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Case Report

Polymicrobial anaerobic bacterial meningitis secondary to dermal
sinus: a case report
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Abstract: Anaerobic bacterial meningitis is a rare infectious disease, and there are some special
predisposing factors for it. We report a case of polymicrobial anaerobic bacterial meningitis in a nine-month-
old boy who visited our hospital due to “fever with drowsiness and vomiting for 2 days”. It was confirmed
by the method of sanger sequencing after polymerase chain reaction (PCR) that the purulent meningitis was
caused by a mixture of four anaerobic bacteria (Finegoldia magna, Campylobacter ureolyticus, Bacteroides
fragilis and Porphyromonas bennonis). Even though there was no obvious structural abnormality on the
skin surface, magnetic resonance imaging (MRI) examination suggested the presence of a sacrococcygeal
dermal sinus. It was proven that anaerobic bacterial meningitis was secondary to retrograde infection of
the dermal sinus. Finally, he was cured by a combination of anti-infection measures and surgical treatment.
In conclusion, using appropriate molecular diagnostic techniques may quickly and accurately determine
the pathogenic bacteria of anaerobic bacterial meningitis. When anaerobic bacterial meningitis occurs, the
presence of structural abnormalities such as dermal sinus needs to be ruled out to avoid recurrence of the
disease. In addition to anti-infective treatment, patients with dermal sinuses should undergo surgery as soon

as possible to address abnormal structures and their root causes.
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Introduction concentration and a decreased glucose concentration. These

. S . . . characteristics are not specific and therefore cannot be
Anaerobic meningitis is a very rare infectious disease. It has

. S ifferenti from other forms of rial meningitis (2).
been reported that anaerobic meningitis accounts for only differentiated from other forms of bacterial meningitis (2)

2.4% of bacterial meningitis (1). Its clinical manifestations "The diagnosis of anaerobic meningitis depends on the

include fever, headache, vomiting, lethargy, irritability and isolation of pathogenic bacteria from CSF. At present, CSF

convulsions. Cerebrospinal fluid (CSF) examination shows
an increased white blood cell (WBC) count and protein

culture is the gold standard for diagnosis, but in special

cases, the positive rate of CSF culture is not high: (I) CSF
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culture is substantially subject to the use of antibiotics
before lumbar puncture, which reduces the positive rate
of CSF culture from 60-90% to 25.6-60% (3-5); (II)
anaerobic culture is not a routine process in CSF culture,
so some diagnoses are missed (1,6); (III) bacterial culture
is time-consuming; so timely diagnosis cannot be made.
This condition leads to the misdiagnosis and mistreatment
of anaerobic meningitis, affects the prognosis and leads
to a high fatality and disability rate. Molecular diagnostic
technology provides a better way to diagnose encephalitis
and meningitis. Compared with conventional bacterial
culture, molecular diagnostic method has three advantages:
(D) it is less affected by the use of antibiotics; (II) it is not
subject to bacterial growth conditions; and (III) it is fast
and provides better support for rapid diagnosis and timely
treatment (7). This method shows obvious advantages,
especially in complex or mixed infectious diseases (7-9).
However, choosing an appropriate method among the
numerous molecular diagnostic techniques is a problem for
clinicians.

There are some special predisposing factors of anaerobic
meningitis. Clinicians should screen for predisposing
factors, including otolaryngological infection (60%),
gastrointestinal infection (10%), premature birth (10%),
other causes (5%; congenital dermal sinus, head and neck
tumor, ventricular shunt) and unknown causes (15%) (10).
The dermal sinus is an abnormal channel between the
skin surface and the central nervous system in the dorsal
midline and is mostly discovered in the lumbosacral region.
Through the dermal sinus, colonizing bacteria on the skin
surface and even bacteria in feces can enter the central
nervous system and cause infection (11,12). The most
common manifestation of the dermal sinus is an abnormal
opening on the skin surface and pigmentation on the skin;
some of the surface is covered with hair or liquid discharged
from the sinus orifice, and there is a purulent secretion after
infection. These patients are often asymptomatic at birth,
and the ostium is relatively concealed. Moreover, some sinus
orifices do not have obvious abnormal structures on the
skin surface. In addition, health care doctors are not aware
of such diseases, so the diagnosis of these diseases is often
delayed. Ramnarayan et 4/. found a significant delay (mean
5 years; range, 2—18 years) from midline lesion identification
to neurosurgical intervention (13).

In this paper, we report the clinical data of a 9-month-old
boy who visited our hospital due to “fever with drowsiness
and vomiting for 2 days”. Two CSF cultures were negative.
Subsequently, polymerase chain reaction (PCR) with

© Translational Pediatrics. All rights reserved.

3119

Sanger sequencing aided in the diagnosis of anaerobic
bacterial meningitis due to mixed bacterial infection, and
spinal magnetic resonance imaging (MRI) further suggested
central infection secondary to infection of the sacral dermal
sinus, the root cause. In addition, surgery of the dermal
sinus can promote recovery from the disease and prevent
recurrence of the disease and further neurological damage.
We hope that this case report will serve as a reference for
the clinical diagnosis and treatment of similar cases. We
present the following case in accordance with the CARE
reporting checklist (available at https://dx.doi.org/10.21037/
tp-21-210).

Case presentation

A 9-month-old boy was admitted to our hospital due
to “fever with drowsiness and vomiting for 2 days.” At
admission, physical examination showed the following
observations: anal temperature 38.8 °C, heart rate 168 bpm,
respiratory frequency 35 breaths per minute, blood
pressure 72/39 mmHg, length 60 cm, weight 8 kg, head
circumference 46 cm, drowsiness, equally large pupils with
sensitive light reflection, bulging bregma with tension,
strong and rhythmic heart beats, clear breathing sounds
with no rales, soft and smooth abdomen with no mass,
neck resistance (+), Brudzinski’s sign (+), Kernig sign (-),
bilateral Babinski sign (+), knee jerk reflex (+), normal
muscle tone in the limbs, no rashes, no skin ulceration,
and no abnormal superficial structures. The patient had
no recent cough, nasal congestion, runny nose, external
ear canal discharge, vomiting, diarrhea, bloody stools or
crying when urinating. The patient was born at full term
via vaginal delivery, with a birth weight of 3.2 kg. He had
no history of past illness, surgery or trauma. After birth, he
received vaccinations to prevent hepatitis B, tuberculosis,
diphtheria pertussis tetanus (DPT), polio, meningitis
and measles. Laboratory tests showed a WBC count of
20.5x10°/L, lymphocytes 13.3%, neutrophils 78.2%,
C-reactive protein (CRP) 88 mg/L, procalcitonin (PCT)
3.7 ng/mL, erythrocyte sedimentation rate (ESR) 35 mm/
h. CSF tests showed WBC 16,640x10%L, multinuclear cells
65%, mononuclear cells 35%, Pandy’s test +++, glucose
<1.1 mmol/L and protein 2,282 mg/L. CSF and blood
cultures were performed; CSF smear was negative. The
patient was diagnosed with purulent meningitis and
received empirical anti-infective therapy with vancomycin
(VA) and ceftriaxone (CRO). After 5 days of treatment, the
patient’s mental state improved, vomiting resolved, and his
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Figure 1 Spinal MRI of the patient. The red arrow shows that in
the fifth lumbar segment, skin surface communicates with spinal
cord cavity through the dermal sinus. MRI, magnetic resonance

imaging.

temperature returned to normal. Laboratory tests showed
WBC 12.2x10°/L, lymphocytes 38.1%, neutrophils 55.2%
and CRP 36 mg/L. CSF tests showed WBC 6x10%/L,
Pandy’s test (), glucose 2.0 mmol/L and protein 621 mg/L.
Initial CSF and blood cultures were negative. On day 7,
fever returned (up to 38.5 °C). Laboratory tests showed
WBC 18.24x10°/L, neutrophils 43%, CRP 57 mg/L, PCT
2.3 ng/mL and ESR 42 mm/h. CSF tests showed WBC
115x10%L, multinuclear cells 45%, mononuclear cells 55%,
Pandy’s test (+), glucose 1.9 mmol/L and protein 771 mg/L.
Both CSF smear and culture were negative. For further
clarification, PCR and Sanger sequencing were performed
with CSF samples. PCR and Sanger sequencing of the
first CSF sample identified Finegoldia magna, Campylobacter
ureolyticus, Bacteroides fragilis, and Porphyromonas bennonis,
which were also identified with the second CSF sample after
the symptoms recurred.

Immune indicators such as peripheral complete blood
count, immunoglobulins, lymphocyte subset count and
percentage, and complements were normal. No abnormality
was found in routine stool and urine examinations; otitis
media, sinusitis and pharyngeal abscess were ruled out
using otoscopy, nasopharyngeal computed tomography
(CT), and middle ear and mastoid CT; brain MRI showed
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slightly enlarged bilateral ventricles and no obvious changes
in density and morphology in the parenchyma. Several
physical examinations showed no rashes, skin ulceration,
or abnormal superficial structures. To further rule out
structural abnormalities, the patient underwent spinal MRI,
which showed a dermal sinus at L5 that was connected to
the spinal cavity, suggesting infection in the sacral spinal
cavity (Figure I). Finally, the patient was diagnosed with
anaerobic bacterial meningitis secondary to retrograde
infection of the sacral dermal sinus.

After the pathogens were identified, the patient started
to receive meropenem and metronidazole (MNZ), but he
still had recurrent fever and thus underwent resection of
the lumbosacral dermal sinus after 4 weeks of anti-infective
treatment while continuing to receive anti-infective
treatment after surgery. His temperature returned to normal
by day 3 after surgery, and anti-infective treatment was
discontinued in a few weeks (total treatment time: 7 weeks).
Inflammatory indicators and CSF index and temperature were
regularly monitored during treatment (7able 1, Figure 2). The
patient was doing well, with no purulent meningitis during
the 3-year follow-up.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee(s)
and with the Helsinki Declaration (as revised in 2013).
Written informed consent was obtained from the patient’s
parent or legal guardian for publication of this case report
and accompanying images. A copy of the written consent is
available for review by the editorial office of this journal.

Discussion

CSF culture is the gold standard for the diagnosis of
bacterial meningitis. However, due to the aforementioned
reasons, the efficiency of its clinical application was reduced
in the diagnosis of anaerobic meningitis. A molecular
diagnostic method, with the advantages of rapidity, high
sensitivity and specificity, can improve the efficiency of
pathogen diagnosis of central nervous system infection
and open up a new method for rapid diagnosis of bacterial
meningitis. The current molecular diagnosis methods for
pathogen detection include PCR, gene chip and next-
generation sequencing (NGS). PCR is one of the earliest
molecular diagnostic techniques. In this case, Sanger
sequencing after PCR is a universal primer PCR method for
the detection of bacteria and fungi. This is an economical
and fast detection method, but one disadvantage of this
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Table 1 Inflammatory indicators and CSF index during treatment

3121

; CSF

Date Peripheral blood  »pop (1 0/l)  ESR (mm/H)  PCT (ng/ml)

WBC (10°/1) WBC (10%L) Glucose (mmol/L) Protein (mg/L)
Admission 20.5 88 35 3.7 16,640 <1.0 2,282
5-day treatment 12.22 36 - - 6 2 621
7-day treatment 18.24 57 42 2.3 115 1.9 771
After adjustment of 13.85 3 16 - 210 1.8 832
antibiotics
Day 18 after surgery 7.33 1 - 0.25 5 2.4 451

After 5 days of treatment, peripheral blood WBC, CRP and CSF indexes of the patient were improved. The indexes were repeated on the
7th day of treatment and did not improve after adjustment of antibiotics. The indexes returned to normal 18 days after operation. CSF,

cerebrospinal fluid; WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PCT, procalcitonin.

Meropenem/MNZ

VA/CRO

36

Body temperature, °C

Post-operation

34 T T T T T T T T

T T T T
1357 9111315 1719212325
Days

272931333537 3941 434547 4951

Figure 2 Temperature during treatment. On admission the patient was diagnosed with purulent meningitis and received empirical anti-

infective therapy with VA and CRO. By day 9 after admission the pathogens were identified, the patient started to receive meropenem and

MNZ, but he still had recurrent fever and thus underwent resection of lumbosacral dermal sinus by day 30 after admission, while continuing

to receive anti-infective treatment after surgery. His temperature returned to normal by day 3 after surgery, and anti-infective treatment was

discontinued in a few weeks (total treatment time: 7 weeks). VA, vancomycin; CRO, ceftriaxone; MNZ, metronidazole.

method is that it cannot detect pathogens other than
bacteria and fungi. In recent years, the Filmarry meningitis/
encephalitis (ME) panel, a multiplex PCR detection
technology, has been widely used. It can detect multiple
pathogens in a short time (approximately 1 hour) and has
high sensitivity and specificity (14,15). It can detect 14
common pathogens, including bacteria, viruses and fungi, in
community-acquired ME. In the diagnosis of community-
acquired ME, its application value is very high. However, the
relatively high detection cost, equipment requirements and
limited detection range of targeted pathogens are deterrents
to its use. Gene-chip technology has expanded the species
of pathogens for parallel detection, with the characteristics
of high flux, high parallelism and miniaturization.
However, low sensitivity and high detection costs are its
drawbacks. Generally, the pathogen spectrum that these
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detection methods can cover is gradually expanding, but
these methods are always limited in the scope of targeted
detection and cannot achieve full coverage of the pathogen
spectrum, which will cause missed diagnoses of rare bacteria
or new pathogens. NGS technology, also known as high-
throughput sequencing, can sequence all the nucleic acids
in the sample after removing the interference of human
genome information. It overcomes the limitations of
targeted diagnostic methods and has significant advantages
in the detection of rare and unknown pathogens. With the
long-term survival of patients with immune deficiency,
immunosuppression, shunting after neurosurgical operation
or implantation of other intracranial devices, the incidence
of central infection in such special patients is increasing,
which is usually the result of multiple or rare pathogen
infection. The advantages of NGS are highlighted in this
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special type of infection (7,16). However, this method has
higher requirements for equipment, sites and personnel,
resulting in more expensive detection costs. In addition,
there is no unified standard for the definition of background
bacteria, polluting bacteria, and responsible pathogens, or
for interpretation of results. Further exploration is needed
to improve the credibility of NGS. Therefore, molecular
diagnosis technology is a powerful supplement to traditional
diagnostic methods, which greatly improves the diagnostic
process. However, in practical applications, we need to
choose the appropriate method according to the source
of infection, susceptibility factors, disease development,
and local technical proficiencies. As molecular diagnostic
techniques become part of routine testing, clinicians will
need to use them wisely in the right clinical settings.
Delayed diagnosis of the dermal sinus often leads to
serious complications such as repeated infection (including
sinus infection, meningitis, spinal cord abscess, brain
abscess, etc.), neurological impairment (such as lower
extremity motor weakness, sensory changes, reflex changes,
intestinal or bladder function changes or gait changes).
A report showed that approximately 18% of patients
developed infections, and approximately 30% of the cases
showed neurological deficit symptoms (13,17). An article
summarized the condition of 28 dermal sinus patients
over 30 years. Eight of 16 patients (50%) diagnosed
younger than 1 year had neurologic deficits; in contrast,
11 of 12 patients (92%) diagnosed older than 1 year had
neurologic deficits. With the delay of diagnoses, the cases
of neurological impairment will be increasingly serious (18).
Surgery is an important treatment for the dermal sinus and
should be performed as soon as possible after diagnosis (19)-
Timely diagnosis and treatment of the dermal sinus
play an important role in improving the prognosis and
quality of life of such patients. In this case, there was no
abnormal skin opening on the skin surface during the
physical examination. However, due to the specificity
of the patient’s condition, we did not stop exploration,
and MRI examination of the spinal cord was performed.
Finally, through MRI examination, the existence of the
sacrococcygeal dermal sinus was confirmed, and the culprit
behind the infection was revealed. The patient still had
recurrent fever after we adjusted antibiotics according to the
pathogen and finally improved and recovered after surgical
resection of the dermal sinus. Therefore, under the premise
of high suspicion, doctors need to conduct a comprehensive
examination to reveal the host factors behind the cases of
infection. In addition to antibiotic treatment, surgery is
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needed to clear the focal infection and cut off the abnormal
pathway to fundamentally solve the problem.

In conclusion, anaerobic bacterial meningitis may be
diagnosed rapidly and accurately with appropriate molecular
diagnostic techniques. Clinicians should screen for potential
predisposing factors in patients with anaerobic bacterial
meningitis. The dermal sinus may not present any obvious
abnormal structure on the skin surface, and spinal MRI
should be performed in highly suspected cases. In addition
to anti-infective treatment, patients with dermal sinus and
central infection should undergo surgery as soon as possible
to address abnormal structures and their root causes.
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