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Abstract

a new strategy for diagnosing neurological infections.

sequencing (MNGS)

Background: Neonatal meningitis is a severe infectious disease of the central nervous system with high morbidity
and mortality. Ureaplasma parvum is extremely rare in neonatal central nervous system infection.

Case presentation: We herein report a case of U. parvum meningitis in a full-term neonate who presented with
fever and seizure complicated with subdural hematoma. After hematoma evacuation, the seizure disappeared,
though the fever remained. Cerebrospinal fluid (CSF) analysis showed inflammation with CSF pleocytosis (1135-
1319 leukocytes/ul, mainly lymphocytes), elevated CSF protein levels (1.36-2.259 g/l) and decreased CSF glucose
(0.45-1.21 mmol/l). However, no bacterial or viral pathogens in either CSF or blood were detected by routine
culture or serology. Additionally, PCR for enteroviruses and herpes simplex virus was negative. Furthermore, the CSF
findings did not improve with empirical antibiotics, and the baby experienced repeated fever. Thus, we performed
metagenomic next-generation sequencing (MNGS) to identify the etiology of the infection. U. parvum was
identified by mNGS in CSF samples and confirmed by culture incubation on mycoplasma identification medium.
The patient’s condition improved after treatment with erythromycin for approximately 5 weeks.

Conclusions: Considering the difficulty of etiological diagnosis in neonatal U. parvum meningitis, mNGS might offer
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Background

Neonatal meningitis is a severe infection of the central
nervous system (CNS) with high morbidity and mortality
and can lead to serious neurological complications or
long-term disabilities [1, 2]. Ureaplasma spp., including
Ureaplasma parvum (U. parvum) and Ureaplasma urea-
lyticum (U. urealyticum), are rare pathogens in neonatal
CNS infection. It has been indicated that Ureaplasma
spp. are associated with adverse neonatal outcomes, such
as congenital pneumonia, bronchopulmonary dysplasia
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and perinatal death [3, 4]. However, there are few
reports about U. parvum as an invasive organism in
neonatal meningitis. Herein, we describe a full-term
infant who developed U. parvum meningitis complicated
with subdural hematoma.

Case presentation

The male baby in this case was born by spontaneous
vaginal delivery (gravida 2 para 2) at 40 weeks of gestation
with a birth weight 3800 g. The pregnancy was uneventful.
Half an hour after birth, the baby was admitted to the neo-
natal department with moaning and tachypnea. Ampicillin
sulbactam was initiated due to the possibility of pneumonia.
Laboratory tests showed leukocytosis (17.93-35.3 x 10°/1)
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and C-reactive protein (CRP: 0.1-11.2 mg/l). Although his
symptoms improved, the baby had a fever on day 5 of
hospitalization. The antibiotic was changed to cefotaxime,
though the baby still had a mild fever on day 9 of
hospitalization. Moreover, blood analysis revealed greatly
elevated CRP (47.5mg/l). MRI revealed right parietal
temporal and bilateral occipital subdural hemorrhage, and
the baby (9 days old) was transferred to our hospital due to
subdural hemorrhage.

On admission to our hospital, the baby still had a fever
(37.7 °C) with tight fontanel. The disease progressed, and
the baby developed seizures. The cerebrospinal fluid
(CSF) cell count was 1311/1 (88% lymphocytes); protein
and glucose levels were 1.653g/l and 1.21 mmol/l,
respectively. CT scan displayed right parietal temporal
hematoma with a midline shift (Fig. 1la). Intravenous
empiric treatment for meningitis with cefotaxime and
ampicillin was started, as was intracranial pressure relief
(glycerol fructose), hemostasis and anticonvulsion
therapy. Two days later, subdural hematoma removal
and external drainage of the subdural hemorrhage were
performed. Four days after the surgery, the baby had a
recurrent fever. CSF analysis repetitively revealed pro-
nounced inflammation of bacterial meningitis, as reflected
by CSF pleocytosis (1135-1319 leukocytes/pl, 60—-66%
lymphocytes), CSF protein levels of 1.36-2.259 g/l and CSF
glucose levels of 0.45-1.21 mmol/l. However, microbial
diagnostics, including repetitive culture of the CSF and
blood, were not informative. Additionally, PCR for entero-
viruses and herpes simplex virus was negative. Because of
the recurrence of symptoms, treatment with meropenem
and linezolid was started based on the suspicion of resist-
ant bacteria on day 12 of hospitalization. Furthermore, the
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CSF was collected and sent for pathogen detection by
metagenomic next-generation sequencing (mNGS) (BGI,
Shenzhen, China). U. parvum was detected, and CSF
culture on mycoplasma identification medium (Jiangmen
Kailin Trading Co., Ltd., China.) for Ureaplasma spp. was
positive. The diagnosis was confirmed as U. parvum men-
ingitis. Meropenem and linezolid were discontinued, and
intravenous erythromycin (30 mg/kg/d bid) was started.
His clinical symptoms improved quickly, and the CSF
gradually normalized (Fig. 2). After 36 days, CSF culture
was negative for Ureaplasma spp., and mNGS revealed no
U. parvum in the CSF; thus, erythromycin was stopped.
During hospitalization, MRI revealed atrophy of the right
cerebral hemisphere with cortical necrosis (Fig. 1b). Ultra-
sound before discharge showed a slight enlargement of
lateral ventricles (body of left lateral ventricle: 0.64 cm;
body of right lateral ventricle: 0.60cm). The infant
developed well without abnormal neurological signs at
the follow-up when he was 5 months old.

Discussion and conclusions

Ureaplasma belongs to the family Mycoplasmataceae,
which is a common opportunistic pathogens of the uro-
genital tract with a colonization rate of 40-80%. The
vertical transmission rate of Ureaplasma may range
from 18 to 88% [5]. Since 2002, human Ureaplasma spp.
have been divided into two groups: U. parvum (serovars
1, 3, 6, and 14) and U. urealyticum. (serovars 2, 4, 5, and
7 to 13) [6]. It is reported that both the prevalence and
transmission of U. parvum in pregnant women are
higher than those of U. urealyticum [7, 8]. Ureaplasma
spp. has been associated with adverse neonatal out-
comes, but little is known about CNS infection by these

Fig. 1 The change in imaging of the head during hospitalization. CT scan displayed a right parietal temporal hematoma with a midline shift (a).
After subdural hematoma removal and external drainage of subdural hemorrhage, MRI revealed atrophy of the right cerebral hemisphere with
cortical necrosis and mild dilatation of the third ventricle. No detection of intraventricular hemorrhage was found (b)
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Fig. 2 Change in leukocyte counts in CSF, and timeline of antibiotics and microbiology tests

bacteria in neonates. Nonetheless, a growing number of
studies have focused on the relationship between Urea-
plasma spp. and CNS infection/inflammation [9, 10]. Some
in vitro studies found evidence of Ureaplasma-driven
apoptosis in human brain microvascular endothelial cells
(HBMECs), which might ultimately result in blood-brain
barrier breakdown and CNS inflammation [10].

U. parvum meningitis has rarely been reported in
neonates. To the best of our knowledge, there are only
five case reports of U. parvum neonatal meningitis in
the English literature (Table 1) [11-15]. The presenta-
tion of U. parvum CNS infection in neonates is atypical
and includes fever, irritability, floppy, seizure, apnea,
bradycardia and intraventricular hemorrhage (IVH). The

main complications reported are dilatation of the lateral
ventricles, IVH (grade I - IV), and subdural hygromas. In
particular, ventricular dilation or hydrocephalus was
observed in all 6 cases. Three patients underwent
ventriculoperitoneal (VP) shunt surgery. This appears to
be the first case report of neonatal U. parvum CNS
infection complicated by subdural hematoma. In
addition, CSF changes in Ureaplasma meningitis were
characterized by pleocytosis and significantly elevated
CSF protein levels and reduced glucose levels (Table 2).
Neither the clinical manifestation nor the CSF character-
istics of U. parvum meningitis differed from those of
meningitis due to other bacteria. The diagnosis of U
parvum CNS infection is challenging.

Table 1 Basic characteristics of neonatal meningitis caused by U. parvum

Author, year Sex/Age (d) Birth weight (g)

Gestation (weeks)

Presentation/Complication

Clifford V et al, 2010 [11] Female/18 1630 30
Biran V et al, 2010 [12] NA/10 3500 39
Glaser K et al, 2014 Female/28 946 26+3
Keus AMJMH et al, 2019 [13]  Male/6 NA

Wang Q et al, 2020 [14] Male/11 3390 40
Our case Male/5 3800 40

Full term?

fever, cardiovascular instability apnea, IVH (lll), hydrocephalus
fever, rhinitis, conjunctivitis, seizure, dilated ventricles

weak and floppy, generalized muscular hypotonia, lack of
tendon reflexes; hydrocephalus,

irritability, fever, seizure, ventricular dilation, ventriculitis,
subdural collections

fever, floppy, seizure, hydrocephalus

fever, seizure, subdural hemorrhage, enlargement of lateral
ventricles

“The exact number of weeks was not given in the article
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Without a cell wall, Ureaplasma spp. cannot be
stained by Gram stain, and microbial diagnosis of Urea-
plasma spp. requires special culture. In some labs, there
is no special culture media for detecting Ureaplasma
spp. in the CSF. Therefore, the diagnosis of Ureaplasma
meningitis in neonates might often be delayed. At
approximately 90%, PCR is considered to be more
sensitive than culture for the detection of Ureaplasma
spp. [16, 17]. However, in this case, both routine
culture and PCR (for enteroviruses and herpes
simplex virus) of the CSF were negative. We confirmed
the microbe by mNGS, which has been applied as a novel
strategy for detecting pathogens causing infectious dis-
eases, especially neurological infections [18].

CSF mNGS is an unbiased approach that can diagnose
infections due to viruses (DNA and RNA viruses),
parasites, fungi and bacteria in a single test. Moreover, it
can identify pathogens that are rare, novel or overlooked.
mNGS has a higher sensitivity than culture for
pathogens, and mNGS data are increasingly available for
diagnosing the pathogen in neurological infections [19].
However, nucleic acid contamination from specimens or
the environment might lead to false positives, making it
challenging to interpret the results. Furthermore, it is
expensive, with costs of approximately US $2000 [18]. In
China, the cost is approximately US $600-1000, which
is also more expensive than culture and PCR. In our
opinion, mNGS is helpful for diagnosing intracranial
infection when routine testing of microbes is negative
and the infection is not improved by routine treatment.

The treatment of U. parvum infection meningitis in
neonates is limited. There is no consensus regarding the
choice of antibiotic, dosage, or duration of treatment. It
has been reported that macrolides, chloramphenicol,
fluoroquinolones and thiamphenicol can be used for UL
parvum meningitis as either monotherapy or combin-
ation therapy (Table 2). Nonetheless, due to the toxicity
of chloramphenicol, fluoroquinolones and thiampheni-
col, the use of these antibiotics is restricted in neonates.
Macrolides might represent a recognized treatment op-
tion for Ureaplasma. However, macrolide resistance in
Ureaplasma spp. has been described in different popula-
tions [9, 20, 21]. Moreover, with poor CNS penetrance,
macrolide antibiotics, such as erythromycin, might not
constitute an effective treatment in the case of U. par-
vum meningitis. Regardless, in our case, Ureaplasma
meningitis was improved by a single drug (erythro-
mycin), as in the case reported by Wang Q et al. [14].
Clifford V also found that combined therapy of erythro-
mycin and ciprofloxacin was effective for neonatal U
parvum meningitis [12]. Thus, considering the potential
side effects of chloramphenicol, fluoroquinolones and
thiamphenicol, as based on limited literature, treatment
with erythromycin can be started to determine whether
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combined therapy needs to be implemented. There is no
recommendation about the duration of anti-infection
therapy for neonatal U. parvum meningitis. We treated
our patient with erythromycin for approximately 5
weeks. In other cases, the course of therapy ranged from
3 to 7 weeks.

In conclusion, the manifestation of U. parvum menin-
gitis might be similar to that of meningitis due to other
bacteria in neonates. When a baby does not respond to
regular treatment, detection of U. parvum in the CSF
should be considered as early as possible. mNGS is
recommended, which can identify pathogens in a
hypothesis-free way and play an increasingly important
role in infectious diseases. The treatment of U. parvum
meningitis in neonates is still a challenge, and further
research is needed.
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