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Abstract

Background: Urinary tract infection (UTI) caused by various pathogenic microorganisms is ubiquitous in the parts
of the urinary system such as kidney, ureter, bladder, and urethra. Currently, clinical detection of UTI is mainly
focused on urine culture; however, the diagnostic value of urine culture remains limited due to the time-consuming
procedure and low detection rate, especially in patients who have used antibiotics. Generally, treatment for UTI relies
on empirical medication rather than pathogen diagnosis, which leads to the inappropriate use of antimicrobial agents
and a significant increase in resistant strains. Comparatively, metagenomic next-generation sequencing (mNGS) is
capable of overcoming the disadvantages of clinical culture, and identifying pathogens for further treatment.

Case presentation: A 33-year-old male patient was admitted to hospital with a high fever and chills. None of his
autoimmune disease or thyroid function related indicators were positive, and he had no risk of endocarditis. His white
blood cell count, C-reactive protein, procalcitonin, interleukin 6, and neutrophil proportion were markedly elevated. He
was initially diagnosed as having an infection of unknown etiology. Since empirical treatment of Sulperazon and
Metronidazole did not relieve his symptoms, both the blood and urine specimens were examined using traditional
culture, serological testing, and mNGS assay. Traditional culture and serological testing produced negative results, while
the mNGS assay revealed the presence of a potential pathogen, Enterococcus faecalis, in the urine specimen, which was
further confirmed by both Sanger sequencing and qPCR analysis. A CT scan of the patient’s whole abdomen showed
stones in the right kidney. Once targeted antibiotic therapy was administered, the patient recovered quickly.

Conclusions: Our case illustrated that mNGS, as a novel culture-independent approach, demonstrated the capability of
rapid, sensitive, and accurate pathogen identification. Furthermore, this technology provides strong support for guiding
clinicians to determine appropriate treatment.
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Background
Urinary tract infection (UTI) is one of the most preva-
lent community-acquired and hospital-acquired infec-
tions. It has been indicated that UTI is caused by
various pathogenic microorganisms, among which the
majority are Escherichia coli, Klebsiella pneumoniae,
Proteus mirabilis, Enterococcus faecalis, and Staphylococ-
cus saprophyticus [1]. UTI mainly occurs in women of
childbearing age [2], elders [3], and people with low im-
munity and urinary tract abnormalities. Antibiotic treat-
ment is usually the priority treatment strategy for UTI
patients [4, 5] However, due to the recent serious anti-
biotic abuse, pathogen resistance to antibiotics has been
increased dramatically, which further increases disease
burden [1]. Therefore, it is crucial to rapidly and accur-
ately identify the pathogens of UTI, and then optimize
medical therapy.
The gold standard for diagnosis of UTI remains quan-

titative urine culture, though various pathogen diagnos-
tic methods are available [6, 7]. However, standard
laboratory quantitative urine culture for bacteria usually
takes at least 18 h, which indicates possible difficulty in
the diagnosis 24 to 48 h after onset [6, 8]. In addition,
due to previous use of antibiotics before admission to
hospitals, the sensitivity of traditional culture in detect-
ing pathogens remains limited, especially in patients
with sepsis [8]. Therefore, incapability of obtaining a tar-
geted and timely diagnosis might lead to inappropriate
treatment, antibiotic resistance, and increased medical
costs. Moreover, as many viruses and parasites are diffi-
cult or impossible to culture traditionally, diagnosis can
be performed by serological and molecular methods
based on the detection of specific antigens, antibodies,
or genes. However, prior judgment by clinicians remains
important and necessary for the diagnosis [9, 10].
Metagenomic next-generation sequencing (mNGS) is an

emerging detection technique for supporting pathogen
diagnosis without the requirement of preclinical predic-
tion or culture. mNGS is capable of identifying novel or
rare pathogens by determining all sequences of microbial
genomes in clinical specimens within 24–48 h [11], which
presents significant advantages in conditional pathogen in-
fection and mixed infection. This further facilitates accur-
ate diagnosis and optimal therapy. Herein, we have
presented a case of UTI with Enterococcus faecalis (E. fae-
calis), in which traditional culture was negative but mNGS
provided a positive finding. Consequently, the patient re-
ceived targeted linezolid therapy and then recovered.

Case presentation
A 33-year-old male was admitted to hospital due to hav-
ing a high fever with a lower abdominal pain for 1 day.
Before arriving at the hospital, the patient developed
chills, and his body temperature rose to 39.6 °C. He was

administered cold medicine to be taken orally and ad-
vised to rest for several hours; however, his symptoms
were not significantly relieved, neither did his body
temperature drop (Fig. 1a).
Laboratory testing was performed. Routine blood test-

ing showed that the white blood cell (WBC) count was
22.69 × 109/L with a proportion of 92.6% being neutro-
phils. The procalcitonin (PCT) level was elevated to
4.52 ng/mL, C-reactive protein (CRP) reached 170 mg/L,
and serum interleukin 6 was 34.74 pg/mL (Fig. 1b). Liver
and kidney function was basically normal. Routine auto-
immune diseases-related indicators were negative, in-
cluding anti-cardiac antibodies, anti-SMA, anti-AMA,
anti-MPO antibodies, anti-RNP/Sm antibodies, anti-SS-
A antibodies, anti-SS-B antibodies, anti-Scl-70 anti-
bodies, anti-PM-Scl antibodies, anti-Jo-1 antibodies, and
anti-dsDNA antibodies. In addition, NK and T cell sub-
populations, complements C3 and C4, anti-cyclic citrul-
linated peptide antibody, glucose 6-phosphate isomerase,
and thyroid function-related indicators including triiodo-
thyronine, thyroxine, free triiodothyronine, free thyrox-
ine, thyroid stimulating hormone, and parathyroid
hormone, were normal. Indicators within routine urine
testing were normal, including WBC. An echocardiog-
raphy also ruled out endocarditis. Based on previous
clinical experience, the initial diagnosis was determined
as infection of unknown etiology.
An initial treatment of Sulperazone (3 g/8 h iv) and

Metronidazole (0.5 g/12 h iv) had been empirically ad-
ministrated for 3 days. The patient’s chills disappeared,
but he still had an intermittent fever with a peak of
38.8 °C. Serological testing was performed, including
antibodies to respiratory syncytial virus, adenovirus, in-
fluenza A and B viruses, Chlamydia pneumoniae, Myco-
plasma pneumoniae, and Legionella pneumophila;
however, all of them were negative. Following this, both
his peripheral blood and urine specimens were examined
to investigate possible etiology using traditional culture
and mNGS (Dinfectome Inc., Shanghai, China). Both
aerobic and anaerobic bacterial cultures in the peripheral
blood and urine specimens were negative after 5 days’
culture. However, within 24 h, mNGS revealed a total of
27,831,980 single-end reads in the genomic DNA of the
urine specimen, of which 163 reads were E. faecalis
(Table 1). Subsequently, sanger sequencing and PCR
electrophoretogram confirmed identification of E. faeca-
lis in the urine specimen (Fig. 2a, Table S1 and Figure
S1). QPCR assay of E. faecalis showed a Ct value of 32,
and a positive control Ct value of 26 (Fig. 2b).
Furthermore, from the patient’s medical history, we

learned that he had a mesenteric cyst in 2015. His whole
abdominal CT showed a cystic mass in the mesenteric
space of the abdominal cavity with a maximum cross-
section of 18 × 7 cm and small stones in his right kidney
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(Fig. 3). This suggested that the patient had a UTI, and
the E. faecalis may be the cause. We then replaced Sul-
perazon with Linezolid (0.6 g/12 h po) for his therapy.
Consequently, the patient’s temperature dropped and in-
flammation indicators (WBC, PCT, and CRP) gradually
returned to normal (Fig. 1). Three days later, the patient
was discharged without any complications. In the 11th
day of the patient’s follow-up period, a urine sample was
taken again for mNGS assay. A total of 15,974,870 reads
were obtained, and the number of E. faecalis decreased
to 2 unique reads (Table 1). The relative abundance, the
proportion of a detected microbe of total reads, was cal-
culated for comparison. The relative abundance of E.
faecalis was decreased from 0.11148856 to 0.00274632,
suggesting effective treatment.
The experiment procedure for mNGS detection is as

follows: DNA from urine samples and blood samples is
extracted using Tiangen Magnetic DNA Kit (Tiangen).
The extracted DNA was fragmented ultrasonically to yield

150–300 bp fragments. Libraries were prepared using the
KAPA library preparation kit (KAPA Biosystem). After
quantitation and qualification, the libraries were 75 bp
single-end sequenced on Illumina NextSeq 550Dx (Illu-
mina). An in-house developed bioinformatics pipeline was
used for pathogen identification. High-quality sequencing
data were generated by removing adapter, low quality
bases, duplicated reads, and short (length < 36 bp) reads.
Human host sequences were identified by mapping to hu-
man reference genome (hs37d5) using bowtie2 software.
Reads that could not be mapped to the human genome
were retained and aligned with microorganism genome
database for pathogen identification. Our microorganism
genome database contained genomes or scaffolds of bac-
teria, fungi, viruses and parasites related to human infect-
ivity (download from ftp://ftp.ncbi.nlm.nih.gov/genomes/
genbank/). Reads were verified using blastn in the NT
database and species with reads > = 3 were reported. The
obtained sequencing data were submitted to the Sequence

Fig. 1 Dynamic monitoring of the patient’s body temperature and inflammatory markers. a Trend of body temperature by treatment. b Trend of
inflammatory markers by routine blood testing, including WBC(× 109/L), neutrophil proportion(%) and procalcitonin (ng/mL) over time

Table 1 Pathogenic microorganisms detected by using next-generation sequencing in original and follow-up urine specimen

Original urine specimen Follow-up urine specimen

Species Category Number of detected reads Species Category Number of detected reads

Homo sapiens Human 26,263,435 Homo sapiens Human 15,341,902

Enterococcus faecalis Bacteria 163 Enterococcus faecalis Bacteria 2

JC polyomavirus Virus 91 JC polyomavirus Virus 202

Human herpesvirus 6 Virus 3 Human herpesvirus 6 Virus 1

Malassezia globosa fungus 77 Streptococcus pneumoniae Bacteria 129

Actinomyces neuii Bacteria 32 Streptococcus mitis Bacteria 59

Staphylococcus haemolyticus Bacteria 8 Ureaplasma parvum Bacteria 56

Cutibacterium avidum Bacteria 6 Streptococcus pseudopneumoniae Bacteria 51

Other species: Meiothermus ruber, Comamonas testosteroni, Yarrowia
lipolytica, Acinetobacter ursingii, etc.

Streptococcus oralis Bacteria 26

Staphylococcus lugdunensis Bacteria 3

Other species: Xanthomonas campestris, Cutibacterium acnes, Delftia
acidovorans, Acinetobacter ursingii, Meiothermus ruber, etc.
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Read Archive of the National Center for Biotechnology In-
formation (NCBI) with the accession number
SRR11624506, SRR11624507 and SRR11624508.

Discussion and conclusions
Here, we reported a case in which mNGS facilitated cli-
nicians rapidly and accurately identifying E. faecalis in a
patient with UTI. This patient was admitted to hospital
due to high fever and chills. Traditional culture and
serological testing did not determine possible infection
etiology, while mNGS identified E. faecalis in the urine
specimen. Combined with his clinical characteristics, his
diagnosis was confirmed to be a UTI.
Enterococci are a class of bacteria typically found in

the human gastrointestinal tract, mouth or vagina. E.
faecalis and E. faecium are the two most common en-
terococci isolated in clinical samples [12]. A survey

indicated that E. faecalis can be identified in about 80%
of human infections [13]. It is known to be one of the
main causes of human UTI worldwide [1]. In recent
years, the incidence of UTI caused by E. faecalis has
been estimated to be five times than that of E. faecium
[14]. In our case, the patient had coexisting kidney
stones that are common in the urinary system. Theoret-
ically, once the bacteria has invaded the urinary tract
and contributed to urinary stone formation, it triggers
UTI easily, and further develops chronic pyelonephritis
[15]. In addition to E. faecalis, JC polyomavirus and hu-
man herpesvirus 6 were detected in the patient’s urine,
but were not considered to have caused the patient’s
UTI as both of them usually cause asymptomatic persist-
ent or latent infection [16, 17]. Therefore, clinicians need
to have a good professional knowledge when interpret-
ing mNGS findings. We employed mNGS to evaluate

Fig. 2 PCR electrophoretogram and qPCR analysis of the Enterococcus faecalis. a Electrophoretogram identified Enterococcus faecalis. b Amplification
curve of the real-time qPCR confirmed the Enterococcus faecalis

Fig. 3 Whole abdominal CT of patients. CT image showed small stones in his right kidney
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the treatment effects by comparing unique reads before
and after treatment. Once the treatment was switched to
Linezolid therapy, the patient recovered immediately
after 3 days. In addition, the unique reads of E. faecalis
in our patient declined dramatically to 2 within 2 weeks,
suggesting E. faecalis may be the cause of the UTI, and
further confirmed the treatment effects.
mNGS, as a non-biased method for rapid diagnosis of

pathogens, overcomes many of the deficiencies of trad-
itional detection methods, and directly performs DNA or
RNA sequencing on samples [11, 18, 19], which is increas-
ingly being applied in clinical laboratories. Compared with
other diagnostic methods, mNGS has many advantages,
but also some limitations. A prominent advantage of
mNGS is that it is a completely unbiased technology that
can replace many target pathogen tests with a single
mNGS assay, which targets all pathogens (bacteria, fungi,
viruses, and parasites) in the specimens without the need
for doctors to prejudge. Therefore, for the diagnosis and
identification of some rare or unknown pathogens, mNGS
has comparative advantages. In addition, mNGS is appro-
priate for a variety of specimen types, including peripheral
blood, cerebrospinal fluid, tissue, sputum, and bronchoal-
veolar lavage, and could be implemented in the clinical
practices of sepsis, immunosuppressive host with severe
infection, severe pulmonary infection, rare or new patho-
gen infection, and other infectious diseases [20, 21]. It
would broaden the application of mNGS in the clinical
practice and further bedside decision making. Further-
more, mNGS can greatly reduce the turnaround time for
pathogen identification, and is more sensitive than the cul-
tivation method [19, 22]. Routine culture is a gold stand-
ard method for organism identification, but their
sensitivity is often low due to prior antibiotics and antifun-
gals exposure [23]. Bacterial and yeast cultivation is gener-
ally time consuming, and fastidious organisms are not
easy to culture. Additionally, for the identification of vi-
ruses or parasites, the role of cultivation is often limited
[24]. Therefore, multiple infections are often easily over-
looked, and the detection of pathogens in unexplained
fever patients is even more difficult for clinical diagnosis.
mNGS has the capability to avoid the limitations of trad-
itional culture tests allowing for quickly and effectively
identifying the known and unknown pathogens in the spe-
cimen within 24–48 h [11] and improving the clinical
diagnosis rate [20]. Many successful cases and studies have
proved the great potential of mNGS in infectious disease
diagnostics. Most articles are published as case reports,
such as identifying Leptospirosis [25], Bornavirus [26],
Chlamydia psittaci [27], varicella-zoster virus [28], Parvi-
monas micra [29], and 2019-nCoV [30] in the specimens
using mNGS, compared to negative findings using trad-
itional methods. In some multi-center or multi-sample re-
search, mNGS has demonstrated better diagnostic

performance for pathogens compared to culture or other
methods for different disease types. For the diagnosis of
sepsis [31], severe pneumonia [32], encephalitis and men-
ingitis [33], suspected focal infection [22], and infection
caused by immunodeficiency after transplantation [18],
mNGS can significantly improve the clinical diagnosis
rate, and the sensitivity of pathogen identification is sig-
nificantly higher than traditional microbial diagnostic
methods. However, there are still many practical problems
in the clinical application of mNGS. It is not easy to dis-
tinguish between colonizing bacteria, background bacteria
and pathogenic bacteria among the various species de-
tected [21]. In our case, the detected microorganisms
might be from the environment (Meiothermus and Coma-
monas), reagents (Yarrowia and Acinetobacter), consum-
ables, or the surface of the patient’s skin (Staphylococcus
lugdunensis and Malassezia), or elsewhere. Therefore, it is
necessary to set up negative controls on the same batch of
samples during the experiment and excluding background
pathogens through the establishment of a large sample
database in the early stage. Another disadvantage of
mNGS is the amplification of host nucleic acids. More
than 99% of reads generated by sample sequencing are
from human hosts [19], and microorganisms account for
only a small proportion. Therefore, sequencing all nucleic
acids reduces the sensitivity of pathogen identification.
The host nucleic acids can be depleted by certain methods
during wet experiments [34–36]. Reducing the proportion
of human-derived nucleic acid sequences can increase the
data volume of microorganisms to a certain extent and in-
crease sensitivity.
In conclusion, our case illustrated the potential applica-

tion of mNGS in detecting pathogenic microorganisms in
samples which were not detected by traditional culture
and serological testing. This study suggests that mNGS
could be implemented for monitoring the progress of the
disease and evaluating therapy effects. It is believed that in
the near future, as the cost of sequencing continues to de-
cline, mNGS will be more and more widely used in clinics,
benefiting more doctors and patients.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12879-020-05179-0.

Additional file 1: Table S1. Primers used in polymerase chain reaction.
Figure S1. Electrophoretogram of PCR identified Enterococcus faecalis.
On the right side of the figure, two sets of primers are used for PCR
amplification. Urine represents the patient’s first urine sample. PTC
represents positive template control. NTC represents negative template
control. L100 represents DNA ladder.
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