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Abstract

Background: While Ureaplasma parvum has previously been linked to the incidence of chorioamnionitis, abortion,
premature birth, and perinatal complications, there have only been rare reports of invasive infections of the central
nervous system (CNS) in adults. Owing to its atypical presentation and the fact that it will yield sterile cultures using
conventional techniques, diagnosing U. parvum meningitis can be challenging.

Case presentation: We describe a case of U. parvum meningitis detected in an adult patient following surgical brain
tumor ablation. After operation, the patient experienced epilepsy, meningeal irritation, and fever with unconscious-
ness. Cerebrospinal fluid (CSF) analysis showed leukocytosis (484 * 10° /L), elevated protein levels (1.92 g/L), and
decreased glucose concentrations (0.02 mmol/L). Evidence suggested that the patient was suffering from bacterial
meningitis. However, no bacterial pathogens in either CSF or blood were detected by routine culture or serology.
The symptoms did not improve with empirical antibiotics. Therefore, we performed metagenomic next-generation
sequencing (MNGS) to identify the eticlogy of the meningitis. Ureaplasma parvum was detected by mNGS in CSF
samples. To the best of our knowledge, this case is the first reported instance of U. parvum meningitis in an adult
patient in Asian. After diagnosis, the patient underwent successful moxifloxacin treatment and recovered without
complications.

Conclusions: As mNGS strategies can enable the simultaneous detection of a diverse array of microbes in a single
analysis, they may represent a valuable means of diagnosing the pathogens responsible for CNS infections and other
clinical conditions with atypical presentations.
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Background

Ureaplasma species, which include the human associ-
ated Ureaplasma parvum and Ureaplasma urealyti-
cum, are common commensal microorganisms found
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within the genitourinary tract which lack cell walls and
are among the smallest known free-living organisms [1].
These microbes are associated with a range of obstetrical
complications, including miscarriage, chorioamnionitis,
stillbirth, premature birth, and neonatal meningitis [1, 2].
These microbes can also give rise to urogenital infections
in adults [3]. In rare cases, U. parvum can cause a form
of meningitis that is often difficult to diagnose owing to
its atypical presentation and the abnormal character-
istics of these bacteria. Specifically, U. parvum cannot
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survive under traditional culture conditions and can-
not be detected by Gram staining owing to their small
size and lack of a cell wall [4]. In contrast with these
traditional techniques, metagenomic next -generation
sequencing (mNGS) screening is an approach that can
be used to detect unexpected or novel pathogens associ-
ated with infections of the central nervous system (CNS)
[5]. As U. parvum infections are rare outside of the uro-
genital tract in adults [6, 7], the use of such alternative
diagnostic techniques may be invaluable in affected indi-
viduals. Herein, we describe a rare case of U. parvum
meningitis that was ultimately diagnosed via mNGS in an
adult patient that had undergone atypical choroid plexus
papilloma resection.

Case presentation

A 22-year-old male was admitted to our hospital to
undergo the surgical resection of a lateral ventricle
tumor affecting the left temporal lobe (Fig. 1A). His
medical history did not exhibit any other specific or
noteworthy findings. On the first day after surgery,
the patient experienced epilepsy, meningeal irritation,
and fever with unconsciousness (38.5 °C). Cerebral
computed tomography (CT) scans did not detect any
bleeding or cerebral edema, and no significant ventri-
cle dilation was evident as compared to preoperative
images (Fig. 1B). Blood analyses revealed evidence of
leukocytosis (15.53 * 10°/L) and elevated C-reactive
protein (CRP) levels (168 mg/L), while procalcitonin
(PCT) levels were within the normal range (0.67 ng/
mL). In light of the possibility that the patient was suf-
fering from an intracranial infection, he was adminis-
tered cefmenoxime (2 g IV per 12 h). As a semisynthetic
third-generation cephalosporin, cefmenoxime exhib-
its potent activity against a wide variety of pathogens

Page 2 of 7

including Neisseria meningitidis, Haemophilus influen-
zae, Streptococcus pneumoniae, and most gram-nega-
tive bacilli [8]. However, we were unable to rule out the
possibility of aseptic inflammation due to the opening
of the ventricle (Fig. 1B). As such, efforts were made
to culture microorganisms from blood and cerebrospi-
nal fluid (CSF) samples. Following antibiotic treatment
for two days, the patient’s white blood cells counts had
returned to normal but his fever had become more
severe (39 °C). CSF analyses revealed leukocytosis (18
* 10%/L), elevated protein levels (1.5 g/L), and normal
glucose levels (3.24 mmol/L). To replace the CSF and
alleviate meningeal irritation, lumbar cistern drainage
was conducted following the removal of the cerebral
drainage tube. Following a 7-day observation period,
no microorganisms were detected in cultures or Gram
staining assays prepared from blood and CSF samples.
On day 13 after surgery, no improvements in fever
or unconsciousness were observed for this patient.
While his CRP levels (97.6 mg/L) were substantially
lower than at earlier time points, they nonetheless
remained high above normal levels (<6 mg/L). When
CSF analyses were repeated at this time point, they
indicated leukocytosis (484 * 10° /L), elevated protein
levels (1.92 g/L), and decreased glucose concentrations
(0.02 mmol/L). As such, growing evidence suggested
that the patient was suffering from bacterial meningi-
tis. Antibiotic treatment protocols were thus modified
to consist of vancomycin (1 g IV per 12 h) and merope-
nem (1 g IV per 8 h). However, bacteriological cultures
of blood and CSF remained sterile. While the patient
regained consciousness, his fever did not abate. Given
that efforts to culture CSF samples had failed, addi-
tional CSF samples were collected and sent for unbi-
ased mNGS analysis (Vision Medicals, Guangzhou,

after surgery demonstrating complete tumor resection

Fig. 1 A Enhanced preoperative MRI showing a left temporal lobe-lateral ventricle tumor. B CT scans on the first day after surgery demonstrating
that the tumor had been removed and replaced with CSF, with the opening of the left lateral ventricles. C Enhanced MRl images on the 43rd day
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China). Within 72 h, this approach yielded 16.16 mil-
lion sequences and detected 8267 sequences consistent
with U. parvum (Tables 1, 2). As such, the patient was
tentatively diagnosed with U. parvum meningitis and
was treated with moxifloxacin (0.4 g IV per 24 h) while
being weaned of other antibiotics. Following a 2-day
moxifloxacin treatment period, his fever subsided and
his condition gradually improved. After the completion
of a 2-week moxifloxacin course, his body temperature
remained within normal ranges and he was discharged.
The patient was instructed to take oral moxifloxacin for
2 weeks after discharge (Fig. 2). As of writing, it had

Table 1T mNGS result of CSF in this case

Genus Species
Generic Relative Number of Species Identification = Number of
name abundance sequences name  credibility (%) sequences
(%)
Urea- 98.7 11,409 Urea- 99.0 8267
plasma plasma
parvum

Table 2 Quality control report of MNGS in this case
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been 17 months since the patient underwent surgery,
and he continued to exhibit good prognosis.

Discussion and conclusions
Herein, we describe a rare case of U. parvum meningitis
in an adult patient following atypical choroid plexus pap-
illoma resection. While traditional blood and CSF cul-
tures were negative from this patient, a positive pathogen
diagnosis was ultimately made via mNGS and the patient
underwent successful moxifloxacin treatment.
Ureaplasma species are most commonly regarded as
pathogens of the genitourinary system wherein they are
associated with histological chorioamnionitis, abortion,
stillbirth, premature birth, and perinatal complications
[1, 2]. The vertical or in utero transmission of Urea-
plasma species can also result in Ureaplasma meningitis
in newborns [1], but such infections remain rare among
adults. However, there have been other prior reports of
postoperative extragenital infections to date (Table 3).
For example, in one case a male who had undergone
superior third ascending aorta replacement developed
mediastinitis, pleuritis, and pericarditis as a consequence
of U. urealyticum and Mycoplasma hominis infection [9].

The total number of sequences

The total number of bases

Q30 rate (%)

16,159,819

1,211,986,425

91.8

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

123456789 11 13 15 17 19 21 23 25 27 20 31 33 35 37 39 41 43 45 47 49 51 53 S5 57 59 61 63 65 67 69 71 73 75
Position in read (bp)
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Fever, 3857C
Seizure

CRP(+++)

Cefmenoxime

Unconsciousness

Blood: elevated WBC
neutrophilia

Brain CT: normal

Fever, 39C Fever, 39.1C Fever, 39.4°C Fever, 41°C No fever
Selzure Lethargy Lethargy Lethargy Consciousness
Unconsciousness
Blood: normal WBC Blood: CRP(++) Blood: Culture{-) Blood: CRP(++) Blood: CRP(-)

CSF: PRO{++++) Urinalysis: (-) CSF: Culture(-) CSF: Culture(-) CSF: Culture(-)
Normal GLU  CSF: PRO(++++) PRO(++++) PRO(++++) PRO(+)
WBC(+) Normal GLU Reduced GLU Reduced GLU Normal GLU

lumbar cistern WBC(++) WEBC[4444) WEBC(++4+) WBC(+)

drainage Culture (-) Vancomycin mNGS: U. parvum
Chest CT:normal Meropenem Moxifloxacin
Brain CT: normal
Meropenem

Fig. 2 The timeline of the clinical presentation, testing, and treatment for the present case. WBC white blood cell, PRO protein, GLU glucose

Table 3 Characteristics of nine adult patients with non uro-genital post-operative Ureaplasma infections

Year Age, sex Underlying Surgical Clinical Specimen Species Detection Treatment Refs.
conditions method features method
2020 22,M Atypical choroid Resection of Meningitis CSF U. parvum mNGS Moxifloxacin  This study
plexus papil- atypical choroid
loma plexus papil-
loma
2018 29, M Craniopharyn-  Ablation of Meningitis CSF U. parvum 16S rDNA Levofloxacin ~ [13]
gioma craniopharyn- Sequencing
gioma and PCR
2017 31,F Polymyositis Lung transplan-  Sepsis Bronchoalveo-  U.parvum PCRand culture  Azithromycin  [6]
tation lar lavage fluid Doxycycline
2013 20,M Burkitt lym- Mastoidectomy  Brain abscess Abscess fluid U. urealyticum 16S rDNA Doxycycline [28]
phoma sequencing Clarithromycin
and culture
2010 41, M Endocarditis Aortic valve Sternal wound ~ Wound sample  U. urealyticum 165 rDNA Clarithromycin  [11]
replacement infection sequencing
2009 66, M Cardiovas- Three-vessel Sternal wound ~ Wound sample  U. parvum PCR Ciprofloxacin =~ [10]
cular disease coronary artery  infection
hypertension by-pass grafting
diabetes
2008 66, M Hypertension Aortic valve and  Mediastinitis Wound sample  U. urealyticum Culture and 16S  Doxycycline [9]
COPD superior third pleuritic peri- pleural fluid rDNA sequenc-  Clindamycin
ascending aorta carditis pericardial fluid ing
replacement
2007 54, M Non Hodgkin Total hip Arthritis and Aorta tissue and  U. parvum Real-time PCR  Moxifloxacin 7]
Lymphoma prosthesis disseminated hip soft tissue
implantation infection
and resection of
abdominal aor-
tic aneurysm
1995 63,M Cardiovas- Coronary Sternal wound ~ Wound sample  U. urealyticum  Culture Clindamycin ~ [29]
cular disease bypass infection Gentamicin
hypertension Doxycycline

diabetes

CSF cerebrospinal fluid, COPD chronic obstructive pulmonary disease
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In another case, a patient that had undergone coronary
artery bypass grafting developed a subsequent sternal
wound infection [10], while a separate patient was diag-
nosed with a U. wurealyticum sternal wound infection
following bioprosthetic aortic valve replacement [11].
In 2008, a 38-year-old patient who had undergone com-
plicated kidney transplantation and organ rejection was
the first reported adult to be diagnosed with U. urealyti-
cum meningitis [12]. In that case, the authors speculated
that hematogenous spread was responsible for this case
of Ureaplasma meningitis. Only one previous report of
U. parvum meningitis in an adult has been published to
date, to the best of our knowledge. Specifically, in 2019,
Pailhoriés et al. reported on a case of meningitis that
developed in an immunocompetent adult 17 days follow-
ing surgical craniopharyngioma ablation. No microbes
were detected through traditional culture techniques, but
U. parvum was detected via 16S rDNA sequencing in the
CSE. These authors again speculated that Ureaplasma
hematogenous spread after urinary catheterization was
the likely cause of this infection [13]. In the present case,
the patient remained catheterized for over two weeks
owing to his prolonged unconsciousness, which may
have increased his susceptibility to infection. Unfor-
tunately, owing to the high associated costs, we did not
conduct mNGS testing of his blood or urine. In addition,
prolonged surgery (8 h) may have increased the chance of
U. parvum infection [14].

The CSF characteristics associated with U. parvum
meningitis may be varied and atypical. Indeed, in the pre-
sent case, within two weeks of fever onset, the glucose
levels in the CSF did not decrease, and microbial cultures
were negative such that we initially suspected a case of
aseptic inflammation or viral infection. However, after
16 days of fever, CSF samples exhibited characteristics
consistent with bacterial meningitis including leukocy-
tosis, elevated protein levels, and reduced glucose lev-
els. We therefore enhanced the antibiotic grade, but this
failed to alleviate their condition. Ureaplasma parvum
was ultimately only detected via an mNGS approach.
Given that Ureaplasma species lack a cell wall, anti-
biotics that disrupt DNA or protein synthesis may be
more effective in therapeutic contexts, including mac-
rolides, tetracyclines, chloramphenicol, and quinolones
[15]. However, the most appropriate duration of antibi-
otic therapy for Ureaplasma meningitis remains to be
defined. In this case, the patient recovered following a
4-week moxifloxacin treatment course.

In one recent report, researchers utilized human brain
microvascular endothelial cells (HBMECs) to model Ure-
aplasma meningitis. In this system, the authors found
Ureaplasma species to be highly pro-inflammatory
in these cells, promoting the upregulation of atypical
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chemokine receptor 3 (AKCR3). The simultaneous inhi-
bition of inflammatory cell death in this context may
further disrupt host defense strategies [16]. HBMECs
are also primary components of the blood—brain bar-
rier, and by promoting their apoptotic death, Ureaplasma
species may compromise this barrier and thus increase
the susceptibility of the CNS to secondary injury [17].
These effects may also be enhanced in the context of co-
infections, consistent with the potential immunomodula-
tory effects of Ureaplasma [18]. This research revealed
(at least partly) the pathophysiological mechanism of
Ureaplasma meningitis. Furthermore, other researchers
have found that Ureaplasma can modulate host innate
immune responses by promoting the downregulation of
defense genes in cells, disrupting host membranes using
phospholipase, and inducing cytotoxicity via ammonia
accumulation or pH-shifts mediated by the hydrolysis of
urea [19, 20].

As mentioned above, Ureaplasma species fail to sur-
vive in standard media, PCR assays designed to test
for a wide range of bacterial species represent another
approach to Ureaplasma detection that is superior to
traditional culture techniques. However, these tests are
generally hypothesis-driven and thus have the poten-
tial to overlook microbes that are not considered to be
relevant. Although PCR tests targeting the conserved
16S ribosomal RNA gene (16S PCR) regions of bacteria
have been developed, concerns have been raised regard-
ing detection sensitivity. In contrast, as it is based on the
[lumina high-throughput sequencing platform, mNGS
enables the simultaneous detection of nearly all known
pathogens within clinical samples. Recently, Gu et al.
presented a case series evaluating the performance of
such mNGS testing, highlighting the potential utility of
this approach via the detection of pathogens in 7 of 12
(58.3%) cases for which culture and 16 s PCR testing were
negative, with subthreshold detection of pathogen reads
in an additional two cases (9/12, 75%). They noted that
false-negative 16S PCR results are generally attributed to
suboptimal primer design or decreased sensitivity from
background contamination [21]. In 2008, Palacios et al.
employed unbiased metagenomics to detect a novel are-
navirus in samples from three patients that had all been
implanted with organs from a single donor [22]. They
were subsequently able to validate their findings through
a combination of PCR, culture, immunohistochemis-
try, and serological analyses. That study was the first to
demonstrate the value of mNGS as an approach to iden-
tifying causal pathogens associated with chronic or acute
infections. In the years since the publication of that initial
report, mNGS-based approaches have been applied with
increasing frequency in clinical contexts, with several
reports having demonstrated the successful application
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of mNGS to analyze dozens of sample types including
blood, urine, tissue samples, feces, respiratory secretions,
and CSF [23]. In one large cohort study of 511 clinical
samples, researchers found mNGS to exhibit a detection
sensitivity higher than that of culture-based techniques
(50.7% vs. 35.2%) while being less significantly impacted
by previous exposure to antibiotics [24]. Relative to tra-
ditional approaches, mNGS has also been found to detect
clinically relevant microorganisms in a larger percentage
of immunocompromised individuals [25]. Most mNGS
platforms utilized at present can analyze samples within
an average of 48 h (range: 24—72 h), and third-generation
sequencing technologies can further reduce these times
to just a few hours [26]. As such, there is growing clini-
cal recognition of the value of mNGS as a last resort tool
for clarifying the causative pathogens in infected patients
[23]. In general, mNGS tests are considered only when
patients have been hospitalised for extended periods
and subjected to costly and invasive testing [27]. Simi-
larly, mNGS was not immediately implemented when
this patient developed an intracranial infection. Instead,
after multiple failed efforts to culture pathogens from
this patient’s blood and CSF samples, an mNGS analy-
sis approach was employed. As sequencing technologies
continue to advance and clinicians become more adept in
leveraging these tools, we predict that mNGS testing will
become an increasingly routine clinical technique.

In summary, this case highlights the importance of
considering urogenital commensals as potential causes
of postoperative infections of the CNS and exploring the
consequences of such infections in detail. The detection
of U. parvum through traditional techniques is chal-
lenging, potentially enabling it to evade detection and
thus delaying patient diagnosis and treatment. Both the
presenting symptoms and the CSF changes associated
with Ureaplasma infections may be atypical. As such,
any patients with suspected CNS infections without
an obvious cause should undergo timely mNGS test-
ing, as the early diagnosis and appropriate treatment of
infected individuals may aid in the prevention of adverse
outcomes.
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