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Abstract

Objectives— Chlamydia trachomatis (CT) and Mycoplasma genitalium (MG) cause the majority
of non-gonococcal urethritis (NGU). The role of Ureaplasma urealyticum (UU) in NGU is unclear.
Prior case—control studies that examined the association of UU and NGU may have been
confounded by mixed infections and less stringent criteria for controls. the objective of this case—
control study was to determine the prevalence and aetiology of mixed infections in men and assess
if UU monoinfection is associated with NGU.

Methods—We identified 155 men with NGU and 103 controls. Behavioural and clinical
information was obtained and men were tested for Nessseria gonorrhoeae and CT, MG, UU and
Trichomonas vaginalis (TV). Men who were five-pathogen negative were classified as idiopathic
urethritis (1U).

Results—Twelve per cent of NGU cases in which a pathogen was identified had mixed
infections, mostly UU coinfections with MG or CT; 27% had 1U. In monoinfected NGU cases,
34% had CT, 17% had MG, 11% had UU and 2% had TV. In controls, pathogens were rarely
identified, except for UU, which was present in 20%. comparing cases and controls, NGU was
associated with CT and MG monoinfections and mixed infections. UU monoinfection was not
associated with NGU and was almost twice as prevalent in controls. Men in both the case and
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control groups who were younger and who reported no prior NGU diagnosis were more likely to
have UU (Or 0.97 per year of age, 95% CI 0.94 to 0.998 and OR 6.3, 95% CI 1.4 to 28.5,
respectively).

Conclusions—Muixed infections are common in men with NGU and most of these are UU
coinfections with other pathogens that are well-established causes of NGU. UU monoinfections
are not associated with NGU and are common in younger men and men who have never
previously had NGU. almost half of NGU cases are idiopathic.

BACKGROUND

Urethritis is the most common genitourinary syndrome in sexually active men less than 50
years of age,! with an estimated prevalence of 2.8 million cases in the USA annually.?
Urethritis is classified, based on Gram stain smear (GSS) testing of urethral secretions, into
gonococcal urethritis (caused by Neisseria gonorrhoeae (NG)) and non-gonococcal urethritis
(NGU).2 NGU is more common than gonococcal urethritis in men and has been associated
with multiple pathogens, including Chlamydia trachomatis (CT), Mycoplasma genitalium
(MG), Trichomonas vaginalis (TV) and Ureaplasma urealyticum (UU).2 Rare causes of
NGU may include viruses, like herpes simplex virus and adenovirus, and oropharyngeal
organisms. Prior studies have reported that 29%-48% of NGU diagnoses have no
identifiable aetiology,*® a syndrome termed idiopathic urethritis (1U).

CT and MG are strongly associated with NGU,1 6 but the association of Ureaplasma sp with
NGU remains controversial.”~ Conflicting findings from early studies may be explained, in
part, by the discovery that at least two different Ureap/asma sp, UU and U. parvum,
commonly colonise the male urethra.19 11 A recent meta-analysis found that UU, but not
undifferentiated Ureaplasma infections or U. parvum, was associated with NGU.12 Case-
control studies of the association of UU with NGU have produced disparate results; about
half found that UU was associated with NGU.1 13-17 Prior case—control studies may have
had several limitations. First, some studies tested for a limited number of pathogens and
their results may have been confounded by coinfection with UU by another untested
infection. To evaluate this will require data on the prevalence or composition of mixed
infections in NGU. Second, the control group definitions differed in prior studies. Some
studies defined controls as asymptomatic men only (ie, no urethral Gram stains were
performed), whereas others defined controls as men with <5 polymorphonuclear leucocytes
per high-power field (PMN/HPF) by urethral swab Gram stain. Using a cut-off of <5
PMN/HPF risks categorising men with low-level inflammation (ie, 2-4 PMN/HPF) as
controls. The US Centers for Disease Control (CDC) 2015 STD Treatment Guidelines
categorise men with 2-4 PMN/HPF as having NGU, regardless of symptoms,18 as >16% of
symptomatic men with confirmed CT had <5 PMN/HPF on Gram stain.1® To minimise the
risk of misclassifying men with low-level inflammation from NGU-associated pathogens as
controls, case—control studies are needed that use the stricter CDC-recommended <1
PMN/HPF Gram stain cut-off.

We conducted a case—control study that tested men with and without NGU for multiple
NGU-associated pathogens. We defined controls as asymptomatic men with <1 PMN/HPF
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to align with the contemporary NGU definition. Our primary objective was to compare the
prevalence and composition of mixed and monopathogen infections in well-defined groups
of men with NGU and asymptomatic controls. Our secondary objectives were to assess if
UU monoinfections were associated with NGU and identify factors associated with UU
infection.

Study population and procedures

The study population was men >18 years of age with and without urethritis symptoms who
presented to the Marion County Public Health Department Bell Flower STD Clinic in
Indianapolis, Indiana, and enrolled in the Idiopathic Urethritis Men’s Project (IUMP) study.
20 JUMP is a prospective study that aims to identify pathogens associated with 1U in men
with NGU. A urethral swab was obtained and GSS testing was performed on urethral
secretions. Men with Gram-negative intracellular diplococci present on GSS testing were
excluded. Men were diagnosed with NGU if they had =5 PMN/HPF with symptoms of
discharge or dysuria and/or urethral discharge on physical exam. Men were asked if they had
urethritis symptoms, a physical exam was performed to assess for urethral discharge and
first-catch urine was collected for pathogen testing. Demographic and sexual behavioural
data were also collected using a computer-assisted survey. Asymptomatic men without
urethral discharge on physical examination and <1 PMN/HPF were identified as controls.
All study subjects provided written consent prior to study enrolment.

Five-pathogen testing

First-catch urine from the enrolment visit was tested for NG, CT, MG, TV and UU by the
Indiana University School of Medicine Infectious Diseases Research Laboratory. CT and
NG nucleic acid amplification testing (NAAT) was performed as previously reported.21 TV,
MG and UU NAAT testing was performed using an in-house quantitative PCR assay as
previously described.22-24 Men negative for all five pathogens were considered to have 1U.

Statistical analysis

Demographic characteristics were collected at baseline. Descriptive statistics including
medians, ranges, frequencies and percentages were computed to assess variables’
distributional properties and to describe the sample. The baseline demographics were then
compared between case and control groups with the Kruskal-Wallis test for continuous
variables and the XZ test or Fisher’s exact test (where the distribution warranted) for
categorical variables. Using monoinfection status for those with only a single infection as
compared with those with multiple infections, case versus control were compared for each
monoinfection and again for multiple infections using the x 2 test or Fisher’s exact test.
Multivariable logistic regression was used to assess the association of various demographic
factors for those with UU monoinfection controlling for case versus control. Additional
multivariable logistic regression models were fit using NGU (case or control) as the
dependent variable to examine the relationship of UU with NGU controlling for
demographic factors. All analyses were performed using SAS V.9.3 statistical software.
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RESULTS

Study population

We evaluated 305 men (142 controls and 163 cases) enrolled in the IUMP study between 4
August 2016 and 24 May 2018, of which 103 controls and 155 NGU cases are included in
this analysis (figure 1). Thirty-nine controls were excluded: 25 had evidence of urethral
inflammation (=2 PMN/HPF) or unsatisfactory Gram stains; 3 had urethritis symptoms; 7
had a discharge on physical examination; 1 tested positive for NG; 2 had incomplete five-
pathogen testing; and 1 had a protocol deviation. In the NGU group, we excluded five men
with incomplete five-pathogen testing and three who tested positive for NG.

Study participant characteristics are shown in table 1. In men with NGU, the median age
was 28 (range 18-64), 65% were African-American, 90% were non-Hispanic and 87%
identified as heterosexual. Reported lifetime sexual behaviours were receptive oral sex in
97%, vaginal sex in 95% and insertive anal sex in 59%. The majority of cases (87%)
presented to clinic for evaluation of urethritis symptoms. NGU had been previously
diagnosed in 46%. On physical examination, 90% of cases were circumcised, a discharge
was present in 98% and meatal erythema was observed in 8%.

Compared with men with NGU, the control men were of a similar age and ethnicity, but
were significantly less likely to identify as African-American (65% vs 49%, p<0.0001) and
heterosexual (87% vs 67%, p=0.0003). Also, the controls were more likely to report
insertive anal sex (59% vs 74%, p=0.015) and less likely to report vaginal sex (95% vs 85%,
p=0.0092) than the NGU cases. The majority of the control men presented to the clinic for a
routine check-up and significantly fewer had been previously diagnosed with gonorrhoea
(24% vs 40%, p=0.0013), chlamydia (33% vs 59%, p=0.0001) and NGU (10% vs 46%,
p<0.0001), compared with men with NGU. None of the control men had discharge or meatal
erythema on physical examination (exclusion criteria).

Prevalence and composition of monoinfections and mixed infections in men with NGU and
controls

Of the 155 men with NGU, a pathogen was identified in 73%; 1U was diagnosed in 27%
(table 2, figure 2). CT was the most common pathogen, and was found in 38% (n=59) of the
cases; 53/59 (89.8%) were monoinfections and 6/59 (10.2%) were mixed infections. MG
was the second most common pathogen, occurring in 23% (n=35) of the cases; 26/35
(74.3%) were monoinfections and 9/35 (25.7%) were mixed infections. UU was present in
18% (n=28) of the cases; 17/28 (60.7%) were monoinfections and 11/28 (39.3%) were
mixed infections. TV was uncommon and only identified in five NGU cases (three
monoinfections, two mixed infections).

In the 103 control men, most NGU-associated pathogens were uncommon. Detected
infections included one CT, five MG (three monoinfections, two mixed infections) and one
TV. In contrast, UU was detected in 20% (n=21); 19 (90.5%) were monoinfections and 2
(9.5%) were mixed infections.
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Mixed infections were detected in both men with NGU and controls. Mixed infections
occurred in 12% (n=14/113) of cases and in 8% (n=2/24) of the control men in whom at
least one pathogen was detected. In mixed infections, UU was present in 79% (n=11/14) of
cases and 100% (n=2) of controls, most frequently with MG (43% of cases (n=6/14), 100%
(n=2) of controls).

Comparing cases and controls, CT and MG monoinfections and mixed infections were
significantly associated with NGU (p<0.0001, p=0.0006 and p=0.021, respectively). In
contrast, the total UU prevalence (monoinfections and mixed infections) was similar in the
cases compared with the controls (18% vs 20%, p=0.64). UU monoinfections trended
towards being associated with controls (11% vs 18%, p=0.090).

Risk factors for UU infections

Given that UU monoinfection was not associated with NGU but trended towards being
associated with controls, we used logistic regression models to assess whether UU
monoinfections were associated with specific factors, controlling for case versus control
(online supplementary table 1). No association with UU monoinfection was seen when
adjusting for race, education, sexual orientation, a self-reported history of NG, CT, MG,
syphilis, or human papillomavirus, duration of sexual activity, or giving or receiving oral
sex, vaginal sex, or anal sex within the past 60 days or 1 year. However, an increased risk of
prevalent UU monoinfection was associated with younger age (OR 0.966 per year of age,
95% CI 0.935 to 0.998) and no history of self-reported NGU (OR 6.33, 95% CI 1.41 to
28.5). Additional multivariable logistic regression was performed to further explore the
relationship between UU and the clinical group (cases vs controls). After controlling for
multiple demographic factors which were individually associated with differences in the
clinical groups, no association between UU and clinical group was found.

DISCUSSION

Our primary objective was to define the proportion and composition of monoinfections and
mixed infections with four NGU-associated pathogens and IU in men with NGU and
controls. We found that mixed infections were common, present in 12% (n=14/113) of cases
with an identified pathogen. Importantly, of the 14 mixed infections in men with NGU, the
majority (79%) were coinfected with UU; most frequently with MG as the copathogen
(n=6). The two mixed infections in controls were also MG and UU coinfections.

By identifying monoinfections in cases and controls, we were able to assess for pathogen-
specific associations with NGU. As expected, CT and MG monoinfections were strongly
associated with NGU and, together, comprised approximately 50% of cases. TV infections
were rare and the study design was likely statistically underpowered to detect associations
with TV. UU monoinfections trended towards being associated with controls (11% vs 18%);
not NGU. Further, total UU prevalence was similar in the cases and controls (18% vs 20%).
Importantly, mixed infections, consisting primarily of UU coinfections, were associated with
NGU. The observation that mixed infections, but not UU monoinfections, are associated
with NGU is significant as it highlights that prior studies that observed associations between
UU and NGU might be explained by the presence of undetected coinfecting pathogens.
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Our observations that monoinfection UU was more prevalent in controls, and that men with
UU were younger and more likely to have never had NGU, suggest that UU readily
colonises the urethra, but does not necessarily elicit urethritis. Substantial evidence supports
the idea that UU is sexually transmitted. One study found that the prevalence of urogenital
UU in virginal girls was 33%, but increased to 75% in sexually active girls.25 Also, UU has
been associated with a recent change in sex partner.26 27 Qur study confirms prior
observations that UU is more common in younger men.28 27 Together, the observations
above suggest that UU readily colonises immune-susceptible hosts. A possible explanation
for our observation that UU was more prevalent in men who reported that they had not
previously been diagnosed with NGU is that NGU treatment may clear UU. Indeed, our
preliminary findings from a 1-month test-of-cure visit in UU-infected men with NGU
indicate a high cure rate with azithromycin (manuscript in preparation). Our UU prevalence
of 18%—-20% in cases and controls is similar to the pooled prevalence from seven other
case—control studies of 14%-18%.12 This is remarkable given that our study used a strict
PMN definition of <1 PMN/HPF in controls and the high UU prevalence indicates that UU
colonisation elicits little to no urethral inflammation in men.

It is unclear why some, but not all, men with UU monoinfection develop urethritis and we
propose several hypotheses. First, it is possible that UU monoinfection NGU actually
represents UU coinfected with unknown pathogens associated with 1U, the latter driving
urethritis. Second, UU may be an opportunistic pathogen which overgrows when urethral
microbiome perturbation occurs, supported by prior studies that found a correlation between
urethritis symptoms and increased UU or U. parvum organism load.28 29 Third, urethritis
may indicate the presence of virulent UU strains or specific host factors (eg,
proinflammatory genetic determinants). Indeed, Ureap/asma quasispecies exist due to
horizontal gene transfer.30 Also, UU-specific immunity may occur, which is suggested by
the observation that UU has been associated with fewer lifetime sexual partners.1® To our
knowledge, no study has used large-scale comparative genomics techniques to assess if
virulent UU species exist in men with NGU due to monoinfection UU.

IU accounted for 27% of NGU cases in our study, which is somewhat lower compared with
other contemporary studies.*-8 However, considering that UU is not associated with NGU,
appears to readily colonise the urethra without eliciting inflammation, and frequently
coexists with other urethral pathogens, the true contribution of 1U may be as high as 43%
(including the 18% UU monoinfections). Further studies are underway using next-
generation sequencing to identify pathogens associated with 1U in men with and without UU
monoinfection.

Screening studies have demonstrated that the majority of CT infections in men are
asymptomatic. However, only a single CT infection (1%) was identified in controls in our
study. We hypothesise that the majority of CT-infected asymptomatic men had objective
evidence of urethral inflammation on Gram stain (=2 PMN/HPF) and were excluded by our
stringent inclusion criteria. Indeed, a study of Gram stain PMN counts in men with
symptomatic urethritis found that 15% of CT infections had a Gram stain PMN/HPF 2-5;
only <7% had a PMN/HPF <1.1° Our data support this observation and suggest that,
although men commonly may be asymptomatic, urogenital CT infection rarely causes little
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to no urethral inflammation (<1 PMN/HPF) when assessed by Gram stain. It is likely that
urethral inflammation influences the survival and transmission of coinfections, like UU and
MG. Studies are underway to further understand how CT influences the male urethral
microbiome and metabolome.

A major strength in our study was the use of five-pathogen testing to identify
monoinfections and mixed infections in men with and without NGU. Another strength is
that our study design incorporated a strict definition for negative control men (asymptomatic
men without discharge and <1 PMN/HPF). Our study does have limitations. This was a
single-centre study of men presenting to an STD clinic, which may make the results less
generalisable to other populations and clinical locations. In addition, we used strict inclusion
criteria to define NGU (=5 PMN/HPF) and negative controls (<1 PMN/HPF) and our results
may not be generalisable to populations that were excluded from our analyses, such as NGU
cases with 2-4 PMN/HPF, or asymptomatic men with urethritis. Also, our study did not
quantify UU load in cases and controls, and we cannot exclude that men with cases had
higher UU load.

In conclusion, mixed infections occurred in 12% of pathogen-positive NGU, were
predominantly coinfected with UU and were associated with NGU. Approximately 50% of
NGU is associated with CT and MG. UU monoinfections were more common in controls, in
younger men and in men with no history of NGU. Together, these data suggest that UU is
not associated with NGU, but frequently colonises the urethra with other NGU pathogens,
especially MG.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages

. » Mixed infections with Ureaplasma urealyticum and other pathogens are
common in men with non-gonococcal urethritis (NGU).

. » (. urealyticum monoinfections are not associated with NGU and are more
common in young men and men who have never had NGU.

. » Given that U. urealyticum is not associated with NGU, approximately half
of NGU cases have no known cause.
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Excluded l l
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(+ discharge) (NG, CT, MG, TV, UU)
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(2 incomplete testing) (5 incomplete testing)
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(1 protocol deviation)
v
103 controls 155 NGU cases
included in analysis included in analysis

Figure 1.
Study population inclusion and exclusion flow chart. GNID, gram negative intracellular

diplococci; QNS, quantity not sufficient; CT, Chlamydia trachomatis, MG, Mycoplasma
genitalium, NAAT, nucleic acid amplification testing; NG, Neisseria gonorrhoeae;, NGU,
non-gonococcal urethritis; PMN/HPF, polymorphonuclear leucocytes per high-power field;
TV, Trichomonas vaginalis, UU, Ureaplasma urealyticum.
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Figure 2.
Five-pathogen testing results from men with non-gonococcal urethritis (NGU) and controls.

(A) Distribution of four NGU-associated pathogens and idiopathic urethritis in men with
NGU (n=155), compared with controls (n=103). Neisseria gonorrhoeae (NG)-positive
specimens were excluded. Five-pathogen negative men with NGU were classified as
idiopathic urethritis. (B) Contribution of monoinfections and mixed infections in men with
NGU with an identified pathogen (n=113), compared with controls (n=26). Mixed infections
are denoted by the exploded slices. CT, Chlamydia trachomatis, MG, Mycoplasma
genitalium, TV, Trichomonas vaginalis, UU, Ureaplasma urealyticum.
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Table 1
Study participant characteristics
NGU cases Controls

Characteristic (n=155) (n=103) P value

Age, median (range) 28 (18-64) 29 (19-69) 0.66

Race, n (%) <0.0001
African-American 101 (65%) 50 (49%)

Caucasian 29 (19%) 42 (41%)
Other 25 (16%) 10 (10%)

Ethnicity ™ 0.96
Hispanic 14 (10%) 10 (10%)
Non-Hispanic 129 (90%) 90 (90%)

Sexual orientation 0.0003
Homosexual 9 (6%) 22 (21%)

Heterosexual 135 (87%) 69 (67%)
Bisexual/other 11 (7%) 12 (12%)

Reason for visit -
Having symptoms 134 (86%) 0
Worried have STI 16 (10%) 21 (20%)

Contact to STI 2 (1%) 7 (7%)
Routine check-up 3 (2%) 73 (71%)
Other 0 2 (2%)

Reported sexual history/behaviours
Lifetime partners, median (IQR) 13.5 (1-300) 13 (1-400) 0.73
Received oral sex” 149 (97%) 100 (99%) 0.41
Vaginal sex? 146 (95%) 87 (85%) 0.0092
Insertive anal sex$ 89 (59%) 75 (74%) 0.015

Prior STI diagnosis
Gonorrhoea! 58 (40%) 24 (24%) 0.0013
Chlamydia ™™ 88 (59%) 32 (33%) 0.0001
Trichomoniasis’7 16 (11%) 5 (5%) 0.097
NGUZE 67 (46%) 10 (10%)  <0.0001

Physical exam -
Circumcised$% 139 (90%) 86 (90%)

Discharge 152 (98%) 0
Meatal erythema 12 (8%) 0

*

Missing 12 in cases and 3 in controls.
fMissing 1in cases and 2 in controls.

’tMissing 1in cases and 1 in controls.
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§Missing 5in cases and 2 in controls.
”Missing 8 in cases and 4 in controls.
Hok

Missing 5 in cases and 5 in controls.
Tro . .

Missing 13 in cases and 5 in controls.
FE . .

Missing 8 in cases and 7 in controls.

§§Missing 1in cases and 7 in controls.

NGU, non-gonococcal urethritis.
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