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Summary

The description of cytological findings in cerebro-
spinal fluid (CSF) is very inconsistent in the literatu-
re since no generally recognized uniform classifica-
tion of these findings has been proposed to date. The
need for developing such a classification system be-
comes quite obvious against the background of re-
naissance CSF cytology is currently experiencing in
our country. A precondition sine qua non for develo-
ping a uniform classification system is its general
applicability and recognition as well as a capacity to
establish, using precisely formulated conclusions,
the etiological diagnosis, something quite impossi-
ble with today's terminology.
Our draft classification is that used by a team of
physicians working in the CSF Laboratory of the
Department of Neurology of Charles University
School of Medicine I in Prague. The classification
employed there is based on monitoring pathology in
the cytological picture both according to the presen-
ce of the prevailing cellular population in CSF and
to the presence of activation in elements of lympho-
cyte and monocyte lines. We were able to combine
both criteria into a single viable system expressing
the current status of cellular response in CSF. The
presence of a pathological cytological finding provi-
des the basis for defining individual cytological CSF
syndromes closely related to the etiological diagno-
sis of the patient, which in the great majority of ca-
ses make it possible to formulate the diagnostic con-
clusion. The classification employed allows to esta-
blish the diagnosis in diseases manifesting themsel-
ves by at least a mild alteration of the cytological
picture. In general, it is useful for classifying in-
flammatory, neoplastic diseases, intermeningeal he-
morrhage, and morphological manifestations of
CNS tissue destruction. A distinct advantage is the
plausible classification of cytological findings in oli-
gocellular CSF specimens which to date has been
difficult to make due to the low numbers of cellular
elements detected in samples.
In cytological examination of CSF, the parameters

evaluated include, in addition to the number of ele-
ments, qualitative representation of individual cellu-
lar lines. When evaluating the monocytomacrophage
system and/or the reticuloendothelial system, atten-
tion is focused on the proportions of activated mo-
nocytes and, particularly, on the presence of macro-
phages showing a specific substrate of phagocytosis.
It is according to this substrate that macrophages are
further divided into erythrophages, siderophages, li-
pophages, lymphophages, leukophages or mycopha-
ges, etc. To visualize a substrate, it is often neces-
sary to use additional staining - e.g., staining by Oil
Red for lipids, Berlin Blue for iron, etc.
If intermeningeal hemorrhage is suspected, monito-
ring of the phagocytosis of red blood cells and he-
matogenic pigments allows us to determine the ap-
proximate age and course of the bleeding.  Monito-
ring of lipophagocytosis visualizing the scavenging
response on CNS parenchymal damage also has a
number of potential applications.
As the number of CSF examinations increases, pro-
portionately increasing numbers of cells are being
detected. This is true especially of diseases invol-
ving the presence of primary or secondary neopla-
stic processes right in the CNS or in the vicinity of
CSF pathways. The currently employed cytological
methods  of  CSF examination, whenever malignant
elements were detected, have made it possible to
establish the presence of a tumor disease in general
only. For instance, monitoring of the functional sta-
tus of nucleoli, PAS positivity, or the presence of
adipose droplets in the cytoplasm suggest only indi-
rectly an increased metabolic activity of the cells
monitored. Other morphological markers of atypical
cells (polymorphy of cells, nuclei, polynuclear ele-
ments, cytoplasm basophilia, atypical mitoses, etc.)
may only raise suspicion of the presence of a tumo-
rous process, but not identify the cellular system the
belong to. Another problem which by no means is
negligible is the low number of cells detected.
As a result, we started to study the mode of reaction
of atypical elements with certain monoclonal anti-
body binding to individual antigens, tumor markers



specific for the respective cellular populations.
Moreover, the method can be used to determine the
degree of their maturity, presence of individual re-
ceptors, state of activation in the course of their cel-
lular cycle.

Classification of cytological CSF findings

There is currently no generally recognized classifica-
tion system of cytological CSF findings, and descrip-
tions of cytological findings appearing in the relevant
literature show considerable inconsistence and mostly
do not even allow a syndromologic conclusion or
establishing of the etiological diagnosis. A team of
physicians working in the CSF Laboratory of the
Department of Clinical Biochemistry of Homolka
Hospital, Prague, employs a uniform classification
scheme allowing an exact formulation of cytological
findings by determining the cytological CSF syndro-
me which, in most cases, makes it possible to esta-
blish an exact diagnosis of patients examined.
The classification is based on several criteria of the
existing cellular alteration, which may be either pa-
thological numerical prevalence of a certain cellu-
lar population, or signs of activation in the numeri-
cally prevalent line (or, possibly, in other lines).
Another aspect is the number of elements in CSF
where, up to 10/3 elements per chamber according
to Fuchs-Rosenthal, one can speak of oligocellular
CSF (oligocytosis of varying types) and, in the ca-
se of several CSFs, reference is made to pleiocyto-
sis (1,2). For a more detailed classification, a nor-
mal cytological finding must be mentioned with a
prevalence of lymphocyte elements (65-80%), and
the remainder made up of elements of monocyte li-
ne, with both populations are in their prevalence
represented by quiescent elements  (Tabs I, II, III
and IV).
Oligocellular and pleiocyte CSFs can be divided, by
their cytological composition, into several groups,
with individual cytological CSF syndromes defined
within these. In the presence of pleiocytosis, CSF
findings can be classified quite easily (Tab. V).
Granulocyte pleiocytosis with a prevailing represen-
tation of granulocytes, usually neutrophils and
much, less often, eosinophils. Using this criterion,
granulocyte pleiocytosis can be further divided into
two more subgroups:
- Granulocyte pleiocytosis with a prevalence of

neutrophils (neutrophil pleiocytosis); this is a typi-
cal picture of purulent inflammations in CSF; hen-
ce, it occurs especially in bacterial meningitis.

- Granulocyte pleiocytosis with a prevalence of
eosinophils (eosinophil pleiocytosis); a relatively
rare picture of so called "eosinophil meningitis"
which, however, is not an inflammatory infective
disease but a general severe allergic reaction of
the body.

Table I. CSF elements.

Lymphocytes
Monocytes
Granulocytes
Macrophages
Epithelioid lining cells of CSF pathways
Erythrocytes
Atypical cells
Tumour cells
Leukemic cells

Table II. Lymphocyte elements in CSF.

Lymphocytes -Small
(Naked-nucleated)
Medium-sized
Large - i.e., Lymphoid cells

Lymphoplasmocytes
Plasma Cells

Table III. Monocyte elements of CSF.

Quiescent (non-activated) monocytes
Activated monocytes
Macrophages – Erythrophages (recent haemorrhages)

- Siderophages (older haemorrhages)
- Leukophages (mostly in purulent inflammations)
- Lymphophages (serous inflammations

and multiple sclerosis)
- Lipophages (destruction of CNS tissue)
- So-Called "Bacteriophages”-phagocytosis of bacteria

(predominantly is mediated by neutrophiles)
- Mycophages (mycotic diseases of CNS)

Degenerative forms of monocytic cells   
- Ring-shaped cells

Table IV. Myeloid elements: granulocytes.

Neutrophils
Eosinophils
Basophils

Lymphocyte pleiocytosis with a prevailing representa-
tion of lymphocyte line elements, and a high repre-
sentation of activated forms which, in the event of a
chronic course of the lesion, evolve (in B-system ele-
ments) into plasma cells. This picture is quite typi-
cally associated with non-purulent inflammatory dis-
eases (serous inflammation) whose pathogens -in our
conditions are especially viral agents; bacterial spiro-
chetal disease (borreliosis, leptospirosis, and lues)
may also be involved. The presence of other bacterial
agents is suggested by purulent inflammation manife-
sting itself by granulocyte pleiocytosis.
Monocyte pleiocytosiswith a prevailing representa-
tion of monocyte line elements; these elements
usually show signs of activation, phagocytosis me-
diated by activated monocyte elements   (macro-
phages) is quite frequent. Provided macrophagic
elements are present, the etiological diagnosis is
usually easy to establish. Macrophages can be clas-
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sified by the specific substrate of phagocytosis
whose presence reflects individual pathological sta-
tes. Erythrophages appear in recent intermeningeal
hemorrhage (however, in these cases, the prevalent
cellular response is only rarely monocyte), sidero-
phages are usually present in intermeningeal he-
morrhage of an older age. Leucophages – macro-
phages phagocyting granulocytes, especially neu-
trophil granulocytes – are present in the terminal
stages of purulent inflammations. Lymphophages
phagocyte lymphocyte-line elements, and are typi-
cally present in the end stages of non-purulent in-
flammations. A characteristic feature of so called li-
pophages is the presence of adipose droplets in the
cytoplasm, these elements phagocyte necrotic CNS
tissue, and can be seen as part of the monocyte cel-
lular response in cerebral ischemia and in degenera-
tive disease.
Tumorous pleiocytosis, with the sample showing
malignant elements as such; while the picture of the
accompanying cellular response may be different, it
is usually monocyte. Phagocytosis of malignant ele-
ments in CSF is quite frequent.
Evaluation of cytological findings in oligocyte CSFs
is fraught with a number of problems. The most se-
rious problem is the low number of elements detec-
ted in samples. The term pathological oligocytosis
can be used to refer to the presence of a pathological
cytological finding with an otherwise normal num-
ber of cellular elements in CSF. While some types of
pathological oligocytosis can be regarded as smooth

transition to pleiocytoses of the same types, other
oligocytoses take on another functional relevance
(Tab. VI):
Granulocyte oligocytosis is associated with a preva-
lence of neutrophil granulocytes; granulocyte oli-
gocytosis does not make a transition to granulocyte
pleiocytosis and, unlike it, the former appears in the
initial stages of non-purulent inflammations and in
the early stage of cerebral ischemia.
Lymphocyte oligocytosis is characterized by the pre-
sence of a larger number of activated lymphocyte
elements and, in the case of a chronic course, even
of plasma cells. It appears in association with multi-
ple sclerosis and in some serous neurological infec-
tions. This type of oligocytosis is a smooth trans-
ition to lymphocyte pleiocytosis.
Monocyte oligocytosis is characterized by a numeri-
cal prevalence of monocyte line elements and signs
of their activation or, at least, by one of the above
phenomena. Cytological findings are very hard to
evaluate because of the generally low rate of detec-
tion of cellular elements and because of difficult
evidence of phagocytes. However, if macrophagic
elements are present at least occasionally, the etiolo-
gical classification of these findings is usually ea-
sier. Otherwise, monocyte oligocytosis occurs in the
end stages of all neurological infections. A specific
substrate of phagocytosis can often be demonstra-
ted; if absent, the entity is called residual monocyte
stage which may persist in the cytological picture
for quite a long time after neurological infections.
Monocyte oligocytosis is also quite a frequent cyto-
logical finding in Guillain-Barré polyradiculoneuri-
tis. Along with the accompanying lipophagocyte
reaction, it can be also fairly often seen in CNS de-
struction.
Tumorous oligocytosis making a fully smooth trans-
ition to tumorous pleiocytosis. The criterion of im-
portance in classification is the detection of mali-
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Table V. Types of CSF pleiocytosis.

Granulocyte pleiocytosis (i.e. Polynuclear)

- Neutrophil granulocytes
(mostly in bacterial neuroinfections)

- Eosinophil granulocytes 
(parasitary, mycotic, allergic and   
autoagressive diseases)

Mononuclear pleiocytosis

a) Lymphocyte p. - activated lymphocytes
(serous neuroinfections)
+ plasma cells 
(chronic neuroinfections, multiple sclerosis)
(lymphocyte oligocytosis is more frequent)

b) Monocyte p.  
very complicated differential diagnosis:
Compressive syndromes - disc herniations,

tumours
Systemic vasculitis affecting  CNS
Brain ischaemia
Guillain-Barré syndrome
Terminal phases of neuroinfections

with scavenger reaction

c) Tumorous p.
presence of malignant cells
accompanying cellular reaction differs highly
predominantly of monocyte  type

Table VI. Types of pathological oigocytosis in CSF.

- Lymphocyte oligocytosis
activated forms of lymphocytes
+ possible presence of plasma cells
(chronic neuroinfections and  multiple sclerosis)

- Monocyte oligocytosis
prevalence of monocytes or marks of their
activation present, phagocytosis also possible
(usually non-inflammatory diseases or terminal
phases of inflammations)

- Granulocyte oligocytosis
a) Neutrophil o.

(frequent in early stages of inflammations)

b) Eosinophil o.
(rarer affection, some autoimmune  diseases
chronic affections as a whole)

c) Tumorous oligocytosis
presence of malignant cells,
accompanying monocyte reaction is usual 



gnant elements. An accompanying cellular reaction
may often be of quite a different type; however, it is
usually a monocyte cellular reaction. More rarely,
the presence of phagocytosis of malignant elements
can be observed.
The classification proposed has been employed by
our team as a binding one. In addition to internal use
within the department, it is used for describing cyto-
logical conclusions to other departments which have
been mushrooming lately. A syndromological cyto-
logical conclusions and a diagnostic analysis can be
regarded as an integral part of every investigation of
CSF; it would be especially helpful to use a uniform
and standard classification in each center.

Diagnostic use of macrophagic elements in CSF

In addition to determining the total number of ele-
ments, cytological evaluation of CSF involves the
qualitative representation of individual cellular li-
nes. Cells of the monocytomacrophage (or, possibly,
reticuloendothelial) system are represented both by
quiescent elements but, also, by activated cells who-
se number should physiologically exceed 10% of
the total number of cells of the particular line. The
finding of macrophages, that is, monocytes with a
clear phagocytosis substrate, is a pathological fin-
ding (Tab. III) (3). In the course of activation,
mostly metabolic changes take place involving, e.g.,
the spectrum of enzymes in the cytoplasm, the num-
ber of receptors on the membrane, the antigenic
structure, or secretion of some substances. We can
observe morphological manifestations of activation
including the rounding of roll-shaped nuclei, expan-
sion of the cytoplasm volume, formation of pseudo-
podia and so on but, also, the onset of phagocytosis
of a specific substrate and its changes in the course
of digestion. Depending on the character of the sub-
strate, macrophages are further classified into eryth-
rophages, siderophages, lipophages, lymphophages,

leukophages, mycophages, etc. 
Activation of the monocyte line is a sign of primary
non-inflammatory processes. It is just in oligocellu-
lar CSFs that this evaluation may be of principal im-
portance for establishing a correct diagnosis.
Monocyte-line activation occurs in the course of in-
fectious, both serous and purulent, diseases of the
CNS. The macrophages present (or, alternatively,
lymphophages and leukophages) are indicative of an
advanced stage of the disease. In this case, lipopha-
gocytosis is usually associated with a focal finding
in the objective neurological  examination and, hen-
ce, suspicion of meningoencephalitis.
Of essential importance is evaluation of macropha-
ges on suspicion of intermeningeal hemorrhage
(Tab. VII) (4). Here, the specific substrate are red
blood cells whose phagocytosis by so-called eryth-
rophages occurs in the early stage not earlier than 4
to 6 hours after the start of bleeding. This is follo-
wed, two to three days later, by their digestion mani-
festing itself by the formation of a halo – a bright
circle around phagocyted red blood cells, and their
progressive discoloration until empty vacuoles are
left in the macrophage. In the ensuing stage, hema-
togenic pigments - hemosiderin and hematoidin
crystals – start to be scavenged. Hemosiderin, be-
cause of its contents of trivalent iron, is readily vi-
sualized with Berlin Blue enhancing its diffuse and
granular nature; it cannot be seen until 4 to 5 days
later. As a result, it is a reliable sign of a previous in-
termeningeal hemorrhage. Hematoidin which no
longer contains Fe 3+ and presents in the form of
yellow-ocre crystals in macrophagic cytoplasm ap-
pears still later, on about day 13. Later, it can also be
noted extracellularly as late as six months after he-
morrhage. The presence of several of these stages at
a time enables us to detect protracted or repeated in-
termeningeal hemorrhage.
An important part is evaluation of lipophagocytosis
(5, 6-8). With basic staining, the non-specifically
looking foamy cytoplasm would have escaped atten-
tion. Oil Red O staining (or Sudan Black B or
Scarlet R) of lipids provides for excellent visualiza-
tion, which is why Oil Red is the second most often
used stain besides basic stain with May-Grünwald
Giemsa-Romanowski in our laboratory. Lipopha-
gocytosis occurs as a scavenging response of the
monocyte system on damage to and breakup of cere-
bral parenchyma for a number of causes. It is, con-
sequently, a parameter with a wide area of applica-
tions.
A typical finding is that of monocyte oligocytosis or
pleiocytosis in cerebral ischemia. The degree of
pleiocytosis, which is a frequent finding in cerebral
ischemia, cannot be regarded as a measure of pa-
renchymal damage since the distance of the ische-
mic focus to CSF pathways space makes a differen-
ce. A diagnosis with lipophagosis also being a regu-
lar finding and allowing us to assess the activity of
the disease, is vasculitis with CNS damage.
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Table VII. Cytological picture of intermeningeal haemorrhage.

Adhesion of erythrocytes - also detectable "in vitro"

- Phagocytosis of erythrocytes
recent haemorrhage
presence of macrophages called erythrophages

- Digestion of phagocytosed erythrocytes
decoloration and destruction of erythrocytes appears  
optically  empty vacuoles

- Hemosiderin
an iron containing haematogenous pigment
present in so-called siderophages

- Hematoidin
haematogenous pigment forming rhombic

crystals in macrophages
then present extracellulary

(after decline of macrophages)



Use of monoclonal antibodies in CSF cytology

A finding which continues to be frequent is that of
tumour cells in CSF (Tab. VIII), (7,9,10). Recently,
there has even been an increase in the rate of detec-
tion of tumour elements, e.g., in hematological mali-
gnancies, where cytology is a frequent indication
with respect to the possible leukemic meningeal in-
filtration. In other cases, malignant elements appear
in CSF in the presence of metastases into the brain,
the spinal canal, and in vertebral body destruction
by the malignant process.  A less frequent finding is
that of malignant elements in CSF in primary tu-
mour processes involving the CNS. In some forms
of carcinomas, tumour cells can occasionally be de-
tected even without the presence of metastases. On
meningeal infiltration, if the tumor is in the vicinity
of CSF pathways or intraventricularly, the rate of
detection of malignant elements is 40-50% as a ma-
ximum. Provided no malignant elements have been
detected in the cytological preparation, the presence
of a tumour process can be indirectly suggested by
the finding of monocyte pleiocytosis or monocyte
oligocytosis.
In some cases, it may be difficult to distinguish ma-
lignant cells from normal cells. For instance, when
counting elements per chamber according to Fuchs-
Rosenthal, it is not easy to distinguish cells from
CSF pathway lining or common mononuclears.
Some potential for misidentification in the cytologi-
cal picture with neurological infection exists espe-
cially with so called leukemic meningeal infiltra-
tions. It is therefore reasonable to assess, in the cyto-
logical preparation, the functional status of nucleoli
stained with Toluidine Blue (staining according to
Smetana), PAS positivity, or the presence of adipose
droplets in the cytoplasm as markers of increased
metabolic activity. Other usual criteria of mali-
gnancy include cellular polymorphy, nuclear poly-

morphy, multiple and activated nuclears, giant cells,
polynuclear elements, considerable size of nuclei vs
cytoplasmic volume, increased tincture properties,
frequent mitoses, non-typically dividing elements,
cytoplasmic basophilia, syncythial formation or
polychromasia.
Essentially, classification of malignant elements in
CSF is extremely difficult because of the low num-
ber of cells detected in this manner, and, also, be-
cause of the considerable morphological changes
occurring in these cells on crossing into CSF and
their presence therein. These changes include,
mainly, loss of typical morphological markers and
the rounding up of malignant cells.
If a low number of suspicious cells in the cytologi-
cal picture is available, mostly in oligocellular
CSFs, it is possible to multiply malignant or contro-
versial cellular elements using the methods of tissue
culture and their further identification.
In such cases, a more exact diagnosis is possible
only when using specific monoclonal antibodies
against specific tumour markers - antigens (Tab.
IX). Individual cells or whole cellular populations
can thus be assigned, using monoclonal antibody, to
the respective cellular systems they belong to. The
degree of their maturity, presence of some receptors
or products of their secretion, the status of activation
or the degree during their cellular cycle can be de-
termined.
Cytological findings are thus divided into several
groups. The first group embraces tumours with no
signs of invasive growth. In these cases, evidence of
tumour elements is rare on account of the primarily 
"benign" nature of tumour growing in this manner.
The presence of these cells in meningeomas or neu-
rinomas is a very rare finding. A more frequent fin-
ding is that of completely benign tumour cells in
ependymomas and papillomas of the choroid plexus
mainly because of their presence in the vicinity of
CSF pathways.
The other group comprizes tumours with signs of in-
vasive growth. These include especially malignant
gliomas and metastatic tumours. In this group, mali-
gnant cells are a more frequent finding, phagocyto-
sis of tumour cells is more frequent, and activation
of the lymphatic line or pleiocytosis can be seen
more often (neutrophil pleiocytosis is less often, and
eosinophil pleiocytosis is very rare). The picture of
phagocytosis partly covers also the contact mecha-
nism between macrophages and lymphocytes.
The actual response of monoclonal antibodies with
individual cells is usually visualized either directly,
typically using fluorescent stains, or indirectly,
using the reaction of antibody labelled with horse
radish peroxidase (HRP) (or other enzyme) with dia-
minobenzidine (DAB) (or other substrate while
using other enzymes) under the microscope or in the
flow cytometer; the latter, however, is not employed
routinely in CSF immunocytology while it is used
with advantage  in clinical hematology.
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Table VIII. Malignant cells in CSF.

a) Tumour cells  
problematically distinguishable in chamber 
acc. to Fuchs-Rosenthal

b) Leukemic cells
Resemble to mononuclear cells in FR chamber

Criteria of malignancy:
- Polymorphism of cells
- Polymorphism of nuclei
- Numerous and activated nucleoli
- Giant cells
- Multinucleated cells
- Increased nucleus/cytoplasm ratio
- Increased stainability
- Numerous mitoses
- Atypical mitoses
- Basophilia of cytoplasm
- Formation of syncytia
- Polychromasia



The HRP method consists in 1) specimen fixation
with acetone-methanol, 2) inhibition of the existing
enzymatic activities of CSF cells with sodium azide,
3) incubation with primary (murine) monoclonal anti-
body, 4) application of secondary (porcine) HRP-la-
belled polyclonal antibody, 5) incubation with tertiary
(rabbit) polyclonal antibody, again labelled with HRP,
6) visualization of conjugated monoclonal antibody
using colour reaction mediated by peroxidase with
DAB, 7) additional coloring of nuclei in Harris hema-
toxylin, 8) mounting of the preparation into Entellan
or into Aquatex providing for a longer life.
The main advantage of evaluating the cytological
preparation under the microscope is that it allows

better assessment of cellular morphology also in oli-
gocellular CSFs. A limitation of immunotyping is
especially the relatively high cost of the procedure.
In hematologic indications, 5% of malignant cells
must be present as a minimum. Another major ob-
stacle is the difficulty in distinguishing of reactive
granulocytosis with a shift to the left and reactive
monocytosis from neoplastic states with small well
differentiated cells, such as in chronic myeloid leu-
kemia.
Still, we do believe that widespread use of the me-
thod of monoclonal antibody in CSF immunocyto-
logy in tumour disease as part of the arsenal of rou-
tine techniques of examination will help improve
markedly the prognosis of patients, thanks to the
possibility of establishing of diagnosis early and,
consequently, prompt initiation of aimed therapy.
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Table IX. Significant tumorous markers detectable  in CSF
elements.

GFAP  (Glial fibrillary acidic protein)
majority of glial tumours

HMB-45 (Human melanoblastoma)
malignant melanomas

CEA (carcinoembryonic antigen)
mostly in tumours of GIT

Alpha1-phetoprotein
expressed in seminomas penetrating to CNS

Vimentin
mesenchymal tumours

C-erbB-2 Oncoprotein (non-specific marker)
more frequent in breast carcinoma

L-26 (i. e. CD 26)
B-lymphomas

BLA-36 (i. e. HDLM-3)
Hodgkin lymphoma

PCNA (Proliferating cell nuclear antigen)
breast carcinoma, also in other epithelial tumours

UCHL (=IL-2 dependent T-cell line)
T-lymphomas

CD 43 
T-lymphomas

Ki-1  (i. e. CD  30) 
lymphomas as a whole

CD 14 a CD 68 (=KP1)
histiomonocyte malignancies

CD 71 (marker is a transferrin receptor)
proliferating cells as a whole

MLA (Mucosa lymphocyte antigen)
Hairy cell leukemia

LCA (Leukocyte common antigen) (= CD 45 RB) 
all lymphomas

OPD 4 (Helper/Inducer phenotype)
T-lymphomas

Cytokeratin
epithelial tumours


