
Vol.:(0123456789)1 3

Medical Microbiology and Immunology (2021) 210:73–80 
https://doi.org/10.1007/s00430-021-00699-1

ORIGINAL INVESTIGATION

Evaluation of 5 commercial assays for the detection of Mycoplasma 
genitalium and other Urogenital Mycoplasmas

Prenilla Naidu1,2   · Sandy Shokoples1 · Irene Martin3 · Nathan Zelyas1,4 · Ameeta Singh5

Received: 6 August 2020 / Accepted: 5 January 2021 / Published online: 17 February 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Abstract
The focus on urogenital mycoplasmas as the possible etiologic agents of urogenital infections and syndromes, has increased 
in the last decade. Of these, Mycoplasma genitalium is proven to be pathogenic and sexually transmitted. We compared 
five commercially available assays for the detection of these organisms in urogenital mycoplasma culture specimen rem-
nants. Stored specimen remnants were tested on Aptima Mycoplasma genitalium, Allplex™ STI Essential and CGMT, 
ResitancePlus®MG and Allplex™ MG & AziR Assays. All positive M. genitalium specimens and culture negative, nucleic 
acid positive Ureaplasmas were sent to the National Microbiology Laboratory for confirmation. The Aptima Mycoplasma 
genitalium assay detected 7 M. genitalium infections, the Allplex™ STI-EA and the Allplex™ CGMT detected 6 M. geni-
talium positives, and the Allplex™MG and AziR and SpeeDx ResistancePlus® MG detected 5 M. genitalium positives, four 
with macrolide resistant genes. The Allplex™ STI Essential assay was 100% sensitive and specific for Mycoplasma hominis 
and Ureaplasma targets. As seen in other studies, the Aptima Mycoplasma genitalium assay was 100% sensitive and spe-
cific for the detection of M. genitalium. The multiplex assays had lower sensitivities for M. genitalium detection (Allplex™ 
STI Essential and CGMT sensitivity of 85.71%; Allplex™ MG & AziR and SpeeDx ResistancePlus® MG sensitivity of 
71.43%) with high specificities of 100%. Assays tested have high sensitivities and specificities for the detection of urogenital 
mycoplasmas especially M. genitalium macrolide resistance markers. All labs wanting to perform onsite detection of these 
organisms will find an assay to easily fit into their workflow.
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Introduction

The focus on urogenital mycoplasmas as the possible etio-
logic agents of urogenital infections and syndromes, has 
increased in the last decade. These intracellular, cell wall 
deficient organisms present many difficulties in regards to 
specimen transportation, culture and antimicrobial suscepti-
bility testing in clinical laboratories. The rapid evolution of 
molecular detection assays has thus been instrumental in the 
recent increased focus on this family of organisms.

Mycoplasma genitalium has so far been the only organ-
ism in this group proven to be a “true” sexually transmit-
ted pathogen. The organism was first isolated from the 
urine of two males with non-gonococcal urethritis (NGU) 
and was thus first associated with male NGU, and, was 
subsequently shown to have an even stronger associa-
tion with non-chlamydial NGU; with some evidence that 
it can cause proctitis [1]. Although often asymptomatic 
in females, M. genitalium is associated with cervicitis, 
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endometritis and pelvic inflammatory disease [2]. A meta-
analysis has also associated M. genitalium with preterm 
birth, spontaneous abortion and female infertility [3]. With 
reported global prevalence rates of 1–6% rising as high as 
38% in high risk populations [2], the burden of this sexu-
ally transmitted infection lies between that of Neiserria 
gonorrhoeae and Chlamydia trachomatis. In addition, M. 
genitalium stimulates HIV replication [4], has been shown 
to convey a twofold increased risk of HIV infection among 
infected individuals [5], and M. genitalium infection likely 
increases HIV transmission to uninfected partners [6].

The American [7], European [8], Australian [9], United 
Kingdom [10] and Canadian [11] Sexually Transmitted 
Infections (STI) guidelines all recommend testing for and 
treating M. genitalium infection. Highly sensitive nucleic 
acid testing is the test of choice for detection since culture 
is less sensitive and M. genitalium grows slowly with cul-
tures taking six weeks to six months. In contrast, there are 
no recommendations for the routine detection and treat-
ment of Mycoplasma hominis, Ureaplasma urealyticum 
or Ureaplasma parvum. The American [7], European [8] 
and Canadian STI Guidelines [11] state that there is insuf-
ficient evidence to make any recommendations regarding 
these organisms as genitourinary pathogens. Our labora-
tory, a provincial referral and public health facility, con-
tinues to culture urogenital specimens for Mycoplasma 
and Ureaplasma species, a process that was implemented 
decades ago when the role of these organisms was less 
clear. There is no evidence that by reporting these organ-
isms, we are doing more good than harm and a recent 
position statement by the European STI Guidelines Edi-
torial Board recommended against routine testing and 
treatment for asymptomatic or symptomatic men and 
women for M. hominis, U. urealyticum and U. parvum 
[12]. The European statement only recommends testing 
for U. urealyticum in males with symptomatic urethritis 
after N. gonorrhoeae, C. trachomatis, M. genitalium and 
Trichomonas vaginalis (in settings with high prevalence) 
have been excluded and treatment only for males with high 
U. urealyticum loads.

We undertook this single site quality improvement study 
primarily to assess the sensitivity of culture of urogenital 
specimens for urogenital mycoplasmas, compared to that 
of five commercial molecular assays. We also sought to 
assess the ease of use, labor required and ease of introduc-
tion into the current work flow of our laboratory for each of 
the assays.

Materials and methods

Biological specimens

One hundred stored remnants of all genital and sterility 
specimens (30 culture positive and 70 culture negative) 
submitted to our laboratory from June to August 2018 for 
Mycoplasma culture were tested (Table 1). These specimens 
were submitted from province wide communities.

Laboratory testing

The commercial assays for M. genitalium evaluated were 
the Aptima Mycoplasma genitalium Assay (Hologic®, Mas-
sachusetts, USA), Allplex™ STI Essential Assay, Allplex™ 
CGMT (Seegene Technologies Inc., Seoul, South Korea), 
ResitancePlus®MG (SpeeDx, Sydney, Australia) (MgPa, 
A2058T, A2058C, A2058G, A2059C, A2059G,) and All-
plex™ MG & AziR (Seegene Technologies Inc., Seoul, 
South Korea) (MgPa, A2058T, A2058C, A2058G, A2059C, 
A2059G, A2059T). The characteristics of each assay is out-
lined in Table 2.

One positive M. genitalium sample was serially diluted 
and tested to compare the relative limit of detection of the 
assays since culture isolates were not available. In addition, 
blinded panels from the National Microbiology Laboratory 
(NML) were used; a 10 sample panel consisting of 2 M. 
genitalium, one M. hominis, one U. urealyticum and 3 U. 
parvum positive and 3 negative specimens, were tested on 
all assays and a panel of five M. genitalium positive sam-
ples with known mutations was tested on the two assays that 
detected macrolide resistance mutations.

All clinical samples were extracted using the EasyMag 
system (Biomerieux, North Carolina, USA). Samples 

Table 1   Specimen sources

F female, M male
*Storage and transport media for cells, tissues and organs from the 
tissue and organ donor bank

Source Positives Negatives

Urethra (F) 2 2
Urethra (M) 1 15
Urine 4
Vagina 1 5
Cervix 26 22
Sterilities* 22

30 70
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received from NML were extracted using the EasyMag 
or manually with the Qiagen QIAamp DNA mini kit if in 
Aptima (Hologic®, Massachusetts, USA) media. The DNA 
extracts of all positive M. genitalium specimens were sent to 
NML for confirmation by MgPa and to determine the pres-
ence of antimicrobial resistance mutations by sequencing 
the 23S rRNA, gyrA and parC genes [13]. Culture negative, 
nucleic acid positive U. urealyticum and U. parvum on the 
Allplex™ were confirmed by sequencing the Ureaplasma 
spp. EF-Tu and Ureaplasma 16S rRNA genes [14].

Statistical methods

Calculations of the relative limit of detection (LOD) and 
sensitivity and specificity were performed for each commer-
cial assay for the detection of their respective targets in the 
specimens.

Ethics approval for the study was obtained from the 
Human Research Ethics Board at the University of Alberta.

Results

The 22 culture negative sterility specimens tested negative 
on all assays for all targets. Of the 100 remnant specimens 
tested, results for the 78 clinical specimens are summarized 
in Table 3.

The Aptima Mycoplasma genitalium assay detected 
7 M. genitalium infections, the Allplex™ STI-EA and the 
Allplex™ CGMT detected 6 M. genitalium positives, and 
the Allplex™MG and AziR and SpeeDx ResistancePlus® 
MG detected 5 M. genitalium positives. The M. genitalium 
prevalence in this study was thus 8.97%, comparable to 
that of previous studies in our province [15, 16]. All 7 M. 
genitalium positives were confirmed by NML. The assays 
detected all of the Ureasplasma culture positive samples 
as either U. urealyticum or U. parvum or both. Nine of the 
22 (40.9%) culture positives reported as U. urealyticum 
were reported correctly; the other isolates were U. par-
vum. Culture cannot distinguish U. urealyticum from U. 
parvum and historic reporting of all culture positive, urea 
positive organisms on the Mycoplasma culture bench as 

Table 2   Characteristics of assays evaluated

TMA transcription-mediated, rRNA ribosomal RNA, PCR polymerase chain reaction, MG Mycoplasma genitalium, MH Mycoplasma hominis, 
UU Ureaplasma urealyticum, UP Ureaplasma parvum, TV Trichomonas vaginalis, CT Chlamydia trachomatis, NG Neisseria gonorrhoeae

Assay Targets Specimens Instrument Health 
Canada 
Approved

Aptima Mycoplasma genitalium 
assay (TMA)

Targeting the rRNA of MG Vaginal, endocervical, urine, 
urethral, penile meatal swabs, 
PreservCyt™

Panther (Hologic) Yes

Allplex™ STI Essential Assay 
(real-time PCR)

MG, MH, UU, UP, TV, CT, NG Urine, genital swabs, liquid 
based cytology

CFX96™ Real Time PCR 
System (Bio-Rad)

No

Allplex™ CGMT MG,TV, CT, NG Urine, genital swabs, liquid 
based cytology

CFX96™ Real Time PCR 
System (Bio-Rad

No

Allplex™ MG & AziR MG + 6 rRNA macrolide resist-
ance mutations

Urine, genital swabs, liquid 
based cytology

CFX96™ Real Time PCR 
System (Bio-Rad

No

SpeeDx ResistancePlus® MG 
(Taqman qPCR)

MG + 5 rRNA macrolide resist-
ance mutations

Urine, endocervical, urethral 
swabs, liquid based cytology

On any instrument supporting 
the Taqman assays

Yes

Table 3   Results of 78 clinical 
specimens

UU Ureaplasma urealyticum, UP Ureaplasma parvum, MH Mycoplasma hominis, MG Mycoplasma geni-
talium, pos positive, neg negative, Msp Mycoplasma species

Culture Seegene SpeeDx Hologic

UU pos UP pos MH pos MG pos MG pos MG pos

Culture neg (48) 0 2 0 4 4 5
UU (20) 7 15 2 1 0 1
MH (2) 0 0 2 0 0 0
UU + MH (7) 2 5 7 1 1 1
UU + Msp (1) 0 1 1 0 0 0

9 23 12 6 5 7
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U. urealyticum, was maintained. All of the culture positive 
M. hominis were detected. As is common when comparing 
molecular assays to culture, the assays detected two M. 
hominis and 6 U. parvum that did not grow in culture. The 
two M. hominis that were missed in culture were detected 
in specimens from which U. urealyticum were cultured.

Macrolide resistance gene detection was similar on See-
gene and SpeeDx assays with the Seegene assay results 
providing the specific single nucleotide polymorphism 
(SNP) responsible for resistance (Table 4). The A2058G 
mutation was found in 3 of the 4 specimens with mac-
rolide resistance markers. The two M. genitalium positive 

specimens that were not detected on the resistance assays 
had the A2059G mutation when tested at NML.

The sensitivity and specificity of the assays are listed in 
Table 5. The NML result was used to resolve discrepant 
results between culture and the assays. The Allplex™ STI 
Essential assay was highly sensitive (100%) and specific 
(100) for M. hominis, U. urealyticum and U. parvum targets. 
As seen in other studies, the Aptima Mycoplasma genitalium 
assay is highly sensitive (100%) and specific (100%) for the 
detection of M. genitalium. The multiplex assays had lower 
sensitivities for M. genitalium detection (Allplex™ STI 
Essential and CGMT had the same sensitivity of 85.71%; 
Allplex™ MG & AziR and SpeeDx ResistancePlus® MG 
both had sensitivities of 71.43%) while they all maintained 
high specificities of 100%.

Testing of the blinded panels produced 100% concord-
ance on all assays.

The relative LOD and end point variability of the assays 
were tested by performing ten-fold serial dilutions on one 
specimen and testing these in triplicate over two days. All 
assays detected M. genitalium in the 10–3 dilution. The num-
ber of cycles for target detection (ct) increased as expected 
by three cycles for each dilution. The Allplex™ STI-EA 
is almost a log more sensitive that the Allplex™ MG & 
AziR assay, as was observed with one M. genitalium positive 
specimen (ct of 37.5 on the Allplex™ STI-EA and 39.8 on 

Table 4   Results of Macrolide Resistance Marker Detection

MG + Mycoplasma genitalium positive, WT wild type, MT macrolide 
resistance mutation

Allplex™ MG & AziR SpeeDx ResistancePlus® 
MG

MG +  WT/MT MG +  WT/MT

1 WT 1 WT
1 A2059G 1 MT
1 A2058G 1 MT
1 A2058G 1 MT
1 A2058G 1 MT

Table 5   Sensitivity and Specificity of the Assays Evaluated in this Study*

UU Ureaplasma urealyticum, UP Ureaplasma parvum, # culture results did not discriminate UU from UP, MH Mycoplasma hominis, MG 
Mycoplasma genitalium
*Positive results are those obtained by culture or sequencing confirmation

Assay Sensitivity (%) 95% confidence 
interval

Specificity (%) 95% 
confidence 
interval

Seegene UU + UP#

(Allplex™ STI Essential)
100 89.7–100 100 91.9–100

Seegene MH (Allplex™ STI Essential) 100 69.1–100 100 94.7–100
Seegene MG (Allplex™ STI Essential & CGMT) 85.7 42.1–99.6 100 94.9–100
Allplex™ MG & AziR 71.4 29.1–96.3 100 94.9–100
SpeeDx ResistancePlus® MG 71.4 29.1–96.3 100 94.9–100
Aptima Mycoplasma genitalium assay 100 59.0–100 100 94.9–100

Table 6   Number of cycles 
for target detection in relative 
limit of detection testing of the 
Allplex™ assays

*Tenfold serial dilutions

Dilution* Allplex™ STI EA Allplex™ CGMT Allplex™ MG & AziR

Neat 26.01 28.5 28.74

−1 29.67 29.5 29.16 31.55 31.41 31.22 31.89 31.77 32.21
−2 32.71 32.73 33.03 35 34.38 34.43 35.94 35.59 35.25
−3 0 36.92 0 38.31 40.78 39.7 39.79 0 41.8
−4 0 38.25 0 0 0 0 0 40.55 0
−5 0 0 0 0 0 0 0 0 0



77Medical Microbiology and Immunology (2021) 210:73–80	

1 3

the Allplex™ CGMT) that was not detected on this assay. 
End point variation began at a ct of 37 for the Allplex™ 
STI Essential and the Allplex™ CGMT assays, at a ct of 
40 for the Allplex™ MG & AziR assay and at a ct of > 30 
for the SpeeDx ResistancePlus® MG assay (Tables 6, 7). 
Since quantified M. genitalium organisms were not avail-
able for this study, similar testing of the Hologic assay was 
not performed.

The workflow (Table 8) for the Seegene and SpeeDx 
assays were the same requiring all the same steps and hands-
on time (75 min) with the Hologic assay requiring only 
15 min for a larger specimen volume (250 versus 96). The 
assay run time was fastest for the SpeeDx assay (40 min), 
slowest for the Hologic assay (180 min) with 120 min for 
the Seegene assays.

Discussion

The results of our study confirm that the molecular assays 
we tested were more sensitive than culture. As anticipated, 
the use of more sensitive nucleic acid amplification (NAA) 
tests also detected previously undiagnosed M. genitalium 

infections that could not be detected using culture. We 
suspect that most clinicians are unaware that the routinely 
offered culture for urogenital mycoplasmas does not iden-
tify M. genitalium due to its fastidious and very slow 
growth. The Hologic assay emerged as the most sensitive 
(100%) for M. genitalium detection and is consistent with 
other studies which have reported sensitives ranging from 
99.1 to 100% in the Nordic countries [17] and 100% in 
a French study [18]. The M. genitalium detection rate in 
this small convenience sample was 8.9%, which is similar 
to our previous studies reporting prevalence rates of 7.4% 
and 6.2% among female and male STI clinic attendees in 
Alberta [15, 16]. Despite this assay’s high sensitivity, it is 
at a disadvantage due to the lack of macrolide resistance 
gene detection. Mutations that confer antibiotic resist-
ance to macrolides for M. genitalium are concentrated in 
nucleotide positions 2058 and 2059 in region V of the 
23S rRNA gene [19]. Jensen et al. first reported azithro-
mycin failure in patients with M. genitalium associated 
with induced macrolide resistance and mutations in the 
23S rRNA gene [19]. Since then multiple studies have 
confirmed the rapid emergence of mutations conferring 
resistance to macrolides [20–26]. Many guidelines now 
recommend that all positive M. genitalium assays be reflex 
tested to determine mutations for macrolide resistance to 
guide treatment [8–11]. The majority of specimens identi-
fied with 23S rRNA macrolide resistance conferring muta-
tions in this study were A2058G, which is similar to other 
Canadian studies [27].

To the best of our knowledge, ours is the first study to 
directly compare the performance of the two commercially 
available assays that detect M. genitalium and macrolide 
resistance markers. Both assays had the same sensitivity 
and specificity (Table 5) with the Allplex™ MG & AziR 
assay detecting six macrolide resistance mutation SNPs and 
providing the detected SNP in the result. This is useful for 

Table 7   Number of cycles for target detection in relative limit of 
detection testing of the SpeeDx ResistancePlus® MG

*Tenfold serial dilutions

Dilution* SpeeDx SpeeDx SpeeDx
Neat 20.17

−1 23.29 23.22 23.51
−2 26.33 26.88 27.25
−3 30.33 28.63 30.29
−4 0 0 0
−5 0 0 0

Table 8   Workflow*

*Seegene and SpeeDx assay workflows are for 24 specimens per run and the Hologic assay workflow is for 
250 specimens. Tasks not included in this table: preparation of the reagents for the Hologic assay = 15 min 
for 250 tests; travel time between preparation area for all assays

Hands On time (minutes) Instrument Run Tine (minutes)

Seegene EA SpeeDx Hologic Seegene EA SpeeDx Hologic

Extraction 30 30 0
Easymag run time 40 40 0
Software entry/run set up 5 5 0
Master mix preparation 10 10 0
Pipetting samples 10 10 0
Loading instrument 5 5 10
Run time of assay 120 40 180
Analysis of results 15 15 15
Total hands-on time 75 75 15
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surveillance purposes. The ResitancePlus®MG detects five 
macrolide resistance mutation SNPs reporting the results as 
either mutant type or wild type (Table 4). Macrolide resist-
ance mutations were detected in 6 of the 7 samples that 
tested positive for M. genitalium. While these numbers are 
too small to infer a macrolide resistance rate for this study, 
it is consistent with the high the rates (53.3% and 56.5%) 
of macrolide resistance of M. genitalium in our province 
[15, 16]. With one multi-center Canadian study reporting 
an overall macrolide resistance of 40% in Canada [15], real-
time macrolide resistance gene detection is necessary to 
guide appropriate patient management.

Interestingly, U. urealyticum, U. parvum and M. homi-
nis were identified in 53.8% of the tested specimens (8.9%, 
29.5% and 15.4% respectively). These organisms are fre-
quently found in the urogenital tract in both healthy and 
symptomatic individuals [28]. The role of these organisms 
as pathogens in the human urogenital tract has been contro-
versial for many years but a recent position statement from 
the European STI Guidelines Editorial Board argues against 
the routine testing for these organisms [12]. The rationale for 
this recommendation is that U. urealyticum in high bacte-
rial loads might cause a small proportion of NGU but the 
majority of men infected with U. urealyticum do not develop 
disease and, antibiotic treatment which results in clearance 
of infection is difficult [12]. Unfortunately, this will be chal-
lenging since many commercially available assays for uro-
genital mycoplasmas offer testing for multiple organisms 
including U. urealyticum, U. parvum and M. hominis. The 
European guidelines recommend testing for U. urealyticum 
only in symptomatic males when other traditional STI organ-
isms (N. gonorrhoeae, C. trachomatis, M. genitalium and 
T. vaginalis) have been excluded. Unfortunately, since our 
study was laboratory based, we were unable to determine 
if the samples were submitted from symptomatic persons. 
Horner et al. also recommend against testing for M. hominis 
and U. parvum and instead that other STIs and bacterial vag-
inosis be diagnosed and treated. The US and Canadian STI 
guidelines make no specific recommendation for or against 
screening for non M. genitalium mycoplasmas citing insuf-
ficient data to make specific recommendations [7, 11].

It is well known that multiplex assays compromise on 
sensitivity to provide simultaneous detection of numerous 
targets. It was thus not surprising that the multiplex assays 
had lower sensitivities (sensitivity of M. genitalium detection 
of the Allplex STI EA and the Allplex™ CGMT = 85.71%). 
M. genitalium plus macrolide resistance gene detection 
assays had the lowest M. genitalium detection sensitivities 
of all the assays tested as they missed the detection of M. 
genitalium in two specimens; giving both of these assays a 
sensitivity of 71.4%. However, when compared to an inabil-
ity of culture to detect M. genitalium in a clinical laboratory, 
these sensitivities provide a vast improvement. The lower 

sensitivities obtained in this study may be attributed to the 
use of frozen specimen remnants. Le Roy et al. and Tabrizi 
et al. found higher sensitivities of 98. 9 and 98.5% respec-
tively, using the SpeeDx ResistancePlus® MG [29, 30]. It is 
reassuring in our study that these assays maintained a high 
specificity of 100%.

The relative limit of detection for the Seegene and Spee-
Dex assays were the same. For the Allplex™ STI Essential 
and Allplex™ CGMT panel assays, the manufacturer rec-
ommends a ct cutoff of < 40 for positive results. Since the 
observed end point variation for these assays in this study 
began at around a ct of 37, the cutoff for routine testing 
may need to be adjusted during validation and verification 
of the assay. A similar finding with the Allplex™ MG & 
AziR where end point variation was seen around a ct of 
40 and the manufacturer recommends a ct cutoff of ≤ 45 
for positive results. On the SpeeDx ResistancePlus® MG 
assay, end point variation occurred around a ct of 30. This 
assay has no interpretive recommendations as the assay 
software (Fastfinder by UgenTec, Hasselt, Belgium) per-
forms the interpretation and provides the result.

There are a few limitations to our study. Firstly, it is a 
single center study evaluating a small convenience sam-
ple of frozen stored urogenital specimens thus making it 
difficult to accurately assess prevalence of infection and 
macrolide resistance. Since the specimens were submit-
ted without accompanying clinical information, we were 
unable to determine if these were from symptomatic per-
sons and/or if they had received previous treatment but 
we suspect that the samples were likely from patients with 
recurrent/repeated symptoms and those who had failed 
empiric therapy as recommended in the Canadian STI 
Guidelines [11]. Since only a small proportion of speci-
mens were vaginal swabs (7.7%), we were unable to assess 
the difference in test performance by urogenital specimen 
type. Finally, the lack of quantified cultured organisms of 
each species, prevented the determination of true limits of 
detection for each assay.

Conclusion

Our study demonstrated that the evaluated commercial 
assays have high sensitivities and specificities for the detec-
tion of urogenital mycoplasmas and in particular, the detec-
tion of M. genitalium macrolide resistance markers. We also 
confirmed the high prevalence of organisms (M. hominis, 
U. parvum, U. urealyticum) now considered to be primar-
ily non-pathogenic in most clinical situations. Selection of 
assay will depend on the specimen volume and workflow of 
different clinical laboratories. Consideration should be given 
to suppressing the results for non M. genitalium mycoplasma 
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species from multiplex assays except in select situations 
(e.g., positive results for U. urealyticum in symptomatic 
males with NGU where other STI pathogens have been 
excluded) as a positive result may result in inappropriate 
treatment. Future research should investigate the unresolved 
issues regarding non M. genitalium mycoplasmas.
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