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Rapid diagnosis of bacterial meningitis by the detection
of a fatty acid marker in CSF with gas chromatography-
mass spectrometry and selected ion monitoring
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Summary. A chemical marker of bacterial méningitis was sought by comparing
derivatives of sterile cerebrospinal fluid (CSF) with cultures of organisms in spinal
fluid and artificial media. The technique of gas chromatography-mass spectrometry
with selected ion monitoring (GC-MS-SIM) was used, optimised for the analysis of
fatty acids. Twenty candidate ions were screened, and an ion of mass: charge ratio
(m/e) 268 was chosen for detection in clinical specimens. The origin of this marker is
unknown, but it is probably the molecular ion of a C16:1 fatty acid. In 135 clinical
specimens of CSF examined, the m/e 268 ion was found to be a useful marker for the
common organisms that cause bacterial meningitis, giving a sensitivity of 889, and a
specificity of 98%;. The method was more rapid and more sensitive than conventional
microscopy and culture, but CSF containing coagulase-negative staphylococci,
Mpycobacterium tuberculosis, Cryptococcus neoformans and some other uncommon
pathogens gave inconsistent results. Many organisms produced characteristic ion
profiles with multiple-ion monitoring, and this method of chemical analysis holds

promise for the rapid diagnosis of bacterial infections to genus or species level.

Introduction

Various laboratory investigations of cerebro-
spinal fluid (CSF) have been proposed for the rapid
diagnosis of bacterial meningitis. These include
assay of CSF sugars' and lactate,?”” the detection
of bacterial antigens by immunological methods,®
and the detection of endotoxin.® However, none of
these tests is entirely satisfactory. Sugar and lactate
concentrations may be altered in conditions other
than bacterial meningitis;®’ antigen detection is
more sensitive than conventional Gram’s staining
and bacterial culture, but reagents are available for
only a limited number of causative organisms; and
the detection of endotoxin, while specific and rapid,
is applicable only to infections with gram-negative
organisms.

Chemical analysis by gas-liquid chromatography
has been used for the rapid detection of bacterial
metabolic products or cell constituents in
CSF.'%"15 We have previously shown that tuber-
culostearic acid (TBSA), a characteristic compo-
nent of mycobacteria, is a specific marker of
mycobacterial infection and may be detected
rapidly and with high sensitivity in sputum'® and
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CSF!7 by the technique of gas chromatography-
mass spectrometry with selected ion monitoring
(GC-MS-SIM). In the present study, we have used
GC-MS-SIM to screen CSF for fragment ions of
other fatty acids that might be chemical markers of
meningitis caused by other bacterial species.

Materials and methods

Organisms and culture conditions

Fifty strains representing 22 species of bacteria
(including mycobacteria) and fungi were used for prelim-
inary experimental studies (table I). These were mainly
recent clinical isolates and included the common orga-
nisms of bacterial and fungal meningitis. Mycobacterium
tuberculosis was cultured on Lowenstein-Jensen medium
and incubated for 6-8 weeks at 37°C. All other organisms
were grown on chocolate blood agar, in Brain Heart
Infusion Broth, and in sterile pooled CSF with and
without supplementary glucose (0-1%;, w/v), and were
incubated in air with CO, 5% at 37°C for 18-24 h.

Standards and reagents

Standard methyl esters of fatty acids were purchased
from Sigma (St Louis, MO, USA). Sodium hydroxide
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Table I. Detection of ion m/e 268 in in-vitro cultures

Number positive/number

tested
Organisms for m/e 268

Gram-negative 16/17
Haemophilus influenzae type b 2/2
Neisseria meningitidis 1/1
Escherichia coli 2/2
Klebsiella pneumoniae /1
Enterobacter cloacae 1/1
Citrobacter freundii 1/1
Serratia liquefaciens 1/1
Salmonella spp. 2/3
Acinetobacter anitratus 1/1
Flavobacterium meningosepticum 1/1
Pseudomonas aeruginosa 2/2
Pseudomonas cepacia 1/1

Gram-positive 16/23
Streptococcus pneumoniae 2/2
Streptococcus agalactiae 2/2
Streptococcus suis 2/3
Staphylococcus aureus 4/5

Coagulase-negative staphylococci 5/10
Listeria monocytogenes 1/1
Mycobacteria 1/1
Mycobacterium tuberculosis 1/1
Fungi 2/4
Crytococcus neoformans 1/3
Candida albicans 1/1

(Sigma), methanol (BDH Chemicals, Poole), chloroform
and n-hexane (Reidel de Haan, Hannover, Germany),
boron trichloride 10% in methanol (Sigma) and hydro-
chloric acid were all of reagent grade and were used
without further purification.

Preparation of specimens for GC-M S

Cultures on solid media were transferred with a sterile
loop to 1 ml of sterile distilled water in reaction vials.
Broth and CSF cultures were centrifuged at 3000 g for 15
min, and the resultant pellets washed twice with
phosphate-buffered saline and then resuspended in 1 ml
of distilled water in reaction vials. Control samples of
uninoculated media, sterile pooled CSF with and without
glucose, human blood, concentrated human leucocytes
and serial dilutions of bacterial cells in brain-heart
infusion broth were also analysed. Samples in reaction
vials were ‘saponified with 2 ml of sodium hydroxide 5%
w/v in methanol-water (1:1, v:v), heated at 100°C for 30
min, cooled, and then acidified to pH 2-0 with2 mlof 6 N
HCIL. Fatty acids were extracted with 4 ml of chloro-
form:hexane (1:4, v:v), dried under nitrogen, and
methylated with 4 ml of boron trichloride 109 in
methanol at 100°C for 30 min. Methylated fatty acid
esters were extracted a second time with chloro-

form:hexane, and 5 ul of the resultant extracts were
injected into the gas chromatograph for analysis. Methyl-
ated samples could be stored at —20°C until injection
without chemical changes.

Gas chromatography-mass spectrometry

The GC-MS equipment was manufactured by Hewlett-
Packard, Avondale, USA, and comprised an HP 5970A
quadrupole mass selective detector coupled to an HP
5880A gas chromatograph and controlled by an HP
9825B desk-top computer. The chromatographic column
was a 25 m High Performance Capillary Column of cross-
linked methylsilicone (OV-1) with an internal diameter
of 0-2mm and film thickness of 0-33 um (Hewlett-
Packard). Helium was used as the carrier gas. The
injector port and interface temperature were set at 260°C.
The oven temperature started at 110°C with an initial
run time of 3 min, and then increased at a rate of 6°C/
min to a final temperature of 260°C which was maintained
for 10 min. The mass selective detector was operated
under a vacuum of 1:5x 1073 torr, and at an analyser
temperature of 200°C.

Initial screening of potential chemical markers in in-
vitro cultures was performed by selected monitoring of
ions at the mass:charge (m/e) ratios of 240, 242, 254, 256,
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258, 268, 270, 282, 284, 286, 294, 296, 298, 310, 312, 314,
324, 326, 340, and 354. These are the m/e values of
molecular ions of C14-C22 fatty acid methyl esters. The
ion of m/e 268 (probably the molecular ion of a C16:1
fatty acid methyl ester) was later chosen as the marker
for the diagnosis of bacterial meningitis, and m/e 242
was selected as a retention-time standard. Clinical
specimens were then analysed by monitoring these two
ions only.

Clinical specimens of CSF

We analysed 135 clinical specimens of CSF that had
been submitted to the diagnostic laboratory for micro-
biological investigation, and reviewed the patients’
clinical records retrospectively. Clinical meningitis was
judged by signs and symptoms of meningism, fever,
peripheral leucocytosis, typical CSF changes, microbiol-
ogical findings and clinical response to appropriate
therapy. Specimens were then divided into the following
seven groups (table II).

Group A (Proven bacterial meningitis): 22 purulent
specimens that yielded bacteria on culture (18 specimens)
or in which specific bacterial antigens were detected (four
specimens). The organisms detected were Haemophilus
influenzae (7), Streptococcus pneumoniae (5), Escherichia
coli (3), Salmonella spp. (2), Str. suis (2), Str. agalactiae
.(2) and Klebsiella sp. (1). In nine of the specimens in this
group no organisms were seen on microscopy.

Group B (Probable meningitis): two specimens with no
detectable bacteria from patients who were nevertheless
judged to have had bacterial meningitis on the basis of
their CSF changes, clinical symptoms and response to
therapy.

Group C (Cryptococcal meningitis): five specimens
that yielded Cryptococcus neoformans; yeasts were seen in
India-ink preparations of two of these.

Group D (Tuberculous meningitis): five microscopy-
negative specimens that contained TBSA but failed to
yield mycobacteria. They were obtained from patients
with typical clinical pictures of tuberculous meningitis.

Group E (Abacterial meningitis): 28 sterile specimens
of CSF with abnormally raised white cell counts but no
organisms seen on microscopy. The patients were judged
not to have bacterial meningitis. The majority of these
specimens had a lymphocytic cellular reaction with
normal CSF glucose concentrations. However, two
specimens showed a polymorph leucocytosis and CSF
glucose depletion—these were from a single patient with
rickettsial meningitis.'®

Group F (Control sterile CSF): 62 specimens in which
there was no elevation of white cell count and no
organisms; they were obtained from patients without
meningitis.

Group G (Contaminated CSF): 11 specimens contain-
ing few white cells, that showed scanty gram-positive
organisms on microscopy or yielded coagulase-negative
staphylococci on culture. These were from patients who

were judged retrospectively not to have had bacterial

meningitis.

Each CSF specimen was subjected to microscopy,
culture and biochemical analysis by standard procedures.
In appropriate specimens the antigens of H. influenzae,
Str. pneumoniae and Neisseria meningitidis were sought by
commercial antigen-detection kits (Wellcogen, Wellcome
Diagnostics; Slidex, Biomerieux, Phadebact, Pharmacia
Diagnostics).

The remaining material (10 ul-0-5 ml) was stored at
—20°C before GC-MS analysis.

Results

Derivatised pure bacterial cultures in artificial
media and sterile CSF were analysed by GC-MS-
SIM for the molecular ions of methyl esters of
common bacterial fatty acids. Analysis of these
preliminary results suggested that an ion of m/e 268
with a retention time of 22-60+0-2 min was a
marker for the presence of bacteria and yeasts. This
ion, which is probably the molecular ion of a C16: 1
fatty acid methyl ester, was consistently detected in
extracts of all organism cultures except for those
of Cryptococcus neoformans, coagulase-negative
staphylococci, Staphylococcus aureus, Str. suis and
Salmonella spp., which gave variable results (table
I). The detection limit for this marker was approx-
imately five bacterial cells when determined by the
viable plate count method. The ion was not detected
in extracts of sterile CSF, culture media or human
leucocytes (figure), and was, therefore, selected as
a potential chemical marker for bacterial meningi-
tis. Ions of m/e 242 (probably fragments of long
chain fatty acids, including the molecular ion of a
C14 fatty acid methyl ester), were detected in all
specimens of CSF. These eluted with relative
retention times of 19-4 and 23-2 min, and were used
as internal controls for retention times (figure.)

Ton m/e 268 was detected in CSF from 21 of 22
patients with proven bacterial meningitis (includ-
ing the four that were culture-negative but antigen-
positive), but was not detected in the two specimens
in Group B designated probable bacterial menin-
gitis. The ion was detected in only one of 62 sterile
control CSF specimens and in only one (from a
patient with herpes encephalitis) of 28 specimens
from abacterial meningitis (table IT). The sensitivity
of the method was thus 21 out of 24 (87-5%,) and the
specificity 88 out of 90 (97-8%,).

The ion was found in three out of five specimens
from patients with cryptococcal meningitis and in
three out of five specimens from patients with
tuberculous meningitis (table II). It was also
detected in three of 11 contaminated specimens of
CSF that yielded coagulase-negative staphylococci
(table II).
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Figure. GC-MS-SIM of derivatised extracts of CSF. (A), sterile
control CSF showing absence of ion m/e 268; (B), an in-vitro
culture of H. influenzae in pooled sterile CSF, showing a large
peak of ion m/e 268 eluting at a relative retention time of 22-6
min; (C), a clinical specimen of CSF infected with H. influenzae,
showing a similar peak for ion m/e 268; (D), control sterile CSF
monitored for ions of m/e 242 which are used as retention time
controls.

Discussion

The use of gas chromatography for the detection
of chemical markers of infection has been investi-
gated by several workers. Amundson et al.! ana-
lysed carbohydrates in CSF and found that
specimens from patients with meningitis had
altered concentrations of various sugars, but they
examined few clinical specimens. Some workers
have found a raised CSF lactic acid concentration
to be strongly associated with bacterial meningi-
tis,?~> but others believe this marker to be unrelia-
ble.®” Others have pursued a different strategy:
organisms were grown in artificial culture, charac-
teristic bacterial products were defined, and these
products identified in clinical specimens of various
body fluids. Mitruka and co-workers!®2° demon-
strated characteristic chromatographic patterns
from different bacterial cultures and from sera of
infected patients, but did not identify the compo-
nent compounds. Brooks and colleagues!®~!? iden-
tified chromatographic ‘fingerprints’ as well as
specific bacterial products in several types of clinical
specimen, including CSF. LaForce and
colleagues'*!> examined fatty acid and carbohy-
drate profiles of the common bacterial agents of
meningitis and found these to be useful for the
diagnosis of meningitis in children and experimen-
tal infections in dogs. However, most of these
techniques have been applied to only a small
number of clinical specimens, and none has become
established for routine use.

Another technique for the detection of trace
amounts of specific bacterial compounds is gas
chromatography-mass spectrometry combined
with selected ion monitoring. General markers of
bacterialinfection such as f-hydroxymyristic acid?!
and muramic acid’? have been identified by this
method, as well as more specific ones such as
tuberculostearic acid, the presence of which is
indicative of mycobacterial infection!®!” and D-
arabinitol, associated with invasive candidi-
asis. 2324

In the present study we used GC-MS-SIM to
identify potential chemical markers of bacterial
meningitis. The chemical composition of methyl-
ated derivatives of sterile CSF and in-vitro cultures
of various bacteria and yeasts were compared.
Specimens were analysed by GC-MS with simulta-
neous monitoring of 20 selected ions associated
with common bacterial fatty acids. There were
numerous differences between the ion patterns of
sterile and artificially infected CSF. It is possible
that with sufficient numbers of specimens and the
use of multivariate statistical techniques, multiple
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Table II. Detection of ion m/e 268 in CSF of patients with meningitis and controls

Microscopy Culture Ion m/e 268
Number

CSF specimen group tested + - + - + -
A Proven bacterial meningitis 22 13 9 18 4* 21 1
B: Probable bacterial meningitis 2 0 2 0 2 0 2
C: Cryptococcal meningitis 5 2 3 5 0 3 2
D: Tuberculous meningitis 5 0 5 1 4 3 2
E: Abacterial meningitis 28 0 28 0 28 1t 27
F: Control sterile CSF 62 0 62 0 62 1 61
G: Contaminated CSF 11 6 5 7 4 3 8

* Culture-negative but antigen-positive by latex agglutination.

1 Herpes encephalitis.

ion groups could be selected as markers of specific
bacterial species. However, in this preliminary
study, a single ion was chosen for differentiation of
infected and non-infected specimens by visual
inspection.

Ion m/e 268, with a relative retention time of
22-6 +0-2 min was chosen as the marker of bacterial
meningitis. This ion was probably a methyl ester of
a C16:1 fatty acid, but its exact identity was not
determined. Ion m/e 268 was detected in the CSF
of 21 out of 22 cases of proven bacterial meningitis.
Salmonella group B was isolated from the single
negative specimen, and this correlated with the
finding that pure cultures of Sa/monella spp. did not
always produce this marker. Three culture-negative
specimens of CSF from patients with clinical
meningitis produced ion m/e 268, and these were
later shown by latex agglutination to be positive for
H. influenzae type b (2 cases) and Str. agalactiae
antigens. Thus, the detection of ion m/e 268 was a
more sensitive method for the diagnosis of bacterial
meningitis than conventional microscopy and cul-
ture. However, the ion was not detected in two
microscopy-, culture- and antigen-negative speci-
mens from patients thought clinically to have had
bacterial meningitis. These two specimens must
presumably have contained very little bacterial
material which could not be detected by any of the
methods employed. The sensitivity of this marker
for the detection of bacterial meningitis was thus
88%. Ion m/e 268 was detected in only one of 62
control specimens of sterile CSF from patients
without clinical meningitis, and in one of 28
specimens from patients with abacterial meningitis.
These figures give a specificity of 987,.

Ion mj/e 268 was detected inconsistently in
extracts of pure cultures of coagulase-negative

staphylococci, cryptococci and mycobacteria, and
it was also found to be unreliable as a marker of
these organisms in clinical specimens. Contami-
nated CSF from eleven patients without clinical
evidence of meningitis yielded coagulase-negative
staphylococci, and ion m/e 268 was detected in
three of these. Ion m/e 268 is thus unhelpful in the
differentiation between meningitis and contami-
nation with coagulase-negative staphylococci. The
ion was found in only three out of five smear-
negative, culture-negative cases of tuberculous
meningitis diagnosed by the detection of TBSA,
and in three out of five culture-positive specimens
from cases of cryptococcal meningitis. Although
we did not test in-vitro cultures of rickettsia, two
CSF specimens from a patient with presumptive
rickettsial meningitis also gave negative results for
ion m/e 268.

The detection of chemical fragment ions in CSF
is thus a potentially useful tool for the rapid
diagnosis of bacterial meningitis. The detection of
ion m/e 268 is more sensitive than conventional
microscopy and gives a result within 2 h, With the
limited number of clinical specimens we were able
to test, this ion appears to be a good marker for
many of the common pathogens of bacterial
meningitis (although we tested no CSF from cases
of meningococcal meningitis), but gives variable
results for infection with mycobacteria, crypto-
cocci, staphylococci and salmonellae. The sensitiv-
ity and specificity of this method could probably be
improved by the simultaneous analysis of additional
ions.

This study demonstrates that the screening of
body fluids for fragment ions of bacterial compo-
nents can be used to search for chemical markers
of infection. The ion patterns of individual orga-
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nisms can be reproduced in infected clinical
specimens, and this methodology has potential for
rapid bacterial diagnosis to the genus or species
level. However, it isunlikely that mass spectrometry
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