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Anaerobic bacteria are often difficult to detect, especially after the initiation of antibiotics. We describe the application
of PCR-electrospray ionization mass spectrometry (PCR/ESI-MS) using a sample of cerebrospinal fluid to identify an an-
aerobic Gram-negative bacillus, Fusobacterium nucleatum, in a patient with “culture-negative” meningitis and cerebral
abscesses.

CASE REPORT

A33-year-old healthy man presented with a 1-month history of
fevers, cough, and headaches. On examination, he appeared

ill and was tachycardic and febrile, with a maximum temperature
of 38.3°C. He demonstrated poor dentition, and rales were appre-
ciated on auscultation of the right middle and lower lung fields.
Neurological examination was unremarkable. Chest X ray re-
vealed a right middle lobe cavitary lesion, and magnetic resonance
imaging (MRI) of the brain showed multiple abscesses (Fig. 1).
Blood cultures drawn on admission remained sterile, and sero-
logic testing for human immunodeficiency virus (HIV) was neg-
ative.

A lumbar puncture (LP) yielded cerebrospinal fluid (CSF)
consistent with a bacterial infection: neutrophilic pleocytosis
(white blood cell [WBC] count of 2,827 cells/mm3:77% neutro-
phils, 20% lymphocytes, 3% monocytes), glucose level of �10
mg/dl, and total protein level of 198 mg/dl. Gram stain revealed
3� granulocytes, and no organisms were seen. Acute inflamma-
tion was noted on the pathology slides of the CSF. CSF culture was
negative. Bacterial, fungal, and mycobacterial cultures of a trans-
bronchial biopsy specimen of the pulmonary abscess were nega-
tive, as were all direct smears and cultures, including anaerobic
culture from stereotactic aspiration of one of the brain lesions
performed on day 5 of hospitalization. The interval time from
collection of abscess material to the lab was 2 h, and samples were
submitted to the lab in appropriate anaerobic containers. Histo-
pathology of the abscess revealed acute inflammation with lique-
factive necrosis, consistent with abscess.

Before LP and abscess evacuation, this patient was pre-
scribed broad-spectrum antimicrobials, including vancomycin
and meropenem on day 1 of hospitalization. Trimethoprim-sul-
famethoxazole was added on day 13 for presumptive Nocardia
infection. Fever resolved, but on day 17 the patient developed
left-sided weakness, and repeat MRI showed enlargement and co-
alescence of cerebral abscesses, ultimately requiring urgent hemi-
craniectomy and decompression on days 18 and 19.

Tissue and CSF specimens collected from evacuation of
the abscess on day 18 were submitted for culture, including
anaerobic cultures, which were negative. PCR followed by elec-
trospray ionization mass spectrometry (PCR/ESI-MS) was per-
formed on CSF. The primers used in the sterile fluid bacteria
and Candida assay (BAC detection assay) consisted of three ribo-
somal primers, P 348, P 361, and P 349, all targeting bacterial 16S
rRNA genes as per the PCR/ESI-MS protocol previously de-
scribed (1).

In addition, formalin-fixed paraffin-embedded tissue spec-
imens from the brain biopsy and brain abscess were also sub-
mitted to the Infectious Diseases Pathology Branch (IDPB),
Centers for Disease Control and Prevention, for histopatholog-
ical, molecular, and immunohistochemical evaluation. Paraf-
fin-embedded tissues were deparaffinized and digested with
proteinase K, and DNA was extracted by using the QIAamp
UCP pathogen minikit (Qiagen). Paneubacterial PCR and se-
quencing analysis were performed targeting 16S rRNA genes
(2). The investigational immunohistochemical assay used an
in-house polyclonal rabbit antibody against Fusobacterium
necrophorum known to cross-react with a wide variety of other
bacteria.

PCR/ESI-MS detected Fusobacterium nucleatum in CSF. This
was confirmed by an independent analysis of brain tissue and
brain abscess wall biopsy specimens by using eubacterial 16S
rRNA gene sequencing, which detected a 382-bp fragment of
DNA with 100% homology to F. nucleatum. In addition, immu-
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nohistochemical staining using an investigational Fusobacterium
species assay showed granular staining associated with inflamma-
tory infiltrates. Lillie-Twort Gram and Warthin-Starry silver
stains performed on the tissue were nondiagnostic for bacteria
(Fig. 2). Hematoxylin and eosin-stained sections of the brain ab-
scess wall biopsy specimen demonstrated areas of neutrophilic
infiltrates, necrotic debris, granulation tissue, and fibrosis. Gram
stain, Grocott’s methenamine silver stain, acid-fast bacillus smear,
and Fite stains were reviewed and were negative. Retrospective
analysis of the bronchial biopsy specimen by PCR and sequencing
detected the presence of F. nucleatum DNA.

The antimicrobial regimen was then narrowed on day 56 to mero-
penem only, and the patient ultimately completed a 4-month
course of intravenous meropenem followed by a 9-month course
of oral metronidazole, after which all antibiotics were discontin-
ued. Improvement in neurological deficits was noted on fol-
low-up outpatient physical exam, and repeat brain MRI at the
completion of intravenous antimicrobial treatment was notable
for decrease in size and number of nodules. Associated diffusion

restriction to suggest residual abscess at 12-month follow-up was
not found (Fig. 3).

F. nucleatum is a fastidious, strictly anaerobic, non-spore-
forming Gram-negative bacillus. It is a rare isolate in routine lab-
oratory practice. Nevertheless, F. nucleatum is associated with im-
portant infectious disease syndromes. The true spectrum of
disease is felt to be underappreciated by clinicians due to inability
to identify Fusobacterium by traditional culture techniques (3).

PCR/ESI-MS is a novel diagnostic technique that has been used
to identify environmental and human pathogens using selected
gene targets amplified by PCR and detected by ESI-MS (4–6).
PCR/ESI-MS is most promising when cultures are negative (7),
particularly in the setting of suspected anaerobic infection and
when cultures are obtained following the initiation of antimicro-
bial treatment. In a prospective comparison of conventional mi-
crobiological testing and PCR/ESI-MS, 72% of cultures obtained

FIG 1 Magnetic resonance imaging of brain with contrast showing multiple rim-enhancing foci in the bilateral cerebral hemispheres, right greater than
left.

FIG 2 (A) Brain biopsy specimen showing cerebral abscess with necrosis and neutrophilic infiltrates (asterisk) (hematoxylin and eosin stain). (B) Granular
antigens are seen within infiltrates by Fusobacterium immunohistochemistry (arrowheads) (immunoalkaline phosphatase-fast red chromogen).
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following initiation of antimicrobial treatment were nondiagnos-
tic (8). PCR/ESI-MS detected pathogenic bacteria in 60% of the
cases in which cultures were nondiagnostic.

Our case illustrates the ability of molecular techniques such as
eubacterial 16S rRNA gene sequencing and PCR/ESI-MS to iden-
tify difficult-to-detect pathogens such as F. nucleatum. The appli-
cation of nucleic acid-based detection methods with greatly in-
creased sensitivity compared to that of culture can have an
important impact on directing antimicrobial therapy and limiting
antimicrobial resistance.
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FIG 3 MRI after completion of 12 months of antimicrobial therapy. Right temporal surgical defect with surrounding gliosis involving the right temporal and,
to a lesser extent, parietal and occipital lobes. Scattered small nodular foci of enhancement in these regions are stable to minimally smaller in size. No new
enhancing lesions were identified.
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