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We evaluated a previously described quantitative real-
time PCR (qPCR) for quantifying and differentiating
Ureaplasma parvum and U. urealyticum. Because of
nonspecific reactions with Staphylococcus aureus
DNA in the U. parvum PCR, we developed a modified
qPCR and designed new primers. These oligonucleo-
tides eradicated cross-reactions, indicating higher
specificity. The detection limits of the qPCR were de-
termined at 1 and 3 colony-forming units/ml for U.
parvum and U. urealyticum, respectively. The quan-
tification limits of the assay for both Ureaplasma
species ranged from 2.106 to 2.101 copy numbers per
PCR. A total of 300 patient samples obtained from the
lower genital tract were tested with this newly de-
signed qPCR assay and compared with culture results.
Of the samples, 132 (44.0%) were culture positive,
whereas 151 (50.3%) tested positive using qPCR. The
U. parvum and U. urealyticum species were present in
79.5% and 12.6% of the qPCR-positive samples, re-
spectively. Both species were found in 7.9% of those
samples. Quantification of U. parvum and U. urea-
lyticum in the samples ranged from less than 2.5 �
103 to 7.4 � 107 copies per specimen. In conclusion,
the modified qPCR is a suitable method for rapid
detection, differentiation, and quantification of U.
parvum and U. urealyticum. (J Mol Diagn 2011, 13:
206–212; DOI: 10.1016/j.jmoldx.2010.10.007)

The genus Ureaplasma belongs to the Mycoplasmataceae
family. Ureaplasmas are small prokaryotic cells that lack
a cell wall. Previously, there was only one known species
found in humans (namely, Ureaplasma urealyticum) com-
prising 14 serotypes. In 2002, Robertson et al1 proposed
subdividing this species into U. parvum, comprising se-
rotypes 1, 3, 6, and 14; and U. urealyticum, comprising
serotypes 2, 4, 5, and 7 through 13. These subtypes

cannot be distinguished from each other with routine

206
microbiological methods and are, therefore, usually re-
ferred to as Ureaplasma species. They are found in the
lower genital tract of nearly 50% of pregnant women as
part of the normal vaginal flora. However, in some cases,
Ureaplasma species have interfered with normal fetal de-
velopment by causing an ascending infection.2–7 The
reason for this infection is not fully understood but may be
associated with the virulence of the microorganism, the
host immune system, or local factors present in the lower
genital tract. Species differentiation might be important
because previous studies2,8,9 suggest that nongonococ-
cal urethritis and an adverse pregnancy outcome with
respect to birth weight, gestational age, and preterm
delivery are implicated with the presence of U. urealyti-
cum and not with U. parvum.

Because strains can only be differentiated with la-
bor-intensive serotyping, an easy-to-perform sensitive
method for differentiating the two species is necessary on
initiation of pathogenicity studies. Quantitative real-time
PCR (qPCR) presents an interesting option because the
strains can be differentiated together, with evaluation of
the microbial burden in the lower genital tract. Moreover,
qPCR can be performed within two hours because of the
elimination of postamplification handling.

In a recent study,10 qPCR was used to detect and
quantify U. parvum and U. urealyticum in specimens from
the lower genital tract. This test was evaluated in our
laboratory and did allow the differentiation and quantifi-
cation of U. urealyticum and U. parvum in two separate
reaction mixtures. However, cross-reactions with Staph-
ylococcus aureus DNA were encountered in the U. parvum
mixture.

In this study, we investigated the nature of these cross-
reactions by sequence analysis of the nonspecific ampli-
fication product, and we compared this sequence with
the National Center for Biotechnology Information data-
base. We designed new primers targeting the urease
gene of U. parvum to improve the specificity of the qPCR.
Furthermore, the method was adapted to be more prac-
tical for a routine laboratory setting and the phocine her-
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pesvirus 1 (PhHV1) was included as an internal control to
monitor for the presence of inhibitory factors in the clinical
samples.

Materials and Methods

Investigating the Issue of Specificity in the
Original Method

Reaction mixtures and cycling conditions were per-
formed as previously described.10 Primer and probe se-
quences were blasted with the GenBank database to
confirm specificity (http://www.ncbi.nlm.nih.gov, acces-
sion date April 25, 2008). Assay specificity was assessed
with the 14 reference strains of U. parvum (serotypes 1, 3,
6, and 14) and U. urealyticum (serotypes 2, 4, 5, and 7
through 13). In addition to the 14 reference strains of
Ureaplasma species, assay specificity was also deter-
mined with 11 human Mycoplasma species, 29 bacte-
rial species, 1 yeast, and 1 viral pathogen: Acinetobac-
ter baumannii, Bacteroides fragilis, Bordetella pertussis,
Burkholderia cepacia, Citrobacter freundii, Chlamydia tracho-
matis, Enterobacter aerogenes, Escherichia coli, Gardnerella
vaginalis, Herpes simplex virus 1/2, Listeria monocytogenes,
Micrococcus species, Mobiluncus mulieris, Moraxella ca-
tarrhalis, Mycoplasma hominis, Mycoplasma amphiforme, My-
coplasma fermentans, Mycoplasma genitalium, Mycoplasma
orale, Mycoplasma penetrans, Mycoplasma pirum, Myco-
plasma primatum, Mycoplasma salivarium, Mycoplasma
spermatophilum, Mycoplasma pneumoniae, Pseudomonas
aeruginosa, Serratia marcescens, Stenotrophomonas mal-
tophilia, Streptococcus agalactiae (group B), Streptococ-
cus pneumoniae, Streptococcus pyogenes, Bordetella
parapertussis, Candida albicans, Hemophilus influenzae,
Klebsiella oxytoca, Klebsiella pneumoniae, Lactobacillus
species, Morganella morganii, Proteus mirabilis, Staphylo-
coccus aureus oxacillin R, Staphylococcus aureus oxacillin
S, and Staphylococcus epidermidis. The last 11 organisms
are urease positive, which is important in specificity test-
ing because the urease gene is the target gene for
amplification.

Nonspecific reactions were repeatedly tested (10-fold)
with reference strains (to confirm the presence of cross-
reactions) and with two more clinical strains. Nonspecific
amplification products were analyzed by cloning and se-
quence analysis (ABI3730, Sanger sequencing, Bigdye
v3.1; Applied Biosystems, Halle, Belgium) to retrieve the
nature of the cross-reactions (BaseClear, Leiden, the
Netherlands).

Modified Method

Primer Selection

To amplify U. parvum DNA, a new primer pair was
designed, flanking the probe that was used for U. parvum
detection in the originally described method. The forward
primer, 5=-CATTGATGTTGCACAAGGAG-3=, and the re-
verse primer, 5=-CGTGATTTTAATGTATCGGCTTTC-3=,
sequences were blasted with GenBank sequences in the

National Center for Biotechnology Information database;
for primer specificity (http://www.ncbi.nlm.nih.gov, acces-
sion date October 1, 2008). Primers were chosen within
the ureD subunit of the urease gene of U. parvum and U.
urealyticum. One copy of this gene is present per cell. The
amplicon product sizes were 147 and 146 bp for U.
parvum and U. urealyticum, respectively.

PCR Internal Control

PCR inhibition and extraction were monitored by am-
plifying the PhHV1. The use of this virus as a control for
extraction and the presence of amplification inhibitors
were originally described by Niesters.11 The virus strain
was provided by the Department of Virology, University
Hospital Rotterdam, Rotterdam, the Netherlands.

Modified qPCR Protocol

To detect both Ureaplasma species, real-time PCR was
performed in two separate 25-�L reaction mixtures. The
PhHV1 viral DNA was detected in multiplex PCR with the
two reaction mixtures for U. parvum and U. urealyticum
DNA. The reaction mixtures contained a ready-to-use 2x
real-time PCR reaction mix containing all necessary com-
ponents without primers and probes (IQ Multiplex Pow-
ermix, Bio-Rad, Nazareth-Eke, Belgium), 0.35 �mol/L of
each primer, and 0.2 �mol/L of each probe (forward and
reverse primer and probe of the target organism and of
the internal control). DNA template, 2 �L, was added to
the 23-�L reaction mixtures. Probes (Taqman Minor
Groove Binder) for U. parvum (5=-FAM-TTGACCACCCT-
TACGAG-MGB-3=) and U. urealyticum (5=-FAM-TTGTC-
CGCCTTTACGAG-MGB-3=) were manufactured by Ap-
plied Biosystems (Warrington, UK). The Taqman probe
for the internal control (Texas 5=-Red-TTTTTATGTGTC-
CGCCACCATCTGGATC-BHQ1-3=) was manufactured by
Eurogentec (Luik, Belgium). Cycling conditions were as fol-
lows: 95°C for 3 minutes, followed by 45 cycles of 95°C
for 15 seconds and 58°C for 30 seconds. Amplification,
detection, and analysis were performed with a commer-
cially available system (iCycler IQ real-time detection
system; Bio-Rad). Data collection was performed during
the annealing step. The relative fluorescence measure-
ments were plotted against the cycle number for data
analysis. Background fluorescence was corrected by
manually setting the baseline cycles from 5 to 16. The
log-linear portions of the amplification plots were used to
determine a fractional cycle number for threshold fluores-
cence. In every run, a no-template control (sterile water)
and a positive control (a 10–3 dilution of Ureaplasma ref-
erence strains, serotypes 3 and 10, that were grown to
their logarithmic phase in bromothymol blue broth) were
included.

Specificity

Assay specificity was assessed with reference strains
of all U. urealyticum and U. parvum serotypes and with the
42 microorganisms previously described. To evaluate
cross-reactivity with S. aureus in more detail, the assay

was performed in 10-fold with the reference strains of S.
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aureus and in duplicate on two freshly isolated clinical S.
aureus strains.

Limit of Detection

For determining the detection limit of the assay, a 10-fold
serial dilution was made from U. parvum serotype 3 and
U. urealyticum serotype 10 reference strains grown in
bromothymol blue broth. Each dilution, 100 �L, was cul-
tured on differential agar A7; and colony-forming units
were counted at a �40 magnification.12,13 The qPCR
sensitivity was determined by analyzing the extracted
DNA of the serial dilutions.

External Standard Curve for Quantification

Amplification products from U. parvum, serotype 3, and
U. urealyticum, serotype 10, reference strains, obtained
with real-time PCR, were ligated into a vector (pGEM-T
Easy; Promega Benelux, Leiden, the Netherlands). The
plasmids were transformed into E. coli DH5� cells (Life
Technologies, Carlsbad, CA), which were grown; and the
plasmid was purified. Plasmid concentration was deter-
mined using a kit (Quant-iT dsDNA Assay; Invitrogen,
Breda, the Netherlands). Cloning, sequencing, and plas-
mid purification were performed by BaseClear, an inde-
pendent and accredited service laboratory for DNA-
based research (Leiden, the Netherlands). A 10-fold
serial dilution series composed of 6 standards (2.106 to
2.101 copies per PCR) was used to construct an external
standard curve for quantification. To evaluate the stan-
dard curve, each external standard was tested in tripli-
cate; this was repeated twice. Because the ureD subunit
that was used to prepare the standard curves was iden-
tical in all serotypes within the same species, the linearity
of one serotype reflects the linearity of all serotypes within
this species; only one standard curve per species needs
to be used for quantification.

Reproducibility

The intra-assay and interassay reproducibility of the U. par-
vum and U. urealyticum PCR was tested with two different
dilutions of U. parvum and U. urealyticum cultures. High
and low concentrations of Ureaplasma species reference
strains serotypes 3 and 10 (10�3 and 10�4 dilutions,
respectively) that were grown to their logarithmic phase
in bromothymol blue broth were used to determine repro-
ducibility of the assay. The experiments were repeated
10 times after extraction (easyMAG; Biomérieux, Boxtel,
the Netherlands), and the CV was calculated.

Evaluation of the qPCR with Clinical Samples

Samples

Three-hundred samples from the lower genital tract of
healthy pregnant women were obtained at their first prenatal
consultation. Two types of genital swabs containing a dif-
ferent type of transport medium were in use in our hospital
for sampling the lower genital tract and the preservation

Figure 1. Standard curve (in triplicate) from
plasmids containing the U. parvum serotype 3
DNA fragment. Correlation coefficient, 0.996;
slope, �3.305; intercept, 43.318; PCR efficiency,
100.7%.

Figure 2. Standard curve in triplicate from plas-
mids containing the U. urealyticum serotype 10
DNA fragment. Correlation coefficient, 0.995;
slope, �3.108; intercept, 43.601; PCR efficiency,
109.8%.
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of microorganisms: eSwab (Copan Italia, Brescia, Italy)
and Universal Transport Medium (UTM, Copan Italia,
Brescia, Italy). We aimed to evaluate the transport me-
dium most appropriate for culture and/or PCR detection.
One-hundred one samples were transported in eSwab,
containing 1 ml of liquid medium; and 199 samples were
transported in Universal Transport Medium (UTM), con-
taining 3 ml of liquid medium.

Culture

Liquid transport medium was mixed, and approxi-
mately 0.2 ml of medium was inoculated on differential
agar medium A7 and in bromothymol blue broth. Cultures
were performed as previously described.6 Positive cul-
ture results were semiquantitatively reported (ie, when
ureaplasmas were detected on the primary agar plate,
the number of colonies was evaluated and classified into
four groups [�40 magnification]: �1, 1 to 5, 6 to 12, and
�12 colonies per field).

DNA Extraction

Before nucleic acid extraction, all clinical samples
were spiked with the dilution of PhHV1 that resulted in a
Ct value of approximately 30. Sample DNA was extracted
using a platform (easyMAG automated extraction plat-
form; Biomérieux, Brussel, Belgium), according to the
manufacturer’s instructions. Liquid transport medium,
100 �L, was used for DNA isolation.

Quantitative PCR

The qPCR was performed as previously described.
Samples with a Ct of less than 40 were considered pos-

Table 1. Interrun and Intrarun Variation of the Modified qPCR
for U. parvum and U. urealyticum

CV, %
Mean

Ct
valuesDilution

Intra-run
variation

Interrun
variation

U. parvum
10�3 (high concentration) 9.8 5.2 33.4
10�4 (low concentration) 11.5 10.8 36.8

U. urealyticum
10�3 (high concentration) 12.3 7.5 32.5
10�4 (low concentration) 13.4 9.3 36.0

Ct, cycle threshold.

Table 2. Culture and qPCR Results of 300 Clinical Specimens

eSwab

Variable
Culture-positive

results
C

qPCR-positive samples 39
U. parvum 33
U. urealyticum 4
Mixed 2

qPCR-negative samples 0

Total, no. (%) 39 (13.0) 62 (
itive. Standard curves from both species were tested in
every clinical sample run. For positive samples, the copy
number per specimen was calculated, starting from the
copy number per PCR reaction. Samples with copy num-
bers outside the linear range of the external standard
curve were not quantified. Samples with results discor-
dant between culture and qPCR were retested with qPCR
using the remaining liquid transport medium, which was
re-extracted.

Statistical Analysis

The �2 test was used to analyze statistical differences in
the quality of the eSwab and the UTM for detecting U.
parvum and U. urealyticum with culture and qPCR.

Results

Investigating the Issue of Specificity in the
Original qPCR Method

The specificity of the original described method was as-
sessed by testing all U. parvum and U. urealyticum refer-
ence strains with the two reaction mixtures that were
prepared as described by Cao et al.10 No cross-reactivity
was seen between the serotypes of the U. parvum spe-
cies and the serotypes of the U. urealyticum species.
Among the 42 other strains that were tested for specificity
of the assay, both S. aureus strains (S. aureus oxacillin S
and S. aureus oxacillin R) showed a positive result in the
mixture for U. parvum detection. Further analysis of this
nonspecific reactivity revealed a DNA fragment of ap-
proximately 150 bp after gel electrophoresis. A blast
search of the sequence of this amplified DNA showed
100% homology with the urease accessory protein ureG
from S. aureus.

Evaluating the Modified qPCR Method

Specificity

The specificity tests with the primers designed in our
laboratory showed no cross-reactions among U. parvum,
U. urealyticum, S. aureus, or any of the other 41 microor-
ganisms. No cross-reactivity was observed with the ref-
erence strains of S. aureus and with the isolated clinical S.
aureus strains.

UTM

negative
ults

Culture-positive
results

Culture-negative
results

1 93 8
6 76 5
4 8 3
1 9 0
1 0 98
ulture-
res

1

5

20.7) 93 (31.0) 106 (35.3)
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Limit of Detection

Sensitivity was determined by analyzing serial dilutions of
extracted DNA from U. urealyticum serotype 10 and U.
parvum serotype 3. By testing the 10-fold serial dilutions,
the lowest levels of detection were determined to be 1
and 3 colony-forming units/ml for U. parvum and U. urea-
lyticum, respectively.

External Standard Curve for Quantification

Figure 1 and Figure 2 show the linear range of the stan-
dard curves of both species tested in triplicate. The stan-
dard curve for U. urealyticum and U. parvum was linear
over a 6-log-range. The upper and lower quantification
limits were 2.101 and 2.106 copies per PCR reaction,
respectively.

Reproducibility of the qPCR

The intra-run and interrun variations for U. urealyticum and
U. parvum, tested at two concentrations (high and low),
are summarized in Table 1.

Evaluating the Modified qPCR with Clinical
Samples

Culture and qPCR results of the 300 clinical samples,
according to the type of transport medium used, are
summarized in Table 2. Of the 300 specimens, 151
(50.3%) were positive by qPCR (49.5% and 50.8% for
eSwab and UTM, respectively; P � 0.77); 132 samples
(44.0%) were positive by culture (38.6% and 46.7% for
eSwab and UTM, respectively; P � 0.155). The positive
predictive values of the qPCR for samples transported in
eSwab and UTM were 78% and 92%, respectively, using
the culture method as a reference method. The negative
predictive value of the qPCR for samples transported in
eSwab and UTM was 100%.

Discordant results between qPCR and culture were
obtained in 19 samples: all those samples were culture
negative and qPCR positive. The discordant samples
were retested with qPCR using a newly extracted sample
from the remaining transport medium, and the results
were confirmed. Negative culture results with a positive
qPCR result were more frequently found in samples
transported in eSwab (11/101) than in samples trans-
ported in UTM (8/199). For the 19 culture-negative and

Table 3. Ranges of qPCR Results per Species and per Type of T

Variable eSwab tran

U. urealyticum �2.5 � 103

U. parvum �2.5 � 103

In mixed infections
U. urealyticum �2.5 � 103

U. parvum �2.5 � 103
qPCR-positive samples, copy numbers in the qPCR
ranged from less than 2.5 � 103 to 2.0 � 104 copies per
specimen.

Of the 151 qPCR-positive samples, 19 (12.6%) were
positive for U. urealyticum, 120 (79.5%) were positive for
U. parvum, and 12 (7.9%) were positive for both species.
There were no differences observed with the type of
transport medium used (Table 2).

The quantitative results of the qPCR, expressed as
copy number per specimen, are summarized in Table 3.
Fifteen positive samples had results less than the lowest
quantification standard of the standard curve, thus not
allowing quantification. None of the samples had results
higher than the highest standard of the standard curve,
and 136 samples had copy numbers within the linear
range of the standard curve.

A correlation of the quantitative results of the qPCR
and the semiquantitative results of the culture is summa-
rized in Figure 3. Because there were no significant dif-
ferences in the ranges for mixed infections, they are not
presented separately in this figure.

No PCR inhibition was observed in any of the 300
clinical samples.

Discussion

Assay specificity is of the utmost importance when at-
tempting to detect a specific organism because it yields
true-positive results. As defined by the Clinical Labora-
tory Standards Institute, a panel of microorganisms
closely related to the target organism should be used to
monitor cross-reactivity. In addition, organisms present in
the normal flora of the specimen should be tested.14

t Medium

qPCR results, copies per specimen

edium UTM

106 �7.5 � 103�2.3 � 107

107 �7.5 � 103�7.4 � 107

104 �7.5 � 103�2.2 � 106

105 �7.5 � 103�3.2 � 107

Figure 3. Comparison of the semiquantitative culture results (xaxis) (133
culture-positive samples) and the quantitative PCR results (y axis). The qPCR
ranspor

sport m

�9.1 �
�7.4 �

�6.0 �
results are split into two groups: quantification of U. urealyticum and U.
parvum.
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In our evaluation of the primer and probe sequences
from the previously described study, cross-reactions
were observed with S. aureus.10 Cloning and sequencing
the amplification product of the nonspecific reaction con-
firmed the presence of S. aureus DNA and, more specif-
ically, a 150-bp fragment from the urease accessory pro-
tein ureG. None of the nine other organisms containing
the urease gene (ie, the target gene for the Ureaplasma
qPCR) demonstrated a cross-reaction. Because S. au-
reus is frequently found on mucosal surfaces and the skin
of healthy individuals, the primers described for U. par-
vum were assumed to be inappropriate for testing clinical
specimens, requiring another PCR protocol.15,16

Although several PCR methods have already been de-
scribed for Ureaplasma, no method met our requirements
for pathogenicity studies.10,17–20 Determining the micro-
bial burden may also be important for pathogenicity;
thus, a PCR protocol enabling species differentiation,
together with quantification, is needed.21 Moreover, the
protocol should be validated on clinical samples and
must be highly specific. Thus, a qPCR protocol using a
new primer pair for U. parvum was designed and com-
pared with culture results. With these new primers, no
cross-reactivity was seen with staphylococcal DNA, mak-
ing the protocol more specific. The new qPCR protocol
was developed with the inclusion of viral DNA detection
as an internal control. Although no inhibition was de-
tected in any of the 300 clinical samples, the inclusion of
control DNA for the detection of inhibition is mandatory
when testing clinical samples because such inhibitors
could generate false-negative results.14,22

The modifications in the protocol did not interfere with
the sensitivity: our external standard curve was only linear
over a 6-log range, whereas it was a 7-log range in the
method originally described.

Most clinical samples belonged to the U. parvum bio-
var. In this study, the percentages of U. urealyticum, U.
parvum, and samples containing both species correlate
well with those found in previous studies.10,23–25 This
qPCR method, amplifying U. parvum and U. urealyticum in
separate reactions, probably represents a more ade-
quate method for the detection of mixed infections.

The positivity rates of U. parvumandU. urealyticum were
higher in qPCR than in culture (50.3% versus 44.3%).

Although the difference observed for culture between
the UTM and eSwab does not reach significance (46.7%
versus 38.6%; P � 0.115), the UTM appears to be more
appropriate for Ureaplasma culture. Indeed, the instruc-
tion manual of the UTM recommends its use for the cul-
ture of mycoplasmas and ureaplasmas, Chlamydia, and
viruses, whereas the eSwab instruction manual describes
that it can be used for transportation of all kinds of bac-
teria in general. The medium used in the UTM is probably
more suited for the culture of more fastidious organisms.
The positivity rates in qPCR for samples transported in
UTM and eSwab were comparable (50.3% versus
49.3%). Because we calculated the positive predictive
values of the qPCR based on the culture results (gold
standard), the positive predictive value of 78% for sam-
ples transported in eSwab is probably falsely low and

should be further investigated.
Quantification results showed that U. parvum was pres-
ent in higher concentrations in the clinical specimens
compared with U. urealyticum. The difference observed
between eSwab and UTM for U. parvum and U. urealyti-
cum quantification in mixed infections (�1 log) is proba-
bly because of the few samples containing mixed infec-
tions (three transported in eSwab and nine transported in
UTM). There was a good correlation between the semi-
quantitative culture method and the qPCR method for U.
parvum and U. urealyticum.

In conclusion, a new qPCR protocol was evaluated
and validated as an adequate test for detecting, differ-
entiating, and quantifying U. parvum and U. urealyticum.
This assay can be applied in further epidemiological and
pathogenicity studies in our laboratory.
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