NOTE Immunology

Development of a blocking ELISA for detection of Mycoplasma hyopneumoniae
infection based on a monoclonal antibody against protein P65
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ABSTRACT. Mycoplasma hyopneumoniae causes porcine enzootic pneumonia, an economically important disease of swine. A more sensitive
and reliable method for detection of serum antibodies is needed for epidemiological investigations and to evaluate the effect of immuniza-
tion. We expressed the M. hyopneumoniae protein P65 in Escherichia coli and produced a monoclonal antibody (mAb) that bound specifi-
cally to recombinant P65. Using this mAb, a blocking enzyme linked immunosorbent assay (ELISA) was developed. The blocking ELISA
had similar specificity to and sensitivity with the commercial ELISA produced by IDEXX. Thus, this blocking ELISA is a useful test for

serological confirmation of M. hyopneumoniae infection.
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Mycoplasma hyopneumoniae causes porcine enzootic
pneumonia (PEP), a chronic respiratory disease of pigs prev-
alent in most swine producing areas [3]. Commercial vac-
cines, consisting of inactivated whole-cell preparations, are
widely used to control disease caused by M. hyopneumoniae,
but cannot eliminate M. hyopneumoniae from infected herds
[9], so early and accurate diagnosis of M. hyopneumoniae in-
fection is critical to improved control of the disease it causes.
Although several commercial kits have been developed for
detection of infection with M. hyopneumoniae [4, 12], the
ELISA kits currently available for M. hyopneumoniae serol-
ogy are expensive and limit the use in the clinic. Therefore,
the development of the next generation of serological tests
will depend on better characterization of M. hyopneumoniae
antigens and improved methods for detection of antibody-
antigen reactions [12].

Currently available serological methods include comple-
ment fixation tests, hemagglutination inhibition tests, growth
inhibition assays and ELISAs [2, 5-7, 10], but diagnosis is
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complicated by cross-reactions between M. hyopneumoniae,
M. hyorhinis and M. flocculare [1], in part because of the
complexity of the whole cell antigens generally used in these
assays. The use of monoclonal antibodies (mAbs) against
M. hyopneumoniae antigens can substantially solve this
problem. P65, a 65 kDa lipoprotein of M. hyopneumoniae, is
an immunodominant surface antigen of M. hyopneumoniae
that is specifically recognized during infection. P65 has been
shown previously to be a useful antigen for serological tests
[11]. Therefore, we investigated P65 as a target for a mAb
blocking ELISA and compared the sensitivity and specificity
of'a commercial ELISA with this blocking ELISA.

Recombinant M. hyopneumoniae P65 was produced in
Escherichia coli and purified by affinity chromatography us-
ing Ni-charged agarose resin (GenScript). A hybridoma line
(3G12) that secreted a mAD recognizing P65 was generated
and used to produce ascitic fluid as described previously
[13]. The mAb was purified from ascitic fluid by protein
G affinity chromatography, and its purity was confirmed
by SDS-PAGE. The isotype of the mAb was IgGl1, and it
had « light chains. The mAb reacted specifically in Western
blots with the 85.5 kDa recombinant P65 fusion protein and
with native 65 kDa protein in a M. hyopneumoniae whole
cell protein preparation, but not with any protein in a M.
hyorhinis whole cell protein preparation nor in extracts of
E. coli containing the pET-32a (+) vector after induction of
expression with IPTG (Fig. 1).

A mAD blocking ELISA was developed using mAb 3G12.
All reagents were added in volumes of 100 u/, and incuba-
tion was carried out at 37°C unless otherwise stated. The
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Fig. 1. Western blot of recombinant P65, M. hyopneumoniae whole
cell proteins, M. hyorhinis whole cell proteins and E. coli contain-
ing the empty expression vector probed with the anti-P65 mAb.
Lane M, molecular mass standards (Pierce Pre-stained Protein
Molecular Weight Markers); lane 1, recombinant P65; lane 2, M.
hyopneumoniae whole cell proteins; lane 3, M. hyorhinis whole
cell proteins; and lane 4, E. coli containing the pET-32a (+) vector.

concentrations of coating antigen, samples and mAbs were
optimized for the blocking ELISA. The effect of different
blocking buffers and reaction times were also compared. Use
of a blocking buffer and a dilution buffer composed of 2%
casein and a final concentration of 5% PEG 6000 in PBST
were found to yield the best signal-to-noise ratio. In the opti-
mized assay recombinant P65 at a concentration of 10 ug/m/
in 0.05 M sodium carbonate buffer was added to individual
wells of 96-well plates, and the plates were incubated at 4°C
overnight. After washing four times with phosphate buffered
saline —0.05% Tween 20 (PBST), non-specific binding sites
were blocked with 200 u/ of the optimized blocking buffer
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for 2 hr. After the wells were washed, serum samples were
added at a dilution of 1:5 to the wells and incubated for
120 min. The wells were then washed and incubated with
the mAb conjugated to HRP at a dilution of 1:20,000 for
30 min. After washing, substrate was added to the wells,
and the plate was incubated at room temperature for 10
min. Color development was stopped by adding 50 u/ of 2
M H,S0,. The amount of HRP-conjugated mAb bound to
P65 was quantified by measuring the absorbance at 450 nm,
and the percentage inhibition (PI) was determined using the
formula: PI=((OD;s, for negative control serum —OD 5, for
test serum)/ ODy5, for negative control serum) % 100.

The blocking ELISA was standardized using sera from
field cases that had been confirmed to be serologically posi-
tive using the IDEXX M. Hyo. Ab ELISA test kit (IDEXX
Laboratories Inc., Westbrook, ME, U.S.A.). The cut-off for
discrimination between positive and negative samples was
determined by plotting a receiver-operating characteristic
(ROC) curve to identify the ODys, value that optimized
the sensitivity and specificity [8]. The area under the ROC
curve (AUC) was calculated to determine the accuracy of
the test. This analysis yielded an optimal cut-off at an ODys,
of 0.55, corresponding to a PI of 36.5%, and this was used
for preliminary validation of the test (Fig. 2B). This cut-off
resulted in good discriminatory capacity (AUC=0.978) for
the blocking ELISA (Fig. 2A), indicating highly accurate
discrimination between the negative and positive reference
sera.

The cross-reactivity of the blocking ELISA was assessed
with 6 antisera samples from each infectious group includ-
ing M. hyopneumoniae, M. hyorhinis, Haemophilus parasuis
(HPS), pseudorabies virus (PRV), porcine circovirus type 2
(PCV2), porcine reproductive and respiratory syndrome
virus (PRRSV), classical swine fever virus (CSFV) and
foot-and-mouth disease virus (FMDV), respectively. The
PI values for antisera against -M. hyopneumoniae were not
less than 73.87%, while the PI values for antisera against
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Receiver-operating characteristic (ROC) curve for anti-P65 blocking ELISA.

A. Receiver-operating characteristic (ROC) curve for anti-P65 blocking ELISA. B.
The ODys, value of positive and negative samples detected by anti-P65 blocking

ELISA.
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Fig. 3. Specificity analysis of the blocking-ELISA. PI value of
antisera against M. hyopneumoniae, M. hyorhinis, Haemophilus
parasuis (HPS), pseudorabies virus (PRV), porcine circovirus type
2 (PCV2), porcine reproductive and respiratory syndrome virus
(PRRSV), classical swine fever virus (CSFV) and foot-and-mouth
disease virus (FMD) (n=6).

the other pathogens ranged from —9.40% to 15.72% (Fig. 3),
indicating that the blocking ELISA was specific for antibod-
ies against M. hyopneumoniae. All data were expressed as
mean = SEM. All statistical analyses were performed with
SPSS 19.0 for Windows.

To evaluate the sensitivity, specificity, positive predictive
and negative predictive values, and the likelihood ratio of
the blocking ELISA, serum samples from herds that had pigs
with clinical signs of PEP (field samples, n=337) were col-
lected on several pig farms in Jiangsu province and tested
using the IDEXX kit and the blocking ELISA. The sensi-
tivities, specificities, negative and positive predictive values,
and likelihood ratio of the blocking ELISA, assuming the
IDEXX ELISA to be the gold standard, were calculated us-
ing GraphPad Prism v6.01 (GraphPad Software, Inc.).

The results obtained for each serum sample in the block-
ing ELISA and the commercial IDEXX ELISA (Table 1)
were compared. A total of 147/155 (94.8%) of the sera found
positive in the IDEXX ELISA were also positive in the
blocking ELISA. To further investigate the degree of con-
cordance between the blocking ELISA and the IDEXX as-
say, we also assessed field samples that tested negative in
the IDEXX assay (n=182). The blocking ELISA classified
169 of these as negative (92.9%) and 13 as positive (7.1%).
Overall, there was a high level of agreement between the
blocking ELISA and the IDEXX assay for the same serum
samples, with a concordance of 93.8%. The two tests were
not found to differ significantly in their performance (P=0.4,
binomial test). The blocking ELISA had a high sensitivity
(94.8%) and specificity (95.7%) (Table 2).

In conclusion, this study has developed an assay that can
meet the requirements for a national test that is accurate and
easily performed. The hybridoma produces good yields of

Table 1. Comparison of the blocking ELISA and the
IDEXX ELISA antibody detection kit
. IDEXX ELISA
Blocking ELISA — - Total
Positive Negative
Positive 147 13 160
Negative 8 169 177
Total 155 182 337

No significant difference detected between the perfor-
mance of the two tests (P=0.4, binomial test).

Table 2.  Characteristics of the blocking ELISA in comparison to the
IDEXX ELISA

Value 95% Confidence Interval
Sensitivity 94.8% 90.1-97.8%
Specificity 92.9% 88.1-96.1%
Positive Predictive Value 91.9% 86.5-95.6%
Negative Predictive Value 95.5% 91.3-98.0%
Likelihood Ratio 13.3 -

the anti-P65 mAb, enabling production of diagnostic kits at a
relatively low cost, thus increasing their accessibility.
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