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ABSTRACT Standard microbiological culture techniques can only identify a fraction of the urogenital microbiome.
Meanwhile, identifying and characterizing infectious microorganisms are very important for the success of diagnosis
and treatments, especially for Urinary Tract Infection (UTI) patients. This study aimed to characterize the urogenital
microbiome of UTI patients using 16S rRNA gene sequencing. We sequenced two pooled DNA samples from voided
urine of UTI patients (21 females and 13 males). To determine the structure and composition of taxa in the samples, 16S
rRNA gene sequencing was performed using the Illumina Mi‐Seq paired‐end platform. The most abundant genera were
Burkholderia‐Caballeronia‐Paraburkholderia (71%) followed by Prevotella (33%), Escherichia‐Shigella (24%), Klebsiella (23%) and
Sneathia (10%). The female microbiome was dominated by Prevotella bivia (28%), Escherichia coli (24%), Sneathia sanguinegens
(7%) and Klebsiella pneumoniae (4%). On the other hand, the male microbiome was dominated by K. pneumoniae (23%) and
E. coli (2%). K. pneumoniae and E. coli were the most abundant species found in both microbiomes. The 16S rRNA gene
sequencing used in this study successfully uncovered the composition of the urogenital microbiome, which might not have
been possible with conventional culture methods.

KEYWORDS urogenital microbiome; UTIs; 16S rRNA sequencing; bacteria

Indonesian Journal of Biotechnology
VOLUME 27(3), 2022, 142‐150 | RESEARCH ARTICLE

1. Introduction

A urinary tract infection (UTI) has become one of the
most common infectious diseases in the world (Price et al.
2018). Its nomenclature and concept have begun since
the discovery of microbiota that existed in the urine of
a healthy person, making the old paradigm that urine is
sterile disproven (Dixon et al. 2020). Generally, UTI is
described as an acute urinary health problem because of
the presence or predominance of uropathogenic microbes
(Brubaker and Wolfe 2017). The pathogenesis of this dis
ease starts from uropathogenic contamination in a peri
urethral space, which then makes colonies in the urethra
and finally ascends to the bladder (Meštrović et al. 2020).
However, there are still limitations to standards for UTI
diagnosis (Price et al. 2018).

The Human Microbiome Projects which were con
ducted in 2007, have provided a new insight into the hu
man microbial communities, especially in the gut, nasal
cavity, mouth, skin and vagina, that correlate with health
and diseases. A staggering number of researches has

emerged and focused on revealing microbiome (the ge
netic materials of microbiota) roles in other body niches,
including the urinary tract (Lee et al. 2020). Investigations
on female bladder microbiota have uncovered Lactobacil
lus as the most common urotype. Other urotypes found
wereGardnella, Streptococcus and Escherichia (Fok et al.
2019; Komesu et al. 2018; Price et al. 2019). Furthermore,
many investigations have been conducted to find the cor
relation between urobiome (microbial communities in the
bladder and urinary tract) and clinical conditions, includ
ing UTI and some forms of urinary incontinence (Karstens
et al. 2016; Wolfe and Brubaker 2019).

Several studies on the human urobiome have been con
ducted using different types of urinary samples, such as
catheterized and voided urine. The use of different urinary
samples, as well as the collecting method, can affect the
results obtained. Catheterized specimens of urine are bet
ter at describing the male bladder microbiome than voided
urine (Bajic et al. 2018). On the other hand, studies us
ing voided urine specimens are better at giving informa
tion about the relatedness of urogenital microbiome than

Indones J Biotechnol 27(3), 2022, 142‐150 | DOI 10.22146/ijbiotech.69212
www.jurnal.ugm.ac.id/ijbiotech

Copyright © 2022 THE AUTHOR(S). This article is distributed under a
Creative Commons Attribution‐ShareAlike 4.0 International license.

https://dx.doi.org/10.22146/ijbiotech.69212
https://www.jurnal.ugm.ac.id/ijbiotech
https://creativecommons.org/licenses/by-sa/4.0/


Nadifah et al. Indonesian Journal of Biotechnology 27(3), 2022, 142‐150

catheterized urine (Pohl et al. 2020).
A urogenital tract (UT) includes reproductive organs

and the formation and excretion of urine. Reproductive or
gans, as the parts of UT may contribute to urine microbial
load. Vagina, cervix, periurethral skin, penis, pubic skin
surfaces, and perineal area, are ideal sites for pathogen
habitation. This is called the urogenital microbiome since
microbiome composition in urine can come from genital
sites and organs (MacIntyre et al. 2017; Neugent et al.
2020).

A cultureindependent method for identifying and
characterizing microbiota has been conducted to increase
an appreciation of a microbial community profile in the
UT (MacIntyre et al. 2017). Determination of a bacte
rial community profile composing the human microbiome
is primarily facilitated by a 16S rRNA gene sequencing
assay. The 16S rRNA gene sequencing data are used to
conduct metagenomic analysis, including compiling taxo
nomic classifications by comparing the reads to reference
databases (Deurenberg et al. 2017; Hiergeist and Gessner
2017). The results of 16S rRNA sequencing can provide
information about the presence of bacterial species un
detectable by conventional culture. Furthermore, it can
conclusively identify a huge number of sequence reads
of a common uropathogen, as well as a new bacterial
species associated with infection (Moustafa et al. 2018).
This study aimed to characterize the urogenital micro
biome from voided urine samples of UTI patients using
16S rRNA gene sequencing.

2. Materials and Methods

2.1. Ethical approval
This research has received approval from the Ethics Com
mittee of the Faculty of Medicine, Public Health and
Nursing, Universitas Gadjah Mada Yogyakarta (Number
KE/FK/1031/EC/2019).

2.2. Specimens collection
Sequenced samples were pooled of isolated DNA from
voided urine specimens from 21 females and 13 males of
UTI patients collected from Regional Public Hospitals in
Yogyakarta, Indonesia. The specimen is the first catch
urine with the possibility that the bacteria identified can
come from the urinary tract or genitalia (Pohl et al. 2020).
The diagnosis was made by the treating physician based
on an assessment of symptoms and laboratory results, in
cluding the leukocyte esterase and bacterial counts in the
urine. The female subjects ages ranged from 090 years
old, while themale ranged from 2380 years old. The spec
imens were collected into a sterile container and kept at 4
°C then processed for DNA extraction within 24 h after
collection.

2.3. Genomic DNA Extraction
Thirty mL of the urine specimen was pelleted by centrifu
gation (2000 rpm, 5 min). Twentyfive mL of the super

natant was decanted. The remaining 5 mL of the pellet
was resuspended and pelleted again by centrifugation for
10 min at 16000 × g (4 °C). In the next step, up to 100 μL
of the pellet and some supernatants were processed. Iso
lation of the genome DNA from the urine pellets used the
protocol of QIAampDNAMini Kit (QIAGEN). The DNA
was eluted in 100 μL of AE buffer in the final step.

2.4. DNA Amplification
V3V4 distinct regions of the 16S rRNA gene were ampli
fied using specific primers 314F and 805R. The amplifica
tion process was performed with Phusion® HighFidelity
PCR Master Mix (New England Biolabs). The DNA was
mixed with the same volume of 1× loading buffer (con
taining SYB green) and the products were visualised on
2% agarose gel. The samples with a bright main band
between 400 bp450 bp were chosen for further experi
ments. PCR products were mixed at equal density ratios.
The mixed PCR products were purified with Qiagen Gel
Extraction Kit (Qiagen, Germany). The libraries gener
ated with NEBNext® UltraTM DNA Library Prep Kit for
Illumina and quantified via Qubit and QPCR would be
analysed by using Illumina platform.

2.5. 16S rRNA gene sequencing
Amplicon sequencing was performed using Illumina
pairedend platform to generate 250 bp pairedend raw
reads (Raw PE). The pairedend reads were assigned to the
samples based on their unique barcodes and truncated by
cutting off the barcode and primer sequences. The paired
end reads were merged using FLASH (V1.2.7), an analy
sis tool that was designed to merge pairedend reads when
at least some of the reads overlapped the read generated
from the opposite end of the same DNA fragment, and
the splicing sequences were called raw tags (Magoč and
Salzberg 2011). The quality of the raw tags was filtered
under specific filtering conditions to obtain highquality
clean tags according to the Qiime (V1.7.0) quality con
trol process (Caporaso et al. 2010). The tags were com
pared with the reference database using UCHIME algo
rithm to detect chimera sequences and then the chimera
sequences were removed. The Effective Tags were fi
nally obtained and could be used for subsequent analy
sis. The sequences analysis was performed byUparse soft
ware (Uparse v7.0.1001) using all the effective tags (Edgar
2013).

2.6. Operational taxonomic units (OTUs) analysis
Sequences with ≥97% similarity were defined as the same
OTUs. From each OTU, a representative sequence was
screened for further annotation. For each representative
sequence, Mothur software was performed against the
SSUrRNA database of SILVA Database for species an
notation at each taxonomic level (Threshold:0.8 1) (king
dom, phylum, class, order, family, genus, species) (Wang
et al. 2007). The phylogenetic relationship of all OTUs
representative sequences was compared with multiple se
quences rapidly by using the MUSCLE (Version 3.8.31)
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(Edgar 2004).
OTUs abundance information was normalized using

a standard sequence number corresponding to the sam
ple with the least sequences. Subsequent analysis of al
pha diversity was performed based on this output normal
ized data. Alpha diversity was applied to analyze the rich
ness and diversity of microbial community in each sam
ple. The alpha diversity was applied to analyse complex
ity of biodiversity for a sample through 5 indices (Chao1,
Shannon, Simpson, ACE, Goodcoverage) which was cal
culated with QIIME (Version 1.7.0) and displayed with R
software (Version 2.15.3).

3. Results and Discussion

3.1. Alpha diversity analysis
Amplicon was sequenced on Illumina pairedend plat
form, producing clean tags and effective tags after a se
ries of treatments. Clean Tags represented tags after filter
ing, while effective Tags represented tags after filtering a
chimera and could finally be used for subsequent analysis.
Sequencing successfully produced 127,234 and 124,440
effective tags for female and male samples, respectively.

Sequencing of 16S rRNA gene has successfully iden
tified all of the species that composed microbiome. The
Good’s coverage was 100%, indicating a complete sam
pling of species. Species abundance, richness, evenness,
and combinations thereof were measured with alpha di
versity indices. Species richness, including unique species
present, was rated with Chao1 index and the abundance
based coverage estimator (ACE). Meanwhile, the diver
sity of a community, considering evenness, richness, and
abundance, was described by Shannon and Simpson in
dices (Hill 1973).

The Shannon diversity index in the female sample
(3.780) was 3 times more than the male sample (1.367).
Moreover, the Simpson’s index is also higher in the female
sample than in the male (0.845 versus 0.446). This result
shows that the female sample has a higher diversity of un
seen species but also a high probability that two randomly
selected sequences are of the same species.

To assign the species richness in the sample, Chao1
and ACE indices were calculated. Chao1 and ACE are in
dicators of species richness (the total number of species in
a sample) sensitive to rare OTUs (singletons and double
tons). The result shows that the female sample has a higher
value of both Chao1 (female: 200.000; male: 137.929)
and ACE (female: 201.491; male: 138.668) indices (Ta
ble 1).

3.2. Composition of microbial community analysis
The histogram of relative abundance was constructed to
visually refer to the taxa with a higher relative abundance
and their proportion in different classification levels. Pro
teobacteria was the dominant phylum in both samples.
Moreover, the abundance of this phylum is 99% in the mi
crobial community of the male microbiome. In the female
microbiome, apart from Proteobacteria (41%), the domi
nant phyla were Bacteroidetes (38%), Fusobacteria (12%)
and Firmicutes (5%) (Figure 1.).

The phylogeny of the top 100 most abundant
genera of bacteria was further studied by phyloge
netic analysis, including relative abundance (Figure
2). The most abundant genera were Burkholderia
CaballeroniaParaburkholderia (71%), followed by Pre
votella (33%), EscherichiaShigella (24%), Klebsiella
(23%) and Sneathia (10%).

In order to quickly and intuitively display the micro
bial community composition and abundance information
in the samples, a heatmap of taxonomic annotation cor
responding to OTUs was constructed (Figure 3). The fe
male microbiomewas dominated byP. bivia (28%), E. coli
(24%), S. sanguinegens (7%), and K. pneumoniae (4%).
On the other hand, the male microbiome was dominated
by K. pneumoniae (23%) and E. coli (2%).

To determine the predilection of the dominant micro
biota, the nature of these species was investigated. Based
on references, voided urine specimens were composed of
pathogenic (P. bivia, S. sanguinegens, S. amnii, P. amnii,
G. vaginalis group) and opportunistic (E. coli group, En
terobacteriaceae group, Citrobacter werkmanii, Citrobac
ter portucalensis, B. cepacia) species. Most of them are
the causal agents of urogenital disruption, such as UTI and
bacterial vaginosis or BV (Table 2).

3.3. Discussion
We collected 34 samples of voided urine from UTI pa
tients and pooled the isolated DNA. The community pro
file of the urine samples was identified by 16S rRNA gene
sequencing. These sequencing results from uncultivated
bacteria described the composition of the microbiota in
habiting the urinary tract and genitalia. Since the mi
crobiota in the samples might come from the lower uri
nary tract or posturethral niches, the results described the
urogenital microbiome (MacIntyre et al. 2017; Wolfe and
Brubaker 2019). This term should be distinguished from
the urinary microbiome (urobiome), which describes the
microbial community in the urine (Brubaker and Wolfe
2017; Wolfe and Brubaker 2019).

Although a number of factors (age, hormonal status

TABLE 1 16S rRNA sequencing results and alpha diversity analysis

Sample No. of clean
tags

No. of effective
tags

Observed
species Chao1 Shannon Simpson ACE Good’s coverage

Female 150,824 127,234 197 200.000 3.780 0.845 201.491 1.000
Male 151,763 124,44 134 137.929 1.367 0.446 138.668 1.000
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and environment) have been known to influence the com
position of the human microbiome, the recruitment of the
subjects was not differentiated based on age or hormonal
status (Karstens et al. 2016; Markowski et al. 2019; Qin
et al. 2021). All the patients diagnosed with UTIs were
recruited in this study. In this study, we would like first
to identify the general composition of the microbiota by
gender, allowing us to determine the structure of the uro
genital microbiome, especially the bacteria that dominate
the urine of UTI patients. In addition, we also recorded
the patient’s medical history. Most of the UTI patients in
this study experienced a variety of symptoms (fever, ab
dominal pain, cephalgia, and urinary retention) and com
plications (diabetes mellitus, benign prostatic hyperplasia
or BPH, renal colic, and hydronephrosis).

We found that species that composed urogenital micro
biome were mainly known as a pathogen of the genitalia
organs. This may be due to the interconnectedness of uri
nary and genital microbiota (ThomasWhite et al. 2018b;
PerezCarrasco et al. 2021). The crosstalk of these two
may leads to the pathogenesis of UTI (Shreiner et al. 2015;
Meštrović et al. 2020). A recent study shows a highly sim
ilar strains between vaginal and bladder microbiota, in
cluding E. coli, Streptococcus anginosus, L. iners, and L.
crispatus (ThomasWhite et al. 2018a).

Based on the 16S rRNA gene sequencing results, the
most abundant phylum in both samples was Proteobacte
ria. This phylum significantly dominated the male urogen
ital microbiome, and with a lower proportion in female.
This domination was followed by Bacteroidetes, Fusobac
teria, Firmicutes and Actinobacteria (Figure 1).

Several investigations reported that sex is an impor
tant factor determining the microbiome composition. Sex
hormones probably give direct impact. However, environ
ment and stressors (such as infection or antibiotics) factors
could also cause perturbation to its composition (Kim et al.
2020; Valeri and Endres 2021). This result is comparable
with previous studies on the urinary microbiome, report

ing Proteobacteria as the dominant phylum in the speci
mens of patients with urogenital disruption, including UTI
(Christine et al. 2018;Moustafa et al. 2018; ThomasWhite
et al. 2018a). Moreover, this phylum is also detected in pa
tients with bladder cancer and recipients of kidney trans
plantations, confirming its high tolerance as well as stabil
ity to immunosuppressive drugs (Bi et al. 2019; Bučević
Popović et al. 2018; Colas et al. 2020).

After knowing the relative abundance of phyla and
genus from both samples, we observed the microbial com
munity composition of both samples through Operational
Taxonomic Units (OTUs) clustering. Sequences analysis
was performed by Uparse software using all the effective
tags. Sequences with ≥97% similarity were assigned to the
same OTUs. Clustering analysis generated 488 and 321
OTUs from the female and male samples, respectively.
Heatmap representation showed that K. pneumoniae and
E. coli were the most abundant species in both samples
(Figure 3.).

Gardnerella and Prevotella had significant roles as the
virulence factors in BV as they formed biofilms (Castro
et al. 2019; Kunze and Larsen 2019; Meštrović et al. 2020;
Morrill et al. 2020). B. cepacia, a Gramnegative bacillus
and aerobic opportunistic pathogen may play a role as a
causative agent in communityacquired UTIs and nosoco
mial UTI. An infection of this pathogen is more common
in adult male patients (Anggi et al. 2019; Du et al. 2021;
Tubuh et al. 2019). Enterobacteriaceae group was found in
both female and male microbiome but with a greater pro
portion in male. As a member of this family, K. pneumo
niae is the most dominant species in the male microbiome.
Other members of this family are the most common cause
of UTI, including Citrobacter freundii, Enterobacter cloa
cae, E. coli, Enterobacter sp./Leclercia sp., Escherichia
hermannii (Leski et al. 2016).

Sequencing has also detected specific opportunistic
pathogens of the female reproductive tract: S. sanguine
gens and S. amnii. Recent studies have reported a sig

FIGURE 1 A summary of the taxa relative abundance at the phylum level composing the female and male urogenital microbiome. Y‐axis
represented the relative abundance. ”Others” represented a total relative abundance of the rest.
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FIGURE 2 The top 100 genera composing the female and male urogenital microbiome with a phylogenetic tree showing the relationship
among these genera. The colors of the branches represented corresponding phyla. The relative abundance of each genus was shown by the
outer bar plots.

FIGURE 3 The heatmap of relative abundance indicating the most
abundant bacterial species in the two samples. Red and blue re‐
spectively indicates high and low relative abundance

nificant association between S. sanguinegens and spon
taneous abortion (Fettweis et al. 2019; Seo et al. 2017).
Meanwhile, S. amnii has been known as an opportunistic
pathogen that causes infection during pregnancy and in the
postpartum period. The existence of Sneathia in the sam
ple may indicate pregnancy in patients. These pathogens
produce a cytotoxic exotoxin that can attack cells of the fe
tal membrane (Duployez et al. 2020; Gentile et al. 2020).
As these pathogens were then detected in the voided urine,
an invasion mechanism may have occurred from the gen
ital to the urinary tract.

B. cepacia detected in the male specimen was a com
mon pathogen in a male urogenital tract and a causal agent
of catheterassociated UTI (Tubuh et al. 2019). In addi
tion, this species also causes nosocomial UTI from the use
of a contaminated anesthetic gel (Du et al. 2021). The ex
istence of B. cepacia as the dominant taxon in the male mi
crobiome brought out the allegation that UTI experienced
by the patients were obtained during hospital treatments.
Further studies are needed to find out the potential sources
of nosocomial UTIs.

As the most common uropathogen, E. coli was de
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TABLE 2 Pathogenicity and clinical roles of 10 significate OTUs

OTUs Pathogenicity Clinical roles References

Prevotella bivia Pathogenic BV Alauzet et al. (2019); Veloo et al.
(2018)

Escherichia coli group Opportunistic BV, UTI Brannon et al. (2020); Chagneau
et al. (2020)

Sneathia sanguinegens Pathogenic Preterm‐birth, spontaneous
abortion Fettweis et al. (2019); Seo et al.

(2017)
Enterobacteriaceae group Opportunistic UTI Tayh et al. (2019)

Sneathia amnii Pathogenic urethritis, amnionitis, BV,
post‐partum bacteremia Duployez et al. (2020); Fettweis

et al. (2019); Gentile et al. (2020)
Prevotella amnii Pathogenic BV Alauzet et al. (2019); Veloo et al.

(2018)
Citrobacter werkmanii Opportunistic UTI Christine et al. (2018); Liu et al.

(2020)
Citrobacter portucalensis Opportunistic UTI Christine et al. (2018); Liu et al.

(2020)
Gardnerella vaginalis group Pathogenic BV Castro et al. (2019); Kunze and

Larsen (2019)
Burkholderia cepacia group Opportunistic UTI Anggi et al. (2019); Du et al. (2021)

tected in both microbiomes although a higher proportion
was found in the female. Clinical studies reported vaginal
colonisation by uropathogenic E. coli (UPEC) is through
vaginal epithelial cell invasion. This invasion then forms
an intracellular bacterial community (IBC) which acts as a
reservoir, thus preventing host defense mechanisms. Fur
thermore, vaginal colonization continues ascending to the
bladder and causes UTI to occur (Brannon et al. 2020;
Chagneau et al. 2020; González et al. 2019). This is
an example of how bacteria invade the urinary tract and
cause UTI. Moreover, the existence of genital microbiota
in voided urine has given sustained evidence of interlink
between genital and urinary microbiota (FrimodtMøller
2019; Komesu et al. 2020).

E. coli and other aerobe pathogens are easily detected
with the conventional culture method, making them well
known as the most common cause of UTI (Dune et al.
2017; Yıldırım et al. 2020). On the other hand, many
pathogens, especially anaerobes, are undetectable and dif
ficult to culture (Moustafa et al. 2018). A new approach of
bacterial identification based on 16S rRNA gene sequenc
ing successfully identifies microbiota composition, even
with some fastidious bacteria. Therefore, urology prac
tices should consider using this technique for the preven
tion, diagnosis and appropriate treatments of UTI (Dixon
et al. 2020; Mouraviev and McDonald 2018).

Naturally, body niches are made up of two types of
ecological community: driven by the dominant taxa and
without any dominant taxa. Although they have dif
ferent compositions, both have specific mechanisms to
keep community’s functions and stability. However, an
imbalance may occur in urinary microbiota because of
some temporal dynamics of the host (immune system, hor
mones, sex activities). Alterations in the microbial com
munities may occur in urinary disorders, including UTI

(Greenbaum et al. 2019; Kim and Park 2018;Magistro and
Stief 2019).

Understanding the urogenital microbiome is not only
about the composition of the microbiota but also about the
ecological aspects. Metagenomic sequencing technology
has been beneficial in the studies of the human micro
biome. The results of this study indicated the existence
of a biodiversity of bacteria that composed the urogenital
microbiome of UTI patients. Using this technology, the
structure of the bacterial community in healthy people and
patients with urogenital disorders can be identified. Stud
ies on the urogenital microbiome should be further devel
oped to prevent and properly treat patients with infectious
diseases of the urogenital system. Further research should
be conducted using negative controls to determine back
ground contamination as well as sequencing of a mock
community for better accuracy of the entire pipeline. On
the other hand, replications should also be used for more
reproducible research.

3.4. Data availability
The 16S rRNAgene amplicon data set is available at NCBI
with SRA accession number PRJNA686823.

4. Conclusions

16S rRNA gene sequencing used in this study successfully
uncovered the composition of the urogenital microbiome
in UTI patients which might not have been possible with
conventional culture methods. Most dominant species are
pathogenic or opportunistic and have been known as the
causal agents of urogenital disruption, including UTI. K.
pneumoniae and E. coliwere the most abundant species in
both female and male microbiomes.
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