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Abstract

Porcine enzootic pneumonia (Mycoplasma hyopneumoniae, Mhp) is a disease
caused by Mycoplasma hyopneumoniae that is prevalent worldwide, severely
impacting the swine industry by significantly impairing feed conversion efficiency
and inflicting substantial economic losses. Accurate, sensitive, and rapid Mhp
detection methods facilitate understanding of Mhp prevalence in swine herds,
thereby enabling the implementation of appropriate preventive, therapeutic, and
integrated control measures. This article provides a comprehensive review of
domestic and international etiological, molecular biological, and immunological
detection methods for Mhp, offering reference materials for scientific researchers
to comprehensively understand Mhp detection methods.
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Abstract: Mycoplasma hyopneumoniae (Mhp) causes mycoplasmal pneumonia
of swine (MPS), a disease that poses a severe threat to the global pig industry
by significantly reducing feed conversion efficiency and causing substantial eco-
nomic losses. Accurate, sensitive, and rapid detection methods are essential
for understanding Mhp prevalence in swine herds and implementing effective
prevention, treatment, and comprehensive control measures. This review sys-
tematically summarizes etiological, molecular biological, and immunological de-
tection methods for Mhp reported domestically and internationally, providing a
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comprehensive reference for researchers to understand the full spectrum of Mhp
detection methodologies.

Keywords: Mycoplasma hyopneumoniae; detection; pathogen; molecular biol-
ogy; ELISA

Mycoplasmal pneumonia of swine is a common infectious disease in the pig in-
dustry caused by Mycoplasma hyopneumoniae (Mhp). Characterized by high
morbidity but low mortality, the disease primarily reduces feed conversion rates,
prolongs time to market, and predisposes pigs to secondary infections with
pathogens such as porcine circovirus type 2, porcine reproductive and respi-
ratory syndrome virus, Pasteurella multocida, and Streptococcus suis, leading
to porcine respiratory disease complex (PRDC) [1-2]. Epidemiological surveys
indicate that over 99% of pig farms in China are infected with Mhp, with con-
servative estimates suggesting annual direct economic losses exceeding 10 billion
yuan [3]. Establishing accurate, sensitive, and rapid detection methods is crucial
for understanding Mhp epidemiology and guiding preventive and control strate-
gies. This review provides a comprehensive overview of etiological, molecular
biological, and immunological detection methods for Mhp.

1. Etiological Detection

Isolation and identification of Mhp from infected pigs remains the “gold stan-
dard” for diagnosing mycoplasmal pneumonia. However, Mhp is among the
most difficult mycoplasmas to cultivate due to its stringent nutritional require-
ments—it needs 20% porcine serum supplementation in cell-free culture media
—and its slow growth rate, which is often overshadowed by the faster-growing
Mycoplasma hyorhinis, a commensal mycoplasma in pigs [4]. The most com-
monly used culture media include Friis medium, developed by Friis [5-6], and
Jiangsu No. IT (KM2) medium developed by the Jiangsu Academy of Agricul-
tural Sciences [7]. Adding pyruvate to Friis medium can accelerate Mhp growth
[8], and recent modifications to both media have improved cultivation efficiency.
Modified KM2 medium increases Mhp color change units (CCU) compared to
the original formulation [10], while modified Friis medium supplemented with 2
g/mL kanamycin inhibits M. hyorhinis growth without significantly affecting
Mhp [9]. Our laboratory has confirmed that Mhp can still grow in KM2 medium
with 2 g/mL kanamycin, albeit with slightly reduced growth rate (unpublished
data). Overall, Mhp isolation demands highly nutritious media, requires ex-
tended culture periods, and suffers from low isolation rates, necessitating the
development of rapid and simplified diagnostic methods.

2. Molecular Biological Detection Methods
2.1 Conventional PCR

PCR technology is widely used for pathogen detection due to its high sensitiv-
ity and specificity, operational simplicity, and ability to amplify target genes
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rapidly. Since its first application for Mhp diagnosis [11], numerous PCR, meth-
ods targeting different Mhp genes have been developed for various detection
purposes. Early PCR assays primarily targeted the 16S rRNA gene, mainly
because limited genomic information was available at the time [12-14]. These
methods could detect Mhp in pure cultures, nasal secretions, bronchoalveolar
lavage fluid, and lung tissues from pigs with mycoplasmal pneumonia symptoms
[13,15-17], with detection limits reaching 4$x107{2}$ pathogens [16], generally
meeting clinical needs. Multiplex PCR based on 16S rRNA sequences was also
developed to differentiate Mhp from M. hyorhinis and M. flocculare, providing
a convenient tool for identifying different mycoplasmas in porcine lung tissue
[17]. Additionally, PCR methods targeting the conserved P36 and P46 genes
showed that P36 primers exhibited higher sensitivity and specificity than P46
primers when detecting Mhp in nasal and lung samples [4].

2.2 Nested PCR

Nested PCR was introduced in the late 1990s for detecting Mhp in nasal se-
cretions, bronchoalveolar lavage fluid, and lung tissues, offering lower detection
limits than conventional PCR for clinical samples [18-21]. A nested PCR based
on the 16S rRNA gene achieved a detection rate of 61% in nasal swabs, far ex-
ceeding the 3.6% rate of conventional PCR and demonstrating 10%-fold higher
sensitivity [20]. Stirk developed a nested PCR method capable of detecting Mhp
in air samples from farms with acute mycoplasmal pneumonia outbreaks—a feat
unattainable with conventional PCR [18]. Kurth et al. [21] established a nested
PCR with a detection limit of a single pathogen. While this extremely sensitive
method provides efficient detection in both live and dead pigs for herd infection
assessment, it requires stringent aseptic technique to avoid false-positive results.

2.3 Real-Time Fluorescent Quantitative PCR

With the widespread adoption of real-time PCR technology, Dubosson et al. [22]
established Mhp detection methods targeting repetitive sequences and ABC
transporter genes in 2004. Both methods showed 100% specificity without false
positives and detection limits of 1 fg of genomic DNA. However, due to polymor-
phisms in primer sequences, their sensitivities in clinical samples were only 50%
and 70%, respectively, with combined use reaching only 85%. Consequently,
Strait et al. [23] selected two housekeeping genes, mhpl65 and mhpl83, to
develop more sensitive real-time PCR assays. The mhpl65-based method, in
particular, could detect Mhp in nasal swabs, bronchial swabs, and bronchoalve-
olar lavage fluid from infected pigs with extremely high sensitivity. In 2010,
a multiplex real-time PCR targeting P46, P97, and P102 genes was developed
[24], showing higher sensitivity than the nested PCR method by Calsamiglia et
al. [19] with a detection limit of a single Mhp organism. This method currently
represents the best available technique for detecting Mhp in clinical samples and
is widely used for routine diagnosis [25-26].
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2.4 Loop-Mediated Isothermal Amplification (LAMP)

LAMP technology, developed by Notomi et al. [27], enables nucleic acid am-
plification under isothermal conditions and has been widely applied to detect
bacteria, viruses, and parasites due to its simplicity, high sensitivity, and speci-
ficity. Li et al. [28] established a LAMP method for Mhp detection that offers
short reaction times (30 minutes) and visible results, with a detection limit of
10 Mhp copies. However, its specificity is lower than real-time PCR, often yield-
ing false-positive results. This method is suitable for field detection of clinical
samples in resource-limited settings.

2.5 Gene Chip Technology

Gene chip (DNA microarray) technology has experienced explosive development
since its introduction by Dr. Fodor at Affymetrix in the early 1990s. For
pathogen identification, gene chips offer PCR-level sensitivity and simplicity
while simultaneously analyzing multiple genes or gene segments in a single as-
say, overcoming limitations of PCR non-specificity. In 2016, Bao Yu developed
a gene chip method for simultaneous detection of six PRDC pathogens, which
showed higher Mhp detection rates in clinical samples than a local standard
method [29]. While capable of multi-pathogen detection, the high cost limits its
application primarily to inspection and quarantine agencies where cost is less
critical.

Comparison of reported PCR-based techniques used to detect Mycoplasma hy-
opneumonsiae

For molecular diagnosis of Mhp, nested PCR remains the primary method in
most laboratories due to its higher specificity and sensitivity compared to con-
ventional PCR and lower cost than real-time PCR. Laboratories with less cost
constraints may adopt real-time PCR for shorter turnaround times, while LAMP
technology is suitable for field detection in primitive environments.

3. Serological Methods

Serological diagnosis of Mhp primarily includes complement fixation test (CFT)
and enzyme-linked immunosorbent assay (ELISA). Indirect hemagglutination
test (IHA) was commonly used in the 1980s but has been largely abandoned
due to low sensitivity.

3.1 Complement Fixation Test

CFT detects antigens or antibodies by measuring complement consumption by
antigen-antibody complexes. It was the most widely used serological method
for Mhp antibody detection in early studies, capable of detecting antibodies two
weeks post-infection [30]. However, this method has two major drawbacks: cross-
reactivity with antibodies against M. hyorhinis and other porcine mycoplasmas
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[31-32], and low sensitivity—antibodies become undetectable five months post-
infection, whereas ELISA can detect antibodies for up to one year [30]. Addi-
tionally, the method is extremely heat-sensitive, with antibody titers decreasing
significantly after serum treatment at 60°C for 0.5 hours [31].

3.2 Enzyme-Linked Immunosorbent Assay

ELISA is the most widely used method for clinical Mhp antibody detection. The
most common commercial kits are IDEXX’ s whole-cell indirect ELISA and Ox-
oid’ s monoclonal antibody-based blocking ELISA. Both kits demonstrate good
sensitivity and specificity, detecting antibodies in serum 28 days post-infection.
For chronic Mhp infections, both kits perform similarly, but the blocking ELISA
shows superior sensitivity in acute infections, detecting antibodies 1-2 weeks ear-
lier than the indirect ELISA [33].

Feng et al. [34] developed three indirect ELISA methods based on P97R1, P46,
and P36 proteins. All three could detect Mhp IgG antibodies seven days post-
infection, but the P97R1-based ELISA showed higher sensitivity, detecting more
positive samples at 14 and 21 days. The P97TR1 ELISA could detect secretory
IgA (SIgA) at four days post-infection, while P46 and P36 ELISAs detected
SIgA at six days. Thus, SIgA detection enables earlier diagnosis than serum
IgG and can differentiate between inactivated vaccine-induced and naturally in-
fected SIgA antibodies [35]. However, limitations include difficult nasal swab
collection causing pig discomfort and resistance, and non-standardized sampling
procedures affecting result interpretation. This kit has obtained national veteri-
nary drug registration certification.

Liu et al. [36] developed a blocking ELISA based on P65 protein monoclonal
antibodies for serum IgG detection, achieving 95.7% specificity and 94.8% sensi-
tivity, comparable to IDEXX's indirect ELISA kit. Okada et al. [32] established
a double-antibody sandwich ELISA with extremely high specificity, showing no
cross-reactivity with M. flocculare, M. hyorhinis, or M. hyosynoviae sera, though
antibodies were only detectable three weeks after experimental infection.

Given the late antibody detection by commercial ELISA kits and the difficulties
in standardizing nasal secretion collection for SIgA detection, further research
is needed to identify suitable target proteins for early Mhp antibody detection
and develop improved early diagnostic kits.

The three categories of Mhp detection methods each have distinct advantages
and disadvantages, and selection should be based on specific diagnostic pur-
poses. Pathogen isolation remains the “gold standard” for Mhp detection, com-
monly used in etiological, epidemiological, and drug resistance monitoring stud-
ies. Molecular methods offer high sensitivity for early diagnosis, though results
vary by sample type—bronchoalveolar lavage fluid generally yields higher detec-
tion rates than nasal swabs and allows earlier detection. Recent studies demon-
strate that laryngeal swabs show higher Mhp nucleic acid detection rates than
nasal swabs and tracheobronchial lavage fluid, with earlier detection, while oral
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fluid samples show the lowest detection rates [37]. Serological methods are sim-
ple to perform but detect antibodies later than molecular methods and cannot
differentiate between inactivated vaccine-induced and naturally infected anti-
bodies. Developing a simple ELISA that can distinguish vaccine-induced from
natural infection represents the most pressing need in current Mhp detection
research.
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