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In this prospective study, the prevalence of the two Ureaplasma urealyticum biovars, parvo and T960, was
determined in pregnant women and in gynecological patients colonized by ureaplasmas. Furthermore, we
investigated the association of these biovars with gynecological complications and adverse pregnancy outcome.
Isolates of U. urealyticum from 254 women were biotyped by a PCRmethod recently developed. The parvo biovar
was found in 81% (206 of 254) of the patients, and the T960 biovar was found in 30% (76 of 254) of the patients;
6% (14 of 254) of the women were coinfected. Identical biovars were detected in mothers and their infants.
Serial isolations or cultures from different sampling sites of the same individual revealed the same biovar. T960
was dominant in patients with pelvic inflammatory disease (57%) and patients who had had a miscarriage
(42%), showed a higher rate of tetracycline resistance than did parvo isolates (55 versus 18%), and seemed to
have more adverse effects on pregnancy outcome with regard to birth weight (2,500 versus 1,720 g), gestational
age (35 versus 30 weeks), and preterm delivery (35 versus 77%).

Ureaplasma urealyticum is considered to be a commensal in
the lower genital tracts of sexually active women (4) and has
been found at colonization rates of 40 to 80% (17). In some
colonized pregnant women, ureaplasmas have been considered
to be a cause of chorioamnionitis (9) and premature delivery
(8). They are frequently transmitted from mothers to their
infants either in utero or during birth (3, 8). Respiratory tract
colonization of some newborn or premature infants has been
associated with various diseases, including pneumonia (2), per-
sistent pulmonary hypertension (21), chronic infection of the
central nervous system (22), and bronchopulmonary dysplasia
(BPD) (23).
It is not known why, despite heavy colonization of the cervix

by U. urealyticum, only some women miscarry or deliver pre-
term and why some newborn infants, especially preterm in-
fants, develop respiratory disease. Some studies (10, 11, 24)—
but not all (14, 20)—have indicated that certain serotypes,
especially 4 and 8, are more frequently associated with disease.
These findings led to the assumption that the pathogenicity of
U. urealyticum is linked to particular serotypes.
The 14 serotypes that have been defined (15) can be classi-

fied into two biovars according to phenotypic and genotypic
differences. The parvo biovar comprises 4 serotypes, 1, 3, 6,
and 14, and the T960 biovar includes 10 serotypes. An indirect
immunofluorescence assay with polyclonal antisera is usually
used for serotyping, but the results are often difficult to inter-
pret. The biovars can also be discriminated by a PCR assay
(16) which separates the 14 U. urealyticum serotypes into two
biovars.
About 75% of the pregnant women tested at our hospital

were colonized by U. urealyticum, and about 20% of them had

complications during their pregnancies. The aim of this study
was to determine the distribution of the two biovars among
pregnant women and gynecological patients and to estimate
their association with various clinical symptoms and clinical
outcomes for colonized women. The study protocol excluded
false-negative patients and patients with polyinfections.

MATERIALS AND METHODS

Study population. Patients included in this study were selected from women
who were consecutively admitted to the Department of Obstetrics and Gynecol-
ogy of the City Hospital, Munich-Schwabing for delivery, miscarriage, or pelvic
inflammatory disease (PID). After admission, patients were examined clinically
and vaginally and medical, sexual, and social histories were obtained. Further-
more, vaginal and cervical swabs were taken. Cases assessed were without bac-
terial vaginosis, Escherichia coli or other gram-negative bacteria, hemolytic strep-
tococci, peptostreptococci, peptococci, Neisseria gonorrhoeae, Candida albicans,
Trichomonas vaginalis, Chlamydia trachomatis, Bacteroides sp., Mycoplasma
hominis, and Gardnerella vaginalis and/or without diseases which could lead to
gynecological complications, miscarriage, or preterm delivery. Only women col-
onized by U. urealyticum as the sole pathogenic microorganism were selected.
The presence of bacteria like coagulase-negative staphylococci, nonhemolytic
streptococci, corynebacteria, or enterococci were also analyzed. A concentration
of ,104 color-changing units of each of these particular microorganisms per ml
was considered to be not relevant for the study and did not result in exclusion.
The occurrence of preterm labor, membrane rupture, or amnionitis-chorioam-
nionitis was documented in detail. All women were observed from admission
until discharge. Furthermore, all infants born to these women and colonized by
U. urealyticum were included in the study protocol. Oral consent for participation
was obtained from all patients. The study was approved by the Ethics Committee
of our hospital.
Specimen collection. As mentioned above, cervical and vaginal swabs were

routinely obtained from every patient after admission. Full clinical and micro-
biological examinations were repeated during birth or after miscarriage if the
interval between admission and delivery or miscarriage was more than 24 h.
Patients with longer hospital stays were examined twice a week. Placentas and
endometrial tissues were examined histologically and microbiologically when the
gestational age at delivery was ,36 weeks or when a miscarriage took place.
Nose and throat swabs and tracheal aspirates were collected from the infants
directly after birth.
Cultures. A vaginal speculum examination was performed, and the appear-

ance of any vaginal discharge (consistency, amount, color, odor, and pH) was
recorded. One milliliter of a 0.9% saline solution was inoculated with a cotton
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swab containing vaginal fluid for microscopic examination for T. vaginalis. Gram
staining, and detection of bacterial vaginosis (positive amine test with 10%
potassium hydroxide and microscopic examination for clue cells). A vaginal swab
was obtained for the culture of E. coli or other gram-negative bacteria, strepto-
cocci, enterococci, coagulase-negative staphylococci, lactobacilli (all were cul-
tured on blood agar plates with 5% sheep blood), Haemophilus bacteria (on
chocolate agar plates), anaerobic bacteria (on Schaedler’s anaerobic agar plates),
G. vaginalis (on human blood bilayer agar plates with Tween 80 [HBT medium]),
N. gonorrhoeae (on chocolate and Thayer Martin agar plates), and yeasts (on
Sabouraud agar plates). An additional vaginal swab was placed in 2 ml of 2SP
transport medium (7). An aliquot was inoculated into cycloheximide-treated
McCoy cell cultures (7) for the growth of C. trachomatis. In addition, 0.1 ml was
diluted in 0.9 ml of U9 broth (7) supplemented with arginine (0.1%) and ana-
lyzed for growth of M. hominis or in 0.9 ml of 10B broth (7) for growth of U.
urealyticum. For the screening of ureaplasmas, five 10-fold dilutions were made
and an aliquot (20 ml) of each dilution was inoculated onto an A8 agar plate (7).
The cultures were then incubated anaerobically at 378C. After growth in 10B
broth (color change from yellow to red), subcultures to A8 agar plates were
performed. On A8 agar, U. urealyticum organisms produce small, dark brown
colonies (15- to 30-mm diameter). To confirm that U. urealyticum had been
isolated, colonies were taken from A8 plates, inoculated into fresh 10B broth,
and subcultured. Cultures in 10B broth were assayed by PCR.
PCR. For PCR, samples were prepared as previously described (1). Briefly,

250 ml of each sample was centrifuged (12,000 3 g for 20 min at 48C). The pellet
was resuspended in 50 ml of solution A (10 mM Tris-HCl, pH 8.3, containing 100
mM KCl and 2.5 mM MgCl2) and an equal volume of solution B (10 mM
Tris-HCl, pH 8.3, containing 2.5 mM MgCl2, 1% Tween 20, 1% Triton X-100,
and 5 mg of proteinase K per ml). After incubation for 1 h at 608C and heating
to 958C for 10 min, 5 ml was taken from each sample for PCR. Purified DNA of
the 14 serotypes was used to evaluate the sensitivity of the amplification protocol.
PCR amplification was done as described by Robertson and coworkers (16).
The positive controls were diluted lysates of U. urealyticum serotypes 1, 3, 6,

and 14 (parvo biovar) and serotypes 2, 4, 5, and 7 to 13 (T960 biovar), which were
kindly provided by G. Cassell (University of Alabama at Birmingham), and the
negative control was sterile water. PCR with primers U3 and P6, which detected
the parvo biovar, was named PCR-U3, and the PCR with U8 and P6 was
designated PCR-U8 and detected the T960 biovar. Amplified products were
1,300-bp DNA fragments of the 16S rRNA genes of U. urealyticum. They were
visualized under UV light after electrophoresis in a 1% agarose gel containing
ethidium bromide and identified by amplicon size.
Antimicrobial susceptibility testing. Tests for susceptibility to ciprofloxacin,

ofloxacin, erythromycin, clarithromycin, and doxycycline were performed once
for each patient in duplicate on different days by determining the MICs. The
assays were done with microtiter plates and 10B broth medium, pH 6.0, without
penicillin as described by Senterfit (18). Each well contained ureaplasmas at a
concentration between 5 3 103 and 5 3 104 color-changing units/ml. Controls
without antibiotics were included. Before testing, the effects of the pH and the
supplements in the media used for culture of the mycoplasmas on the activities
of the antibiotics were determined by comparing the MICs of Enterococcus
faecalis 7034 (A. Bauernfeind, Max von Pettenkofer Institute, Munich, Ger-
many) obtained with Mueller-Hinton broth (pHs 7.2 to 7.4) with those obtained
with 10B broth (pH 6.0). In addition, the MICs of a U. urealyticum serotype 2
reference strain (kindly provided by C. Bébéar, Université de Bordeaux, Bor-
deaux, France) were compared with the values obtained in this study. Designa-
tion of susceptibility was made according to DIN 58940 standards with the
following values. For erythromycin and clarithromycin, #1 mg/ml was suscepti-
ble, 2 to 4 mg/ml was intermediate, and $8 mg/ml was resistant; for ciprofloxacin
and ofloxacin, #1 mg/ml was susceptible, 2 mg/ml was intermediate, and $4
mg/ml was resistant; for doxycycline, #1 mg/ml was susceptible, 2 to 4 mg/ml was
intermediate, and $8 mg/ml was resistant.
Statistical analysis. All variables were analyzed with a two-tailed chi square

test or, when appropriate, Fisher’s exact probability test. Continuous variables
were analyzed by a two-tailed t test. Significance was established at 5%.

RESULTS

Study population. Of the 528 women examined, 370 (70%)
were colonized by U. urealyticum; 116 of the colonized women
were excluded because they carried microorganisms other than
U. urealyticum. The remaining 254 patients entered the study
and were categorized into three groups. Groups 1 and 2 were
pregnant women admitted for delivery (n 5 174) or miscar-
riage (n5 24); group 3 consisted of patients with PID (n5 56).
Infants born to mothers in group 1 and colonized by U. urea-
lyticum (55%; 97 of 174) were entered into the study. There
were no statistically significant differences among the three
groups with regard to age, social status, nationality, and state
of parity. However, women in group 3 were significantly

younger (24 years in group 3 versus 29 years in group 1 and 30
years in group 2; P, 0.05) and had significantly more previous
miscarriages (50% in group 2 versus 17% in group 1 and 14%
in group 3; P , 0.001).
Distribution of biovars. The amplified PCR products from

U. urealyticum serotypes 1, 3, 6, and 14 (parvo biovar) and from
serotypes 2, 4, 5, and 7 to 13 (T960 biovar) are shown in Fig. 1.
Under optimal conditions, PCR amplification consistently de-
tected 10 to 100 copies or 40 fg of DNA of each serotype.
Control for polymerase inhibition was not necessary, as only
positive samples were used. All strains of U. urealyticum that
could be isolated from the 254 patients were biotyped. The
parvo biovar was present in 81% (206 of 254) of the patients,

FIG. 1. Detection of U. urealyticum biovars by PCR. (a) DNA amplification
with PCR-U3. Lanes: 2, 4, 7, and 15, U. urealyticum serotypes 1, 3, 6, and 14,
respectively; 1 and 16, molecular size markers. (b) DNA amplification with PCR
U-8. Lanes: 3, 5, 6, and 8 to 14, U. urealyticum serotypes 2, 4, 5, and 7 to 13,
respectively; 1 and 16, molecular size markers. The position of the 1,300-bp
fragment from the U. urealyticum biovars is indicated by the arrows.

TABLE 1. Distribution of U. urealyticum biovars in three different
groups of patients

Colonizing
biovar(s)

No. (%) of patients colonized

Group 1
(n 5 174)

Group 2
(n 5 24)

Group 3
(n 5 56)

Total
(n 5 254)

Parvo 156 (90) 18 (75) 32 (57) 206 (81)
T960 34 (20)a 10 (42)b 32 (57)a 76 (30)
Both 8 (5) 2 (8) 4 (7) 14 (6)

a P , 0.0001.
b P , 0.05.
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the T960 biovar was present in 30% (76 of 254) of the patients,
and 6% (14 of 254) of the patients were coinfected (Table 1).
The T960 biovar was dominant in women with miscarriages
(42%) and PID (57%), in contrast to group 1 (20%). Identical
biovars were isolated from mothers in group 1 and their new-
born infants. Of 96 colonized infants, 90% (86 of 96) harbored
the parvo biovar, 20% (19 of 96) harbored the T960 biovar,
and 5% (8 of 96) harbored both biovars (data not shown). In
addition, consecutive samples from the same patient, e.g., pla-
centa and cervix samples in group 1 or cervix samples and
endometrium tissue samples in group 2, contained the same
biovars.
Clinical outcome. As mentioned above, the prevalence of

the T960 biovar was significantly greater among patients with
miscarriages (group 2) and PID (group 3) than in group 1.
Regarding group 3, it was conspicuous that women who har-
bored the T960 biovar were significantly older (27 versus 21
years), had PID recurrently (14 versus 6), and had been treated
repeatedly with antibiotics. In women of group 1 (Table 2),
strains of the T960 biovar had more adverse effects on preg-
nancy outcome with regard to birth weight (P , 0.05) and
gestational age (P , 0.05) and preterm delivery (P , 0.001),
despite comparable conditions with regard to age (29 versus 30
years), socioeconomic status, nationality, and gynecological
risk factors (24 versus 19%). The T960 biovar also seemed to
be associated with a significantly higher rate of complications
(P , 0.05), such as preterm labor or bleeding in early preg-
nancy (Table 2). Furthermore, the premature infants who were
colonized by the T960 biovar had a higher rate of BPD.
Susceptibility testing. The test results of the 254 strains are

shown in Table 3. Comparative testing of control strain E.
faecalis 7034 in Mueller-Hinton medium and 10B broth
showed that there was no effect on the activity of doxycycline
and clarithromycin, but there was a moderate effect on the
activities of ciprofloxacin (1 to 2 mg/ml in Mueller Hinton

medium versus 4 to 8 mg/ml in 10B broth), ofloxacin (2 versus
4 mg/ml), and erythromycin (2 to 4 versus 4 to 8 mg/ml). The
MICs for the U. urealyticum serotype 2 reference strain (0.5
mg/ml for erythromycin and 0.05 mg/ml for doxycycline) were in
agreement with the reference values (0.5 mg/ml for erythromy-
cin and 0.05 mg/ml for doxycycline).

DISCUSSION

The aim of this prospective study was to determine the
distribution of the U. urealyticum biovars parvo and T960
among women with cervical colonization and to investigate
their association with disease. As described by others (5), most
(81%) of the women examined were colonized by the parvo
biovar while only 30% were colonized by the T960 biovar.
Both biovars were associated with adverse effects on preg-

nancy outcome; therefore, diseases do not seem to be associ-
ated with specific biovars. Compared to the parvo biovar, the
T960 biovar had a less pronounced effect on birth weight
(2,500 versus 1,720 g), gestational age (35 versus 30 weeks),
chorioamnionitis (14 versus 31%), and preterm delivery (77
versus 35%). As diseases which could lead to obstetrical com-
plications and colonization by other pathogenic organisms
causing preterm delivery were excluded, colonization by U.
urealyticum seems to be a risk factor for adverse pregnancy
outcome. This is in accordance with other, recent studies in
which U. urealyticum was associated with chorioamnionitis (9,
11), amnionitis (10), and complications in pregnancy (12).
The incidence of the T960 biovar was significantly higher

among women with PID or women who had had a miscarriage
(57 or 42%). Comparison of the two groups with PID showed
that the women colonized by the parvo biovar were younger
(mean age, 21 [range, 17 to 22] years), had not been treated
previously with antibiotics, and had developed an infection for
the first time. Women carrying the T960 biovar were older
(mean age, 27 [range, 17 to 34] years), had PID recurrently,
and had been treated repeatedly with antibiotics. According to
these findings, the T960 biovar seems to be associated with
chronic infections which cause or support chronic PID or re-
current unsuccessful pregnancies. This assumption has also
been proposed by others (10, 12, 13). In one study (10), U.
urealyticum strains from patients with pregnancy complications
were serotyped and serotype 4, which belongs to biovar T960,
was more often found in women with an irregular course of
pregnancy (20.8 versus 5.1%). There have also been reports of
higher isolation rates of U. urealyticum serotype 4 in patients
with nongonococcal urethritis (6, 19). Indirect evidence for an
association of U. urealyticum serotype 4 with pregnancy loss
was described by Quinn and colleagues (13), who found higher
levels of antibodies against serotypes 4 and 8 in women with
unsuccessful pregnancies.
Examination of antibiotic susceptibility revealed a significant

TABLE 2. Influence of U. urealyticum biovars on pregnancies of
mothers in group 1

Characteristics Parvo biovar
(n 5 148)

T960 biovar
(n 5 26)

No. (%) of pregnancies with
complications (bleeding,
preterm labor)

34 (23)a 14 (54)a

No. (%) of pregnancies ending in
amnionitis

40 (27) 14 (54)b

No. (%) of pregnancies ending in
chorioamnionitis

20 (14)c 8 (31)c

No. (%) of female infants 65 (44) 12 (46)
Mean birth wt, g (SD) 2,500 (1,010)c 1,720 (1,345)c

Mean gestational age, wks (SD) 35 (7.0)c 30 (6.2)c

No. (%) of term infants 96 (65)a 6 (23)a

No. (%) of preterm infants 52 (35)c 20 (77)c

No. (%) of pregnancies lasting
.30 wks

28 (19) 4 (15)

No. (%) of pregnancies lasting
,30 wks

24 (16)a 16 (62)a

No. (%) of pregnancies with
vertical transmission

77 (52)c 20 (77)c

No. of preterm infants/total (%) 48/52 (92) 18/20 (90)
No. of term infants/total (%) 29/96 (30) 2/6 (33)
No. of preterm infants with
vertical transmission who
developed BPD

12/48 (25)c 10/18 (56)c

a P , 0.001.
b P , 0.01.
c P , 0.05.

TABLE 3. Susceptibility of U. urealyticum biovars to antibiotics

Antibiotic

No. (%) of isolates susceptible

Parvo biovar
(n 5 206)

T960 biovar
(n 5 76)

Erythromycin 204 (99) 76 (100)
Clarithromycin 204 (99) 76 (100)
Ciprofloxacin 91 (44) 44 (58)
Ofloxacin 89 (43) 30 (39)
Doxycycline 169 (82)a 34 (45)a

a P , 0.001.
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correlation between T960 strains and doxycycline resistance.
Resistant strains were isolated mainly from patients frequently
using antibiotics, especially tetracyclines, for recurrent infec-
tions.
In conclusion, we found that women were more frequently

colonized by the U. urealyticum parvo biovar than by the T960
biovar. Both biotypes were associated with unsuccessful preg-
nancies, the T960 biovar more often than the parvo type. Com-
plications caused by a chronic ureaplasma infection were low
birth weight, a shorter gestational period, and preterm deliv-
ery. The T960 biovar was more frequently present in patients
suffering from PID. Infected women frequently had miscar-
riages, preterm delivery, or recurrent inflammatory diseases
which often required antibiotic therapy. In these cases, the
T960 biovar seemed to be an agent supporting chronic infec-
tions. In addition, T960 strains showed a strong tendency to
develop tetracycline resistance. This should be considered
when treating chronic PID.
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