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Abstract

For the development of a competitive ELISA (cELISA) to detect serum antibodies against the Mycoplasma mycoides subsp.
Mycoides (Mmm) (strain PG1), the causative agent of contagious bovine pleuropneumonia (CBPP), all the proteins of this
pathogen were analyzed. Then, a specific extracellular region of a transmembrane protein with the potential for diagnosis
was identified. After that, a monoclonal antibody (Mab) named 3A8 was obtained using this extracellular region as an
immunogen. Finally, a cELISA was established with the extracellular domain of this transmembrane protein as the coating
antigen, Mab 3AS8 as the competitive antibody, and HRP-labeled goat anti-mouse IgG as the enzyme-labeled antibody. This
established method was used to detect the antibody dynamic regularity of goats which are artificially immunized Mmm and
was also compared with a commercial ELISA kit. Further, the sera of 1011 different cattle from border provinces of China
were monitored using a candidate Mab 3A8 cELISA. The detection results of known background sera used in this study
indicate that a candidate diagnostic marker was successfully identified by analyzing all the coding proteins of Mmm in this
research, and the cELISA established based on the Mab 3A8 against this protein can detect CBPP-positive serum with speci-
ficity and has no cross-reaction with other related epidemic disease-positive sera. In addition, we tested the sera collected
from the border areas of China using the established ELISA, and no positive sample was detected. The research protocol of
the CBPP cELISA established in this study is different from the traditional method, which can greatly reduce the investment
of manpower and capital and save development time. We believe that this study’s protocol could serve as a reference for the
development of detection methods for mycoplasma and other complex pathogens.

Key points

o A Mmm-specific diagnostic marker was obtained based on protein characteristics.

e A cELISA was established for CBPP serum antibody detection.

e The serological investigation was conducted for CBPP in the border areas of China.
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Introduction

Contagious bovine pleuropneumonia (CBPP) is a bovine
disease caused by Mycoplasma mycoides subsp. mycoides
(Mmm); the susceptible animals are mainly cattle, but
there are also reports of Mmm isolated from sheep and
goats (Srivastava et al. 2000; Alhaji et al. 2020). The incu-
bation period of CBPP varies from 3 weeks to 6 months.
According to clinical manifestations, this disease can
present in three forms: acute, subacute, and chronic. The
infected cattle mainly present expiratory dyspnea, fever,
runny nose, anorexia, etc. In severe cases, the infected cat-
tle can be suffocated to death. When CBPP first appears
in a herd, the mortality may exceed 50%, and it can reach
90% during the outbreak (Dudek et al. 2021; Di Teodoro
et al. 2020). However, subacute and chronic forms are
common and result in subclinical infections which may
be the cause of the continuing spread of the disease. The
report on CBPP can be traced back to Europe in the six-
teenth century (Di Teodoro et al. 2020). At that time, the
disease was confined to the Alps and Pyrenees. In the
nineteenth century, it spread rapidly across the European
continent through the Netherlands and Switzerland. In
1850, it was introduced into Scandinavia, the USA, and
Australia through the UK. In the late nineteenth century,
it penetrated into New Zealand, India, China, Mongolia,
Korea, and Japan through Australia (ter Laak 1992). At
the beginning of the twentieth century, many countries
eliminated CBPP through culling or post-immunization
stamp-out strategies. At present, CBPP is still causing epi-
demics in Sub-Saharan Africa. It is reported that the direct
and indirect economic losses caused by CBPP are as high
as 44.8 million euros (€ 44.8 million) per year in Africa
(Tambi et al. 2006). CBPP arrived in China with the intro-
duction of dairy cows in 1919, and the last infected animal
was culled in 1989, and then CBPP never emerged in this
country again. In 2011, China passed the WOAH certifica-
tion and became a non-CBPP country (Xin et al. 2012).
Accurate and rapid diagnosis is very important to
successfully control the prevalence of CBPP. Research-
ers have been making unremitting efforts in the field of
CBPP detection methods. In terms of pathogen detec-
tion, in addition to pathogen isolation and identification,
the polymerase chain reaction (PCR) test has become
an important means to identify Mmm. At present, many
traditional PCR (Bashiruddin et al. 1999, 1994; Le Grand
et al. 2004) and real-time PCR detection methods (Gor-
ton et al. 2005; Lorenzon et al. 2008; Schnee et al. 2011)
have been developed. Lots of serological diagnostic
techniques have been described, such as complex fixa-
tion test (CFT) (Amanfu et al. 2000), latex agglutination
(March et al. 2003), slide agglutination test (Turner et al.
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1963), immunoblotting (IB), competitive ELISA, indi-
rect ELISA (Lutta et al. 2018), and immunohistochemical
(IHC) (Luciani et al. 2016). IB, CFT, and cELISA are the
test methods recommended by WOAH. The sensitivity
and specificity of CFT were 63.8% and 98% respectively,
while the sensitivity of cELISA was equivalent to that of
CFT, and the specificity can reach 99.9% (Le Goff et al.
1998). Unfortunately, so far, there is no single test that
can detect all clinical stages.

As China is a CBPP-free country, it is illegal to manipu-
late live Mmm in conventional laboratories. In this study,
a diagnostic marker was determined by comprehensive
analysis of all the coding protein sequences of Mmm, and
the monoclonal antibody (Mab) was prepared using this
protein as an immunogen, and then a CBPP competitive
ELISA (cELISA) was established. Further, more than 1000
bovine sera from some border regions of China were moni-
tored by this method.

Materials and methods
Sera

The CBPP negative serum, positive serum of CBPP, Myco-
plasma bovis, Mycoplasma bovirhinis, Mycoplasma aga-
lactiae, Escherichia coli, infectious bovine rhinotracheitis
virus, and Mmm immunized sheep sera were stored in our
laboratory. The positive serum of bovine viral diarrhea
virus, bovine tuberculosis, and bovine paratuberculosis
were donated by the relevant teams of Harbin Veterinary
Research Institute. Local sera were collected from Hei-
longjiang, Inner Mongolia, Guangxi, and Yunnan prov-
inces of China.

Screening of diagnostic marker

Because the fact that Mmm is a class I pathogenic micro-
organism regulated by China, it is not possible to handle
live Mmm in general laboratories in this country. To screen
candidate diagnostic markers, this study obtained all protein
sequences of Mmm strain PG1 from the NCBI database; the
transmembrane region analysis software DeepTMHMM
(DTU/DeepTMHMM - BioLib) (Alhaji et al. 2020) was
employed to screen transmembrane proteins, and then the
proteins that have an extracellular region with more than
100 amino acids and contain at least two transmembrane
regions were selected. Then, the NCBI Protein BLAST
program (https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGR
AM=blastp&PAGE_TYPE=BlastSearch& LINK_LOC=


https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
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blasthome) was used to select the protein regions that are
conservative within Mmm and specific to other pathogens.

Expression and purification of candidate proteins

The coding gene of the candidate marker was synthe-
sized according to the protein sequence and cloned into
pGEX-4 T-1 vector (GE) and pMAL-c5X vector (NEB),
respectively, and then expressed and purified according to
the manufacturer’s instructions. The gene of the extracellular
region which contains the candidate marker was synthesized
and cloned into the pGEX-4 T-1 vector, expressed, and puri-
fied as mentioned above.

Antigenicity verification of candidate protein

The diagnostic marker expressed in pGEX-4 T-1 was tested
by dot-ELISA with CBPP-immunized goat sera to confirm
that the selected protein can react with CBPP positive sera
and the negative serum as control.

Production and identification of Mab

Monoclonal antibodies were prepared according to the
method established by Kohler and Milstein (Kohler et al.
1975). Briefly, five 6-week-old female BALB/c mice (sup-
plied by the Laboratory Animal Center of the Harbin Veteri-
nary Research Institute, CAAS) were immunized subcutane-
ously with 50 pg of recombinant maltose-binding protein
(MBP) labeled protein mixed with Freund’s complete adju-
vant (Sigma-Aldrich). The booster vaccines consisting of
50 pg purified MBP labeled protein in an equal volume of
Freund’s incomplete adjuvant were administrated 2 and
4 weeks after the primary immunization. The enhanced
immunization was performed after the purified MBP labeled
protein was mixed with Freund’s incomplete adjuvant in
equal volume; each mouse was immunized subcutaneously
with 50 pg of recombinant protein.

After the second booster vaccination, blood was collected
from the tail end and serum was separated; then, the serum
titer was evaluated by ELISA as previously described (Xu
et al. 2015). Two days after the final booster, the feeder
layer cells were prepared from the abdominal cavity cells of
non-immunized mice 1 day before the fusion. The next day,
the immunized mice were euthanized, and the spleen cells
fused with SP2/0 myeloma cells at a ratio of 5-10:1 using
polyethylene glycol (PEG 4000; Sigma Aldrich). Hybri-
doma cells were resuspended in HAT medium (containing
20% FBS, 100 pg/mL streptomycin, 100 IU/L penicillin,
100 mM hypoxanthine, 16 mM thymidine, and 400 mM
aminopterin) and seeded into a 96-well plate. On the 7th
day after fusion, the medium was removed and replaced
with fresh HT medium (containing 20% FBS, 100 pg/mL

streptomycin, 100 TU/L penicillin, 100 mM hypoxanthine,
and 16 mM thymidine). Following HAT/HT selection, the
positive cells were subcloned for 3 rounds with limited dilu-
tion and screened for the production of immunogen-reactive
antibodies by indirect ELISA.

Indirect ELISA

Indirect ELISA was used to determine the titer of mouse
serum and ascites according to the protocol described pre-
viously with a few modifications (Xu et al. 2015). Briefly,
microplates were sensitized at 4 °C overnight with the affin-
ity-purified GST label protein at 5 pg/mL. The sensitized
plates were incubated with test culture supernatants from
hybridoma cells at 37 °C for 1 h, with goat anti-mouse IgG
(H+L) conjugated with horseradish peroxidase (HRP) sec-
ondary antibodies (Sigma) at a 1:5,000 dilution at 37 °C for
1 h, followed by color development upon addition of tetra-
methylbenzidine substrate solution (Sigma). Color develop-
ment was terminated with 2 M H,SO,, and the absorbance
value of OD,s,, Was recorded.

Preparation and titration of ascites

The 10-week-old female BALB/c mice were intraperito-
neally injected with 0.5 mL of Freund’s incomplete adju-
vant. One week later, 1 x 10° hybridoma cells were injected
into the abdominal cavity of mice. The ascites were collected
when the abdomen of mice was swollen. The supernatant
of ascites was 10 times continuous dilution from 1:1000
and then titrated with indirect ELISA. Unimmunized mice
serum was set as a negative control. The highest dilution
with OD 50, value >0.2 and P/N value >2.1 was consid-
ered the titer of ascites.

Monoclonal antibody subtype identification

The subtype of Mab was identified by the SBA Cloning Sys-
tem-HRP Kit (Southern Biotech) according to the manufac-
turer’s instructions. Briefly, add 0.1 mL of hybridoma super-
natant to each well of GST label protein coating plate, and
incubate for 1 h at room temperature. Dilute HRP-labeled
detection antibodies (1:250), add 0.1 mL of these conjugates
to appropriate wells of the plate, and incubate for 1 h at room
temperature. Add 0.1 mL of ABTS substrate solution to each
well of the plate. Read the optical density of each well at
405 nm after substrate addition.

The competitive ELISA
Costar ELISA plates (Corning) were coated with 0.1 ml of pro-

tein (1 pg/ml) diluted in 0.05 M carbonate buffer (pH 9.6) by
incubation overnight at 4 °C. Plates were washed three times
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with PBST, and a 100 pl mixture of serum and Mab was added
to each well. Place the plate in a 37 °C incubator for 1 h, dis-
card the reaction liquid, and wash it three times with PBST.
Then, add goat anti-mouse IgG antibody conjugated with HRP
(Sigma) diluted at 1:5000, and react at 37 °C for another hour.
After a final wash step, TMB (Sigma) was added to enable
colorimetric analysis. The reaction was stopped by adding 50
pL of 2 M H,SO,, and optical density (OD) was measured at
450 nm. For each sample tested, the value of percentage inhibi-
tion (P1%) is calculated using the following formula: P1% =100
X (ODyjy—ODgympie) (ODygyp, = ODg0)- The cut-off value
between positive and negative sera was calculated with Graph-
Pad Prism based on the analysis of a collection of 32 known
CBPP-positive and 614 CBPP-negative serum samples.

Validation of the competitive ELISA

To determine the cross-reaction with the other relevant epi-
demic disease-positive serum, several positive sera were
tested by the cELISA. These sera included the CBPP negative
serum, positive serum of CBPP, Mycoplasma bovis, Myco-
plasma bovirhinis, Mycoplasma agalactiae, Escherichia
coli, bovine tuberculosis, bovine paratuberculosis infectious
bovine rhinotracheitis virus, and bovine viral diarrhea virus,
with one serum of each species. One hundred and four serum
samples collected from four Mmm immunized goats were
detected with the cELISA to analyze the seroconversion. To
compare the cELISA established in this study with the CBPP
commercial kit produced by IDEXX company, 52 bovine and
79 Mmm immunized sheep serum samples were tested using
these two methods. The Kappa values were calculated based
on the detection results for consistency analysis.

Seroprevalence of CBPP antibodies in bovine sera
from Inner Mongolia, Heilongjiang, Guangxi,
and Yunnan provinces, China

With the successful establishment of the cELISA, we col-
lected bovine sera from Inner Mongolia, Heilongjiang,
Guangxi, and Yunnan for CBPP antibody detection. These
areas are located on the border of China. The monitoring of
bovine serum samples in these areas is of great significance
to prevent CBPP from being reintroduced and maintain the
state of no epidemic.

Results
Screening of diagnostic marker
A total of 1016 proteins of the Mmm strain PGl

were obtained from the NCBI database (GenBank:
BX293980.2). With the analysis of the transmembrane
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region, it was found that there were 11 proteins with more
than two transmembrane regions, and the extracellular
region was composed of more than 100 amino acids and
subcellular localization on the cell membrane (Table S1).
With BLAST analysis, the extracellular domain of a hypo-
thetical protein (GenBank: CAE77242.1), with an amino
acid coding range of 72 to 105, was selected as a candidate
diagnostic marker.

Expression and purification of proteins

The coding gene of HyP,,_ ;45 was synthesized according to
the amino acid sequence and inserted into the pGEX-4 T-1
and pMAL-c5X vector; the recombinant plasmids were
designated as pGEX-HyP,, ;s and pMAL-HyP-, ;o5
respectively. In addition, the gene encoding the extracel-
lular region of 29 to 166 was synthesized and cloned into
the pGEX-4 T-1 vector and named pGEX-HyP,q_¢.
Prokaryotic expression and recombinant protein purifi-
cation of pMAL-HyP,, o5, PGEX-HyP;, (s, and pGEX-
HyP,q_,¢¢ Were performed according to the procedures pro-
vided by NEB and GE, and then the HyP,, 5 protein with
MBP/GST tag and the HyP,q_ 4, protein with GST label
were obtained (Fig. 1). These proteins were designated
as MBP- HyP,, 5, GST-HyP;, 145, and GST- HyP,q_;46.

M 1 2 M 3
170 kDa - 170kDa
130kDa 130kba
100 kDa 100 kDa
70kDa. 70 kDa
55 kDa [ 55 kDa

40 kDa

35 kDa

25 kDa

15 kDa

A B

Fig. 1 Prokaryotic expression and purification protein identification.
The GST-HyP,y_¢6 (A) and GST-HyP, o5 protein (A) were identi-
fied with anti-GST antibodies, and the MBP-HyP, ;o5 protein (B)
was identified with anti-MBP antibodies. The three proteins were suc-
cessfully expressed. Line M, protein marker; line 1, GST-HyP,g_;¢4;
line 2, GST-HyP;,_;s; line 3, MBP-HyP;, ;5
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Antigenicity verification of GST-HyP, ;.5

The antigenicity of GST- HyP,, ;s protein was verified
with CBPP-positive goat serum by dot-ELISA; the result
showed that this protein could react with CBPP-positive
serum but not CBPP-negative one (Fig. 2).

Preparation and identification of monoclonal
antibody

The BALB/c mice were immunized with protein MBP-
HyP;, 105, and the Mab was screened according to the
protocol mentioned above. Finally, a hybridoma cell line
stably secreting anti-HyP,,_ ;s antibody was obtained, and
it was named 3A8. The heavy chain of the Mab is IgG1,
and the light chain is k chain. The antibody titer in ascites
was 10°.

CBPP-Positive serum CBPP-Negative serum

Fig. 2 Identification of candidate protein reactivity to CBPP-positive
serum. The antigenicity of GST-HyP, o5 was identified with sera
from Mmm immunized and control goats. The GST-HyP;, ,ys had
good reactivity with CBPP positive serum but not negative one
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Fig.3 Determination of cELISA cut-off value. The established
cELISA was used to detect 614 negative and 32 positive sera, and
the optimal cut-off value was determined to be 58%. When the cut-
off value was selected, the sensitivity of the cELISA was 84.38%
(68.25% to 93.14%), and the specificity was 100% (99.38% to
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cELISA establishment for detection of serum
antibodies against Mmm

With the purified GST-HyP,q_;4¢ protein as the coating anti-
gen and Mab 3A8 as the detection antibody, a cELISA was
established for CBPP positive serum detection. The opti-
mal concentration of GST-HyP,q_ 4 protein, 3A8 antibody,
bovine serum to be tested, and goat anti-mouse [gG/HRP
antibody was standardized by checkerboard titrations. The
optimal concentration of the coated GST-HyP,q_;4c recombi-
nant protein was 1 pg/mL, and the tested serum was 20 times
diluted. The working concentration of ascites is 1:1250. The
optimal dilution of goat anti-mouse IgG/HRP was 1:5000.
A colorimetric readout was facilitated by the addition of
50 pl TMB. The OD of each well was read at 450 nm using
a microplate reader.

To determine the cut-off level of P1% for the cELISA,
32 CBPP positive sera and 614 CBPP negative sera were
examined (Fig. 3). The P1% cut-off value was analyzed by
GraphPad Prism statistical software, and a P1% of > 58% was
considered positive. At a PI% of < 58%, the serum antibody
value was considered negative. With this cut-off value, the
sensitivity of cELISA is 84.38% (68.25% to 93.14%), and the
specificity is 100% (99.38% to 100.0%) at 95% confidence.

To further verify the cross-reaction to the positive
sera of other bovine diseases, the cELISA was used to
simultaneously detect CBPP-positive serum, CBPP-neg-
ative serum, and positive sera of several bovine patho-
gens (Fig. 4). The PI% of the CBPP-positive serum was
more than 58%, while the PI% of the other sera was less
than 58%. This means that the cELISA established in
this study can specifically detect the serum of animals
infected with Mmm but has no cross-reaction with the
serum of Mmm-free animals.

100 <

T

Cut off: 58%

! 1
Positive Sera  Negative Sera

B Samples

100.0%) at 95% confidence. A The ROC curve of cELISA, with the
X-axis and Y-axis representing the true-positive rate and false-positive
rate of the detection method, respectively. B The distribution of nega-
tive and positive samples with a cut-oft value of 58%, with negative
and positive serum on the X-axis and blocking rate on the Y-axis
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Fig.4 Cross-reactivity identification for CBPP cELISA. To deter-
mine the cross-reaction with the other relevant epidemic disease posi-
tive serum, several sera were tested by the cELISA. The PI% of the
CBPP positive serum was more than 58%, while the P1% of the other

The ELISA established in this study was used to detect
104 serum samples; these sera were collected from 4 goats
which have been immunized with inactivated Mmm. The
seroconversion emerged 2 to 4 weeks after vaccination, and
the HyP,, 45 specific antibody of the immunized animals
maintain at a high level until 309 days after immunization
(Fig. 5).

Fig.5 Detection of Mmm-

sera was less than 58%. The cELISA can specifically detect the serum
of animals infected with Mmm but has no cross-reaction with the sera
of Mmm-free animals

We also evaluated the coincidence rate of the c-ELISA
established in this study and a commercial cELISA kit
(IDEXX) for CBPP detection. Seventy-nine samples of
immunized goat serum and 52 samples of bovine serum
were used to compare the two methods (Table 1). There
are 55 negative and 72 positive sera were identified by both
methods. However, 4 negative sera confirmed to cELISA

. . 120
immunized goat sera. The sera
from 4 goats were tested with
cELISA, serum positive conver- 100
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Table 1 Correlation analysis of IDEXX and cELISA; ¢

IDEXX
Neg Pos Total
cELISA Neg 55 4 59
Pos 0 72 72
Total 55 76 131

Kappa=0.94

were judged as positive by the IDEXX kit. The Kappa value
of the two detection methods is 0.94, which indicates that the
diagnosis results of the two methods are consistent.

Epidemiological survey for border samples

A total of 1011 bovine sera collected from Heilongjiang
(528), Guangxi (176), Yunnan (176), and Inner Mongolia
(131) in 2022 were examined by the cELISA established in
this study. All of the samples were CBPP negative (Fig. 6).

Discussion

In this study, we combined bioinformatics and traditional
technologies to screen Mmm-specific protein, prepared
an anti-Mmme-specific antibody based on this protein, and
established a cELISA for CBPP antibody detection. Mmm
is a complex pathogenic agent that encodes hundreds of
proteins, and there are high-frequency mutations (Li et al.
2016; Westberg et al. 2004) in immunoreactive proteins due

Fig.6 Serum detection of local

samples. A total of 1011 bovine 100
serum samples from Heilongji-
ang, Guangxi, Yunnan, and
Inner Mongolia were tested by
the cELISA established in this
study, and all samples were neg-
ative for CBPP. The distribution
of percentage inhibition for
serum samples was displayed by

75

the box plot e

PI%
()]
(@]

25

to immune escape and other reasons, which makes it very
difficult to screen diagnostic markers of Mmm. Although a
large number of studies have focused on the Mmm antigen
protein selection, and there are also reports of various diag-
nostic methods, most of these studies are still stuck in the
laboratory research stage, which indicates that traditional
biological technology is not efficient in solving problems in
the field of Mmm diagnosis (Alhaji et al. 2020; Di Teodoro
et al. 2020).

The Mmm was prevalent in China and caused serious eco-
nomic losses to animal husbandry several years ago (Xin
et al. 2012). After the elimination of CBPP, China listed
CBPP as a Class I animal disease, and its pathogen was ruled
as a Class I pathogenic microorganism. In China, conven-
tional laboratories have been prohibited from the operation
and storage of live Mmm. In recent years, bioinformatics
has developed vigorously. With the continuous progress of
sequencing technology, the genome information of various
pathogens has been increasingly improved (van Dijk et al.
2018). New biological algorithms have greatly improved
the prediction ability of bioinformatics software. The emer-
gence of online tools and the improvement of the comput-
ing power of supercomputers and personal computers have
given everyone more opportunities to enjoy the benefits of
information technology than before (Angarica et al. 2017).
Mycoplasma membrane-associated proteins often have
excellent immunogenicity and are closely involved in the
colonization, replication, and pathogenicity of mycoplasma
(Adamu et al. 2020; Archer 1981; Kostyal et al. 1994;
Pan et al. 2022). The PG1 strain of Mmm was analyzed to
screen the membrane protein, and an extracellular region of

Cut-off: 58

Guangxi(n=176)

Heilongjiang(n=528) Inner_MonglInner(n=131) Yunnan(n=176)
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a transmembrane protein, which has diagnostic potential,
was successfully identified. We also verified the antigenic-
ity of this protein segment with CBPP-positive serum. On
the premise of confirming its antigenicity, a Mab specific
recognized this protein segment was prepared, and a cELISA
was successfully established to detect the serum antibody
of Mmm-infected animals. This means that it is feasible to
combine bioinformatics with traditional biology to develop
serological diagnostic methods. In particular, it has a poten-
tial application prospect for pathogens that encode a large
number of proteins, have serious cross-reactions, or cannot
carry out live-bacteria operations. Of course, this research
is just a preliminary attempt, and the screening process is
still relatively rough, only using conventional data and gen-
eral algorithms and software. If more specific algorithms
and databases were employed, the efficiency, reliability, and
economy of screening will be greatly improved.

Pathogen isolation and identification is the most con-
ventional laboratory method for CBPP diagnosis, and the
serological test is usually considered a herd-level detection
method. For the ELISA method, both the specificity and
sensitivity have to be considered equally when setting the
cut-off value. However, the cELISA for CBPP is somewhat
special. The cELISA of CBPP, as a herd-level serological
test, has more stringent requirements for specificity, for
the reasons that CBPP has been eradicated in many coun-
tries. For example, the cELISA method recommended by
WOAH has a sensitivity of about 70% and a specificity of
99.8-99.9% (Le Goff et al. 1998). The ELISA established in
this study also follows this principle. Since CBPP has been
eliminated in China, available positive serum of this disease
is very limited. However, China is a CBPP epidemic-free
area certified by WOAH, so it is relatively easy to obtain
CBPP-negative serum. Therefore, we determined the cut-
off value of the cELISA in two ways: One is the method of
adding 3 times of standard deviation to the average value
of negative serum samples, and the other is to use Graph-
Pad Prism software to make statistics on known negative
and positive serum samples. The values obtained by these
two methods are close, so only the result recommended by
GraphPad Prism was employed. Due to the limitation of the
number of positive sera, the sensitivity parameter evalua-
tion of the cut-off value may be affected to some extent. We
will revise it in the follow-up study. In this research, 131
serum samples were used to compare the cELISA estab-
lished here with the commercial CBPP test kit produced by
IDEXX company; the results showed that they had a high
correlation.

CBPP was first introduced in China from 1918 to 1919.
It was one of the major epizootics that endangered Chi-
nese cattle breeding, and the degree of damage was only
second to rinderpest (Xin et al. 2012). Between 1949 and
1989, 178,570 cattle died from CBPP, with an estimated
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loss of 356 million Chinese yuan (Xin et al. 2012). In
1956, to control this disease, a vaccine with high protec-
tion rate was developed based on the Mmm Ben-1 strain,
and the duration of immunization could reach 28 months.
Then, China eliminated CBPP through vaccination com-
bined with a culling policy. No CBPP positive animals
emerge again since 1989. In 2011, China obtained WOAH
epidemic-free zone certification for CBPP (Xin et al. 2007,
2012). Since then, China has conducted a CBPP moni-
toring program according to the requirements of WOAH
every year. Unfortunately, the prevalence of CBPP in
China’s surrounding countries is not very clear, and it is
necessary to increase the level of epidemiological inves-
tigation in border areas. However, there is no cELISA or
other high-throughput serological detection kit produced
by China at present. The promotion of the cELISA estab-
lished in this study will help improve the monitoring abil-
ity of CBPP in China.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00253-024-13127-0.

Author contribution QX and JX conceived and designed the research.
WQ prepared monoclonal antibodies. ZM and YZ established detec-
tion methods. QP and TL tested serum samples. QX and QW wrote the
manuscript. All authors read and approved the script.

Funding This study was supported by the National Key R&D Pro-
gram Topic: Research on New Quarantine and Detection Technolo-
gies for Important Emerging and Exotic Animal Diseases at Ports
(2021YFD1800503), Science and Technology Innovation Project of
Chinese Academy of Agricultural Sciences.

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

Declarations

Ethics approval This study was performed in strict accordance with
the recommendations in the Guide for the Care and Use of Laboratory
Animals of the Ministry of Science and Technology of the People’s
Republic of China. The protocols were approved by the Committee on
the Ethics of Animal Experiments of the Harbin Veterinary Research
Institute (HVRI) of the Chinese Academy of Agricultural Sciences
(CAAS).

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


https://doi.org/10.1007/s00253-024-13127-0
http://creativecommons.org/licenses/by/4.0/

Applied Microbiology and Biotechnology ~ (2024) 108:290

Page90of9 290

References

Adamu JY, Wawegama NK, Condello AK, Marenda MS, Markham
PF, Browning GF, Tivendale KA (2020) Mycoplasma bovis
membrane protein MilA is a multifunctional lipase with novel
lipid and glycosaminoglycan binding activity. Infect Immun
88(6):e00945-e1019. https://doi.org/10.1128/iai.00945-19

Alhaji NB, Ankeli PI, Ikpa LT, Babalobi OO (2020) Contagious
bovine pleuropneumonia: challenges and prospects regarding
diagnosis and control strategies in Africa. Vet Med (auckl)
11:71-85. https://doi.org/10.2147/vmrr.s180025

Amanfu W, Sediadie S, Masupu KV, Raborokgwe MV, Benkirane A,
Geiger R, Thiaucourt F (2000) Comparison between c-ELISA
and CFT in detecting antibodies to Mycoplasma mycoides
mycoides biotype SC in cattle affected by CBPP in Botswana.
Ann N Y Acad Sci 916:364-369. https://doi.org/10.1111/j.
1749-6632.2000.tb05314.x

Angarica VE, Del Sol A (2017) Bioinformatics tools for genome-
wide epigenetic research. Adv Exp Med Biol 978:489-512.
https://doi.org/10.1007/978-3-319-53889-1_25

Archer DB (1981) The structure and functions of the mycoplasma
membrane. Int Rev Cytol 69:1-44. https://doi.org/10.1016/
s0074-7696(08)62319-0

Bashiruddin JB, Taylor TK, Gould AR (1994) A PCR-based test for
the specific identification of Mycoplasma mycoides subspecies
mycoides SC. J Vet Diagn Invest 6(4):428-434. https://doi.org/
10.1177/104063879400600405

Bashiruddin JB, De Santis P, Vacciana A, Santini FG (1999) Detec-
tion of Mycoplasma mycoides subspecies mycoides SC in
clinical material by a rapid colorimetric PCR. Mol Cell Probes
13(1):23-28. https://doi.org/10.1006/mcpr.1998.0206

Di Teodoro G, Marruchella G, Di Provvido A, D’Angelo AR, Orsini
G, Di Giuseppe P, Sacchini F, Scacchia M (2020) Contagious
bovine pleuropneumonia: a comprehensive overview. Vet Pathol
57(4):476-489. https://doi.org/10.1177/0300985820921818

Dudek K, Szacawa E, Nicholas RAJ (2021) Recent developments
in vaccines for bovine mycoplasmoses caused by Mycoplasma
bovis and Mycoplasma mycoides subsp. mycoides. Vaccines
(Basel) 9(6):549. https://doi.org/10.3390/vaccines9060549

Gorton TS, Barnett MM, Gull T, French RA, Lu Z, Kutish GF,
Adams LG, Geary SJ (2005) Development of real-time diag-
nostic assays specific for Mycoplasma mycoides subspecies
mycoides Small Colony. Vet Microbiol 111(1-2):51-58. https://
doi.org/10.1016/j.vetmic.2005.09.013

Kohler G, Milstein C (1975) Continuous cultures of fused
cells secreting antibody of predefined specificity. Nature
256(5517):495-497. https://doi.org/10.1038/256495a0

Kostyal DA, Butler GH, Beezhold DH (1994) A 48-kilodalton Myco-
plasma fermentans membrane protein induces cytokine secre-
tion by human monocytes. Infect Immun 62(9):3793-3800.
https://doi.org/10.1128/iai.62.9.3793-3800.1994

Le Goff C, Thiaucourt F (1998) A competitive ELISA for the specific diag-
nosis of contagious bovine pleuropneumonia (CBPP). Vet Microbiol
60(2—4):179-191. https://doi.org/10.1016/s0378-1135(98)00156-4

Le Grand D, Saras E, Blond D, Solsona M, Poumarat F (2004)
Assessment of PCR for routine identification of species of the
Mycoplasma mycoides cluster in ruminants. Vet Res 35(6):635—
649. https://doi.org/10.1051/vetres:2004037

LiY, Wang Y, Wang R, Zhu Y, Liu S, Wang Q, Shao J, Chen Y, Gao
L, Zhou C, Liu H, Wang X, Zheng H, Xin J (2016) Changes in
pathogenicity and immunogenicity of Mycoplasma mycoides
subsp. mycoides strains revealed by comparative genomics
analysis. Sci Rep 6:19081. https://doi.org/10.1038/srep19081

Lorenzon S, Manso-Silvan L, Thiaucourt F (2008) Specific real-time
PCR assays for the detection and quantification of Mycoplasma

mycoides subsp mycoides SC and Mycoplasma capricolum
subsp. capripneumoniae. Mol Cell Probes 22(5-6):324-328.
https://doi.org/10.1016/j.mcp.2008.07.003

Luciani M, Armillotta G, Manna L, Ciarelli A, Di Febo T, Krasteva
I, Pini A, Sacchini F, D’Angelo AR (2016) Selection of a mono-
clonal antibody by ELISA, immunoblotting and quartz crystal
microbalance technology for immunohistochemical detection of
Mycoplasma mycoides subsp mycoides. Vet Ital 53(3):215-223.
https://doi.org/10.12834/vetit.435.2084.2

Lutta HO, Mather A, Maina TW, Odongo D, Ndiwa NN, Wesonga
HO, Naessens J (2018) Preliminary findings of lipoprotein B
in detecting cattle chronically infected with contagious bovine
pleuropneumonia. J Vet Sci Med Diagn 7:2. https://doi.org/10.
4172/2325-9590.1000254

March JB, Kerr K, Lema B (2003) Rapid detection of contagious
bovine pleuropneumonia by a Mycoplasma mycoides subsp.
mycoides SC capsular polysaccharide-specific antigen detection
latex agglutination test. Clin Diagn Lab Immunol 10(2):233—
240. https://doi.org/10.1128/cdli.10.2.233-240.2003

Pan Q, Xu Q, Liu T, Zhang Y, Xin J (2022) Mycoplasma hyopneumo-
niae membrane protein Mhp271 interacts with host UPR protein
GRP78 to facilitate infection. Mol Microbiol 118(3):208-222.
https://doi.org/10.1111/mmi.14963

Schnee C, Heller M, Jores J, Tomaso H, Neubauer H (2011) Assess-
ment of a novel multiplex real-time PCR assay for the detection
of the CBPP agent Mycoplasma mycoides subsp. mycoides SC
through experimental infection in cattle. BMC Vet Res 7:47.
https://doi.org/10.1186/1746-6148-7-47

Srivastava NC, Thiaucourt F, Singh VP, Sunder J, Singh VP
(2000) Isolation of Mycoplasma mycoides small colony type
from contagious caprine pleuropneumonia in India. Vet Rec
147(18):520-521. https://doi.org/10.1136/vr.147.18.520

Tambi NE, Maina WO, Ndi C (2006) An estimation of the economic impact
of contagious bovine pleuropneumonia in Africa. Revue Scientifique Et
Technique (international Office of Epizootics) 25:999-1011

ter Laak EA (1992) Contagious bovine pleuropneumonia a review. Vet
Pathol 14(4):157. https://doi.org/10.1080/01652176.1992.9694343

Turner AW, Etheridge JR (1963) Slide agglutination tests in the diagno-
sis of contagious bovine pleuropneumonia. Aust Vet J 39(12):445—
451. https://doi.org/10.1111/1.1751-0813.1963.tb04194.x

van Dijk EL, Jaszczyszyn Y, Naquin D, Thermes C (2018) The third
revolution in sequencing technology. Trends Genet 34(9):666—
681. https://doi.org/10.1016/j.tig.2018.05.008

Westberg J, Persson A, Holmberg A, Goesmann A, Lundeberg J, Johansson
KE, Pettersson B, Uhlén M (2004) The genome sequence of Myco-
plasma mycoides subsp. mycoides SC type strain PG1T, the causa-
tive agent of contagious bovine pleuropneumonia (CBPP). Genome
Research 14(2):221-227. https://doi.org/10.1101/gr.1673304

Xin JQ, Gao YL, Li Y, Wang YF, QIAN AD, (2007) Development of an
indirect enzyme-linked immunosorbent assay for seromonitoring con-
tagious bovine pleuropneumonia using recombinant lipoprotein LppQ
of Mycoplasma mycoides subsp mycoides SC as antigen. Agric Sci
China 6(1):100-107. https://doi.org/10.1016/S1671-2927(07)60022-4

XinJ, Li Y, Nicholas RA, Chen C, Liu Y, Zhang MJ, Dong H (2012)
A history of the prevalence and control of contagious bovine
pleuropneumonia in China. Vet J 191(2):166-170. https://doi.
org/10.1016/j.tvjl.2011.02.011

Xu QY, Sun EC, Yang T, Feng YF, Geng HW, Wei T, Li JP, Sun
L, Sun J, Xi N, Zhang Q, Wang HX, Liu EZ, Bu ZG, Wu DL
(2015) Isolation of a Bluetongue virus group-specific monoclo-
nal antibody and application to a diagnostic competitive ELISA.
Appl Microbiol Biotechnol 99(2):729-739. https://doi.org/10.
1007/s00253-014-5937-7

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1128/iai.00945-19
https://doi.org/10.2147/vmrr.s180025
https://doi.org/10.1111/j.1749-6632.2000.tb05314.x
https://doi.org/10.1111/j.1749-6632.2000.tb05314.x
https://doi.org/10.1007/978-3-319-53889-1_25
https://doi.org/10.1016/s0074-7696(08)62319-0
https://doi.org/10.1016/s0074-7696(08)62319-0
https://doi.org/10.1177/104063879400600405
https://doi.org/10.1177/104063879400600405
https://doi.org/10.1006/mcpr.1998.0206
https://doi.org/10.1177/0300985820921818
https://doi.org/10.3390/vaccines9060549
https://doi.org/10.1016/j.vetmic.2005.09.013
https://doi.org/10.1016/j.vetmic.2005.09.013
https://doi.org/10.1038/256495a0
https://doi.org/10.1128/iai.62.9.3793-3800.1994
https://doi.org/10.1016/s0378-1135(98)00156-4
https://doi.org/10.1051/vetres:2004037
https://doi.org/10.1038/srep19081
https://doi.org/10.1016/j.mcp.2008.07.003
https://doi.org/10.12834/vetit.435.2084.2
https://doi.org/10.4172/2325-9590.1000254
https://doi.org/10.4172/2325-9590.1000254
https://doi.org/10.1128/cdli.10.2.233-240.2003
https://doi.org/10.1111/mmi.14963
https://doi.org/10.1186/1746-6148-7-47
https://doi.org/10.1136/vr.147.18.520
https://doi.org/10.1080/01652176.1992.9694343
https://doi.org/10.1111/j.1751-0813.1963.tb04194.x
https://doi.org/10.1016/j.tig.2018.05.008
https://doi.org/10.1101/gr.1673304
https://doi.org/10.1016/S1671-2927(07)60022-4
https://doi.org/10.1016/j.tvjl.2011.02.011
https://doi.org/10.1016/j.tvjl.2011.02.011
https://doi.org/10.1007/s00253-014-5937-7
https://doi.org/10.1007/s00253-014-5937-7

	A candidate competitive ELISA based on monoclonal antibody 3A8 for diagnosis of contagious bovine pleuropneumonia
	Abstract 
	Key points
	Introduction
	Materials and methods
	Sera
	Screening of diagnostic marker
	Expression and purification of candidate proteins
	Antigenicity verification of candidate protein
	Production and identification of Mab
	Indirect ELISA
	Preparation and titration of ascites
	Monoclonal antibody subtype identification
	The competitive ELISA
	Validation of the competitive ELISA
	Seroprevalence of CBPP antibodies in bovine sera from Inner Mongolia, Heilongjiang, Guangxi, and Yunnan provinces, China

	Results
	Screening of diagnostic marker
	Expression and purification of proteins
	Antigenicity verification of GST-HyP72-105
	Preparation and identification of monoclonal antibody
	cELISA establishment for detection of serum antibodies against Mmm
	Epidemiological survey for border samples

	Discussion
	References


