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Abstract
Background: Mycoplasma hyopneumoniae is the primary pathogen of enzootic pneumonia (EP).
Vaccination with inactivated bacterin is the most popular and practical measure to control EP. However,
these commercial vaccines have a limited effect on the transmission of microorganism and cannot
prevent colonization. Therefore, after immunization with inactivated bacterin, M. hyopneumoniae
colonized on the respiratory tract and lungs stimulates the humoral immune responses and produce IgG
and IgA antibodies. ELISA is a widely used serological method to detect M. hyopneumoniae antibodies.
However, commercial IgG ELISA kit cannot distinguish between inactivated bacterin-induced
hyperimmune sera and convalescent sera stimulated by natural infection. SIgA ELISA method is
laborious for nasal swab collection, and the amount of each swab sample obtained from the nasal cavity
is less compared to the serum sample. Establishment of a discriminative ELISA detecting humoral IgG
from convalescent sera but not hyperimmune sera facilitates to evaluate the natural infection of M.
hyopneumoniae after inactivated bacterin vaccination.

Result: We expressed and puri�ed a recombinant protein named Mhp366-N which contains an epitope
recognized by the convalescent sera but not hyperimmune sera. The developed discriminative IgG-ELISA
could discriminate between inactivated bacterin-induced hyperimmune sera and convalescent sera, and
was reproducible, sensitive, and speci�c to M. hyopneumoniae antibody produced by natural infection.
Compared to sIgA-ELISA method, discriminative IgG-ELISA was more convenient to detect IgG antibody
from sera than IgA from nasal swabs, although it has limited sensitivity in the early stages of infection.
Additionally, to some extent, it has a potential to avoid the interference of maternally derived IgG
antibodies.

Conclusions: The established discriminative IgG-ELISA was e�cient to judge the serological IgG
antibodies induced from natural infection or inactivated vaccine stimulation and provided a useful
method to investigate and evaluate the live organism infection after the application of inactivated
bacterin.

Background
Enzootic pneumonia (EP), caused by Mycoplasma hyopneumoniae, is one of the most common and
signi�cant economically infectious diseases in pig husbandry worldwide [1]. As a chronic respiratory
disease, it is characterized by high morbidity, low mortality with dry and non-productive cough, causing a
reduced average daily weight gain and poor feed conversion e�ciency [2, 3]. M. hyopneumoniae infection
increases susceptibility of pigs to other organisms and causes porcine respiratory disease complex
(PRDC) [1, 4].

Control of this disease can be achieved by applying several techniques, such as the optimization of
management practices and housing conditions, and the application of antimicrobials and vaccination [1,
5]. Nowadays, two types of vaccines are used clinically. One is inactivated, adjuvanted whole-cell
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bacterins applied worldwide, while the other one is attenuated live vaccine which has been licensed and
used clinically in China [6]. Vaccination with an inactivated bacterin is the most popular and practical
measure to control EP. However, these commercial vaccines can only offer partial protection, having a
limited effect on the transmission of microorganism and cannot prevent colonization [7]. Therefore, after
immunization with inactivated bacterin, M. hyopneumoniae colonized on or subsequently adhered to the
respiratory tract and lungs stimulates the humoral immune responses and produce IgG and IgA
antibodies [8].

ELISA is a widely used serological method to detect M. hyopneumoniae antibodies. The indirect ELISA kit
(IDEXX Laboratories, Westbrook, Maine, USA) is the most frequently used serological tool that was
implemented to detect M. hyopneumoniae IgG antibody. However, this commercial kit cannot distinguish
between inactivated bacterin-induced hyperimmune sera and convalescent sera stimulated by natural
infection. One research group developed an ELISA method for detection of M. hyopneumoniae in
naturally infected pigs based on secretory IgA [9, 10]. Nevertheless, this ELISA method is laborious for
nasal swab collection, and, in general, the amount of each swab sample obtained from the nasal cavity is
less compared to the serum sample.

It was reported that porcine convalescent serum revealed a strong immunoreaction to Mhp366 protein
which could not react with sera from bacterin-immunized pigs [11]. In addition, Mhp366 from in vitro
grown M. hyopneumoniae strains was not detected by using a polyclonal serum raised against Mhp366
[11]. Based on these characteristics of Mhp366, we have developed an indirect ELISA for detecting
humoral immunodominant proteins of M. hyopneumoniae which can discriminate between inactivated
bacterin-induced hyperimmune sera and convalescent sera [12]. Therefore, Mhp366 protein has the
potential to be used as an antigen to develop an ELISA method to react with antibodies stimulated by
natural infection but not by bacterin vaccination.

In this study, we develop an indirect ELISA based on Mhp366 protein for the detection of convalescent
sera but not inactivated bacterin-induced hyperimmune sera, which could be highly bene�cial to
discriminate between IgG antibody raised in M. hyopneumoniae inactivated bacterin and natural
infection.

Results
Expression and puri�cation of Mhp366-N

The fragment of mhp366 from 1 to 837 nucleotide was cloned into pET-28a(+) and expressed in E. coli
BL21(DE3). The Mhp366-N protein was expressed as soluble form and inclusion body (insoluble form)
with a band of 40 kDa in SDS-PAGE gel (Fig. 1A). The results were also con�rmed by Western blot
analysis, since the target protein could react strongly with anti-His-tag antibody (Fig. 1B). Puri�cation of
the soluble recombinant protein was achieved by Ni chelating a�nity chromatography as C-terminal
6×His-tagged fusion (Fig. 1C).
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Classi�cation of sera for establishment of ELISA

The results of M. hyopneumoniae DNA ampli�cation in laryngeal swabs by nested PCR and IgG detection
from sera by IDEXX ELISA kit have been summarized in Table 1. Eight weeks after immunization, 14
serum samples from farm A were positive to M. hyopneumoniae and no P36 gene was detected by
nested PCR for all 20 piglets. For the farm B, 9 positive samples were detected by nested PCR method,
while, the prevalence of M. hyopneumoniae was 60% (12/20) by IgG detection. The numbers of positive
and negative diagnostic results con�rmed by both molecular biology and anti-M hyopneumoniae IgG
antibody were 7 and 6, respectively. Finally, we randomly picked up 12 M. hyopneumoniae hyperimmune
sera from farm A and 5 convalescent sera from farm B for the following assay.

 

Optimization of ELISA procedure

Firstly, we investigated the effect of the antigen concentration. As shown in Fig. 2A, the OD450 increased
gradually with the increase of the antigen concentration for both convalescent and hyperimmune sera.
The highest P/N value was obtained at 0.25 μg/mL. Thus, 0.25 μg/mL was considered as the optimal
antigen concentration for further experiments. PBST, 1% BSA, 2.5% skim milk, 10% FBS, 1% gelatin and
1% ovalbumin had been investigated for their blocking e�ciency of the 96-well surface and the results
were presented in Fig. 2B. By comparison of the P/N ratio, as a result, 2.5% skimmed milk was the most
e�cient blocking agent for our ELISA assay. After the blocking agent was con�rmed, we assessed the
incubation time for blocking step. Fig. 2C demonstrates that complete blocking saturation was obtained
at 30 min. With further increase of the incubation time, the P/N ratio did not go up anymore. Thus, we
chose 30 min as the optimal incubation time.

The convalescence sera and the hyperimmune sera were diluted from 1:50 to 1:4000. As seen in Fig. 2D,
the P/N ratio enhanced with the increase of the serum dilution and reached a maximum at 1:1000, and
then subsequently decreased upon further increase of the serum dilution to 1:4000. Moreover, the
incubation time of the serum with immobilized antigen could also affect the sensitivity of the �nal assay.
In this regard, we have investigated the incubation time from 0.5 h to 2 h and we found that the highest
P/N ratio was obtained at 0.5 h (Fig. 2E).

Finally, we investigated the effect of HRP-conjugate rabbit anti-pig IgG (H+L) secondary antibody by 2-
fold serial dilution from 1:10 000 to 1:80 000. The P/N exhibited the highest ratio at 1:10 000, then it
decreased with increasing the conjugated dilution as shown in Fig. 2F. After that, we checked whether the
conjugated incubation time can affect the sensitivity or not. We found that extended incubation times of
the conjugated from 0.5 h to 2 h increased the assay sensitivity (Fig. 2G). The optimal incubation time of
the secondary antibody was 2 h. After the above-mentioned conditions were checked, the colorimetric
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reaction time was optimized. As shown in Fig. 2H, the highest P/N value was obtained when the enzyme
reacted with substrate for only 10 min.

 

Calculation of the cut-off value

Average OD450 value of 12 hyperimmune sera was 0.178, and the SD was 0.047. Therefore, the cut-off
value of our indirect ELISA was calculated as 0.319 (mean ELISA value + 3SD=0.319). For better
interpretation, any pig serum that had an OD450 value of 0.319 or higher than 0.319 was classi�ed as
convalescent serum. Serum with an OD450 value lower than 0.319 was classi�ed as hyperimmune serum.

 

Reproducibility, speci�city and sensitivity

Reproducibility was measured by determining intra- and inter-assay variation. The intra-assay CV of 2
hyperimmune serum and 2 convalescent serum samples ranged from 0.88% to 6.01%, while the inter-
assay CV of these samples ranged between 3.18% and 6.44%. These data showed that this assay was
reproducible and yielded a low and acceptable variation.

The speci�city of the ELISA was tested by using 7 porcine respiratory disease pathogens' antisera,
including antisera of Mycoplasma hyorhinis, Actinobacillus pleuropneumoniae, Streptococcus suis
serotype 2, classical swine fever virus, porcine reproductive and respiratory syndrome virus, porcine
circovirus type 2 and pseudorabies virus gB protein. As shown in Fig. 3A, all the obtained results from
these antisera used as primary antibodies were negative, as the hyperimmune sera. It indicated that the
ELISA was speci�c only to M. hyopneumoniae antibody produced by natural infection and there was no
cross-reaction with other porcine respiratory disease pathogen's antisera.

The sensitivity of the ELISA was evaluated by maximum dilution of convalescent sera. With the increase
of dilutions of 5 convalescent sera, the OD450 values decreased gradually. Five convalescent sera were
still positive at 1:500, 1:1000 and 1:2000 dilutions, 4 sera showed positive result at 1:4000 dilution, 2 sera
were positive at 1:8000 dilution, and 5 sera gave negative result at 1:16000 or more dilutions (Fig. 3B). As
a result, the convalescent serum could be diluted up to 2000 times in this assay.

 

Comparisons among different ELISA methods

Serum samples collected from farm C and D were detected by commercial ELISA kit and discriminative
IgG-ELISA for convalescent and hyperimmune sera (Table 2). At farm C, 15 samples were positive and 85
were negative by using a commercial ELISA kit. One sample which was determined as positive by
commercial ELISA kit was judged as seropositive by the sIgA ELISA kit. However, seroconversion was not
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observed with discriminative IgG-ELISA testing. On the other hand, nested PCR result showed that 12
laryngeal samples were positive for M. hyopneumoniae DNA and others were negative. For farm D, 4 and
2 serum samples obtained from piglets of 7 and 14 days old, respectively, were positive for IgG detection
by commercial ELISA kit. Nevertheless, no antibody was detected with both sIgA ELISA and discriminative
IgG-ELISA, although 1 laryngeal sample was positive to nested PCR detection from each subgroup.
Hence, the commercial ELISA results were not consistent with the results generated by two other ELISA
methods.

Discussion
Detection of IgG antibody by ELISA kits is the most widely used method for the determination of EP.
Although M. hyopneumoniae culture is the “gold standard” method, it is time-consuming, and not easy to
get the organism due to the overgrowth of M. hyorhinis and M. �occulare [13]. Tracheobronchial swabs,
bronchoalveolar lavage �uid and lung tissue which are used to prepare the template for PCR are not easy
to get, and nasal swabs, to some extent, are not reliable [10]. Commercial inactivated vaccines are the
most popular strategy to control EP and are applied in more than 70% of the pig herds [1]. Therefore, the
stimulation of anti-M. hyopneumoniae IgG could be the result of natural infection or vaccination. The
commercial ELISA kits cannot distinguish between convalescent and hyperimmune sera. It is therefore
necessary to develop a method to verify the two different antibodies. Feng and co-workers have
developed a sIgA ELISA method based on P97 protein to overcome the aforementioned issues [9]. This
method used sIgA collected from nasal �uid by swab. However, the nasal swab could only be stored at
-20℃ for a short time. Based on our experience, sIgA lost its activity in 3 months. It is hard to carry out
retrospective experiments when the nasal swabs are stored for a long time. Furthermore, nasal swab
sample collection is inconvenient in live pigs for their curved nasal cavities, and swabs were found to be
not reliable at individual pig level [14-16]. Therefore, development of an IgG-ELISA method which can
differentiate convalescent and hyperimmune sera is easy to get serum samples clinically. Also, it is
labour-saving for sample collection.

In our experiment, we used strongly immunoreactive protein Mhp366 as the coating antigen which did not
react with sera from bacterin-immunized pigs. Although Mhp366 has a length of 555 amino acid residues
with a calculated molecular weight of 64.4 kDa, its epitope recognized by the convalescent sera covers
the amino acid positions 68-88 (68QKENSQKNDVVNSQNKTEKTE88). Therefore, we ampli�ed 637 bp
fragment of mhp366 gene which covered the differential diagnostic region from the stating site.

Reproducibility was measured by determining intra- and inter-assay variation. The intra-assay CV ranged
from 0.88% to 6.01%, and the inter-assay CV varied from 3.18% to 6.44%. Based on these results, the
proposed method revealed a good reproducibility. In addition to that, our ELISA test was able to
discriminate between M. hyopneumoniae and other 7 porcine respiratory disease pathogens' antisera.
Generally, the sera applied on porcine pathogenic diagnostic ELISA diluted from 1:40 to 1:200. However,
in our method, the optimum dilution of sera was 1:1000, and the maximum dilution was 1:2000.
Therefore, a small volume of serum will be su�cient for antibody detection.
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Some studies indicated seropositive pigs were observed at 6 weeks [17] or even 98 days of age [18] after
application of vaccine. Based on our �nding, after 7 weeks immunization only 15% of serum samples
collected from farm C was positively detected by commercial ELISA kit. Delayed seroconversion could
contribute to the low seropositive rate. What cannot be ignored is the limited sensitivity of the IgG-ELISA
kit and it was ine�cient at detecting serum antibodies at the early stages of immunization or infection
[19].

Inactivated vaccines reduce the number of pathogens in the respiratory tract [20]. However, some studies
indicate that vaccination does not signi�cantly reduce the transmission of this respiratory pathogen in
vaccinated herds compared to unvaccinated ones [20-22]. In 100 bacterin-vaccinated pigs of 10-11 weeks
old, M. hyopneumoniae genetic material from 15 pigs were ampli�ed.

The pathogens localized on the upper respiratory tract can stimulate the production of mucosal
antibodies and serum antibodies. Mucosal response could be identi�ed as early as 6 days post infection
[23], whereas, seroconversion due to natural M. hyopneumoniae infection occurred in pigs within 8-24
weeks of old [24, 25]. That was the explanation for the existence of IgA but not IgG antibody tested by
discriminative IgG-ELISA. These results indicate that, in the early stage of the infection, the sensitivity of
discriminative IgG-ELISA was less than IgA-ELISA. Exploring early diagnostic antigen which can
discriminate between convalescent and hyperimmune sera is the further task for mycoplasmologists.

The detection rate of IgG against M. hyopneumoniae by using IgG-ELISA kit in serum was high in
suckling pigs and this might be the result of colostral IgG that was transferred from sows to their
offspring. The low prevalence of mucosal antibody detected by IgA-ELISA and serum antibody detected
by discriminative IgG-ELISA showed that the antibodies were produced by natural infection but not by
inactivated bacterin. Interestingly, the IgG antibody derived from sucking pigs could not be recognized by
discriminative IgG-ELISA. This indicated that, to some extent, the discriminative IgG-ELISA assay for M.
hyopneumoniae detection was certi�ed for detecting M. hyopneumoniae infections in sucking piglets
without the interference with maternal antibodies and the antibodies stimulated by the application of
inactivated vaccines. However, more piglet serum samples are needed to further prove this phenomenon.

We did not evaluate this method to identify negative sera and convalescent sera. The optimal working
condition to detect convalescent sera from unvaccinated pig herds might be different from this
procedure. We are establishing other protocols to identify positive sera induced by live M.
hyopneumoniae infection from vaccine-free pig farms. We are still using Mhp366-N as the coating protein
for the new ELISA method. But some parameters, such as the blocking time, dilutions of sera, incubation
time of the secondary antibody, chromogenic time, are different from ones established in this study.

Conclusion
In this study, we have established a reproducible, sensitive and selective indirect ELISA assay to
discriminate natural induced but not inactivated vaccine stimulated serum IgG antibody.
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Methods
Cloning of mhp366-N gene fragment

Plasmid pGEX-6P-2-mhp366 was extracted from recombinant bacteria GST-Mhp366 [26] using HiPure
Plasmid Micro Kit (Magen, China). Nucleotide fragment mhp366-N which contains the corresponding
peptide segment recognized by the convalescent serum but not by hyperimmue serum was ampli�ed with
two primers 5'-CGCGGATCCATGAAAAAAATGGTAAAATATTTTCTAG-3' (BamH I) and 5'-
CCGCTCGAGCCAAAATGGGCCACCGTT-3' (XhoI) by using PrimeSTAR® Max DNA Polymerase (Takara,
China). After that, the PCR product was ligated into vector pET-28a(+) to construct the recombinant
plasmid. Finally, the ligation product was transformed into E. coli DH5α competent cells, and was
identi�ed by double restriction enzyme digestion and sequencing.

 

Expression and puri�cation of recombinant protein Mhp366-N

Recombinant plasmids were transformed into E. coli BL21(DE3) competent cells. Transformed clone was
grown at 16℃ for 20 h with shaking supplemented with 50 μg/mL kanamycin and 1 mM IPTG.
Recombinant Mhp366-N protein was puri�ed by Ni a�nity chromatography (GE Healthcare, USA) using a
gradient of 0.1-1 M imidazole, and identi�ed by SDS-PAGE and Western blot. The concentration of
Mhp366-N protein was determined by BCA protein assay kit (Beyotime, China).

 

Animal source

The experiment was performed in accordance with the recommendations in the Guide for the Care and
Use of Laboratory Animals of the Ministry of Health, China. All experimental protocols were approved by
the Institutional Animal Ethics Committee of Southwest University (Approval no. IAECSWU20170921) and
performed accordingly. The objectives, protocols and potential risks were clearly explained to all
participating farm owners. Written informed consents were obtained from all participating farm owners.

Serum samples used in this study were collected from 4 farms. Pigs from farm A were M.
hyopneumoniae-free and no EP-like clinical syndromes occurred or lung lesions were observed. Pathogen
and serology detection were carried out in recent 2 years. M. hyopneumoniae organism and nucleotide
are free by culture and nested PCR. Also, the sera are negative by immunological diagnosis with
commercial ELISA kit (IDEXX laboratories, Westbrook, Maine, USA). While, pigs from farm B, C and D had
a history of EP according to the clinical observation and serological surveillance in last 2 years. For the
farm B, about one quarter of pigs showed EP-like clinical syndromes. However, EP sporadically occurred
at farm C and D. All pigs were weaned on 21st day.
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Sample collection and preparation

Twenty pigs from farm A were immunized with a commercial M. hyopneumoniae inactivated vaccine
(MYPRAVAC SUIS, Hipra Lab) on the 7th day and 21st day after their bearing. MYPRAVAC SUIS is a whole-
cell, inactivated bacterin based on J strain, with mineral oil and aluminum hydroxide as adjuvants. Fifty
six days after the last immunization, serum samples were collected from the front cavity veins of
immunized pigs from farm A. Meanwhile, laryngeal swabs were obtained from the laryngeal cartilages
with the help of snares and mouth gags for pig restraint as described previously [16]. Pigs from farm C
and D were also vaccinated with MYPRAVAC SUIS on the 7th and 21st day. Twenty pigs of 21 weeks old
and 100 pigs of 10-11 weeks old were chosen from farm B and C, respectively. Five piglets of 7 days old
before immunization and other 5 piglets of 14 days old shot on 7th day from farm D were picked up
randomly. Laryngeal swabs were collected from corresponding pigs at farm B [16], while, nasal and
laryngeal swabs were collected from corresponding pigs at farm C and D, as previously described [9, 16].

Glycerol was added to the collected sera and the �nal concentration was 50%. Then, the sera were kept in
aliquots at -20°C until further use. The contents of laryngeal swabs were concentrated by centrifugation
at 12 000 g for 10 min after releasing into 1 mL sterile PBS at 4℃ overnight. M. hyopneumoniae was
determined by nested PCR from laryngeal swabs as described previously [9]. Each nasal swab was put
into 1.5 mL microcentrifuge tube containing 1 mL sterile PBS and stored at 4℃ overnight. After
centrifugation at 10 000 r/min for 10 min, sIgA was detected from the supernatant according the
procedure of sIgA ELISA kit [9].

  All pigs used in this study were released after sample collection.

 

Optimization of ELISA procedure and working condition

The 96-well microtiter plates (Corning incorporated, USA) were coated with 100 μL Mhp366-N protein
(from 0.25 μg/mL to 8 μg/mL) in 0.5 M carbonate buffer (pH 9.6) overnight at 4℃ after 37℃ for 1 h.
Unbound antigen was discarded, and the wells were washed �ve times with PBS containing 0.05%
Tween-20 (PBST). Non-speci�c bindings were blocked with 200 μL PBST, 1% BSA, 2.5% skim milk, 10%
FBS, 1% gelatin or 1% ovalbumin at 37℃ for 0.5 h, 1 h or 2 h. After �ve washes with PBST, 100 μL serum
samples diluted from 1:50 to 1:8000 were added and incubated at 37℃ for 0.5 h, 1 h or 2 h. Following
�ve washes with PBST, the plates were conjugated with 100 μL of HRP-conjugate rabbit anti-pig IgG
(H+L) secondary antibody (Invitrogen, USA) diluted in blocking buffer (from 1:10000 to 1:80000) at 37℃
for different times (0.5 h, 1 h and 2 h). The plates were washed as described above, 50 μL of substrate A
(100 mL H2O containing anhydrous sodium acetate 2.72 g, citric acid monohydrate 0.2078 g, 30%
hydrogen peroxide 0.06 mL) and substrate B (100 mL H2O containing EDTA·Na2 0.04 g, citric acid
monohydrate 0.2078 g, glycerol 10 mL, TMB·2HCl 0.0391 g) were added, respectively. After incubation for
different time periods (5 min, 10 min and 20 min) at RT, the reaction was terminated by adding 50 μL 2 M
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H2SO4. The optical density at 450 nm (OD450) was recorded using an automatic ELISA plate reader
(ThermoFisher Scienti�c, Ratastie 2, FI-01620 Vantaa, Finland). All samples were run in triplicate, and
each experiment was performed at least twice. Each working condition was optimized and determined
with the highest P/N ratio between convalescent serum samples (P) and hyperimmune serum samples
(N).

 

Calculation of cut-off value

The cut-off value was obtained by determining the OD450 calculated from the mean of hyperimmune
serum control plus 3 standard deviations (SD), as described previously [27, 28].

 

Evaluation of reproducibility

Reproducibility of intra- and inter- assay variation between runs was performed as described by Feng et
al. [9] with minor modi�cation. In brief, 2 hyperimmune and 2 convalescent sera were selected randomly
for the reproducibility experiments. Five replicates of each sample in the same batch were chosen for
intra-assay (within plate) reproducibility and 3 plates from different batch were chosen for inter-assay
(between runs) reproducibility. Mean values, SD and coe�cient of variations (CV) were calculated.

 

Estimation of speci�city and sensitivity

The speci�city of this assay was investigated by using positive sera of M. hyorhinis (Mhr), A.
pleuropneumoniae (App), S. suis serotype 2 (SS2), classical swine fever virus (CSFV), porcine
reproductive and respiratory syndrome virus (PRRSV), porcine circovirus type 2 (PCV2) and pseudorabies
virus gB protein (gB-PRV). Two hyperimmune and 2 convalescent sera were used as negative and
positive controls, respectively.

Five convalescent sera were diluted with blocking buffer as follows: 1:500, 1:1000, 1:2000, 1:4000,
1:8000, 1:16000, 1:32000 and 1:64000. Then, ELISA was carried out with the optimal working conditions
except the optimal dilution of convalescent sera. The sensitivity of the ELISA assay was accessed
according to the cut-off value.

 

Application and comparison of ELISA discriminating hyperimmune sera and convalescent sera with
commercial kits
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Samples from farm C and D were processed for the detection of M. hyopneumoniae IgG and sIgA. Serum
samples were used for the detection of IgG with both commercial IDEXX kit and our established ELISA
method. sIgA-ELISA kit was applied to decide sIgA from nasal swabs. Each sample was conduct in
duplicate. M. hyopneumoniae DNA was tested by nested PCR from laryngeal swabs as described
previously (Feng et al., 2010).

 

SDS-PAGE and Western blot

Pretreated bacteria or puri�ed protein were mixed with loading buffer and loaded onto SDS
polyacrylamide gels. After electrophoresis, gel was used for staining with coomassie brilliant blue, or
transferred to polyvinylidene di�uoride membrane (Roche Diagnostics, German) for 2 h at 100 V using a
trans-blotting apparatus (Bio-Rad, USA). The membrane was blocked overnight at 4℃ in 5% skimmed
milk-TBST and was detected by His-tag (4C2) monoclonal antibody (Bioworld Technology, China) with a
1:8000 dilution at RT for 1 h. The primary antibody binding was incubated with a 1:20000 dilution of
horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG secondary antibody (Proteintech, China)
at RT for 1 h and visualized with an enhanced chemiluminescence kit (CWBio, China).

List Of Abbreviations
CV: coe�cient of variations; ELISA: Enzyme-linked immunosorbent assay; GST: glutathione S-transferase;
HRP: horseradish peroxidase; IPTG: isopropyl-β- -thiogalactoside; EP: enzootic pneumonia; OD: optical
density; PRDC: porcine respiratory disease complex; SD: standard deviations.
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Tables

Table 1
Prevalence of M. hyopneumoniae infection and M. hyopneumoniae positive
sera in selected pigs from 2 farms

Farm No. of pigs PCR result of LS Commercial ELISA results of sera

+ - + -

A 20 0 20 14 6

B 20 9 11 12 8

LS: laryngeal swabs.

 

Table 2 Comparisons of commercial IgG-ELISA, SIgA-ELISA and discriminative IgG-ELISA
for convalescent and hyperimmune sera.

Sera collection Status Commercial
IgG-ELISA

SIgA-
ELISA

Discriminative
IgG ELISA

Nested
PCR

Pigs from farm C + 15 1 0 12
- 85 99 100 88

Sucking pigs of age 7 days
from farm D

+ 4 0 0 1
- 1 5 5 4

Sucking pigs of age 14 days
from farm D

+ 2 0 0 1
- 3 5 5 4

Total + 21 1 0 14
- 89 109 110 96

+: positive, -: negative.

Figures
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Figure 1

Expression and puri�cation of Mhp366-N protein. Identi�cation of the expression form of Mhp366-N in
induced recombinant bacteria by SDS-PAGE (A) and Western blotting (B). Mhp366-N protein could be
expressed as soluble form (Lane 4) and inclusion body (Lane 5) with the induction of IPTG (Lane 3),
although it still expressed without IPTG induction in a small amount (Lane 2). No Mhp366-N could be
detected in E. coli BL21(DE3) containing pET-28a(+) empty vector (Lane 1). (C) Mhp366-N protein was
puri�ed by Ni a�nity chromatography. Crude supernatant was loaded onto the column (Lane 1) and run
through (Lane 2). After other proteins were washed with a linear imidazole gradient of 0.1 M (Lane 3), 0.2
M (Lane 4) and 0.5 M (Lane 5), puri�ed protein was collected (Lane 6-10).
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Figure 2

Optimization of ELISA working conditions. The optimal antigen concentration was 0.25 μg/mL in coating
buffer (A). The optimal blocking buffer was 2.5% skim milk dissolved in PBS (B), and the highest P/N
value was got if the antigen was blocked for 0.5 h (C). The optimal dilution of serum and secondary
antibody were 1:1000 (D) and 1:10000 (F) diluted in blocking buffer. The optimal incubation times of
serum and secondary antibody were 0.5 h (E) and 2 h (G), respectively. The optimal colorimetric reaction
time was observed after exposing to substrate solution for 10 min (H).
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Figure 3

Speci�city and sensitivity detection of ELISA. (A) The results were positive when used 2 convalescent
sera. However, negative results were gotten that used antisera of Mycoplasma hyorhinis, Actinobacillus
pleuropneumoniae, Streptococcus suis serotype 2, classical swine fever virus, porcine reproductive and
respiratory syndrome virus, porcine circovirus type 2 and pseudorabies virus gB protein, 2 hyperimmune
sera as primary antibodies. (B) Five convalescent sera were still positive at 1:500, 1:1000 and 1:2000
dilutions, 4 sera were positive at 1:4000 dilution, 2 sera were positive at 1:8000 dilution, and 5 sera were
negative at 1:16000 or more dilutions. The convalescent serum could be diluted up to 2000 times in this
assay.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

NC3RsARRIVEGuidelinesChecklist.pdf

https://assets.researchsquare.com/files/rs-13275/v2/NC3Rs%20ARRIVE%20Guidelines%20Checklist.pdf

