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Abstract

No studies have explored the risk factors for paraurethral duct dilatation following paraure-

thral duct infection by Neisseria gonorrhoeae in men undergoing ceftriaxone therapy. The

present study was performed to explore the risk factors for paraurethral duct dilatation fol-

lowing paraurethral duct infection by N. gonorrhoeae in men undergoing ceftriaxone therapy

and thus guide clinical interventions. We compared the demographic, behavioral, and clini-

cal data of men with paraurethral duct infection by N. gonorrhoeae with and without dilata-

tion of the paraurethral duct. Univariate analysis showed significant differences in age,

disease course of the infected paraurethral duct, Chlamydia trachomatis infection in the

paraurethral duct, and a history of paraurethral duct infection by N. gonorrhoeae between

the patient and control groups (P<0.05). Multivariate logistic regression analysis showed

consistent results (P<0.05). This study that shows delayed treatment may be a major risk

factor for paraurethral duct dilatation secondary to paraurethral duct infection by N. gonor-

rhoeae in men. Age, C. trachomatis infection in the paraurethral duct, and a history of para-

urethral duct infection by N. gonorrhoeae are also risk factors. Thus, educating patients to

undergo timely therapy and treating the C. trachomatis infection may be effective

interventions.

Introduction

The paraurethral ducts in men are small, blind channels lined with columnar epithelium [1].

These ducts run parallel to the terminal part of the urethra for varying distances and open near

or within the lips of the external meatus [2]. The paraurethral ducts appear to be embryological

remnants and are not visible to the naked eye [3]. Neisseria gonorrhoeae can infect the paraure-

thral duct. Such infection clinically manifests as an erythematous swelling of the external
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urethral orifice. An abscess may form at the center of the swollen area and perforate outward

to form a pinhead-like ostium at the opening of the paraurethral duct. Pressure on the glans

penis can result in purulent excretion from this ostium.[4–8] High-frequency ultrasound can

be used to examine the morphological features of the paraurethral duct after N. gonorrhoeae
infection [9].This inflammation resolved with ceftriaxone in some patients in the present

study, eliminating both the erythematous swelling of the external urethral orifice and the puru-

lent excretion from the ostium. However, the ostium did not close, and overflow of transparent

liquid was still visible after squeezing the lesion. The liquid was negative for all pathogens

examined, and pathological biopsy of the lesion indicated the presence of paraurethral duct

dilatation [10,11]. To better understand the risk factors for paraurethral duct dilatation follow-

ing the paraurethral duct infection by N. gonorrhoeae in men, we performed a prospective

case-control study in which we compared the demographic, behavioral, and clinical data of

patients with paraurethral duct infection by N. gonorrhoeae with and without dilatation of the

paraurethral duct.

Patients and Methods

This study was approved by the Ethics Committee of the First People’s Hospital of Changshu

City, Soochow University, Jiangsu Province, China. All participants provided written informed

consent to participate in the study. We obtained written informed consent from the guardians

of the minors included in the study.

Inclusion criteria

All patients initially had local erythematous swelling at the external urethral orifice, with an

ostium at its center; pressure caused expression of purulent excretion from the ostium, and N.

gonorrhoeae was confirmed to be the pathogen. The morphological features of the paraurethral

duct were examined using high-frequency ultrasound. The inclusion criteria for the control

group were as follows: after ceftriaxone therapy, the local swelling at the external urethral ori-

fice was resolved, the purulent excretion had disappeared, and the ostium was closed; pressure

did not cause expression of fluid from the site where the ostium had been located; and there

was no relapse during the 3-month follow-up. Thus, the condition was considered cured. The

inclusion criteria for the patient group were as follows: after ceftriaxone therapy, the local ery-

thematous swelling at the external urethral orifice was resolved and the purulent excretion had

disappeared, but the ostium was not closed and pressure caused expression of transparent

fluid from the ostium. However, testing for pathogens in the transparent liquid still showed

negative results. The ostium did not close during the 3-month follow-up, and a diagnosis of

paraurethral duct dilatation was made.

Exclusion criteria

The exclusion criteria for both groups were as follows: local erythematous swelling was seen at

the external urethral orifice, but the lesion did not perforate; two or more skin lesions were

present; the lesion was not caused by N. gonorrhoeae; and the clinical data were incomplete.

Laboratory tests

Paraurethral duct discharge was collected and examined under a microscope to detect intracel-

lular Gram-negative diplococci within phagocytes. Specimens were also cultured to detect N.

gonorrhoeae, Ureaplasma urealyticum, or other bacteria, and polymerase chain reaction was

used to detect the DNA of N. gonorrhoeae, Chlamydia trachomatis, U. urealyticum, and herpes
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simplex virus type 1 or 2. Venous blood samples were taken and analyzed using the rapid

plasma reagin test, Treponema pallidum hemagglutination assay, and human immunodefi-

ciency virus antibody assay.

Data collection

The demographic, behavioral, and clinical data from patients with paraurethral duct infection

by N. gonorrhoeae were collected. These data included age, marital status, educational back-

ground, source of infection, sexual orientation, sexual behavior pattern, condom use, prepuce

condition, morphological features of the paraurethral duct infected by N. gonorrhoeae (diame-

ter and length of the paraurethral duct), disease course of the paraurethral duct infected by N.

gonorrhoeae (amount of time the patient had experienced symptoms before undergoing treat-

ment), C. trachomatis infection of the paraurethral duct, whether the patient drank alcohol or

engaged in sexual intercourse during paraurethral duct infection by N. gonorrhoeae, history of

paraurethral duct infection by N. gonorrhoeae, and concomitant diseases.

Statistical analysis

All data analyses were performed using SPSS 13.0 for Windows (IBM Corporation, Chicago,

IL, USA), and P<0.05 was considered statistically significant. Continuous variables were ana-

lyzed using Student’s t-test, and discrete variables were compared using the chi-square test.

Discrete variables that were not feasible for analysis by the chi-square test were analyzed using

Fisher’s exact probability test. Multivariate logistic regression analysis was applied to analyze

the risk factors for secondary paraurethral duct dilatation. The variables for logistic regression

analysis were screened using a stepwise method, and the 95% confidence intervals were

calculated.

Results

In total, 106 male patients with paraurethral duct infection by N. gonorrhoeae were diagnosed

and treated in our department from October 1997 to May 2015. Serological tests for syphilis

and human immunodeficiency virus were negative for all patients. All patients were treated

with intramuscular ceftriaxone sodium (1 g once daily for 5 days). Patients with concomitant

chlamydial urethritis were simultaneously treated with azithromycin (0.5 g once daily for 5

days). After treatment, paraurethral duct dilatation was found in 15 patients (14.15%) (Fig 1).

These 15 patients were included in the patient group, and 71 patients were included in the con-

trol group. The age of patients in the patient group was 28 to71 years (mean, 44.9 ± 12.0 years),

and that of patients in the control group was 16 to70 years (mean, 30.8 ± 13.2 years; t = 3.8,

P<0.01). There were no significant differences in the other demographic and behavioral fea-

tures between the two groups (Table 1). In the patient group, the paraurethral ducts had a

diameter of 0.7 to1.2 mm (mean, 1.1± 0.2 mm) and a length of 7.5 to11.2 mm (mean, 8.5 ± 1.2

mm). In the control group, the diameter and length were 0.7 to1.4 mm (mean, 1.2 ± 0.2 mm)

and 7.1 to12.7 mm (mean, 8.4 ± 1.3 mm), respectively. The diameter (t = −1.74, P = 0.09) and

length (t = 0.27, P = 0.79) were not significantly different between the two groups. The disease

course ranged from 6 to 35 days (mean, 15.6 ± 6.5 days) in the patient group and from 1 to 16

days (mean, 4.9 ± 2.8 days) in the control group (t = 10.2, P<0.01). The disease course for both

groups was divided into three grades for logistic regression:� 7 days, 8 to 14 days, and�15

days. In addition, C. trachomatis infection of the paraurethral duct, a history of paraurethral

duct infection by N. gonorrhoeae and disease course were also significantly different between

these two groups (Table 1).
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After step-by-step screening with logistic regression, the following risk factors were identi-

fied: age, disease course, C. trachomatis infection of the paraurethral duct, a history of paraure-

thral duct infection by N. gonorrhoeae and concomitant disease. The first four risk factors were

significant risk factors for secondary paraurethral duct dilatation after multivariate logistic

regression analysis (Table 2).

Discussion

Infection of the paraurethral duct by N. gonorrhoeae is a localized complication in male

patients with gonorrhea. In total, 7058 male patients with gonorrhea that was confirmed both

clinically and by laboratory test results were treated in our department from October 1997 to

May 2015, and 106 (1.50%) of these patients had accompanying paraurethral duct infection by

N. gonorrhoeae. A prolonged disease course, sexual intercourse during gonorrhea, repeated

squeezing of the penis, and a redundant prepuce may be risk factors for paraurethral duct

infection by N. gonorrhoeae in male patients with gonorrhea [6]. Paraurethral duct dilatation is

a sequela of paraurethral duct infection by N. gonorrhoeae and has characteristic clinical, histo-

pathological, and high-frequency ultrasound findings. Wedge excision is an effective treatment

for this condition [10].

In the current study, univariate analysis showed that age, disease course, infection of the

paraurethral duct with C. trachomatis, and a history of paraurethral duct infection by N. gonor-
rhoeae were significantly different between the patient and control groups. Multivariate logis-

tic regression analysis showed consistent results. A prolonged disease course and repeated

infection in male patients with paraurethral duct infection by N. gonorrhoeae may cause the

acute inflammation to become chronic. Research using rat models has shown that chronic

prostate inflammation can cause fibrosis of the prostate and its surrounding tissues [12]. Addi-

tionally, controlling chronic prostate inflammation can, to some extent, reverse the progres-

sion of fibrosis [13]. Studies of the human prostate have reached similar conclusions [14,15].

Some authors have also found that urethral fibrosis reduces urethral compliance [16]. There-

fore, the pathogenic mechanism of paraurethral duct dilatation may be as follows: a prolonged

disease course causes acute inflammation to become chronic, and the paraurethral duct thus

Fig 1. (A). A pinhead-like ostium was present at the 3 o’clock position on the left side of the external urethral orifice. (B). An overflow of transparent liquid was

visible after squeezing the lesion.

doi:10.1371/journal.pone.0166355.g001
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Table 1. Comparison of demographic, behavioral, and clinical data between patient and control groups.

Variables Case group (n = 15) n (%) Control group (n = 71) n (%) χ2 value P value

Age (years) 5.046 0.02

<45 6 (40.00) 50 (70.42)

�45 9 (60.00) 21 (29.58)

Marital status 0.0983 0.76

Unmarried 4 (26.67) 19 (26.76)

Married 11 (73.33) 52 (73.24)

Education background 0.03 0.87

Middle or high school 6 (40.00) 30 (42.25)

College 9 (60.00) 41 (57.75)

Source of infection 0.54

Use of sex workers 14 (93.33) 68 (95.77)

Others 1 (6.67) 3 (4.23)

Sexual orientation

Heterosexual 15 (100) 71 (100)

Homosexual 0 (0) 0 (0)

Bisexual 0 (0) 0 (0)

Sexual behavior pattern

Genital/genital 15 (100) 71 (100)

Genital/oral 0 (0) 0 (0)

Genital/anal 0 (0) 0 (0)

Condom use 0.0076 0.98

Never 12 (80.00) 59 (83.10)

Sometimes 3 (20.00) 12 (16.90)

Prepuce condition 0.0451 0.71

Normal 12 (80.00) 58 (81.69)

Redundant prepuce 3 (20.00) 13 (18.31)

Drinking alcohol during the paraurethral duct infected by gonococcus 0.0841 0.78

Yes 2 (13.33) 5 (7.04)

No 13 (86.67) 66 (92.96)

Sexual intercourse during the paraurethral duct infected by gonococcus 0.2559 0.69

Yes 2 (13.33) 4 (5.63)

No 13 (86.67) 67 (94.37)

C. trachomatis infection in the paraurethral duct 7.490 0.01

Yes 4 (26.67) 2 (2.82)

No 11 (73.33) 69 (97.18)

Previous history of the paraurethral duct infected by gonococcus 5.610 0.02

Yes 4 (26.67) 3 (4.23)

No 11 (73.33) 68 (95.77)

Concomitant diseases 0.06

With diabetes 2 (13.33) 1 (1.41)

Without diabetes 13 (86.67) 70 (98.59)

Course of disease <0.01

� 7 days 2 (13.33) 46 (64.79)

8 to 14 days 4 (26.67) 22 (30.99)

�15 days 9(60.00) 3(4.22)

doi:10.1371/journal.pone.0166355.t001
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becomes more susceptible to fibrosis. As a result, the compliance of the paraurethral duct wall

decreases or is even eliminated, and the dilated paraurethral duct cannot close by itself. There-

fore, educating patients to receive timely treatment may be an effective intervention.

Paraurethral duct inflammation is most commonly caused by N. gonorrhoeae infection, but

it can also be a consequence of infection with C. trachomatis or other pathogens [7,17]. Coin-

fection with N. gonorrhoeae and C. trachomatis in the paraurethral duct can exacerbate the

inflammation because the synergetic effect between N. gonorrhoeae and C. trachomatis induces

a high level of bacterial multiplication that aggravates the infection by N. gonorrhoeae [18].

The pathologic changes caused by repeated and persistent infection with C. trachomatis
may result in tissue damage secondary to chronic inflammation [19]. Previous studies have

confirmed that chronic C. trachomatis infection can induce inflammatory damage and fibrosis

in genital ducts such as the oviduct [20]. Furuya et al.[21] also found that C. trachomatis infec-

tion can induce ectasia of the seminal vesicles, which have an epithelial structure similar to

that of the paraurethral ducts. Thus, paraurethral duct fibrosis and dilation can be attributed

to inflammation caused by C. trachomatis, and treating the C. trachomatis coinfection may be

an effective intervention.

Age may contribute to the degeneration of physiological function in patients with paraure-

thral duct dilatation. One study showed that epithelial regression with senility was the major

risk factor for deferent duct dilation and cystogenesis [22]. Thus, regression of the paraurethral

duct epithelium may induce post-infection dilation of the paraurethral duct.

The incidence of paraurethral duct infection by N. gonorrhoeae is low in male patients, and

paraurethral duct dilatation secondary to this disease is rare in the clinical setting. In our

department, only 15 patients with complete data were identified within the past 18 years. Mul-

ticenter studies with larger sample sizes may identify more risk factors for paraurethral duct

dilatation.

Supporting Information

S1 Dataset. Raw material of manuscript.

(XLS)

Acknowledgments

The authors would like to thank the clinic staff for their participation in the study.

Author Contributions

Conceptualization: WF QZ.

Table 2. Results of logistic regression for identification of significant risk factors.

Parameter Odds ratio 95%CL for OR P-value

Age 2.46 1.33–6.39 0.03*

Chlamydia trachomatis infection in the paraurethral duct 3.96 1.69–8.75 0.01*

Previous gonococcus infection of paraurethral duct 2.19 1.22–7.48 0.03*

Concomitant disease (diabetes) 1.12 0.65–1.79 0.46

Disease course a 6.25 2.76–13.26 0.00**

*P<0.05

**P<0.01

a, amount of time the patient had experienced symptoms before undergoing treatment

doi:10.1371/journal.pone.0166355.t002

Risk Factors for Acquired Paraurethral Duct Dilatation

PLOS ONE | DOI:10.1371/journal.pone.0166355 November 18, 2016 6 / 8

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166355.s001


Data curation: WF QZ.

Formal analysis: WF QZ LW XY.

Investigation: WF QZ LW XY.

Methodology: WF QZ LW XY TJ.

Project administration: WF.

Supervision: WF QZ.

Writing – original draft: WF QZ.

Writing – review & editing: WF QZ.

References
1. Harkness AH. The Pathology of Gonorrhœa. Br J Vener Dis 1948; 24: 137–47. PMID: 18099876

2. Ambrose K. Claude N. Venereal diseases, 2nd edn. Philadelphia: Davis, 1969:161.

3. Gilhooly P, Hensle TW. Parameatal ducts of glans penis. Structure, symptoms, and treatment of

uncommon focus of infection. Urology 1984; 24(4):375–8. PMID: 6485200

4. Fan W. Gonococcal inflammation of paraurethral glands around external urethral orifice in males: a

commonly encountered disease? Int J STD AIDS 2010; 21(3):225–6. doi: 10.1258/ijsa.2009.009485

PMID: 20071443

5. Fan W, Zhang Q, Fan Z. Sequential therapy for gonococci inflammation of paraurethral glands in

males. J Dermatolog Treat 2012; 23(3):184–8. doi: 10.3109/09546634.2010.519377 PMID: 21105823

6. Fan W, Zhang Q. Risk factors for male patients with gonorrhoea complicated by inflammation of the

paraurethral glands around the external urethral orifice. Int J STD AIDS 2012; 23(6):400–2. doi: 10.

1258/ijsa.2011.011319 PMID: 22807532

7. Fan W, Zhang Q, Jiang T. Pathogen profile in men with inflammation of paraurethral glands. Sex

Transm Infect 2014; 90(1):52–4. doi: 10.1136/sextrans-2013-051180 PMID: 23939010

8. Sherrard J. Gonorrhoea. Medicine 2014; 42(6):323–6.

9. Fan W, Zhang Q, Ye X. High-frequency ultrasound findings in gonococcal inflammation of the paraure-

thral glands in men. J Eur Acad Dermatol Venereol 2016; 30(1):146–7. doi: 10.1111/jdv.12638 PMID:

25074282

10. Fan W, Zhang Q, Wang L, Ye X, Fan Z, Jiang T. Sequelae of gonococcal inflammation of the paraure-

thral glands in men: paraurethral duct dilatation. Sex Transm Infect 2015; 91(3):193. doi: 10.1136/

sextrans-2014-051773 PMID: 25887853

11. Fan W, Zhang Q, Song L. Acquired microcyst in the paraurethral glands of a male patient. Int J STD

AIDS 2013; 24(2):159–60. doi: 10.1177/0956462413481554 PMID: 24400348

12. Wong L, Hutson PR, Bushman W. Prostatic inflammation induces fibrosis in a mouse model of chronic

bacterial infection. PLoS One 2014; 9(6): e100770. doi: 10.1371/journal.pone.0100770 PMID:

24950301

13. Wong L, Hutson PR, Bushman W. Resolution of chronic bacterial-induced prostatic inflammation

reverses established fibrosis. Prostate 2015; 75(1):23–32. doi: 10.1002/pros.22886 PMID: 25284058

14. Cantiello F, Cicione A, Salonia A, Autorino R, Ucciero G, Tucci L, et al. Metabolic syndrome correlates

withperi-urethral fibrosis secondary to chronic prostate inflammation: evidence of a link in a cohort of

patients undergoing radical prostatectomy. Int J Urol 2014; 21(3):264–9. doi: 10.1111/iju.12233 PMID:

23909794

15. Cantiello F, Cicione A, Salonia A, Autorino R, Tucci L, Madeo I, et al. Periurethral fibrosis secondary to

prostatic inflammation causing lower urinary tract symptoms: a prospective cohort study. Urology 2013;

81(5):1018–23. doi: 10.1016/j.urology.2013.01.053 PMID: 23608423

16. Jesus LE, Schanaider A, Kirwan T, Aitken KJ, Caldas ML, Fonseca E, et al. Reduced flow after tubular-

ized incised plate urethroplasty-increased fibrogenesis, elastin fiber loss or neither? J Urol 2014; 191

(6):1856–62. doi: 10.1016/j.juro.2013.11.098 PMID: 24316090

17. Fan W, Zhang Q. Bilateral inflammation of the paraurethral glands around the external urethral orifice

due to Chlamydia trachomatis in a male. Int J Dermatol 2013; 52(12):1567–8. doi: 10.1111/j.1365-4632.

2011.05160.x PMID: 24261726

Risk Factors for Acquired Paraurethral Duct Dilatation

PLOS ONE | DOI:10.1371/journal.pone.0166355 November 18, 2016 7 / 8

http://www.ncbi.nlm.nih.gov/pubmed/18099876
http://www.ncbi.nlm.nih.gov/pubmed/6485200
http://dx.doi.org/10.1258/ijsa.2009.009485
http://www.ncbi.nlm.nih.gov/pubmed/20071443
http://dx.doi.org/10.3109/09546634.2010.519377
http://www.ncbi.nlm.nih.gov/pubmed/21105823
http://dx.doi.org/10.1258/ijsa.2011.011319
http://dx.doi.org/10.1258/ijsa.2011.011319
http://www.ncbi.nlm.nih.gov/pubmed/22807532
http://dx.doi.org/10.1136/sextrans-2013-051180
http://www.ncbi.nlm.nih.gov/pubmed/23939010
http://dx.doi.org/10.1111/jdv.12638
http://www.ncbi.nlm.nih.gov/pubmed/25074282
http://dx.doi.org/10.1136/sextrans-2014-051773
http://dx.doi.org/10.1136/sextrans-2014-051773
http://www.ncbi.nlm.nih.gov/pubmed/25887853
http://dx.doi.org/10.1177/0956462413481554
http://www.ncbi.nlm.nih.gov/pubmed/24400348
http://dx.doi.org/10.1371/journal.pone.0100770
http://www.ncbi.nlm.nih.gov/pubmed/24950301
http://dx.doi.org/10.1002/pros.22886
http://www.ncbi.nlm.nih.gov/pubmed/25284058
http://dx.doi.org/10.1111/iju.12233
http://www.ncbi.nlm.nih.gov/pubmed/23909794
http://dx.doi.org/10.1016/j.urology.2013.01.053
http://www.ncbi.nlm.nih.gov/pubmed/23608423
http://dx.doi.org/10.1016/j.juro.2013.11.098
http://www.ncbi.nlm.nih.gov/pubmed/24316090
http://dx.doi.org/10.1111/j.1365-4632.2011.05160.x
http://dx.doi.org/10.1111/j.1365-4632.2011.05160.x
http://www.ncbi.nlm.nih.gov/pubmed/24261726


18. Lyss SB, Kamb ML, Peterman TA, Moran JS, Newman DR, Bolan G, et al. Chlamydia trachomatis

among patients infected with and treated for Neisseria gonorrhoeae in sexually transmitted disease clin-

ics in the United States. Ann Intern Med 2003; 139(3): 178–85. PMID: 12899585

19. Beatty WL, Morrison RP, Byrne GI. Repeated and persistent infection with Chlamydia and the develop-

ment of chronic inflammation and disease. Trends Microbiol 1994; 2(3):94–8. PMID: 8156277

20. Haggerty CL, Gottlieb SL, Taylor BD, Low N, Xu F, Ness RB, Risk of sequelae after Chlamydia tracho-

matis genital infection in women. J Infect Dis 2010; 201 (Suppl 2): S134–55.

21. Furuya R, Takahashi S, Furuya S, Kunishima Y, Takeyama K, Tsukamoto T. Is seminal vesiculitis a dis-

crete disease entity? Clinical and microbiological study of seminal vesiculitis in patients with acute epi-

didymitis. J Urol 2004; 171(4):1550–3. doi: 10.1097/01.ju.0000116288.59223.e9 PMID: 15017218

22. Itoh M, Li XQ, Miyamoto K, Takeuchi Y. Degeneration of the seminiferous epithelium with ageing is a

cause of spermatoceles? Int J Androl 1999; 22(2):91–6. PMID: 10194640

Risk Factors for Acquired Paraurethral Duct Dilatation

PLOS ONE | DOI:10.1371/journal.pone.0166355 November 18, 2016 8 / 8

http://www.ncbi.nlm.nih.gov/pubmed/12899585
http://www.ncbi.nlm.nih.gov/pubmed/8156277
http://dx.doi.org/10.1097/01.ju.0000116288.59223.e9
http://www.ncbi.nlm.nih.gov/pubmed/15017218
http://www.ncbi.nlm.nih.gov/pubmed/10194640

