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ABSTRACT Mycoplasma genitalium (MG) is a sexually transmitted pathogen associated 
with urethritis. Nucleic acid amplification tests are the gold standard for its diagnosis 
but often require specialized equipment, which limits their use in point-of-care testing. 
This study aimed to develop a rapid, sensitive detection method for MG using a 
specific high-sensitivity enzymatic reporter unlocking (SHERLOCK) test, which combines 
isothermal recombinase polymerase amplification and a clustered regularly interspaced 
short palindromic repeats (CRISPR)-Cas13a reaction. We developed a novel SHERLOCK 
test targeting the Mg219 gene in MG. The SHERLOCK method was evaluated using 
128 first-void urine samples collected from male patients who were suspected of MG 
urethritis in Japan. The results of SHERLOCK were compared to those of the cobas TV/MG 
test and in-house quantitative PCR. SHERLOCK was optimized for use with crude DNA 
extracted from clinical urine samples. The results were detected via a lateral flow assay, 
allowing for visual interpretation within 60 min. The method demonstrated a limit of 
detection of 10 copies/reaction and showed no cross-reactivity with other pathogens. In 
clinical evaluations of 128 urine samples, SHERLOCK showed an overall agreement rate of 
91.4% with the cobas TV/MG PCR test; the positive and negative agreement rates were 
79.6 and 100%, respectively. SHERLOCK showed superior performance to quantitative 
PCR. This study demonstrates that the novel SHERLOCK assay for MG has potential as 
a point-of-care test in the clinical setting. Further evaluation in prospective studies is 
needed to confirm its clinical value.

IMPORTANCE Mycoplasma genitalium (MG) is a causative agent of sexually transmit­
ted infections and is associated with urethritis and prostatitis in men. To prevent the 
transmission of MG, it is essential to identify infected individuals through diagnostic 
testing and provide appropriate treatment. Nucleic acid amplification tests are com­
monly used for MG diagnosis in the clinical setting, but the point-of-care testing 
(POCT) for MG remains limited. In this study, we developed a novel nucleic acid 
amplification test—specific high-sensitivity enzymatic reporter unlocking (SHERLOCK)—
for MG, combining crude DNA extraction with a lateral flow assay. Our SHERLOCK assay 
successfully detected MG in approximately 1 h, with a detection limit of 10 copies/reac­
tion. Clinical evaluations using urine samples showed a high agreement rate with the 
cobas TV/MG test. SHERLOCK is expected to be a useful tool for POCT for MG.
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M ycoplasma genitalium (MG) is a causative agent of sexually transmitted infections
and is associated with urethritis and prostatitis in men and cervicitis and pelvic 

inflammatory disease in women (1–4). Several reports indicate a global increase in its 
antimicrobial resistance rate (5), and, as a result, MG has garnered significant attention in 
recent years.
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To prevent the transmission of MG, it is necessary to identify infected individuals 
through diagnostic testing and provide appropriate treatment. However, the diagnosis 
of MG remains challenging. Culture-based diagnostics for MG are not used clinically 
because its isolation is difficult, requiring co-cultivation with mammalian cells and taking 
more than 6 months to grow in vitro (6, 7). Moreover, the success rate of culture 
isolation is low (6, 7). Serological tests are difficult to develop due to the significant 
heterogeneity and antigenic variation among MG isolates (8, 9). Moreover, MG shares 
antigenic similarities with Mycoplasma pneumoniae, a genetically related species, which 
can compromise the specificity of serological tests (10). The amount of MG bacteria in 
clinical samples is low (8.0–50.0 × 104 copies/mL in urine), making it difficult to achieve 
sufficient sensitivity with antigen-based tests (11). Therefore, nucleic acid amplification 
tests, which have high sensitivity and specificity, are used for MG diagnosis in the clinical 
setting (12–14).

Several nucleic acid amplification tests for MG have been developed, including 
the Aptima Mycoplasma genitalium assay (Hologic, Inc., San Diego, CA), which uses 
transcription-mediated amplification to target MG RNA via the Panther system (12). 
Another option is the cobas TV/MG test (Roche, Basel, Switzerland), which uses multiplex 
real-time (TaqMan) PCR for the simultaneous detection of Trichomonas vaginalis and MG 
(13–15). Among these, only the cobas TV/MG test is covered by health insurance in Japan 
and is clinically available in 2024. The cobas TV/MG test has very high sensitivity (85.0–
100%) and specificity (96.0–99.8%) but it requires special equipment (14). As a result, it 
is mainly performed at testing centers, and due to sample transportation time and test 
scheduling intervals, it often takes several days to obtain results. An alternative molecular 
test that is rapid, easy to perform in the clinical setting, and suitable for point-of-care 
testing (POCT) is desirable for the diagnosis of MG.

Recently, a novel nucleic acid amplification test, specific high-sensitivity enzymatic 
reporter unlocking (SHERLOCK) (16, 17), has gained attention for POCT of infectious 
diseases. This method combines isothermal recombinase polymerase amplification (RPA) 
(18) with clustered regularly interspaced short palindromic repeats (CRISPR)–Cas13a for 
highly sensitive and specific nucleic acid detection. SHERLOCK operates entirely at 37°C, 
and the results can be interpreted visually when combined with a lateral flow assay, 
with a reaction time of less than 60 min (16, 17). Therefore, SHERLOCK does not require 
any special equipment and is expected to be a highly convenient testing method in the 
clinical setting. However, SHERLOCK for MG has not been reported to date.

This study aimed to develop and evaluate a simple, rapid, and sensitive detection 
system for MG using SHERLOCK for potential use in POCT in the clinical setting.

MATERIALS AND METHODS

Clinical sample collection and DNA extraction

First-void urine samples were collected from 128 male patients suspected of having MG 
urethritis who visited the KARADA Internal Medicine Clinic (Tokyo, Japan) and KARADA 
Internal Medicine Clinic Shibuya (Tokyo, Japan) between 2023 and 2024. First-void urine 
samples were divided into two portions. One portion was transferred to a cobas PCR 
Media Tube (Roche), and the cobas TV/MG test was subsequently performed by FML 
HOLDINGS, Inc. (Hiroshima, Japan). According to the results of the cobas TV/MG test, 
54 patients were positive for MG, and 74 patients were negative (Fig. 1). The other 
portion was stored at −80°C before further use. DNA was extracted from the residual 
urine sample using the crude DNA extraction method with the MightyPrep Reagent for 
DNA (Takara Bio, Inc., Shiga, Japan). After centrifuging 1 mL of thawed urine sample at 
10,000 × g for 10 min, the supernatant was discarded, and 50 µL lysis buffer was added. 
The sample was heated at 95°C for 10 min and centrifuged at 13,000 × g for 3 min. The 
supernatant was then used for testing.
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RPA primer and CRISPR RNA design

The Mg219 gene (GenBank accession no. NC_000908.2), which is specific to MG and 
highly conserved across species, was selected as the target for detection. RPA primers 
for Mg219 were designed using Primer3 (https://bioinfo.ut.ee/primer3-0.4.0/) according 
to the “Guidelines for RPA Primers and Probes” provided by TwistDx (Maidenhead, UK). 
Cross-primer dimers between the forward and reverse primers were analyzed using 
the Multiple Primer Analyzer (Thermo Fisher Scientific, Waltham, MA). The CRISPR RNA 
(crRNA) required for Cas13a to recognize the target sequence was designed using 
Cas13Design (https://cas13design.nygenome.org/). The primers and crRNA used in this 
study are shown in Table 1.

In vitro RNA transcription and purification of crRNA

crRNA was synthesized by in vitro transcription using a crRNA template DNA. The 
crRNA template oligonucleotide consisted of the T7 promoter sequence, the LwCas13a 
direct repeat sequence, and a spacer sequence complementary to the target RNA. 
This oligonucleotide was synthesized by Eurofins Genomics (Tokyo, Japan). The crRNA 
template oligonucleotide and T7 primer were annealed under the following conditions: 
95°C for 2 min, followed by slow cooling to 4°C at a ramp rate of 0.08°C/s. crRNA 
was synthesized using a HiScribe T7 Quick High Yield RNA Synthesis Kit (New England 
Biolabs, Ipswich, MA). After synthesis, crRNA was purified using a miRNeasy Micro Kit 
(QIAGEN, Hilden, Germany). The concentration of purified RNA was measured using a 
Qubit RNA BR Assay Kit (Invitrogen, Carlsbad, CA), and it was stored at −80°C until use.

FIG 1 Study patients, sampling, and testing. DNA was extracted using a MightyPrep Reagent for DNAa (Takara Bio, Inc.) with 

first-void urine samples.
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qPCR for Mg219

qPCR for the Mg219 gene of MG was performed as described previously, with slight 
modifications (19). The fluorescent dye of the probe was changed from Cy5 to FAM 
(Table 1). qPCR was conducted using a QuantiTect Probe PCR Kit (QIAGEN). The final 
reaction volume was 20 µL, with 2 µL DNA template. qPCR was carried out on a 
QuantStudio 5 (Applied Biosystems, Waltham, MA), with the following thermal condi­
tions: initial activation at 95°C for 15 min, followed by 45 cycles of denaturation at 94°C 
for 15 s and annealing/extension at 60°C for 1 min. Ten-fold serial dilutions of AMPLIRUN 
MYCOPLASMA GENITALIUM DNA CONTROL (Vircell S.L., Granada, Spain), ranging from 
1.0 to 10,000 copies/reaction, were used to estimate the MG DNA copy number in the 
specimens. The reactions were performed in duplicate.

Mg219 SHERLOCK

RPA for Mg219 was performed using a TwistAmp Liquid Basic Kit (TwistDx), with a final 
reaction volume of 20 µL and 2 µL DNA template. The RPA reaction was conducted at 
37°C for 30 min. The LwCas13a reaction had a total volume of 20 µL, comprising 2 µL of 
10× Cas13 reaction buffer (SignalChem Diagnostics, Richmond, Canada), 1 µL of 10 mM 
NTP buffer mix (New England Biolabs), 0.5 µL of T7 polymerase mix from a HiScribe 
T7 Quick High Yield RNA Synthesis Kit (New England Biolabs), 0.5 µL of 40 U/µL RNase 
inhibitor (Takara Bio, Inc.), 1 µL of 900 nM LwCas13a (SignalChem Diagnostics), 1 µL of 
2,500 nM FAM-UUUUU-BHQ RNA probe, 1 µL of 450 nM crRNA, 2 µL of RPA product, and 
11 µL of RNase-free water. The reaction was conducted at 37°C.

The amplified double-stranded DNA product, generated by the RPA primers with 
a T7 promoter sequence, is transcribed into single-stranded RNA by T7 transcription. 
When the target nucleic acid is present, the LwCas13a-crRNA complex binds to the 
single-stranded RNA target, activating and cleaving the RNA probe. This cleavage can 
be detected as a fluorescent signal. For fluorescence detection, the reaction was carried 
out using a QuantStudio 5 (Applied Biosystems), with FAM fluorescence measured every 
1 min.

Ten-fold serial dilutions of AMPLIRUN MYCOPLASMA GENITALIUM DNA CONTROL 
(Vircell S.L.) ranging from 1.0 to 1,000 copies/reaction were used to determine the 
preliminary limit of detection for the SHERLOCK reactions, performed in duplicate. In 
addition, the cross-reactivity of SHERLOCK with DNA from bacteria, fungi, and viral 
pathogens was examined in duplicate (Table 2).

TABLE 1 Primers, probes, and crRNA used in this studya

Name Sequence (5′–3′) Application

Mg219 RPA F1 ATGAAGAGTTAATCTCTGTTCCAGTTTTACTAAT RPA, SHERLOCK

Mg219 RPA F2 AAGAGTTAATCTCTGTTCCAGTTTTACTAATC RPA

Mg219 RPA F3 ATTAAAAGTAGTGACTTTATTGGTCATGAAGAGTT RPA

Mg219 RPA F4 GAAGAGTTAATCTCTGTTCCAGTTTTACTAAT RPA

Mg219 RPA R1 TTAGGTTTTGTTTGTTTAGTTGATTTACTAGTTG RPA

Mg219 RPA R2 TAGGTTTTGTTTGTTTAGTTGATTTACTAGTTG RPA

T7 promoter-Mg219 RPA R1 GAAATTAATACGACTCACTATAGGG-TTAGGTTTTGTTTGTTTAGTTGATTTACTAGTTG SHERLOCK

RNA probe (BHQ) FAM- UUUUU-BHQ1 SHERLOCK

RNA probe (biotin) FAM- UUUUU-Biotin SHERLOCK

crRNA GAUUUAGACTACCCCAAAAACGAAGGGGACUAAAACCCAGUUAAAGCAAAACCAAAAGC SHERLOCK

crRNA template GCTTTTGGTTTTGCTTTAACTGGGTTTTAGTCCCCTTCGTTTTTGGGGTAGTCTAAATCCCCTATAGTGAGTCGTATTAATTTC In vitro transcription

T7 promoter GAAATTAATACGACTCACTATAGGG In vitro transcription

Mg219F CATAGTTCATTATGCGCACCAGTTACTTG qPCR

Mg219R CTCTTTAACAACAGGGGTTGGGATTAG qPCR

Mg219 probe FAM-GGTGTGGATCGAGCGGC-BHQ1 qPCR

aUnderlined text indicates the T7 promoter sequence.
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TABLE 2 Control DNA used in this study to assess the cross-reactivity of Mg219 SHERLOCKa

No. Type Species Resource No.

1 Bacteria Aggregatibacter segnis NBRP GTC 15056
2 Bacteria Burkholderia pseudomallei NBRP GTC 3P0056
3 Bacteria Chlamydia trachomatis Vircell S.L. -
4 Bacteria Corynebacterium diphtheriae NBRP GTC 00263T
5 Bacteria Enterobacter cloacae NBRP GTC 09428
6 Bacteria Escherichia coli NBRP GTC 00503
7 Bacteria Haemophilus haemolyticus NBRP GTC 15009T
8 Bacteria Haemophilus influenzae NBRP GTC 14202T
9 Bacteria Haemophilus parainfluenzae NBRP GTC 02091
10 Bacteria Klebsiella pneumoniae NBRP GTC 15087
11 Bacteria Legionella pneumoniae NBRP GTC 00745
12 Bacteria Moraxella catarrhalis NBRP GTC 01544T
13 Bacteria Mycoplasma hominis Vircell S.L. -
14 Bacteria Mycoplasma pneumoniae Clinical isolate -
15 Bacteria Neisseria gonorrhoeae Vircell S.L. -
16 Bacteria Proteus mirabilis NBRP GTC 14752
17 Bacteria Pseudomonas aeruginosa NBRP GTC 13866
18 Bacteria Serratia marcescens NBRP GTC 03891
19 Bacteria Staphylococcus aureus NBRP GTC 01180
20 Bacteria Staphylococcus epidermidis NBRP GTC 01871
21 Bacteria Stenotrophomonas maltophilia NBRP GTC 00090T
22 Bacteria Streptococcus agalactiae NBRP GTC 08356T
23 Bacteria Streptococcus mutans NBRP GTC 01700T
24 Bacteria Streptococcus pneumoniae NBRP GTC 00980
25 Bacteria Streptococcus pyogenes NBRP GTC 00262T
26 Bacteria Treponema pallidum Vircell S.L. -
27 Bacteria Ureaplasma parvum Vircell S.L. -
28 Bacteria Ureaplasma urealyticum Vircell S.L. -
29 Fungi Aspergillus fumigatus NBRP IFM 4942
30 Fungi Candida albicans NBRP IFM 4949
31 Fungi Candida glabrata NBRP IFM 5489
32 Fungi Candida krusei NBRP IFM 5462
33 Fungi Candida parapsilosis NBRP IFM 5464
34 Fungi Candida tropicalis NBRP IFM 5446
35 Fungi Cryptococcus gatii NBRP IFM 61880
36 Fungi Cryptococcus neoformans NBRP IFM 5505
37 Fungi Epidermophyton floccosum NBRP IFM 56842
38 Fungi Fonsecaea pedrosoi NBRP IFM 4856
39 Fungi Madurella mycetomatis NBRP IFM 46458
40 Fungi Malassezia furfur NBRP IFM 40081
41 Fungi Microsporum ferrugineum NBRP IFM 41980
42 Fungi Nocardia farcinica NBRP IFM 0138
43 Fungi Spirotrichum purpureum NBRP IFM 55089
44 Fungi Trichophyton rubrum NBRP IFM 40732
45 Fungi Trichophyton violaceum NBRP IFM 46913
46 Protozoa Trichomonas vaginalis NBRP Kurume strain
47 Virus Herpes simplex virus-1 Vircell S.L. -
48 Virus Herpes simplex virus-2 Vircell S.L. -
aNBPR, National BioResource Project.
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Mg219 SHERLOCK with a lateral flow assay

For visual detection, the FAM-UUUUU-BHQ RNA probe in the LwCas13a reaction was 
replaced with the FAM-UUUUU-biotin RNA probe, and the crRNA concentration was 
increased from 450 to 2,000 nM. The LwCas13a reaction products were then added to an 
AmpliDetect Nucleic Acid Lateral Flow Kit (nanoComposix, San Diego, CA). AmpliDetect 
is a universal detection method for nucleic acid sequences labeled with fluorescein 
(FITC/FAM) and biotin. The assay is based on a lateral flow sandwich format using 
gold nanoshells for enhanced sensitivity. On the conjugate pad, the anti-FAM/FITC-gold 
nanoshell conjugate captures the FAM at the 5′-end of the RNA probe. The conjugate-
sample complex then travels up the strip, where the streptavidin test line recognizes 
and captures the biotin. The control line, consisting of a secondary antibody, binds any 
residual conjugate, validating the assay. In a negative SHERLOCK result, the RNA probe 
remains uncleaved. When the reaction mixture is applied to the lateral flow strip, the 
gold nanoshells bind to the FAM side of the uncleaved RNA probe and subsequently 
bind to the test line, resulting in the appearance of a band at the test line. In a positive 
SHERLOCK result, the RNA probe is cleaved by LwCas13a, and no band appears at the test 
line, as the gold nanoshells can no longer bind to the cleaved probe (Fig. 2). The results 
are observed visually by examining the test lines with the naked eye.

Statistical analysis

Continuous variables are expressed as the mean ± standard deviation or median 
with interquartile range and were compared using a t-test or Wilcoxon rank-sum 
test for parametric and non-parametric data, respectively. Categorical variables are 
expressed as numbers (%) and were compared using a chi-squared test or Fisher’s 
exact test, as appropriate. Positive, negative, and total agreement rates, along with 
their 95% confidence intervals, were calculated. All statistical analyses were performed 
using R (v 4.0.0; R Foundation for Statistical Computing, Vienna, Austria (http://www.R-
project.org/)).

FIG 2 SHERLOCK with a lateral flow kit. The SHERLOCK reaction products were applied to an AmpliDetect Nucleic Acid Lateral Flow Kit (nanoComposix). In a 

negative SHERLOCK result, the RNA probe remains uncleaved, and a band appears at the test line. In a positive result, the probe is cleaved by LwCas13a activity, 

and no band appears. The control line binds residual conjugate and validates the assay.
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RESULTS

RPA primer selection

A combination of four forward primers and two reverse primers targeting Mg219 (Table 
1) was tested using a positive control of MG genomic DNA (1,000 copies/reaction). 
After the RPA reaction at 37°C for 30 min, the amplification results were analyzed via 
electrophoresis. The combination of forward primer F1 and reverse primer R1 resulted 
in the brightest band under ultraviolet light (Fig. S1). Therefore, this combination was 
selected for further experiments. As a result, the T7 promoter sequence was appended to 
the 5′-end of RPA primer R1, establishing it as the RPA primer for SHERLOCK (Table 1).

Mg219 SHERLOCK optimization and sensitivity and specificity measurement

The LwCas13a reaction time was optimized using a positive control and no-template 
control. The RPA product (2 µL), generated using primers F1 and R1 (with the T7 
promoter sequence added to the 5′-end), was added to the LwCas13a reaction mix, 
followed by FAM fluorescence detection at 37°C for 60 min. Relative fluorescence was 
significantly higher in the positive control with 10,000 to 10 copies/reaction compared 
to the positive control with one copy/reaction and the no-template control (P < 0.001) 
(Fig. 3A through F). The maximum fluorescence level was reached at 30 min after the 
reaction started (Fig. 3A through F). Therefore, the optimal SHERLOCK reaction time 
was determined to be 30 min, with a sensitivity of 10 copies/reaction. To evaluate 
the effect of crude DNA extraction reagents, we conducted repeated tests using 20 
samples containing 10 copies/reaction—at the threshold of the limit of detection—
comparing SHERLOCK with and without the addition of 2 µL crude DNA extraction 
reagent. SHERLOCK without the reagent yielded positive results in 15 out of 20 samples, 
whereas SHERLOCK with the reagent added yielded positive results in 17 out of 20 
samples. A chi-squared test revealed no significant difference between the two methods 
(P = 0.48), suggesting that there was no decrease in sensitivity. No cross-reactivity 
was detected with microbial DNA from 48 different species, including two Mycoplasma 
species, namely, M. hominis and M. pneumoniae (Table 2).

Subsequently, the detection method was switched from fluorescence detection to 
visual assessment using a lateral flow assay. The disappearance of the test line was 
observed in the positive control with 10,000 to 10 copies/reaction (Fig. 3G), indicating 
that the sensitivity of SHERLOCK with the lateral flow assay remained at 10 copies/reac­
tion, with no loss of sensitivity compared to fluorescence detection.

Clinical performance evaluation

DNA extracted from 128 clinical urine samples (54 MG-positive and 74 MG-negative as 
determined by the cobas TV/MG test) was used for the clinical evaluation of Mg219 
SHERLOCK with a lateral flow assay and crude DNA. The positive agreement rate 
between Mg219 SHERLOCK and the cobas TV/MG test was 79.6% (95% CI: 66.4–89.3%), 
the negative agreement rate was 100% (95% CI: 95.1–100.0%), and the overall agree­
ment rate was 91.4% (95% CI: 85.1–95.6%) (Table 3). Among the 128 clinical urine 
samples, 39 were positive by qPCR for Mg219, with a median DNA copy number of 
2,250 copies/mL (interquartile range: 450–9,575 copies/mL). The positive agreement 
rate between qPCR and cobas TV/MG was 72.2% (95% CI: 58.4–83.5%), the negative 
agreement rate was 100% (95% CI: 95.1–100.0%), and the overall agreement rate was 
88.2% (95% CI: 81.4–93.3%) (Table 3). Discordant results between SHERLOCK and qPCR 
were exclusively observed in specimens that tested positive using the cobas TV/MG 
assay. Of the 43 specimens that were SHERLOCK-positive, 4 were found to be negative 
by qPCR. Conversely, 4 of the 39 qPCR-positive specimens were SHERLOCK-negative. 
The median qPCR copy number in the SHERLOCK-negative specimens was 0 copies/mL 
(interquartile range: 0–25 copies/mL), which was significantly lower than the median 
qPCR copy number in the SHERLOCK-positive specimens (2,250 copies/mL (interquartile 
range: 425–9,575 copies/mL); P < 0.001) (Fig. S2).
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FIG 3 Mg219 SHERLOCK. Fluorescent detection using a real-time PCR system (A and B). Fluorescence at 

30 min (C and E) and 60 min (D and F). Fluorescence fold change was calculated relative to the baseline. 

Visual detection using a lateral flow kit (G). *P < 0.001. NC, no-template control; RFU, relative fluorescence 

units.
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DISCUSSION

In this study, we developed and evaluated a novel SHERLOCK-based method for the 
diagnosis of MG. The SHERLOCK assay successfully detected Mg219 in approximately 1 h, 
with a detection limit of 10 copies/reaction. In clinical evaluations using urine samples, 
the agreement rate with the cobas TV/MG test was high, and it demonstrated better 
accuracy than qPCR targeting Mg219.

In this study, we selected Mg219 as the target gene for amplification. Mg219 has 
been reported as an optimal target for MG detection in qPCR-based diagnostic systems 
(19). Its high sequence conservation across strains facilitates the design of primers and 
crRNA. Furthermore, in silico analysis confirmed the absence of homologous sequences 
in other Mycoplasma species (19). In this study, no cross-reactivity was observed with 
genomic DNA from other pathogens, including M. hominis and M. pneumoniae, which 
are well-known human pathogens, and the negative agreement rate with the cobas 
TV/MG assay in clinical specimens was 100%. Although we did not assess cross-reac­
tivity with opportunistic pathogens such as Mycoplasma pirum, Mycoplasma fermen­
tans, Mycoplasma penetrans, and Mycoplasma amphoriforme (20–22), these organisms 
are extremely rare, and no Mg219 homologs have been identified in their genomes. 
Therefore, the absence of testing for these species is unlikely to affect the clinical 
specificity of the assay.

Several nucleic acid amplification tests with potential for POCT for MG have been 
reported. Edwards et al. (23) developed a loop-mediated isothermal amplification assay 
targeting pdhD, with a detection limit of approximately 16 copies of MG DNA/reaction, 
operating at 63°C for 60 min (23). Ren et al. (2018) described an RPA assay combined with 
a lateral flow strip for mgpB, which operates at 39°C for 20 min and has a detection limit 
of 33.6 copies/reaction (24). These methods are comparable to the Mg219 SHERLOCK 
assay developed in this study in terms of sensitivity and visual interpretation of the 
results. However, sensitivity evaluations in these reports used DNA purified via column-
based methods (23, 24), which are time-consuming, labor-intensive, and costly, making 
them less suitable for POCT. In contrast, the Mg219 SHERLOCK method successfully 
used crude DNA extracted with simplified procedures, maintaining high sensitivity, even 
with clinical urine samples. The Mg219 SHERLOCK assay can be performed with only 
centrifugation, heating, and incubation steps, which are highly useful in the clinical 
setting.

The Aptima MG assay, which employs transcription-mediated amplification targeting 
16S rRNA, has undergone more extensive clinical evaluation than any other commercial 
assay. According to the manufacturer’s specifications, it has an analytical sensitivity 
of 0.01 colony-forming units/mL. Its clinical sensitivity and specificity are reportedly 
99.13–100% and 99.57–99.96%, respectively (25, 26). The cobas TV/MG assay, which 
uses qPCR to detect mgpB, is also used widely in the clinical setting. This test demon­
strates high diagnostic performance, with a sensitivity of 85.0–100% and specificity of 
96.0–99.8% (14). In comparison, the positive agreement rate of the Mg219 SHERLOCK 
assay developed in the present study, relative to the cobas TV/MG assay, was 79.6% 
(95% CI: 66.4–89.3%). While SHERLOCK offers notable advantages for POCT, it should 
be acknowledged that approximately 20% of positive cases may be missed. Therefore, 

TABLE 3 Agreement rate between the nucleic acid amplification testsa

cobas TV/MG PPA, %
(95% CI)

NPA, %
(95% CI)

OA, %
(95% CI)Positive

( = 54)
Negative
( = 74)

SHERLOCK Positive 43 0 79.6
(66.4–89.3)

100.0
(95.1–100.0)

91.4
(85.1–95.6)Negative 11 74

qPCR Positive 39 0 72.2
(58.4–83.5)

100.0
(95.1–100.0)

88.2
(81.4–93.3)Negative 15 74

aCI, confidence interval; NPA, negative percent agreement; PPA, positive percent agreement; OA, overall 
agreement.
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a negative SHERLOCK result should not be used to definitively rule out infection, and 
follow-up with more sensitive molecular diagnostics such as Aptima MG or cobas TV/MG 
is recommended. Importantly, the false-negative results observed with SHERLOCK were 
associated with specimens that were either negative or exhibited low copy numbers by 
Mg219-targeted qPCR. This underscores the importance of proper specimen collection; 
specifically, the collection of first-void urine, which contains the highest bacterial load. 
In addition, asymptomatic individuals tend to harbor lower MG bacterial loads than 
symptomatic patients (27), suggesting that the SHERLOCK assay may not be suitable for 
use in asymptomatic populations.

The lower sensitivity of Mg219 SHERLOCK compared to the cobas TV/MG test may 
be attributed to several factors: (i) differences in the target genes, as the cobas TV/MG 
test targets two regions of the MG genome—the mgpB A region (single copy) and 
EF region (~9 copies) (15); (ii) differences in the DNA extraction methods, as well as 
the fully automated process employed by the cobas TV/MG test; and (iii) variations in 
sample processing timing. The cobas TV/MG test uses urine samples collected immedi­
ately after voiding, while Mg219 SHERLOCK uses samples stored at −80°C, which could 
cause progressive DNA degradation over time (28). Further evaluation of the diagnostic 
accuracy of SHERLOCK for MG in a prospective clinical study using fresh samples is 
warranted.

Several improvements are needed to optimize Mg219 SHERLOCK for POCT. Simpli­
fying the centrifugation steps in sample processing and DNA extraction, as well as 
reducing heating times, is important for streamlining the workflow. In addition, our 
method involves a two-step process—gene amplification by RPA followed by the 
CRISPR-Cas13a reaction—requiring multiple transfer operations and increasing the risk 
of aerosol contamination. A single-step SHERLOCK approach, in which both reactions 
are performed simultaneously, has been explored in other studies (29, 30) and could be 
incorporated into our system. In this study, the bands generated by the lateral flow assay 
were clearly visible, and no faint bands that could complicate interpretation of the results 
were observed. However, in clinical samples, indistinct bands may occasionally appear, 
and at present, the results are judged visually and subjectively. Therefore, discrepancies 
between evaluators may occur. The development of objective devices that utilize image 
analysis software to quantify band intensity for automated and standardized result 
interpretation may be warranted. Furthermore, this study focused on male urethritis 
samples, but MG also causes female cervicitis and pelvic inflammatory disease, with 
diagnoses typically made using vaginal and anal swabs. Future studies should assess the 
accuracy of SHERLOCK in diagnosing MG using other specimens.

Conclusion

This study developed a rapid, simple detection system for MG using SHERLOCK, 
combining crude DNA extraction and a lateral flow assay. Mg219 SHERLOCK is highly 
sensitive, specific, and capable of detecting MG DNA in urine samples, showing superior 
performance compared to qPCR. Further evaluations are needed, but SHERLOCK is 
expected to be used for POCT for MG.

ACKNOWLEDGMENTS

This work was supported in part by the National BioResource Project of Japan (http://
www.nbrp.jp/). The authors thank all the members who worked at the KARADA Internal 
Medicine Clinic.

This work was supported by KAKEN Grant Number 24K10540 and the Charitable Trust 
Laboratory Medicine Research Foundation of Japan, 2024 Research grant.

K.I.—study conceptualization; R.O., H.M., and K.T.—investigation; A.S. and M.T.—data 
collection and curation; R.O.—formal analysis; K.I. and R.O.—manuscript drafting; A.S., 
M.T., H.M., K.T., and T.M.—manuscript revision; T.M.—study supervision and funding 
acquisition. All authors have read and approved the final manuscript. The authors report 
no conflict of interests relevant to the published work.

Research Article Microbiology Spectrum

Month XXXX  Volume 0  Issue 0 10.1128/spectrum.00445-2510

https://nbrp.jp/en/
https://doi.org/10.1128/spectrum.00445-25


AUTHOR AFFILIATIONS

1Department of Clinical Laboratory, Saitama Medical University Hospital, Iruma, Saitama, 
Japan
2KARADA Internal Medicine Clinic, Tokyo, Japan

AUTHOR ORCIDs

Kazuo Imai  http://orcid.org/0000-0002-8416-7371

FUNDING

Funder Grant(s) Author(s)

KAKEN 24K10540 Takuya Maeda

Charitable Trust Laboratory Medicine Research 
Foundation of Japan

2024 Research grant Kazuo Imai

AUTHOR CONTRIBUTIONS

Ryuha Omachi, Formal analysis, Investigation, Writing – original draft | Kazuo Imai, 
Conceptualization, Formal analysis, Writing – original draft | Akihiro Sato, Data curation, 
Writing – review and editing | Masashi Tanaka, Data curation, Writing – review and 
editing | Hitomi Mizushina, Investigation, Writing – review and editing | Keita Takeu­
chi, Investigation, Writing – review and editing | Takuya Maeda, Funding acquisition, 
Supervision, Writing – review and editing

DATA AVAILABILITY

The data sets analyzed during the current study are available from the corresponding 
author on reasonable request.

ETHICS APPROVAL

The study protocol was approved by the Ethics Review Committee at Saitama Medical 
University Hospital (approval number 2023-026). In this study, we used only the residual 
specimens from previous research or routine clinical testing. Informed consent was 
obtained by the opt-out method via the hospital’s website.

ADDITIONAL FILES

The following material is available online.

Supplemental Material

Supplemental material (Spectrum00445-25-s0001.docx). Fig. S1 and S2.

REFERENCES

1. Gnanadurai R, Fifer H. 2020. Mycoplasma genitalium: a review. 
Microbiology (Reading, Engl) 166:21–29. https://doi.org/10.1099/mic.0.0
00830

2. Horner PJ, Martin DH. 2017. Mycoplasma genitalium infection in men. J 
Infect Dis 216:S396–S405. https://doi.org/10.1093/infdis/jix145

3. Lis R, Rowhani-Rahbar A, Manhart LE. 2015. Mycoplasma genitalium 
infection and female reproductive tract disease: a meta-analysis. Clin 
Infect Dis 61:418–426. https://doi.org/10.1093/cid/civ312

4. Taylor-Robinson D, Jensen JS. 2011. Mycoplasma genitalium: from 
chrysalis to multicolored butterfly. Clin Microbiol Rev 24:498–514. https:/
/doi.org/10.1128/CMR.00006-11

5. Machalek DA, Tao Y, Shilling H, Jensen JS, Unemo M, Murray G, Chow 
EPF, Low N, Garland SM, Vodstrcil LA, Fairley CK, Hocking JS, Zhang L, 
Bradshaw CS. 2020. Prevalence of mutations associated with resistance 
to macrolides and fluoroquinolones in Mycoplasma genitalium: a 

systematic review and meta-analysis. Lancet Infect Dis 20:1302–1314. htt
ps://doi.org/10.1016/S1473-3099(20)30154-7

6. Jensen JS, Hansen HT, Lind K. 1996. Isolation of Mycoplasma genitalium 
strains from the male urethra. J Clin Microbiol 34:286–291. https://doi.or
g/10.1128/jcm.34.2.286-291.1996

7. Hamasuna R, Osada Y, Jensen JS. 2007. Isolation of Mycoplasma 
genitalium from first-void urine specimens by coculture with vero cells. J 
Clin Microbiol 45:847–850. https://doi.org/10.1128/JCM.02056-06

8. McGowin CL, Totten PA. 2017. The unique microbiology and molecular 
pathogenesis of Mycoplasma genitalium. J Infect Dis 216:S382–S388. htt
ps://doi.org/10.1093/infdis/jix172

9. Wood GE, Iverson-Cabral SL, Gillespie CW, Lowens MS, Manhart LE, 
Totten PA. 2020. Sequence variation and immunogenicity of the 
Mycoplasma genitalium MgpB and MgpC adherence proteins during 

Research Article Microbiology Spectrum

Month XXXX  Volume 0  Issue 0 10.1128/spectrum.00445-2511

http://orcid.org/0000-0002-8416-7371
https://doi.org/10.1128/spectrum.00445-25
https://doi.org/10.1099/mic.0.000830
https://doi.org/10.1093/infdis/jix145
https://doi.org/10.1093/cid/civ312
https://doi.org/10.1128/CMR.00006-11
https://doi.org/10.1016/S1473-3099(20)30154-7
https://doi.org/10.1128/jcm.34.2.286-291.1996
https://doi.org/10.1128/JCM.02056-06
https://doi.org/10.1093/infdis/jix172
https://doi.org/10.1128/spectrum.00445-25


persistent infection of men with non-gonococcal urethritis. PLoS One 
15:e0240626. https://doi.org/10.1371/journal.pone.0240626

10. Lind K, Lindhardt BO, Schütten HJ, Blom J, Christiansen C. 1984. 
Serological cross-reactions between Mycoplasma genitalium and 
Mycoplasma pneumoniae. J Clin Microbiol 20:1036–1043. https://doi.org/
10.1128/jcm.20.6.1036-1043.1984

11. Dupin N, Bijaoui G, Schwarzinger M, Ernault P, Gerhardt P, Jdid R, Hilab S, 
Pantoja C, Buffet M, Escande JP, Costa JM. 2003. Detection and 
quantification of Mycoplasma genitalium in male patients with urethritis. 
Clin Infect Dis 37:602–605. https://doi.org/10.1086/376990

12. Clebak KT, Sell JK, Koontz A. 2021. Aptima assay for detection of 
Mycoplasma genitalium infection. Am Fam Physician 104:517–518.

13. Marlowe EM, Gohl P, Steidle M, Arcenas R, Bier C. 2019. Trichomonas 
vaginalis detection in female specimens with cobas TV/MG for use on 
the cobas 6800/8800 systems. EuJMI 9:42–45. https://doi.org/10.1556/18
86.2019.00004

14. Van Der Pol B, Waites KB, Xiao L, Taylor SN, Rao A, Nye M, Chavoustie S, 
Ermel A, Kaplan C, Eisenberg D, Chan PA, Mena L, Pacheco S, Krishna­
murthy S, Mohan R, Bertuzis R, McGowin CL, Arcenas R, Marlowe EM. 
2020. Mycoplasma genitalium detection in urogenital specimens from 
symptomatic and asymptomatic men and women by use of the cobas 
TV/MG test. J Clin Microbiol 58:e02124-19. https://doi.org/10.1128/JCM.
02124-19

15. Van Der PolB. 2020. A profile of the cobas TV/ MG test for the detection 
of Trichomonas vaginalis and Mycoplasma genitalium. Expert Rev Mol 
Diagn 20:381–386. https://doi.org/10.1080/14737159.2020.1714440

16. Kellner MJ, Koob JG, Gootenberg JS, Abudayyeh OO, Zhang F. 2019. 
SHERLOCK: nucleic acid detection with CRISPR nucleases. Nat Protoc 
14:2986–3012. https://doi.org/10.1038/s41596-019-0210-2

17. Gootenberg JS, Abudayyeh OO, Lee JW, Essletzbichler P, Dy AJ, Joung J, 
Verdine V, Donghia N, Daringer NM, Freije CA, Myhrvold C, Bhattachar­
yya RP, Livny J, Regev A, Koonin EV, Hung DT, Sabeti PC, Collins JJ, Zhang 
F. 2017. Nucleic acid detection with CRISPR-Cas13a/C2c2. Science 
356:438–442. https://doi.org/10.1126/science.aam9321

18. Piepenburg O, Williams CH, Stemple DL, Armes NA. 2006. DNA detection 
using recombination proteins. PLoS Biol 4:e204. https://doi.org/10.1371/
journal.pbio.0040204

19. Chalker VJ, Jordan K, Ali T, Ison C. 2009. Real-time PCR detection of the 
mg219 gene of unknown function of Mycoplasma genitalium in men 
with and without non-gonococcal urethritis and their female partners in 
England. J Med Microbiol 58:895–899. https://doi.org/10.1099/jmm.0.00
9977-0

20. Wu J-R, Wang B, Chen L-S, Yang T, Zhou L-J, Xie Y-X, Xu J-S, Guo H-X, 
Huan X-P. 2014. Alarming incidence of genital mycoplasmas among 
HIV-1-infected MSM in Jiangsu, China. Eur J Clin Microbiol Infect Dis 
33:189–195. https://doi.org/10.1007/s10096-013-1942-5

21. Taylor-Robinson D, Gilroy CB, Keane FE. 2003. Detection of several 
Mycoplasma species at various anatomical sites of homosexual men. Eur 
J Clin Microbiol Infect Dis 22:291–293. https://doi.org/10.1007/s10096-0
03-0910-x

22. Pitcher DG, Windsor D, Windsor H, Bradbury JM, Yavari C, Jensen JS, Ling 
C, Webster D. 2005. Mycoplasma amphoriforme sp. nov., isolated from a 
patient with chronic bronchopneumonia. Int J Syst Evol Microbiol 
55:2589–2594. https://doi.org/10.1099/ijs.0.63269-0

23. Edwards T, Burke P, Smalley HB, Gillies L, Longhurst D, Vipond B, Hobbs 
G. 2015. Loop-mediated isothermal amplification (LAMP) for the rapid 
detection of Mycoplasma genitalium. Diagn Microbiol Infect Dis 83:13–
17. https://doi.org/10.1016/j.diagmicrobio.2015.05.010

24. Ren P, Zeng Y, Feng Y, Hong H, Xia Y. 2024. Rapid and visual detection of 
Mycoplasma genitalium using recombinase polymerase amplification 
combined with lateral flow strips. J Microbiol Methods 226:107030. https
://doi.org/10.1016/j.mimet.2024.107030

25. Unemo M, Salado-Rasmussen K, Hansen M, Olsen AO, Falk M, Golparian 
D, Aasterød M, Ringlander J, Nilsson CS, Sundqvist M, Schønning K, Moi 
H, Westh H, Jensen JS. 2018. Clinical and analytical evaluation of the new 
Aptima Mycoplasma genitalium assay, with data on M. genitalium 
prevalence and antimicrobial resistance in M. genitalium in Denmark, 
Norway and Sweden in 2016. Clin Microbiol Infect 24:533–539. https://d
oi.org/10.1016/j.cmi.2017.09.006

26. Tabrizi SN, Costa AM, Su J, Lowe P, Bradshaw CS, Fairley CK, Garland SM. 
2016. Evaluation of the hologic panther transcription-mediated 
amplification assay for detection of Mycoplasma genitalium. J Clin 
Microbiol 54:2201–2203. https://doi.org/10.1128/JCM.01038-16

27. Yoshida T, Deguchi T, Ito M, Maeda S-I, Tamaki M, Ishiko H. 2002. 
Quantitative detection of Mycoplasma genitalium from first-pass urine of 
men with urethritis and asymptomatic men by real-time PCR. J Clin 
Microbiol 40:1451–1455. https://doi.org/10.1128/JCM.40.4.1451-1455.20
02

28. Cannas A, Kalunga G, Green C, Calvo L, Katemangwe P, Reither K, Perkins 
MD, Maboko L, Hoelscher M, Talbot EA, Mwaba P, Zumla AI, Girardi E, 
Huggett JF, TB trDNA consortium. 2009. Implications of storing urinary 
DNA from different populations for molecular analyses. PLoS One 
4:e6985. https://doi.org/10.1371/journal.pone.0006985

29. Wang Y, Chen H, Lin K, Han Y, Gu Z, Wei H, Mu K, Wang D, Liu L, Jin R, 
Song R, Rong Z, Wang S. 2024. Ultrasensitive single-step CRISPR 
detection of monkeypox virus in minutes with a vest-pocket diagnostic 
device. Nat Commun 15:3279. https://doi.org/10.1038/s41467-024-4751
8-8

30. Liu Y, Liu H, Yu G, Sun W, Aizaz M, Yang G, Chen L. 2023. One-tube RPA-
CRISPR Cas12a/Cas13a rapid detection of methicillin-resistant 
Staphylococcus aureus. Anal Chim Acta 1278:341757. https://doi.org/10.1
016/j.aca.2023.341757

Research Article Microbiology Spectrum

Month XXXX  Volume 0  Issue 0 10.1128/spectrum.00445-2512

https://doi.org/10.1371/journal.pone.0240626
https://doi.org/10.1128/jcm.20.6.1036-1043.1984
https://doi.org/10.1086/376990
https://doi.org/10.1556/1886.2019.00004
https://doi.org/10.1128/JCM.02124-19
https://doi.org/10.1080/14737159.2020.1714440
https://doi.org/10.1038/s41596-019-0210-2
https://doi.org/10.1126/science.aam9321
https://doi.org/10.1371/journal.pbio.0040204
https://doi.org/10.1099/jmm.0.009977-0
https://doi.org/10.1007/s10096-013-1942-5
https://doi.org/10.1007/s10096-003-0910-x
https://doi.org/10.1099/ijs.0.63269-0
https://doi.org/10.1016/j.diagmicrobio.2015.05.010
https://doi.org/10.1016/j.mimet.2024.107030
https://doi.org/10.1016/j.cmi.2017.09.006
https://doi.org/10.1128/JCM.01038-16
https://doi.org/10.1128/JCM.40.4.1451-1455.2002
https://doi.org/10.1371/journal.pone.0006985
https://doi.org/10.1038/s41467-024-47518-8
https://doi.org/10.1016/j.aca.2023.341757
https://doi.org/10.1128/spectrum.00445-25

	Development and clinical evaluation of a novel SHERLOCK test for Mycoplasma genitalium
	MATERIALS AND METHODS
	Clinical sample collection and DNA extraction
	RPA primer and CRISPR RNA design
	In vitro RNA transcription and purification of crRNA
	qPCR for Mg219
	Mg219 SHERLOCK
	Mg219 SHERLOCK with a lateral flow assay
	Statistical analysis

	RESULTS
	RPA primer selection
	Mg219 SHERLOCK optimization and sensitivity and specificity measurement
	Clinical performance evaluation

	DISCUSSION
	Conclusion



