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eurologische und/oder psychiatrische Symptome
konnen im Rahmen eines bestehenden systemi-
schen Lupus erythematodes (LE) oder gelegentlich

- auch als initiale Manifestation isoliert vorkommen.

Angesichts der massiven Schwierigkeiten bei der klini-
schen Diagnosestellung [1, 2] ist ein Labortest zum
Nachvweis eines neuropsychiatrischen Lupus (NP-LE)
iiuBerst willkommen. Da man neuropathologisch - im
Gegensatz zu Niere und Haut - keine Vasculitis und
keine durch Komplementbindung geschidigte Zellen
nachweisen konnte. gewann die Vorstellung, da3 anti-
neuronale Antikorper fiir die im allgemeinen reversi-
blen, diffusen Symptome des NP-LE verantwortlich
sein konnten, zunehmend an Beliebtheit. Lokale De-
fekte in der Blut-Hirn-Schranke infolge von Mikroin-
farkien, Himorrhagien und Vasculopathien, sowie ei-
ne erhohte Permeabilitdt des Plexus choroideus nach
Ablagerung von Immunkomplexen wiirden einen ver-
mehrten Ubertritt von antineuronalen Antikérpern
aus dem Blut ins ZNS begiinstigen, ganz abgesehen
von einer moglichen intrathekalen Produktion solcher
Antikorper. Leider steht bis heute, trotz jahrzehnte-
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langer Forschung, kein zuverléssiger, allgemein repro-
duzierbarer Labortest fiir-die Diagnose eines NP-Lu-
pus zur Verfiigung [3]. Weder die mit neuronalen
Komponenten kreuzreagierenden lymphozytéren An-
tikorper, noch die diversen Modifikationen zum Nach-
weis antineuronaler /Antikorper erlauben eine eindeu-
tige Identifikation eines NP-LE [4].

Uberraschenderweise wurde vor kurzem iiber Anti-
korper gegen ein 50 kD Protein aus Synaptosomen be-
richtet, die bei 19/20 Patienten mit NP-Lupus, aber
nur bei 8/23 mit LE ohne neurologische Symptomatlk
nachgewiesen wurden [5] In Ubereinstimmung mit
den Autoren fanden wir solche Antikorper ebenfalls
fast ausschlieBlich bei LE-Patienten, die Sensitivitit
war jedoch mit 37% viel geringer, und zwischen LE
mit und ohne neurologische Beteiligung ergab sich
kein signifikanter Unterschied. GroBe Erwartungen
wurden zunéchst in die Bestimmung von Antikérpern
gegen ribosomales P Protein gesetzt, die fiir Psycho-
sen bei NP-LE spezifisch sein und sogar mit dem zeit-
lichen Verlauf korrelieren sollten [6]. Obwohl zwei
weitere Arbeitsgruppen diese Ergebnisse partiell be-
stitigen’konnten, fanden vier andere Untersucher kei-
nen Zusammenhang [7].

Ahnlich kontrovers wird der Wert der Liquordia-
gnostik eingeschitzt. Futrell et al. [2] und Bruyn [4]
halten eine Lumbalpunktion lediglich zur Feststellung
einer Infektion fiir notwendig, wobei sie zu Recht dar-
auf aufmerksam machen, daB eine Pleozytose bei die-
sen. hdufig immunsupprimierten Patienten dennoch
fehlen kann. Andere Arbeiten [1,8,9,10] dagegen mes-
sen der Liquoruntersuchung groBe differentialdiagno-
stische Bedeutung bei. Aus der Tabelle 1 wird ersicht-
lich, da alle 12 Autoren dhnliche Hiufigkeiten (17-

-44%) fiir eine Storung der Blut-Liquor-Schranke. aus-

gedriickt als Albumin CSF/Serum Quotienten finden.
Dagegen schwankt das Vorkommen einer quantitativ
erhéhten intrathekalen IgG-Synthese von 17-75% und
die Hiufigkeit von mittels Isoelcktrofokussierung
nachgewiesenen oligoklonalen Banden von 25-82%.
Obwohl unterschiedliche Grenzwerte benutzt wurden
und nicht in allen Untersuchungen ein Vergleich zwi-
schen NP-LE und LE ohne neuropsychiatrische Mani-
festation vorgenommen wurde, liBt sich insgesamt
doch der Schluf3 ziehen, daB eine Schrankenstérung
und/oder eine lokale IgG-Produktion als Hinweis fiir
eine ZNS-Beteiligung gewertet werden kénnen.
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Wenn auch cin positiver IgM-Index hohere Haufig-
kciten als der 1gG-Index beim LP-Lupus aufzuweisen
scheint, ist gegeniiber diesem Parameter doch heson-
dere Vorsicht angebracht. In den cigenen Untersu-
chungen crwicsen sich von sicben pathologischen
1gM-Indices bei der Berechnung mit der hyperboli-
schen Formel, die eine bessere Korrektur bei Schran-
kenstorungen gewiihrleistet, nur zwei als ccht. Uber-
dics wird cine IgM-Erhéhung schon durch geringste
Mengen an Blut vorgetduscht. Die von drei- Autoren
und von uns selbst gemachte Beobachtung, da3 beim
LE immer wieder cine quantitative Erhohung der IgG
Synthese trotz fehlender oligoklonaler Banden festge-
stellt wird, konnte als Indiz fiir eine intracerebrale Ex-
sudation von Serum gewecrtet werden. Neuropatholo-
gisch konnten Mikroinfarkte bei 35-71% und Hamorr-
hagien bei 21-42% der LE Paticnten nachgewiesen
werden [11].

Bei der Heterogenitit sowohl der klinischen Sypto-

matik als auch der pathogenetischen Ursachen er-
scheint die Forderung nach einem universellen Mar-
ker fiir den NP-LE wenig realistisch. Die diagnosti-
schen und therapeutischen Probleme - Antikoagulati-
on, Immunsuppression, Corticosteroide [4] - bei der
Beteiligung des Nervensystems beim LE, erfordern ei-
ne am Einzelfall oricntierte Kombination klinischer
Expertisc mit den Ergebnissen der Kernspintomogra-
phie und einer Batteric labordiagnostischer Metho-
den. Eine bessere Zuordnung zu den diversen Labor-
meBgroBen wire wahrscheinlich zu erreichen, wenn
klinischerseits der komplexe Begriff NP-Lupus, der
ein ganzes Spektrum sehr unterschiedlicher Manife-
stationen mit ebenfalls sehr unterschiedlichen patho-
genetischen Prinzipien -’ Vasculopathien, mit Anti-
Phospholipid Antikérpern assoziierte Thrombosen,
gegen Neuronen reaktive Antikdrper, und durch Zy-
tokine gesteigerte Autoimmunitit - umfaflt, zugunsten
homogenerer Gruppen aufgegeben wiirde.

Tabelle 1 Literaturiibersicht iber Liquorverdnderungen beim Lupus Erythematosus
Autoren N  Pleozytose Blut/CSF Schranke  1gG Synthese IgM Synthese CSF Oligoklonale Banden
Zvaifler und Bluestein [12] Qap? > 7,4 IgG/AIb > 26% Methode nicht angegeben
NP- 8 2 (25%) 6 (75%) 0/6 (0%)
LE 6 1(17%) 0(0%)
Seibold et al. [13] Qap>85 IgG Index b > 0,58 Immunkomplexe in der
Agarose-Elektrophorese
NP-LE 34 1/20 (5%) 10/20 (50%) 33 (97%)
LE 12 0/7 (0%) 0/7 (0%) 1(8%)
Winfield et al. [14] Qap>9,0 1gG Index > 0,60 Polyacrylamid-IEF, CBB
schwerer NP-LE 6 5(83%)
} (26%) }5/19 (26%) }9/19 (42%)

leichter NP-LE 13 0 (0%) :
Hirohata et al. [15] Qap>9,0 IgG Index > 0,76  IgM Index > 0,20

- 13. 4 (31%) 9(70%) 13 (100%)
LE 7 0(0%) 0(0%) 0(0%)
Emerudh et al. [16] > 5 Zellen/pl Qap> 7,4 IgG Index >0,70  IgM Index > 0,06  Agarose-IEF, Blot

- . 11 3(27%) 7(27%) 6 (55%) 7/9 (78%) 9(82%)
LE 7 0(0%) 1(14%) 0 (0%) 2 (29%) 0(0%)
Golombek et al. [17] Qap>9,0 1gG Index > 0,60

-| 19 5(26% 477 (57%)
LE 12 2(17%, 3/4 (75%)
Kelly und Denburg [18] Qup>7,4 IgG Index > 0,70 Methode nicht angegeben
NP-LE 35 11(31%) 6 (17%) , 6/28 (21%)
Jongen et al. [19] Qap>7,0 IgG Index >0,56  IgM iIndex > 0,06

-| 12 2(17%) 2(17%) 8(67%)
Graef et al. [20) > 4 Zellen/pl Qap>7,4 19GLoc > 0 mg/l Polycrylamid-IEF, CBB
NP-LE 9 2/7(29%) 4 (44%) 3(33%) v 3(33%)
Lean etal. [21] Qap>7,0 Agarose-IEF, Blot
NP-LE 20 6 (30%) 5 (25%)
West et al. [21] Qap>9,0 IgG Index > 0,60 Agarose-Elektrophorese
NP-LE 50 9(18%) 16 (32%) " 35 (70%) 26 (52%)
LE 13 2(15%) 4(31%) 0(0%) 1(8%)
Eigene Ergebnisse <4 Zellen/pl Qap>74 IgGindex>7,0  IgMindex > 0,100 Polyacrylamid-IEF, Silber
NP-LE 21 2(10%) 4(19%) 4(19%) 5 (24%) 7 (33%)
LE 14 1(7%) 0(0%) 0(0%) 2 (14%) 3(21%)
aQay, = Albumingsg * 1000/Albumingerym
blgG Index = (I9Gcsr/Ig9Gserum)” (Albumingenm/Albuminesg) .
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he time required to obtain a positive culturing re-

sult from the cerebrospinal fluid (CSF) in patients
with a bacterial meningitis or meningoencephalitis
lasts at least an 8-20 h incubation period in culture me-
dium followed by biochemical and immunological
tests to identify the bacteria. In cases of infections with
slowly growing organisms or with low bacterial counts
this time period might even be longer. Latex aggluti-
nation tests have a low sensitivity and demonstrate re-
liable results only for samples with over 10° CFU per
ml [1].

However, because of the high mortality rate being
associated with untreated bacterial meningitis or
meningoencephalitis, antibiotic therapy is mostly pre-
scribed empirically. This procedure promotes the un-
selected usage of antibiotics and supports the increa-
sing risk of the development of resistant pathogens.

Assays based on the polymerase chain reaction
(PCR) technology have the potential for greater sensi-
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tivity and higher rapidity. Although PCR has been ap-
plied for numerous pathogens there are some bacteria
being a relevant cause of meningitis for which there is
no valide PCR assay published. In addition, it is rather
laborious and inefficient to pipette twenty or more dif-
ferent PCR assays to the diagnose of one potential
bacterial infection. In the case that the PCR reaction is
negative the investigator will be always uncertain
whether there is really no bacterial nucleic acid pre-
sent in the sample or whether it is a pathogen for what
he has no assays established in the laboratory. The use
of universal PCR primers targeting highly conserved
regions in a broad range of different bacteria might
solve these problems [2].

Molecular analysis of ribosomal DNA sequences
has proved extremely valuable for taxonomy, via se-
quence comparison, for epidemiologic investigation of
microorganism, via conventional ribotyping [3] and
for diagnostic procedures. Species-specific sequence
variants can be detected in PCR-amplified fragments
of the 16S-23S [4, 5].or the 23S-5S rRNA [6] intergenic
spacer region. As an example we have previously de-
scribed the usage of the 23S-5S-spacer region for the
simple molecular differentiation of members of the
Legionellae family [7], a method that uses conserved
PCR primers located within the 23S and 5S ribosomal
DNA genes to differentiate strains of bacteria on the
basis of sequence variations in the intergenic spacer
region of the ribosomal RNA operon. Greisen and
colleagues [8] has published a similar approach for the
detection of bacteria in the CSF by using the 16 rRNA
gene for the differentiation of bacterial species. How-
ever the authors have the problem to detect single
strains from one species or even some bacterial species
because the 16S gene exhibits only some heterogenous
loci which are difficult for being usable in one assay
format.

Here we describe the PCR procedure for the identi-
fication of a number of pathogens being responsible
for bacterial meningitis or meningoencephalitis using
the 23S-5S intergenic spacer region in a universal con-
sensus PCR. '

."As an example for the sequencing results as well as

©1996 Blackwell Wissenschafts-Verlag, Berlin
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1 Figure 1 Demonstration of the sequencing data of the plus-strand of the E. coli (ATCC 20922) intergenic 23S-5S spacer fragment using

the ALF-Pharmacia sequencing machine. The four different coloured peaks represent the four different nucleotides (A, C, G, T). The de-
! tailed experimental procedures regarding the isolation of bacterial DNA, the amplification of the 23S-5S-spacer region as well as the se-
: quencing experiments were described elsewhere from our group [6, 9]. The 23S and 5S primers were designed on the basis of a con-
¢ sensus of all available 23S and 5S sequences published in EMBL (primer 79L and 82R). The 23S primer was supplied with a M13 se-
i quence at its 5 terminal, the 5S primer with a rM13 sequence; this allows the use of M13 and rM13 universal sequencing primers [11].
* DNA sequencing was performed as previously described [11]. For each isolate the (+) and the (-) strand were analyzed separately to en-
sure accuracy.
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Figure 2 Sequence alignment of the 3’ terminus of 23S rDNA, 23S-5S spacer region, and the 5’ portion of 5S rDNA sequences of nine
different bacterial species. The DNA extraction from Escherichia coli (colicomp, ATCC 20922), Staphylococcus aureus (staphcom, ATCC
33589), B-hemolysing Streptococcus (strepcom, ATCC 33400), Listeria monocytogenes (listcom, ATCC 15313), Neisseria meningitidis (neis-
meco, ATCC 13077), Legionclla pneumoniae (legrcom, ATCC 33152), Proteus mirabilis (pro2rcom, ATCC 29906), Streptococcus mitis
(scmir com, ATCC 33399), Huemophilus influenzae (hif2rcom, ATCC 33391) was done according a standard phenol chloroform extrac-
tion method [10]. A 50 uL amplification reaction was set up for each DNA sample to be analyzed. DNA was added to the amplification re-
action containing PCR buffer with 1,5mmol/I MgCly, 200 umol/l dNTPs, 0.2 umol/l of each primer and 1 U Taq polymerase (AmpliTAQ,
Perkin Elmer Cetus, USA). An initial denaturation of 5 min at 95 °C, 35 cycles (95 °C, 40s; 50 °C, 60s; 72 °C, 60s), and a final elongation
step of 5 min at 72 °C were performed. All mismatches in the alignment are boxed. The statistical analysis of the sequences was done by -
the modified Maximum-Likelihood method. : o
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sequence of the intergenic spacer region flanked by
the 23S gene (on the left) and the 5S gene (on the
right).

We demonstrate the 23S-5S intergenic sequence of
nine different bacteria that are often the causes of
meningitis or meningoencephalitis (fig. 2). All speci-
mens could be amplified using the same conditions
and primers. The resulting sequence consists of three
domains: the conserved 3’ region of the 23S rDNA
(position 1 to 130), the complete 23S-5S spacer region
(position 131 to 250), and the conserved 5’ region of
the 5S rDNA (fig. 2). In almost all cases an unambi-
guous sequence could be obtained; ambiguities were
noted at certain positions for some species. In some
cases the ambiguity might be due to microhetero-
geneity among the several copies of the TRNA operon,
as signals for two bases were consistently observed at a
few given positions in multiple sequencing experi-
ments.

The length of the sequences varied from 269bp to
322bp. As expected, sequences in the 23S and 35S re-
gions were rather conserved among bacteria which are
closely related in a phylogenetic manner (e.g. Strepto-
coccus pneumoniae and Streptococcus mitis). Between
different species, like Listeria monocytogenes and Pro-
teus mirabilis, the 23S-5S spacer region demonstrated
highly variable sequences, and was responsible for the
observed length variation of the PCR amplicons.

The analyzed sequence data now allow to create
specific probes for reverse dot-blotting the amplifica-
. tion product with the aim of detecting specifically the

different bacteria. We are able to design a probe to the
5S region detecting all Gram negative and Gram posi-
tive bacteria which could be used as a screening sys-
tem. Species-specific probes were designed to hybridi-
ze to a portion of the 23S-5S spacer region which is
unique to this species. This method allows the use of
just one amplicon (what means only one PCR assay)
to detect a broad spectrum of different bacteria within
the CSF.

The 23S-5S reverse-dot blot method presented here
may possess advantages compared with 16S-23S sy-
stems. The 23S-5S spacer region is smaller than the
16S-23S spacer; therefore, a PCR amplification system
spanning the complete 23S-5S-spacer region is expec-
ted to be more sensitive than the 16S-23S-region since
the amplification efficiency of smaller fragments tends
to be higher than that of larger PCR products. In addi-
tion, the use of an amplicon containing both the 23S-

5S spacer region and a portion of the 5S rRNA coding
sequence allows simultaneous genus- and species-
specific detection.

In summary, the intergenic ribosomal sequences de-
scribed allow the identification of the most frequent

.causes of bacterial meningitis and can form the basis

of a more rapid and sensitive means of detecting bac-
teria in CSF. The use of a panel of different probes de-
signed with the sequences of the spacer region is suit-
ed to a detection format in which the probes are im-
mobilized on a solid phase (e.g. ELISA, membranes)
[7]. This format enables the use of a single CSF sample
to obtain multiple probe hybridization results.
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he presence of oligoclonal immunoglobulin G

(IgG) bands restricted to the cerebrospinal fluid
(CSF) is the hallmark of the intrathecal humoral im-
mune response observed in a very high proportion
(95%) of patients with Multiple Sclerosis [1], but also
in chronic infections of the central nervous system
(CNS) [2]. The determination of the antibody activity
of these 1gG bands is clinically relevant, especially
from a diagnostic point of view. The antigen-mediated
capillary blot technique, first described by Dorries et
al [3], is a powerful tool for characterizing the antibo-
dy specificity of these bands and has now supplanted
the imprint electro-immunofixation method [4].

This blot technique allows the unambiguous detec-
tion of an intrathecal synthesis of specific antibodies
in various infections of the CNS by using a minimal
amount (10 ul) of CSF samples. The simultaneous
analysis of the corresponding serum makes possible
the discrimination between a local synthesis and a pas-
sive transfer of specific antibodies across the blood-
CSF barrier. A passive transfer accounts for a ,,mirror
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pattern“. A direct comparison between the total IgG
pattern and the specific IgG antibodies is also made
possible by this technique. Specific oligoclonal anti-
bodies may be present in the absence of detectable
oligoclonal IgG bands. This technique is therefore a
diagnostic tool in demonstrating the CNS involvement
by various infectious agents.

These oligoclonal antibodies (mainly IgG. more
rarely IgA) are indeed observed in various chronic
infections of the CNS: neurobrucellosis, neuroborrel-
iosis, tuberculous meningitis, herpetic meningitis
and/or encephalitis, varicella zoster meningitis or
meningoradiculitis, in utero cytomegalovirus infec-
tion, neuro-AIDS, HTLV-1 associated myelopathy
(table 1).

However, this technique also has some limitations:

—results are obtained by the visual inspection (eve
reading) of the immunoblots, and only semi-quanti-
tative data may be obtained by scanning densitome-
try;

- complex antigenic mixtures were used in most cases
and only antibodies directed against the most abun-
dant antigenic determinants are likely detected;

—the occurrence of crossed-reactions must be taken
into account, for example between Herpes simplex
and varicella zoster viruses, between Borrelia and
Treponema;

— the occurrence of polyspecific B-cell activation and
hence, the production of antibodies to unrelated an-
tigens must be recognized. This polyspecific reaction
is frequent in Multiple Sclerosis: 70% of these pati-
ents display oligoclonal anti-measles IgG antibodies
in their CSF, 60% anti-rubella antibodies, 40% anti-
varicella zoster antibodies and 30% anti-mumps
antibodies [9].

In the future, purified inmunodominant antigen(s)
for the coating of the blot (for example, recombinant
antigens) should be used as often as possible. A corre-
lation between the affinity blot technique and the
calculation of an antibody specific index (ASI) should
be done for each antigen studied. The search for auto-

antibodies against CNS antigens could be also perfor- " |
. med by means of this technique.
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Table 1 The antigen-mediated capillary blot technique as a tool for the detection of CSF-specific oliqoclonal antibodies
(personal results)
Infectious agent . _ Antigens References
Brucella abortus . purified [5]
) lipopolysaccharides
Borrelia burgdorferi crude preparation (6]
: - (home-made)
Mycobacterium i crude preparation M
tuberculosis (H37Ra)
Herpes simplex . crude preparation (8]
) : commercially available
Varicella zoster crude preparation [9]
. commercially available
Mumps crude preparation 9
commercially available
Measles crude preparation [9] -
commercially available .
Rubella * crude preparation [9]
) commercially available
Cytomegalovirus crude preparation [9]
commercially available
Human immunodeficiency crude preparation [10]
virus ‘ (home-made)
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Polymerase chain reaction (PCR) technique can be
used to amplify any genome as far as the gene se-
quences are known. In this short review, we shall dis-
cuss the application of this technique to detect myco-
bacteria and viruses in the cerebrospinal fluid (CSF).

Mycobacteria

The diagnosis of tuberculous meningitis is often diffi-
cult, uncertain and slow. The "gold standard’ remains
the identification of M. Tuberculosis in the CSF by di-
rect staining or by culture. Protein and glucose levels
may be normal at the first CSF analysis and acid-fast
bacilli rarely are directly detectable [1]. In the last five
years, a few papers have been devoted to the diagnosis
of tuberculous meningitis by PCR amplification in
CSF. There are some discrepancies in these studies,
the major problem being the detection of false positive
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results, especially with some sequences. The sensitivity
is particularly high with the ‘nested” amplification pro-
cedure [2]. In a near future, such a hopeful technique
will probably provide a diagnosis of tuberculous
meningitis very earlier than the conventional bacterio-
logical cultures.

RNA Virus

RNA viruses are more difficult to detect by PCR than
DNA viruses. RNA must first be transformed in
cDNA enzymatically before any amplification, and
RNA is less stable than DNA. Several laboratories are
adapting PCR to the diagnosis of ‘benign lymphocytic
meningitis’ caused by enteroviruses. Commercial PCR
assays are under development, and large scale studies
are under progress. It may be possible to identify the
serotype of the enterovirus by analyzing the amplifica-
tion products with restriction enzymes [3].

A particular case is represented by the poliovirus. Pos-
sible viral persistence in the central nervous system
(CNS) of patients with the postpolio syndrome could
be detected by PCR. So far, there is no consensus on
this question and further studies are still needed [4].
PCR has also been applied to detect human immuno-
deficiency virus (HIV) genome in the CSF of AIDS
patients with high sensitivity. There was no correlation
with the clinical stage or the neurological symptoms

[5]-

DNA Virus

PCR is particularly useful for the diagnosis of herpetic

_CNS infections including agents such as cytomegalo-

virus (CMV), varicella-zoster virus (VZV), Epstein-
Barr virus (EBV), and Herpes simplex virus (HSV). A
recently published study about the diagnhosis of cyto-
megalovirus infection in the CNS of AIDS patients
showed that PCR had a higher specificity in the acute
phase than intrathecal antibody detection [6]. PCR
has also been applied to show that acute aseptic
meningitis could be due to varicella-zoster virus even
in the absence of cutaneous lesions [7]. The detectior
of Epstein-Barr virus genome in the CSF by PCR has
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been correlated to the diagnosis of AIDS-related pri-
mary lymphoma of the CNS [8].
For the moment. the largest published studies using

"PCR in CNS infections concern Herpes simplex virus

(HSV) type 1 and 2 encephalitis and meningitis. High
sensitivity and specificity have been shown with type-
specific [9,10]. and group-specific [11] techniques. In
our hands, a time-relation between PCR and the de-
tection of specific HSV oligoclonal bands by immuno-
affinity-mediated capillary blotting makes these two

- techniques useful and complementary. PCR is known

to be classically positive at the onset and HSV DNA
usually persists in the CSF until the fifth day following
the start of the therapy, preceding the detection of in-
trathecal production of specific antibodies by 7-10
days. The post-treatment CSF sample is generally
negative for HSV DNA, while intrathecal synthesis
of specific antibodies must confirm the diagnosis.
Using these two methods, we were also able to
demonstrate the HSV type 2 etiology in a case of
recurrent meningitis and encephalitis [12].

An additional field of possible PCR application is
the diagnosis of progressive multifocal leukoencepha-
lopathy by amplification of the JC DNA in the CSF
[13].

Conclusion

All these examples show how wide the domain is of
application of PCR and how promising the results are
so far. However, those results, for most of the infec-
tious agents, are still limited. Moreover, one should be

i aware that this technique is still delicate and requires
* quality controls.
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In oxygen- -limited, or anaerobic cultures, many kinds
of microorganisms capable of carbohydrate fermen-
tation. accumulate extracellular lactic acid. D-lactate
is produced only by some of the procaryotic organ-
isms. 1t cannot be utilized by mammalian tissues [1-4].
Therefore, for the purpose of food production, lac-
tic acid bacteria producing L-lactate alone have been
selected [1]. After intestinal resorption of D-lactate
from alimentary soucres, or produced by members of
the indigenous bacterial flora, low levels of D-lactate
may be present in the human blood and tissues [3-9].
Levels of D-lactate exceeding this background may be
accumulated in the course of systemic infections by
the catabolic activities of invasive bacteria [2-4,6,10].
However, our knowledge of the occurence of catabolic
D-lactate in various bacterial groups causing invasive
infections is far from complete. The aim of our present
study was to gain an idea of the capabilities of bacter-
ial taxa causing sepsis and meningitis to produce D-
lactate in vitro.

Under the conditions of statically incubated (i.e.

oxygen-limited) late exponential cultures in standardi-
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zed PYG medium [11], significant concentrations of
lactate were accumulated by members of Gram-posit-
ive and Gram-ncgative bacterial groups that are cap-
able of fermentative glycolysis (fig. 1). Cultures of org-
anisms producing acid from glucose only by oxidation,
or not at all, did not contain more than trace amounts
of lactate, if any [12).

Among the facultatively anaerobic, fermentative
Gram-negative rods, members of the family Entero-
bacteriaceae were, in general, strong D-lactate and in
some cases moderate L-lactate producers. Members of
the family Pasteurellaceae reached lower growth yields
in PYG medium and accumulated moderate amounts
of D-lactate. Non-fermentative Gram-negative orga-
nisms did not produce lactate [12].

Among the Gram-positive glucose fermenters, Ente-
rococcus faecalis and faecium, Staphylococcus aureus
and other Staphylococcus spp., proved to be strong to
moderate D- and L-lactate producers (with different
individual patterns; [cf. 14]). With our test conditions,
members of the genus Streptococcus produced only
small amounts of L-lactate and no D-lactate [12].

So far, anaerobic bacterial groups that may contain
D-lactate producers were not investigated.

The data presented indicate that several important
groups of organisms causing sepsis and meningitis [ 13]
are strong D-lactate producers, but other taxa of simi-
lar clinical importance do not accumulate D-lactate
levels in vitro, under the experimental conditions of
this study.

Since the production of lactate and its racemation
greatly varies with the culture conditions, in particular,
medium composition and degree of anaerobiosis, we
cannot expect that in vitro findings will be quantita-
tively reproduced under the conditions prevailing in
the infected host’s tissues. First results of ongoing in
vestigations seem to corroborate the assumption that
lactate production in vivo qualitatively corresponds to
that observed by in vitro experiments.

We can expect that organisms producing D-lactate
in vitro will also do so in vivo, but this question must
be answered by careful analysis of clinical cases [6]. At
present we feel justified in stating that in accordance
with previous investigators [2,6,10], elevated D-lactate
in body fluids can'only be explained as a specific bac-

" terial product, whereas, on the other hand, in the ab-

sence of elevated D-lactate concentrations invasive

. bacterial and mycotic infections cannot be ruled out.

©1996 Blackwell Wissenschafts-Verlag, Berlin
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Fermentative Gram-positive Rods and Cocci

Species D-Lactate [ L-Lactate [mmol/]
0 5 10 15 20 26 30 35 40

Enterococcus faecalis S l - ] ! : - |

Enterococcus faecium - I { - | —

Staphylococcus aureus
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Staphylococcus epidermidis

Staphylococcus haemolyticus

Staphylococcus hominis

Staphylococcus'lugdunensis

Staphylococcus saprophyticus =

Staphylococcus warneri

Staphylococcus xylosus

Stomatococcus mucilaginosus

Streptococcus agalactiae

Streptococcus milleri

Streptococcus pneumoniae

Streptococcus pyogenes

Fermentative Gram-negative Rods
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Figure 1 D-lactate and L-lactate production of Gram-positive rods and cocci as well as Gram-negative rods. Reference strains and field
isolates of bacterial species frequently causing sepsis and fmeningitis were propagated in oxygen-limited, or anaerobic peptone-yeast-
extract-glucose (PYG) medium [11). The cell-free supernatants (sterile filtrates) of late exponential cultures were examined for D(-)-lacta-
te and L(+)-lactate concentrations (mmol/l supernatant) at least in duplicate using stereospecific lactate dehydrogenase reactions perfor-
med photometrically with Boehringer Mannheim tests [6].

J Lab Med 1996; 20 (9) : 508-510 509

—



K. H. Janke et al.: D-lactate and L-lactate production in bacteria

References

1. Drury DR. Wick AN. Chemistry and metabolism of 1L(+) and
D(-) lactic acids. Ann N Y Acad Sci 1965:119:1061-9.

2. Marcos MA, Vila J, Gratacos J, Brancos MA, Jimencz de Anta
MT. Determination of D-lactate concentration for rapid diagnosis
of bacterial infections of body luids. Eur J Clin Microbiol Infect Dis
1991:;10:966-9.

3. Smith SM, Eng RHK, Campos JM. Chmel H. D-lactic acid mca-
surements in the diagnosis of bacterial infections. J Clin Microbiol
1989;27:385-8.

4, Smith SM, Eng RHK, Buccini F. Use¢ of D-lactic acid measure-
ments in the diagnosis of bacterial infcctions. J Infect Dis
1986:154:658-64.

§. Carr DB, Shih VE. Richter JM. Martin JB. D-Lactic acidosis
simultating a hypothalamic syndrome aftcr bowel bypass. Ann
Neurol 1982;11:195-7.

6. Klcine TO. D-lactate and L-lactate in cerebrospinal fluid with
acute inflammatory diseases of the central nervous system. Lab med
1991:15:114-6.

7. Oh MS, Phelps KR, Traube M, Barbosa-Saldivar JL. Boxhill C,
Carroll HJ. D-lactic acidosis in a man with short bowel syndrome. N
Engl J Med 1979;301:249-52.

510 J Lab Med 1996; 20 (9) : 508-510

8. Schoorel EP, Giesberts MAH, Blom W. van Gelderen HH. D-
lactic acidosis in a boy with short bowel syndrome. Arch Dis Child
1980;55:810-2.

9. Stolberg L, Rolfe R, Gitlin N, Merri J, Mann L. Linder J. et al.
D-lactic acidosis due to abnormal gut flora. Diagnosis and treatment
in two cases. N Engl J Med 1982;306:1344-8.

10. Komorowski RA, Farmer SG, Knox KK. Comparison of cere-
brospinal fluid C-rcactive protein and lactate for diagnosis of
meningitis. ] Clin Microbiol 1986;24:982-5.

11. Phillips E. Nash P. Cuiture media. [n: Lennette EH et al. edi-
tors. Manual of Clinical Microbiology. Sth edition. Washington
D.C.: Am Soc Microbiol 1985:1051-92.

12. Janke KH, Kleine TO. Nebel P, Mannheim W. Bildung von D-
Lactat und L-lactat durch bakterielle Meningitis- und Sepsis-Erre-
ger. In: Glinther W, Hempel V, Wulff G, editors. InCom'96. Inter-
national Symposium on Instrumentalized Analytical Chemistry and
Computer Technology. Moets(Deutschland): InCom-Bureau 1AS
1996:406. :

13. Geerdes-Fenge HF, Lode H. Ziegler D, Hund M, Wagner J.
Fangmann W, et al. Erregerspektrum der Sepsis. Chemotherapie J
1994;3:131-43.

14. Holt JG ct al. editors. Bergey's Manual of Determinative Bacte-
riology. 9th edition. Baltimore (USA): Williams & Wilkins, 1994.




European CSF Symposium

D-Lactate and L- Lactate versus Free Bacterial Antigens
-in Cerebrospinal Fluid (CSF) with Different Forms of

Meningitis*

D-Lactat und L-Lactat versus freie Bakterien-Antigene im Liquor cerebrospinalis bei

verschiedenen Formen von Meningitis*

T.0. Kieine'?, Petra Nebel', W. Mannheim?3, C. Cambiaso*

Keywords: Antigens, Bacterial/cerebrospinal fluid;
Cerebrospinal fluid; Glucose/cerebrospinal fluid; Lac-
tates/cerebrospinal fluid; Leukocytes/cerebrospinal
fluid; Meningitis, Bacterial/diagnosis, Meningitis, Vi-
ral/diagnosis.

Schliisselworter: Antigene, bakterielle/Liquor cere-
brospinalis: Liquor cerebrospinalis; Glucose/Liquor
cerebrospinalis: Leukozyten/Liquor cerebrospinalis;
Meningitis. bakterielle/Diagnostik; Meningitis, vira-
le/Diagnostik.

In 1979 we showed in a multicentre study that L-lacta-
te content, measured enzymatically [1], proved to be
the best in differential diagnosis between acute bacte-

. rial and abacterial (viral) meningitis evaluating white

cell count,. total protein. L-lactate dehydrogenase and
L-lactate: The cut-off value of 3.5 mmol/l L-lactate
brought a sensitivity of 100% [1.2]. However. determ-

. ination of L-lactate .concentration alone led to mis-
. diagnosis of acute bacterial meningitis with patients
_ suffering from brain tumour, acute stroke, CNS

intoxication and subarachnoidal or intracerebral he-
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morrhages [1-4]. Low glucose contents (< 49 mg/dl) in
lumbar CSF were uncertain in discrimination of these
diseases [2-4].

The diagnostic combination of lactate content
2 3.5 mmol/l with leukocyte count 2 800 M/l improved
specificity of the lactate test to 99% and the predictive
value to 88% [1,2]. Thus brain tumours, acute strokes
and CNS intoxications were excluded as well as cere-
brovascular diseases. Further improvement in differ-
entiation brought an immune nephelometric test for
lysozyme (for acute bacterial meningitis cut off
2 3 mg/l) [2] and the combination of erythrocyte count
22,100 M/I [2] with lactate content > 3.5 mmol/l for the
defination of cerebrovascular diseases in CSF [3].
However, in treated cases of bacterial meningitis lyso-
zyme content fell to viral or lymphocyte-meningitis
levels and lactoferrin ones or polymorphonuclear
leukocyte elastase complex levels proved to be not
helpful in discrimination of these meningitis forms [5].

Detection of free bacterial antigens with manual
latex tests in CSF yielded a diagnostic sensitivity of 80
to 100% with acute bacterial meningitis [6]. Thus pos-
itive detection of bacterial antigens together with lac-
tate levels > 3.5 mmol/l confirm a bacterial meningitis
even in treated cases with sterile cultures [6]. With
treated cases latex tests showed a diagnostic sensitivity
of <50%. With negative latex tests and L-lactate le-
vels >3.5 mmol/l a treated bacterial meningitis is indi-
cated if leukocyte counts were > 800 M/1 [6]. Compari-
son between manual latex tests and Particle Counting
Immunoassays (PACIA) proved the latter to be most
sensitive in detection of free bacterial and fungal anti-

. gens in CSF; it was even more sensitive than EIA and
. ELISA [7].

D-lactate, a specific metabolite of some bacteria [8].
was useful in diagnosis of meningitis [9]. Therefore, we
compared the detection of 8 bacterial and fungal anti-
gens by PACIA with D-lactate levels in CSF from 89
patients with meningitis, treated and untreated, all
yielding negative antigen results; the upper limit of D-
lactate was 0.18 mmol/l (table 1). Therefore, the cut
off of D-lactate was set up to-> 0.20 mmol/l to diagno-
se a bacterial meningitis in CSF [9]. D-Lactate levels
>0.20 mmol/l were found in 12 cases of bacterial
meningitis untreated and in some of 18 treated cases
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Table 1 CSF D-lactate and L-lactate levels and four other CSF inflammatory parameters in different forms of meningitis

Diagnosis Leukocytes Erythrocytes  Total Protein L-Lactate D-Lactate D-Glucose
m/i m/ g/! mmol/l! mmol/l! mg/dl’

Controls? 1 2 0.36 1.39 0.02 58

lumbar 0-5 0-180 0.23-0.51 0.97-2.43 0.00-0.15 49-82

(n=50)

Controls? 5 0.27 1.33 0.00 55

ciste)mal 1-3 0-20 0.16-0.33 0.93-1.63 0.00-0.10 49-60

(n=8

Bacterial 447 620 1.90 7.57 0.47 52

Meningitis® 168-21,504  35-20,000 0.70-6.58 3.91-17.85 0.28-1.28 34-72

acute (n=12) )

Bacterial 13 320 0.79 2.90 0.08 49

Meningitis® 2-128 0-20,000 0.40-5.00 1.50-5.19 0.00-0.18 15-99

acute (n=11)

Bacterial 9 419 0.63 476 0.06 66

Meningitis® 3-46,080 0-10,000 0.15-5.65 2.16-13.00 0.00-0.43 23-157

treated (n=18)

Meningitis® 40 2,125 0.90 3.20 0.02 73

(n=89) 0-9,216 0-999,999 0.21-13.88 0.91-7.14 0.00-0.18 25-120

untreated and treated

spp. as well.

! Median values with 1. and 99. percentiles. D- and L-lactate were measured enzymatically [9,11] using manual and mecha-
nized UV tests from Boehringer Mannheim. Other constituents were determined as described [2-4].

2 patients, 13 to 77 years old, without inflammatory and severe neurological symptoms.

b CSF mainly from ventricular drainage containing S. pnewmnoniae, Staphylococcus aureus and other unclassified coccae.

¢ CSF mainly from ventricular drainage containing unclassified coccae and bacteria.

d CSF mainly from ventricular drainage containing sporadically few bacteria.

€ Lumbar, cisternal and ventricula CSF samples which were negative with Particle Counting Immunoassays (PACIA) [7] for
H. influenzae type B, S. pnewmnoniae, N. meningitidis types A, B, C, Streptococcus group B, Staphylococcus spp. and candida

(table 1). However, in 11 samples of ventricular CSF
samples containing bacteria, D-lactate content was
<0.20 mmol/I (table 1). Since other parameters of acu-
te bacterial meningitis, e.g. leukocyte counts, L-lacta-
te, were mostly negative (table 1) our data may indica-
te a bacterial contamination of the ventricular draina-
ge. Moreover, our data point to some bacteria which
are unable to produce D-lactate in vivo as it was sho-
wn in vitro [8].

We used the same cut-off value of 2 0.20 mmol/l D-
lactate in NaF-plasma to diagnose a systemic bacterial
inflammation in blood [10]. Since D-lactate levels in
blood influence those in CSF [10], D-lactate levels in
CSF 2 0.2 mmol/l only indicate a bacterial inflammat-
ion when D-lactate levels in plasma are lower than
those in CSF [10]; D-lactate levels of 2 0.2 mmol/l in
blood plasma indicate an extracerebral infection with
D-lactate producing bacteria [10].

In summary, L-lactate levels in CSF 2 3.5 mmol/l
point with high certainty to a bacterial meningitis
when leukocyte counts were 2 800 M/l. With leukocyte
counts <800 M/l a positive detection of bacterial anti-
gens or lysozyme levels > 3 mg/l together with L-lac-
tate levels 23.5 mmol/l indicate a bacterial meningitis
even in treated cases with sterile cultures. D-lactate

proves to be useful in specific diagnosis of meningitis -

512 J Lab Med 1996; 20 (9) : 511-513

with D-lactate ﬁroducing bacteria when CSF levels ex-
ceed those in blood plasma.
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Dic Diagnostik einer Neuritis nervi ‘optici (NNO)
stiitzt sich auf den ophthalmologischen und neurologi-
schen Befund, das zerebrale MRT (einschlieBlich Be-
urteilung des N. opticus) sowie den Liquorbefund,
dessen prognostische Bedeutung hinsichtlich einer
Multiplen Sklerose (MS) kontrovers diskutiert wird
[1]: die Entwicklung einer MS wird in der Literatur
zwischen 13 und 88% angegeben [2]. - 10 Patienten
(Alter: 14-43 Jahre) mit klinisch-ophthalmologisch ge-
sicherter NNO wurden neurologisch, kernspintomo-
graphisch und liquorologisch untersucht. Im zerebra-
len MRT zeigten 3/10 Patienten multiple demyelinisie-
rende Herdbildungen. Der lumbale Liquor erbrachte
eine geringe Zellzahlerhdhung (5-27 Mpt/l) bei 6/10
Fillen, Plasmazellen wurden bei 8/10 nachgewiesen.
Eine leichte Schrankenfunktionsstorung ergab sich bei
1/10. Aktivierte B-Lymphozyten zeigten sich bei 9/10
(IgG), 5/10 (IgA) und 4/10 (IgM). Eine intrathekale
IgG-Synthese (Schema n. Reiber) wurde bei 5/10
(IgG). 2/10 (IgA) und 2/10 (IgM) festgestellt. Die Be-
stimmung von oligoklonalem IgG erwies sich bei 9/10
Patienten als positiv. Hinweise auf eine polyspezifi-
sche Antikorpersynthese im zentralen Nervensystem
(MRZ-Reaktion) waren bei 7/10 vorhanden (MRZ
positiv 1/7, RZ positiv 3/7, R positiv 1/7, M positiv
2/7). Langzeitbeobachtungen bei NNO und entziindli-
chen Liquorverdnderungen, wie oligoklonale Banden,
und positive MRZ-Reaktion konnten Hinweise auf
das Risiko der Entwicklung einer MS ergeben.

1. Séderstrom M, Linqvist M, Hillert J, Kall TB, Link H. Optic neu-
ritis:finding on MRI, CSF examination, HLA class II typing in 60
patients and results of short-term follow-up. J Neurol 1994;241:391-
7.

2. Kurtzke JF. Optic neuritis or multipe sclerosis. Arch Neurol
1985:42:704-10. '
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Low avidity antibodies may indicate that the affinity
maturation is impaired or that the antibodies are pri-
marily directed against a similar antigen to which they
have high avidity. Therefore, the detection of low-
avidity antibodies should have a diagnostic value.
Chaotropic ions (e.g. SCN-) interact with water caus-
ing increased freedom for water molecules, i.e. the en-
tropy of water is increased. This affects the dissolving
properties of water causing low avidity antigen-antibo-
dy complexes to dissolve. Methods. The avidity spec-
trum is determined by an ELISA technique primalily
determining the amount of specific antibodies. Subse-
quently different concentrations of NaSCN are added.
splitting low avidity antibody-antigen bindings.
Principles for improvement. At present the technique
has only been used in research. The method is not yet
ready for a routine use. There main drawbacks are (a)
The method is laborious, (b) The concentration of
NaSCN is varied in steps and not continuosly, (c) The
interpretation of the result should be improved, (d)
The clinical value is not yet established, (e) Reliable
performance data (precision, trueness etc.) are still
lacking.

Reference. Vrethem M, Ekerfelt C, Ernerudh J. Avidity distribution
of antibodies against nefve myelin in patients with polyneuropathy
associated with IgM monoclonal gammopathy and in healthy con-
trols. J Neurol Sci 1995:131:190-9.

Evaluation of the Intrathecal Specific
Immune Response in Neuroborreliosis by
Immunoblot

P. Oschmannt, W. Zhong?, H. J. Wellensiek?,
G. Sciuk?, C. Hornig?, K. W. Pflughaupt3,
W. Dorndorf1

1 Departments of Neurology and 2 Microbiology, University of
Giessen, Germany; 3 Department of Neurology, University of
Wirzburg, Germany

Objective: To investigate whether the different mani-
festations and stages-of neuroborreliosis are charac-
terized by individual patterns of their immunological |

. Borrelia burgdorferi (Bb) specific central nervous

©1996 Blackwell Wissenschafts-Verlag, Berlin




‘system (CNS) response. Background: Bb can cause a
broad variety of peripheral and CNS complications of
differing severity and prognosis, which might be due
to different immune mediated pathomechanisms.
Methods: The IgG and IgM response against 12 anti-
gens of Bb was analysed by the immunoblot technique

roborreliosis stage Il (n = 82) and III (n = 8). A local
antigen specific immune response was assumed if an
antibody band in the cerebrospinal fluid (CSF) was
stronger than in the serum diluted to the same IgG
content as CSF. Results: In stage 11 the number of in-
trathecally produced antibody bands was in average
1.4 (IgM) and 2.8 (IgG). Comparing groups of differ-
ent disease duration a limited expansion of the immu-
ne response was observed (O-1 month: 2.6 IgG bands;
1-6 months: 3.1 IgG bands) . The antibody response
was mainly directed against the p41-(flagellin)
(81.7%) and p66- (31.7%) antigen. High specific, sur-
face located antigens were recognized in a lower fre-
quency (e.g. p21: 18.3%). In 28% of the patients CSF
restricted antibodies could be depicted. In contrast

: patients of stage III had a more heterogenous (IgM

bands: 3.1. IgG bands: 7.0) and intensive immune res-

ponse directed mainly against specific antigens (e.g.
p21: 62.5%). In the mayority of patients CSF restric-
ted antibodies could be found (87.5%). Comparing
different clinical features in stage II (meningitis.
meningoradiculitis, meningomyelitis, meningoence-

- phalitis) no differences were found regarding hetero-

zeneity and specificity of the intrathecal immune res-

' ponse. Conclusion: The heterogeneity and specificity

! of the intrathecal immune response differs between

! stages but not in clinical features of stage Il neurobor-
! reliosis corresponding to the known self limited or
i chronic progressive course of the disease. The highly
{ specific antibody pattern in stage IIl supports the

_ i theory of an ongoing infection rather than an autoim-

| mune process. Therefore the broadening of the anti-
i gen specificity of the intrathecal immune response
i over the time course might be a marker for a persi-
i stent infection.

pixe

in 90 untreated patients with a serological proven neu--
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Isolated optic neuritis (ON) is a common first manife-
station of multiple sclerosis (MS). To investigate
whether the polyspecific immune response against
neurotropic viruses (measles, rubella. varicella zoster,
mumps), described for 94% of patients with definite
MS, is also already present in the early phase of the
disease, a group of 67 patients (30.3 years, 49 women)
with ON was compared to 50 MS patients (41.9 years,
32 women). Increased antibody specificity indices
(ASI > 1.4) against at least 1 of the 4 viruses were
present in 43 (86%) of the MS patients and in 41
(61.2%) of the ON cases. Whereas a single antigen re-
sponse occurred in only 11/43 (26.6%) of MS patients,
it dominated in 17/41 (41.5%) of the ON patients.
Measles was the antigen most frequently recognized in
MS (32/43; 65.3%) and ON (25/64: 39,1%), followed
by rubella (56.6% / 32.3%), zoster (51.0% / 33.8%)
and mumps (33.3% / 23.2%). The intensity of a parti-
cular ASI (except mumps) correlated with the amount
of intrathecally synthesized IgG in both groups. Alt-
hough the antiviral immune reaction in ON generally
resembled the one in MS, it was weaker in frequency
and intensity. Nevertheless 6 out of 17 ON patients,
who lacked CSF oligoclonal bands, exhibited slightly
raised single ASI values bringing the number of ON
patients’ with any immunological abnormality to a to-
tal of 56/67 (83.6%), thus adding evidence to the noti-
on that ON represents a form fruste of MS.
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Twe]ve specific lipid binding proteins, named apoli-
poproteins (apos). are identified presently in the
normal cerebrospinal fluid (CSF). We investigated 7
of them in a population of 74 patients: 29 definite mul-

tiple sclerosis (MS), 21 AIDS (state IV) and 24 other’

neurological diseases patients (OND) compared to 10
subjects without neurological symptoms (controls).

The blood/CSF ratio of apo A-I (table 1) was very
high in the control group. In various diseases an in-
crease in CSF A-I was observed and an intrathecal
synthesis of apo A-I cannot be excluded, but not be as-
serted today.

The determination of CSF apo A-II was performed
using a sensitive ELISA, with a monoclonal antibody:
We previously demonstrated the considerable de-
crease in apo A-II in the serum of AIDS patients [1],
contrasting with its increase in the CSF, i.e.: its very
probable intrathecal synthesis in this disease.

The very low concentrations of apo B and apo (a) in
CSF need a very sensitive immunofluorometric me-
thod [2,3] to be measured. The blood/CSF ratio of
each apo was extremely high (7000 and 4000, respec-
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Table 1 Apolipoprotein A I(means + S.E.) in serum and
cerebrospinal fluid (CSF) :

Serum Cerebrospinal Fluid
mg/l mg/l
Controls 15651 + 214 49+0.38
(n=10)
M.S.! 1593 + 87 8.5+0.9
(n=29)
AIDS? 1310+ 70 8.7+0.7
(n=21)
OND3 1352+ 85 8.8+0.9
(n=24)

T multiple sclerosis (MS); 2 aquired immune deficiency syn-
drome (AIDS, state 1V); ° other neurological diseases pati-
ents (OND).

Statistical evaluation: in serum: MS versus OND: p < 0.04;
in CSF: controls versus MS: p < 0.02, versus OND:

p <0.02, versus AIDS: p < 0.01.

tively) suggesting that an intrathecal synthesis of both
these apos is very improbable.

Apo H (previously called B,-glycoprotein 1) seems
of minor interest, and no intrathecal synthesis may be
suspected. .

Serum amyloid A is an acute phase protein. Using a
monoclonal ELISA we established its presence in the
serum and the CSF of the control group. Its intrathe-
cal synthesis seems very common in AIDS patients
and in some other inflammatory processes.

More interesting is apo E, which is involved in peri-
pheral myelin Tepair [4] and synthesized by astrocytes
in culture. Its determination was performed [5] by a
time-resolved immunofluorometric assay using a poly-
clonal antibody (a.generous gift of Professor Baudner,
Behring Institut, Marburg) which was labelled with
europium. Its very low blood/CSF ratio of 12 in the
control group suggests an intrathecal synthesis. This
was calculated from the theoretical blood/CSF ratio
(expected for a 34 kDa protein) which was evaluated
to 110. In cases where CSF albumin is higher than its
normal mean (210 mg/l) this ratio is multiplied by the
ratio CSF albumin/210. In our controls (table 2) a dai-
ly intrathecal synthesis was evaluated to 2.5 mg: 80 to
90% of CSF apo E derives from this intrathecal syn-

.thésis. In the multiple sclerosis group a slight increase

©1996 Blackwell Wissenschafts-Verlag, Berlin



Table 2 Apolipoprotein E in-sérum and cerebrospinal
gu‘i:_d)(CSF) and its intrathecal synthesis rate (ITS) (means +

Serum  CSF . ITS . ITS/CSF

mg/l mg/l mg/l
Controls 66.7+3.8 55+03 4.8x03 0.87
(n=10) -

M.S? 80.1+39 33x04 24104 0.73
(n=29) .

AIDS? 74555 57x05 4704 0.82
(n=21)

OND®  607+37 47:05 38:05 0.8
(n=24) )

1 Multiple sclerosis (MSA; 2 aquired immune deficiency syn-
drome (AIDS, state IV); ° other neurological diseases pati-
ents OND). _
Statistical evaluation []: in serum: MS versus OND:
p<0.01; in GSF: MS versus controls: p < 0.01, versus
AIDS: p < 0.01, versus OND: p < 0.01; in ITS: MS versus
controls p < 0.001, versus AIDS: p < 0.001.

in serum apo E contrasts with a significant decrease in
CSF apo E, i.e.: of its intrathecal synthesis rate. Such
decrease seems significantly linked to the duration of

E. Schuller et al.: CSF apolipoproteins

multiple sclerosis: Intrathecal synthesis mean is signifi-
cantly lower after 10 years from the onset of the disea-
se. These new data suggest a defect in lipid turnover,
which may slow (or even block) myelin repair. Such
defect seems restricted to the glial cells which produ-

.cedapoE.
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Hn many neurological diseases tissue damage is med-
iated, at least in part, by components of the immune
system. Both cellular and humoral elements have been
implicated in neurological diseases. So far evidence of
complement playing a distinct role, has been obtained
only in a small number of diseases.

Serum from patients with Guillain-Barré syndrome
contains an antibody against Schwann cells, which in
the presence of complement, causes demyelination of
myelinated nerve cultures in vitro. Elevated levels of
complement activation products C3a-desArg, CSa-
desArg, C4d and the terminal complement complex
TCC have been found in cerebrospinal fluid (CSF).
This provides evidence of complement activation in
the central nervous system (CNS), although the rel-
evance to the pathogenesis for a disease that primarily
affects the peripheral nerve system is unclear [1-3].
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Results supporting evidence for the activation of
the complement system in patients with multiple
sclerosis have been contradictory. For example CSF
levels of C3 or C4 have been found to be elevated.
normal or lower [4-6]. Since these proteins are not
valid indicators of activation, activation products were
measured instead. Compared with the control group.
where in most of the cases the activation products
were below the detection limit (in 88 to 93%). we were
able to detect complement activation in 73% of these
patients measuring C3a-desArg. The alternative con-
vertase (= activation via the alternative pathway) was
elevated in 43% and the ClrsCl Inactivator (= activa-
tion via the classical pathway) was elevated in 27% of
the cases. The range of C3a-desArg concentration was
5-90 ng/ml CSF. Most of the patients had levels about
20-30 ng/ml. Low levels of C9 were found and TCC
was detectable, suggesting terminal complement ac-
tivation in the CNS [7, 8]. Using C8-depleted serum in
an in vitro model system, demyelination did not occur
implicating the action of the terminal complement
complex.

In Alzheimer’s disease C3, C4 and Cl1 have been
identified in senile plaques and decreased levels of
Clq were detected in CSF [9]. In patients with syst-
emic lupus erythematosus with CNS involvement. a
pathogenic role for complement has been proposed
finding decreased levels of plasma C4, an increase of
CSF C4 index ' and an increase in TCC levels in the
CSF [10, 11]. ..

In the initial stage of subarachnoid hemorrhage an
increase of C3a-desArg and C5a-desArg was found in
CSF. Activation. of the complement system may have
an effect on vascular tone and may thus play a central
role in the development of cerebral vasospasm. It has
been shown that complement activation coincided
with the generally accepted time schedule for deve-
lopment of cerebral vasospasm [12]. However. it has
not been clarified whether or not the activation is
causative for the development or if it represents an
epiphenomenon or a non-specific reaction to cerebral
injuries. '

In CSF of patients with bacterial or viral meningitis
we found elevated concentration of C3a-desArg in all

. patients compared to a control group of patients with

©1996 Blackwell Wissenschafts-Verlag, Berlin



non-inflammatory diseases of the CNS. The C3a-des-
Arg concentration in CSF of the control group was be-
low the detection limit of 1-2 ng/ml CSF in 88% of the
patients. There was also a significant increase of C3a-
desArg in viral meningitis compared to the control
group.

This increase in C3a-desArg was mainly due to al-
ternative pathway activation. In bacterial and in viral
meningitis a significant increase in alternative conver-
tase C3bBbP was found compared to the control
group. C3bBbP concentrations were found to be be-
low the detection limit in 84% of controls. There was a
significant increase in concentration of total protein,
IeG and lactate in CSF of patients with bacterial
meningitis. However, no correlation between C3a-des-
Arg and total protein or IgG in CSF of meningitis
patients was found. There was, however, a good cor-
relation between C3a-desArg and lactate in CSF in
case of bacterial and viral meningitis.

Plasma levels of C3a-desArg were significantly
elevated in patients with bacterial meningitis due to
systemic activation of the complement system. How-
ever. there was no correlation between C3a-desArg in
plasma and CSF. In some patients with extremely high
C3a-desArg concentration in plasma, C3a-desArg in
CSF was only slightly elevated. On the other hand
high concentration of C3a-desArg in CSF could be
found in cases of relatively low concentration of plas-
ma C3a-desArg. Therefore, increase of the activation
products in CSF seems to reflect an intrathecal com-
plement activation.

Whether determination of CSF complement
activation products can prove to be useful in monitor-
ing disease activity and effectiveness of treatment
regiments still needs to be proven.

G. Zilow, T. O. Kleine: Complement activation in CNS diseases
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roteolytic enzymes are possible mediators of

demyelination and their activity increases in in-
flammatory demyelinating diseases such as multiple
sclerosis.

We are studying the involvement of proteases in
myelin breakdown by three different approaches.

The first approach is to assess the presence of pro-
teolytic activity in the cerebrospinal fluid (CSF) by
SDS gel electrophoresis after incubation of CSF sam-
ples with purified myelin basic protein (MBP). This is
a representative substrate to study myelin degradation
and its presence in CSF is a direct marker of myelin
breakdown [1].
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In our study on AIDS patients with neurological
complications, we have found that anti-MBP CSF pro-
teolytic activity increases and seems to have a role
only in neurological complications of a viral nature
such as progressive multifocal leukoencephalitis and
AIDS dementia complex, in which demyelination is
one of the main pathological alterations, but not in
other opportunistic non-viral infections in which
demyelination is only a transient event. The anti-MBP
proteolytic activity was inhibited by serine protease in-
hibitors and therefore is not associated to myelin [2].

The second approach is to identify CSF proteases
that are specific for the target. To this end we use
zymography, an electrophoretic technique on gel
copolymerized with the substrate showing proteases as
white bands on a blue background. We used two sub-
strates: gelatin, commonly used for these purposes
(but not a myelin component), and MBP, as a specific
myelin component. Different patterns were obtained.
Up to 7 bands with apparent MWs between 63 and 132
kDa were observed on gelatin, whereas four bands of
87, 83,79 and 72 kDa were observed on MBP-contai-
ning gels. Among the latter, the 87 and 79 kDa bands
were more specifically related with myelin break-
down, as assessed by CSF-MBP level and neuroima-
ging findings, and were not present on gelatin gels.

The third approach is to set up methods to recog-
nize the origin of the proteases acting on myelin and
the regulation of their production: cell type, sensitivity
to cytokines and inhibitors. To start with this point we
have chosen a well defined experimental disease in
which demyelination is induced in the mouse by a
virus, the Theiler’s murine encephalomyelitis virus
(TMEV). In our study we have compared TMEV-
infected macrophages and microglia, isolated from
both susceptible SJL/J and resistant C57BL/6 mice, for
their ability to secrete proteolytic enzymes capable of
degrading MBP. As detected by SDS gel electro-
phoresis, the activity of a serine protease was found
only in supernatants from infected SJL/J, but not
from C57BL/6, microglia and macrophages [3].

In conclusion, our results suggest a role for proteo-
lytic enzymes, and in particular of serine proteases in
virus-induced demyelination. The use of an original
zymographic method on MBP-gels is now leading to

the identification of these enzymes. This is the pre-.

requisite for the identification of their origin and for the
understanding of their mechanism of action on myelin.

©1996 Blackwell Wissenschafts-Verlag, Berlin
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Differem proteases are involved in inflammatory
processes with demyelination in the central ner-
vous system (CNS). e.g. induced by virus infection [1]
or during multiple sclerosis with lesion formation and
enlargement [2]. Proteolytic enzyme activity was de-
tected in cerebrospinal fluid (CSF) [3-5], but its origin
is unclear: It can be released from microglia [6] and
neurons [7] as well as from macrophages [8] or
granulocytes [3].

Since few data are known how to measure exo- and
endo-proteases in CSF, e.g. serine proteases, cysteine
proteases, aspartate proteases, metalloproteases, we
established a simple routine assay to determine pro-
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tease activity in CSF under physiological conditions.
As substrate we used bovine milk casein coupled with
six resorufin molecules per molecule [9]. We found
native proteolytic activity in lumbar CSF under nor-
mal and pathologic conditions (fig. 1).

Since cell surface peptidases expressed on leu-
kocytes, e.g. enkephalinase (EC 3.4.24.11). amino-
peptidases A, N (EC 3.4.11.7, EC 3.4.11.2), and other
membrane bound peptidases, e.g. angiotensin I con-
verting enzyme (EC 3.4.15.1) in human brain. only
cleave peptides [7], other proteases come into
question which cleave casein, resorufin-labelled: Ca2+
activated neutral protease (EC 3.4.22.17: calpain)
from human brain [10] besides other high-molecular
weight proteases e.g. from blood plasma. From the
intracellularly located proteases, cathepsins (B.H.L)
are only active at acid pH.

We tried to classify low levels of proteolytic activity
in lumbar CSF by specific activators and inhibitors [cf.
11]: Native proteolytic activity (fig. 1A) contained
some calpain activity (mostly inhibited by calpastatin 1
[10]), few elastatinal inhibited activity (e.g. elastase
found in microglia [12]) besides other proteolytic ac-
tivity at pH 7.4 which may derive from blood plasma.
It was somewhat higher in CSF from patients with
CNS inflammation, but considerably lower in blood
plasma.

Ca** activated proteolytic activity (calpain) (fig. 1B)
was mostly inhibited by calpastatin II [10]: it was
somewhat higher with bbb disturbances and CNS in-
flammations (fig. 1B). It may derive from brain cells
because it did not correlate with leukocyte counts in
CSF and its activity was considerably lower in blood
plasma. Highest activity (100 umol/l/24h) was deter-
mined in CSF from acute bacterial meningitis.

In summary, native proteolytic activity in human
CSF determined with casein, resorufin-labeled, at pH
7.4, consists of different neutral proteases e.g. calpain,
elastase, which may not stem from blood plasma.
Different cleavage properties of the proteases against
casein [9] have to be:considered when performing
the new assay in CSF and blood plasma. Since native
proteolytic activity strongly increased in CSF with
acute bacterial meningitis it may play an important
rolé in controlling of inflammatory processes in CNS.
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Figure 1 Demonstration of protease activity (umol/| CSF/24 h) in
lumbar CSF samples from controls (patients (n=15) undergoing a
lumbar myelography and exhibiting normal cell and protein values
in CSF); from patients (n=14) showing bbb disturbance without a
pleocytosis; from patients (n=10) exhibiting different CNS inflam-
mation with pleocytosis. Median values are indicated as a line
from native protease activity (fig. 1A) and calpain (fig. 1B). Proteo-
lytic activity was determined at 37 °C and pH 7.4 in a total volume
of 0.100 ml consisting of 0.050 ml CSF, casein, resorufin-labelled
{Boehringer Mannheim), Tris buffer, sodium azide, activators and
inhibitors [cf. 11]. Colour released from the fluorophore substrate
was measured at 578 nm in the supernatant after precipitation
with trichloroacetic acid [9].

T. O. Kleine et al.: Proteolytic activity in CSF
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Tetranectin (TN) is a plasma protein of ~ 80 kDa. A
reduction in the serum TN level has been described in
malignant disease and other contitions with tissue-
remodelling, whereas it does not seem to exhibit acute
phase reactant behaviour. Using a polyclonal ELISA
we determined the TN concentration in pairs of CSF
and serum and found that the CSF/serum quotient
compared to the Qapumin Was compatible with
intrathecal TN synthesis. As TN is a non covalently
bound trimer in serum we characterized TN from a
pool of CSF by size-exclusion chromatography,

immunochemical analysis and ultracentrifugation and-

found results in agreement with the molecular weight
previously desribed for serum TN and the molecular
weight deducible from the cloned gene of the mono-
mer. In clinically definite multiple sclerosis, but not
with optical neuritis, we found a reduced CSF/serum
quotient suggesting that the hypothesis of a reduced

- TN level as a marker of tissue remodelling may be
extended to the CNS.
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The determination of By-transferrin in nasopharyngeal
secretions by agarose- or polyacrylamide-electropho-
resis is commonly used for the detection of cerebrospi-
nal fluid (CSF) fistulae. Since 1EF has a higher resolu-
tion power than conventional electrophoresis, demon-
strated by the detection of oligoclonal bands or of
genetically determined protein variants, we developed
an IEF procedure using the PhastSystem™ for the
detection of Tf isoforms in human serum [1]. - By this
procedure we are able to investigate three causes of Tf
microheterogeneity: i. varying Tf iron saturation
leading to apo-Tf, monoferric and diferric Tfs; ii.
different sialic acid contents (from asialo- to heptasialo-
Tf); iii. altered amino acid sequences [1]. The procedu-
re [1] was too insensitive to analyse CSF or naso-
pharyngeal secretions. To increase the sensitivity we
visualized the Tf bands by automated silver staining
after immunofixation and removing unprecipitated
material by washing with saline. To increase the sepa-
ration of isotransferrins we used self-made polyacryl-
amide microgels (pH 5-6). - Applying these modifica-
tions to the analysis of native CSF and nasopharyngeal
secretions we found asialo-Fe,-Tf (,,tau fraction*, ,, 8-
transferrin“) and differently sialylated Fe,-Tfs in CSF
samples whereas in the corresponding blood serum
samples only sialylated Fe,-Tfs were detected. In some
nasopharyngeal secretions small quantities of asialo-
Tf, indicating 8 CSF contamination, were shown by
IEF whereas commonly used electrophoretic procedu-
res failed. Mote samples have to be analysed to con-
firm our findings.

In summary, our modified IEF procedure allows sensi-
tive and specific sgparation of Fe,-Tf isoforms with
varying sidlic acid contents in CSF, nasopharyngeal
secretions and serum. For a correct diagnosis of CSF
contamination a simultanous analysis of nasopharyn-
geal secretions and corresponding blood serum
samples together with a CSF standard is inevitable.
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