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INTRODUCTION

An uncircumcised prepuce may be more readily colonized 
by bacteria and may cause more frequent urinary tract 
infections (UTIs) in children. In one study, 95% of infants 
with UTIs were uncircumcised [1]. In another study, among 
5,261 infants, 41 (0.78%) had confirmed UTI in the first year 
of  life. UTI occurred in only 0.47% of females and 0.21% 
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of circumcised male infants, while it occurred in 4.12% of 
uncircumcised male infants [2]. Therefore, the incidence of 
UTIs is generally higher in the uncircumcised than in the 
circumcised, varying from 5 to 89 times [3]. 

The presence of an unretractable prepuce may facilitate 
colonization by uropathogenic bacteria and promote the 
adherence of  bacteria, which may be important in the 
pathogenesis of UTIs [1,4]. Periurethral colonization may be 
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an important initial step towards an ascending UTI [5]. The 
main pathogen of UTI is Escherichia coli in boys and girls [6]. 
E. coli with fimbriae (pili) will bind to the mucosal surface 
of the prepuce, but not to the outer skin surface [7].

Smegma is the secretion of  the sebaceous gland that 
collects between the glans penis and the foreskin. The 
cheese-like sebaceous matter is a combination of shed skin 
cells, skin oils, and moisture. The main function of smegma 
is moisturing and lubricating the cavity between the 
foreskin and the glans that is the subpreputial space. [8,9].

Some studies showed that a variety of organisms was 
colonized in the subpreputial space [10-12]. However, there 
was a controversy whether the smegma is the risk factor of 
UTI. Moreover, there was no study about the smegma that 
had never been exposed to the outside in the subpreputial 
space between the inner prepuce skin and glans surface 
before prepuce excoriate. 

We hypothesis that the smegma that had never been 
exposed to the outside in the subpreputial space before 
prepuce excoriate is sterile. The aim of the study was to 
investigate the common bacteria with their antimicrobial 
susceptibility pattern found in the smegma in the closed 
subpreputial space of asymptomatic uncircumcised boys, and 
to determine the difference of those bacteria according to 
the presence of smegma prospectively. 

MATERIALS AND METHODS

This was a prospective study carried out at our hospital 
between August and December 2014. The study was 
approved by the ethics committee at the Pusan National 
University Yangsan Hospital (approval number: 05-2014-055). 

Forty boys who presented of  concealed penis in one 
institution during the period were enrolled. All the patient 
had the attached subpreputial space between the inner 
prepuce skin and glans surface. 

We excluded the patient with UTI including balano
posthitis, past history of UTI, Kayaba’s classification type III 
or IV of prepuce [13], and recent use of an antimicrobial or 
immunosuppressive drug to avoid confounding results. 

After surgical draping in the operating room, the pre
puce was aseptically retracted to expose the glans as the 
first step for penoplasty. The prepuce excoriate of  the 
attached subpreputial space between the inner prepuce skin 
and glans surface was performed like as adhesiolysis. Then 
the smegma was obtained inside of exposed subpreputial 
space. Because this smegma was located inside of attached 
subpreputial space and never had been exposed to outside, 
we called it as ‘virgin smegma.’

Patients were divided into two groups depending on 
the presence of smegma in this closed space. Patients were 
classified as group S (with smegma, n=20) and group C 
(without smegma, n=20). In group S, two kinds of swab were 
performed. 

A first swab was taken directly from the virgin smegma 
of  the subpreputial space. All the virgin smegma was 
removed and mixed in normal saline, and the mixture was 
dispenses in a sterile tube for smegma culture. A second 
glans swab was taken from the mucosal surface of  the 
foreskin and glans from the inside of the subpreputial space 
where the virgin smegma had been placed in. In group C, an 
only glans swab was taken from the mucosal surface of the 
foreskin and glans inside the subpreputial space. 

The swabs were immediately sent to the microbiology 
laboratory for microscopy, culture, and antimicrobial sen
sitivity testing. The swabs were inoculated aseptically onto 
blood agar using a platinum wire loop. All incubations 
were at 37oC for 24 hours for aerobic culture and 48 hours 
for anaerobic culture. Bacteria were isolated, identified, 
and confirmed by standard bacteriological techniques, and 
antimicrobial sensitivity pattern was determined using the 
disc diffusion method [14].

After surgery the patient had routine follow-up schedule 
for 6 months. 

Statistical analysis
Statistical analysis was performed using IBM SPSS 

statistics ver. 22.0 (IBM Co., Armonk, NY, USA) with 
Student’s t-test and Fisher’s exact test. A p-value <0.05 was 
considered statistically significant.

RESULTS

Among 40 boys with concealed penis, 17 had mild to 
moderate glandular hypospadias. The 40 boys ranged in age 
from 3 months to 9 years 11 months (mean age, 30.4±26.4 
months). By dividing into two groups, the age of  group 
S ranged from 3 months to 6 years 6 months (mean age, 
25.0±19.7 months). The age of group C ranged from 8 months 
to 9 years 11 months (mean age, 35.8±30.8 months) (p=0.048). 
The virgin smegma is more frequently found in young age. 
Other than age, the groups had no significantly different 
characteristics (Table 1). 

Smegma culture
Among 20 boys, six (30.0%) had a single organism 

isolated, nine had mixed growth (45.0%), and one had a non-
uropathogen growth (5.0%), with no bacteria isolated in four 
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boys (20.0%). Thirty-one bacterial uropathogens were isolates 
from 15 boys, comprising 16 gram-negative isolates (51.6%) 
and 15 gram-positive isolates (48.4%). The most commonly 
isolated gram-negative uropathogen was E. coli (8, 25.8%), and 
the commonly isolated gram-positive uropathogen bacteria 
were Enterococcus faecalis (6, 19.4%) and Enterococcus avium 
(4, 12.9%) (Table 2).

Most of  the organisms isolated were sensitive to 
the commonly used antimicrobial agents in clinical 
practice, except ampicillin in gram-negative isolates, and 
erythromycin, penicillin-G and tetracycline in gram-positive 
isolates (Supplementary Table 1). Over half  of  the orga
nisms isolated (19/31, 61.3%) were multi-drug resistant, and 
comprised E. coli (n=6 isolates), Enterococcus raffinosus (n=3), 
E. faecalis (n=2), E. avium (n=2), Staphylococcus epidermis 
(n=2), Enterobacter cloacae (n=1), Proteus mirabilis (n=1), 
Morganella morgana (n=1), and Streptococcus mitis/oralis 
(n=1). 

Glans swab 
In group S, 12 boys had 22 bacterial isolates in the glans. 

A single isolate was found in six boys (30.0%). There were 10 
gram-positive bacteria and 12 gram-negative bacteria. The 
commonly isolated uropathogen bacteria were E. coli  (6/22, 
27.3%), E. avium (5/22, 22.7%) and E. faecalis (4/22, 18.2%). 

In group C, 13 boys had 21 bacterial isolates in the glans. 
Each of the different type of single isolate was found in six 
boys (30.0%). There were 14 gram-positive bacteria, 6 gram-
negative bacteria and 1 fungus. The commonly isolated 
bacterial uropathogens were E. faecalis (6/21, 28.6%), E. avium 
(2/21, 9.5%) and E. raffinosus (2/21, 9.5%). E. coli was isolated 
just one in group C. 

When we compared the uropathogen growth in the 
group S (n=12) and the group C (n=13), there is statistically 
significant difference in the proportion of  patients with 
E. coli  isolated from the glans between the group S (n=6) 

Table 1. Patient’s characteristics of two groups

Characteristic
Group S 
(n=20)

Group C 
(n=20)

p-value

Age (mo) 0.048a

   Range 3–78 8–119
   Mean±SD 25.0±19.7 35.8±30.8
Height (cm) 0.075a

   Range 70–117 65–144
   Mean±SD 89.2±12.5 92.4±19.8
Weight (kg) 0.127a

   Range 8–23 8–35
   Mean±SD 13.0±4.1 14.9±7.1
Kayaba’s classification of prepuce 0.752b

   Type 1 11 10
   Type 2 9 10
Diagnosis
   Concealed penis 10 13
   Hypospadias 10 7

Values are presented as range, mean±standard deviation, or number 
only.
Group S, with smegma; group C, without smegma.
a:Student’s t-test, b:Fisher’s exact test.

Table 2. Uropathogens isolated from smegma

Isolates  Number
No growth 4
Uropathogens
   Enterococcus avium 2
   Escherichia coli 2
   Escherichia coli Proteus mirabilis 1
   Escherichia coli Klebsiella oxytoca 1
   Escherichia coli Enterobacter cloacae Klebsiella pneumoniae 1
   Escherichia coli Enterococcus raffinosus Staphylococcus epidermidis Enterococcus avium 1
   Enterococcus faecalis 1
   Enterococcus faecalis Staphylococcus epidermidis 1
   Enterococcus faecalis Enterococcus avium Morganella morganii 1
   Enterococcus faecalis Escherichia coli Streptococcus mitis/oralis 1
   Enterococcus faecalis Escherichia coli Enterococcus raffinosus 1
   Enterococcus faecalis Citrobacter freundii Klebsiella pneumoniae 1
   Pseudomonas aeruginosa 1
Nonuropathogens
   Ochrobactrum anthropi 1
Total 20
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and the group C (n=1) by Fisher’s exact test (the two sided) 
(p=0.030) (Table 3). 

The patients did not have any kind of  postoperative 
complication such as surgical site infection or UTI. 

DISCUSSION

UTI is the most common bacterial infection in children. 
The factors that contribute to UTI development in children 
are not yet completely understood. Host features, bacterial 
characteristics, and immune status all contribute to the 
development of pediatric UTIs [15]. The main pathogen of 
the UTI is E. coli  [6]. Uropathogenic bacteria, particularly 
P-fimbriated E. coli, adhere well to the inner mucosal surface 
of the prepuce [16]. However, studies on strains of P. mirabilis 
have not found a relationship between the adhesiveness and 
origin of the organisms and their association with UTI [5,17]. 

This risk appears to correlate with a period during the 
first 6 months of life when there is an increased amount 
of  uropathogenic bacteria colonizing the prepuce. This 
colonization appears to decrease and resolve by 5 years of 
age [5]. In general, circumcision has many health benefits 
that include decreased risk of UTI [18]. Circumcision reduces 
the rate of UTI development in the first 6 months of life by 
almost ten-fold [19]. Therefore, periurethral colonization of 
uncircumcised child could be an important first step for an 
ascending UTI.

The prepuces fuse with the epithelium of  the glans 
when they are formed in intrauterine life. At birth, their 
separation is incomplete and continues through childhood. 
The prepuce is retractable only in 4% of  boys at birth 
and the external urethral meatuses are visible in 50% of 
newborn babies. Complete preputial retraction occurs only in 
20% of infants by 6 months and the prepuces are retracted 
completely in most boys by 17 years of age [20]. The easier 
retraction of the prepuce that occurs with increasing age 
may improve foreskin hygiene and decrease colonization of 
periurethral aerobic flora. 

The concentrations of  periurethral aerobic organism 
decrease with increasing age [21]. The rate of bag positive 
culture and the infection rate in males decreases 6 to 
9 months after birth. There are no general differences 
in the incidence of  infection between circumcised and 
uncircumcised boys after 12 months of age. In other words, 
the presence of  the prepuce is a highly significant risk 
factor for UTI in infants up to 12 months of age [4,6]. This is 
true regardless of race and socioeconomic circumstance [6]. 

At f irst, smegma was thought to be produced by 
ectopic subpreputial sebaceous glands near the frenulum 
called Tyson’s glands, but these glands were not found 
[10]. Actually, smegma is a subpreputial collection of 
desquamated epithelial debris, mixed with mucin, and 
secretions with a composition including fat (about 27%) 
and protein (about 13%) [10]. The functions of  smegma 
are moisture and lubricating the subpreputial space [9]. It 
may contain anti-bacterial enzymes including lysozyme 
and hormones like androsterone [8,9,22,23], although this is 
equivocal [24]. Especially lysozyme, which probably originates 
from the prostate and seminal vesicles [22], destroy bacterial 
cell walls and inhibit and destroy candidal species [25]. It also 
may contain immunologically active chemical compounds 
such as cathepsin B, lysozyme, chymotrypsin, neutrophil 
elastase [26], cytokines [9,27].

However, the role of  smegma in pediatric UTI is not 
yet completely understood. In a study from Nigeria [28], 
they found bacterial isolates in smegma swabs from 52 
boys ranging in age range from 7 days to 11 years. A single 
isolate was found in 34 boys (65.4%), eight had a mixed 
isolate (15.4%), while no bacteria was isolated in 10 boys 
(19.2%). The commonly isolated gram-positive bacteria were 
Staphylococcus epidermidis (44.8%) and S. aureus (41.4%) and 
the most commonly isolated gram-negative bacterium was 
E. coli (90.5%). Most of the bacterial isolates were multi-drug 
resistant. They suggest the differences in the organisms 
from other studies means a local variation due to differences 
in climate and diet, but also the socio-economic differences in 
the various populations.

In a study from Turkey [29], smegma swabs from 100 
prepubertal healthy boys ranging in age from 2 months 
to 9 years were collected. The 72 isolates consisted of  54 
gram-positive bacteria (75.0%), 17 gram negative bacteria 
(23.6%), and one (1.4%) Candida isolate. The most commonly 
isolated gram-negative bacterium was E. coli (41.2%) and 
the commonly isolated gram-positive bacterium was 
Enterococcus sp. (57.4%). Most of the bacterial isolates were 
drug-sensitive. 

In this study, most of  the organisms isolated were 

Table 3. Pathogens isolated from the glans

Isolates Group S Group C p-valuea

Escherichia coli 6 (50.0) 1 (7.7) 0.030
Enterococcus species 6 (50.0) 8 (61.5)
Staphylococcus species 2 (15.4)
Others 2 (15.4)
Total 12 (100.0) 13 (100.0)

Values are presented as number (%).
Group S, with smegma; group C, without smegma.
a:Fisher’s exact test.
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sensitive to common antimicrobial agents in clinical 
practice, except ampicillin for gram-negative isolates and 
erythromycin, penicillin-G, and tetracycline for gram-positive 
isolates. Over half (61.3%) of the organisms isolated were 
multi-drug resistant. 

Recently these multiple-drug-resistant organisms are 
a major concern about medical and public health issues. 
Little information about resistance to third-generation 
cephalosporin as well as multidrug resistance in E. coli  is 
known [30]. Therefore, high detecting rate of  multi-drug 
resistant in smegma is seems to be interesting in this study.

Mycobacterium smegmatis was originally isolated in 
smegma. The organism is found in dirt and its original 
isolation from smegma was most probably coincidental [9].

Smegma is easily found when the penile surgery is 
performed. Exposed smegma could shows similar with 
preputial skin microbiology. However, in this study we only 
focus to ‘virgin smegma’ that never has been exposed to the 
outside. Because the fusion between the prepuces and the 
epithelium of the glans is a little tight, we thought ‘virgin 
smegma’ should be sterile. However, this ‘virgin smegma’ 
already had many kinds of bacterial isolates in our study. 
Even the rate of E. coli differed according to the presence of 
smegma. Our study shows in the first time that smegma has 
bacterial isolates even though it is ‘virgin smegma.’

Despite of the discovery of a variety of organisms from 
the subpreputial space of boys, the patients don’t have UTI 
symptom or postoperative UTI complication. That points to 
the fact that colonization does not always lead to infection. 

This study has some limitation. The patient age range is 
quite diverse. This may be due to younger patients having 
trapped smegma compared to older patients. Moreover, all 
isolates were some or few growth. Therefore, we are unable 
to conclude that the bacteria isolated cause UTIs. However, 
we found that E. coli was more common in the smegma and 
the subpreputial space of glans with smegma in this study.

CONCLUSIONS

‘Virgin smegma’ in the subpreputial space of children 
was colonized by many kinds of uropathogen. E. coli, which 
is a known common uropathogen, was more frequently 
colonized in children with ‘virgin smegma.’
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