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Mycoplasma pneumoniae (M. pneumoniae) is responsible for pneumonia, and is a causative agent of other respiratory tract infections (e.g., bronchiolitis and tracheobronchitis). Herein, we established and applied a multiple cross displacement amplification (MCDA) coupled with a nanoparticle-based lateral flow biosensor (LFB) assay (MCDA–LFB) for rapid, simple, and reliable detection of target pathogen. A set of 10 primers was designed based on M. pneumoniae-specific P1 gene, and optimal reaction conditions were found to be 30 min at 65°C. The detection results were visually reported using a biosensor within 2 min. The M. pneumoniae–MCDA–LFB method specifically detected only M. pneumoniae templates, and no cross-reactivity was generated from non-M. pneumoniae isolates. The analytical sensitivity for this assay was 50 fg of genomic templates in the pure cultures, as obtained from colorimetric indicator and real-time turbidimeter analysis. The assay was applied to 197 oropharyngeal swab samples collected from children highly suspected of M. pneumoniae infection, and compared to culture-based method and real-time PCR assay. The detection rates of M. pneumoniae using a culture-based method, real-time PCR assay, and MCDA–LFB assay were 8.1%, 33.0%, and 52.3%, respectively, which indicated that the MCDA–LFB assay was superior to the culture-based method and real-time PCR method for detection of target agent. Using this protocol, 25 min for rapid template extraction followed by MCDA reaction (30 min) combined with LFB detection (2 min) resulted in a total assay time of ~60 min. In conclusion, the MCDA–LFB assay established in this report was a simple, rapid, sensitive, and reliable assay to detect M. pneumoniae strains, and can be used as a potential diagnostic tool for M. pneumoniae in basic and clinical laboratories.
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INTRODUCTION

Mycoplasma pneumoniae (M. pneumoniae) is one of the most common pathogens causing community-acquired pneumonia (CAP) in children and adolescents (Waites and Talkington, 2004; Atkinson et al., 2008). During epidemics, this causative agent can cause 40% and 70% of CAP in populations with general and high population density, respectively (Loens et al., 2010; Jacobs et al., 2015). Clinical manifestations of M. pneumoniae infection are diverse, ranging from mild respiratory symptoms to severe pneumonia, and about 25% of the patients suffered from extrapulmonary complications, including encephalitis, hemolytic anemia, dermatological disorders, etc. (Davis et al., 1988; Taylor-Robinson, 1996; Daxbock et al., 2001; Waites and Talkington, 2004; Defilippi et al., 2008). However, the confirmation of M. pneumoniae infection cannot be determined by clinical presentations, which are similar to that of other pathogen infections. Owing to lack of cell walls, M. pneumoniae is not sensitive to β-lactam antibiotics, which are selected first for treatment of common pathogens. Thus, developing a simpler, faster, and more accurate method for M. pneumoniae detection is imperative to treat timely with effective antibiotics.

Traditionally, there are three techniques for M. pneumoniae identification, including culture-based method, serological test, and nucleic acid amplification technology. Culture-based method is laborious, insensitive, and time-consuming, taking 2–4 weeks to generate results, and is not recommended for clinical application (Ieven et al., 1996; Waites et al., 2017). Reliable results of serological test for M. pneumoniae detection depend on a 4-fold or greater increase in antibody of paired serums from acute and convalescent phases of the disease with an interval of 2 weeks and also rely on the sample collecting time as well as kits used for serological test, which limit its use in early stages of the disease (Waites et al., 2017). Nucleic acid amplification methods, such as PCR-based assays (e.g., conventional PCR, and real-time PCR), displayed high sensitivity and specificity for M. pneumoniae detection. However, PCR-based methods require sophisticated operation, expensive apparatus, and trained personnel, and are not suitable for application in grassroots level (Yuan et al., 2018). Recently, isothermal amplification techniques, such as loop-mediated isothermal amplification (LAMP), have been established and applied for rapid detection of M. pneumoniae. However, the interpretation of LAMP result relies on optical instrument analysis (such as real-time turbidity) and colorimetric indicator test, which were costly and subjective, respectively.

To overcome these shortcomings posed by conventional detection technique, we employed a novel isothermal amplification technique, termed multiple cross displacement amplification (MCDA), for simple, rapid and reliable diagnostic of M. pneumoniae (Wang et al., 2015, 2016c). The MCDA assay requires 10 primers to achieve the sequence-based amplification at a fixed temperature (60–67°C), which binds to 10 regions of target sequences; thus, the MCDA technique has the advantage of rapidity (~20–30 min), sensitivity (several copies), and specificity. In particular, the nanoparticle-based lateral flow biosensor (LFB) has been devised and used for interpreting the results of MCDA (MCDA–LFB assay), which only requires ~2 min for objective report of MCDA results, and is extremely simple, easy to use, and disposable (Wang et al., 2018).

Here, the first MCDA–LFB assay for the detection of M. pneumoniae was developed and verified based on the target sequence of the P1 gene. The analytical sensitivity and specificity in pure culture and clinical samples were determined by comparison with that of culture-based and real-time PCR assays.

METHODS AND MATERIALS

Reagents and Instruments

Isothermal amplification kits, nanoparticle-based lateral flow biosensor, and colorimetric indicator (Te) were purchased from BeiJing-HaiTaiZhengYuan Technology Co., Ltd (Beijing, China). Primers and labeled primers used in this study were synthesized by Tianyi Huiyuan Biotechnology Co., Ltd (Beijing, China). Real-time turbidimeter LA-320C was purchased from Eiken Chemical Co., Ltd, Japan. The PCR instrument was purchased from Beijing Dongsheng Innovation Biotechnology Co., Ltd.

Bacterial Strains and Clinical Specimens

The M. pneumoniae reference strain (M129) and 67 isolated strains (including 46 M. pneumoniae strains, 6 other species of Mycoplasma, and 15 common agents of respiratory tract) were used for sensitivity and specificity determination (Table 1). Oropharyngeal swab specimens were collected from 197 children in Beijing Children's Hospital from October to November in 2018 with acute respiratory infection highly suspected of M. pneumoniae infection, and those who were characterized by clinical presentations (fever, cough, productive sputum, dyspnea, chest pain or abnormal breath sounds); laboratory tests including normal white blood cell count or mild elevation of C-reactive protein; and radiographic findings, such as consolidation, interstitial changes, and pleural effusion. Genomic DNA was extracted from oropharyngeal swab samples using QIAamp DNA Mini Kit according to the manufacturer's instructions. M. pneumoniae M129 template DNA was used for primer confirmation, optimal temperature and time verification, and sensitivity and specificity evaluation. The extracted DNA was stored at −20°C before use.


Table 1. Bacterial strains used in this study.
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Primer Design

A set of 10 primers spanning 10 different regions of the target gene fragment, including two displacement (F1 and F2) primers, two cross (CP1 and CP2) primers, and six amplification (C1*, C2, D1*, D2, R1, and R2) primers, was designed based on the specific P1 gene of M. pneumoniae using Primer Premier 5.0. More details of the primer design and working principles of the MCDA assay have been published in the previous publication (Wang et al., 2015). The specific primers obtained were subjected to sequence alignment analysis in NCBI database to exclude non-specific matching with other pathogens and then the optimized primers were acquired. The primer sequences, locations, and modifications are shown in Figure 1 and Table 2.
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FIGURE 1. Locations and sequences of the primers on the P1 gene. Location and sequence of the P1 gene (M. pneumoniae-specific gene) used to design multiple cross displacement amplification (MCDA) primers. The locations of the P1 gene of M. pneumoniae was from 180,858 to 185,741. The nucleotide sequence of the sense strand of the P1 gene is shown. Right arrows and left arrows indicate sense and complementary sequences that were used.




Table 2. Primers used in this study.
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The Standard MCDA–LFB Assay

The MCDA–LFB assay was conducted on a volume of 25 μl of reaction mixtures, containing 0.4 μM each of displacement primers (F1 and F2), 0.8 μM each of amplification primers (C1*, C2, R1, R2, D1*, and D2), 1.6 μM each of cross primers (CP1 and CP2), 12.5 μl of 2 × reaction mix (HaiTaiZhengYuan, Beijing, China), 1 μl of 10 U Bst DNA polymerase (HaiTaiZhengYuan, Beijing, China), and 1 μl of DNA template. In addition, 1 μl of extracted DNA from non-M. pneumoniae was selected as negative controls, and 1 μl of double distilled water was used as blank controls. The amplification reactions were incubated at 65°C for 1 h, and colorimetric reagents and LFB were used for amplification product detection. A volume of 0.5 μl of MCDA product was used for reporting the result by LFB.

The Optimal Reaction Temperature of the MCDA–LFB Assay

To determine the optimal reaction temperature of the MCDA–LFB assay during the amplification stage, amplification mixtures with 1 μl DNA of M129 (500 pg/μl) were incubated at a constant temperature ranging from 61 to 68°C at 1°C increments monitored by a real-time turbidimeter for 40 min. Mixtures with 1 μl of non-M. pneumoniae genomic DNA and 1 μl of double distilled water were used as negative controls and blank controls, respectively.

The Analytical Sensitivity and Specificity of the MCDA–LFB Assay in Pure Culture

For specificity evaluation of the MCDA–LFB assay, genomic templates were extracted from 46 M. pneumoniae strains and 21 non-M. pneumoniae strains [Mycoplasma genitalium (ATCC33530), Mycoplasma orale (ATCC23714), Mycoplasma hominis (ATCC23114), Mycoplasma penetrans (ATCC55252), Mycoplasma primatum (ATCC25960), Ureaplasma urealyticum (ATCC27813), Mycobacterium tuberculosis, Klebsiella pneumoniae, Streptococcus pneumoniae, Pseudomonas aeruginosa, Staphylococcus epidermidis, Staphylococcus aureus, Bordetella pertussis, Haemophilus influenzae, Stenotrophomonas maltophilia, Acinetobacter baumannii, Legionella pneumophila, H1N1 influenza, H3N2 influenza, H5N1 influenza, and H7N9 influenza]. Each sample was tested at least twice. Serial dilutions (5 ng, 500 pg, 50 pg, 5 pg, 500 fg, 50 fg, and 5 fg) of M. pneumoniae M129 genomic DNA in pure culture were prepared to determine the limit of detection (LoD) of the MCDA–LFB assay. The amplifications of MCDA were monitored by a colorimetric indicator and LFB, and three replicates of each dilution were conducted to determine the analytical sensitivity. In order to compare the analytical sensitivity of the MCDA–LFB assay with that of the real-time PCR method, the same dilutions of M. pneumoniae M129 DNA templates were tested by real-time PCR assay.

The Optimal Amplification Time of MCDA–LFB Assay

The serially diluted templates were applied for optimizing the amplification time during the reaction stage. MCDA reaction mixtures were incubated at the optimal amplification temperature with the reaction time ranging from 10 to 40 min with 10-min intervals. The MCDA results were reported using LFB, and each reaction time was tested at least two replicates.

Application of MCDA–LFB Assay in Clinical Specimens

To demonstrate the availability of MCDA–LFB assay in clinical specimens, oropharyngeal swab samples collected from 197 children with acute respiratory infection were tested by the MCDA–LFB assay. The results of the MCDA–LFB assay for M. pneumoniae detection were compared with that of the culture-based method and real-time PCR assay for the identical samples. M. pneumoniae and macrolide-resistant isolate diagnostic kits used for real-time PCR conduction were purchased from Mole Bioscience Co., Ltd (Jiangsu, China).

Statistical Analysis

Comparison between the three methods of culture, real-time PCR, and MCDA was analyzed by χ2 test or Fisher's exact test. SPSS software (version 23) was used for statistical analysis, and P < 0.05 was considered statistically significant.

RESULTS

Confirmation and Detection of M. pneumoniae–MCDA–LFB Amplifications

The MCDA reaction was performed in the presence and absence of M. pneumoniae genomic DNA at a constant temperature (65°C) for 40 min to determine the feasibility of the primers designed. An LFB and a colorimetric indicator were used to confirm M. pneumoniae–MCDAs. Using a colorimetric indicator, the positive amplification changed into light green, while the colorlessness was seen in the negative and blank controls (Figure 2A). Using an LFB, two visible red lines (Test line, TL; Control line, CL) were seen in MCDA-positive products; only one red line (CL) was observed in negative and blank controls (Figure 2B). These results suggested that the MCDA primer set designed here was a good candidate for development of MCDA-based assay for M. pneumoniae detection.
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FIGURE 2. Confirmation and identification of MCDA products. (A) The detection of MCDA products by colorimetric indicators: tube 1, positive amplification of M. pneumoniae strain; tube 2, negative control of Streptococcus pneumoniae strain; tube 3, negative control of Staphylococcus aureus strain; tube 4, blank control of double distilled water. (B) Lateral flow biosensor used for MCDA products: biosensor 1, positive amplification (M. pneumoniae); biosensor 2, negative control (S. pneumoniae); biosensor 3, negative control (S. aureus); biosensor 4, blank control (double distilled water). TL, test line; CL, control line.



Optimal Temperature of M. pneumoniae–MCDA–LFB Assay

In order to optimize the temperature of the MCDA–LFB assay for M. pneumoniae detection, MCDA reactions were performed at eight different temperatures ranging from 61 to 68°C at 1°C intervals for 40 min. As shown in Figure 3, 65°C was the optimal temperature for M. pneumoniae–MCDA–LFB amplification, because a threshold value of 0.1 of absorbance that indicated positive amplification from the M. pneumoniae–MCDA reaction was reached most quickly at 65°C. Herein, the optimal temperature of 65°C was employed for the subsequent M. pneumoniae–MCDA–LFB examinations conducted in this report.
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FIGURE 3. Temperature optimization for MCDA assay. Real-time turbidimeter was applied for MCDA reactions, and the corresponding curves of concentrations of M. pneumoniae (M129) genomic DNA were demonstrated in the picture. A turbidity of >0.1 indicated positive amplification of MCDA. Eight kinetic graphs (A–H) were obtained at distinct temperatures ranging from 61 to 68°C with DNA templates of M. pneumoniae at a level of 500 pg/μl per reaction.



Sensitivity of the M. pneumoniae–MCDA–LFB Assay

Serial dilutions of M. pneumoniae M129 genomic DNA (5 ng, 500 pg, 50 pg, 5 pg, 500 fg, 50 fg, and 5 fg) were used to confirm the LoD of the M. pneumoniae–MCDA–LFB assay. By LFB, the LoD of M. pneumoniae–MCDA was 50 fg per reaction (Figure 4B). In parallel, the analytical sensitivity was 50 fg per reaction using colorimetric indicator, which was completely consistent with LFB analysis. Compared with real-time PCR for analytical sensitivity, the MCDA–LFB assay was 10-fold more sensitive than real-time PCR technique for M. pneumoniae detection (Figure S1).
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FIGURE 4. Sensitivity confirmation of M. pneumoniae–MCDA assay. Two monitoring assays including (A) colorimetric indicator and (B) lateral flow biosensor were applied for MCDA products. Serial dilutions of M. pneumoniae (M129) genomic DNA 5 ng, 500 pg, 50 pg, 5 pg, 500 fg, 50 fg, and 5 fg were used for sensitivity analysis. Tubes/strips 1–7 represented different concentrations of DNA, 5 ng, 500 pg, 50 pg, 5 pg, 500 fg, 50 fg, and 5 fg per reaction; tube/strip 8 represented blank control. TL, test line; CL, control line.



Specificity Analysis of the M. pneumoniae–MCDA–LFB Assay

Genomic DNA extracted from 46 M. pneumoniae isolates and 21 non-M. pneumoniae strains were used for MCDA–LFB detection under the optimal conditions confirmed above. As monitored by LFB, the positive products were seen in M. pneumoniae strains with two red lines (TL and CL) observed on the biosensor (Figure S2). There was no cross-reactivity in non-M. pneumoniae strains, and only one red line (CL) appeared on the LFB (Figure S2). These results demonstrated that the analytical specificity of the M. pneumoniae–MCDA–LFB assay for M. pneumoniae detection was 100%.

Optimal Time of the M. pneumoniae–MCDA–LFB Assay

In order to assess the optimal amplification time for M. pneumoniae detection, reaction times were increased from 10 to 40 min at 10-min intervals at 65°C. The results indicated that 30 min was sufficient for the MCDA–LFB assay, because the genomic template at the LoD level could be detected. Two red lines including TL and CL appeared on the LFB (Figure 5).
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FIGURE 5. Time optimization for M. pneumoniae-MCDA assay. The standard MCDA reaction with four distinct times including (A) 10 min, (B) 20 min, (C) 30 min, and (D) 40 min were tested and analyzed by lateral flow biosensors at the optimal temperature of 65°C. Strips 1–4 represented genomic DNA at the level of 5 pg, 500 fg, 50 fg, and 5 fg, respectively; strip 5, negative control (S. pneumoniae); strip 6, blank control (double distilled water).



Application of the MCDA–LFB Assay in Clinical Specimens for M. pneumoniae Detection

In order to further verify whether the MCDA–LFB assay could be implemented in clinical samples, 197 oropharyngeal swab specimens were divided into three equal parts, and then were simultaneously detected by the culture-based method, MCDA–LFB assay, and real-time PCR. Of the 197 oropharyngeal swab samples, 103 (52.3%) samples were detected positive by the MCDA–LFB assay, and only 16 (8.1%) and 55 (33.0%) cases were confirmed positive by the culture-based method and real-time PCR test, which indicated that the MCDA–LFB assay was more sensitive than the culture-based method and real-time PCR assay (P = 0.000) (Table 3).


Table 3. Comparison of culture-based method, MCDA–LFB assay, and real-time PCR for M. pneumoniae detection.
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DISCUSSION

Up to now, MCDA combined with lateral flow biosensor methodology (MCDA–LFB) had been successfully applied for rapid detection of various pathogens, such as Vibrio parahaemolyticus, Leptospira interrogans, Shigella spp., K. pneumoniae, etc. (Wang et al., 2016a,b; Niu et al., 2018; Li et al., 2019), and these reports demonstrated that the MCDA–LFB assay was a valuable and powerful tool for simple, rapid, and reliable detection of target sequence. In this study, we established a new MCDA–LFB assay for M. pneumoniae detection and verified its availability using pure cultures and clinical samples. The merits of the MCDA assay are rapidity, simplicity, sensitivity, and specificity, and the amplification products can be detected from as little as three bacterial cells (Wang et al., 2016a). Moreover, our assay can be conducted just by a heater or water bath that were easily acquired and more portable, avoiding the use of sophisticated apparatus compared with PCR-based techniques. In particular, only a shorter isothermal time (30 min) was required for the MCDA–LFB assay during the reaction stage; thus, the whole process, including rapid template preparation (25 min), isothermal amplification (30 min), and reporting of results (within 2 min), can be finished within 60 min (Figure 5). Hence, the M. pneumoniae–MCDA–LFB assay developed here has great advantages for point-of-care testing in clinical settings.

A set of 10 M. pneumoniae–MCDA primers were designed targeting the specific P1 gene, which ensures high selectivity for sequence detection. Then, the analytical specificity of the MCDA–LFB assay for M. pneumoniae detection was successfully confirmed with genomic DNA extracted from 46 M. pneumoniae isolates and 21 non-M. pneumoniae strains in pure culture. The positive amplifications were displayed in M. pneumoniae isolates but not in non-M. pneumoniae strains (Figure S2), which indicated that the MCDA–LFB assay was reliable for target pathogen detection.

Apart from high specificity of the MCDA–LFB assay, the excellent sensitivity of the MCDA–LFB assay was also demonstrated. As shown in Figure 4, MCDA–LFB was capable of detecting as little as 50 fg of genomic DNA in pure culture per reaction, which was in accordance with the colorimetric indicator confirmed in our study. In this report, the M. pneumoniae–MCDA–LFB assay proved to be more sensitive than the culture-based method and real-time PCR in clinical specimens (Table 3). The possible reasons for the lower detection rate of M. pneumoniae using the culture-based method are as follows: high nutritional requirements for growing, strict requirements for laboratories and trained personnel, greater vulnerability to the environment due to the lack of cell walls, and most importantly the application of drugs leading to the death of pathogens. The lower sensitivity of the real-time PCR method depended on the LoD (500 fg) of the kits used in this report, as described in Figure S1. Also, previous studies demonstrated that the isothermal amplification method was less affected by inhibitors in the samples (Wang et al., 2014; Petrone et al., 2015). Furthermore, the cost of this assay is affordable: US$3.5 and US$2 for MCDA and LFB, respectively (Wang et al., 2016a). Thus, MCDA–LFB assays are more suitable for clinical application for its simplicity, rapidity, and low cost.

In particular, a biosensor was used for the reporting of MCDA results. To identify the detectable MCDA amplicons by LFB, C1 and D1 primers were labeled with FITC and biotin at the 5′ end, respectively. The double-labeled MCDA products, which were FITC- and biotin-labeled, were formed during the reaction amplification stage. One end of the positive amplicons labeled with FITC was captured by anti-FITC antibody on the TL of the LFB, and the other end labeled with biotin was combined with nanoparticles for visualization. The excessive nanoparticles were captured by biotinylated bovine serum albumin on the CL of the LFB, indicating the availability of the LFB. Thus, the positive M. pneumoniae–MCDA amplicons were successfully detected by the LFB and displayed two red lines (TL and CL) on the biosensor within 2 min, while only one red line (CL) was displayed in negative controls and blank controls (Figures 2, 4, 5). There were other monitoring techniques for the MCDA interpretation, such as agarose gel electrophoresis, real-time turbidimeter, and colorimetric indicator. The product of MCDA is a complex mixture of different sizes of amplicons; thus, agarose gel electrophoresis and colorimetric indicator couldn't distinguish the specific and non-specific amplicons (Ge et al., 2013). Reading of MCDAs by agarose gel electrophoresis depends on sophisticated instruments and trained personnel, limiting its application in poor-resource areas. Colorimetric indicator was somewhat unreliable due to the insufficient amplification products, resulting in ambiguous judgment. By using a real-time turbidimeter, it could be easily affected by background interference. Therefore, the LFB assay is the preferred candidate for interpretation of the MCDA results, considering the advantages of the LFB assay illustrated above.

CONCLUSION

In this report, we successfully developed a reliable MCDA–LFB assay for M. pneumoniae detection, which could detect M. pneumoniae in time and assist clinicians making the right decisions. The MCDA–LFB assay established here is rapid, simple, sensitive, specific, and cost-effective compared with culture-based and PCR-based methods. Therefore, the MCDA–LFB assay with advantages mentioned above is more suitable for a wide application in various medical institutions, especially in resource-limited areas.
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Bacteria Strain no. No.of M. pneumoniae-

(source of strains  MCDA-LFB®
strains)P

Mycoplasma pneumoniae  M129 1P
Isolated strains 46 P
(BCH)

Mycoplasma genitalium® ATCC33530 10N

Mycoplasma orale® ATCC23714 10N

Mycoplasma hominis® ATCC23114 10N

Mycoplasma penetrans® ATCC55252 10N

Mycoplasma primatum® ATCC25960 10N

Ureaplasma urealyticum?® ATCC27813 1 N

Mycobacterium tuberculosis  Isolated strain 10N
(BCH)

Kiebsiella pneumoniae Isolated strain 10N
(BCH)

Streptococcus pneumoniae  Isolated strain 1 N
(BCH)

Pseudomonas aeruginosa  Isolated strain 10N
(BCH)

Staphylococcus epidermidis  Isolated strain 10N
(BCH)

Staphylococcus aureus Isolated strain 1N
(BCH)

Bordetella pertussis Isolated strain 10N
(BCH)

Haemophilus influenzae Isolated strain 10N
(BCH)

Stenotrophornonas maltophilla. Isolated strain 1N
(BCH)

Acinetobacter baumannii Isolated strain 1 N
(BCH)

Legionella pneumophila Isolated strain 1 N
(BCH)

HINT influenza Isolated strain 1 N
(BCH)

H3N2 influenza Isolated strain 1 N
(BCH)

HEN1 influenza Isolated strain 1 N
(BCH)

H7NG influenza Isolated strain 10N
(BCH)

“Bacterial strains were kindly provided by Prof. Fei Zhao, National Institute for
Communicable Disease Control and Prevention, Chinese Center for Disease Control and
Prevention, Changping, Bejing 102206, PR, Chine.

©11129, M. preumoniae reference strains; BCH, Beijing Chicren's Hospital; CDC, Chinese
Center for Disease Control and Prevention; ATCC, American Type Culture Collection.

°F positive; N, negative. Only M. pneumoniae could be detected by M. pneumoniae-
MCDA-LFB assay, indicating the extremely high selectivity of the method.
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SFITC, fluorescein isothiocyanate. 1", §'-labeled with FITC when used in the MCDA-LFB assay; D1, &'-labeled with biotin when used in the MCDA-LFB assay.
The primer position is based on the sequence M. preumoniae M129 with NCBI Reference Sequence: NC-000912.1.

Cnt, nucleotide; mer, monomeric.

Sequences and modifications

5/-GAGTACGAGCGCTTTAACCA-3
5'-ACGCGAACCACTTGTGTT-3
5'-TGGAGAAACGGGAAAGCGTGGAACGGTAGCTCCTACCCAA-3
5/-GGTACAGGTATGGCAATAACCACCTAATTCCGCTGGACGACC-3'
5"-FITC-TGGAGAAACGGGAAAGCGTGG-3'
5/-GGTACAGGTATGGCAATAACCACC-3'
5'-Biotin-GGAGAAGTGGGATCAGT-3
5/-GCGTGGATGATATAACC-3'

5/-CACATAATCCAACACCTG-3'

5'-CCCTGGATTGGGAATG-3'

5'-AACGGTAGCTCCTACCCAA-3'
5'-TAATTCCGCTGGACGACC-3'

Gene positions®

183,141-183,160
183,384-183,401

183,211-183,231
183,298-183,321
183,193-183,200
183,325-183,341
183,264-183,281
183,282-183,297
183,167-183,185
183,361-183,378

Length®

20nt
18nt
40 mer
42 mer
21nt
24nt
17nt
17nt
18nt
16nt
19nt
18nt
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Detection Oropharyngeal swab specimens (N = 197)
assays

Positive Negative
Culture 16.(8.1) 181 (91.9)
Real-time PCR 65(33.0) 132 (67.0)
MCDA-LFB 103 (52.3) 9447.7)

Data were presented as number (%).
P-values < 0.05 were considered statistically significant.

0.000
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