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Abstract

Background Mycoplasma pneumoniae (MP) is the most common pathogen of atypical pneumonia and the main cause of
community-acquired pneumonia (CAP) in infants and older adults. This study aimed at investigating a method based on the
cross-priming amplification (CPA) technique for the rapid detection of MP in clinical specimens collected from patients
with CAP.

Methods The sensitivity and specificity of the EasyNAT MP assay were determined. Oropharyngeal swab specimens were
collected from 162 in-patients of Hangzhou First People’s Hospitals from January 2018 to December 2020. The patients
were aged between 1 and 15 years with symptoms, signs, and chest radiographs consistent with CAP. This study evaluated
the presence of MP in the clinical specimens using the EasyNAT method and the conventional fluorescence quantitative
PCR technique.

Results The limit of detection using the EasyNAT MP assay was 500 copies/mL, while the test results of the other 13 com-
mon pathogens causing CAP or colonizing in the upper respiratory tract showed no cross-reactivity. Of 162 specimens,
EasyNAT MP gave a positive indication in 82 specimens. Compared with conventional fluorescence quantitative PCR, the
positive coincidence rate and the negative coincidence rate of EasyNAT MP was found to be 100.00% and 97.56%, respec-
tively. Of the 82 specimens, two specimens were determined to be negative by the conventional fluorescence quantitative
PCR, but were positive for EasyNAT MP. The two samples were re-extracted and confirmed to be positive by conventional
fluorescence quantitative PCR.

Conclusion EasyNAT MP is suitable as an initial test for MP diagnosis due to its simplicity, low turnaround time, and high

sensitivity and specificity.
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1 Introduction

Mycoplasma pneumoniae, the most common pathogen of
atypical pneumonia, mainly causes community-acquired
pneumonia (CAP) in infants and older adults, especially
between the ages of 6 and 10 years [1] and between the ages
of 25 and 44 years [2]. M. pneumoniae pneumonia (MPP)
accounts for 4-8% of the etiology of community-acquired
bacterial pneumonia, up to 20% during the epidemic sea-
sons and 70% in close-contact crowds [3-5]. Although most
MPPs are mild or self-limiting, a small number of MPPs
can still lead to severe symptoms and death. In addition,
M. pneumoniae infection can lead to severe extrapulmo-
nary diseases including M. pneumoniae-induced rash and
mucositis (MIRM) [6], erythema multiforme (EM) [7],
and Stevens—Johnson syndrome-toxic epidermal necrosis
(SJS-TEN) [8], as well as neurological and hematological
symptoms. It can also cause arthritis in patients with pri-
mary humoral immunodeficiency [9] and asthma in children
[10]. Unlike other bacterial pathogens including Streptococ-
cus pneumoniae, Haemophilus influenzae, and Moraxella
catarrhalis, p-lactam antibiotics used for empirical therapy
are ineffective against M. pneumoniae. Thus early, rapid and
effective detection of the pathogen can be useful for com-
mencement of appropriate antimicrobial therapy.

Laboratory methods for detecting M. pneumoniae include
culture, serology, and nucleic acid amplification techniques.
M. pneumoniae culture testing is not routinely carried out
in the clinical laboratory because M. pneumoniae grows
slowly and takes 3—4 weeks or more to form visible clones
[11]. The antibody titer is increased fourfold or more in the
acute phase in comparison to the convalescent phase, and is
recognized as the gold standard for serological diagnosis of
infectious diseases, thus only allowing for a retrospective
diagnosis [11]. Target genomic DNA detection methods,
such as fluorescence quantitative PCR (qQPCR), provide a fast
and sensitive method to detect pathogens. However, tech-
nical expertise and sophisticated laboratory equipment are
required, which are not always readily available, particularly
in primary hospitals [11]. M. pneumoniae can be detected
by liquid culture, as its decomposition of glucose produces
acid, which can change the liquid medium pH and lead to
the discoloration of phenol red indicator. As M. salivarium,
M. orale, and others are part of the normal flora population
in the upper respiratory tract, it is often difficult to interpret
the results. To date, the US Food and Drug Administration
(FDA) has not approved a point-of-care testing (POCT) rea-
gent for rapid detection of M. pneumoniae.

The assay is based on a promising and innovative
nucleic acid amplification technique called cross-priming
amplification (CPA), which is highly efficient in providing
rapid results. Rapid amplification of the target sequence is
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performed using isothermal conditions (55-65 °C), which
obviates the requirement for technical expertise and com-
plicated laboratory equipment such as a thermocycler [12].
CPA technology has been applied in the detection of Myco-
bacterium tuberculosis [13], and some studies have been
performed to detect Pediococcus acidilactici and Babesia
motasi [14, 15]. Another isothermal amplification technique,
which is called loop-mediated isothermal amplification
(LAMP), is widely favored at the beginning of development
because of isothermal amplification, and the products were
shown by direct visualization of a color change after stain-
ing [16]. DNA extraction is needed and further analysis of
the product requires the help of the other PCR techniques,
such as nucleic acid purification, gel electrophoresis, and
fluorescence PCR [17]. These shortcomings limit the wide
use of LAMP in clinical laboratories.

This study assessed the sensitivity and specificity of
the CPA technique in comparison to the gPCR method. To
our knowledge, there is a paucity of data concerning the
detection of M. pneumoniae via the CPA method in China,
prompting us to investigate a CPA technique for the rapid
detection of M. pneumoniae in clinical specimens in Hang-
zhou, China.

2 Materials and Methods

2.1 The Mycoplasma pneumoniae Cartridge Used
in this Study

The EasyNAT MP (Ustar Biotechnologies Ltd, Hangzhou,
China) assay has multiple hydrophobic separation layers
to isolate the lysate, the cleaning solution, and the reaction
solution in the cartridge (Fig. 1). In order to test the sam-
ple, the extract is chemically cracked at 95 °C to release
the nucleic acid in the nucleic acid analyzer (Ustar Biotech-
nologies Ltd). The nucleic acid of the specimen used for
detection passes through different liquid layers by means
of magnetic permeability of the nucleic acid analyzer, and
finally the nucleic acid is eluted in the cartridge leg and
an expansion reaction occurs. The target sequence of MP
DNA can be amplified isothermally with amplification prim-
ers, accelerated primers and cross primers using Bst DNA
polymerase. MP can be detected by fluorescence labeled
probe during the amplification process by the nucleic acid
analyzer, and the results can be reported directly. This is a
"one-tube" fully-automated nucleic acid analysis, that is, the
cleavage binding, cleaning, elution, and amplification reac-
tion are completed in the closed cartridge.



M. pneumoniae Detection by Cross-Priming Amplification Technology

347

Lysis
—

Nucleic acid(NA) binding to magnetic
beads

é

+ Beads-NA washing area

+—+NA elution and CPA here

Fig. 1 Cutaway view of the cartridge (sketch)

2.2 Primers and Probe Used in EasyNAT

Referring to the standard generic reference strain sequence
of M. pneumoniae (NCTC 10119, LR214945.1), primers
and probe were designed for its highly conserved pI gene
(Table 1 and Fig. 2). Primers were synthesized by Sangon
Biotech Co., Ltd. (Shanghai, China).

2.3 Generation of a Standard DNA Template

Aimed at generating a M. pneumoniae standard DNA for
the CPA technique, a 192 bp PCR product from the p/ gene
was amplified from the M. pneumoniae DNA using 5"-GGA
TCC (BamHI) GTGAACGTATCGTAACACGAGCTT-3"
and 5"-GTCGAC (Sall) TCATACCGGCGTAACGCAAAG-
37 as primers, and then cloned into the plasmid PUC57(1)
(Takara, Dalian, China) to produce standard templates.
The generated plasmid, PUC57(1)p1, was transformed into
Escherichia coli DH5a (Takara, Dalian, China) cells and
the positive clones were identified by sequencing (Sangon
Biotech, Shanghai, China) with the primers listed above.
PUC57(1)P! was purified with the SanPrep Plasmid Mini-
Prep Kit (Sangon Biotech, Shanghai, China) and quantified
with a NanoDrop 2000 spectrophotometer (Thermo Scien-
tific, Shanghai, China). The copy number of DNA molecules
was calculated according to the following formula: amount
(copies/pl) = [DNA concentration (g/pl)/(plasmid length in
base pairs X 660)] X 6.02 x 1023. Aliquots of the standard
DNA were prepared in tenfold serial dilutions from 5.0 X

Table 1 The primers and probe were designed to target the p/ gene
of Mycoplasma pneumoniae (MP), based on NCTC 10119 sequence
(LR214945.1)

Item Sequence(5-3") Role

MP-FB  GTGAACGTATCGTAACACGAG Forward primer
CIT

MP-RB TCATACCGGCGTAACGCAAAG Reverse primer

MP-AP  GGCGTGGGCCTTAGTGC Accelerated primer 1

MP-OP GACAACAGCGCTAAGGGCA Accelerated primer 2

MP-IP TGGCAGTCAACAAACCACGTA Accelerated primer 3
TGA

MP-CPR  GACAACAGCGCTAAGGGCATC Cross primer
AAAGCCGCTTCGGTTCG

MP-MB FAM-CGCGAC TGGCAGTCA Probe labeled
ACAAACCACGTATGA GTC
GCG-BHQI

10° to 5.0 x 10? copies / mL in nuclease-free water and
stored at — 80 °C until used.

2.4 Sensitivity and Specificity Assessment
of EasyNAT

The sensitivity of the EasyNAT for M. pneumoniae detec-
tion was studied using plasmid containing target fragment,
which was constructed as described above. An evaluation
of the concentration and quality of the extracted DNA was
then assessed by the NanoDrop 2000 absorption spectra.
The plasmid underwent serial dilution (0.08 M EDTA, 0.1
M Tris) to obtain 5000, 1000, 500, and 100 copies/ml. Then
500 pl plasmid samples were added for detection. The detec-
tion results were interpreted automatically by the nucleic
acid analyzer. Each diluted pathogen was tested 20 times,
and the lowest dilution concentration that was positive in all
20 replicates defined as the limit of detection.

In order to investigate the specificity of the detection
system, extracted DNA from the following pathogens were
used as templates: E. coli, Staphylococcus aureus, Kleb-
siella pneumoniae, Bordetella pertussis, Legionella pneu-
mophila, Streptococcus pneumoniae, Haemophilus influ-
enzae, Ureaplasma urealyticum, Chlamydia pneumoniae,
M. salivarium, M. orale, and Influenza A and B viruses,
which were clinical isolates or nucleic acid-positive sam-
ples confirmed by sequencing. K. pneumoniae was avail-
able from the Microbiology Laboratory of Hangzhou First
People's Hospital, C. pneumoniae, M. salivarium and M.
orale were donated by Weiyuan Gene Technology Co.,
Ltd (Guangzhou), and other pathogens were available
from Ustar Biotechnologies Ltd (Hangzhou). The speci-
ficity of the detection system was performed by EasyNAT
MP on 0.5 Mcfarland of each pathogen. The detection
results were interpreted automatically by the nucleic acid
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Fig.2 Target sequence, primer locations, and primer design

analyzer. Each pathogen was tested three times and the
results that were negative in all three replicates were con-
sidered to be accurate.

2.5 Clinical Application of M. pneumoniae Detection

Previously healthy children aged between 1 and 15 years
with symptoms, signs, and chest radiographs consist-
ent with CAP who had been examined in the Pediatrics
Department of Hangzhou First People's Hospital in Zhe-
jiang, China from January 2018 to December 2020 were
prospectively enrolled in this study. The oropharyngeal
swab samples collected in this study were stored by the
Gene Laboratory of Hangzhou First People's Hospital. The
oropharyngeal swab samples that had been collected were
washed with 3.0 ml sterile saline, and the washing solution
was divided into two parts on average. This study has been
licensed by the Hangzhou First People's Hospital Medical
Technology Clinical Application and Scientific Research
Ethics Committee (KY-20211203-0127-01).

2.5.1 Fluorescent qPCR

One part of the collected oropharyngeal swab samples was
tested with fluorescence quantitative PCR as a control. The
sample of the eluent was centrifuged at 12,000 revolutions
per minute (rpm) for 5 min. The supernatant was discarded
and the precipitate mixed with 1 ml sterilized saline and
centrifuged at 12,000 rpm for 5 min. Then 50 pl lysate (1
M Tris-HCL pH 8.0, 1 mmol/L EDTA, 1% TritonX-100)
was added to the precipitate and mixed well. The eluent
was boiled for 10 min at 100 °C constant temperature and
then centrifuged at 12,000 rpm for 5 min. The supernatant
was then ready for using. An M. pneumoniae nucleic acid
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detection kit (DaAn Gene Co., Ltd. Guangzhou) was used
with a ABI7500 (Thermo Fisher Scientific, USA) fluores-
cence quantitative PCR instrument and the operational steps
were performed in strict accordance with the kit instructions.

2.5.2 EasyNAT Assay

The other half of the collected oropharyngeal swab sam-
ple, which had been added to the MP-DNA extraction solu-
tion after having been well mixed, was added to the MP
cartridge. The two-dimensional code of the detection tube
faces the scanning area of the nucleic acid analyzer and is
the interface by which the information from the detection
tube is analyzed. The detection tube was put into the sample
chamber of the nucleic acid analyzer. The instrument begins
to run the test after closing the lid of the sample chamber
and clicking the start button. The instrument automatically
displays and saves the test results when the cycles are fin-
ished (Fig. 3). The experiment was repeated once with the
samples with results not consistent with those of the control
fluorescence quantitative PCR.

2.6 Statistical Analyses
The differences between the detection rates of the two meth-

ods were tested using McNemar’s test. A P value of < 0.01
was considered statistically significant.
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Table 3 Detection limit of the EasyNAT MP assay

Pathogen Positive rate Copies/number of DNA molecules Positive rate
Escherichia coli (ATCC25922) 0/3 5000 copies/mL 20/20
Staphylococcus aureus (ATCC25923) 0/3 1000 copies/mL 20/20
Klebsiella pneumoniae (ATCC700603) 0/3 500 copies/mL 20/20
Bordetella pertussis (nucleic acid positive sample) 0/3 100 copies/mL 10/20

Legionella pneumophila (nucleic acid positive sample) 0/3

Streptococcus pneumoniae (ATCC49619) 0/3
Haemophilus influenzae (ATCC49247) 0/3
Ureaplasma urealyticum (isolate) 0/3
Influenza A virus (nucleic acid positive sample) 0/3
Influenza B virus (nucleic acid positive sample) 0/3

Chlamydia pneumoniae (nucleic acid positive sample)  0/3

Mycoplasma salivary (nucleic acid positive sample) 0/3
Mycoplasma oral (nucleic acid positive sample) 0/3
3 Results

3.1 Sensitivity and Specificity of EasyNAT for M.
pneumoniae Detection

Analysis of the 13 pathogens detected showed no positive
results, indicating that the specificity of the EasyNAT MP
assay was good. The detection limit of plasmid PUC57(1)P!
was 500 copies/mL (Tables 2 and 3).

3.2 Clinical Performance of EasyNAT M. pneumoniae
Assay

A total of 162 clinical samples were analyzed by the
EasyNAT MP assay, and the results showed that 82 cases

Table 4 Detection results of clinical samples of EasyNAT MP assay

DaAn Gene® MP qPCR kit
Positive Negative Total
EasyNAT MP assay
Positive 80 2 82
Negative 0 80 80
Total 80 82 162
Positive coincidence rate 100.00%
Negative coincidence rate 97.56%
Total coincidence rate 98.77%

were positive and 80 cases negative. Compared with the
control DaAn Gene fluorescence quantitative PCR, the
positive coincidence rate was 100%, the negative coin-
cidence rate was 97.56%, and the total coincidence rate
98.77%. The results are shown in Table 4.
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Table 5 Comparison of advantages and disadvantages of the two detection systems

EasyNAT MP assay

DaAn Gene MP qPCR kit

Fully automatic Yes
Single sample processing time Less than 1 min

Technical personnel requirements

Simple, ordinary technicians

No
More than 25 min

Complicated, technicians need to get an
employment certificate

Channels 2 channels, 4 channels, 8 channels, or 16 96 channels
channels
Quantitative or not No Yes

Detection time
and sampling)

About 55 min (including sample extraction

60 min (excluding extraction and sampling)

3.3 Comparison of EasyNAT MP Assay
with the Conventional PCR/RT-PCR Method

Compared with the traditional application method, the newly
established isothermal amplification technique based on
CPA is rapid, simple, and suitable for bedside detection of
M. pneumoniae. The comparison is shown in Table 5.

4 Discussion

Although culture and immunohistochemical detection of
original samples are the gold standard for diagnosis of infec-
tious diseases, it is extremely difficult to accurately evaluate
their performance due to the particularity of M. pneumonia
[18]. Despite the lack of extensive culture verification, the
higher analytical sensitivity and shorter turnaround time of
nucleic acid amplification tests (NAATSs) make it the "new
gold standard" to detect pathogens of infectious disease.
NAAT protocols require the ability to amplify a unique
sequence region of the DNA from the infectious organism.
The most widely accepted method for NAATS is fluorescent
gPCR. The requirement of instrumentation, the complexity
of procedures, and the associated costs decrease the use-
fulness of qPCR in primary hospitals. While a number of
isothermal nucleic acid amplification methods have been
developed to overcome these issues, they involve relatively
simple protocols requiring the use of multiple enzymes and
special primers/probe.

As a one-step diagnostic system, EasyNAT MP can detect
MP in clinical samples and show 100% specificity for sev-
eral pathogens that cause CAP. The CPA-NAATS system is
based on isothermal DNA amplification technology, which is
easy to operate and does not need additional equipment. The
amplification of M. tuberculosis DNA by double-crossing
CPA has been applied to the clinical diagnosis of tuberculo-
sis patients [12]. In this study, a single-crossing CPA assay
is used, which is slightly different to a double-crossing CPA
assay [19]. We have successfully adopted this technology
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and optimized all the reaction conditions to achieve the pur-
pose of developing a MP detection system. Compared with
the conventional fluorescence quantitative PCR, the total
coincidence rate of the EasyNAT MP is 98.77%.

Although the loop-mediated isothermal amplification
(LAMP) has provided highly efficient results in detecting
M. pneumoniae in clinical specimens of patients with CAP
[17], it is not suitable for clinical POCT detection because of
the requirement to analyze PCR amplification products. CPA
technology is a powerful innovative nucleic acid isothermal
amplification system developed by Ustar Biotechnologies
(Hangzhou) Ltd [19]. The target sequence of DNA can be
amplified isothermally with amplification primers, acceler-
ated primers, and cross primers using Bst DNA polymerase,
which has high activity to accomplish the chain replace-
ment at 63 °C. Similar to Xpert MTB/RIF (Cepheid, USA),
EasyNAT MP uses preloaded reagents in a single cartridge
that accommodates DNA extraction, DNA purification,
and target sequence amplification and detection using three
separate chambers within the same cartridge [11]. The main
focus of EasyNAT is the design of specific CPA primers
and the optimization of concentration and the proportion of
primers and probes so that M. pneumoniae can be identified
rapidly and sensitively.

In this study, we evaluated the CPA isothermal amplifi-
cation with the EasyNAT MP assay to determine whether
it could accurately detect M. pneumoniae in clinical oro-
pharyngeal swab specimens. EasyNAT MP is more sensitive
and reliable than the conventional fluorescence quantitative
PCR technique for the detection of M. pneumoniae. In gen-
eral, the EasyNAT MP assay’s simplicity of use, conveni-
ence, cheapness, and suitability for POCT are significantly
advantageous when compared to traditional technology. It
has good consistency and can meet the needs of clinical diag-
nosis. However, like other PCR technologies, the EasyNAT
MP results depend on the quality of the collected samples.
In addition, the isothermal amplification technology used in



M. pneumoniae Detection by Cross-Priming Amplification Technology

351

a CPA-NAATS system is non-exponential amplification. The
cycle threshold (CT) is lack of quantitative relationship with
the number of DNA templates, so EasyNAT MP detection is
a qualitative test rather than a quantitative test.

5 Conclusion

The EasyNAT MP assay is suitable for use as an initial test
for MP diagnosis due to its simplicity, low turnaround time,
and high sensitivity and specificity.
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