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Abstract

Objective—U. urealyticum biovar 2 (UU-2) but not U. parvum (UP) has been associated with
non-gonococcal urethritis (NGU), but little is known about species-specific responses to standard
therapies. We examined species-specific treatment outcomes and followed men with treatment
failure for 9 weeks.

Methods—From May 2007-July 2011, men aged =16 attending an STD clinic in Seattle,
Washington with NGU (urethral discharge or urethral symptoms plus =5 PMNs/HPF) were
enrolled in a double-blind, randomized trial. Participants received active azithromycin (1g) +
placebo doxycycline or active doxycycline (100mg bid x 7d) + placebo azithromycin.
Ureaplasmas were detected in culture followed by species-specific PCR. Outcomes were assessed
at 3, 6, and 9 weeks. At 3 weeks, men with persistent Ureaplasmas received “reverse therapy”
(e.g., active doxycycline if they first received active azithromycin). At 6 weeks, persistently-
positive men received moxifloxacin (400mg x 7d).

Results—Of 490 men, 107 (22%) and 60 (12%) were infected with UU-2 and UP, respectively,
and returned at 3 weeks. Persistent infection was similar for UU-2-infected men initially treated
with azithromycin or doxycycline (25% vs. 31%, P=0.53), but differed somewhat for men with
UP (45% vs. 24%; P=0.11). At 6 weeks, 57% of UU-2-infected and 63% of UP-infected men who
received both drugs had persistent infection. Failure after moxifloxacin occurred in 30% and 36%,
respectively. Persistent detection of UU-2 or UP was not associated with signs/symptoms of NGU.
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Conclusion—RPersistent infection after treatment with doxycycline, azithromycin, and
moxifloxacin was common for UU and UP, but not associated with persistent urethritis.
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INTRODUCTION

Nongonococcal urethritis (NGU) is a common syndrome among male patients attending
sexually transmitted disease (STD) clinics. Several organisms have been implicated in the
etiology of NGU; Chlamydia trachomatis and Mycoplasma genitalium account for 15-40%
and 15-25% of all NGU cases, respectively; Trichomonas vaginalis, herpes simplex virus
and adenovirus are also responsible for a small proportion of cases [1]. Phylogenetic
analyses have demonstrated that Ureaplasma urealyticum, a long-suspected causative agent
of NGU, is actually two distinct species: U. urealyticum biovar 2 (UU-2) and U. parvum
(UP) [2, 3]. Studies differentiating between these two species have found that UU-2 is
associated with 16%-26% of NGU cases [4-6], though this is not always the case [7]. UP has
not been associated with NGU [4-6], but has been associated with preterm birth [8] and an
increased intrauterine inflammatory response [9] suggesting that it may be an important
female reproductive tract pathogen.

Standard therapy for men with NGU consists of either seven days of doxycycline (100mg
twice daily) or a single 1g dose of azithromycin [1]. These two therapies were similarly
efficacious in the treatment of undifferentiated U. urealyticum in a trial of men with NGU
conducted in the mid-1990s [10], but no studies have prospectively assessed the efficacy of
these therapies separately for differentiated Ureaplasmas. In clinical isolates obtained from
women, the two species had different doxycycline resistance profiles [11, 12] suggesting
that UU-2 and UP may respond differently to antimicrobial agents. Whether these
differential susceptibilities translate to clinical outcomes and eradication of organisms in
other settings remains unknown.

In our recent randomized trial of men with NGU [13], microbiologic cure rates (eradication
of the organism) were not significantly different for UU-2-infected men treated with
azithromycin or doxycycline. However, we did not evaluate the efficacy of these two
therapies for UP, nor did we assess treatment outcomes among men who received additional
antimicrobials after initial treatment failure. In the current study, we sought to: (1) compare
the efficacy of azithromycin versus doxycycline in persistently positive men with UU-2 and
UP; and (2) determine if persistence of UU-2 was associated with persisting clinical signs
and symptoms of NGU.

METHODS
Study Design and Population

Details of the study design, population, and data collection methods have been previously
described [13]. Briefly, from January 2007 to July 2011, men presenting to a Seattle, WA
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STD clinic were recruited into a double-blind, randomized treatment trial for NGU. Eligible
participants had NGU, defined as visible urethral discharge or =5 polymorphonuclear
leukocytes (PMNs) per high-powered field (HPF), were =16 years of age, and reported no
antibiotic use in the previous month. Men were randomized 1:1 to receive one of two pre-
packaged treatments: (1) doxycycline, 100 mg administered orally twice daily for 7 days and
azithromycin placebo, single dose (two or four tablets formulated to look identical to 1g
azithromycin), administered orally; or (2) azithromycin, 1g as a single dose (two 500mg or
four 250mg tablets), administered orally and doxycycline placebo administered orally twice
daily for 7 days (14 capsules formulated to look identical to the active doxycycline
capsules). Clinical and sexual history data collected at enrollment were obtained by a single
study clinician (M.S.L.). A computer assisted self-interview (CASI) collected additional
demographic and behavioral data.

At enrollment, all participants were tested for M. genitalium, C. trachomatis, T. vaginalis,
and, beginning in May 2007, for Ureaplasma spp. All microbiologic tests were performed
on first-void urine. We used the APTIMA transcription-mediated amplification (TMA)
assay to detect C. trachomatis and analyte-specific reagents on the same platform for T.
vaginalis (GenProbe, Inc., San Diego, CA). M. genitalium was assessed by in-house
polymerase chain reaction (PCR) [14]. Ureaplasmas were detected by a color change in
selective broth medium: 0.5 ml fresh urine was inoculated into 4.5ml broth [15] and
observed for up to one week [16]. Viable Ureaplasmas could not be recovered after
exhaustion of urea from the medium; therefore, Ureaplasma cultures were accomplished by
monitoring of growth in serial 10-fold dilutions inoculated from an aliquot of frozen
(—80°C) urine. Cultures in the dilution tube that were starting to turn color plus the next
higher dilution tube were combined and frozen. After follow-up was completed, species-
specific PCR assays were applied to recovered Ureaplasma cultures to identify UU-2 and
UP [6] and for the minimum inhibitory concentration (MIC) assays.

Men infected with Ureaplasmas at enrollment returned for up to three additional follow-up
visits, each of which included a clinical exam, repeat specimen testing, and completion of a
follow-up CASI to obtain sexual behavior data. The first follow-up visit was scheduled three
weeks post-enrollment (allowable window=2-5 weeks). At this 3-week follow-up visit, men
with recurrent/persistent NGU or a repeat positive Ureaplasma culture received “reverse
therapy”: men initially randomized to active azithromycin/placebo doxycycline were given
active doxycycline/placebo azithromycin and vice versa. All men were scheduled for an
additional 6-week follow-up visit (allowable window=2-5 weeks), at which men with
recurrent/persistent NGU or a repeat positive Ureaplasma culture received moxifloxacin
(400mg/day for 7 days). Men receiving moxifloxacin were scheduled for a final test-of-cure
visit three weeks later (9 weeks post-enrollment; allowable window=2-5 weeks). Any men
with persistent detection of Ureaplasmas after the 9 week visit were followed under clinical
standard of care.

We defined microbiologic treatment failure as a positive Ureaplasma culture 3 weeks after
therapy that was subsequently confirmed via PCR as the same species that was present at
enrollment. Clinical treatment failure was defined as self-reported urethral symptoms

Sex Transm Infect. Author manuscript; available in PMC 2015 August 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khosropour et al.

Page 4

(dysuria, discharge, itching, tingling) and =5 PMNSs/HPF or visible urethral discharge at the
clinic visit 3 weeks following the receipt of therapy.

Antimicrobial susceptibility testing was performed in triplicate on Ureaplasma culture-
positive isolates collected at enrollment from June 2007 to May 2008. The MIC of each
antibiotic was determined by the agar dilution method using a Steers replicator to inoculate
agar plates with logarithmically growing Ureaplasma cultures (revived from frozen
aliquots). MICs were defined as the concentration of antibiotic that inhibited growth by
99%. Two-fold dilutions of antibiotics tested ranged from 0.065pug/ml — 8.0ug/mL for
azithromycin, doxycycline and moxifloxacin.

The analytic sample includes men who met a more stringent definition of NGU (self-
reported urethral symptoms or clinical signs of visible urethral discharge PLUS =5 PMNs/
HPF), who tested positive for UU-2 or UP at enrollment, and who returned for at least the 3-
week follow-up visit. Men who were positive for both species were included in each
species-specific analysis. We excluded men with positive Ureaplasma cultures but negative
species-specific PCR tests for both UU-2 and UP.

Statistical Analysis

We summarized demographic, behavioral, and clinical characteristics by infecting organism
at enrollment (UU-2 or UP). Statistically significant differences in characteristics among
men with UU-2 versus UP were assessed with Pearson's chi-square tests for categorical
variables and t-tests for continuous variables.

To compare the efficacy of azithromycin and doxycycline for each species, we used Fisher's
exact test to test for significant differences in the proportion of men who experienced
microbiologic failure by therapy received, at each follow-up visit. We also evaluated these
associations in two sub-populations: men who denied any unprotected sex between follow-
up visits and men who had no co-infections at enrollment (i.e., negative tests at enrollment
for M. genitalium, C. trachomatis, T. vaginalis and UU-2 or UP — depending on the baseline
infection).

To examine the association between clinical and microbiologic outcomes, we used Fisher's
exact test to compare the proportion of men who experienced clinical treatment failure
among those who experienced microbiologic treatment failure or cure. We examined this
association for each follow-up visit among all men, among men who denied unprotected sex
between follow-up visits, among men without co-infections at enroliment, and among men
with <10 lifetime vaginal partners, since the association between UU-2 and NGU was
previously found to be the strongest in this sub-group [5].

For susceptibility testing, we report the MIC value from the first of the three assays. Isolates
from men who were infected with both UU-2 and UP were excluded, since MIC values from
positive cultures of these men could not be attributed to one species.

All analyses were performed using Stata statistical software (Version 13.0; StataCorp,
College Station, TX). Two-sided tests were performed at a significance level (a) of 0.05. All
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study procedures and analyses were approved by the University of Washington Institutional
Review Board.

RESULTS

A total of 606 men with NGU were enrolled in the parent trial, of whom 567 (94%) were
tested for Ureaplasmas. Eighty-six percent (490 of 567) met the revised definition of NGU.
Of these, 126 (25.7%) tested positive for UU-2 and 69 (14.1%) tested positive for UP.
Twenty-one men were Ureaplasma-positive by culture at the enroliment visit but could not
be speciated at either the enrollment or follow-up visit. These men were excluded from
species-specific analyses. Eighty-five percent (107 of 126) and 87% (60 of 69) of UU-2 and
UP positive men, respectively, returned for the 3-week follow-up visit and were included in
this analysis.

The mean age of included cases was 33 years, approximately one-half were white, and most
(90%) had visible urethral discharge on exam (Table 1). Consistent with our previous report
of this study population at baseline [5], UP-infected men were significantly more likely to
report only female sex partners than men with UU-2 (97% vs. 69%, P<0.001). Men with
UU-2 reported more sex partners in the past 12 months compared to men with UP (5.4 vs
3.2, P=0.01), and were more likely to report symptoms of urethral discharge and dysuria
than men with UP. Roughly similar proportions of men with UU-2 and UP were co-infected
with at least one other organism and 4 men (2.5%) were co-infected with both Ureaplasma
species. There were no statistically significant differences in demographic, clinical, or
behavioral characteristics among men who received azithromycin compared to those who
received doxycycline, for men infected with either UU-2 or UP (data not shown).

Efficacy of therapies

Microbiologic failure for Ureaplasma spp. at the 3-week visit was 34.8% and did not differ
for men who received azithromycin or doxycycline (34.7% vs 34.8%, P=1.00).

As previously reported, among men with UU-2, microbiologic failure at 3 weeks was similar
in men treated with azithromycin and doxycycline (25.0% vs. 30.9%, respectively; P=0.53)
[13]. Of those with persistent detection of UU-2 after initial treatment, over one-half had
persistent detection of the organism after re-treatment with the alternate therapy (Figure 1).
These relationships were similar when analyses were restricted to men who reported no
unprotected sex between visits, or to men with no co-infecting organisms (data not shown).
Eleven men with persistent UU-2 infection received moxifloxacin and returned for 9-week
follow-up; of these, 4 (36%) again experienced microbiologic treatment failure.

Among UP-infected men, microbiologic treatment failure at 3 weeks occurred somewhat
more often after initial azithromycin therapy than after doxycycline therapy (45.2% vs.
24.1%, respectively; P=0.11; Figure 1) and this difference was statistically significant when
analyses were restricted to men with no co-infecting organisms (13/23 [56.5%] vs. 4/17
[23.5%], respectively; P=0.05). Microbiologic failure rates after re-treatment with
doxycycline and azithromycin at the 6-week visit were high (Figure 1). This finding was not
altered when analyses were restricted to men who denied unprotected sex between visits or
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who had no co-infections. Three of 10 (30%) UP-positive men remained persistently
positive after moxifloxacin treatment.

We performed antimicrobial susceptibility testing for 22 UU-2 and 8 UP specimens obtained
at enrollment (Table 2). MICs did not exceed 2ug/ml for either species.

between clinical and microbiologic outcomes

Persistent detection of the organism was not associated with clinical treatment failure at 3-,
6- or 9-weeks for men with UU-2 or men with UP (Table 3). Seven men remained
persistently positive for UU-2 or UP after treatment with moxifloxacin, but all experienced
resolution of signs/symptoms. There was also no association between clinical and
microbiologic failure among men without co-infections, among those with <10 lifetime
vaginal sex partners, or among men who had no unprotected sex between visits (data not
shown).

DISCUSSION

In this population of men with NGU, infection with UU-2 was more common than infection
with UP (25% vs. 14%, respectively). Approximately 24-45% of men had persistent
detection of Ureaplasmas. after initial treatment with azithromycin or doxycycline, and re-
treatment with the alternative therapy was unsuccessful in eradicating UU-2 and UP in many
cases, irrespective of the regimen used. These high rates of treatment failure did not appear
to be explained by antimicrobial resistance, as all clinical isolates demonstrated relatively
low MICs to the three therapies. Somewhat surprisingly, there was no association between
persistence of UU-2 and persistent signs/symptoms of NGU.

The rates of microbiologic treatment failure among men with UU-2 and UP treated with
azithromycin (25% and 45%, respectively) or doxycycline (31% and 24%, respectively)
were lower than that observed by Stamm and colleagues [10] among men with NGU with
undifferentiated U. urealyticum infection (55% vs. 53%, for azithromycin and doxycycline,
respectively). However, our findings are similar to a more recent trial of men with prostatitis
attributed to undifferentiated U. urealyticum, with microbiologic failure rates of 22% and
26%, respectively [17]. Consistent with both previous studies, we found little difference in
the efficacy of the two therapies for UU-2, suggesting that either treatment is an appropriate
first-line regimen for men with UU-2-associated NGU. However, among men with UP,
treatment failure was somewhat more common among men who received azithromycin
compared to those that received doxycycline.

Although the difference in failure rates by therapy among men with UP was not statistically
significant, this may have been due to low statistical power, and doxycycline may be slightly
more effective at eradicating UP from the male genital tract. Given the consistent evidence
that UP does not cause NGU [4-6, 18], this does not have direct implications for men, but
may have relevance for women. Infection with undifferentiated Ureaplasma spp. has been
associated with adverse pregnancy outcomes in studies conducted prior to species
differentiation [19-22] and UP, but not UU-2, has been associated with preterm birth or late
abortion [8] as well as premature rupture of the membranes [9]. In animal model studies of
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Ureaplasma pathogenesis, amniotic inoculation with UP stimulates preterm labor in non-
human primates [23] and is associated with lung inflammation and altered development of
the fetus in sheep [24]. Further recent findings from murine and sheep models indicate that
host genetic background and immune response to UP may be the primary determinants of
pathogenesis [25, 26]. This suggests that UP likely plays a role in reproductive health but the
extent of its importance and the need for treatment requires further study.

Re-treatment of men infected with either UU-2 or UP after initial treatment failure was
relatively unsuccessful, irrespective of the antibiotic used. These high rates of treatment
failure contrast with the apparent in vitro susceptibility of UU-2 and UP isolates that we
observed. Consistent with our findings, studies examining Ureaplasma susceptibility to
azithromycin [27] and moxifloxacin [27-30] have generally observed isolates in the
susceptible range and have not noted differences in susceptibility patterns by species.
However, the universal in vitro susceptibility to doxycycline in this study is in contrast to
studies conducted in Europe and West Africa, where 18-37% of Ureaplasma isolates
demonstrated resistance to doxycycline [11, 12, 29]. Given the high failure rates that we
observed in the presence of low MICs, other factors likely influence persistent infection with
Ureaplasmas. For example, the bacteriostatic nature of doxycycline may allow their
persistence during treatment and subsequent regrowth. Alternatively, the penetrance and
activity of these antibiotics in the urogenital tract may affect their treatment efficacy.

Despite moderate to high rates of microbiologic failure, the persistence of signs/symptoms
of infection was not associated with persistent detection of the organism. There are two key
implications of this finding. First, it argues against a casual role for UU-2 in NGU. If UU-2
causes urethritis, we would expect some relationship between presence of the organism and
signs and symptoms of disease. Though several studies have demonstrated an association
between UU-2 and NGU [4-6], this association was not found in the largest study to date [7]
and the topic remains controversial. If UU-2 does cause urethritis, the clinical syndrome
may be self-limited and symptoms may resolve over several weeks, with or without
effective therapy. Second, the absence of any association between persisting signs and
symptoms and persisting organisms calls into question the necessity to re-treat persistently
positive men. While there are currently no recommendations for diagnostic testing for
Ureaplasmas, some clinics opt to do this. Although few would argue against re-treating
symptomatic men, the decision to treat asymptomatic men should balance the benefits of
eradicating the organism (e.g., disrupting transmission to female sexual partners) with the
drawbacks of side effects and potential expansion of antibiotic resistance.

This study has a number of strengths, including its randomized design, use of sensitive
species-specific PCR assays, and pairing of in vitro antimicrobial susceptibility testing with
clinical outcomes. This study also has several limitations that merit discussion. First,
because this analysis only included persistently positive men, our sample sizes at later
follow-up visits were small which limited our ability to detect statistically significant
differences in the proportion of treatment failures. Second, we ceased antimicrobial
susceptibility testing after the first year of the study and it is possible that isolates from men
enrolled later in the trial had a different susceptibility profile then the ones included here.
Third, data on sexual exposures between visits were self-reported and are limited by recall
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bias and social desirability bias. Finally, resistance patterns vary geographically and the
extent to which our findings may generalize to other settings is unknown.

In conclusion, azithromycin and doxycycline were similarly efficacious in the treatment of
UU-2 among these persistently positive men with NGU, but doxycycline may be more
effective against UP. Microbiologic treatment failure among persistently positive men was
common, but not associated with persistent clinical urethritis. Several commercial
laboratories in the U.S. and the U.K. offer tests for Ureaplasmas. However, this absence of
an association between persistent UU-2-infection and clinical signs, coupled with the
difficulty in eradicating Ureaplasmas after initial treatment failure suggests that individuals
with asymptomatic UU-2 infections do not benefit from nor require on-going antimicrobial
therapy.
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Enrollment: 3-Weeks: 6-Weeks: 9-Weekst:
Randomized to Ry failure received Ry failure received Ry failure treated per
azithromycin or doxycycline reverse therapyt moxifloxacin standard of care
U. urealyticum biovar 2
Azithromycin 13 (25%) 9 returned 6 (67%) 5 returned 2 (40%)
N =52 Ry failure Ry failure Ry failure
P= (;.53 P= (;.70 P= i.OO
Doxycycline 17 (31%) 14 returned 7 (50%) 6 returned 2 (33%)
N =55 Ry failure Ry failure Ry failure
U. parvum
AZithromyCin 14 (45%) 14 returned 8 (57%) 6 returned 1 (17%)
N=31 Ry failure Ry failure Ry failure
P= (E).ll P= ;).60 P= ;).50
Doxycycline 7 (24%) 5 returned 4 (80%) 4 returned 2 (50%)
N =29 Ry failure Ry failure Ry failure
Figure 1.

Microbiologic treatment failure at each of three follow-up visits, among all men infected
with U. urealyticum biovar 2 or U. parvum participating in a randomized, controlled trial
(N=107 for U. urealyticum biovar 2 and N=60 for U. parvum at enrollment)*
Abbreviations: Ry, treatment
*P-values derived from Fisher's exact test
tReverse therapy: Men initially randomized to active azithromycin/placebo doxycycline
were given active doxycycline/placebo azithromycin and vice versa
1Only men who received moxifloxacin were asked to return for a test of cure at 9 weeks
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Table 1

Baseline characteristics of men infected with U. urealyticum biovar 2 or U. parvum*

Page 12

Men with U. urealyticum biovar 2 Men with U. parvum N=60 N | P-value
N =107 N (%) (%)
Treatment arm
Azithromycin 52 (48.6) 31 (51.7) 0.70
Doxycycline 55 (51.4) 29 (48.3)
Age, mean (SD) 32.6 (£9.3) 33.8(x102) | 0.37
Race
White 53 (50.5) 29(49.2) | 0.78
Black 44 (41.9) 27 (45.8)
Other 8(7.6) 3(5.1)
Education
< High school/GED 59 (55.1) 30(50.0) | 052
> High school/GED 48 (44.9) 30 (50.0)
Gender of sex partners, past 12 months <0.001
Women 74 (69.2) 58 (96.7)
Men 24 (22.4) 1(17)
Both 9(8.4) 1(L7)
Number of sex partners past 12 months, mean (SD) 5.4 (£6.1) 3.2 (£3.6) 0.01
Self-reported symptoms
Urethral discharge 62 (57.9) 23 (38.3) 0.02
Dysuria 63 (58.9) 24 (40.0) 0.02
Other urethral symptoms 29 (27.1) 12 (20.0) 0.31
Visible urethral discharge 96 (89.7) 55 (91.7) 0.68
Number of PMNs/HPF
5-9 24 (22.4) 14 (233) | 089
210 83 (77.6) 46 (76.7)
Co-infection
Mycoplasma genitalium 19 (17.8) 7(11.7) 0.30
Chlamydia trachomatis 19 (17.8) 9 (15.0) 0.65
Trichomonas vaginalis 5(4.7) 2(3.3) 0.68
Ureaplasma urealyticum -- 4(6.7) -
Ureaplasma parvum 4(3.7) - -
Co-infection with at least one other organism 39 (36.4) 18 (30.0) 0.40

Abbreviation: SD, standard deviation; GED, general education development

*
Owing to missing values, not all variables sum to column totals. Denominators for proportions represent those who had data available for that

characteristic
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Table 2

In vitro susceptibilities of U. urealyticum biovar 2 and U. parvum to three antibiotics
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Antibiotic MIC Values (ug/ml)
Azithromycin 0.125 | 0.25 | 0.50 | 1.00 | 2.00
U. urealyticum (N=22) 0 1 5 13 3
U. parvum (N=8) 2 1 2 2 1

Doxycycline
U. urealyticum (N=22) 2 4 14 2 0
U. parvum (N=8) 3 4 1 0 0
Moxifloxacin
U. urealyticum (N=22) 0 5 12 5 0
U. parvum (N=8) 1 3 4 0 0

*
Cells represent the number of isolates at each MIC value
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Table 3

Association between clinical failure (presence of signs/symptoms) and microbiologic failure (persistence of
the organism) at each of three follow-up visits among men infected with UU or UP at time of initial diagnosis
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of urethritis

U. urealyticum biovar 2

U. parvum

Persistence of organism

Persistence of organism

Clinical failure at follow-up

Yes n/N (%)* No n/N (%)* P-value Yes n/N (%)* No n/N (%)* P-value
3-weeks 5/30 (16.7) 19/77 (24.7) 0.45 5/21 (23.8) 6/39 (15.4) 0.49
6-weeks 3/13 (23.1) 2/10 (20.0) 1.00 4/12 (33.3) 317 (42.9) 1.00
9-weeks 0/4 (0.0) 0/7 (0.0) - 0/3 (0.0) 217 (28.6) 1.00

*
n/N = number of men with clinical failure / number of men with or without persistence of the organism

TDerived from Fisher's exact test
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