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Background: Sexually	transmitted	diseases	easily	spread	among	sexually	active	people	
and	often	have	no	symptoms.	Rapid	and	accurate	method	for	detecting	these	infec-
tions	 are	 necessary	 in	 early	 stages.	 The	 traditional	 detection	methods	 of	 them	are	
	difficult	and	time—consuming.
Methods: In	this	study,	multiplex	real	time	PCR	was	optimized	for	rapid	identification	
of	Chlamydia trachomatis	and	Mycoplasma hominis	in	a	single	tube	and	was	performed	
with	our	designed	primers.	The	sensitivity	test	was	carried	out	to	designed	primers	
with	diluted	genomic	DNA.	To	defined	the	specificity,	non	STD	bacteria	were	used	as	
DNA	template.
Results: This	study	 indicated	that	the	developed	multiplex	real	time	PCR	can	be	an	
	effective	alternative	procedure	to	the	conventional	methods	for	rapid	and	accurate	
identification	of	C	Chlamydia trachomatis	and	Mycoplasma hominis.	Multiplex	real-	time	
PCR	Results	of	them	were	checked	with	melting	curves.	The	sensitivity	of	our		designed	
primer	by	multiplex	real	time	PCR	for	Chlamydia trachomatis	and	Mycoplasma hominis 
were	4.78×1010	and	8.35×1010,	respectively,	Which	the	primers	did	not	amplify	any	
product	from	a	non-	STD	species.
Conclusions: Multiplex	 real	 time	 PCR	 by	 our	 new	 primers	 and	 analysis	 of	 melting	
curves	were	 successfully	 usable	 for	 rapid	 and	 accurate	detection	of	Chlamydia tra-
chomatis	and	Mycoplasma hominis.	This	assay	instead	of	traditional	culture	method,	has	
considerable	potential	to	be	rapid,	accurate	and	highly	sensitive	molecular	diagnostic	
tool	for	simultaneous	and	direct	detection.
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1  | INTRODUCTION

Sexually	transmitted	diseases	are	common	infections	among	sexually	
active	youth	and	adolescents.1	Risky	behavior	of	 individuals	 lead	 to	
an	 increased	 risk	 of	 transmitted	 infections.	 Nowadays,	 despite	 de-
velopment	of	diagnostic	tests	and	treatment,	they	are	still	the	major	
concern	of	clinicians	around	the	world.2,3 Chlamydia trachomatis	and	
Mycoplasma hominis	 are	 the	 most	 common	 infections	 than	 other	
STDs.4,5	The	most	 cases	 of	C. trachomatis	 and	M. hominis	 infections	

are	asymptomatic	and	cannot	be	detected	accurately.6	Approximately	
70%-	80%	of	C. trachomatis	infections	are	undetectable,	because	they	
often	have	no	 symptoms.2,4	Also,	M. hominis	 can	be	 separated	 from	
genital	tract	infections	of	35%	of	asymptomatic	men	and	women.7,8

Chlamydia trachomatis	 is	 a	gram-	negative	bacterium,	non-	motile,	
pleomorphic,	 an	 obligate	 intracellular	 human	 pathogen,	 and	 18	 dif-
ferent	 serotypes	 of	 them	 are	 known.	 Serotype	D	 through	 to	 K	 are	
associated	with	 genital	 tract	 infections.5,9 Mycoplasma hominis	 is	 an	
intracellular	 gram-	negative	 bacterium,	 pleomorphic,	 0.2-	0.3	μm in 
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diameter,	and	is	one	of	the	smallest	bacteria	without	cell	wall,	which	
instead	of	it,	contains	a	three-	layered	membrane	including	sterol.	Also,	
this	bacterium	is	capable	of	parasitic	and	saprophytic	existence,	and	
able	to	self-	replication.8-10

These	two	bacteria	are	able	to	cause	genital	 tract	 infections	and	
non	gonococcal	urethritis.8-12	These	infections	may	develop	urethritis,	
proctitis	and	pharyngitis	in	both	males	and	females	and	on	the	other	
hand,	in	female	may	cause	ectopic	pregnancy,	abortion,	and	pelvic	in-
flammation	disease.	Moreover,	they	have	the	potential	for	transferring	
to	infant.4,6,7,13	There	is	a	widespread	belief	that	Chlamydia	infections	
increase	the	risk	of	cervical	cancer.14	The	role	of	M. hominis	is	in	pel-
vic	inflammatory	disease,	bacterial	vaginosis,	and	can	be	attached	to	
the	head,	middle,	and	tail	of	sperm	(required	to	obtain	steroids),	and	
causes	 sperm	 immobility	 and	 even	 penetrates	 into	 the	 sperm.15-18  
Bacterial	 detection	 of	 C. trachomatis	 is	 difficult	 using	 conventional	
method.3,19,20	 Also,	 the	 conventional	 identification	 of	M. hominis	 is	
culture	 on	 complex	 medium	which	 is	 time-	consuming.4	 Nowadays,	
improvements	in	the	molecular	detection	technologies	have	produced	
more	deeply	and	sensitively	than	conventional	methods	in	the	labora-
tory.21-23	Recently,	multiplex	real	time	PCR	method	is	used	due	to	high	
sensitivity	and	specificity	as	a	routine	test	for	diagnosis	of	infectious	
in	the	clinical	microbiology	laboratories.24,25	 In	this	survey,	multiplex	
real-	time	PCR	was	optimized	for	rapid	identification	of	C. trachomatis 
and	M. hominis	in	single	tube.

2  | MATERIALS AND METHODS

2.1 | Clinical specimens

A	 total	 of	 200	 endocervix	 samples	were	 aseptically	 collected	 using	
Dacron	swabs	by	 the	gynecologists	 from	symptomatic	women	who	
referred	 to	 the	Women	Reference	Hospital,	 (Tehran,	 Iran)	 during	 a	
period	of	12	months	from	June	2013	to	June	2014.	Swabs	were	inoc-
ulated	 into	 tubes	containing	PPLO(pleuropneumonia-	like	organisms)	
broth	as	transport	medium	for	M. hominis	and	2-	SP(2-	sucrose	phos-
phate)	transport	medium	for	C. trachomatis.	Then,	swabs	were	placed	
in	phosphate	buffer	solution(PBS)	and	 immediately	 frozen	at	−70°C	
for	later	PCR	assays.

2.2 | Mycoplasma homonis culture

The	samples	were	filtered	through	0.45	μm	filter	membrane	and	were	
inoculated	 in	 specific	 arginine	 PPLO	 broth	 medium	 (Biolife,	 Italy)	
then,	were	 incubated	 at	 37°C	 for	 5	days.	 Inoculated	medium	broth	

was	checked	out	for	color	changes	daily,	from	yellow	to	purple.	Next,	
suspected	 samples	were	 cultured	 on	 arginine	 PPLO	 agar	 and	were	
incubated	at	37°C	for	5-	7	days,	until	M. hominis	colonies	appear	like	
fried-	egg	shaped,	which	directly	were	observed	by	microscope.26-28

2.3 | Genomic DNA extraction

The	swab	samples	put	and	 frozen	 in	PBS	were	dissolved,	and	DNA	
extractions	were	done	according	 to	 the	manufacturer’s	 instructions	
(Bioflux,	China).	To	determine	concentrations	and	purity	of	extracted	
DNA,	 UV-		 photometer	 (Nanolytik,	 Germany)	 was	 used	 at	 260	 and	
280	nm.	Purified	DNA	was	stocked	at	−70°C	until	further	analysis.

2.4 | Primer designing and in silico confirmation

DNA	 targets	 for	 primer	 designing	 included:	 gap	 gene	 of	M. hominis 
and	momp	gene	of	C. trachomatis	which	were	deposited	in	NCBI	da-
tabase.	Conserved	regions	were	selected	for	primer	designing,	after	
aligning	 of	 35	 of	 target	 sequences	 by	 bioedit	 multiple	 alignment	
software	(Bioedit	7.1,	An	Abbott	company,	Carlsbad,	CA,	USA).	Also,	
oligonucleotide	 primers	were	 designed	 using	 gene	 runner	 software	
(version	4,	Helio	Genetics	Corporation,	East	Hanover,	NJ,	USA).	Then,	
designed	 primers	were	 confirmed	 by	 primer	 and	 nucleotide	 BLAST	
tools	(National	Center	for	Biotechnology	Information).	The	primer	se-
quences,	their	amplicon	lengths,	and	melting	temperature	(Tm)	values	
are	provided	in	Table	1.

2.5 | Run PCR for detection two bacteria

The	PCR	reaction	was	set	up	using	positive	control	DNA	from	C. tra-
chomatis	ATCC	VR628T	and	M. hominis	ATCC	23114	 for	 the	blank.	
C. trachomatis	 and	M. hominis	 were	 detected	 by	 PCR	 reaction.	 The	
conventional	single	PCR	assay	was	carried	out	for	these	two	patho-
gens.	Then,	 the	duplex	PCR	 reactions	were	also	done	and	 the	PCR	
amplification	conditions	were	same	as	that	of	 the	assay	accordance	
with	 the	 manufacturer’s	 protocol.	 Amplification	 reactions	 were	 ac-
complished	in	a	final	volume	of	25	μL,	containing	5	μL(5-	10	ng/μL)	of	
template	DNA,	 12.5	μL	 of	 the	Master	mix	 PCR	 solution	 (Ampliqon,	
Odense,	Denmark),	and	1	μL	(10	pmol/μL)	of	each	reverse	and	forward	
primer.	 The	 reaction	mixture	was	 incubated	 for	 5	minutes	 at	 94°C,	
then	 followed	by	35	 cycles	of	1	minute	 at	94°C,	1	minute	 at	60°C,	
1	minute	at	72°C,	and	a	final	elongation	step	of	5	minutes	at	72°C.	
The	PCR	products	were	run	on	2.0%	agarose	gel	electrophoresis	with	
DNA	size	marker	 (100	bp)	 (Thermo	Fisher	Scientific,	Waltham,	MA,	

TABLE  1 Primers	used	for	detection	Chlamydia trachomatis,	and	Mycoplasma hominis	by	Real	Time	PCR

Species Target gene Sequence Product size Amplicon Tm

C. trachomatis momp F:TGGAGTTAAATGGTCTCGAGC 194	bp 85.5°C

R:GATTTCATCTTGTTCAATTGCA

M. hominis gap F:TGGTTCCAACAACAACAGG 111	bp 81.5°C

R:CGAATGATCCAGTTATTGTTG
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USA)	to	confirm	the	size	of	amplicons.	Finally,	real	time	PCR	products	
were	purified	and	sequenced	(Macrogen,	Seoul,	South	Korea)	for	con-
firming	of	amplified	regions.

2.6 | Detection of target bacteria by real- time PCR

Real	time	PCR	was	performed	using	SYBR	green	PCR	(Ampliqon)	and	
Exicycler	96	 (Bioneer,	Daejeon,	South	Korea).	Reaction	mixture	con-
tained:	1.0	μL	of	each	primer	(10	pmol/μL),	12.5	μL	SYBR	green	I	PCR	
master	mix,	2	μL	of	purified	DNA	(5	ng/μL),and	8.5	μL	free	water.	The	
real	time	PCR	was	done	in	25	μL	final	volume.	The	reaction	protocol	
was	 accomplished	 as	 following:	 an	 initial	 step	of	5	minutes	 at	95°C,	
a	40	amplification	cycle	consisting	of	95°C	for	15	seconds,	and	60°C	
for	30	seconds.	We	used	three	targets	that	were	amplified	in	a	single	
reaction:	the	major	outer	membrane	protein	(momp)	gene	for	detection	
of	 C. trachomatis,	 glyceraldehyde-	3-	phosphate	 dehydrogenase	 (gap)	
housekeeping	 gene	 for	 identification	 of	M. hominis,	 and	 an	 internal	
control	29	(16S	rRNA).	At	the	end	of	the	amplification,	melting	tempera-
ture	program	was	performed	by	ramping	from	65°C	to	90°C	at	0.1°C/s	
and	fluorescence	was	measured	during	each	cycle.	Next,	the	melting	
curves	of	the	real	time	PCR	products	of	C. trachomatis	and	M. hominis 
were	analyzed.	Individual	real	time	PCR	assays	were	done	prior	to	mul-
tiplexing	for	all	the	three	primer	pairs	to	record	their	exact	melt	peaks.

Two	 hundred	 clinical	 samples	 were	 obtained	 from	 symptomatic	
women	who	referred	to	the	Women	Reference	Hospital,	(Tehran,	Iran).	
Detection	of	bacteria	were	carried	out	by	standard	tests	which	include:	
Gram	stain	which	followed	by	specific	biochemical	tests	for	M. hominis. 
Afterward,	the	swab	samples	put	and	frozen	in	PBS	were	dissolved,	and	
DNA	extractions	were	 accomplished,	 according	 to	 the	manufacturer’s	
instructions	(Bioflux,	Bidong	Island,	China).	Then	Multiplex	real	time	PCR	
was	performed.

2.7 | Determination of sensitivity and specificity of 
real time PCR

To	confirm	the	sensitivity	and	specificity	of	the	test,	the	positive	and	
negative	control	specimens	were	also	blindly	re-	examined.	Evaluation	
of	the	sensitivity	of	test	for	current	designed	primer	was	performed	
by	real	time	PCR	with	diluted	genomic	DNA	in	100	μg,	10	μg,	100	ng,	
10	ng,	 and	100	pg	 concentrations.	 For	 specificity,	 bacterial	DNA	of	
Lactobacillus acidophilus,	 Gardnerella vaginalis,	 and	 Streptococcus 
 agalactiae	were	used	as	template	in	real	time	PCR.

3  | RESULTS

3.1 | Conventional PCR assay

Conventional	PCR	was	performed	as	a	duplex	to	show	the	different	
gene	amplicon	sizes	of	the	two	organisms.	The	size	of	C. trachomatis 
momp	 gene	amplicon	and	M. hominis gap	 gene	amplicon	are	194	bp	
and	 111	bp,	 respectively.	 Also,	 Conventional	 multiplex	 PCR	 was	
	carried	 out	 for	 two	 organisms.	 PCR	 amplicons	 were	 confirmed	 by	
	sequencing	and	aligning	with	NCBI	database	using	BLAST.

3.2 | Multiplex real time PCR assay

Rapid	 detection	of	C. trachomatis	 and	M. hominis	was	 developed	by	
multiplex	 real	 time	 PCR	method	 and	were	 identified	 based	 on	 the	
melt	curve	analysis.	New	designed	primers	to	the	detection	of	these	
bacteria	were	individually	examined	with	crude	DNA	of	C. trachomatis 
and	M. hominis.	The	developed	multiplex	real	time	PCR	in	this	survey	
can	 be	 used	 as	 a	 simple	 and	 useful	 alternative	 to	 the	 conventional	
methods	 for	 rapid	 and	 accurate	 identification	 of	C. trachomatis	 and	
M. hominis	 (Figure	1C).	 Also,	 SYBR	 Green	 Real	 time	 PCR	 was	 first	
performed	for	each	of	the	two	genes	with	their	respective	primers	in	
separate	reaction	tubes.	The	multiplex	reaction	was	optimized	in	two	
studied	genes	and	were	identified	based	on	the	melting	curve	analysis	
and	 represented	 two	peaks:	 In	 reaction	1	C. trachomatis	 (Figure	1A)	
represented	a	major	peak	with	Tm	value	85.5.	In	reaction	2,	M. hominis 
represented	 a	 small	 peak	with	 Tm	value	81.5	 (Figure	1B).	 The	PCR	
products	were	analyzed	by	agarose	gel	electrophoresis.

3.3 | Detection of STD pathogens in clinical samples

Multiplex	 real	 time	 PCR	was	 performed	 on	 200	 clinical	 specimens.	
Forty	of	them	showed	amplification	curves	and	melt	peaks	for	C. tra-
chomatis	 and	M. hominis.	 The	 end,	 the	 sensitivity	 of	 our	 designed	
primer	by	multiplex	 real	time	PCR	 for	C. trachomatis	 and	M. hominis 
were	 4.78×1010	 and	 8.35×1010,	 respectively	which	 the	 primers	 did	
not	amplify	any	product	from	a	non-	STD	species.

4  | DISCUSSION

Since	STDs	are	on	the	rise	and	symptoms	may	not	appear	immediately,	
infections	and	complications	of	them	are	not	 limited	to	patients	thus,	
can	be	transmitted	to	other	people.	Furthermore,	in	pregnancy	can	be	
passed	to	 infant,	which	 the	possible	consequences	can	occur	such	as	
spontaneous	 abortion,	 premature	 birth,	 stillbirth,	 intrauterine	 death,	
low	birth	weight,	 eye	 and	 lung	 infections	 in	 babies.4,27,30	Also,	 in	 the	
cases	of	 lack	of	treatment,	 there	might	be	serious	complications	such	
as	infertility,	ectopic	pregnancy,	cervical	cancer,	uterine	rupture	occur	
bleeding,	and	ultimately	causing	death.	According	to	the	World	Health	
Organization	 report,	 approximately	 90	million	 people	 infect	 annually	
with	C. trachomatis	around	the	world	and	this	infection	is	more	common	
among	other	cases	of	STDs.6,31	Also,	M. hominis	 is	 the	most	common	
genital	mycoplasma	which	causes	genitourinary	syndromes	and	may	in-
duce	perinatal	infections.13	Therefore,	detection	of	these	bacteria	from	
infected	women	has	special	 significance.	According	 to	 the	mentioned	
effects	 of	 genital	 diseases,	 prevention,	 screening,	 and	 treatment	 are	
extremely	important.	The	C. trachomatis	 is	able	to	grow	in	cell	culture,	
which	is	time-	consuming	and	costly.19,20,32	Moreover,	M. hominis	culture	
which	 is	 considered	 as	gold	 standard	method	 in	 clinical	 laboratory,	 is	
time-	consuming,	 requires	 live	organism,	and	may	yield	ambiguous	 re-
sults.4	Molecular	methods	can	be	a	useful	tool	to	detect	these	two	bacte-
ria.	The	main	advantages	of	molecular	techniques	for	detecting	of	STDs	
are	high	sensitivity	and	specificity,	 lower	response	time,	simultaneous	
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detection	of	several	pathogens,	lower	cost	for	routine	use,	easy	samples	
collection,	and	screening.12,	21-23,	33	According	to	the	role	of	C. trachoma-
tis	and	M. hominis	in	genital	tract	infections,	their	detection	is	extremely	
important.	The	results	of	this	study	illustrated	that	the	designed	primers	
have	a	high	degree	of	sensitivity	and	specificity	for	detection	and	identi-
fication	of	these	two	bacteria	in	genital	tract	infections.

The	multiplex	real	time	PCR	method	was	used	for	early	detection	
of	specific	target	species	to	prevent	transmission	and	treatment	of	dis-
ease,	due	to	time-	consuming	process	of	gold	standard	procedures	and	
difficult	diagnostic	of	some	fastidious	species.	The	real	time	PCR	has	
several	advantages	such	as:	rapid	availability	of	results,	high	sensitiv-
ity	and	specificity	also,	no	post-	PCR	contamination	 in	compare	with	
traditional	PCR.	Different	based	on	melting	curve	is	a	powerful	tool	to	

distinguish	different	sequences.34	Furthermore,	real	time	PCR	which	is	
used	in	clinical	diagnostics	and	the	multiplex	assay,	can	be	valuable	for	
the	detection	of	C. trachomatis	and	M. hominis	infections.

Recently,	 several	 researchers	 used	 in-	house	 or	 commercial	 PCR	
assays	 to	 identify	STD	bacteria	by	detecting	 the	16S rDNA	 gene	or	
other	genes	in	s-	PCR	or	m-	PCR.35,36	The	purpose	of	our	study	was	to	
develop	multiplex	 real	time	PCR	 to	 rapid	and	accurate	detection	of	
STDs,	with	selection	of	appropriate	target	genes	and	oligonucleotide	
primers,	in	the	simultaneous	amplification	of	these	target	genes	in	two	
reaction	tubes,	under	same	PCR	condition.	We	used	the	major	outer	
membrane	 protein	 (momp)	 gene	 for	 detection	 of	C. trachomatis	 and	
glyceraldehyde-	3-	phosphate	dehydrogenase	(gap)	housekeeping	gene	
for	identification	of	M. hominis.

F IGURE  1 Melting	curve	analysis	of	
multiplex	real-	time	PCR.	Melting	curves	
for	the	selected	genes	of	the	2	STDs	in	
a	singleplex	PCR	reaction	for	Chlamydia 
trachomatis	(A),	Mycoplasma hominis	(B)	and	
Duplex	of	C. trachomatis	and	M. hominis	(C)
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In	a	study	by	Aguilera-	Arreola	et	al.35	 in	mexico	city	by	multiplex	
PCR	and	designed	primer	that	amplify	species	specific	16S	rDNA	tar-
get	regions	of	C. trachomatis	 (402	bp)	Neisseria gonorrhoeae	 (694	bp),	
M. hominis	(604	bp)	and	Ureaplasma urealyticum	(898	bp)	from		genomic	
DNA.While	we	used	multiplex	real	time	PCR	method	by		designed	prim-
ers	to	gap	gene	for	M. hominis	(111	bp)	and	momp	gene	for	C. trachoma-
tis)	194	bp).	They	have	reported	that	for	the		evaluation	of	the	specificity	
of	the	multiplex	PCR	assay,	the	strains	of	S.  agalactiae Staphylococcus 
saprophyticus, L. acidophilus, G. vaginalis, and N.  gonorrhoeae	were	ap-
plied	as	DNA	template,	which	the	primers	did	not	amplify	any	product	
from	a	non-	STD	species,	that	this	result	was	almost	similar	to	our	find-
ing.	Also,	 the	 result	 of	 determination	of	 sensitivity	by	 serial	 dilution	
DNA	for	C. trachomatis	and	M. hominis	were	5.12×105	and	61.19×106 
copies	of	a	DNA	template,	respectively.35	Whereas,	the	sensitivity	of	
our	designed	primer	by	multiplex	real	time	PCR	for	C. trachomatis	and	
M. hominis	were	4.78×1010	and	8.35×1010,	respectively.

This	difference	results	occurred	because	of	the	used	target	DNA	as	
a	template	for	amplification,	sequence	primer,	lengh	amplicication,	and	
used	method	to	amplify	DNA.

In	a	study	by	Rodrigues	et	al.36	s-	PCR	was	performed	by	target	
sequence	 cryptic	plasmid,	cppB,	major	 adhesion	protein	 gene,	 ure-
ase	 gene	 for	C. trachomatis, N. gonorrhoeae, Mycoplasma genitalium, 
U. urealyticum,	 respectively,	 in	 five	 different	 reactions.	whereas	we	
used	gap	 gene	 for	M. hominis	 and	momp	 gene	 for	C. trachomatis in 
designing	primers	in	our	study	and	demonstrated	that	the	muitiplex	
realtime	PCR	technique	can	be	used	for	the	simultaneous	detection	
of	two	bacteria.	We	have	compared	the	real	time	PCR	results	with	
the	conventional	culture	techniques	and	have	shown	it,	as	a	reliable	
method	 of	 accurately	 identifying	 the	 pathogens	which	 it	 does	 not	
require	 the	unique	expertise,	while	 the	conventional	culture	meth-
ods	require	to	a	technical	expertise.	In	conclusion,	real	time	PCR	was	
successfully	developed	by	designing	specific	primer	and	analysis	of	
melting	curves.	It	is	illustrated	that	a	multiplex	real	time	PCR	based	
on	different	genes	using	two	primer	sets	that	provide	reliable	means	
for	detection	of	C. trachomatis	and	M. hominis.	Also,	it	has	the	poten-
tial	 to	be	used	 in	microbiology	 laboratories	and	can	be	used	as	an	
alternative	method	for	 the	routine	microbiological	analysis	and	the	
treatment.

ACKNOWLEDGMENTS

I	would	 like	 to	 express	my	very	 great	 appreciation	 to	 all	who	have	
helped	us	accomplish	this	study.

REFERENCES

	 1.	 Jahan	F,	Shamsuzzaman	SM,	Akter	S.	Diagnosis	of	common	bacterial	
causes	of	urethritis	in	men	by	Gram	stain,	culture	and	multiplex	PCR.	
Malays J Pathol.	2014;36:175–180.

	 2.	 Nisyrios	 G.	 Should	 the	 Australian	 defence	 force	 screen	 for	 gen-
ital	 Chlamydia trachomatis	 infection?	 Aust Defence Force Health. 
2006;7:1–20.

	 3.	 Wallesar	S,	Salkeld	G,	Donovan	B.	The	cost	effectiveness	of	screen-
ing	forgenital	Chlamydia trachomatis	infection	in	Australia.	Sex Health. 
2006;3:225–234.

	 4.	 Gdoura	R,	Kchaou	W,	Ammar	KL,	et	al.	Assessment	of	Chlamydia tra-
chomatis,	 Ureaplasma urealyticum,	 Ureaplasma parvum,	Mycoplasma 
hominis	and	Mycoplasma genitalium	in	semen	and	first	void	urinespec-
imens	 of	 asymptomatic	 male	 partners	 of	 infertilecouples.	 J Androl. 
2008;29:198–206.

	 5.	 Redgrove	AK,	McLaughlin	AE.	The	 role	 of	 the	 immune	 response	 in	
Chlamydia trachomatis	 infection	of	 the	male	genital	 tract:	 a	double-	
edged	sword.	Front Immonol.	2014;5:1–22.

	 6.	 Papp	JR,	Schachter	J,	Gaydos	CA,	Van	Der	Pol	B.	Recommendations	
for	 the	 laboratory-	based	 detection	 of	 Chlamydia trachomatis	 and	
Neisseria gonorrhoeae. MMWR Recomm Rep.	2014;63:1.

	 7.	 Cane	 RM,	 de	 Górgolas	 Hérnandez-Mora	 M,	 Fernández-Roblas	 R.	
Pathogens	 associated	 with	 sexually	 transmitted	 infections:	 distri-
bution	 patterns	 of	 Chlamydia trachomatis,	 Neisseria gonorrhoeae,	
Mycoplasma hominis	and	Ureaplasma urealyticum,	antimicrobial	resis-
tance	and	molecular	characterization	of	Neisseria gonorrhea. Malays J 
Microbiol.	2016;12:132–139.

	 8.	 Kilic	D,	Basar	M,	Kaygusuz	S,	Yilmaz	E,	Basar	H,	Batislam	E.	Prevalence	
and	treatment	of	Chlamydia trachomatis,	Ureaplasma urealyticum,	and	
Mycoplasma hominis	 in	patients	with	non-	GonococcalUretritis.	Jpn J 
Infect Dis.	2004;57:17–20.

	 9.	 Serin	MS,	Evruke	C,	Kibar	F.	Comparison	of	PCR	and	cultivation	meth-
ods	to	determine	the	incidence	of	infections	due	to	Mycoplasma homi-
nis	and	Mycoplasma fermentans	in	women	genitourinary	tract.	Eastern 
J Med.	2001;6:48–52.

	10.	 Taylor-Robinson	D,	Furr	PM.	Update	on	sexually	 transmitted	myco-
plasmas.	Lancet.	1998;351:S12–S15.

	11.	 Al-Sweih	 NA,	 Al-Fadli	 AH,	 Omu	 AE,	 Rotimi	 VO.	 Prevalence	 of	
Chlamydia trachomatis,	Mycoplasma hominis,	Mycoplasma genitalium,	
and	Ureaplasma urealyticum	infections	and	seminal	quality	in	infertile	
and	fertile	men	in	Kuwait.	J Androl.	2012;33:1323–1329.

	12.	 Choe	HS,	Lee	DS,	Lee	SJ,	et	al.	Performance	of	Anyplex™	II	multiplex	
real-	time	PCR	for	the	diagnosis	of	seven	sexually	transmitted	infec-
tions:	 comparison	with	 currently	 available	methods.	 Int J Infect Dis. 
2013;17:e1134–e1140.

	13.	 Ljubin-Sternak	 S,	 Meštrović	 T.	 Chlamydia trachomatis	 and	 genital	
Mycoplasmas:	 pathogens	 with	 an	 impact	 on	 human	 reproductive	
health.	J Pathog.	2014;31:2014.

	14.	 Zhu	 H,	 Shen	 Z,	 Luo	 H,	 Zhang	 W,	 Zhu	 X.	 Chlamydia trachomatis 
infection-	associated	risk	of	cervical	cancer:	a	meta-	analysis.	Medicine 
(Baltimore).	2016;95:e3077.

	15.	 Schachter	J.	Chlamydial	infections.	N Engl J Med.	1978;298:540–549.
	16.	 Díaz-García	FJ,	Herrera-Mendoza	AP,	Giono-Cerezo	S,	Guerra-Infante	

FM.	Mycoplasma hominis	 attaches	 to	 and	 locates	 intracellularly	 in	
human	spermatozoa.	Hum Reprod.	2006;21:1591–1598.

	17.	 Svenstrup	 HF,	 Fedder	 J,	 Abraham	 PJ,	 Birkelund	 S,	 Christiansen	 G.	
Mycoplasma genitalium	attaches	to	human	spermatozoa.	Hum Reprod. 
2003;18:2103–2109.

	18.	 Wang	Y,	Liang	CL,	Wu	JQ,	Xu	C,	Qin	SX,	Gao	ES.	Do	Ureaplasma ure-
alyticum	 infections	 in	 thegenital	 tract	 affect	 semen	quality?	Asian J 
Androl.	2006;8:562–568.

	19.	 Ozüberk	 OÖ,	 Gökahmetoğlu	 S,	 Ozçelik	 B,	 Ekmekçioğlu	 O.	
Investigation	 of	 Chlamydia trachomatis	 with	 cell	 culture,	 DFA	 and	
PCR	methods	in	the	genital	swab	samples	of	symptomatic	patients.	
Mikrobiyol Bul.	2013;47:79–86.

	20.	 Stańczak	 JJ,	 Majchrzak	 MJ,	 Stańczak	 GP.	 Modern	 diagnostics	 of	
Chlamydia trachomatis	infections.	Med WiekuRozwoj.	2005;9:9–20.

	21.	 Dierkes	C,	Ehrenstein	B,	Siebig	S,	Linde	HJ,	Reischl	U,	Salzberger	B.	
Clinical	impact	of	a	commercially	available	multiplex	PCR	system	for	
rapid	detection	of	pathogens	in	patients	with	presumed	sepsis.	BMC 
Infect Dis.	2009;9:126.

	22.	 Samra	Z,	Rosenberg	S,	Madar-Shapiro	L.	Direct	simultaneous	detec-
tion	of	6	sexually	transmitted	pathogens	from	clinical	specimens	by	
multiplex	polymer-	ase	chain	reaction	and	auto-	capillary	electropho-
resis.	Diagn Microbiol Infect Dis.	2011;70:17–21.



6 of 6  |     SAFARKAR et Al.

	23.	 Lee	SJ,	Park	DC,	Lee	DS,	Choe	HS,	Cho	YH.	Evaluation	of	Seeplex(R)	
STD6	ACE	Detection	Kit	 for	 the	 diagnosis	 of	 six	 bacterial	 sexually	
transmitted	infections.	J Infect Chemother.	2012;1:494–500.

	24.	 Maurin	M.	Real	time	PCR	as	a	diagnostic	tool	for	bacterial	diseases.	
Expert Rev Mol Diagn.	2012;12:731–754.

	25.	 Férandon	C,	Peuchant	O,	Janis	C,	et	al.	Development	of	a	real-	time	
PCR	targeting	the	yidC	gene	for	the	detection	of	Mycoplasma homi-
nis	 and	 comparison	 with	 quantitative	 culture.	 Clin Microbiol Infect. 
2011;17:155–159.

	26.	 Neyrolles	 O,	 Eliane	 JP,	 Ferri	 S,	 Da-cunda	 R,	 Prevost	 MC,	
Blanchard	 A.	 Antigenic	 characterization	 and	 cytolocalization	
of	 P35,	 the	 major	 Mycoplasma penetrans	 antigen.	 Microbiology. 
1999;145:343–355.

	27.	 Satterwhite	CL,	Torrone	E,	Meites	 E,	 et	 al.	 Sexually	 transmitted	 in-
fections	among	U.S.	women	and	men:	prevalence	and	incidence	esti-
mates,	2008.	Sex Transm Dis.	2013;40:187–193.

	28.	 Amirmozafari	N,	Mirnejad	R,	Kazemi	B,	Sariri	E,	Bojari	MR,	Darkahi	
FD.	Comparison	of	polymerase	chain	reaction	and	culture	for	detec-
tion	of	genital	mycoplasma	in	clinical	samples	from	patients	with	gen-
ital	infections.	Saudi Med J.	2009;30:1401–1405.

	29.	 Anbazhagan	 D,	Mui	WS,	Mansor	M,	Yan	 GOS,	Yusof	MY,	 Sekaran	
ShD,	et	al.	Development	of	conventional	and	real-	time	multiplex	PCR	
assays	 for	 the	detection	of	nosocomial	 pathogens.	Braz J Microbiol. 
2011;42:448–458.

	30.	 Allen-Daniels	MJ,	 Serrano	MG,	 Pflugner	 LP,	 et	 al.	 Identification	 of	
a	 gene	 in	Mycoplasma hominis	 associated	 with	 preterm	 birth	 and	
microbial	 burden	 in	 intra	 amniotic	 infection.	 Am J Obstet Gynecol. 
2015;212:779.	e1.

	31.	 Workowski	 KA,	 Bolan	GA.	 Sexually	 transmitted	 diseases	 treatment	
guidelines.	Reprod Endocrinol.	2015;1:51–56.

	32.	 Joubert	 BC,	 Sturm	 AW.	 Differences	 in	 Chlamydia trachomatis 
growth	 rates	 in	 human	 keratinocytes	 among	 lymphogranuloma	
venereum	 reference	 strains	 and	 clinical	 isolates.	 J Med Microbiol. 
2011;60:1565–1569.

	33.	 Michou	 IV,	 Constantoulakis	 P,	 Makarounis	 K,	 Georgoulias	 G,	
Kapetanios	V,	Tsilivakos	V.	Molecular	 investigation	of	menstrual	tis-
sue	for	the	presence	of	Chlamydia trachomatis,	Ureaplasma urealyticum 
and	Mycoplasma hominis	collected	by	women	with	a	history	of	infertil-
ity.	J Obstet Gynaecol Res.	2014;40:237–242.

	34.	 Richardson	 ET,	 Samson	 D,	 Banaei	 N.	 Rapid	 identification	 of	
Mycobacterium	 tuberculosis	 and	 nontuberculous	 mycobacteria	 by	
multiplex	real	time	PCR.	J Clin Microbiol.	2009;47:1497–1502.

	35.	 Aguilera-Arreola	 MG,	 González-Cardel	 AM,	 Tenorio	 AM,	 Curiel-
Quesada	 E,	 Castro-Escarpulli	 G.	 Highly	 specific	 and	 efficient	 prim-
ers	 for	 in-	house	multiplex	PCR	detection	of	Chlamydia trachomatis,	
Neisseria gonorrhoeae,	Mycoplasma hominis	 and	Ureaplasma urealyti-
cum. BMC Res Notes.	2014;7:1.

	36.	 Rodrigues	 MM,	 Fernandes	 PÁ,	 Haddad	 JP,	 et	 al.	 Frequency	 of	
Chlamydia trachomatis,	Neisseria gonorrhoeae,	Mycoplasma genitalium,	
Mycoplasma hominis	 and	 Ureaplasma	 species	 in	 cervical	 samples.	
J Obstet Gynaecol.	2011;31:237–241.

How to cite this article:	Safarkar	R,	Mehrabadi	JF,	
Noormohammadi	Z,	and	Mirnejad	R.	Development	a	rapid	and	
accurate	multiplex	real	time	PCR	method	for	the	detection	
Chlamydia trachomatis	and	Mycoplasma hominis. J Clin Lab Anal. 
2017;31:e22126. https://doi.org/10.1002/jcla.22126

https://doi.org/10.1002/jcla.22126

