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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.
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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 (MeStrovic 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
were Gardnella, 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 UTT 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
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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 culture-independent method for identifying and
characterizing microbiota has been conducted to increase
an appreciation of a microbial community profile in the
UT (Maclntyre 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 0-90 years
old, while the male ranged from 23-80 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). Twenty-five mL of the super-
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natant was decanted. The remaining 5 mL of the pellet
was re-suspended and pelleted again by centrifugation for
10 min at 16000 x g (4 °C). In the next step, up to 100 pL.
of the pellet and some supernatants were processed. Iso-
lation of the genome DNA from the urine pellets used the
protocol of QIAamp DNA Mini Kit (QIAGEN). The DNA
was eluted in 100 pL of AE buffer in the final step.

2.4. DNA Amplification

V3-V4 distinct regions of the 16S rRNA gene were ampli-
fied using specific primers 314F and 805R. The amplifica-
tion process was performed with Phusion® High-Fidelity
PCR Master Mix (New England Biolabs). The DNA was
mixed with the same volume of 1x loading buffer (con-
taining SYB green) and the products were visualised on
2% agarose gel. The samples with a bright main band
between 400 bp-450 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
MNlumina and quantified via Qubit and Q-PCR would be
analysed by using Illumina platform.

2.5. 16S rRNA gene sequencing

Amplicon sequencing was performed using Illumina
paired-end platform to generate 250 bp paired-end raw
reads (Raw PE). The paired-end 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 paired-end 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 (Magoc¢ and
Salzberg 2011). The quality of the raw tags was filtered
under specific filtering conditions to obtain high-quality
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 by Uparse 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 (Chaol,
Shannon, Simpson, ACE, Good-coverage) 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 paired-end 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 Chaol 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, Chaol
and ACE indices were calculated. Chaol 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 Chaol (female: 200.000; male: 137.929)
and ACE (female: 201.491; male: 138.668) indices (Ta-
ble 1).

TABLE 1 16S rRNA sequencing results and alpha diversity analysis

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-
Caballeronia-Paraburkholderia (71%), followed by Pre-
votella (33%), Escherichia-Shigella (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 microbiome was dominated by P. 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 UTT 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 post-urethral niches, the results described the
urogenital microbiome (MaclIntyre 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

No. of clean No. of effective = Observed

Sample 3 Chao1l Shannon Simpson ACE Good'’s coverage
tags tags species

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 (Thomas-White et al. 2018b;
Perez-Carrasco et al. 2021). The crosstalk of these two
may leads to the pathogenesis of UTI (Shreiner et al. 2015;
Mestrovic 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 (Thomas-White 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-
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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; Thomas-White
etal. 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; Bucevi¢
Popovic 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; Mestrovic¢ et al. 2020;
Morrill et al. 2020). B. cepacia, a Gram-negative bacillus
and aerobic opportunistic pathogen may play a role as a
causative agent in community-acquired 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-
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W Tenericutes
Patésci bacteriy
B Epsilonbacteraeota
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Chlamydiae
B Actinobacteria
Firmicutes
B Fusobacteria
W Bacteroidetes
W Protecbacteria

Male

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.
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Prevotella bivia

Escherichia coli

Klebsiella pneumoniae
Sneathia sanguinegens
Sneathia amnii

Gardnerella vaginalis
Prevotella amnii
Streptococcus pneumoniae
Prevotella sp.

Enterococcus faecalis
Acinetobacter junii
unidentified (g: Megasphaera)
Serratia marcescens
unidentified (g: Alloprevotella)
Prevotella aurantiaca
Prevotella intermedia
uncultured organism (g: Veillonella)
Lactobacillus iners
Streptococcus equinus

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
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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
post-partum 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 catheter-associated 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 UTT 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)

. . . Preterm-birth, spontaneous .

Sneathia sanguinegens Pathogenic abortion Fettweis et al. (2019); Seo et al.
(2017)

Enterobacteriaceae group Opportunistic UTI Tayh et al. (2019)

Sneathia amnii Pathogenic u(r)esttr_m:rst’u?g;?é?;n?:’ Duployez et al. (2020); Fettweis

post=p 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; Gonzalez 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 (Frimodt-Mgller
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; Yildirim 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
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(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 UTT 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 rRNA gene amplicon data set is available at NCBI
with SRA accession number PRINA686823.

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. coli were the most abundant species in
both female and male microbiomes.



Nadifah et al.

Indonesian Journal of Biotechnology 27(3), 2022, 142-150

Acknowledgments

We thank the Indonesian Ministry of Education and
Culture for providing sfunds for this work through the
scheme of Doctoral Dissertation Research Grant No.
3064/UN1.DITLIT/DIT-LIT/PT/2020.

Authors’ contributions

WTA, BSD designed the study. FN, ER carried out the
laboratory work. FN, BSD, ER analyzed the data. FN,
WTA, BSD, ER wrote the manuscript. All authors read
and approved the final version of the manuscript.

Competing interests

There were no competing interests during the research and
in the preparation of this manuscript.

References

Alauzet C, Lozniewski A, Marchandin H. 2019.
Metronidazole resistance and nim genes in
anaerobes: A review. Anaerobe 55:40-53.
doi:10.1016/j.anaerobe.2018.10.004.

Anggi A, Wijaya DW, Ramayani OR. 2019. Risk fac-
tors for catheter-associated urinary tract infection and
uropathogen bacterial profile in the intensive care unit
in hospitals in Medan, Indonesia. Maced. J. Med. Sci.
7(20):3488-3492. doi:10.3889/0amjms.2019.684.

Bajic P, Van Kuiken ME, Burge BK, Kirshenbaum EJ,
Joyce CJ, Wolfe AJ, Branch JD, Bresler L, Farooq
AV. 2018. Male bladder microbiome relates to lower
urinary tract symptoms. Eur. Urol. Focus 6(2):1-7.
doi:10.1016/j.euf.2018.08.001.

Bi H, Tian Y, Song C, Li J, Liu T, Chen Z, Chen C,
Huang Y, Zhang Y. 2019. Urinary microbiota - A
potential biomarker and therapeutic target for blad-
der cancer. J. Med. Microbiol. 68(10):1471-1478.
doi:10.1099/jmm.0.001058.

Brannon JR, Dunigan TL, Beebout CJ, Ross T, Wiebe MA,
Reynolds WS, Hadjifrangiskou M. 2020. Invasion of
vaginal epithelial cells by uropathogenic Escherichia
coli. Nat. Commun. 11(1):1-11. doi:10.1038/s41467-
020-16627-5.

Brubaker L, Wolfe AJ. 2017. The female urinary
microbiota, urinary health and common uri-
nary disorders. Ann. Transl. Med. 5(2):34.
doi:10.21037/atm.2016.11.62.

Bucevi¢ Popovi¢ V, Situm M, Chow CET, Chan LS,
Roje B, Terzi¢ J. 2018. The urinary microbiome as-
sociated with bladder cancer. Sci. Rep. 8(1):1-8.
doi:10.1038/s41598-018-29054-w.

Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K,
Bushman FD, Costello EK, Fierer N, Pefia AG,
Goodrich JK, Gordon JI, Huttley GA, Kelley ST,

148

Knights D, Koenig JE, Ley RE, Lozupone CA, Mc-
donald D, Muegge BD, Pirrung M, Reeder J, Sevin-
sky JR, Turnbaugh PJ, Walters WA, Widmann J,
Yatsunenko T, Zaneveld J, Knight R. 2010. QI-
IME allows analysis of high- throughput community
sequencing data Intensity normalization improves
color calling in SOLiD sequencing. Nat. Publ. Gr.
7(5):335-336. doi:10.1038/nmeth0510-335.

Castro J, Machado D, Cerca N. 2019. Unveiling the
role of Gardnerella vaginalis in polymicrobial Bac-
terial Vaginosis biofilms: The impact of other vaginal
pathogens living as neighbors. ISME J. 13(5):1306—
1317. doi:10.1038/s41396-018-0337-0.

Chagneau CV, Massip C, Bossuet-Greif N, Fremez
C, Motta JP, Shima A, Besson C, Faouder
PL, Cénac N, Roth MP, Coppin H, Fontanié
M, Martin P, Nougayréde JP, Oswald E.
2020. Uropathogenic E. coli induces DNA
damage in the bladder. bioRxiv 17(2):1-22.
doi:https://doi.org/10.1101/2020.05.07.080291.

Christine G, Budiarti S, Astuti RI. 2018. Diversity of
urinary tract infection bacteria in children in Indone-
sia based on metagenomic approach. Biodiversitas
19(4):1375-1381. doi:10.13057/biodiv/d190425.

Colas L, Mongodin EF, Montassier E, Chesneau M, Guerif
P, Hittle L, Giral M, Bromberg JS, Brouard S, Con-
sortium D. 2020. Unique and specific Proteobacte-
ria diversity in urinary microbiota of tolerant kidney
transplanted recipients. Am. J. Transplant. 20(1):145—
158. doi:10.1111/ajt.15549.

Deurenberg RH, Bathoorn E, Chlebowicz MA, Couto
N, Ferdous M, Garcia-Cobos S, Kooistra-Smid AM,
Raangs EC, Rosema S, Veloo AC, Zhou K, Friedrich
AW, Rossen JW. 2017. Application of next gen-
eration sequencing in clinical microbiology and
infection prevention. J. Biotechnol. 243:16-24.
doi:10.1016/j.jbiotec.2016.12.022.

Dixon M, Stefil M, McDonald M, Bjerklund-Johansen
TE, Naber K, Wagenlehner F, Mouraviev V. 2020.
Metagenomics in diagnosis and improved targeted
treatment of UTI.  World J. Urol. 38(1):35-43.
doi:10.1007/s00345-019-02731-9.

Du M, Song L, Wang Y, Suo J, Bai Y, Xing Y, Xie
L, Liu B, Li L, Luo Y, Liu Y. 2021. Investiga-
tion and control of an outbreak of urinary tract infec-
tions caused by Burkholderia cepacian-contaminated
anesthetic gel. Antimicrob. Resist. Infect. Control
10(1):1-7. doi:10.1186/s13756-020-00855-x.

Dune TJ, Price TK, Hilt EE, Thomas-White KJ, Kliether-
mes S, Brincat C, Brubaker L, Schreckenberger P,
Wolfe AJ, Mueller ER. 2017. Urinary symptoms and
their associations with urinary tract infections in urog-
ynecologic patients. Obstet. Gynecol. 130(4):718—
725. doi:10.1097/A0G.0000000000002239.

Duployez C, Le Guern R, Faure E, Wallet F, Loiez
C. 2020. Sneathia amnii, an unusual pathogen
in spondylitis: A case report. Anaerobe 66:1-3.
doi:10.1016/j.anaerobe.2020.102277.


https://doi.org/10.1016/j.anaerobe.2018.10.004
https://doi.org/10.3889/oamjms.2019.684
https://doi.org/10.1016/j.euf.2018.08.001
https://doi.org/10.1099/jmm.0.001058
https://doi.org/10.1038/s41467-020-16627-5
https://doi.org/10.1038/s41467-020-16627-5
https://doi.org/10.21037/atm.2016.11.62
https://doi.org/10.1038/s41598-018-29054-w
https://doi.org/10.1038/nmeth0510-335
https://doi.org/10.1038/s41396-018-0337-0
https://doi.org/https://doi.org/10.1101/2020.05.07.080291
https://doi.org/10.13057/biodiv/d190425
https://doi.org/10.1111/ajt.15549
https://doi.org/10.1016/j.jbiotec.2016.12.022
https://doi.org/10.1007/s00345-019-02731-9
https://doi.org/10.1186/s13756-020-00855-x
https://doi.org/10.1097/AOG.0000000000002239
https://doi.org/10.1016/j.anaerobe.2020.102277

Nadifah et al.

Indonesian Journal of Biotechnology 27(3), 2022, 142-150

Edgar RC. 2004. MUSCLE: Multiple sequence
alignment with high accuracy and high through-
put. Nucleic Acids Res. 32(5):1792-1797.
doi:10.1093/nar/gkh340.

Edgar RC. 2013. UPARSE: Highly accurate OTU se-
quences from microbial amplicon reads. Nat. Meth-
ods 10(10):996-998. doi:10.1038/nmeth.2604.

Fettweis JM, Serrano MG, Brooks JP, Edwards DJ, Gir-
erd PH, Parikh HI, Huang B, Arodz TJ, Edupuganti
L, Glascock AL, Xu J, Jimenez NR, Vivadelli SC,
Fong SS, Sheth NU, Jean S, Lee V, Bokhari YA,
Lara AM, Mistry SD, Duckworth RA, Bradley SP,
Koparde VN, Orenda XV, Milton SH, Rozycki SK,
Matveyev AV, Wright ML, Huzurbazar SV, Jackson
EM, Smirnova E, Korlach J, Tsai YC, Dickinson MR,
Brooks JL, Drake JI, Chaffin DO, Sexton AL, Gravett
MG, Rubens CE, Wijesooriya NR, Hendricks-Mufioz
KD, Jefferson KK, Strauss JF, Buck GA. 2019. The
vaginal microbiome and preterm birth. Nat. Med.
25(6):1012-1021. doi:10.1038/s41591-019-0450-2.

Fok CS, Gao X, Huaiying L, Thomas-White KJ, Mueller
ER, Wolfe AJ, Dong Q, Brubaker L. 2019. Uri-
nary symptoms are sssociated with certain urinary mi-
crobes in urogynecologic surgical patients. Physiol.
Behav. 176(3):139-148. do0i:10.1007/s00192-018-
3732-1.Urinary.

Frimodt-Mgller N. 2019. The urine microbiome — Con-
tamination or a novel paradigm? EBioMedicine
44:20-21. doi:10.1016/j.ebiom.2019.05.016.

Gentile GL, Rupert AS, Carrasco LI, Garcia EM, Kumar
NG, Walsh SW, Jefferson KK. 2020. Identification of
a cytopathogenic toxin from Sneathia amnii. J. Bac-
teriol. 202(13):1-11. doi:10.1128/JB.00162-20.

Gonzélez MJ, Da Cunda P, Notejane M, Zunino P, Scav-
one P, Robino L. 2019. Fosfomycin tromethamine
activity on biofilm and intracellular bacterial com-
munities produced by uropathogenic Escherichia coli
isolated from patients with urinary tract infection.
Pathog. Dis. 77(3):1-7. doi:10.1093/femspd/ftz022.

Greenbaum S, Greenbaum G, Moran-Gilad J, Wein-
truab AY. 20109. Ecological dynamics of the
vaginal microbiome in relation to health and dis-
ease. Am. J. Obstet. Gynecol. 220(4):324-335.
doi:10.1016/j.ajog.2018.11.1089.

Hiergeist A, Gessner A. 2017.
cations of the microbiome in wurinary tract
diseases. Curr. Opin. Urol. 27(2):93-98.
doi:10.1097/MOU.0000000000000367.

Hill MO. 1973. Diversity and evenness: A unifying no-
tation and its consequences. Ecology 54(2):427-432.
doi:10.2307/1934352.

Karstens L, Asquith M, Davin S, Stauffer P, Fair D,
Gregory WT, Rosenbaum JT, McWeeney SK, Nar-
dos R. 2016. Does the urinary microbiome play a
role in urgency urinary ncontinence and its sever-
ity? Front. Cell. Infect. Microbiol. 6:1-13.
doi:10.3389/fcimb.2016.00078.

Kim JM, Park YJ. 2018. Lactobacillus and urine micro-

Clinical impli-

149

biome in association with urinary tract infections and
bacterial vaginosis. Urogenit. Tract Infect. 13(1):7.
doi:10.14777/uti.2018.13.1.7.

Kim YS, Unno T, Kim BY, Park MS. 2020. Sex differences
in gut microbiota. World J. Men’s Health 38(1):48—
60. doi:10.5534/wjmh.190009.

Komesu YM, Dinwiddie DL, Richter HE, Lukacz ES,
Sung VW, Siddiqui NY, Zyczynski HM, Ridgeway
B, Rogers RG, Arya LA, Mazloomdoost D, Levy J,
Carper B, Gantz MG, Network NPFD. 2020. Defin-
ing the relationship between vaginal and urinary mi-
crobiomes. Am. J. Obstet. Gynecol. 222(2):139-148.
doi:10.1016/j.physbeh.2017.03.040.

Komesu YM, Richter HE, Carper B, Dinwiddie DL,
Lukacz ES, Siddiqui NY, Sung VW, Zyczynski HM,
Ridgeway B, Rogers RG, Arya LA, Mazloomdoost D,
Gantz MG. 2018. The urinary microbiome in women
with mixed urinary incontinence compared to simi-
larly aged controls. Int. Urogynecol. J. 29(12):1785—
1795. doi:10.1007/s00192-018-3683-6.

Kunze AN, Larsen B. 2019. Current concepts of Gard-
nerella vaginalis biofilm: Significance in bacterial
vaginosis. Open J. Obstet. Gynecol. 09(12):1569—
1585. doi:10.4236/0jog.2019.912153.

Lee KW, Song HY, Kim YH. 2020. The microbiome in
urological diseases. Investig. Clin. Urol. 61(4):338—
348. doi:10.4111/icu.2020.61.4.338.

Leski TA, Taitt CR, Bangura U, Stockelman MG, An-

sumana R, Cooper WH, Stenger DA, Vora GJ. 2016.

High prevalence of multidrug resistant Enterobacte-

riaceae isolated from outpatient urine samples but

not the hospital environment in Bo, Sierra Leone.

BMC Infect. Dis. 16(1):1-9. doi:10.1186/s12879-

016-1495-1.

L, Qin L, Hao S, Lan R, Xu B, Guo Y, Jiang

R, Sun H, Chen X, Lv X, Xu J, Zhao C.

2020. Lineage, antimicrobial resistance and vir-

ulence of citrobacter spp. Pathogens 9(3):1-21.

doi:10.3390/pathogens9030195.

MaclIntyre DA, Sykes L, Bennett PR. 2017. The hu-
man female urogenital microbiome: Complexity in
normality. Emerging Top. Life Sci. 1(4):363-372.
doi:10.1042/ETLS20170042.

Magistro G, Stief CG. 2019.
microbiome: The answer
questions? Eur. Urol.
doi:10.1016/j.euf.2018.06.011.

Mago¢ T, Salzberg SL. 2011. FLASH: Fast length
adjustment of short reads to improve genome
assemblies. Bioinformatics 27(21):2957-2963.
doi:10.1093/bioinformatics/btr507.

Markowski MC, Boorjian SA, Burton JP, Hahn NM,
Ingersoll MA, Vareki SM, Pal SK, Sfanos KS.
2019. The microbiome and genitourinary cancer:
A collaborative review. Eur. Urol. 75(4):637-646.
doi:10.1016/j.eururo.2018.12.043.

Mestrovi¢ T, MatijaSi¢ M, Peri¢ M, Cipéic’: Paljetak H,
Baresi¢ A, Verbanac D. 2020. The role of gut, vagi-

Liu

The urinary tract
to all our open
Focus 5(1):36-38.


https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1038/s41591-019-0450-2
https://doi.org/10.1007/s00192-018-3732-1.Urinary
https://doi.org/10.1007/s00192-018-3732-1.Urinary
https://doi.org/10.1016/j.ebiom.2019.05.016
https://doi.org/10.1128/JB.00162-20
https://doi.org/10.1093/femspd/ftz022
https://doi.org/10.1016/j.ajog.2018.11.1089
https://doi.org/10.1097/MOU.0000000000000367
https://doi.org/10.2307/1934352
https://doi.org/10.3389/fcimb.2016.00078
https://doi.org/10.14777/uti.2018.13.1.7
https://doi.org/10.5534/wjmh.190009
https://doi.org/10.1016/j.physbeh.2017.03.040
https://doi.org/10.1007/s00192-018-3683-6
https://doi.org/10.4236/ojog.2019.912153
https://doi.org/10.4111/icu.2020.61.4.338
https://doi.org/10.1186/s12879-016-1495-1
https://doi.org/10.1186/s12879-016-1495-1
https://doi.org/10.3390/pathogens9030195
https://doi.org/10.1042/ETLS20170042
https://doi.org/10.1016/j.euf.2018.06.011
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1016/j.eururo.2018.12.043

Nadifah et al.

Indonesian Journal of Biotechnology 27(3), 2022, 142-150

nal, and urinary microbiome in urinary tract infec-
tions: From bench to bedside. Diagnostics 11(1):7.
doi:10.3390/diagnostics11010007.

Morrill S, Gilbert NM, Lewis AL. 2020. Gardnerella vagi-
nalis as a cause of bacterial vaginosis: Appraisal of
the evidence from in vivo models. Front. Cell. Infect.
Microbiol. 10:1-19. doi:10.3389/fcimb.2020.00168.

Mouraviev V, McDonald M. 2018. An implementation
of next generation sequencing for prevention and di-
agnosis of urinary tract infection in urology. Can. J.
Urol. 25(3):9349-9356.

Moustafa A, Li W, Singh H, Moncera KJ, Torralba MG,
Yu Y, Manuel O, Biggs W, Venter JC, Nelson KE,
Pieper R, Telenti A. 2018. Microbial metagenome
of urinary tract infection.  Sci. Rep. 8(1):1-12.
doi:10.1038/s41598-018-22660-8.

Neugent ML, Hulyalkar NV, Nguyen VH, Zimmern
PE, De Nisco NJ. 2020. Advances in understand-
ing the human urinary microbiome and its potential
role in urinary tract infection. mBio 11(2):1-15.
doi:10.1128/mBio0.00218-20.

Perez-Carrasco V, Soriano-Lerma A, Soriano M,
Gutiérrez-Fernandez J, Garcia-Salcedo JA. 2021.
Urinary Microbiome: Yin and Yang of the Urinary
Tract. Front. Cell. Infect. Microbiol. 11:1-17.
doi:10.3389/fcimb.2021.617002.

Pohl HG, Groah SL, Pérez-Losada M, Ljungberg I,
Sprague BM, Chandal N, Caldovic L, Hsieh M. 2020.
The urine microbiome of healthy men and women dif-
fers by urine collection method. Int. Neurourol. J.
24(1):41-51. doi:10.5213/inj.1938244.122.

Price TK, Hilt EE, Dune TJ, Mueller ER, Wolfe AJ,
Brubaker L. 2018. Urine trouble : Should we think
differently about UTI? Int Urogynecol J. 29(2):205—
210. doi:10.1007/s00192-017-3528-8.

Price TK, Hilt EE, Thomas-white K, Mueller ER, Wolfe
AJ. 2019. The urobiome of continent adult women
: A cross-sectional study. BJOG 127(2):193-201.
doi:10.1111/1471-0528.15920.

Qin J, Shi X, Xu J, Yuan S, Zheng B, Zhang E, Huang G,
Li G, Jiang G, Gao S, Tian C, Guo R, Fu Z, Huang Q,
Yang R, Zhang W, Li S, Wu S. 2021. Characteriza-
tion of the genitourinary microbiome of 1,165 middle-
aged and elderly healthy individuals. Front. Micro-
biol. 12:1-14. doi:10.3389/fmicb.2021.6739609.

Seo SS, Arokiyaraj S, Kim MK, Oh HY, Kwon M,
Kong JS, Shin MK, Yu YL, Lee JK. 2017. High
prevalence of Leptotrichia amnionii, Atopobium vagi-
nae, Sneathia sanguinegens, and factor 1 microbes
and association of spontaneous abortion among
Korean women. BioMed Res. Int. 2017:1-10.
doi:10.1155/2017/5435089.

Shreiner AB, Kao JY, Young VB. 2015. The
gut microbiome in health and in disease.
Curr. Opin. Gastroenterol. 31(1):69-75.

doi:10.1097/MOG.0000000000000139.
Tayh G, Al Laham N, Ben Yahia H, Ben Sallem
R, Elottol AE, Ben Slama K. 2019. Extended-

150

Spectrum [-Lactamases among Enterobacteriaceae
Isolated from Urinary Tract Infections in Gaza
Strip, Palestine. Biomed Res. Int. 2019:1-11.
doi:10.1155/2019/4041801.

Thomas-White K, Forster SC, Kumar N, Van Kuiken M,
Putonti C, Stares MD, Hilt EE, Price TK, Wolfe AJ,
Lawley TD. 2018a. Culturing of female bladder bac-
teria reveals an interconnected urogenital microbiota.
Nat. Commun. 9(1):1-7. doi:10.1038/s41467-018-
03968-5.

Thomas-White KJ, Gao X, Lin H, Fok CS, Ghanayem
K, Mueller ER, Dong Q, Brubaker L, Wolfe AlJ.
2018b.  Urinary microbes and postoperative uri-
nary tract infection risk in urogynecologic surgi-
cal patients. Int. Urogynecol. J. 29(12):1797-1805.
doi:10.1007/s00192-018-3767-3.

Tubuh IWDA, Budayanti NNS, Fatmawati NND.
2019. Karakteristik pasien dengan infeksi
Burkholderia cepacia di RSUP Sanglah pada
tahun 2014-2016. Intisari Sains Medis 10(1):48-52.
doi:10.15562/ism.v10i1.243.

Valeri F, Endres K. 2021. How biological sex of the host
shapes its gut microbiota. Front. Neuroendocrinol.
61:100912. doi:10.1016/j.yfrne.2021.100912.

Veloo AC, Chlebowicz M, Winter HL, Bathoorn D,
Rossen JW. 2018. Three metronidazole-resistant pre-
votella bivia strains harbour a mobile element, encod-
ing a novel nim gene, nimk, and an efflux small MDR
transporter. J. Antimicrob. Chemother. 73(10):2687—
2690. doi:10.1093/jac/dky236.

Wang Q, Garrity GM, Tiedje JM, Cole JR. 2007.
Naive Bayesian classifier for rapid assignment of
rRNA sequences into the new bacterial taxon-
omy. Appl. Environ. Microbiol. 73(16):5261-5267.
doi:10.1128/AEM.00062-07.

Wolfe AJ, Brubaker L. 2019. Urobiome updates: ad-
vances in urinary microbiome research. Nat. Rev.
Urol. 16(2):73-74. doi:10.1038/s41585-018-0127-5.

Yildinm S, Shoskes D, Kulkarni S, Laguna P. 2020. Uri-
nary microbiome in uncomplicated and interstitial
cystitis: Is there any similarity?  World J. Urol.
38(11):2721-2731. doi:10.1007/s00345-020-03099-
X.


https://doi.org/10.3390/diagnostics11010007
https://doi.org/10.3389/fcimb.2020.00168
https://doi.org/10.1038/s41598-018-22660-8
https://doi.org/10.1128/mBio.00218-20
https://doi.org/10.3389/fcimb.2021.617002
https://doi.org/10.5213/inj.1938244.122
https://doi.org/10.1007/s00192-017-3528-8
https://doi.org/10.1111/1471-0528.15920
https://doi.org/10.3389/fmicb.2021.673969
https://doi.org/10.1155/2017/5435089
https://doi.org/10.1097/MOG.0000000000000139
https://doi.org/10.1155/2019/4041801
https://doi.org/10.1038/s41467-018-03968-5
https://doi.org/10.1038/s41467-018-03968-5
https://doi.org/10.1007/s00192-018-3767-3
https://doi.org/10.15562/ism.v10i1.243
https://doi.org/10.1016/j.yfrne.2021.100912
https://doi.org/10.1093/jac/dky236
https://doi.org/10.1128/AEM.00062-07
https://doi.org/10.1038/s41585-018-0127-5
https://doi.org/10.1007/s00345-020-03099-x
https://doi.org/10.1007/s00345-020-03099-x

	Introduction
	Materials and Methods
	Ethical approval
	Specimens collection
	Genomic DNA Extraction
	DNA Amplification
	16S rRNA gene sequencing
	Operational taxonomic units (OTUs) analysis

	Results and Discussion
	Alpha diversity analysis
	Composition of microbial community analysis
	Discussion
	Data availability

	Conclusions

