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An assay which combines the direct detection of Ureaplasma urealyticum with biovar determination was
developed and applied to 618 urogenital specimens. U. urealyticun was detected by inhibitor-controlled PCR.
A 429-bp fragment of the urease gene was amplified. The amplicons were labelled with digoxigenin during PCR.
Biovar determination was performed by liquid hybridization with biotin-labelled biovar-specific probes, and
the hybrids were detected with peroxidase-conjugated sheep anti-digoxigenin immunoglobulin G Fab frag-
ments. Results of PCR and culture for 453 urogenital specimens from women and 105 urethral specimens from
men could be compared. Among the specimens from women, 63% were PCR positive as well as culture positive,
0.9% were positive only by PCR, and 4% were positive only by culture. Among the specimens from men, 15%
were PCR positive as well as culture positive, 1% were positive only by PCR, and 9% were positive only by
culture. By using culture as the reference method, the PCR had a sensitivity of 94% and a specificity of 98%
when applied to specimens from women and a sensitivity of 64% and a specificity of 99% when applied to
specimens from men. Overall, 80% of the PCR-positive specimens contained biovar 1,13.5% contained biovar

2, and 6.5% contained both biovars.

The importance of ureaplasmas is obscured by the many
asymptomatic persons from whom ureaplasmas can be isolated
from urogenital specimens. However, male nongonococcal
urethritis (4, 23-27) and chorioamnionitis may be caused by
Ureaplasma urealyticum (10, 12). Patients suffering from clini-
cal chorioamnionitis may deliver prematurely. U. urealyticum is
isolated more often from preterm infants, stillborn fetuses, and
spontaneously aborted fetuses than from fully developed neo-
nates and fetuses from induced abortions. In premature neo-
nates, particularly those with a birth weight of <1,500 g, U.
urealyticum may cause respiratory distress syndrome, pneumo-
nia, and meningitis (5).

In U. wurealyticum 14 serotypes have been established by
various serological methods (14, 18). On the basis of sensitivity
to manganese, the polypeptide patterns, and percent homology
by DNA-DNA hybridization experiments, the serotype stan-
dard strains can be divided into two groups or biovars (7, 15,
22). One biovar includes serotype standard strains 1, 3, 6, and
14 and is designated biovar 1. The other biovar comprises the
remaining 10 of the established serotypes and is designated
biovar 2 or T960; T960 is the name of the type strain of U.
urealyticum. Biovar 1 has been called “parvo” because the
genomes of these four serotype standard strains are much
smaller than those of the serotype standard strains of biovar 2
(17).

Several investigators have suggested an association between
certain serotypes and disease caused by the bacterium. Others
have been unable to confirm that association (9, 16, 21, 30). An
association between U. urealyticum and infection should prob-
ably be understood in terms of biovars rather than serotypes.

Robertson et al. (19) used minor differences found in the
16S rRNA gene sequences of the serotype standard strains 3
(biovar 1) and 8 (biovar 2) to provide primers for biovar-
specific PCRs. The method is based on two separate PCRs with
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a common reverse primer and two different biovar-specific
forward primers. Jacobs et al. (11) also used PCR for biovar
determination. Their method is based on a single PCR with
three different primers for the amplification of the 16S rRNA
gene. Both methods described were applied to the serotype
standard strains. Furthermore, Robertson et al. (19) applied
their method to wild-type isolates which had previously been
serotyped. The biovar determination was in agreement with
that predicted by the serotyping results. Typing methods based
on isolates are hampered by the fact that culture for U. urea-
Iyticum takes up to 7 days. We developed a method that allows
the detection of ureaplasmas in clinical samples by PCR and
biovar determination performed directly with the amplified
samples within 1 day. The method is easy to apply to a large
number of specimens in order to investigate a possible associ-
ation between biovar and the role of ureaplasmas in disease.

MATERIALS AND METHODS

Strains. U. urealyticum serotype standard strains 1 through 5, 6 (Pirillo), 7
(Cook), and 8 (T960) were obtained from F. Black, Institute of Medical Micro-
biology, University of Aarhus, Aarhus, Denmark. Serotype standard strains 9
(Vancouver) and 10 (Western) were obtained from Janet Robertson, Depart-
ment of Medical Microbiology and Infectious Diseases, University of Alberta,
Edmonton, Alberta, Canada. Serotype standard strains 11 through 14 were
obtained from American Type Culture Collection (ATCC 33695, ATCC 33696,
ATCC 33698, and ATCC 33697, respectively). For evaluation of the analytical
specificity of the PCR, Ureaplasma diversum ATCC 43321, Ureaplasma gallorale
ATCC 43346, Ureaplasma cati NCTC 11710, and strains of the following other
urease-positive bacteria were used: Enterobacter cloacae, Proteus vulgaris, Proteus
mirabilis, Yersinia enterocolitica, Klebsiella pneumoniae, Klebsiella oxytoca, Hae-
mophilus influenzae, Haemophilus parainfluenzae, Morganella morganii, Strepto-
coccus salivarius, Helicobacter pylori, and Bordetella parapertussis. These strains
were obtained from the Department of Clinical Microbiology, Statens Serum
Institut.

Clinical specimens. A total of 618 randomly selected urogenital samples, 508
from women and 110 from men, received during the period from January to
August 1996 with a request for culture for U. urealyticum, were analyzed by PCR.
The only available information about the patients was age and sex. The median
age for the men was 33 years (95% confidence interval, 31 to 35 years), and that
for the women was 27 years (95% confidence interval, 26 to 28 years).

Culture of U. wrealyticum and preparation of clinical specimens for PCR.
Specimens for culture were obtained on charcoal-impregnated cotton swabs and
were inoculated first in 2 ml of Shepards 10C U+ medium. Immediately after
expression of the contents of the swab, 50 pl of the broth was transferred to solid
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TABLE 1. Sequences of the oligonucleotide primers lambda-U5 and lambda-U4

Primer Sequence’ Use
Lamda-U5 5'-CAA TCT GCT CGT GAA GTA TTA Cct gac ggt ttc taa c-3’ Forward
Lamda-U4 5'-ACG ACG TCC ATA AGC AAC Tga cat acg gaa ata g-3' Reverse

“ The sequences of primers U5 and U4 are presented in capital letters.

medium (U-agar plates) (20) and another 100 .l was mixed with 300 pl of a 20%
slurry of Chelex-100 (Bio-Rad, Hercules, Calif.) in TE buffer (10 mM Tris [pH
8], 1 mM EDTA) and heated at 98°C for 10 min. The resin was pelleted by
centrifugation at 20,000 X g for 10 min; 10 wl of the supernatant was subjected
to PCR. All broth cultures were incubated at 37°C under atmospheric conditions,
and all agar media were incubated at 37°C in 5% CO,. U. urealyticum was
identified by colony formation on agar medium, and the quantitative estimate of
growth was based on the change in color of a 10-fold dilution series of the
inoculated broth. The estimation of U. urealyticumn growth was expressed semi-
quantitatively as color-changing units (CCUs), and growth was considered to be
negative or positive. The positive samples were assigned quantities of 10" to 10°
CCUs. A CCU is the minimum inoculum required to produce growth that is
indicated by a change in the color of the phenol red indicator.

Quantitation of urease-positive bacteria. For evaluation of the analytical spec-
ificity the concentrations of U. diversum, U. cati, and U. gallorale were estimated
by determination of the numbers of CCUs. The concentrations of the other
urease-positive bacteria were determined by spectrophotometry at 600 nm (1
optical density (OD) unit corresponds to 1 X 10° bacteria/ml), and an equivalent
of about 5 X 10° cells or CCUs was added to the PCR mixture in order to ensure
that the amount exceeded the limit of detection.

PCR. (i) Primers. The primers published by Blanchard et al. (3) were used for
the PCR: primers U5 (forward; 5'-CAA TCT GCT CGT GAA GTA TTA C-3')
and U4 (reverse; 5'-ACG ACG TCC ATA AGC AAC T-3"). A 429-bp fragment
of the urease gene was amplified with this primer set.

(i) Construction of an internal process control for inhibition. For the detec-
tion of the presence of Tag DNA polymerase inhibitors or suboptimal reaction
conditions, an internal process control was constructed on the basis of the phage
lambda genome. The lambda primers included the sequence of each of the
primers U5 and U4 added to the 5" ends of the corresponding lambda primers.
Amplicons thus containing the binding sites of primers U5 and U4 were obtained
by amplification of DNA from the lambda phage by the primers lambda-U5 and
lambda-U4 (Table 1). After gel purification of the amplicons, the concentration
producing no increase in the detection limit of purified U. urealyticum DNA was
determined and was used as an internal process control in the assay. The elec-
trophoretic position of the internal control is illustrated in Fig. 1. Preferential
amplification of the shortest fragment occurred; consequently, the internal pro-
cess control may be lacking in positive samples (Fig. 1).

(iii) Amplification. The PCR was performed in a Hybaid Thermal reactor with
SuperTaq DNA polymerase (HT Biotechnology Ltd., Cambridge, England). The
amplicons were labelled with digoxigenin (DIG) during PCR by the addition of
digoxigenin-11-dUTP (DIG-11-dUTP) to the master mixture. Ten microliters of
the Chelex-100-treated specimens (see above) was subjected to PCR in a final
volume of 100 pl of reaction buffer (50 mM KCI, 10 mM Tris hydrochloride [pH
9.0] at 25°C, 2.5 mM MgCl,, 0.01% gelatin, 0.1% Triton X-100 [HT Biotechnol-
ogy]) containing each of the primers at a concentration of 0.4 uM; dATP, dGTP,
and dCTP each at a concentration of 62.5 uM; 125 pM dUTP; 0.4 pM DIG-
11-dUTP; and 10 pl of the appropriate dilution of the internal process control.
A hot-start procedure (6) was used by adding 1.0 U of SuperTaq DNA poly-
merase in 10 wl of reaction buffer (withheld from the master mixture). The
thermal cycling parameters consisted of 50 cycles each of 94°C for 30 s and 56°C
for 1 min.

Two positive controls for each biovar and two negative controls (sterile water
handled as a clinical specimen) were included in each PCR experiment. The two
positive controls for each biovar contained 10 and 100 times more DNA, respec-
tively, than the limit of detection of the biovar.

(iv) Gel electrophoresis of amplified samples. Twenty microliters of the am-
plified sample was analyzed on a composite gel consisting of 1% SeaKem agarose
and 1% NuSieve agarose (both from FMC, Rockland, Maine) in 0.5X TBE
buffer (Tris-borate-EDTA) containing 5 pg of ethidium bromide per ml. The
DNA was visualized by UV fluorescence.

(v) Limit of detection. A 10-fold dilution to 10~° of 24-h-old culture of
serotype standard strains 6 and 8 in 10C U — broth was made in Shepard’s 10C
U+ broth. From each dilution 100 wl of the broth was treated with 300 pl of
Chelex-100 as described above, and 10 ul of the supernatant was subjected to
PCR. The remaining ureaplasma cultures were then incubated at 37°C, and when
no further color changes in the 10C U+ medium occurred, the numbers of CCUs
for both strains were read.

(vi) Competition during amplification of mixtures of biovar 1 to biovar 2 DNA
at various ratios. Biovar 1 and biovar 2 DNAs were mixed at various ratios
before amplification, keeping the total amount of DNA constant. The minimum
amount of DNA of each biovar used in the mixture and amplified alone resulted

in an OD of =4.0 with the homologous probe and an OD of =0.03 with the
heterologous probe.

Liquid hybridization. (i) Sequencing. The urease gene amplicons from the 14
serotype standard strains were produced by PCR with the primers U5 and U4
and were subsequently sequenced by cycle sequencing. The Tag Dye Deoxy
Terminator Cycle Sequencing kit from Applied Biosystems Inc. was used as
described by the manufacturer. The sequencing products were analyzed on an
Applied Biosystem 373A DNA sequencer. The alignment (see Fig. 3) showed
differences between the two biovars, and different biovar-specific biotin-labelled
oligonucleotides probes were synthesized. However, only one of the selected
probes for each biovar showed biovar specificity by liquid hybridization. The
sequence of the biovar 1-specific probe was 5'-AAA TTG ACT TGA TGA TCC
TG-3’, and the sequence of the biovar 2-specific probe was 5'-ATT TGT TTC
AAA TAA GTG G-3'. These are marked in Fig. 3.

(ii) Optimization of the liquid hybridization conditions. The assay was per-
formed at hybridization temperatures in the range of 40 to 55°C with the biovar
1-specific probe and at hybridization temperatures in the range of 45 to 60°C with
the biovar 2-specific probe at 5°C intervals. At the optimal hybridization tem-
perature, probe concentrations in the range 0.67 to 40 nM were evaluated.

(iii) Biovar determination by liquid hybridization. Five microliters of the
amplified products was added to wells of a heat-stable microtiter plate (Titer-
gene; Biozyme). Each well contained 100 pl of hybridization solution (100 mM
NaCl, 10 mM Tris-HCI [pH 8], 5 mM EDTA) and biotinylated biovar-specific
probe. The plates were sealed with tape and subjected to a 2-min denaturation
step at 95°C and a 10-min hybridization step at 40°C with the biovar 1-specific
probe at 1.3 nM and 50°C with the biovar 2-specific probe at 1 nM in a Hybaid
Thermal reactor. The hybrids were transferred to a microtiter plate (MaxiSorp;
Nunc, Roskilde, Denmark) which had been coated overnight with 5 pg of
streptavidin (Sigma) per ml in carbonate buffer (pH 9.6) at 4°C and blocked for
15 min with 1% blocking reagent (Boehringer Mannheim) (1:10 dilution of 10%
blocking reagent dissolved in maleic acid buffer as described by the manufac-

FIG. 1. Electrophoretic analysis of amplicons obtained by PCR with species-
specific primers U5 and U4. Lower band (429 bp), specific for U. urealyticums;
higher band (657 bp), internal process control. Lane 1, 100-bp marker; lane 2,
positive sample lacking the internal process control; lane 3, positive sample with
the internal process control; lane 4, inhibitory sample; lane 5, negative sample;
lane 6, negative sample (water); lane 7, 100-bp marker.
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TABLE 2. Detection of U. urealyticum in urogenital specimens
from women by culture and PCR

U. UREALYTICUM DETECTION AND BIOVAR DETERMINATION
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TABLE 3. Detection of U. urealyticum in urethral specimens from
men by culture and PCR

No. of culture-positive speci-

No. of specimens mens with the following no. of

No. of culture-positive speci-

No. of specimens mens with the following

PCR CCUs: PCR no. of CCUs:
result result
Total ~ Culture  Culture 5y g gge g8 Total ~ CWlture  Cultwre oy s gpe g
negative  positive negative positive
Negative 162 142 20 3 9 5 2 1 Negative 88 79 9 4 3 2 0 0
Positive 291 4 287 4 18 32 56 177 Positive 17 1 16 0 1 2 5 8
Total 453 146 307 7 27 37 58 178 Total 105 80 25 4 4 4 5 8

turer) in phosphate-buffered saline (PBS; pH 7.4) with 0.05% Tween 20 (PBST),
and the plates were incubated for 30 min at 37°C. After capture, three washes
with PBST were performed and the bound hybrids were detected by incubation
at 37°C for 30 min with 0.6 U of peroxidase-conjugated sheep anti-digoxigenin
Fab fragments (Boehringer Mannheim) per ml in 1% blocking buffer. After
three additional washes with PBST, the hybrids were visualized with ortho-
phenylenediamine (KemEnTec, Copenhagen, Denmark) in citrate buffer (pH
5.0). The reaction was stopped after 30 min by the addition of H,SO,, and the
Ayoo was read in an enzyme-linked immunosorbent assay reader (Molecular
Devices, Menlo Park, Calif.). The cutoff OD value for the positive samples was
three times the mean OD value for the negative control samples.

RESULTS

Detection of U. urealyticum. (i) Limit of detection. The limit of
detection for strains belonging to biovar 1 was calculated to be
0.012 to 0.12 CCU/10 pl of supernatant, corresponding to
2.4 % 10°to0 2.4 X 10" CCUs/2 ml, and the limit of detection for
strains belonging to biovar 2 was calculated to be 1.2 X 10° to
1.2 X 10" CCU/10 wl of supernatant, corresponding to 2.4 X
10* to 2.4 X 10° CCUs/2 ml. The experiment was repeated
twice, with the same results obtained each time.

For twofold serial dilutions of amplicons obtained from the
biovar 1 and biovar 2 strains, respectively, the results of aga-
rose gel electrophoresis were compared with the results of the
hybridization assay. It was shown that the hybridization assay
was four times more sensitive than gel electrophoresis for the
detection of amplicons.

(ii) Analytical specificity. When DNAs from urease-produc-
ing walled bacteria (see Materials and Methods) were sub-
jected to PCR, no amplicons were observed. However, ampli-
cons of the expected size were observed when DNAs from U.
gallorale and U. cati were subjected to the PCR.

PCR detection of U. wrealyticum in clinical samples and
comparison with culture results. A total of 618 specimens were
examined. In the culture assay 55 samples were overgrown with
other bacteria; 5 samples were inhibitory to the PCR. Thus,
results for 558 specimens were available for evaluation of the
sensitivities and specificities of the two methods.

Among the specimens from women, 63% (287 of 453) were
PCR positive as well as culture positive; 0.9% (4 of 453) were
positive only by PCR, and 4% (20 of 453) were positive only by
culture (Table 2). Among the specimens from men, 15% (16 of
105) were PCR positive as well as culture positive, 1% (1 of
105) were positive only by PCR, and 9% (9 of 105) were
positive only by culture (Table 3). When culture was used as
the reference method, the PCR method had a sensitivity of
94% (287 of 307) and a specificity of 98% (142 of 146) when
applied to specimens from women (Table 2) and a sensitivity of
64% (16 of 25) and a specificity of 99% (79 of 80) when applied
to specimens from men (Table 3). The PCR method was sig-
nificantly more sensitive for the detection of U. urealyticum in
specimens from women than in those from men. The predictive
value of a positive test result was 99% (287 of 291) for speci-

mens from women (Table 2) and 94% (16 of 17) for specimens
from men (Table 3). The predictive value of a negative test
result was 88% (142 of 162) for specimens from women (Table
2) and 90% (79 of 88) for specimens from men (Table 3). The
sensitivity of PCR for specimens with different concentrations
of U. urealyticum is as follows for women: 10' CCUs, 57%; 10?
CCUs, 67%; 10° CCUs, 86%; 10* CCUs, 97%; and =10°
CCUs, 99%. The sensitivity of PCR for specimens with differ-
ent concentrations of U. urealyticum is as follows for men: 10!
CCUs, 0%; 10*> CCUs, 25%; 10° CCUs, 50%; 10* CCUs,
100%; and =10° CCUs, 100%. However, 48% (12 of 25) of the
culture-positive specimens from men had =10° CCUs (Table
3), whereas 23% (71 of 307) of the culture-positive specimens
from women had =10 CCUs (Table 2). On average, the cul-
ture-positive and PCR-negative specimens had fewer CCUs
than the culture-positive and PCR-positive specimens (Table 2
and Table 3). Figure 2 illustrates the observed and estimated
PCR-positive fractions as a function of the numbers of CCUs.

Biovar determination. (i) Sequencing. The alignment (Fig.
3) showed differences between the two biovars, and different
biovar-specific biotin-labelled oligonucleotides probes were
synthesized. However, only one of the selected probes for each
biovar showed biovar specificity by liquid hybridization. The
sequence of the biovar 1-specific probe was 5'-AAA TTG ACT
TGA TGA TCC TG-3', and the sequence of the biovar 2-spe-
cific probe was 5'-ATT TGT TTC AAA TAA GTG G-3' (Fig.
3). The sequences of the relevant parts of the urease gene of
serotype standard strain 1 and serotype standard strain 8 pub-
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FIG. 2. Observed and estimated PCR-positive fraction as a function of the
numbers of CCUs for the specimens.
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100
Urease 1 ATACAATGGT TAGTATAATT CAAGTTGAAG TTACTTTCCC TGATGGTACT AAACTAGTTT CTGTACACGA TCCAATTTAC AAATAACATT TACA-TTCGT
Serotype 1 HRRTHEEA TS KRXTTNENET KX AREXAREN AXKXTER NS NXENINFERT AFNRERNINNT FXTINRATNE S hFEXARTNT KRR EENLNET R EN TN Tr
Serotype 3 Rt d L 2 o T R R Sy ST
Serotype 6 KHEXHENIAT RRARANAINT A FENFNIEST AR ERRIANRT A XRIANARROE ARRANRN TN T NH RN FRINE S AXCNININIT AR TRFINTH KA RN DTN oW
Serotype 14 KHEEETRTHRE ATEREHIETN HEAR IR EE FARNA NI RE AR AIEIII AT FAXITRI AR ATEIRRLTET KA HERTANE KR AT RRAAT RN C AT ® N
Urease 2 ATACAATGGT TGGTATAATC CAAGTTGAAG TTACTTTCCC AGATGGTACT AAACTAGTTT CTGTACACGA CCCAATTTAC AAATAATTTT TACAATTCGT
Serotype 2 FRAKEXEIET AGERACTNNC XA RNERRE T KO RINRINEN DR ARIFRIRT FNEANEFAN TN KNARTAANTT CXARTR AN A EANNRPTHE NXRXQE NS
Serotype 4 AREKEIIEHT HGENRRIHE HRAENRATHE KEARERKRNAT AAIRCERANST FNEAXINNAY ANTXTEHEETT CNXANAARET N HRN eI EXRC [ R A w
Serotype S ERENEKXREE HCEXEATHLC KXXKAXERTST KX EFEENREHT AXKAXKERAST RAXARANTANT AXXTXITXRT CHXATAENA A" A A AR X TTHT W e X T [ F X ew
Serotype 7 HERKEKHEEE HCEAXXXTXC KXXAXERARAT HEKKERTTES ARTIXTRERHT ANTARKANEN AARTAINTET CRIFTARNETN A H A HNTTHE KA XCDNA RN
Serotype 8 HEAEEHXIRE KGREAERRAC XA KAITTAT KXFKRRRKAIE ARKEIKITRT RRAXNNRCNIT FXXNTETRRT CXRTRFXXTH FrxxwwTTHH Hr e [hk ex
Serotype 9 ERANEKARF T HGEANTENLC KXRRERTERT RXHKNERRAFE NRKAIRINRT AR AARITERT KXXEXINA TN Chka R * AT T WR e w N TTHrR XXX XDE AN
Serotype 10 EREREFEIEE KCGEETETAAC KXRRKERNAS NARFHAKKHE NAACKFIFNNR RNIXAANLRE AXRFAXETHE Chk Aok *® KRNI * TN FXTF DA RS
Serotype 11 e c i e® GEERERENEAL KAAARANUNF Y ANFRAKIRNTT AR ARAII AT FARNIENTCTT KN IAKERITE Ch NIRRT IE A * eI ATTH, HAT kT *oden
Serotype 12 EHEREANKHA AGRAFTEHRAC AFEIKETTENT AXR XA REN T[RRI AR AN XARENIIATT AR XRXANNIT CX AN NEH LR krrxxTTE* AETr[rrrxn
Serotype 13 ------- WhA HGERKEEAHC A I XXEITNE RAR KK I REE AN RREARAIN XRRATRTERT XX EINTAT CRERRIHNFT Kw kX xRN ARENTRAN TN
200
Urease 1 AAAAT----- TTTTTTATAA AAGGAGATAA TGATTATATG TCAGGATCA- TCAAGTCAAT TTAGTCCAGG TAAATTAGTA CCAGGGGCAA TTAATTITCGC
Serotype PR T A AT ERTHFN KK HRIHHTTT KHERREENIT KR ARNIHEN L RAT KA A ENT T HRIFREATTN F kRN RRTTI T HERNIARRT NN FRT XA TN *H
Serotype 3 D A B R £ £ 2 N I A e il
Serotype 6 Wk o e e B I b L D i R e et 2
Serotype 14 *hxwE o EEREEIERAET KUK IAEEERAE AR RARA Ao h N X RRETRET . RXTHIKNATRT CNRITIAINS FAARH AR A TT KX RAEIRIT AN XTINT AT
Urease 2 ARAATCAATT TTAATTTITAT AAGGAGATAA TGATTATATG TCAGGATCAA TCAAATCAAT TCACTCCAGG TAAATTAGTA CCAGGAGCAA TTAACTTCGC
Serotype 2 WA CADTT FHRANRTHAT Fr Xk *ARNET kAKX RARANE NAERIRNRRL . KRR DNRANT KCACHNETTT FFTTXTA AT A RN RRARNIN ***;C*tﬁ*i
Serctype 4 **r A w CANTT *FAA*FTTHNT AN XX F I h A h A XA KRR RARNE AR RT AR RA N A RS ADwrwrrxr A ORCTNEHNR S XA ANRRE S _KRFFKDAATH A ATECT A *N
Sarxotype S *XHX R CAATT **PA*NTEHT *AKXFRAAAR KA XRKAKRTAT TRRARIINT L FXF AT KA AN A CACHRTTIT KX NIARHN I K N RTXDXETT XXX RN AN
Serotype 7 wrw xRk CANTT **PANVTHNT Fr*N*A*NhN EXKARARERR NARKNKRAIN L KNI XNFNN NCOHCHNTENT EXRANREFET A*k* ¥ AR T ** wwww CHHxw
Serotype 8 wh xR CARTT *HAAFXFTHST Fhhkkrxkhh s KAk kAR KNI T EN eI H I TN AR AR F N T w N ACKCRI T LT AA RN ENAFN RXRRRATNET Hk W CrA TR w
Serotype 9 *x kX CAATT **RAXFTHNT *hAwkhhhdeh RARCRNAIENE HRXARAEAN . FRXADTNTN T K ONCHIRIEER FH vk ke h*r AFNFA[REFN ArwnChenhw
Serotype 10 HRXFXCANTT **PAXFTHANT A r*h*Ahrah K EFXEFRART RAXNKXRIN . A FAADNRTN T KCECHETEXT CHwA TRk * N KRNI AAFT AT ArxwCh e r*x
Serotype 11 *ewwECRNATT *FHDAATTTHET AAENHRARAE kXA ARNFANNHT KAk AARFIH L ANXAQNNTNT FOXCHRXRRET A X HFANIHET AHXRTDRNN T A A ke R * AN
Serotype 12 *EX KX CAATT **DAXFTHNT *HERXAFHIE KXFENARERT NARRNKRKAT L FRRNANFINT ACONCEXFIET N RN IR AFXN AXRAR NI A e Cr A wkw
Serotype 13 *EREECODNTT *FHRRNFTHNT AAXRAK AT AR KRR XRRAENE AXXRKERIH . KA AANRREN AT K CXCENETNT AN A H XN T A AT AR T XNRE AT X e e R TR N
300
Urease 1 TAGTGGTGAA ATTGTGATGA ATGAAGGTAG AGAGGCAAAA GTAATTAGTA TTAAARATAC TGGGGACCGT CCTATACAAG TTGGATCACA TTTTCACTTG
Serotype 1 ERHREXKTERST FXXHEXLTHE ARERKRKNAY KR ERIEINE AR AEFHH AT KA EXRERNTT FRFRTNHEIHE XTI IKRKEN NRRXXTRRNART KX HEX AN w
Serotype 3 KERKERIAKE KAKAKEXTRFE AR XXKTRTAN AXRARATEHL KX REAXR A, XXX FTERTTT XK FFINIET R KIKANAN ARR KA RRAEE A xR TR T H R
Sexrotype & B I i 2 I i L
Serotype 14 WHRIHKHERRE AERNETATRN HAHKNEIT T KARKEIRARNEH AH XTI NNIT KA XNN I T I NN FHXXTRIFEST AT XXX RIRA T HR I I IR N W N TR AN
Urease 2 TGAARGGCGAA ATTGTGATGA ACGAAGGTAG AGAAGCAAAA GTAATCAGCA TTAAAAATAC TGGTGACCGT CCTATCCAAG TTGGATCACA TTTCCACTTA
Serotype 2 CGARFFCH KA kA Kk k kAN AR KCHE A AT EIT KRR AR I RN AR IR CRACH xR I d FexThAAREL Ak kA ORNFT X R IEENN XXX TFRD
Serotype 4 HGAAKRFCH** A XX E T T A I KN A Chhkhdkkoh *hkw ARk khh KA I RN CERCF Fk A TN wThwr H A’ THIIERT A FFAACHNA R KAk T e TNT Hr e CoNRXX]
Serotype 5 HGAATFCHET HA AR AT A A H CEEHIIEF A KHKQN AR E® R* A ACRACHN FANTARF T **wTrA R e T A A xWHCHNHT A NIRRT TR XA F O AN
Serotype 7 HGAAFHCHE** *x XTI IETN K CXRARNNIN KRR NA KA ATk KR AAROXRCH H oI * NI AN TN XK THAE AN KR TANCHRIN AXRAAINAFST X ChNrw ]
Serotype 8 HGADAFFCH R F KA KA KR AT K CHRE IR KA AR Kk Rk ® ok k kR CORRCE FARER R I NI * KA A TERNAT T K xwkOhwwh *AR xRN HITH HX I ORI I]
Serotype 9 HGDAFHCH*d kA ko wehdh XKCERREIIHIN AR RARRREN S AR RFACHRACE AKX X I RAFFH A RTNHRINST KA ANXCHRTN AXF NN N Fh* AT CHRTH ]
Serotype 10 HGADENCHEN T A*XIARTH A KCHRRAINHIE KRR AE N AN, *AFARCFRCE FXRHTNLNRS A NTHININT AN RNNCHRTT A RN AR *NIAE T XX TN]
Serotype 11 FGAAFHCHE® AR KA I HIEE N KORFA NI I NA * XA [FH Ik FERARCERCR KX KR AR L RN T XA A THRRRNEE A Ak Chhhh Rk R AR AN TN HHkCorrr ]y
Serotype 12 HOARFFCHEF* AR AR N A AIN R CEN KRN AT h K AR A R AT T XK ATCHR O FHR K AR IR ET whk*Th Ao hde XA *RCRIEN Fr A IR R AT *r e CRNT AT ]
Serotype 13 HGADF N Crkde Kk kAR WA R AR KCH NI AT A TS AXRAAXN AR T * A RACHROF FF AW e TN T *rkThwh kb’ c kT FXCEIET Ak AR T F ke whd *rdChrrw ]
Urease 1 TTTGAAGTGA ATAGTGCATT AGTATTTTTIT GATGAAAA
Serotype 1 HEEE AR A A KRR KERTNCAN AR LR KRR TR T R R A AN
Serotype 3 FkHE IR TA A KR K I AE KA AT AT R AR A RN
Serotype 6 B R I £ S R B & T SRR e
Serotype 14 B & I R B R R A
Urease 2 TTTGAAACAA ATAGTGCATT AGTATTCTTT GATGAARA
Serotype 2 F R AKX KRDCDA FHRARI A AN Hh kIR CrTd AE kRN
Sexotype 4 FRAKFRPCRAH Krhkh ek rkde KA T AR CETT AR R AR
Serotype S K HKHRDNCRST *EFHHTEFHH RN FNXRCNTH AR AR TE
Serotype 7 ERAEAKDCRT HHK AT HTE NS RFXRANCHR S Rk T TN KK
Serxotype 8 HEEEAXDNCRS KIEKKEIFEH KNAIAACHIH X x T TR
Serotype 9 EHREAHPCPFT KARKRTKK KK R RN I ECHEE KAEXNF T
Serotype 10 XX EXNDCRHF FHrA KT T A
Serotype 11 wk kxR PCORK KwE A IR TA AT E TN
Serotype 12 wh kA XX PNCAF *hheF AT AL ®Ew
Serctype 13 HH A A A DCAHR KKK KRTHEFK KA KRN CHIE *Nh Tk F*h

FIG. 3. Alignment of the sequenced products of the 429-bp fragment of the urease gene. The sequences of serotype standard strains 1, 3, 6, and 14 (biovar 1) are
compared to the published sequence of serotype standard strain 1 (13) designated Urease 1. The sequences of serotype standard strains 2, 4, 5, 7, 8, 9, 10, 11, and 13
(biovar 2) are compared to the published sequence of serotype standard strain 8 (2) designated Urease 2. The sequences of the probes that are not useful are marked
by underlines, and the sequences of the useful probes are marked by double underlines.
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FIG. 4. Competition during amplification of various ratios of biovar 1 DNA
and biovar 2 DNA. Biovar 1 and biovar 2 DNAs were mixed at various ratios
before amplification, but the total amount of DNA was kept constant.

lished by Neyrolles et al. (13) and Blanchard et al. (2) are
included in Fig. 3. The useful and the useless probes are indi-
cated in Fig. 1.

(ii) Optimization of the liquid hybridization conditions. The
optimal hybridization conditions with regard to temperature
and probe concentration were determined. Under the condi-
tions investigated, the optimal hybridization temperatures
were 55°C with the biovar 1-specific probe and 45°C with the
biovar 2-specific probe, and the optimal concentrations of the
probes were 1.3 nM with the biovar 1-specific probe and 1 nM
with the biovar 2-specific probe.

(iii) Analytical specificity. The amplicons produced when
DNAs from U. cati and U. gallorale were subjected to the PCR
did not react with the biovar-specific probes.

(iv) Competition during amplification. The ability to detect
biovar 1 and biovar 2 by the PCR declined when the amount of
heterologous DNA added to the mixture was increased (Fig.
4). The biovars could be detected with the homologous probe
even when a 100-fold excess of the heterologous DNA was
added to the reaction mixture. However, there was a decline in
the OD value to 0.3 for the homologous probe.

(v) Clinical samples. The result of a liquid hybridization
assay is illustrated in Fig. 5. The hybridization assay did not
detect ureaplasma DNA in any specimens negative by gel elec-
trophoresis. Among the samples received with a request for
culture for U. urealyticum, 80% (246 of 308) of the positive
specimens contained biovar 1, 13.5% (41 of 308) contained
biovar 2, and 6.5% (21 of 308) contained both biovars. There
was no significant difference in the biovar distribution among
the specimens from men and women. However, only a small
number of positive specimens from men were available for the
analysis.

DISCUSSION

Development of the assay. Detection of PCR products by
liquid hybridization has several advantages. The method yields
objective results compared to those obtained by gel electro-
phoresis, and the hybridization step adds specificity and may
lower the limit of detection. The method developed allows
detection of ureaplasmas in clinical samples by PCR and bio-
var determination performed directly with the amplified sam-
ples within 1 day.

In the commercially available PCR enzyme-linked immu-
nosorbent assay (DIG detection) from Boehringer Mannheim
a ratio of labelled/unlabelled nucleotides of 1:19 is used. How-
ever, labelled dUTP is very expensive, and experience with
other PCRs has shown that the limit of detection remained
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FIG. 5. Liquid hybridization assay for assignment of U. urealyticum biovars,
with the following results: hybridization with the biovar 1-specific probe, 1A to
3H and 4A to 4F; positive specimens containing biovar 1, 1A, 1B, 2C, 2F, and 2G;
positive controls of biovar 1, 4A and 4B; positive controls of biovar 2, 4C and 4D;
negative controls, 4E and 4F; hybridization with the biovar 2-specific probe, SA
to 7H and 8A to 8F. Positive specimens containing biovar 2, 6E, 7E, and 7G;
positive controls of biovar 1, 8A and 8B; positive controls of biovar 2, 8C and 8D;
negative controls, 8E and 8F.

satisfactory even when the ratio was decreased to 1:312. There-
fore, this concentration was chosen.

When the hybridization temperature exceeded the optimum
for the biovar 1-specific probe (55°C) and the biovar 2-specific
probe (45°C), the hybrids remained denatured, resulting in a
decline in the OD value.

Other liquid hybridization assays in our laboratory were run
at 50 and 40°C. From a practical point of view, these temper-
atures were chosen since unspecific binding was not observed.

We showed that with detection of U. urealyticum by PCR
and biovar determination by liquid hybridization it was possi-
ble to detect a mixed infection (Fig. 4). However, competition
during amplification did occur. When the ratio of biovar 1
DNA/biovar 2 DNA exceeded 1, the OD value for the biovar
2-specific probe declined, and when the ratio fell below 1, the
OD value for the biovar 1-specific probe declined. However,
the assay was sufficiently robust to detect both biovars in the
presence of 100-fold excess of one of the biovars.

The diagnostic PCR. The analytical specificities of primers
U4 and US were high. They allowed the amplification of a
product of the expected size from ureaplasma strains but not
from other urease-producing bacteria. However, when DNAs
from U. gallorale and U. cati were subjected to the PCR, am-
plicons of the expected size were observed. None of the am-
plicons hybridized with the biovar-specific probes, and since U.
gallorale and U. cati are believed not to be pathogenic for
humans, it was considered to be without importance for inves-
tigation of clinical specimens. When the assay was applied to
clinical specimens and culture was used as the “gold standard,”
the sensitivity was calculated to be 94% for specimens from
women and 64% for specimens from men. The hybridization
assay did not identify any additional U. urealyticum-positive
specimens, although this detection method was found to be at
least four times more sensitive than gel electrophoresis. The
low sensitivity for specimens from men was found to be cor-
related to the smaller amount of microorganisms present in
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these samples than that present in samples from women. Blan-
chard et al. (3) observed a sensitivity of 92% when they sub-
jected specimens from the urogenital tract to this PCR.

Abele-Horn et al. (1) have also evaluated the diagnostic
PCR of Blanchard et al. (3). The efficiency of the PCR was
compared with that of culture for detection of U. urealyticum in
468 clinical specimens (gynecological specimens, urological
specimens, and specimens from newborn infants). The sensi-
tivity of PCR versus culture was 95%. Willoughby et al. (29)
used other primers to amplify a 459-bp fragment from nucle-
otides 542 to 999 of the ureasegene of U. urealyticum for
diagnostic purposes. Teng et al. (28) evaluated this PCR. By
culture, 5 of the 50 specimens were positive for U. urealyticum
and 4 were doubtfully positive (growth in liquid medium but no
positive identification on solid medium). PCR showed positive
test results for 12 specimens which included the positive and
doubtfully positive culture specimens. These results indicated
that this PCR was more sensitive than culture for detection of
U. urealyticum but could be explained by the less optimal cul-
turing technique (medium, lack of staining of the colonies by
manganese sulfate, and handling of the specimens between
collection and the initiation of culture).

Biovar determination. Among the samples received with a
request for culture for U. wurealyticum, 80% of the positive
specimens contained biovar 1, 13.5% contained biovar 2, and
6.5% contained both biovars. Clerc et al. (8) applied the PCRs
of Robertson et al. (19) to 350 noncloned U. urealyticum iso-
lates obtained from 1,100 clinical specimens. The specimens
were urethral and endocervical swab, semen, urine, and a few
endotracheal swab specimens. There was no information about
the patients. Of 350 U. wurealyticum-positive specimens, 76%
contained the parvo biovar (biovar 1), 17% contained the T960
biovar (biovar 2), and 7% contained both biovars. This is the
same biovar distribution found in the present study for speci-
mens received with a request for culture for U. urealyticum.

Robertson et al. (19) and Jacobs et al. (11) used PCR to
amplify the 16S rRNA genes of ureaplasma isolates. Both
methods were applied to the serotype standard strains. Fur-
thermore, Robertson et al. (19) applied their method to wild-
type isolates which had previously been serotyped. The biovar
determination was in agreement with that predicted by the
serotyping results. Typing methods based on isolates of U.
urealyticum are hampered by the fact that culture of U. urea-
Iyticum takes up to 7 days. We developed a method that allows
the detection of ureaplasmas in clinical samples by PCR and
biovar determination performed directly with the amplified
samples within 1 day.
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