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Viral etiology of MS 

Introduction 

The detection of virus-specific antibodies, of antigens, and the more recent detec
tion of viral nucleic acids in cerebrospinal fluid (CSF) are powerful tools for the di
agnosis of the most common viral diseases affecting the CNS, such as acute and 
subacute encephalomyelitis and other neurological diseases caused by the replica
tion of viruses in the CNS. However, these virological techniques, including those 
most recently developed, are not so efficient in cases involving the verification of 
whether a viral agent may be responsible for such a complex disease as mUltiple 
sclerosis (MS). 

Since the time of its clinical classification in the 19th century, Charcot himself 
suggested that there was a possibility that MS was due to infectious agents. Despite 
all the research that has been conducted and the widening of our knowledge con
cerning the most varied aspects of the disease, the etiology of MS is still unsolved. In 
addition, the virus or viruses responsible for the disease have not yet been identi
fied. However, the hypothesis of a viral cause of MS is now an accepted constant in 
the scientific literatures of the disease [1], regardless of the setbacks encountered by 
researchers. 

A model for the viral etiology 

Maybe owing also to its vagueness, the most commonly accepted concept is that MS 
is a disease caused by an autoimmune process that originates in subjects with ge
netic predisposition as a consequence of the intervention of exogenous factors and, 
probably, of one or more viral agents. The formulation of this general hypothesis 
gives rise to the issue of developing a more involved theory, that is if the aim is to set 
up virological laboratory studies to verify the viral etiology of MS. 

One basic point that must be kept in mind in approaching this issue is the fact 
that MS is neither an infectious, nor an acute disease, but due to the characteris-
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tics which we have briefly mentioned it is a disease with a natural course resem
bling that of chronic degenerative diseases. Thus, it is necessary to verify the hy
pothesis that one or more viruses may represent the etiological agents or, at the 
very least, co-factors in the etiology of a disease that, while presenting definitive 
inflammatory phenomena, also presents the typical course of chronic degenera
tive diseases. 

The possible intervening mechanisms of viruses in the development of MS are 
reported in Fig. 1, as related to the natural course of the disease which, as in the case 
of chronic degenerative diseases, is divided into five phases: susceptibility, induc
tion, preclinical phase, degenerative phase and rehabilitation. The model taken in
to consideration in the hypothesis outlined in the figure is that of a persistent viral 
infection which many human viruses, such as Herpesvirus, Polyomavirus, Retrovirus 
and occasionally others, are capable of determining. 

Albeit indirectly, the model of persistent viral infection already supplies an an
swer to one basic question: why are viruses, and not other known micro-organisms, 
suspected in the etiology of MS? In fact, it is evident that the persistent viruses, 
which not only necessarily replicate within cells, but persist in the cytoplasm or nu
clei and in some cases, like Retroviridae, even become part of the cellular genome, 
present ideal characteristics as candidates for etiological agents of MS. 

Some aspects regarding the hypothesis outlined in Fig. 1 require further discus
sion, particularly the proposed intervening mechanisms of the viruses in the natural 
course of MS. It is known that susceptibility to the disease is, to some extent, genet
ically detemlined and that, in a similar manner, the viral infections may also follow 
different courses depending on the genetic characteristics of the infected host. As 
shown by epidemiological studies, the period of susceptibility to MS begins in early 
infancy and ends in adulthood. In keeping with the postulated viral etiology, the ac
tion of a virus during the susceptibility period leads to the induction phase, which is 
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Fig. 1. A model representing the possible action of a virus-induced persistent infection on the 
natural course of multiple sclerosis 
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an unidentifiable point in time probably because it coincides with cell or tissue al
terations not perceptible on clinical examination or testing. In addition, induction is 
a process that requires additional time before onset of the disease takes place, that 
is the transition to the preclinical phase. 

It is also known that many viruses capable of inducing chronic infection, such as 
the previously mentioned Herpesvirus and Polyomavirus, as well as many other vi
ral agents, give rise to ubiquitous infections that affect most subjects during child
hood in a symptomatic or aysmptomatic manner. It is postulated that the first event 
in the induction of the disease takes place at the time of the primary infection by 
one of these viruses, in subjects who are susceptible because of their genetical dis
position, and this event may be simultaneous with the triggering of the autoimmune 
mechanism leading to the disease. Afterwards, with each reactivation of the virus, a 
strengthening of the autoimmune action may take place, even in cases in which the 
viral reactivation does not give rise to clinical evidence and even in the presence of 
a partial reactivation, with incomplete transcription and translation of a limited 
amount of specific proteins. 

The transition to the preclinical phase is thought to take place as a consequence 
of the intervention of another factor, which may consist in infection by another 
virus or, once again, in a reactivation of the same virus. It can be reasonably postu
lated that any infection, even by non-viral agents, or other events such as trauma, 
stress, hormonal disorders, chemical exposure, pharmacological treatment, etc., can 
function as triggering factors of MS in subjects in whom a pathogenic mechanism 
has already been induced. It should also be further specified that even the start of 
the preclinical phase is difficult to determine; it is probable that a clear-cut border
line between the induction and the preclinical phases of MS does not exist. Yet, the 
preclinical phase is of considerable importance as a target of laboratory testing, 
since the development of techniques permitting the detection of lesions when clini
cal signs of MS are still not evident will lend greater weight to laboratory investiga
tions in terms of our understanding of MS etiology. Moreover, besides its particular 
significance for the study of MS etiology, the study of infection, reactivation or viral 
replication phenomena occurring in the preclinical phase may also lead to the pin
pointing of targets for specific therapeutic approaches. 

Verification of the hypothesis 

The hypothesis of a viral etiology of MS is therefore a complex one, and its verifi
cation requires the use of the complete array of the most sophisticated investigative 
tools available for virological analyses, to be used with the most suitable samples 
collected in the most significant phases of the disease. 

Which samples are most suited to verifying the viral etiology of MS? One of the most 
spontaneous answers to this question is: brain tissue samples. Considering the 
pathogenesis of MS, and that the brain is the site of the lesions determining the dis
ease, it thus represents the ideal target for virological screening. However, this is not 
entirely true for several reasons which we shall briefly consider. In the first place, it 
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should be kept in mind that the collection of samples using invasive techniques like 
stereotactic biopsy cannot be considered in the case of MS patients for ethical rea
sons, and also because this technique does not permit the collection of targeted 
specimens as precisely as needed. Thus, brain tissues can only be collected upon au
topsy, but also in this case the specimen bears the risk of being of little consequence, 
considering the long period of time that fortunately passes between disease onset 
and patient's death. Working with autopsy specimens, it is possible to detect the 
presence of any viruses directly in the demyelinating areas, and also to distinguish 
between active and older plaques. 

On one hand, the failure to detect a virus in autoptic brain tissue may also be at
tributable to a clearance of the virus over time. On the other hand, the detection of 
a virus, viral nucleic acid or viral antigens, which in the demyelinating areas may not 
be of etiological significance, could be due instead, to the fact that the virus was lo
calized in the CNS much earlier. Some indirect evidence suggesting this possibility 
consists in the ever more frequent observation of viruses, and particularly of viral 
nucleic acids, in brain tissues collected at autopsy from subjects whose deaths were 
due to causes other than CNS infection [2]. Also the detection of viral mRNA or 
proteins, clearly indicating viral replication, may not necessarily bear the signifi
cance of a resolving factor, since it may be due to the indirect effects of the activa
tion of inflammatory cells, which are present in demyelinating areas. 

On the contrary, CSF proves itself to be an ideal specimen for studies investi
gating the viral etiology of MS. The collection of CSF samples is not as traumatic for 
the patient as a biopsy, and at the same time the elements observed in the CSF are 
sufficiently indicative of what is happening in the CNS. CSF samples are often col
lected form MS patients to perform laboratory investigations which include the 
search for IgG oligoclonal bands (OB) and the measurement of intrathecal synthe
sis indexes which are useful for the diagnosis of MS. CSF is thus collected at a very 
early stage of the clinical phase and, as above mentioned, this lends greater weight 
to the results in terms of their etiological significance. Moreover, it is also important 
to note that it is possible to detect viruses in CSF by direct methods such as antigen 
detection, nucleic acid hybridization, electron microscopy, or by means of culture 
isolation assays, and it is also possible to search for indirect evidence of a viral in
fection of the CNS by measuring the viral antibodies and screening for viral-reactive 
cell clones. 

What virological methods are currently available? Virological laboratory techniques 
essentially consist of direct methods of searching for viruses or their antigens, in the 
isolation of the viruses by cultivation and in viral antibody testing. All these meth
ods have been used for MS studies, often with conflicting results. Yet, the constant 
process of perfecting virological techniques still makes their application necessary in 
the attempt to clarify the etiology of MS. The main aspects involved in the utiliza
tion of virological techniques on CSF in MS will be evaluated in the following para
graphs. 
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CSF viral antibodies 

Background 

Great encouragement for virological studies in MS came from the report of Adams 
and Imagawe [3], who published in 1962 the finding of increased levels of measles 
antibodies in MS patients. These observations, followed by many other reports [4], 
strongly influenced the virological research on MS also in consideration of the 
pathogenetic characteristics of measles virus. 

Measles virus is well known for its capability of inducing Subacute Sclerosing 
Pan encephalitis (SSPE), a rare fatal disease of CNS, and shows some epidemiolog
ical features that, according to many Authors, could well fit with the ideal charac
teristics of the putative MS virus. In particular, measles induces a common exanthe
matic disease which occurs early in childhood in the southern countries of the north
ern hemisphere, and later in the temperate and cold regions, with a gradient that is 
quite similar to that of MS distribution, whose prevalence is higher in the north. 

Many other viruses have been studied by looking for specific antibodies in 
serum and CSF and comparing the levels found in MS patients with those of control 
groups (Table 1). Both DNA and RNA employed viruses including orthomyx
ovirus, paramyxovirus, vaccinia virus, rubella virus, human herpesvirus, retrovirus 
and others have been investigated on the basis of epidemiological considerations 
and because of the immunological similarities between viral envelopes and cell 
membranes. Moreover, specific antibodies toward naked virus such as poliovirus 
have been also looked for in MS patients. 

On the whole, the large amount of data obtained with the viral antibody meth
ods have often been controversial and did not indicate the solution of the MS etiol
ogy enigma. This failure is probably due to the fact that the difference in the viral 
antibody levels observed by comparing MS patients and controls could be due to 
the immunological abnormalities that characterize MS. 

Table 1. Some of the viruses for which high antibody levels have been detected in MS pa
tients 

• Measles virus 
• Canine distemper virus 
• Mumps virus 
• Parainfluenza viruses type 1 and 3 
• Rubella virus 
• Influenza viruses type A, Band C 
• Herpes simplex virus type 1 and 2 (HSV 1 and 2) 
• Varicella Zoster virus (VZV) 
• Epstein Barr virus (FBV) 
• Human Cytomegalovirus (HCMV) 
• Poliovirus 
• Corona virus 
• Vaccinia virus 
• Human T lymphotropic virus type I (HTL VI) 
• Paramyxovirus SV5 
• Human endogenous retrovirus (HRES-l) 
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In other words, the autoimmune phenomena and the status of chronic activation 
of the immune system could be the cause of the elevated CSF antibody levels often 
observed in MS patients toward many viral agents. This could be true in particular 
when CSF antibodies are looked for toward viruses which induce common infection 
and, thus, a large majority of the general population in the western countries have 
circulating specific antibodies. On the contrary, when exotic viruses (i.e. ebola virus) 
or rare viruses (i.e. retrovirus or animal viruses) that usually do nor infect man (i.e. 
canine distemper virus or rabies or borna virus) are taken into consideration, the 
finding of CSF antibodies is more significant for the MS etiology. 

On this basis it can be accepted that in MS studies the viral antibody searches 
are unable to confirm or reject the viral etiology, but are useful as generators of new 
etiological hypotheses. 

Technical aspects 

The methods for the search of viral antibodies, usually called serological methods, 
are numerous and have different properties and limits. In Table 2 the most common 
serological tests and some of their characteristics are reported. 

The search for viral antibodies in paired samples of serum and CSF is a classical 
method for diagnosing CNS viral infection, since the detection of antibodies pro
duced within the CNS is one of the most important parameters for confirmation of 
a neurological viral infection. The intrathecal synthesis of specific viral antibodies is 
the result of their production and secretion from the B-cells that enter together 
with other immune cells into the CNS during viral infection. A critical point is the 
fact that, like other molecules, immunoglobulins can also diffuse from the blood in
to the CSF when their levels are particularly high in the serum. Thus, during a sys
temic, non-CNS infection, viral antibodies could be found in the CSF as a conse
quence of this non-specific diffusion. However, on this occasion, because of the 
blood-barrier, viral antibodies will be present in a lower concentration in CSF com
pared to serum. For a long time it has been accepted that antibody levels to a certain 
virus are usually about 1:400 times lower in CSF than those in the serum [4], and 
that a significant increase in that ratio indicates intrathecal synthesis probably stim
ulated by a CNS viral infection. This is a very simple approach and can be efficient 
for the diagnosis of acute viral infection of CNS but, of course, it is less useful when 
applyed to subacute or chronic diseases such as MS. 

The most widely used method for determining intrathecal antibody synthesis is 
to evaluate IgG index [5]. The significance and the various aspects of this and of 
other indexes are discussed elsewere in this book. With regard to the viral antibod
ies, it must be remembered that the serum/CSF ratio of specific antibody can be ad
justed for total IgG content to correct for possible increased non-specific perme
ability of the blood-brain barrier using the following formula [6]: 

virus-specific IgG in CSF/total IgG in CSF 
Virus-Specific Anti body Index: ---o---'--~--=---==--:-------;---;-::=-:::::-:---

virus specific IgG in serum /total IgG in serum 
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Table 2. Some of the most common methods for viral antibody search and their principal cha
racteristics 

Complement Fixation (CF) 
CF is a classical virological method often with specificity and sensitivity problems. It can be 
used for antibody titration by serial dilution. CF antibodies are usually toward internal viral 
antigens. CF can be only partially automated. 

Hemagglutination Inhibition (HI) 
HI has the same characteristics of the CF test; however, it detects antibodies against viral 
surface proteins. 

Neutralization Assay (NA) 
NA shows many common characteristics with HI, but NA is more difficult to execute and is 
time-consuming since it must be performed in cell culture. 

Enzyme Linked Immunosorbent Assay (ELISA) 
ELISAs are a wide family of methods for antibody testing. They are sensitive, specific and 
can be easily automated. ELISA can contain antigens viral lysate, recombined proteins and 
viral peptides. 

Radio Immuno Assay (RIA) 
RIA has the same advantage and flexibility of ELISA and perhaps it is more sensitive. 
Because radio labeled products are used, RIA can be performed only in special laboratories 
and its use should be limited. 

Immuno Fluorescent Assay (IF A) 
IF A is a low-cost, easy to perform antibody test. It cannot be automated and has sensitivity 
and specificity lower than ELISA and RIA. 

Western Blot (WB) 
Sensitive and specific, WB gives the possibility of analyzing antibody toward each separate 
viral antigen. It cannot be employed for quantitative analysis of antibody response. 

Radio Immuno Precipitation Assay (RIP A) 
RIP A has the same properties of WB but is more difficult to perform and time-consuming; 
moreover, it uses radio labeled aminoacids and therefore requires special facilities. 

Recombinant Immuno Blot Assay (RIBA) 
This method is performed as a WB after a previous mechanical deposition of antigens on 
the nitrocellulose membrane. 

Iso Electro Focusing (IEF) with Immunoblot 
This is a new method that can be used to assess antigen specificity of IgG OB found in CSF. 
The transfer of OB after IEF to a nitrocellulose membrane previously impregnated with the 
relevant viral antigen can be a strong indicator of the involvement of this virus in the CNS 
disease. 

A virus-specific antibody index of> 1 can be considered strong evidence for in
trathecal synthesis and thus for eNS infection. 

Among the other formulae that have heen proposed to define the specific in
trathecal antibody must be remembered the Antibody-Index which has been de
fined by Reiber and Lange [7]. 



8 P. Ferrante and R. Mancuso 

The CSF MRZ reaction 

As previously discussed, the finding of viral antibodies in the CSF seems not to be 
relevant for the etiology of MS. The presence of intrathecal viral antibody synthesis 
can be observed during an acute CNS infection with reaction to viral antigens, but 
of course this is not the case in MS, which has a chronic course. The presence of high 
viral antibody levels within the CSF, often found in MS patients, could be explained 
as a part of a polyspecific immune response that is typical for chronic inflammatory 
diseases. For these reasons it has been suggested that the measurement of the an
tiviral response againts measles, rubella and varicella-zoster virus (MRZ reaction) 
in CSF and matched serum samples of MS patients could be employed as a para
clinical test for the diagnosis. The MRZ reaction is conducted by measuring the an
tibody levels toward the three viruses with ELISA test, that must be standardized in 
order to obtain accurate quantitative data [8]. In this way the Antibody Specific In
dex (ASI) can be defined (see Chap. 3 of this book). 

The application of the MRZ reaction in the diagnosis of MS seems promising so 
far, but more studies are needed in order to assess the diagnostic significance and 
the possible prognostic relevance of this test. 

CSF virus isolation 

Virus isolation is one of the oldest and most common methods employed for the di
agnosis of viral infections. The isolation and the identification of a virus from CSF 
can be considered as the gold standard for diagnosing viral infection of the CNS. 
Since viruses replicate exclusively in living cells, virus isolation must be performed 
on cellular substrates that in virological laboratories include laboratory animals, 
embryonated eggs and cell cultures. Thus, is order to isolate viruses, the laboratory 
will mantain all these living substrates. Among the cell lines a large variety of cellu
lar types exist, including human diploid cell lines, primary cell lines, transformed cell 
lines and lymphoblastic cell lines. 

In the course of CNS viral infection, many different samples including throat 
swabs, blood, urine, faeces and CSF must be collected according to the replication 
sites of the suspected virus. While all the other specimens need preliminary treat
ment to avoid bacterial contamination or toxic effect on the cell culture, CSF can be 
used without any preliminary treatment. Sometimes CSF shows a toxic effect on 
some cell lines and in this case 12 or 24 hours after the inoculum the supernatant can 
be removed, assuming that if a virus is present in CSF this time is sufficient for its 
penetration into susceptible cells. 

Virus isolation is a very sensitive method since it can permit viral replication 
even if a very small number of viral particles is present in the sample. 

The great limitation of viral isolation derives from the fact that a large number 
of viruses do not replicate on the cell lines that are currently available, and there
fore this method can give false negative results. Over the years many attempts at 
virus isolation have also been performed on CSF and other samples collected from 
MS patients. Many conventional viruses or conventional infectious agents have 
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Table 3. Some viruses that have been isolated from samples, including CSF, collected from 
MS patients. The year in which the virus was isolated is indicated in parentheses 

• Rhabdovirus (1946) 
• Herpes simplex virus type 2 (HSV2) (1964) 
• Scrapie agent (1966) 
• Multiple Sclerosis Associated Agent (MSAA) (1972) 
• Parainfluenza virus type 1 (1972) 
• Measles virus (1976) 
• Bone Marrow Agent (1978) 
• Corona virus (1979) 
• Cytomegalovirus (CMV) (1979) 
• Retrovirus-like agent (LM7) (1989) 

been isolated from various laboratories; the most relevant of these observations are 
reported in Table 3. 

Unfortunately, after the first report many of these results were not confirmed in 
other laboratories. The last relevant observation of a viral agent in MS samples is 
that of Perron et al. [9] who isolated a retrovirus-like agent. This finding gave new 
impetus to the study of the possible involvement of retroviruses in MS, that was al
ready suggested when HTL V RNA and antibodies were found in MS patients. 

Molecular studies using CSF 

Historical background 

In recent years there have been far-reaching developments with techniques used in 
the field of molecular biology and manifold application of these techniques to di
agnostic approaches to viral infections. The application of these methods was also 
further extended to the study of diseases, among which was MS, in which a viral 
etiology was suspected, with the aim of acquiring evidence to support the hypoth
esis. 

The techniques that may be adopted for research on MS are essentially repre
sented by the hybridization of nucleic acids. Unlike that which takes place in the 
case of viral isolation or serological assays, hybridization makes it possible to detect 
a viral infection even when the virus is in a latent state. Hybridization between a la
beled DNA or RNA probe and a viral genome (DNA or RNA) can be performed 
directly on the infected cells or tissues using in situ hybridization (ISH). If hy
bridization is conducted on previously extracted DNA or RNA, or on DNA or 
RNA extracted from CSF, the technique is instead termed Southern or Northern 
Blot, respectively. 

ISH is a very sensitive and specific technique, and it represents a valid tool for 
the study of CNS infections. However, the methodology of this technique is rather 
complex: with ISH, which keeps the structure of the cells and tissues examined, it is 
possible to detect the cells infected by the virus by using double staining. The South-
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ern and Northern blot techniques are well known and have been widely used for 
many years in genetic studies. Their employment in the field of virology has proved 
to be less efficient, as the amount of viral nucleic acids is quite low in biological sam
ples. 

Undoubtedly, the most suitable technique to detecte viral genomes in CSF is the 
polymerase chain reaction (PCR) [10]. PCR analysis permits one to amplify a 
known genome sequence and obtain millions of copies, thus making it a highly sen
sitive method. Amplified DNA can then be subjected to hybridization with a probe 
to verify its specificity, using Southern blotting or liquid hybridization, which can be 
performed with radioisotope-labeled or enzyme-linked probes. 

Using the PCR, it is also possible to amplify viral RNA because a preliminary 
retrotranscription step can be performed to synthesize the complementary DNA 
(cDNA) before running the PCR (RT-PCR). To improve the sensitivity of PCR, 
many laboratories are successfully using the nested PCR (n-PCR), which consists of 
a preliminary amplification of an external DNA region, followed by a second series 
of amplification cycles performed with primers which anneal to an internal part of 
any DNA amplified in the first cycle (Fig. 2). 

The extensive application of the n-PCR to the diagnosis of viral infection has al
so eliminated the uncertainties existing until a few years ago concerning the low 
specificity of this method. 

Technical aspects of PCR analysis of CSF 

CSF specimens are excellent candidates for PCR analysis. CSF can be used in its 
current state without requiring treatment for DNA extraction, whereas brain tissue 
and peripheral blood samples require preliminary treatment prior to testing. 

Our experience in screening CSF samples for viral nucleic acids in the case of 
samples collected from patients with Herpes, Human Cytomegalovirus and Epstein 
Barr virus encephalitis and progressive multi focal leukoencephalopathy (PML), has 
led to the establishment of some conditions for running PCRs on CSF. CSF samples 
are collected, immediately stored on ice, and then examined by PCR; if the PCR is 
not scheduled to be performed immediately or within a few hours, the CSF can be 
efficiently stored at -20°C or -80°C temperature, with best results at the colder 
temperature. Twenty microlitres of CSF are added to a final volume of the PCR re
action mixture, without requiring any treatment. Due to the presumably small 
amount of viral nucleic acids present in CSF, the n-PCR is preferred to the single 
PCR. Special care must be taken in cases of viral encephalitis of various types, also 
during sample collection. In fact, when there is an acute viral infection involving the 
CNS, viral nucleic acids are detectable in the first few days of the disease; but when 
virus-specific antibodies are produced, the PCR may yield negative results, proba
bly as a consequence of viral clearance. This phenomenon is also observable when 
screening CSF for viral antigens to establish a diagnosis of viral encephalitis. Thus, 
a PCR performed on CSF can yield false-negative results even in the case of acute 
viral encephalitis if the sample is collected at the wrong point in time. Recent find
ings concerning Herpes encephalitis support this possibility, as patients with nega-
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Fig. 2. Outline of the nested polymerase chain reaction analysis, including a preliminary re
trotranscription step 

tive PCR results for Herpesvirus in CSF showed good clinical responses to treat
ment with acyclovir [11]. 

Another aspect to be taken into account is that, as a consequence of an in
creased permeability of the blood-brain barrier during a systemic viral infection, 
there is a possibility of the virus being carried from the blood to the CSF. Such an 
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event must be considered as extremely rare; however, some methodological im
provements can be adopted to avoid false-positive PCR results. For example, using 
the same PCR the presence of the virus in the blood should be verified, and if this is 
the case a quantitative PCR, or, better, a sequence analysis of the amplified prod
ucts should be performed. 

The use of the PCR following a preliminary retrotranscription step, makes it 
possible not only to amplify genomic RNA, but also to search for messenger RNA, 
thereby permitting verification of whether the virus is latent or actively replicating. 
This approach is of particular importance in the study of brain tissue, but it should 
also be performed when CSF is being examined. 

The evaluation of PCR results should take into account the status of the blood
brain-barrier through the assessment of serum and CSF albumin and IgG levels, and 
the appropriate formula should be applied thereafter [5]. Therefore, the routine 
performance of CSF analyses at the time of the PCR investigations represents a re
liable and important guideline to be followed. 

PCR analysis of CSF from subjects with MS 

In the previous section we observed that although the PCR is a very efficient 
method and CSF is particularly indicated as a sample for PCR testing a number of 
problems exist in the case of diagnosis of acute viral infection of the CNS. The dif
ficulties involved in the detection of any virus in the CSF from MS patients, are ob
viously augmented by all of the factors discussed in the section on the natural histo
ry of MS and the possibility of a viral etiology. For these reasons, though the PCR 
analysis appears to be a rather simple technique to use for the detection of viruses in 
CSF samples from MS patients, it does require a number of steps and a complex ap
proach within a well-defined protocol (Table 4). Taking into account that samples 
are screened for a virus that has probably been present for years in the organism 
and has then spread to various tissues besided to the CNS, the scheduling of CSF 
and other sample collection, the identification of the viral genomic regions to be tar
geted with the PCR, and thus the choice of an appropriate set of primers, and the 
decision whether to adopt a n-PCR rather than a single PCR, are all critical factors 
to be evaluated and determined in advance. 

In the case of relapsing-remitting MS, CSF should be collected during a relapse, 
possibly in the first few days of the exacerbation prior to any pharmacological treat
ment. If a patient is instead affected by a chronic, progressive type of MS, the CSF 
sample should be analyzed at a time close to the onset of the disease, the point 
when it is usually collected for MS diagnosis. 

Table 4. Guidelines for the employment of PCR in CSF analysis 

• Collect the CSF during an acute relapse and in early stage of the disease 
• Collect on the same day samples of peripheral blood, urine and saliva 
• Perform on the specimens n-PCR tests for more than one virus 
• Employ mUltiple n-PCR in order to amplify different regions of the viral genome 
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It is of fundamental importance to collect the other types of sample from the 
patient on the same day. Many different samples may be collected for PCR analy
sis, depending upon the replication sites of the various viruses. However, sample 
collection should include at least peripheral blood, urine and saliva, because most 
viruses that are capable of inducing persistent infections in humans, usually can be 
detected in one or more of these body fluids. The PCR analysis should be per
formed on all the samples in order to ascertain whether the positive results ob
tained with the CSF represent an indicator of viral replication restricted to the 
CNS or also involving other areas of the body. CSF is a precious material and it 
should be screened by PCR for more than one virus whenever specimens from MS 
patients are involved. 

Another critical factor in the use of PCR analysis of CSF from MS patients con
cerns the choice of primers, and thus the part of the genome to be amplified. Usu
ally a highly conserved region of the viral genome is the best target for PCR analy
sis; nonetheless, it may be important to attempt to amplify sequences belonging to 
different genes such as the regulatory genes, capsid protein coding genes and, when 
present, the envelope glycoprotein genes. This approach should prevent false-nega
tive results, that may occur in the case of viral genomic mutations, a relatively fre
quent event, which for some viruses like JC virus in PML, seems to be important for 
the development of the neurovirulence [11]. 

Conclusions 

Virological investigations conducted on CSF and other specimens from MS patients 
have been performed over the past fifty years, but the viral etiology of the disease 
remains a hypothesis without grounds for confirmation or rejection. Virology, and 
particularly neurovirology, are rapidly developing fields. The past decade has seen 
the discovery of many new human viruses worldwide which are capable of inducing 
persistent infection affecting also the CNS. Virological techniques have seen dra
matic improvements: viral antibody assays are now extremely sensitive and specific, 
and can be applied to a large number of viruses. They can also be performed in al
most completely automated systems requiring small amounts of sample material. 
Moreover, an incredibly large variety of cell lines have become available for isola
tion assays, providing the possibility of isolating viruses, such as the new human her
pes viruses which were unknown until just a few years ago. The application of the 
methods used in molecular biology to neurovirology is becoming more and more 
common and it is producing successful results. 

The study of CSF is an excellent tool for our understanding of the pathogenesis 
of MS. The virological analysis of CSF from MS patients should always include the 
measures described in the approach outlined in the sections above. The virological 
analysis of CSF, and particularly antibody titers and MRZ reaction, may also repre
sent supplementary diagnostic and predictive tests that could contribute to the es
tablishment of new treatment or to the screening of patients for clinical trials. Our 
efforts should concentrate on conducting extensive studies which include antibody 
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assays, isolation assays and PCR analysis. Extensive, comprehensive virological 
studies are expensive and time-consuming. However, when CSF and the other spec
imens are collected, treated and appropriately stored, they could be analyzed by a 
network of virology laboratories which would apply their own specific skills in a 
joint effort to define the viral etiology of MS. 
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