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Corynebacterium pseudotuberculosis causes caseous lymphadenitis (CLA) in goats and sheep. This study
assessed oral fluid (OF) as a minimally invasive sample for CLA serodiagnosis by detecting antibodies to
phospholipase D (PLD), CP40 protein, and protein kinase G (PknG) using Western blot (WB). Serum and
OF samples from 96 goats from a CLA-affected herd in Poland were tested using a commercial ELISA
coated with recombinant PLD (rPLD-ELISA; serum only) and WB (serum and OF). Depending on the
cut-off, the rPLD-ELISA had 70-80% diagnostic sensitivity. WB on serum showed very high diagnostic
sensitivity (98%) and good agreement with the rPLD-ELISA. WB on OF was highly consistent with WB
on serum, however it had slightly lower diagnostic sensitivity (90%). Moreover, WB on OF showed
substantial variations in antigen detection, with antibodies to PLD being most effectively detected.
Considerably fewer OF samples had anti-CP40 and PknG antibodies, likely due to antibody class
variations or detection limitations. Further investigation into immunoglobulin classes in different
sample types and optimized secondary antibodies is essential for developing an effective OF-based
diagnostic test for CLA.
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Corynebacterium pseudotuberculosis (C. pseudotuberculosis) is a Gram-positive facultatively anaerobic
coccobacillus. It causes several diseases, including caseous lymphadenitis (CLA) in sheep and goats, and
ulcerative lymphangitis in horses and cattle!™. C. pseudotuberculosis also affects camels®~7, alpacas®~1?, and wild
ruminants'!~!%. It has some zoonotic potential, although only a few cases in people have so far been reported'.
CLA occurs worldwide and is economically significant in small ruminants'®!. The disease follows a chronic
course with a long incubation period and presumably a lifelong carrier state following recovery, although this
issue has not been ultimately settled. Several months after the infection, clinical signs, including mainly abscesses
in the superficial lymph nodes, become apparent - it is called the external form of CLA. Some animals develop
abscesses in the internal lymph nodes or internal organs, referred to as the internal form of CLA'*"'°. Over the
last decades, CLA has become a widespread disease in goat herds in Poland?’. Its herd-level seroprevalence was
first determined in 1996, and it was shown to have increased from approximately 13% to over 60% in 20022!, A
recent investigation has shown that the herd-level seroprevalence reached approximately 70%2°.

Isolation of C. pseudotuberculosis from abscesses and its identification using microbiological or molecular
methods is the definitive confirmation of CLA diagnosis'®*>?*. However, due to a long incubation period (2-6
months), unknown, but presumably long duration of the carrier state, and an existence of the internal form of
the disease, serological tests play an important role, especially, in the evaluation of the status of herds as well
as of individual animals before introduction into a herd'. Routine serological diagnostics is mainly based on
immunoenzymaticassays (ELISA). However, western blot (WB) is considered the serological reference standard?*.
Several antigens of C. pseudotuberculosis with potential diagnostic applicability have been described*-%".
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Phospholipase D (PLD), an approximately 30 kDa protein, is the main exotoxin and the major virulence factor,
favouring the infection process®®. PLD is characterized by very high immunogenicity and antigenicity, making
it a suitable component of vaccines?® and an antigen of serological tests®®. A recombinant form of PLD (rPLD)
has been used for developing commercial ELISAs (rPLD-ELISA), and they are commonly used for serological
diagnostics of CLA3!32, Other antigens are a CP40, an approximately 40 kDa secreted endo-b-N-acetylglucosam
inidase®*3* and a serine/threonine protein kinase G (PknG)*>¢, an approximately 70 kDa protein homologous
to an important virulence factor of Mycobacterium tuberculosis*>3”38. In some preliminary studies based on in-
house ELISAs, CP40 has shown high diagnostic specificity (dSp) of 97% but very low diagnostic sensitivity (dSe)
of only 43%%’, while PknG turned out to be both highly sensitive and specific (94% and 97%, respectively)*’.

Oral fluid (OF) is a mixture of saliva and serum transudate that enters the mouth by crossing the buccal and
gingival mucosa from the capillaries***!. Therefore, OF contains antibodies from the systemic immune system
(from the passage of serum antibodies) and locally produced antibodies from the secretory immune system in
the salivary glands*>~**. OF also contains feed particles, cell detritus, tracheal-nasal secretions, gastrointestinal
reflux, and other particles from the environment currently being chewed by an animal. In ruminants, contrary
to other species, the composition of OF is also vastly affected by rumination, which involves the regurgitation of
material from the reticulo-rumen to the buccal cavity, where solid material is re-masticated and re-insalivated
before being swallowed. Serological tests based on OF are becoming increasingly popular in non-ruminating
animal species, especially pigs. Such tests are used for diagnosing classical swine fever*~*’, porcine reproductive
and respiratory syndrome*®-%%, porcine circovirus type 2°! and Toxoplasma gondii infections®>*?. Although
theoretically, rumination can hinder diagnostic application of OF, it has so far been shown to be a suitable
material for serological diagnostics of foot-and-mouth disease®® and Schmallenberg virus infection® in
ruminants. An in-house OF-based ELISA for Mycobacterium bovis infection in goats has also been developed.
OF offers several advantages over traditional diagnostic specimens, such as blood or tissue. The OF collection
procedure is minimally invasive and welfare-friendly, with much less discomfort or stress for the animals than
blood collection®®. Moreover, it can be performed by non-veterinarian personnel with minimal training and,
depending on the country regulations, might not require the consent of the Ethics Committee when carried out
within the frame of scientific studies. Contrary to another type of non-invasive sample, milk, OF can also be
collected from males and non-lactating females.

Our study aimed to evaluate the potential usefulness of OF as a material for serological identification of C.
pseudotuberculosis-infected goats based on detecting antibodies to PLD, CP40, and PknG using WB. The dSe of
rPLD-ELISA and WB performed using serum samples was also estimated.

Results

Diagnostic sensitivity of rPLD-ELISA

In the rPLD-ELISA, 67 serum samples (69.8%) were positive, 10 (10.4%) — inconclusive, and 19 (19.8%) — negative.
Sample-to-positive control ratio (S/P%) of the aforementioned samples ranged from 50.1 to 157.5% (median of
88.9%), from 40.1 to 49.0% (median of 46.0%), and from 0.6 to 39.9% (median of 34.2%), respectively. The dSe
of rPLD-ELISA was 69.8% (CI 95%: 60.0%, 78.1%) if only serum samples with S/P% >50% were considered
positive and 80.2% (CI 95%: 71.1%, 87.0%) if all serum samples with S/P% >40% were considered positive.

Antigenic structure of the reference strain

The sodium dodecyl sulphate - polyacrylamide gel electrophoresis (SDS-PAGE) was performed to show the
distribution of antigens in the C. pseudotuberculosis strain isolated from the investigated herd. Multiple bands
were visible in the gel, with the most prominent bands located at heights corresponding to approximately
30 kDa (two bands), 35 kDa (one band), 40 kDa (one band), 70 kDa (multiple bands) (Fig. 1). An original gel is
presented in Supplementary Fig. 2. Based on previous findings®®*, the locations of the bands corresponded to:
LexA protein (28 kDa), PLD (30 kDa or 31.4 kDa) TrxR (35 kDa), CP40 (40 kDa), and PknG (70 kDa). The band
corresponding to CP40 was the most visible.

Comparison of diagnostic sensitivity of WB on serum and OF samples

Antibodies to any of the three antigens were detected in a significantly higher (by 8.3%; CI 95%: 2.3%, 15.8%;
P=0.003) proportion of serum (94 / 96 goats; 97.9%; CI 95%: 92.7%, 99.4%) than OF samples (86 / 96 goats;
89.6%; CI 95%: 81.9%, 94.2%).

Antibodies to PLD were present in a similar proportion of serum (89 / 96 goats; 92.7%) and OF samples
(84 / 96 goats; 87.5%; P=0.302). Antibodies to CP40 were detected in a significantly higher proportion of serum
(82 /96 goats; 85.4%) than OF samples (10 / 96 goats; 10.4%; P<0.001). Also, antibodies to PknG were detected
in a significantly higher proportion of serum (73 / 96 goats; 76.0%) than OF samples (31 / 96 goats; 32.3%;
P<0.001) (Fig. 2; Table S1).

In the serum samples, antibodies to PLD were detected significantly more often than antibodies to PknG
(P =0.004). In contrast, the differences between the proportion of samples with antibodies to PLD and CP40
or between the proportion of samples with antibodies to CP40 and PknG were not significant (P, = 0.438 and
Py = 0.372, respectively). In the OF samples, antibodies to PLD were detected significantly more often than
antibodies to PknG (P, < 0.001) or CP40 (P, < 0.001), and antibodies to PknG were detected significantly
more often than antibodies to CP40 (P, < 0.001) (Fig. 2, Table S2).

Most serum samples were positive for antibodies to all three antigens (63.5%), followed by sera positive
for antibodies to PLD and CP40 (16.7%). Only 2 / 94 seropositive goats (2.1%) did not have antibodies to
PLD (instead, they had antibodies to CP40) (Table S2). Over a half of the OF samples were only positive for
antibodies to PLD (56.3%), followed by sera positive for antibodies to PLD and PknG (20.8%), and sera positive
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Fig. 1. Coomassie blue-stained SDS-PAGE and immunoblots showing the protein distribution of
Corynebacterium pseudotuberculosis strain that was used as a whole-bacterium antigen in this study.

for antibodies to all three antigens (9.4%). Only 2 / 86 goats with positive results of OF (2.3%) did not have
antibodies to PLD (instead, they had antibodies to PknG) (Table S2).

Combination of PLD with any of the two other antigens did not significantly increase the dSe of WB either
in serum (Fig. 3a) or OF (Fig. 3b). Combination of CP40 and PknG (without PLD) performed significantly
worse than any other antigen combination in OF (P<0.001) but not in serum. The difference between dSe
of a combination of PLD and CP40 compared to dSe of PLD alone (98% vs. 93%, respectively) was closest to
statistical significance but still insignificant (P=0.074).

The agreement between WB performed using serum, and WB performed using OF was high (AC, =86.6%;
CI 95%: 79.2%, 94.1%; P_ = 88.5%). The high agreement resulted only from similar results with respect to
antibodies to PLD (AC1 =81.0%; CI 95%: 72.1%, 89.8%; P = 84.4%) since the agreement between serum and
OF concerning PknG was poor (AC, = -3.5%; CI 95%: -23.3%, 16.4%; P_ = 47.9%), and it was even significantly
negative in terms of CP40 (AC, = -53.9%; CI 95%: -70.7%, -37.1%; P_ = 22.9%) (Table S3).
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Fig. 2. Diagnostic sensitivity (i.e. proportion of 96 goats that tested positive) of the western blot performed
using serum and oral fluid (OF) samples depending on the antigen of Corynebacterium pseudotuberculosis. P-
values indicate statistical significance of comparisons between serum and OF samples (McNemar’s test). Letters
(a, b,c) indicate statistical significance of comparisons between antigens separately for serum (red letters) and
OF samples (blue letters) — proportions denoted by the different letters differed significantly in the Cochrane Q
test followed by McNemar’s test with Bonferroni correction.

Serum and OF samples negative in WB

In terms of samples classified as negative, distribution of samples without any band and with weak bands was
generally balanced, except for PLD in serum samples where samples with weak bands significantly predominated
(P=0.047) and CP40 in OF samples where samples without any band significantly predominated (P=0.001)
(Fig. S1).

Agreement between rPLD-ELISA and WB on serum samples

The agreement between rPLD-ELISA and WB was good: AC,=61.4% (CI 95%: 49.1%, 73.8%; P = 71.9%) if
only serum samples with S/P% >50% in rPLD-ELISA were considered positive and AC, =75.4% (CI 95%: 65.5%,
85.3%; P = 80.2%) if all serum samples with S/P% >40% in rPLD-ELISA were considered positive. Interestingly,
of the two serum samples negative in WB, one was inconclusive in rPLD-ELISA (S/P% = 47.1%). The other was
negative, but its S/P% was still relatively high (S/P% = 36.0%).

Discussion

Our study shows for the first time that the OF of goats contains antibodies to C. pseudotuberculosis and can serve
as a material for serological diagnostics of CLA in this species. Antibodies to PLD appear to be the only ones of
potential clinical usefulness. Surprisingly, antibodies to CP40 and PknG are detectable in OF of a low proportion
of CLA-affected goats.

The main difficulty encountered when investigating the accuracy of diagnostic tests for CLA is the
determination of the true health status of an animal. This problem results from an ambiguous definition of
an animal diseased with CLA. If a CLA-diseased animal is defined as the one with abscess(es) confirmed
bacteriologically to be of C. pseudotuberculosis origin, serological tests turn out to be perfectly sensitive but rather
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Fig. 3. Diagnostic sensitivity of various combinations of three antigens of Corynebacterium pseudotuberculosis
(phospholipase D (PLD), CP40, and protein kinase G (PknG)) compared to PLD alone in serum (a) and oral
fluid (b). Asterisk (*) indicates a combination that significantly differed from the others.

unspecific, like in the studies of Ellis et al. and Costa et al.>>>%. Abscesses usually develop after several months of
infection, which is long enough for an animal to mount a humoral immune response, detectable in serological
tests'”"!. However, in many animals infected with C. pseudotuberculosis, apparent abscesses develop much later,
or even never, which leads to positive results of serology in many, by definition, “healthy” animals. In terms of the
evaluation of diagnostic accuracy of serological tests, classifying only animals with abscesses as CLA-diseased
animals does not seem reasonable because bacteriology, not serology, is the diagnostic test of choice in such
animals. Another approach to determining true health status is to define a CLA-diseased animal as one with
antibodies to C. pseudotuberculosis. In this situation, the most acknowledged serological test is chosen as a gold
standard - it is usually WB as it detects antibodies to the broadest array of pathogen’s antigens. Animals positive
in this test are considered CLA-diseased. This approach has been commonly applied to evaluate the accuracy of
serological tests for CLA?#3%5%. Obviously, no serological gold standard can overcome the problem of delayed
seroconversion. Furthermore, the assumption is that the persistence of antibodies parallels the lifelong infection.
This is highly likely to be true as C. pseudotuberculosis can remain viable inside phagocytes and establish long-
lasting intracellular infection'. However, we do not know any study directly evidencing the lifelong nature of
C. pseudotuberculosis infection. In our study, we assumed that all adult goats born, raised, or kept in the herd
affected by a clinical form of CLA for several years must have been exposed to C. pseudotuberculosis and likely
mounted an immune response. It is a strict and conservative approach, and it could have led to underestimating
the dSe of rPLD-ELISA, especially when we take note of the fact that our estimate of dSe of rPLD-ELISA is
relatively low (70-80%) compared to many previous studies*#*”*. However, if we consider WB performed with
serum as the gold standard, an increase in the estimated dSe of rPLD-ELISA is negligible (from to 69.8-71.3%
when only serum samples with S/P% >50% are considered positive and from 80.2 to 80.9% when all serum
samples with S/P% >40% are considered positive). Therefore, we suspect that there may be some variability in
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the diagnostic performance of rPLD-ELISA caused by unknown animal- or pathogen-related factors. Our study
does not allow drawing any conclusions regarding dSp, as only diseased animals have been enrolled.

Virtually 90% of OF samples contained antibodies to PLD, approximately 30% to PknG, and only 10% to CP40.
It means that 8 times more serum than OF samples contained antibodies to CP40, and two times more serum
than OF samples contained antibodies to PknG. This can be explained by the fact that serum antibody levels are
significantly higher for many pathogens in various mammalian species than in OF. Thus, the concentration of
antibodies corresponds to their detectability in the sample?+60-62,

CP40 has a high antigenic potential, stimulating the production of specific antibodies detectable in the serum
of goats and sheep®. Also, in our study, 85% of goats had antibodies to CP40 in serum but only 10% in OF
Further, 28 goats had a weak band in WB, indicating that some low antibody concentrations could be present in
OF. The existence of some physical or physiological barrier for antibodies to CP40 and PknG between systemic
circulation and OF is one of the explanations, yet it is highly unlikely. More probable is that antibodies to PLD
are not only of the IgG class but also of the IgA class and are produced locally at higher concentrations, while
antibodies to CP40 and PknG are mostly of systemic origin and reach OF in low amounts. If correct, WB shows
true differences in antibody concentrations between serum and OF. However, another explanation may be that
it is just a technical shortcoming of our WB protocol. Maybe antibodies to PLD are mainly of the IgG class and
systemic origin, and they are efficiently detected by rabbit anti-goat IgG secondary antibodies, which we used
in our study. At the same time, antibodies to CP40 and PknG are mostly local IgA secretory antibodies. In this
situation, using anti-goat IgA secondary antibodies together with anti-goat IgG secondary antibodies could have
increased the detectability of anti-CP40 and anti-PknG antibodies. Both scenarios are feasible, as, according to
the datasheet, the rabbit anti-goat IgG (H/L) antibody recognizes the heavy and light chains of goat IgG but may
react with the light chains of other goat immunoglobulins. Determination of the class of antibodies in OF could
clarify this problem and this aspect warrants further investigation.

Showing that specific antibodies are detectable in WB is the first step on the long pathway to developing
an ELISA for CLA with OF as diagnostic material. An indirect ELISA based on the whole-bacterium antigen
used in our study was developed over 20 years ago by Kaba et al. and has performed very well on goat sera ever
since?*. Results of our study indicates that using more targeted antigen, e.g., rPLD, may be worth considering
as antibodies to PLD are most abundant or at least most effectively detected in OF Developing an efficient
serological diagnostic test based on non-invasively collected material would be of value. Stress-reducing
procedures become increasingly popular in modern veterinary medicine and animal disease control programs
based on such procedures have been shown to play a useful role®*. The method of OF collection employed in our
study differs from those described previously. For pigs, a rope hung in the pen is reccommended because pigs are
eager to interact with the rope and chew it. In ruminants, more active OF collection using cotton swabs**>® or
commercial plastic shafts®> (Copan Flocked Swabs) has been performed. We used a sponge held in metal forceps.
This was an extremely inexpensive and efficient method, as by squeezing the sponge in a syringe, we obtained
between 1 and 3 ml of OF without centrifugation. This amount was enough to perform several rounds of testing.

Last but not least, we encountered some problems identifying PknG owing to inconsistent information
regarding its molecular mass, which can be found in the literature. According to Barral et al.**, PknG weighs
69 kDa. The corresponding electrophoresis band lay somewhere between 55 and 70 kDa (Fig. 1 in Barral et
al.3%). On the other hand, in the studies of Santana-Jorge et al.’® and Silva et al.%* PknG was claimed to weigh
83 kDa. In comparison, the band on the electrophoresis gel presented in Fig. 1 of Silva et al.% was located slightly
above 70 kDa. We decided to stick to the molecular mass indicated on the pictures of electrophoresis gels and
mentioned by Barral et al.*.

Concluding, OF appears to be a promising material for non-invasive and non-stressing serological testing of
goats for CLA. However, classes of anti-C. pseudotuberculosis immunoglobulins predominating in OF should be
determined first, to allow for the most optimal selection of secondary antibodies to be used in the OF-targeted
serological assay.

Materials and methods

Animals and sample collection

The study enrolled all 96 adult (> 1-year-old) Saanen dairy goats, 92 females and 4 males, from the dairy herd
affected by CLA. The owner of the goats used in this study provided informed consent for all procedures described
in the manuscript. The owner confirmed understanding and agreement with the experimental protocols and
authorized the use of data collected from the animals for research and publication purposes. The herd was
located in north-eastern Poland. All goats in the herd had been under regular observation (clinical examination
at least every month, bacteriological testing of every mature abscess) since August 2022, and serum and OF
samples were collected in November 2022. At the moment of the study, the goats were kept in two spacious
and high concrete-wooden barns and were irregularly grazed on a small backyard pasture during the summer
months. In 2018, CLA was first diagnosed in a male goat with a superficial abscess. The diagnosis was based
on isolation of C. pseudotuberculosis from the abscess. In the following years, the disease gradually spread over
the entire herd. It was repeatedly re-confirmed by positive results of bacteriological culture of swabs collected
from abscesses of the superficial lymph nodes. The herd was also tested for caprine arthritis-encephalitis (CAE)
using an indirect ELISA (ID Screen MVV-CAEV Indirect Screening test, IDvet Innovative Diagnostics, Grabels,
France) twice in 2018 and 2022, and all goats tested negative. Between August and November 2022, 26 / 96 goats
enrolled in the study (27.1%) had had at least one abscess confirmed by bacteriological culture to be caused by
C. pseudotuberculosis. Given that all goats enrolled in this study had been either born and raised in this herd or
kept in the herd for at least 3 years (since the purchase of the herd by the current owner in 2019), we classified all
of them as exposed to C. pseudotuberculosis and potentially affected by CLA (either clinically or subclinically).
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Therefore, the proportion of goats whose serum or OF samples tested positive in a given test (rPLD-ELISA with
serum, WB with serum, or WB with OF) was considered an estimate of dSe of this particular test.

Samples of blood and OF were collected from each goat at the same time. The blood was collected from the
jugular vein into 10-ml dry tubes (BD Vacutainer, BP-Plymouth, UK) and transported to the laboratory. After
24 h storage in the refrigerator (4-8 °C), blood was centrifuged at 3000 rpm for 10 min, serum was harvested
into 1.5-ml Eppendorf tubes and stored at -20 °C until testing using rPLD-ELISA and WB. The OF was collected
with a 5% 1x1 cm fragment of polypropylene sponge held in stainless steel forceps. It was inserted into the oral
cavity and kept there for approximately 30 s., so an animal could thoroughly chew it up. Then, the sponge was
placed in a 20-ml clogged syringe to prevent fluid leakage, and in such a form, the material was transported to
the laboratory. There, OF was squeezed out of sponges into 1.5-ml Eppendorf tubes. OF samples were stored
at -20 °C until testing with WB. OF samples were not centrifuged. Forceps were washed in the mild detergent
(soap) between animals.

We confirmed that all experiments in this study were performed according to the relevant guidelines and
regulations. All the procedures of the study followed the ARRIVE guidelines. Blood collection was performed
as part of routine herd diagnostics for infectious diseases and was approved by the Local Ethics Committee in
Warsaw (Approval No. WAW2/048/2021). OF was collected non-invasively, and this procedure did not require
the Ethics Committee approval according to Polish legal regulations (the Act on the Protection of Animals Used
for Scientific or Educational Purposes of 15 January 2015).

Commercial rPLD-ELISA

Serum samples were tested using a commercial indirect ELISA based on rPLD (ID Screen CLA, IDvet Innovative
Diagnostics, Grabels, France) according to the manufacturer’s manual. Briefly, serum samples were diluted 1:20
in the dilution buffer, and reading was performed at 450 nm using the Epoch Microplate Spectrophotometer
(BioTek, USA). The samples’ optical density (OD) was corrected by the OD of the manufacturer’s positive and
negative control serum. The sample-to-positive control ratio (S/P%) was interpreted as follows: S/P% <40% -
negative result, S/P% >40-50% — inconclusive result, and S/P% > 50% - positive result.

Western blot

The positive control serum was obtained from an adult female goat from this herd several months before the
study. The goat had multiple abscesses in the superficial lymph nodes, from which C. pseudotuberculosis was
isolated in a bacteriological culture. The goat was also positive in the commercial rPLD-ELISA. The negative
control serum and OF were obtained from an apparently healthy adult goat from another herd with no history
of CLA and a negative rPLD-ELISA result.

The whole-bacterium antigen for WB was prepared from the C. pseudotuberculosis isolate obtained from an
abscess of a goat from the same herd according to the method described by Kaba et al.>* with minor modifications.
Briefly, the C. pseudotuberculosis isolate was cultivated on Columbia blood agar (Graso Biotech, Poland) for 24 h
at 37 °C in the aerobic atmosphere, then 5 ml of Brain Heart Infusion (BHI) broth (Graso Biotech, Poland) was
inoculated with a few colonies, and incubated in the same conditions with agitation. This culture was transferred
into a 50 ml BHI broth, and incubation was continued under the same conditions for 24 h. Next, 2 L of BHI
broth were inoculated with the 50 ml culture and incubated in the same conditions for 16 h. Bacterial cells were
harvested by centrifugation (7000 rpm, 10 min) and then washed three times in PBS (phosphate buffered saline;
150 mM NaCl, 1.5 mM KH,PO,, 9 mM Na,HPO, x 12H,0, 2.5 mM KCI, pH 7.2) with 0.2% Tween-80 (Merck,
Darmstadt, Germany). The cell pellet was resuspended in 12 ml of the antigen preparation buffer (0.5 M Tris pH
6.8; 5.2% SDS; 8.7% 2-mercaptoethanol), boiled (100 °C) for 10 min, and then centrifuged (at 10,000 rpm for
15 min). The collected supernatant represented the ELISA solid phase antigen and was stored in 500 ml aliquots
at — 80 °C.

The antigen was electrophoresed by the sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) according to standard procedures. Briefly, antigens were heated at 98 °C for 5 min in sample buffer
containing 0.0625 M Tris (pH 6.8), 2.0% (wt/vol) sodium dodecyl sulphate, 25.0% Glycerol, 5.0% (vol/
vol) b-mercaptoethanol, and 0.00125% bromophenol blue. Antigens were separated on polyacrylamide gels
(stacking gel: 4%, running gel: 8%). The protein standard Precision Plus Protein Standards Dual Color (Bio
Rad Laboratories, USA) was used. Electrophoresis was performed under a voltage of 60 V for the stacking
gel and 120 V for the running gel. Before analysis, SDS gels were stained with Coomassie blue (2.5% brilliant
blue in 50% methanol, 10% acetic acid). Subsequently, the electrophoresed antigen was transferred from the gel
to the supported nitrocellulose membrane (Bio-Rad, USA) in the TransBlot Turbo Transfer system (Bio-Rad,
USA). Membranes were washed in TBST (a mixture of tris-buffered saline and Polysorbate 20) for 10 min. and
incubated in the Everyblot Blocking Buffer (Bio-Rad, USA) for 20 min. Then, the membranes were washed 3
times for 10 min. An estimation of the suitable dilutions of the tested samples was performed. Finally, serum
samples were diluted 1:100 in the blocking buffer. OF samples were centrifuged at 2600 rpm for 5 min. To
separate the liquid from the solid particles and then diluted 1:5 in the blocking buffer. One-hour serum and
OF samples incubation on membranes was performed in the Mini Protean Multi II (Bio-Rad, USA). Then, the
membranes were washed 3 times for 10 min. in TBST. In the following 1-hour incubation process, secondary
antibodies (Rabbit anti-goat IgG H/L conjugated to alkaline phosphatase, Bio-Rad, USA) were used at a
dilution of 1:4500 for membranes incubated with sera and 1:4000 for membranes incubated with OF. After the
incubation, membranes were washed twice for 5 min. in TBST, once for 5 min. in TBS, and twice for 5 min. in
alkaline phosphatase color development buffer (Bio-Rad, USA). The results were visualized using the Alkaline
Phosphatase Conjugate Substrate Kit (Bio-Rad, USA). The Precision Plus Protein™ Standards Dual Color (Bio-
Rad, USA) ladder was used to estimate protein sizes.
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The results of WB were visually reviewed by a single investigator (KB) and classified as (i) no band present,
(ii) weak band present, and (iii) strong band present, separately at the level of each of 3 antigens: PLD -
approximately 30 kDa, CP40 - approximately 40 kDa, PknG - approximately 70 kDa. When a band at the level
of a relevant antigen was absent or weak, the result was classified as negative; only a strong band was considered
a positive result. The serum or OF sample was considered positive in WB if a strong band at the level of at least
one of the aforementioned antigens was present.

Statistical analysis

Categorical variables were presented as counts (n) and proportions (%). Proportions of positive results were
compared between tests (rPLD-ELISA vs. WB), biological materials (serum vs. OF), or antigens (PLD vs.
CP40 vs. PknG) using the McNemar’s test (in the case of 2 compared groups) or the Cochrane Q test (in the
case of >2 compared groups). If the Cochrane Q test was significant, post-hoc analyses were performed using
the McNemar’s test with Bonferroni correction (denoted as P, .). The 95% confidence intervals (CI 95%) for
proportions were calculated using the Wilson score method® and for the difference between proportions using
the Newcombe’s method™’. Proportions of negative results without bands and with weak bands were compared
using the log-likelihood ratio goodness-of-fit test®. The chance-corrected agreement of results of rPLD-ELISA
and WB and of WB between serum and OF was assessed using the Gwet’s AC, coefficient of agreement®. The
chance-corrected agreement was categorized as follows: AC, =0.81-1.0 - very good agreement, 0.61-0.80 — good
(substantial), 0.41-0.60 - moderate, 0.21-0.40 - fair, <0.20 - poor agreement®®. The observed agreement (P.)
was also presented. All significance tests were two-sided, and a significance level (a) was set at 0.05. Statistical
analysis was conducted in TIBCO Statistica 13.3 (TIBCO Software Inc., Palo Alto, CA).

Data availability
The data supporting the findings of this study are available from the corresponding author upon reasonable
request.
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