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Comparison of growth inhibition and
immunofluorescence tests in serotyping clinical
isolates of Ureaplasma urealyticum
PETER PIOT
From the Laboratory of Bacteriology, Instituut voor Tropische Geneeskunde, Antwerp, Belgium

SUMMARY Typestrains of the eight serotypes of Ureaplasma urealyticum and 39 genital isolates
were typed by the growth inhibition (GI) and indirect immunofluorescence (IF) tests. The GI test
proved to be very specific and simple, demanding large volumes of serum. It was less sensitive
than the IF test, which produced more cross-reactions, was economical in serum, and able to detect
mixed infections. Of the 39 isolates, 27 were serotyped by GI and 34 by IF. Mixed cultures occurred
in as many as 36% of the isolates.

Introduction Materials and methods

Many well conducted studies have not proved an
aetiological role for Ureaplasma urealyticum in
non-gonococcal urethritis (NGU). Freundt (1973),
Morton (1975), and Dunlop (1975) have reviewed
studies on this subject.
A quantitative approach to the problem, as

advocated by Shepard (1974), especially in cases of
Chlamydia-negative NGU could support a patho-
genic role for U. urealyticum in the aetiology of
NGU and deserves further investigation.
Another approach is the analysis of the different

serotypes of the U. urealyticum strains recovered.
At present at least eight serotypes have been
described (Shepard et al., 1974).

In a previous study from this laboratory (Piot,
1976) the growth inhibition (GI) test was used to
type 46 clinical isolates of U. urealyticum. Among
the different techniques proposed, the indirect
immunofluorescence (IF) test eventually combined
with the GI test has been recommended as the test
of choice for serotyping mycoplasmas (Freundt,
1974).
The purpose of this study was to compare the

sensitivity and specificity of the IF test with the GI
test and to determine the suitability of these tests
for the routine serotyping of clinical isolates of
U. urealyticum.
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STRAINS
Thirty-nine U. urealyticum strains were isolated
from urethral specimens taken from 10 male patients
with gonorrhoea, 17 with NGU, and from 12
healthy men as described earlier (Piot, 1976).
Clinical isolates were lyophilised without cloning.
Reference strains of the eight serotypes of U.
urealyticum were obtained from E. A. Freundt,
FAO/WHO International Centre for Animal Myco-
plasmas, Aarhus, Denmark.

MEDIA
The ureaplasma strains were propagated on
L-medium consisting of proteose peptone no. 3
(Difco) 1-5%, NaCl 0-5%, fresh yeast extract
(baker's yeast) 2 5%, fresh horse plasma 12%,
ion agar no. 2 (Oxoid) 1 1 %, phosphate buffer
(KH2PO4-Na2HPO4) 20%, pH 6-2, distilled water
62.3%.

SEROLOGICAL TESTS
The GI test was performed according to a modifi-
cation of Black's technique as described previously
(Piot, 1976). The L-medium was preheated at 371C
for 60 minutes and one drop (0-01 ml) of an over-
night Ureaplasma culture (104-105 colony forming
units/ml) was distributed on the agar plate by the
running drop technique; 0 025 ml of antiserum was
applied in a 4 mm well and the plates were incubated
at 32°C in air with 10% CO. for 48 hours. The
plates were examined under a stereomicroscope after
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application of a mixture of 1% urea and 0-8%
manganous sulphate (Shepard, 1973). Zones of
growth inhibition were measured from the edge of
the wells to the edge of colony development. Only
zones of 0 5 mm or greater were regarded as
significant.
The IF test of Rosendal and Black (1972) using

unfixed colonies on agar was used under slightly
modified conditions: agar blocks, approximately
0.5x05 cm in size, supporting between two and
five colonies, were placed on slides and incubated
with one drop of diluted typing antiserum for 30
minutes at room temperature in a moist chamber.
The blocks were rinsed twice in phosphate buffered
saline (PBS) (pH 7 2) for 10 minutes and incubated
for 30 minutes at room temperature with one drop
of conjugated sheep antirabbit globulin (Institut
Pasteur, Paris) diluted at 1:50, followed by two
rinses in PBS (pH 7 2) for 10 minutes. The labelled
blocks were then kept in PBS (pH 7 2) at 4°C in a
moist chamber for 24 hours, the PBS being changed
twice.
They were examined under a Leitz fluorescence

microscope with incident illumination. Titres are
given as the reciprocal of the highest dilutions of
antisera causing strong fluorescence.

Antisera were provided by M. C. Shepard and
were incubated at room temperature with an equal
volume of medium for one hour before use.

Results

GROWTH INHIBITION
When the method outlined was followed, the GI
test was easy to read and provided zones of inhibi-
tion from I to 5 mm. Standardisation of the inoculum
was found to be critical, a large inoculum (>105
colony forming units/ml) resulting in significantly
smaller zones of inhibition, or no inhibition at all.
As stated by Black (1973) larger zones of inhibition
were obtained by lowering the incubation tempera-
ture to 27°C but below 30°C some strains became
inconsistent and scanty, even with prolonged
incubation.
The test proved to be very specific when performed

with the eight reference strains against their homo-
logous antisera; only one cross-reaction occurred:
between antiserum type II and Ureaplasma serotype
V, as already mentioned by Black (1970).
Of the 39 clinical isolates 26 were readily sero-

typed, while 12 isolates were not inhibited by any of
the sera used. One isolate showed large inhibition
zones (3 and 4 mm respectively) with antisera types
IL and VI and diminished growth inside each zone,
uggesting a mixed culture.

IMMUNOFLUORESCENCE
Non-specific background fluorescence made the
interpretation of the IF test doubtful and non-
reproducible until the final 24-hour rinse in PBS
was introduced. This did not decrease the intensity
of specific fluorescence and had no effect on the
attachment of the colonies to the medium.

All IF reactions were read without knowledge of
the results of the GI test, and with coded antisera.
The titres of the antisera against the eight type
strains examined in reciprocal cross-immuno-
fluorescence tests are given in Table 1. With the
exception of antisera against serotypes IV and VII,
all homologous titres were higher than 1/80, and
antiserum to serotype I even reached 1/1280. One
way cross-reactions were observed with three anti-
sera: antiserum IL with serotypes I and V, antiserum
IV with serotype II, and antiserum VIII with
serotypes IV and VII. These cross-reactions reached
values identical with the homologous reactions or
were one-half to one-quarter of these.

Serotyping of clinical isolates was done with the
sera diluted to the titres as indicated in Table 1 so
that cross-reactions owing to lack of specificity of
the typing sera may be expected to occur for types
VIII, VII and IV, II and V, and IV and II.

Clear results were obtained in 19 cases (50%);
the colonies of four strains did not fluoresce, and
15 gave strong fluorescence with only one of the
antisera (four with type II, one with type IV, one
with type VI, four with type VII, and five with type
VIII).

Results were more difficult to interpret in 20 cases
(50%): one isolate gave a weak reaction with four
antisera and should probably be interpreted as
negative. Nineteen isolates fluoresced strongly with
more than one of the antisera. Mixed cultures,
consisting of serotypes presenting no cross-reactions
(Table 1), were clearly observed in 11 cases: some
colonies fluoresced with one particular antiserum
on part of the block, while on other blocks some
colonies fluoresced with a different antiserum. The
remaining eight isolates fluoresced strongly with
two different sera which showed cross-reactions in
the reciprocal cross-immunofluorescence tests with
the eight typestrains. Of these, five strains fluoresced
with antisera II and IV, and three strains with sera
IV and VIII. When tested by GI, five of these
isolates (three reacting with II and IV, and two with
IV and VIII) presented a clear zone of inhibition
with only one antiserum (three types II, two types
IV). They were considered as single serotypes.
The remaining three cultures (two types IL and IV
and one types IV and VIII) gave no inhibition at all
in the GI test, which may be caused by the presence
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Table 1 Relationship between eight ureaplasma strains measured by indirect immunofluorescence

Antiserum against serotypes

U. urealyticum serotypes I II III IV V VI VII VIII

I 1280 40 <10 <10 <10 <10 <10 <10
II <10 160 <10 20 <10 <10 <10 <10
III <10 <10 640 <10 <10 <10 <10 <10
IV <10 <10 <10 40 <10 <10 <10 160
V <10 160 <10 <10 320 <10 <10 <10
VI <10 <10 <10 <10 <10 160 <10 <10
VII <10 <10 <10 <10 <10 <10 80 320
VIII <10 <10 <10 <10 <10 <10 <10 320

of more than one serotype. Although there is not
the same evidence of their being mixtures as in the
previous cases, they are considered as such in the
discussion of the results. In all, therefore, it seemed
that 14 of the isolates consisted of more than one

serotype occurring in the following combinations
in the populations studied: I and II (two), I and III,
I and IV, I and VI, I and VIII, II and IV (two),
HI and VI, II and VII, II and Vm (three), IV and
VIII.

COMPARISON OF GI AND IF
Table 2 presents the results of the serotyping of
39 clinical isolates by both methods. Three strains
typed by GI were identified differently by IF: one
(GI) serotyped V gave strong fluorescence with
antiserum VII only, while two (GI) serotypes VII
could not be typed by IF. The mixed culture detected
by GI was confirmed by IF.
Immunofluorescence revealed an additional sero-

type in six isolates typed by GI and it was able to
identify nine of 12 which gave no growth inhibition.
Two of these isolates belonged to only one serotype
(VI and VI) the remaining cultures containing
two serotypes of U. urealyticum.

Discussion

In the current study neither the IF nor the GI test
alone was entirely satisfactory for serotyping clinical
isolates of U. urealyticum. The GI test is specific
and relatively easy to perform. However it has
several disadvantages. Relatively large volumes of
typing sera are needed, since these have to be used
undiluted. It is relatively insensitive: of the 39
isolates, 27 (69%) were serotypes by GI test as

compared with 34 (87 %O) by IF (Table 2). Further-
more the GI method is much less able to detect
mixed cultures than the IF test. Previous cloning is
no solution to this problem since it could precisely
mask the occurrence of such mixtures.
The high titres obtained in the IF test makes it

economical in the volumes of sera to be used. We

Table 2 Results ofserotyping 39 isolates of U.
urealyticum by the growth inhibition and the
immunofluorescence tests

Tested One Mixed Strains
Test strains serotype culture not typed

Growth inhibition 39 26 1 12
Immunofluorescence 39 20 14 5

observed more cross-reactions than those reported
by Black and Krogsgaard-Jensen (1974) who
mentioned only one strong cross-reaction between
antiserum II with serotype V. The cross-reactions
we observed were reproducible.

Other advantages over the GI test are the possi-
bility of identifying non-viable colonies (up to two
months old, if stored at 4°C in a moist chamber)
and the production of results in 24 hours.
The classification of U. urealyticum in eight

serotypes is suitable for epidemiological studies,
since only three isolates out of 39 (8 Y.) could not be
typed with these eight antisera using the GI and IF
tests.
The high incidence (36%) of mixed cultures in

this study is noteworthy and confirms the observa-
tion of Lin and Kass (1973) on 10 strains which
were typed by a complement-dependent myco-
plasmacidal test. This figure may be lower than the
real incidence as only subcultures were examined
and not the primary isolation plates, and as only a

small number of colonies were tested.
The occurrence of a mixture of serotypes is not

surprising since a close correlation has been found
between sexual activity and colonisation with
genital mycoplasmas (McCormack et al., 1972).

It can be concluded that clinical isolates of
U. urealyticum should be screened with the IF test
and that all isolates presenting strong cross-reactions
or doubtful results be examined with the GI test.

I thank Professor E. A. Freundt, FAO/WHO
International Reference Center for Animal Myco-
plasmas, Aarhus, for providing reference strains of
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U. urealyticum and antisera against M. hominis
and M. fermentans, Dr M. C. Shepard, Naval
Medical Field Research Laboratory, Camp Lejeune,
for generously supplying the antisera against the
serotypes of U. urealyticum.
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