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Ureaplasma urealyticum: history and progress

MAURICE C. SHEPARD, PHD

My first introduction to mycoplasmas occurred at
the time of a venereal disease symposium in Roanoke,
VA, over 35 years ago. I was a young bacteriologist
and commissioned officer in the United States Public
Health Service, Venereal Disease Division. I had al-
ready established a small research laboratory at the
United States Public Health Service (USPHS) East-
ern Medical Center, Durham, NC, to undertake stud-
ies of granuloma inguinale and other minor venereal
diseases. At the time of the Roanoke symposium, I
had the opportunity to hear Dr. Justina Hill of The
Johns Hopkins University discuss a little known and
even less well understood group of microorganisms
known as pleuropneumonia-like organisms (PPLO).
Dr. Hill had been invited by the USPHS to discuss
PPLO in relation to a sexually transmitted disease
known as nonspecific urethritis, the incidence of
which was showing an alarming increase. No one knew
the cause of this infection or how to treat it. I gleefully
accepted the challenge to commence research studies
on the possible role of PPLO in this perplexing dis-
ease, nonspecific urethritis. Little did I know then
how long the road would be or what surprises lay in
store for me.

In April, 1950, I spent a week in the laboratory of
Dr. Louis Dienes, the first American mycoplasmolo-
gist, in Boston, MA. I came to learn all I could about
the then known mycoplasmas. At the end of the week
and with much encouragement from Sarabelle Madoff,
Dr. Dienes’ able research assistant, I returned to my
laboratory in Durham, armed with great hope and a
reference culture of strain CAMPO, a classic, large
colony mycoplasma, and commenced to investigate
the possible role of mycoplasmas in nongonococcal
urethritis (NGU). Since my laboratory was located in
a medical center for the treatment of sexually trans-
mitted diseases, I was not wanting for a continuous
supply of fresh clinical specimens.

The history of Ureaplasma urealyticum began 5
months following my visit to Dr. Dienes’ laboratory.
Back in my laboratory in Durham, the first task was
to make a difficult to prepare agar medium known as
“boiled blood ascitic agar,” originally described by
Klieneberger' and modified by Dienes.” To the agar
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was added 2% packed horse red blood cells, and the
mixture was boiled briefly, cooled to 50°C and asep-
tically filtered through a cotton gauze filter while hot
into a sterile dispensing vessel. This operation re-
quired the patience of Job and skill of a magician, and
often even that was not sufficient for success, but to
make the basal tryptic infusion agar into which the
horse red cells were introduced was something else.
The basal broth was made from something called
“tryptic digest concentrate,” after a formula used at
Harvard Medical School during World War I, by V. J.
Fields. One started with about 10 pounds of fresh
bovine hearts obtained from a nearby slaughterhouse.
We also filter-sterilized our ascitic fluids, often col-
lected in 1- to 2-gallon volumes from some unfortunate
patient. The laboratory filtration was performed using
large, sterile 10- by 2-inch Mandler diatomaceous
earth candles. More great patience and frustration.
The final boiled blood ascitic agar was supplemented
to 30% with sterile human ascitic fluid (often of very
questionable performance). The reaction of the agar
was adjusted to a high pH of 7.8 to 8.0 in accordance
with standard Mycoplasma practice, which I followed
to the letter. Aside from the agony of preparing the
boiled blood agar medium, it was a difficult agar to
use due to its cloudiness and content of red blood cell
debris.

During the first year of my investigation into the
possible role of mycoplasmas in NGU, careful mea-
surements of colony size were made, in addition to
recording variations in colony morphology. Examina-
tions were made by viewing the colonies through the
agar, under low power (X 100) with the closed plate
inverted on the microscope stage. On September 22,
1950, 5 months after my visit to Dr. Dienes’ laboratory
in Boston, I recorded in my research notebook the
first observation and recognition of Ureaplasma colo-
nies. “Patient No. U-50: Minute forms, 0/10, 0/10, 0/
12 u. Patient No. U-52: Many minute forms, 0/8, 0/6,
0/8 w.” The numerator in the measurements indicated
no surface growth zone, so characteristic of the large
colony mycoplasmas (e.g. 105/50 um). It was soon
realized that some very tiny, minute Mycoplasma-like
colonies or artifacts were appearing in the urethral
and urine cultures from NGU patients, often alone or
mixed with large colony, classic mycoplasmas. These
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tiny colonies initially were poorly stained and difficult growth and frail appearance of these early Ureaplasma
to recognize due to the cloudy nature of the agar. colonies is evident. Figure 2 shows three of these tiny
Their size range was generally from about 7 to 20 um colonies at higher magnification. These were the first
in diameter. As shown in Figure 1, the extremely poor photomicrographs of ureaplasma colonies taken in my

Fi1G. 1. The first photomicrograph of the tiny colonies of U. urealyticum, isolated April 26, 1951, on the boiled blood-ascitic agar of
Klieneberger, as modified by Dienes. From urethral exudate of a male patient with nongonococcal urethritis. X 440. From Shepard,’ with
permission.

F1G6. 2. The same microscopic field as in Figure 1, but at a higher magnification to emphasize the characteristic features of three of the
four Ureaplasma colonies. X 950. From Shepard,® with permission.

Fi1G. 3. Minute Ureaplasma colonies intermixed with classic, large colony mycoplasmas (M. hominis, deeply stained in this wet Dienes-
stained agar block preparation). The more than 50 Ureaplasma colonies can easily be overlooked. X 85.

FiG. 4. Multiple colonies of U. urealyticum growing into the agar medium beneath two Ureaplasma-infected urethral epithelial cells.
Urethral exudate from a patient with nongonococcal urethritis, a treatment failure on 500 mg of oxytetracycline four times a day for 9 days.
Wet Dienes-stained agar block preparation. X 750. From Shepard,* with permission.
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laboratory at Eastern Medical Center, on April 26,
1951, and first published in 1954.° The earliest descrip-
tion of Ureaplasma colonies, recorded in my notebook
in the fall of 1950, further read, “Surface growth
absent; growing down into the agar; not compact, but
loosely-bound; moderately well-stained (often poorly
stained); and very tiny—about 7-12 microns, and ir-
regular in outline.” My thoughts were, “What are
they?” They had no resemblance to the then known
PPLO or Mycoplasma colonies, except that they ex-
hibited one common feature; the tiny colonies grew
down into the agar, and this was significant. It is of
historical interest that one of the first ureaplasmas
(early T-strain) isolated was from a patient with Rei-
ter’s syndrome, on November 1, 1950.

In June, 1952, I was transferred to the USPHS
Medical Center at Hot Springs National Park, AR,
where I continued my studies on the role of Myco-
plasma in NGU. While there, subsequent improve-
ments in the agar formula (notably the omission of
the boiled blood component) yielded a clear medium
which allowed easier detection and recognition of the
tiny colonies in primary cultures of urethral exudates
and urine sediments. It was soon evident that T col-
onies were often the only colonies growing out of such
clinical specimens, frequently in large numbers and in
apparent pure culture. Thus in early 1953, the accu-
mulated evidence, plus the findings on a particular
NGU patient cultured at the Hot Springs Medical
Center, was sufficient to recognize these tiny colonies
as those of a self-replicating agent (not artifact) and
a previously undescribed member of the Mycoplasma
group. The first written description of U. urealyticum
was included in a handout paper, September 16, 1954,
at the Symposium on Non-Gonococcal Urethritis, un-
der the auspices of the United Nations World Health
Organization, in the principality of Monaco. I had
come to Camp Lejeune, NC, in July, 1953, to com-
mence research studies on NGU for the Navy Medical
Department. But it was a Navy officer who made the
trip, not I, who distributed my handout paper entitled,
“Some preliminary observations: Pleuropneumonia-
like organisms in men with non-gonococcal urethritis
at Camp Lejeune, NC.” The first published description
of Ureaplasma colonies was in the legend accompa-
nying the first photomicrographs published of “tiny-
form PPLO colonies,” in 1954.%

Figure 3, a wet Dienes-stained agar block prepara-
tion, further illustrates the colonial morphology of the
early ureaplasmas. At first glance all one sees are the
large colony, classic Mycoplasma colonies which are
deeply stained. However, among and surrounding
them are more than 50 minute, stained T colonies
(and you can readily see from this photomicrograph
why I called them “T” or tiny colonies). One of the
characteristic features of ureaplasmas in primary cul-
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tures of clinical specimens is their close association
with urethral epithelial cells in urethral exudates from
NGU patients. This is well-illustrated in Figure 4
which shows 18 multiple Ureaplasma colonies growing
into the agar beneath a pair of infected urethral epi-
thelial cells.

The organism itself is generally round to ovoid and
approximately 350 um in diameter. It is enclosed by a
single trilaminar membrane about 10 nm thick which
in turn appears to be covered by an extramembranous
layer of polyanions about 15 to 30 nm thick, as dem-
onstrated by a ruthenium red staining procedure, ex-
amined in thin sections and viewed by electron mi-
croscopy.” Organisms in agar colonies appear to be
embedded in a gelatinous matrix, and I have observed
elongated flocks of Ureaplasma organisms attached to
glass surfaces in fluid cultures, waving like sea weeds
when the flask was gently rocked. The organisms in
fluid culture occur singly, in pairs, in triads of three,
in short chains of three to five organisms and in small
clumps. The morphology of U. urealyticum grown in
fluid culture is illustrated in Figure 5. All of the
elements just described are visible in this photomicro-
graph. This photomicrograph was made from an 80-
fold concentrate from a 17-hour broth culture, which
was resuspended in Tyrode’s solution containing 1.0%
formalin. The smear made from this suspension was
stained in the hematoxylin-Giemsa stain of Shepard.’®
Electron micrographs of U. urealyticum from young
broth cultures often exhibit micro-growth flocks which
develop in polydirectional, branched growth ramifi-

Fi1G. 5. U. urealyticum from a 17-hour, U-17B broth culture
concentrated 80-fold. Washed and resuspended in Tyrode’s buffer,
pH 7.0, containing 0.8% formaldehyde. Hematoxylin-Giemsa stain
of Shepard. X 1000. From Shepard,® with permission.
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cations and enclose the organisms in a gelatinous
matrix.

In clinical exudates Ureaplasma organisms can be
demonstrated directly in smears of urethral exudate
collected by epithelial scraping from male NGU pa-
tients and stained by Giemsa. In such preparations
the organisms typically stain pale lavender and are
intimately associated with infected urethral epithelial
cells, occurring singly or in small clusters of orga-
nisms. It is these small, multiple foci of infection that
give rise to multiple colony infection of epithelial cells
seen in primary agar cultures of urethral exudates, as
mentioned earlier. This feature is also seen in cultures
of NGU patients who are treatment failures, often to
a marked degree.

The first individual to confirm the existence of
ureaplasmas in a different geographic area (Canada)
was Denys Ford, in early 1962.” Our very early, dismal
failures to subculture ureaplasmas serially in agar
cultures were probably due to a nutritionally poor
medium containing 30% human ascitic fluid enrich-
ment of questionable performance, coupled with high
medium alkalinity (pH 7.8 to 8.0). Successful serial
passages in agar cultures, by the agar push-block
method, were finally achieved after we abandoned the
ascitic fluid enrichment in favor of horse serum sup-
plementation, first suggested by Ford.® Unknown to
me at the time was the important value of horse serum
in providing a required substrate for ureaplasmas,
which was subsequently shown to be urea.

Serial cultivation of ureaplasmas in broth cultures
had its own special frustrations. Our early practice of
transferring broth cultures every 48 hours (accepted
Mycoplasma technique), resulted routinely in mori-
bund cultures. Again it was Ford® who helped point
the way by observing that ureaplasmas grew rapidly
in broth cultures, attaining maximal titers after only
16 hours of incubation. The titers rarely exceeded 10°
colony-forming units/ml. Even today titers rarely ex-
ceed 107 to 10® colony-forming units/ml.

Another important discovery was reported in 1965
by Shepard and Lunceford,” but it was sparked by a
puzzling observation. A single Ureaplasma colony, ad-
jacent to the outer border of a urethral Streptococcus
colony, was 100% larger than any of the more distant
Ureaplasma colonies. Efforts to demonstrate a stim-
ulatory streptococcal accessory growth factor failed.
However, since the agar medium contained dextrose,
the possibility of a pH effect was considered and this
proved to be correct. The acid produced by the Strep-
tococcus colony by fermentation of the dextrose low-
ered the reaction of the medium to a favorable pH for
this single, adjacent Ureaplasma colony. It was sub-
sequently shown that the optimal reaction for culti-
vation of ureaplasmas was in the acid range of pH 5.5
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to 6.5, and we recommended a reaction of pH 6.0 for
most purposes.

In May, 1963, our laboratory discovered that urea-
plasmas could hydrolyze urea with the production of
ammonia. This was a significant milestone in our
understanding of the biochemistry and nutritional
requirements of ureaplasmas. Our findings were first
published in 1966 (and independently by Purcell et
al.!) and presented in detail in 1967."* These findings
were confirmed the same year by Ford and Mac-
Donald,"® who described the influence of urea on the
growth of ureaplasmas. Urea is an essential, growth-
limiting substrate for ureaplasmas, and this was con-
firmed by Kenny and Cartwright in 1977' and by
Sayed and Kenny in 1979.'® On the basis of this special
property a new genus, Ureaplasma, in the family My-
coplasmataceae was proposed in 1974 by Shepard et
al.’%; it contained a single species, U. urealyticum. We
can now understand why the early agar colonies of the
1950s and 1960s were so tiny that they were called
“T” colonies. In addition to possibly unknown factors
we failed to supply two fundamental requirements of
the organism, a low pH and an adequate supply of a
required substrate, urea.

A new animal species, Ureaplasma diversum, was
proposed in 1982 by Howard and Gourlay.'” Like the
human species (U. urealyticum) U. diversum is sero-
logically heterogeneous, consisting of approximately
11 serovars which share no common antigens with
human U. urealyticum serovars, of which there are
presently 14.

Before leaving 1966 mention should be made of our
finding that U. urealyticum was selectively inhibited
and susceptible to erythromycin, an antibiotic which
is also effective in the treatment of NGU.'"® A year
later we reported that ureaplasmas were selectively
inhibited by the anti-herpes virus compound, 5-iodo-
2’-deoxyuridine, and also by hydroxyurea.'® Both
compounds are thymidine-blocking agents, and com-
plete inhibition of Ureaplasma growth by either agent
could be reversed by the addition of thymidine.

Since U. urealyticum was the only member of the
mycoplasmas known to hydrolyze urea, ureaplasmas
could now be detected and identified in cultures by
demonstration of urease activity. Our first step in this
direction was the development of a sensitive urease
color test broth for detection of the organisms in
clinical exudates and urine specimens. Our first color
test broth was Medium U9, reported in 1970.%° It was
supplemented with only 5% horse serum and used
phenol red as the indicator to detect urea hydrolysis
and release of ammonia with the resultant rise in pH
to pH 8 or 9, indicated by change from yellow to red.
It was also a useful medium for quantifying ureaplas-
mas in exudates, urines or broth cultures. The U9
broth was especially useful in detecting ureaplasmas
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in clinical specimens, but recovery of the organisms
from incubated U9 broth was difficult, since transfers
to fresh broth or agar had to be made early, before full
red color change was reached. We always said, “Red
is dead.” U9 broth was subsequently improved by the
incorporation of 0.01% L-cysteine HCI and was then
designated U9B broth in 1976.** The viability problem
with U9 and U9B was overcome by the development
of our 10B urease color test broth in 1978,%* which was
more highly buffered and preserved the viability of
ureaplasmas (primary isolates or stock strains) for
much longer periods of time. For example stock strains
remained viable in the refrigerator for 20 to 30 days,
and seven of the first nine serovars were viable in 10B
broth at 4°C for 92 days in one holding experiment. It
is also excellent for storage of Ureaplasma strains in
the frozen state at —60°C to —70°C for long periods.

There was an equally pressing need for detecting
urease activity in Ureaplasma colonies in primary
cultures of clinical specimens for detection and posi-
tive identification. What we needed was a simple,
reliable spot test for urease which could be applied
directly to suspected Ureaplasma colonies, much in
the manner of the oxidase test for the identification
of Neisseria colonies. The rationale of such a spot test
seemed simple enough. We would apply a drop of
enzyme substrate (urea) to the suspected Ureaplasma
colony, wait a few minutes for the release of ammonia
from the colony (by hydrolysis of urea by ureaplasmal
urease) and apply a second drop of a reagent to detect
the ammonia. We tested compounds like phenol red,
Nessler’s reagent and Berthelot’s reagent but found
them too weak and too generalized to be useful. They
did not show where the ammonia was coming from;
i.e. the colonies remained unchanged and showed no
color development.

A test for gaseous ammonia developed by Feigl,*
with the use of filter paper strips moistened with
Feigl’s reagent, looked promising. Feigl’s reagent con-
sisted of a mixture of silver nitrate and manganous
nitrate. In the presence of ammonia a blackening of
the filter paper occurred. After many trials and errors
we subsequently developed a satisfactory direct spot
test for urease in colonies of Ureaplasma.”* The orig-
inal spot test reagent consisted of two separate solu-
tions: a 10% solution of urea; and an 0.8% solution of
manganous chloride. It was later found that the
strength of the urea solution could be reduced to 1.0%,
and 0.8% manganous chloride was combined with the
urea solution to yield a single spot test reagent solu-
tion.” The test was usually performed by placing a 1-
c¢m square of agar (cut from an agar primary culture
plate growing out suspected Ureaplasma colonies on
standard agar) on a glass slide and applying the spot
test reagent. The preparation was then placed on
the microscope stage and examined under low power
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(x100). Colonies of Mycoplasma hominis are fre-
quently also isolated from male urethritis patients.
Since M. hominis is urease-negative, this species is
unreactive in the spot test and M. hominis colonies
remain unchanged, whereas the Ureaplasma colonies
are seen as deep brown manganese accretion colonies.
The contrast between colonies of M. hominis (and
other large colony mycoplasmas) and those of U.
urealyticum is dramatically increased by counterstain-
ing the preparation on which the spot test has been
performed. This is accomplished by placing a Dienes-
stained coverslip on the agar block. Colonies of all
large colony mycoplasmas stain bright blue in contrast
to the deep brown of the Ureaplasma colonies. The
spot test for urease is simple to perform, rapid, reliable
and specific for identification of all Ureaplasma spe-
cies.

In 1969 we set out to develop a differential agar
medium which would provide the same picture as that
obtained by the urease spot test, by incorporating the
biochemical principle of the spot test into our A5H
standard agar formula. The resultant medium was
designated differential agar medium A7 and its for-
mula was published in 1976.%' Three years later an
improved version was developed which was supple-
mented with a polyamine, putrescine HCI, and desig-
nated A7B.?® The divalent cation indicator in the A7
and A7B differential agars was 0.88 mM manganese
sulfate in combination with 0.1% added ultrapure
grade urea. The ureaplasma colonies are identified by
their deep brown reaction product, whereas M. hom-
inis colonies are unreactive on this differential agar.
If the preparation is counterstained with a Dienes-
stained coverslip, the ureaplasma colonies remain un-
altered and the colonies of M. hominis take up the
blue dye of the counterstain. Thus the picture is
essentially identical to that obtained by application of
the spot test for urease activity on standard agars.
Since the manganese reaction product is a metallic
oxide complex coating the outer surface of the Urea-
plasma colony, its appearance is a function of the
manner in which it is illuminated. If colonies reacted
to the spot test (or growing on differential agar) are
examined in oblique, indirect light, the Ureaplasma
colonies appear white. If the same Ureaplasma colo-
nies are examined instead by the usual direct trans-
mitted illumination through the substage condenser
of the microscope, the colonies are deep brown. This
feature of dual appearance is useful, because inocu-
lated, incubated culture plates of differential agar can
be examined in a preliminary manner by holding the
culture plate up to a gooseneck lamp. Any Ureaplasma
colonies, either single or in masses, will appear white
in the beam.

Robertson and Chen®’ reported that certain sero-
types of U. urealyticum were sensitive to 1.0 mM
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manganese. Two broad biotypes of strains were rec-
ognized. The first biotype included serovars 1, 3, 6 and
14, and inhibition of growth in broth was temporary.
The second biotype included serovars 2, 4, 5, 7, 8, 9,
10, 11 and 12, and inhibition of growth in broth was
permanent. Robertson’s two broad biotype groups of
serovars was in agreement with the findings of
Mouches et al.,”® who found that serovars within the
same biotype groups also contained similar proteins,
and were identified as Groups A and B. We have used
manganese sulfate in our A7 and A7B differential
agars at 0.88 mM without apparent inhibition or prob-
lems. However, we thought it prudent to test a differ-
ent divalent cation possibly to circumvent the inhibi-
tion by manganese of certain serovars. In 1983 we
published the formula for A8 differential agar,” in
which 1.0 mM calcium chloride is used as the divalent
cation indicator of ammonia from urea. The micro-
scopic picture is identical with that seen with A7 and
A7B differential agars. Recent evidence suggests that
even higher levels of CaCl, may be beneficial (2.0 or
3.0 mM), without attendant problems of growth inhi-
bition of certain serovars.

By 1964 we summarized the clinical, laboratory and
epidemiologic findings in NGU and first suggested
that Ureaplasma-associated NGU was a sixth venereal
disease.’® In 1967 our knowledge concerning the cul-
tivation and properties of the ureaplasmas was up-
dated and summarized,' following a New York Acad-
emy of Sciences Conference on the Biology of the
Mycoplasmas, held in New York in May, 1966. If my
memory serves me correctly, it was during this con-
ference that David Taylor-Robinson became inter-
ested in beginning studies of my “T strains.” In 1970
our accumulated evidence supporting the role of urea-
plasmas in NGU was published in Journal of the
American Medical Association.** Our closing statement
read, “The close association of “T” mycoplasmas with
nongonococcal urethritis, their intimate association
with the clinical course of the disease, their response
to treatment of NGU, and their reappearance follow-
ing reinfection (from consort or wife) suggests that
“T” mycoplasmas play an important role in the etiol-
ogy of the disease. Evidence accumulated to date
strongly supports their role as one of the major caus-
ative agents of venereal nongonococcal urethritis in
the human male.” In addition the biology of the urea-
plasmas was also presented. The isolation rate of
ureaplasmas from male patients with NGU varied
between 60 and 93% (number of patients not stated,
but well over 2000 at that time). However, the isolation
rate of ureaplasmas from a control group of 576
healthy, urethritis-free United States Marine Corps
recruits at Camp LeJeune, NC, matched for age, oc-
cupation and sexual activity was only 25.8%."!

It soon became apparent that wide differences be-

November, 1986

tween isolation rates of ureaplasmas from NGU pa-
tients and from healthy controls in the world literature
were not contributing to a resolution of the role of
ureaplasmas in NGU. In an attempt to clarify their
etiologic role in NGU, we conducted the first quanti-
tative studies of the association of ureaplasmas with
NGU.?> * If ureaplasmas were closely associated with
NGU and etiologically involved, as we believed, it
should be possible to demonstrate quantitatively a
close relationship of the organism to the clinical
events of the disease. The most significant informa-
tion would be that obtained in the condition of relapse
where quantitative changes could be measured. We
selected a reduced treatment regimen for Ureaplasma-
positive NGU patients in the study which would as-
sure that some of the patients would relapse following
treatment. The drugs used were oxytetracycline, 250
mg four times daily over 4 days (total, 4.0 g), or
tetracycline, 250 mg daily over only 3 days (total, 2.4
g). Assessment of the Ureaplasma status of the patient
utilized freshly voided first morning urine specimens
collected daily, before, during and following treatment
of the NGU patients with the reduced regimens of
tetracyclines. Each fresh urine specimen collected was
sampled for determination of Ureaplasma titer in U9
urease color test broth, using 10-fold serial dilutions
through eight tubes.

Thirty -two Ureaplasma-positive patients were
treated with reduced regimens of tetracyclines. Of
these 23 were successfully followed. Twelve were
cured, two were treatment failures and nine patients
relapsed after an eclipse period of 8 to 45 days (mean,
22 days), during which all clinical and laboratory
findings were normal. The typical findings in one of
our patients who was treated with a reduced regimen
of tetracycline and who subsequently relapsed will
serve as an example of our findings in this relapse
group. Before treatment the NGU patient (Case
A1481) presented with a history of sexual exposure
approximately 3 weeks earlier and clinical signs of
moderate mucopurulent urethral discharge, dysuria
and frequency of urination. Pretreatment agar cul-
tures were positive for U. urealyticum in large num-
bers. His urine titer for U. urealyticum was 1 X 10°
color-changing units (CCU)/ml. The patient was then
treated with 250 mg tetracycline three times a day
over 3 days (total tetracycline, 2.4 g), during which
time symptoms subsided and agar cultures became
Ureaplasma-negative. After the first day of treatment
the urine titer fell from 1 X 10° CCU/ml to negative.
It looked as though we might have a cure. All signs,
symptoms and cultures remained negative through
Day 7 (4 days posttreatment). However, on Day 8 the
agar culture became positive (small numbers of Urea-
plasma colonies) and the urine titer rose to 1 X 10’
CCU/ml. The patient remained asymptomatic. Over
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the next 7 days the agar cultures remained positive
with increasing numbers of colonies, and the urine
titer climbed to the original pretreatment titer of 1 X
10° CCU/ml. On Day 13 (10 days posttreatment) the
patient complained of dysuria; 1 day later urethral
discharge appeared and NGU became reestablished.
The patient was retreated with a full course of tetra-
cycline (500 mg four times a day for 10 days) and
cured. The convincing evidence in this study,* show-
ing a close, quantitative relationship of U. urealyticum
to the clinical course of NGU in relapse, strongly
supported a pathogenic role for ureaplasmas in the
etiology of NGU.

In 1978 we reported the results of a serologic survey
of strains of U. wurealyticum isolated at Camp Le-
jeune.?” Cloned isolates from males with primary and
recurrent NGU, patients with genitourinary tract in-
fections and other disorders and asymptomatic car-
riers were serotyped by an agar growth inhibition test,
with the use of antisera to serovars 1 through 8.

Ureaplasma isolates from 122 male NGU patients
at Camp Lejeune were serotyped. Serovar 4 was as-
sociated most frequently (52%), and serovar 2 was
next (17%); all the remaining serovars (except sero-
vars 5 and 7, which were not isolated) were associated
with NGU less than 10% in frequency of isolation.
Among 91 symptomatic (but nonurethritis) patients
with other conditions, including chronic prostatitis,
renal stones, unexplained pyuria, etc., serovar 4 was
again the most frequently isolated serovar. Among 125
asymptomatic carriers (controls), U. urealyticum ser-
ovars 4 and 8 were most frequently isolated.

In retrospect we are not sure what all this means.
Serovars 4 and 8, for example, may be predominant
among the prostitutes in the Camp Lejeune area.
However, many of the Marine Corps enlisted men
whom we saw with NGU were very recent returnees
from overseas stations and training cruises. Port cities
for shore leave such as Athens, Barcelona and many
others, particularly around the Mediterranean area,
are hot spots for acquiring Ureaplasma-associated
NGU. The more recent serotyping studies of Lin and
Kass? and of Robertson and Stemke® have extended
the number of U. urealyticum serovars to 14.

One of the characteristic features of NGU, and a
very useful clinical sign in the diagnosis of the disease,
is the presence of mucous threads in the first-glass
urine specimen. Following completion of therapy the
persistence or absence of mucous threads in the urine
is an important clinical sign in assessing response to
treatment.’® *” Following our development of the dif-
ferential agars, which specifically detect and identify
colonies of ureaplasmas by virtue of a deep brown
manganese reaction product, an additional, significant
capability was observed for these agars. It was noted
that urine sediments, planted on A7 differential agar,

SHEPARD S229

frequently contained mucous threads, intact or more
frequently broken up. However, such mucous thread
fragments often exhibited strong urease activity, thus
signifying the presence of ureaplasma organisms. In
view of the importance of urinary mucous threads in
NGU, a study of intact, unaggregated mucous threads
was undertaken to determine whether there was a
significant association of U. urealyticum with such
infected mucous threads.

Intact mucous threads were collected from 20 to 30
ml of freshly voided morning urine specimens from
170 men with NGU. They were planted without delay
on the surface of A7 differential agar, incubated for
48 hours and examined under the microscope for
evidence of Ureaplasma-infected mucous threads. Of
the 170 men in the study 56 men (33%) were negative
for ureaplasmas and had no threads. Fourteen men
(8.0%) were Ureaplasma-positive but showed no
threads. One hundred of the men (59%) were Urea-
plasma-positive and all displayed Ureaplasma-infected
mucous threads.

Ureaplasma-infected mucous threads were easily
recognized by virtue of the deep brown manganese
reaction product associated with such threads, and
generally large numbers of Ureaplasma microcolonies
were situated within such infected threads. Urea-
plasma-infected threads often showed intense, exten-
sive development of deep brown reaction product,
together with a strong leukocyte response, indicating
very heavy infection, often throughout their entire
length. As with individual Ureaplasma colonies on A7
agar, Ureaplasma-infected mucous threads are white
when viewed by indirect, oblique illumination. By way
of contrast, healthy asymptomatic carriers of genital
tract ureaplasmas show no threads, and the occurrence
and distribution of Ureaplasma colonies in normal
urinary mucus is random.

The history of the ureaplasmas is far from complete
without acknowledging the early and more recent
work with bovine ureaplasmas, ureaplasmas of sheep
and those of other lower animals. Very significant and
important findings have been reported in this area.

Ureaplasmas are becoming increasingly important
in human disease. There is now convincing evidence
that ureaplasmas are a significant cause of NGU in
the human male. Circulating antibody to ureaplasmas
was reported from NGU patients by metabolic inhi-
bition test’* and more recently by enzyme-linked im-
munosorbent assay.”® In females with spontaneous
pregnancy loss, serologic evidence of Ureaplasma in-
fection was also recently reported.”” Ureaplasmas are
also a cause of persistent NGU that is associated with
tetracycline- and minocycline-resistant strains of
ureaplasmas in Chlamydia-negative men.>*' Good
evidence has been presented that ureaplasmas play a
role in sexually transmitted Reiter’s syndrome.*



S230 U. UREALYTICUM: HISTORY AND PROGRESS

Ureaplasmas are associated with male infertility*’ and
were shown to be of etiologic importance in chronic
prostatitis.** A causal role for ureaplasmas in repro-
ductive failure in the female and in neonatal infections
is now strongly supported by recent studies which will
be reported to you during this symposium.

I should like to pay tribute to four individuals among
the many who have contributed significantly to our
knowledge of the ureaplasmas and to their role in
human infectious diseases. First to Denys Ford, who
was the first investigator to confirm, in a different
geographic region (Canada), the existence of “T'-
strains” (U. urealyticum).” To Ruth Kundsin,* who
in 1967 published a paper entitled “Strain of myco-
plasma associated with human reproductive failure”
(I named it the “Boston T-strain”). She pointed the
way which has climaxed in the advent of this sympo-
sium. To David Taylor-Robinson*® who fulfilled
Koch’s Postulates for U. wurealyticum in NGU in a
bold and difficult, well-controlled human volunteer
experiment, and whose continuing studies have fur-
ther supported a causal role for ureaplasmas in this
disease. And to Patricia Quinn for her important
contributions, including her serologic studies, sup-
porting a causal role for ureaplasmas in pregnancy
loss and neonatal infection.
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