
O R I G I N A L  R E S E A R C H

An Investigation of the Male Genitourinary 
Abscess Originated from Urinary Tract in 
a Tertiary Hospital, Shanghai, China, from 2004 to 
2019

Jiaying Tan1,* 
Mi Tian1,* 
Feng Zhao1 

Shuixiang Deng1 

Peng Jin1 

Yao Wang1 

Huimei Wen1 

Xiaohua Qin2,3 

Ye Gong1,4

1Department of Critical Care Medicine, 
Huashan Hospital, Fudan University, 
Shanghai, 200040, People’s Republic of 
China; 2Institute of Antibiotics, Huashan 
Hospital, Fudan University, Shanghai, 
200040, People’s Republic of China; 3Key 
Laboratory of Clinical Pharmacology of 
Antibiotics, Ministry of Health, Shanghai, 
200040, People’s Republic of China; 
4Department of Neurosurgery, Huashan 
Hospital, Fudan University, Shanghai, 
200040, People’s Republic of China  

*These authors contributed equally to 
this work  

Background: Male genitourinary abscess is one of the serious complications of urinary tract 
infections (UTIs). There were few researches on the clinical and pathogenic characteristics of 
male genitourinary abscess.
Patients and Methods: A retrospective observational study was conducted between 
January 2004 and April 2019. Male patients with genitourinary abscess originated from urinary 
tract, including sites of scrotum, testis, epididymis, spermatic cord, and prostate, were enrolled. 
Clinical and microbial records were collected and analyzed, and antimicrobial susceptibility 
testings were performed according to CLSI standard. Whole-genome sequencing was applied to 
detect the β-lactamase genes and virulence genes, as well as to determine the multilocus- 
sequence typing (MLST) of the collected Klebsiella pneumoniae (K. pneumoniae) isolates.
Results: A total of 22 male patients were included. The main clinical symptoms were fever 
(86.4%), scrotal swelling (68.2%), local skin warmth (59.1%) and ulceration (45.5%). Urinary 
irritation was often presented in prostate involved abscess. Ultrasound features had a 94.7% 
positive rate. Surgical treatment, including abscess drainage, was helpful to the prognosis. No 
matter where the specimens obtained from, including blood, urine or pus, multidrug-resistant 
K. pneumoniae was the dominant (11 cases, 50.0%) microorganism in positive cultures. Nine 
of eleven K. pneumoniae isolates had been preserved and recovered. As for MLST typing, all 
the nine available isolates of K. pneumoniae belonged to the ST11 type and characterized with 
blaKPC-2 carbapenemase gene. Virulence genes rmpA2, ybtS, kfuC, wzi, aerobactin genes 
(iucABCD and iutA) and type 3 fimbriae genes (mrkAD) were identified in all the 
K. pneumoniae isolates.
Conclusion: It seemed that more patients under 35 years old were vulnerable to genitour
inary abscess. There was an increasing trend that multidrug-resistant K. pneumoniae isolates 
with multiple virulence genes were involved in male genitourinary abscess. Prompt and 
proper antibiotic use, combined with adequate drainage of the abscess, was important to 
prognosis.
Keywords: male genitourinary abscess, carbapenem-resistant Klebsiella pneumoniae, 
virulence genes, MLST type

Introduction
Urinary tract infection (UTI) is one of the most common infections in both community 
and hospital.1–3 Approximately 50% of women have at least once UTI episode in their 
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lifetime.4 It has been reported that Gram-negative bacteria 
such as Escherichia coli (E. coli) and Klebsiella pneumoniae 
(K. pneumoniae) were the most frequently implicated patho
gens in both uncomplicated and complicated UTIs, 
accounted for 57.1% and 11.3%, in Europe during 2018.5 

Concerns have been aroused about anaerobes, which might 
have been the significant pathogens of UTIs.6 Furthermore, 
the antimicrobial resistance rate of urinary 
Enterobacteriaceae was high, especially for extended spec
trum β-lactamase (ESBL) phenotypes. It has been reported 
that the urinary K. pneumoniae isolates had a 7.7% resistance 
rate to meropenem according to the European SENTRY 
surveillance program in 2018.5 During the same year in 
China, the meropenem resistance rate of K. pneumoniae in 
urine isolates was 19.8%.7 Although previous study men
tioned that plant essential oils (EOs) might be helpful to 
tackle the problem of antimicrobial resistance,8 it is still an 
enormous challenge at present.

UTIs are not extremely common in healthy male adults. As 
one of the serious complications, genitourinary abscess for
mation is rare to encounter. Once abscess emerges, it may lead 
to testicular infarction, which can bring disastrous result of 
infertility. It has been reported that Gram-negative enteric 
organism, Mycobacterium tuberculosis, Brucella and 
Candida were the main pathogens in non-sexually transmitted 
genitourinary infections,9 and obstructive urinary disease, 
urinary tract surgery or instrumentation were risk factors.10 

The clinical and pathogenic characteristics, such as antimicro
bial resistance and virulence factors, might have changed in 
recent years, but few researches on male genitourinary abscess 
have specified this issue.

Herein, we have attempted an investigation of the male 
genitourinary abscess originated from urinary tract in 
a single-centered retrospect of the last 15 years hospita
lized male patients.

Patients and Methods
Study Design and Patients
A retrospective observational study was conducted 
between January 2004 and April 2019 in Huashan 
Hospital, Fudan University, a large academic tertiary hos
pital in Shanghai, China. The enrolled male patients had 
the diagnosis of genitourinary abscess, including sites of 
scrotum, testis, epididymis, spermatic cord, and prostate. 
Patients younger than 18 years old or with genitourinary 
abscess not spread from urinary tract were excluded.

Medical records were reviewed to extract the following 
clinical information: demographics, diagnosis, comorbidities, 
clinical symptoms, blood and urine detections, imaging or 
ultrasound features, length of hospital stay, medical instrumen
tation, surgery, microbial cultures, antimicrobial treatments, 
and clinical outcomes.

Microbiology and Antimicrobial 
Susceptibility Testing
The specimens were inoculated on the screening plates 
containing CHROMagar chromogenic media for urine cul
ture (CHROMagarTM Microbiology Co., Ltd., Shanghai, 
China). The blue colonies were K. pneumoniae. Species 
were further identified with the VITEK 2 GN ID Panel 
according to the manufacturer’s instructions. 
Susceptibility testings were performed in the hospital 
microbiology laboratory using the disk diffusion method 
according to the Clinical and Laboratory Standards Institute 
(CLSI) criteria,11 or the VITEK 2 compact automated sys
tem (bioMérieux) following the instrument specifications, 
and the results were interpreted according to CLSI standard.

String Test
The mucoviscous phenotype of K. pneumoniae was iden
tified by a positive string test, which is defined as the 
formation of a string >5 mm in length when a colony 
grown over night on a blood agar plate at 37°C was 
stretched by a bacteriology inoculation loop.12

Whole-Genome Sequencing
Bacterial DNA of the nine K. pneumoniae isolates were 
extracted from overnight cultures using the DNA mini Kit 
(Takara, Dalian, China) according to the manufacturer’s 
instructions. The assessment of DNA quality was per
formed by a NanoDrop Nd-1000 spectrophotometer 
(Thermo Fisher Scientific, United States). The genomic 
DNA was stored at −20°C. Sequencing libraries were 
generated using NEB Next Ultra DNA Library Prep Kit 
(Illumina, NEB) using 700 ng of DNA from each sample, 
following manufacturer’s instructions, and index codes 
were added to attribute sequences to each sample. The 
library polymerase chain reaction (PCR) products were 
purified (AMPure XP system), and the quality was eval
uated on the Agilent Bioanalyzer 2100 system. The clus
tering of index-coded samples was processed on a cBot 
Cluster Generation System according to the manufac
turer’s instructions. Then, the library preparations were 
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sequenced using an Illumina HiSeq X Ten platform and 
300 base pair (bp) (150 bp×2) paired-end reads were 
generated.

Bioinformatic Analysis
Raw data from paired-end sequencing were quality checked 
with the Falco (v0.2.1) and adapter sequences were removed 
using Trimmomatic (v0.36).13,14 The cleaned paired-end 
sequencing data for each strain was error-corrected and 
assembled using SPAdes (v3.13.0), with the default 
parameters.15 Multilocus-sequence typing (MLST) was per
formed in silico by using the tool MLST (www.github.com/ 
tseemann/mlst) and the Pasteur database (www.bigsdb.web. 
pasteur.fr/klebsiella/). Virulence genes and antimicrobial 
resistance genes, especially β-lactamases and efflux pump, 
were identified according to the BIGSdb Klebsiella genome 
database.16 The allelic information for virulence and anti
microbial resistance genes was shown by the heatmap pro
duced by the Python (v3.7.5) with Matplotlib (v3.2.2).

Definitions
The following terms were defined prior to data analysis. The 
diagnosis of UTI is based on symptoms and the presence of 
pathogens and/or white blood cells in urine. Complicated 
UTIs (cUTIs) are those associated with neurogenic dysfunc
tion or bladder outlet obstruction, obstructive uropathy from 
any cause, intermittent or long-term bladder catheterization, 
urologic instrumentation or indwelling stent, urinary tract 
post-surgical modifications, chemotherapy or radiation- 
induced damage, renal impairment, diabetes mellitus and 
immunocompromised conditions.17 Sepsis was defined as 
life-threatening organ dysfunction caused by a dysregulated 
host response to infection,18 with the Sequential Organ 
Failure Assessment (SOFA) score ≥2 points consequent to 
the infection. Immunocompromise was defined as the condi
tion of patient received immunosuppressant, chemotherapy, 
radiation, long term or recent high-dose steroids (prednisone 
1–2mg/kg/d or other equivalent dose glucocorticoid), or had 
a disease that was sufficiently advanced to suppress resis
tance to infection such as leukemia, lymphoma or acquired 
immune deficiency syndrome (AIDS).19 Antimicrobial treat
ment was extracted firstly after the diagnosis of genitourinary 
abscess. The carbapenem-resistant K. pneumoniae (CRKP) 
isolates were defined as resistant to ertapenem and/or imipe
nem and/or meropenem.

Statistical Analysis
The results are expressed as the mean±standard deviation 
(SD) or median (interquartile range[IQR] or range) (contin
uous variables) or as percentages of the group from which 
they were derived (categorical variables). Data were pro
cessed and analyzed using the STATA statistical software 
(StataCorp LP, version 16).

Results
Figure 1 shows the flowchart of the patient inclusion process. 
During the period of January 2004 and April 2019, 39 male 
patients were diagnosed with genitourinary abscess. All of 
these patients were adults. Moreover, only 56.4% (22/39) 
patients were genitourinary abscess consequent on UTIs. 
Abscess sites were further categorized into three sites: pros
tate only, scrotum only, or both. Scrotum included scrotum, 
testis, epididymis and spermatic cord. The vast majority (18 
of 22, 81.8%) of cases occurred in the last five years, and 
there was a growing trend year by year (Figure 2).

Clinical Findings
The mean age of 22 patients was 54.5±16.5 years old 
(median, 57.5 years; range, 20 to 81 years). Regarding to 
the categories of abscess site, 14 (63.6%) cases were 
scrotal involved, 5 (22.7%) were prostatic, and the remain
ing 3 (13.6%) were both scrotal and prostatic involved. All 
these patients did not present the evidence of pyogenic 
liver abscess (PLA). Only two patients (9.1%) were 
uncomplicated UTIs. It was noteworthy that diabetes 
(22.7%) was more common than immunocompromised 
conditions (13.6%). Second to fever (86.4%), scrotal swel
ling was prevalent (68.2%) as clinical symptoms in those 
22 patients. The local lesion of skin, including warmth 
(59.1%) and ulceration (45.5%), was also an apparent 
sign to genitourinary abscess. Urinary irritation was often 
presented in prostate involved abscess. Concerning the 
severity, 4 patients encountered sepsis and two of them 
progressed to septic shock (Table 1). Ultrasound features 
had a high positive rate up to 94.7% (Table 2). More than 
half patients suffered from hypoalbuminemia. Surgical 
treatment was helpful to suspend the process of complica
tions. Abscess drainage was the most preferred method. If 
it was invalid and lesion was uncontrollable, resection was 
inevitable. There was one patient further underwent uni
lateral orchiectomy, and another underwent bilateral epi
didymectomy. These two patients had both scrotal and 
prostatic abscess. Male genitourinary abscess generally 
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had a favorable prognosis. It did not directly lead to fatal 
outcome, and the 28-day mortality was zero.

Microbial Findings
Microbial cultures obtained from specimens in most related 
three locations revealed the pathogenic characteristics. Positive 
blood culture occurred in 6 patients, and two of them suffered 
from sepsis. No matter where the specimens obtained from, 
including blood, urine or pus, CRKP was the dominant micro
organism in positive cultures (Table 3). K. pneumoniae was 
found in specimens from two of those three locations in 6 
patients. Overall, 11 (50.0%) patients could be considered 
suffering from K. pneumoniae genitourinary abscess according 
to culture results.

Focusing on the three patients suffered from both 
scrotal and prostatic abscess, all the pathogens were 
CRKPs which were simultaneously resistant to 

cefotaxime, ceftazidime, cefepime, cefoxitin, meropenem, 
imipenem, piperacillin-tazobactam, levofloxacin, amika
cin and fosfomycin, only susceptible to tigecycline and 
colistin. Among them, such positive result was cultured 
from blood, urine and pus in a 67-year-old man, from 
blood and urine in a 20-year-old young man, and from 
urine in a 50-year-old man.

According to the results of MLST typing, all the nine 
isolates of K. pneumoniae which were available in clinical 
microbiology laboratory belonged to the ST11 type and 
carried KPC carbapenemase. The seven out of nine CRKP 
isolates detected both rmpA and rmpA2 genes were positive 
in the string test. Moreover, whole-genome sequencing 
showed that blaKPC-2, blaSHV, blaCTX, blaTEM and ramA 
genes were identified within all these isolates, but none of 
blaNDM, blaVIM, blaIMP or blaOXA-48 genes were detected. 
Virulence genes rmpA2, ybtS, kfuC, wzi, aerobactin genes 
(iucABCD and iutA) and type 3 fimbriae genes (mrkAD) were 
identified in all the K. pneumoniae strains. The iroN gene was 
identified in 77.8% (7/9) of the K. pneumoniae strains 
(Figure 3). Salmochelin (iroBCD), magA, wcaG or entB 
was detected negative in all the K. pneumoniae isolates.

Discussion
Over the past decades, few systematic researches on the 
clinical and pathogenic characteristics of male genitourinary 
abscess have been reported. To our knowledge, this is the first 
retrospective cohort study concerning this type of infection 
originated from urinary tract in Chinese population.

The pathogens of UTI in male adult were difficult to 
forecast. Therefore, urine culture was necessary and 
further diagnostic evaluation should be started early in 
order to determine whether the patients had cUTIs. UTIs 

Figure 1 Flowchart of the study selection process.

Figure 2 Case number of the male genitourinary abscess originated from urinary 
tract throughout the study period.
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in male adults might cause genitourinary abscess which 
could further result in dramatic complications, although 
the ascending route was extremely rare.

It has been shown that the causative organism of male 
genitourinary infection like epididymo-orchitis usually corre
lated to the age of patients. The pathogens of Chlamydia 
trachomatis and Neisseria gonorrhoeae were more dominant 
in young men (<35y), while the culprits were inclined to 
E. coli or other enteric organisms in patients aged over 35 
years.20,21 Other rare pathogenic microorganisms, such as 
anaerobes, Actinomyces and Actinomyces-like organisms 
(ALOs), had distributed in various ages of male genitourinary 
infection.6,22 In our study, the proportion of patients under 35 
years old was 18.2% (4 cases all had cUTIs), which was higher 
than expectation. This might suggest a trend to the demo
graphic change in severe male genitourinary infection. On 
the other hand, subtle change of microorganisms has also 
been in process. The multidrug-resistant K. pneumoniae or 
even CRKP instead of E. coli became the predominant patho
gen isolated from blood, urine or pus in our patients. The 
multidrug-resistant pathogens could easily escape from the 
attack of antimicrobials. This led to the long-term persistence 
of K. pneumoniae in genitourinary tract. We speculated that 
the possible invasive characteristics of K. pneumoniae attrib
uted to the genitourinary abscess formation.

It is notorious that K. pneumoniae strains were asso
ciated with a wide spectrum of infections, such as UTI, 
pneumonia, intra-abdominal infection, bloodstream infec
tion (BSI), meningitis, PLA, necrotizing fasciitis and endo
genous endophthalmitis.23–26 They carried a variety of 
virulence genes and had the capacity to acquire a versatile 

Table 1 Characteristics of Patients Diagnosed with Male 
Genitourinary Abscess Originated from Urinary Tract

Variables

Age (years), mean (SD) 54.5 (16.5)

Categories of abscess site, no. (%)
Scrotum only 14 (63.6)

Prostate only 5 (22.7)

Both 3 (13.6)

Comorbidities, no. (%)
Post urogenital tract surgery 4 (18.2)

Post transplantation 1 (4.5)

Urogenital neoplasm 1 (4.5)
Diabetes 5 (22.7)

Liver cirrhosis 1 (4.5)

Cerebrovascular diseases 6 (27.3)
Trauma 4 (18.2)

Pulmonary infection 6 (27.3)

Intracranial infection 2 (9.1)
Immunocompromised condition 3 (13.6)

Clinical symptoms, no. (%)
Urinary irritation 5 (22.7)

Scrotal swelling 15 (68.2)

Perineal symptoms 1 (4.5)
Skin warmth 13 (59.1)

Skin ulceration 10 (45.5)

Local mass 4 (18.2)
Fever 19 (86.4)

Peak temperature (˚C), mean (SD) 38.5 (1.1)

Indwelling invasive devices, no. (%)

Central venous catheter/PICC 5 (22.7)

Urinary tract catheter 10 (45.5)

Severity, no. (%)

Sepsis 4 (18.2)
Septic shock 2 (9.1)

Broad-spectrum antimicrobial treatment, no. (%) 20 (90.9)

Surgical treatment, no. (%)

Abscess drainage 14 (63.6)
Orchiectomy/epididymectomy 2 (9.1)

Length of hospital stay (days), median (IQR) 16.5 (8–37)

Clinical outcomes, no. (%)

Condition improvement 20 (90.9)
Death 2 (9.1)

28-day mortality 0

Abbreviation: PICC, peripherally inserted central catheter.

Table 2 Results of Auxiliary Examination in Patients Diagnosed 
with Male Genitourinary Abscess Originated from Urinary Tract

Auxiliary Examination

Imaging or ultrasound positive features, no. (%)

Imaging 2 (10.5)

Ultrasound 18 (94.7)

Blood test

WBC ≥10×109/L, no. (%) 16 (76.2)
WBC (×109/L), mean (SD) 13.6 (5.6)

PCT >2 ng/mL, no. (%) 4 (33.3)
Lactate >2 mmol/L, no. (%) 2 (28.6)

Albumin <35g/L, no. (%) 11 (50.0)

Prealbumin <200mg/L, no. (%) 15 (71.4)

Urine test, no. (%)

WBC increase 16 (80.0)
RBC increase 13 (65.0)

Bacterial count increase 12 (60.0)

Abbreviations: WBC, white blood cell; RBC, red blood cell; PCT, procalcitonin.
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armament of antimicrobial resistance genes. This was the 
bacteriological basis of invasive or even disseminated 
infections caused by K. pneumoniae. Type 3 fimbriae 
genes mrkA and mrkD were detected positive in all the 
CRKP isolates in this study, while the type 3 fimbriae 
were an important uropathogenic virulence factor for 

K. pneumoniae to adhere to the urinary tract epithelium 
and to perform the biofilm.27

The hypervirulent K. pneumoniae (hvKP) was first 
reported in Taiwan starting in the mid-1980s, where 
patients presented with primary community-acquired 
hepatic abscess with a propensity for disseminated spread 
to extrahepatic sites.28 Through the worldwide reports and 
investigations in recent thirty years, it was generally con
sidered that hvKP syndrome was associated with bacter
emia, primary liver abscess, and metastatic infections.29 

However, we have not observed this typical syndrome. 
None of the participants presented PLA, even in those 
four cases positive for K. pneumoniae in blood cultures.

Although hypervirulent and antimicrobial-resistant 
populations of K. pneumoniae were once considered lar
gely nonoverlapping,16 isolates with combined virulence 
and resistance had been frequently reported in recent 
years, particularly in China.30–32 The multidrug-resistant 
and hypervirulent K. pneumoniae has become a great 
threat to public health till now. According to MLST typ
ing, ST11 with blaKPC-2 gene has been reported as the 
most common type of CRKP in China,33,34 which was in 
coincidence with our study that all the available 
K. pneumoniae isolates were proved as ST11 CRKPs with 
blaKPC-2 gene. Furthermore, virulence genes rmpA2, ybtS, 
kfuC, wzi, aerobactin genes (iucABCD and iutA) and type 
3 fimbriae genes (mrkAD) were also identified in all the 

Table 3 Results of Microbial Cultures in Patients Diagnosed with 
Male Genitourinary Abscess Originated from Urinary Tract

Specimen

Blood, no. (%)

K. pneumoniae 4 (18.2)

Brucella 1 (4.5)
Staphylococcus 1 (4.5)

Negative 8 (36.4)

Unavailable 8 (36.4)

Urine, no. (%)
K. pneumoniae 7 (31.8)

Staphylococcus 1 (4.5)

Candida 2 (9.1)
Negative 4 (18.2)

Unavailable 8 (36.4)

Pus, no. (%)

K. pneumoniae 7 (31.8)

Proteus mirabilis 1 (4.5)
Negative 1 (4.5)

Unavailable 13 (59.1)

Figure 3 Heatmap of whole-genome sequencing.
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K. pneumoniae isolates in our study. The K. pneumoniae 
isolates with both multidrug-resistant and virulent charac
teristics seemed more likely to cause male genitourinary 
abscess. This was probably due to their prolonged stay in 
urinary tract and invasive feature of multidrug-resistant 
K. pneumoniae isolates with multiple virulence genes.

In view of the pathogenic change in male UTIs, more 
information of microorganism and early diagnosis of geni
tourinary abscess was particularly important. With modern 
ultrasound equipment, which was non-invasive, inexpensive 
and repeatable, genitourinary abscess could be early 
detected, and it was usually repeated in order to rule out 
testicular malignancy. Compared to the imaging examination 
such as computed tomography (CT) or magnetic resonance 
imaging (MRI), sonography was the mainstay first-line 
investigation in genitourinary abscess. Once the diagnosis 
confirmed, acquisition of pathogens, antibiotic use, and ade
quate drainage of the abscess should be undertaken as soon as 
possible. Early intervention might prevent progression of 
genitourinary abscess, avoid genital excision, and reduce 
the risk of death. Considering the serious problem of anti
microbial resistance, bioactive components such as EOs from 
the leaves, rhizomes and other parts of plant might be the 
potential therapy as a supplement to antibiotics.35,36

Our results had limited validity since this was 
a retrospective, small sample size and single-center cohort 
study. The rarity of the male genitourinary abscess originated 
from urinary tract limited the sample size. The pathogenicity of 
multidrug-resistant K. pneumoniae isolates with multiple viru
lence genes in this study had not been confirmed, as lack of the 
in vivo experiment. More large-scale trials with controlled 
group of male patients suffered from K. pneumoniae UTI 
without genitourinary abscess are needed for further study.

Conclusions
The present study suggested the change of demography and 
microorganisms in male genitourinary abscess originated 
from urinary tract in Chinese population. It was manifested 
that more patients under 35 years old and more multidrug- 
resistant K. pneumoniae isolates with multiple virulence 
genes have been involved in this disease. Once UTI 
occurred in male patients, the virulence and drug resistance 
information of microorganism should be gained as early as 
possible. Imaging or ultrasound in genitourinary system 
was significant to rule out abscess formation. Early inter
ventions, such as antibiotic use and adequate drainage of the 
abscess, were helpful to a decent prognosis.
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