholipids and LOSs or
the linearization of the proteins through denaturation [34]. Staining of SDS-PAGE with
Coomassie Blue revealed no major alterations in the banding pattern before and after
precipitation of the antigens with TCA (Figure 6). This confirms that the precipitation did
not reduce protein fractions. The silver staining of the detergent-extracted antigens of B.
pilosicoli and “B. canis” before and after precipitation with TCA revealed a reduction in
lower molecular weight bands (Figure 6). A previous study on the SDS-PAGE profiles of
the aqueous-phase extracts after hot-water phenol extraction of different B. pilosicoli strains
showed one or more predominant bands at about 16 kDa [10]. This was thought to be
the lipid A-core section of LOSs. Varying O-antigen chains cause a ladder-like pattern,
common for smooth LOSs [35]. We found three dominant bands between 12–14 kDa in
the detergent-extracted antigen of “B. canis”. Precipitation of the detergent-extracted “B.
canis” antigen with TCA reduced these bands to one less-defined band. This suggests that
the prominent “B. canis” bands between 12–14 kDa are nonproteinaceous antigens such as
LOSs. Detergent-extracted B. pilosicoli antigen did not show a dominant band in the same
region. One might speculate that this indicates that the detergent-based extraction removed
LOSs less efficiently from the surface of B. pilosicoli. Additionally, extraction methods that
do not eliminate proteins and nucleic acids are simply not optimal for the visualization of
LPSs [36].

Although previous studies on the occurrence of B. pilosicoli in rectal swabs and dog
feces showed an isolation rate below 5% [5,17,22,24,36], our results now confirm specific
antibodies against B. pilosicoli to be present in roughly one-tenth of the tested sera (Figure 5).
After systemic vaccination and experimental infection of pigs with B. pilosicoli, specific IgG
titers in serum were highest at the time of bacterial challenge. They declined thereafter,
while colonization in the intestinal lumen remained [28]. Nonvaccinated pigs did not
develop significant titers to B. pilosicoli after experimental infection, despite showing
clinical signs of disease and being colonized [28]. We assume that colonization of the canine
intestine with B. pilosicoli or “B. canis” is also not sufficient to induce increased levels of
antibodies as determined in the ELISA with the TCA-precipitated, detergent-extracted
antigens (e.g., orange dots for B. pilosicoli; Figure 5). It appears reasonable to conclude that
these dogs developed increased antibody levels in response to an infection with Brachyspira.
As “B. canis” is considered an apathogenic commensal in dogs, it would seem odd that
some dogs had very high levels of IgG antibodies binding to the TCA-precipitated antigen
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of “B. canis”. However, “B. canis” is generally shed more frequently by dogs than B. pilosicoli,
as the isolation rate of “B. canis” from rectal swabs ranged from 6% to 8% [5,37]. Intestinal
epithelial barrier dysfunction might be associated with increased levels of serum IgG
antibodies against commensals [38–40]. However, the history of the dogs with increased
serum IgG levels against “B. canis” did not suggest an underlying chronic inflammatory
enteropathy (Supplementary Table S1). As only three sera (marked in orange; Figure 5)
demonstrated much higher levels of IgG against TCA-precipitated B. pilosicoli antigen
than against “B. canis”, our data overall do not confirm B. pilosicoli to be a common canine
infectious agent eliciting increased serum IgG levels. Taken together, the results of the
TCA-precipitated, detergent-extracted ELISA show serum IgG levels against B. pilosicoli
and/or “B. canis” to be increased in individual dogs. Further studies are thus warranted to
investigate the immunogenicity of infection with Brachyspira in dogs.

5. Conclusions

Extracts of “B. canis” and B. pilosicoli might include a high degree of antigens rec-
ognized by cross-reacting IgG antibodies in canine sera. TCA precipitation of detergent-
extracted antigens of “B. canis” and B. pilosicoli results in a reduction in antigens recog-
nized by cross-reacting antibodies in the described ELISAs. This enables the detection
of specific antibodies against “B. canis” and B. pilosicoli in individual dog sera with the
developed ELISA.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/vetsci11070302/s1, Table S1: Overview of the presumptive or definitive
diagnoses and/or presenting complaints of the dogs (n = 168) from which serum samples were
retrospectively utilized in the enzyme-linked immunosorbent assays (ELISA). Sera were tested in one
or both ELISAs as indicated. Sera with increased levels of antibodies against B. pilosicoli are colored
using the same color code as in Figure 2.
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22. Šperling, D.; Čada, F.; Čížek, A. Isolation and Characterization of Brachyspira spp. from Dogs in the Czech Republic. Acta Vet.

Brno 2010, 79, 437–442. [CrossRef]
23. Sokolow, S.H.; Rand, C.; Marks, S.L.; Drazenovich, N.L.; Kather, E.J.; Foley, J.E. Epidemiologic evaluation of diarrhea in dogs in

an animal shelter. Am. J. Vet. Res. 2005, 66, 1018–1024. [CrossRef]
24. Trott, D.J.; Combs, B.G.; Mikosza, A.S.; Oxberry, S.L.; Robertson, I.D.; Passey, M.; Taime, J.; Sehuko, R.; Alpers, M.P.; Hampson, D.J.

The prevalence of Serpulina pilosicoli in humans and domestic animals in the Eastern Highlands of Papua New Guinea. Epidemiol.
Infect. 1997, 119, 369–379. [CrossRef]

25. Kramomtong, I.; Neramitmansook, W.; Whipp, S.C.; Joens, L.A.; Limawongpranee, S. Comparison of ELISA and selective culture
in the diagnosis of swine dysentery in Thailand. Vet. Rec. 1996, 138, 332–333. [CrossRef] [PubMed]

26. La, T.; Phillips, N.D.; Hampson, D.J. Evaluation of recombinant Bhlp29.7 as an ELISA antigen for detecting pig herds with swine
dysentery. Vet. Microbiol. 2009, 133, 98–104. [CrossRef]

27. Song, Y.; La, T.; Phillips, N.D.; Hampson, D.J. Development of a serological ELISA using a recombinant protein to identify pig
herds infected with Brachyspira hyodysenteriae. Vet. J. 2015, 206, 365–370. [CrossRef] [PubMed]

https://doi.org/10.1128/CMR.00087-17
https://www.ncbi.nlm.nih.gov/pubmed/29187397
https://doi.org/10.1080/03079450120118667
https://www.ncbi.nlm.nih.gov/pubmed/12396362
https://doi.org/10.1371/journal.pone.0167424
https://www.ncbi.nlm.nih.gov/pubmed/27907102
https://doi.org/10.1128/iai.64.11.4648-4654.1996
https://www.ncbi.nlm.nih.gov/pubmed/8890220
https://doi.org/10.1016/j.vetmic.2010.05.016
https://www.ncbi.nlm.nih.gov/pubmed/20570060
https://doi.org/10.1016/j.rvsc.2011.01.015
https://www.ncbi.nlm.nih.gov/pubmed/21320714
https://doi.org/10.1079/AHRR200119
https://www.ncbi.nlm.nih.gov/pubmed/11708750
https://doi.org/10.1099/mgen.0.000470
https://doi.org/10.1128/iai.56.12.3152-3156.1988
https://doi.org/10.1099/00222615-48-4-411
https://doi.org/10.1079/AHRR200112
https://www.ncbi.nlm.nih.gov/pubmed/11708742
https://doi.org/10.3389/fmicb.2016.01103
https://www.ncbi.nlm.nih.gov/pubmed/27493641
https://doi.org/10.3389/fmicb.2017.00723
https://www.ncbi.nlm.nih.gov/pubmed/28522991
https://doi.org/10.1128/JCM.36.8.2264-2270.1998
https://www.ncbi.nlm.nih.gov/pubmed/9666003
https://doi.org/10.1099/jmm.0.05479-0
https://doi.org/10.1016/S0378-1135(03)00017-8
https://www.ncbi.nlm.nih.gov/pubmed/12637005
https://doi.org/10.1186/s12917-024-03989-x
https://www.ncbi.nlm.nih.gov/pubmed/38575983
https://doi.org/10.1177/1040638718772319
https://doi.org/10.1128/jcm.28.12.2627-2631.1990
https://doi.org/10.1016/0003-2697(82)90673-X
https://doi.org/10.1111/j.1751-0813.1996.tb07574.x
https://doi.org/10.2754/avb201079030437
https://doi.org/10.2460/ajvr.2005.66.1018
https://doi.org/10.1017/S0950268897008194
https://doi.org/10.1136/vr.138.14.332
https://www.ncbi.nlm.nih.gov/pubmed/8730676
https://doi.org/10.1016/j.vetmic.2008.06.003
https://doi.org/10.1016/j.tvjl.2015.08.021
https://www.ncbi.nlm.nih.gov/pubmed/26542367


Vet. Sci. 2024, 11, 302 13 of 13

28. Hampson, D.J.; Robertson, I.D.; La, T.; Oxberry, S.L.; Pethick, D.W. Influences of diet and vaccination on colonisation of pigs by
the intestinal spirochaete Brachyspira (Serpulina) pilosicoli. Vet. Microbiol. 2000, 73, 75–84. [CrossRef]

29. La, T.; Hampson, D.J. Serologic detection of Brachyspira (Serpulina) hyodysenteriae infections. Anim. Health Res. Rev. 2001, 2,
45–52. [CrossRef]

30. Wannemuehler, M.J.; Hubbard, R.D.; Greer, J.M. Characterization of the major outer membrane antigens of Treponema hyodysente-
riae. Infect. Immun. 1988, 56, 3032–3039. [CrossRef]

31. Egan, I.T.; Harris, D.L.; Joens, L.A. Comparison of the microtitration agglutination test and the enzyme-linked immunosorbent
assay for the detection of herds affected with swine dysentery. Am. J. Vet. Res. 1983, 44, 1323–1328.

32. Trott, D.J.; Alt, D.P.; Zuerner, R.L.; Bulach, D.M.; Wannemuehler, M.J.; Stasko, J.; Townsend, K.M.; Stanton, T.B. Identification and
cloning of the gene encoding BmpC: An outer-membrane lipoprotein associated with Brachyspira pilosicoli membrane vesicles.
Microbiology (Reading) 2004, 150, 1041–1053. [CrossRef]

33. Zhang, P.; Cheng, X.; Duhamel, G.E. Cloning and DNA sequence analysis of an immunogenic glucose-galactose MglB lipoprotein
homologue from Brachyspira pilosicoli, the agent of colonic spirochetosis. Infect. Immun. 2000, 68, 4559–4565. [CrossRef] [PubMed]

34. Koontz, L. TCA precipitation. Methods Enzymol. 2014, 541, 3–10. [CrossRef]
35. Hukari, R.; Helander, I.M.; Vaara, M. Chain length heterogeneity of lipopolysaccharide released from Salmonella typhimurium

by ethylenediaminetetraacetic acid or polycations. Eur. J. Biochem. 1986, 154, 673–676. [CrossRef]
36. Munshi, M.A.; Traub, R.J.; Robertson, I.D.; Mikosza, A.S.J.; Hampson, D.J. Colonization and risk factors for Brachyspira aalborgi

and Brachyspira pilosicoli in humans and dogs on tea estates in Assam, India. Epidemiol. Infect. 2004, 132, 137–144. [CrossRef]
37. Razmyar, J.; Ghavidel, M.; Salari Sedigh, H. Polymerase chain reaction assay targeting nox gene for rapid identification of

Brachyspira canis in dogs. Vet. Res. Forum 2019, 10, 67–72. [CrossRef] [PubMed]
38. Bourgonje, A.R.; Vogl, T.; Segal, E.; Weersma, R.K. Antibody signatures in inflammatory bowel disease: Current developments

and future applications. Trends Mol. Med. 2022, 28, 693–705. [CrossRef] [PubMed]
39. Vujkovic-Cvijin, I.; Welles, H.C.; Ha, C.W.Y.; Huq, L.; Mistry, S.; Brenchley, J.M.; Trinchieri, G.; Devkota, S.; Belkaid, Y. The

systemic anti-microbiota IgG repertoire can identify gut bacteria that translocate across gut barrier surfaces. Sci. Transl. Med. 2022,
14, eabl3927. [CrossRef]

40. Botía-Sánchez, M.; Galicia, G.; Albaladejo-Marico, L.; Toro-Domínguez, D.; Morell, M.; Marcos-Fernández, R.; Margolles,
A.; Alarcón-Riquelme, M.E. Gut epithelial barrier dysfunction in lupus triggers a differential humoral response against gut
commensals. Front. Immunol. 2023, 14, 1200769. [CrossRef]

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/10.1016/S0378-1135(99)00200-X
https://doi.org/10.1079/AHRR200115
https://doi.org/10.1128/iai.56.12.3032-3039.1988
https://doi.org/10.1099/mic.0.26755-0
https://doi.org/10.1128/IAI.68.8.4559-4565.2000
https://www.ncbi.nlm.nih.gov/pubmed/10899855
https://doi.org/10.1016/B978-0-12-420119-4.00001-X
https://doi.org/10.1111/j.1432-1033.1986.tb09450.x
https://doi.org/10.1017/S095026880300116X
https://doi.org/10.30466/vrf.2019.34309
https://www.ncbi.nlm.nih.gov/pubmed/31183018
https://doi.org/10.1016/j.molmed.2022.05.004
https://www.ncbi.nlm.nih.gov/pubmed/35654641
https://doi.org/10.1126/scitranslmed.abl3927
https://doi.org/10.3389/fimmu.2023.1200769

	Introduction 
	Materials and Methods 
	Brachyspira Strains 
	Canine Serum Samples 
	Antigen Preparation 
	Gel Preparation 
	Enzyme-Linked Immunosorbent Assay with Detergent-Extracted Antigen 
	Enzyme-Linked Immunosorbent Assay with Detergent-Extracted, Trichloroacetic Acid-Precipitated Antigen 
	SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
	Silver Staining for Lipooligosaccharides 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

