
thoughtful psychopharmacological intervention, can be ex-
tremely helpful, although they do not guarantee prevention
of an actual suicide. Suicidal thinking shared with others is
a cry for help. It is probably safe to assume that the patient
in the clinical vignette presented by Zametkin et al experi-
enced long-standing suicidal thinking accompanied by subtle
signs of depression before her leap to her death.

There are several important practical implications for the
generalist physician or nonpsychiatrist specialist who is faced
with a suicidal patient, particularly an adolescent or young
adult. Zametkin et al suggest referral to a psychiatrist un-
less the physician has training or special expertise with evalu-
ating depressed or suicidal patients; however, the authors
also provide many practical suggestions for the practi-
tioner, such as engaging the family and suicidal adolescent
to discuss the situation, urging that firearms and poten-
tially lethal medications such as acetaminophen be re-
moved from the home, and increasing vigilance on the part
of caretakers. Assuming the patient is not becoming psy-
chotic or manic, immediately starting a selective serotonin
reuptake inhibitor antidepressant is a safe course of action,
particularly since such drugs generally cannot be used for
a lethal overdose.

Hospitalizing an agitated, intoxicated, unmanageable, sui-
cidal adolescent is often indicated, although it has become
increasingly difficult because many adolescent psychiatric
units around the country have closed. Zametkin et al point

out that there is no evidence that hospitalization per se pre-
vents an actual suicide. Nonetheless, probably because of
fear of malpractice suits, there is still pressure to hospital-
ize suicidal adolescents even if it means sending the pa-
tient to a distant community. Risk management places youth
and young adult suicide high on the vulnerabilities list as
shocked and often guilty family members ask, “How could
this have happened? Why didn’t somebody do something
about it?” Thus, clinicians dealing with suicidal patients,
particularly an adolescent, constantly wonder whether they
will be blamed if a patient leaves their office and commits
suicide or what they can or should do to prevent it. The re-
search reported by Dube et al and the article by Zametkin
et al provide useful evidence-based context for facing that
difficult clinical situation.
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Viruses and Multiple Sclerosis
Donald H. Gilden, MD

MULTIPLE SCLEROSIS (MS) IS THE MOST COM-
mon demyelinating disease of humans. In the
United States alone, the prevalence is 250000
to 350000 cases.1 Based on data accumu-

lated in 1994, the annual cost was estimated at more than
$34000 per person, translating into a conservative esti-
mate of a national annual cost of $6.8 billion and a total life-
time cost per case of $2.2 million.2 Most MS patients are
young. Disease usually begins between ages 15 and 45 years
and has a relapsing-remitting course, although a substan-

tial proportion of patients develop chronic progressive
disease.

The pathologic hallmark of MS is the plaque, an area of
white matter demyelination often accompanied by inflam-
mation. The inflammatory infiltrates are composed of T lym-
phocytes, some B cells and plasma cells, and activated mac-
rophages or microglial cells.3 Although it is generally believed
that inflammation is an obligatory and possibly primary fea-
ture of demyelination in MS, myelin destruction also may
proceed despite a nearly complete lack of lymphocytic in-
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filtration, suggesting a role for endogenous glia, such as mi-
croglia or astrocytes, as a source of injury mediators.3 Im-
munoglobulin G and complement are localized primarily
at the periphery of plaques.4

Although the cause of MS is unknown, 2 leading theories
are that the disease is infectious, probably viral, or that it is
produced by a host-immune response to an infectious agent
or autoantigen.5 Results from 3 different areas of investiga-
tion argue for a viral cause of MS. First, epidemiologic analy-
sis of all cases of MS in the Faroe Islands in 1920-1977 indi-
cated a point-source epidemic of MS, probably introduced
by British groups or their baggage; thus, MS in the Faroes ap-
peared to be a transmissible, most likely infectious disease.6

Second, studies of identical twins in which one has MS have
shown that only 30% of the other twins develop disease, sug-
gesting that more than a putative susceptible genotype de-
termines disease.7 Third, although the protein of normal hu-
man cerebrospinal fluid (CSF) contains up to 13% IgG, the
CSF of MS patients contains 15% to 30% IgG and sometimes
more, as well as oligoclonal bands (OGBs).8 The latter are
found almost exclusively in central nervous system (CNS)
disorders of infectious origins, such as neurosyphilis, tuber-
culous and fungal meningitis, some acute viral CNS infec-
tions, and subacute sclerosing panencephalitis (SSPE), a
chronic encephalitis caused by measles virus.

Furthermore, for the 2 instances in which the specificity
of CSF OGBs was studied, they represented antibody di-
rected against the agent that causes disease. For example,
the OGBs in the CSF of patients with SSPE are antibody di-
rected against measles virus.9 Similarly, the OGBs in cryp-
tococcal meningitis were shown to be completely removed
by absorption with cryptococcal antigen but not by absorp-
tion with Candida antigen, ruling out the possibility that cryp-
tococci nonspecifically absorb the IgGs.10 Other examples
of the specificity of OGBs in CNS infectious disorders in-
clude the fact that the oligoclonal IgG in human T-
lymphotrophic virus 1 (HTLV-1) myelopathy is directed
against HTLV-1 virus11; that the oligoclonal IgG in the CSF
of patients with mumps meningitis is directed against mumps
virus12; and that the oligoclonal IgG in the CSF of neuro-
syphilis patients is directed against Treponema pallidum, the
cause of syphilis.13 In addition, progressive multifocal leu-
koencephalopathy is an exclusively human demyelinating
disease that has been proven to be caused by a virus.14

Although many investigators believe that MS is an auto-
immune disorder, largely by analogy with the prototype im-
munopathology, experimental allergic encephalomyelitis
(EAE), proof is lacking. For example, the target antigen(s)
in MS is unknown, and it has never been shown that abun-
dant brain white matter proteins, such as myelin basic pro-
tein or myelin oligodendrocyte protein, bind to or absorb
out the OGBs in MS. Careful examination of MS plaques has
not revealed any IgG binding to the surface of intact my-
elin sheets, even in the presence of IgG-positive plasma cells15;
thus, if antimyelin antibody contributes to myelin break-

down in chronic MS lesions, the determinant does not ap-
pear to be an antigen on the surface of intact healthy my-
elin sheaths.

Furthermore, there is no immune-mediated animal model
of MS, and the collective abundant data gathered on immu-
nogenetic background, macrophage function, specific T-cell
subpopulations, and cytokine and chemokine responses in
EAE and MS patients have failed to clarify the nature of dis-
ease production. Equally discouraging is that the multiple
immunosuppressive and immunomodulating agents used to
treat MS have not produced the gratifying response often seen
in myasthenia gravis, a proven autoimmune disease. More-
over, although EAE can be induced in syngeneic recipients
by adoptive transfer of lymphocytes from animals sensitized
with whole brain white matter or myelin basic protein, there
is only a single report of demyelination produced by passive
transfer of antibody from MS patients.16 Although seemingly
heretical, itwas recently suggested thatamoratoriumbeplaced
on the autoimmune hypothesis in MS to redirect funds for
research on novel approaches to the problem.17

Various microorganisms have been associated with MS,
but none has been tightly linked to disease. The most re-
cent organism to be implicated is Chlamydia pneumoniae, a
gram-negative bacterium. Since the original detection of C
pneumoniae DNA and antibody in the CSF of some MS pa-
tients,18 various laboratories around the world have at-
tempted to confirm this potentially important finding. How-
ever, multiple studies have indicated a lack of any significant
association between C pneumoniae and MS.19 In the past de-
cade, 2 human herpesviruses also have been associated with
MS. One is human herpesvirus 6 (HHV-6), the cause of ro-
seola, and the other is Epstein-Barr virus (EBV), the cause
of infectious mononucleosis. The detection of fingerprints
of these 2 ubiquitous viruses known to be latent in blood
B-EBV or T–HHV-6 cells is intriguing, since the primary en-
counter with either virus usually occurs before or during
puberty, the same time that epidemiologic evidence indi-
cates exposure to the disease-causing agent of MS. How-
ever, HHV-6 is found not only in the brain and CSF of MS
patients, but also in neoplastic and normal brain,20 suggest-
ing that the detection of virus reflects its reactivation from
latency and blood T-cell trafficking through brain. Further-
more, no EBV-specific RNA was detected in 10 MS pa-
tients’ brains by in situ hybridization.21

In this issue of THE JOURNAL, a prospective serologic study
of 62439 women by Ascherio et al22 found significant el-
evations in serum anti-EBV antibody titers before onset of
MS, particularly antibody to the EBV nuclear antigen 2
(EBNA-2). While the findings would suggest a role of EBV
in the etiology of MS, CSF data would be helpful, since the
IgG in MS patients’ brain tissue and CSF is synthesized in-
trathecally and may more accurately reflect the immune re-
sponse at the site of disease. While the neurotropism of EBV
and its ability to produce serious neurologic disease at all
levels of the human neuraxis have been documented,23 if
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EBV or any other virus causes MS, it should be possible to
demonstrate that MS OGBs contain antibody directed against
the suspected agent.

Many viruses and pathogens have been associated with
MS, although none has been tightly linked to disease.24 The
potential to identify rare or low-abundance pathogens has
improved, and the molecular virologic strategies and tech-
niques available today allow studies of virus detection not
possible 20 years ago. For example, the ability to prepare
and characterize libraries of genes from human tissue based
on a difference in their genes or gene products allowed the
isolation of complementary DNA clones derived from hepa-
titis C virus (HCV).25 Those cDNA clones were obtained with-
out prior knowledge of the virus, the viral genome, or pres-
ence of circulating viral antibodies. The abundance of HCV-
specific RNA from infected animals was ultimately
determined to be only approximately 0.00001% or 1:107.
Combined cloning in expression vectors (even without sub-
traction hybridization) and immunologic screening led to
the identification of an HCV-specific clone in approxi-
mately 106 recombinant phage.

Some of these strategies already have been applied to MS.
Cloning of IgG genes in brain tissue (and CSF) of MS pa-
tients has revealed the presence of overrepresented heavy-
chain sequences expressed at multiple plaque sites. Align-
ment of the heavy-chain sequences to their closest germline
counterparts revealed clonal amplification and extensive so-
matic mutation, features of an antigen-driven response.26

Comparison of the IgG heavy-chain sequences in MS and
SSPE again revealed features of an antigen-driven response
in both diseases. Since the antigen in SSPE is known to be
measles virus, the parallel findings in MS suggest an antigen-
driven immune response,27 rather than a nonconventional
mechanism of B-cell activation. This concept warrants fur-
ther analysis of the specificity of IgG in brain tissue and CSF
in MS. Although the cause of MS is not likely to be found
under the EBV lamppost, the search for a viral cause of MS
must continue.

Funding/Support: This editorial was supported in part by Public Health Service
grant NS 32623 from the National Institutes of Health.
Acknowledgment: I thank Marina Hoffman for editorial review and Cathy Allen
for preparing the manuscript.

REFERENCES

1. Anderson DW, Ellenberg JH, Leventhal CM, Reingold SC, Rodriguez M, Sil-
berberg DH. Revised estimate of the prevalence of multiple sclerosis in the United
States. Ann Neurol. 1992;31:333-336.
2. Whetten-Goldstein K, Sloan FA, Goldstein LB, Kulas ED. A comprehensive as-

sessment of the cost of multiple sclerosis in the United States. Mult Scler. 1998;
4:419-425.
3. Lassmann H, Raine CS, Antel J, Prineas JW. Immunopathology of multiple scle-
rosis: report on an international meeting held at the Institute of Neurology of the
University of Vienna. J Neuroimmunol. 1998;86:213-217.
4. Lumsden CE. The immunogenesis of the multiple sclerosis plaque. Brain Res.
1971;28:365-390.
5. Gilden DH, Devlin ME, Burgoon MP, Owens GP. The search for virus in mul-
tiple sclerosis brain. Mult Scler. 1996;2:179-183.
6. Kurtzke JF, Hyllested K. Multiple sclerosis in the Faroe Islands, I: clinical and
epidemiological features. Ann Neurol. 1979;5:6-21.
7. Spielman RS, Nathanson N. The genetics of susceptibility to multiple sclerosis.
Epidemiol Rev. 1982;4:45-65.
8. The proteins of cerebrospinal fluid: findings in multiple sclerosis. In: McAlpine
D, Lumsden CE, Acheson ED, eds. Multiple Sclerosis: A Reappraisal. 2nd ed. Ed-
inburgh, Scotland: Churchill Livingstone; 1972:368-398.
9. Vandvik B, Norrby E, Nordal HJ, Derge M. Oligoclonal measles virus-specific
IgG antibodies isolated from cerebrospinal fluids, brain extracts, and sera from pa-
tients with subacute sclerosing panencephalitis and multiple sclerosis. Scand J Im-
munol. 1976;5:979-992.
10. Porter KG, Sinnamon DG, Gillies RR. Cryptococcus neoformans-specific oli-
goclonal immunoglobulins in cerebrospinal fluid in cryptococcal meningitis. Lan-
cet. 1977;1:1262.
11. Grimaldi LM, Roos RP, Devare SG, et al. HTLV-1-associated myelopathy: oli-
goclonal immunoglobulin G bands contain anti-HTLV-1 p24 antibody. Ann Neu-
rol. 1988;24:727-731.
12. Vandvik B, Norrby E, Steen-Johnsen J, Stensvold K. Mumps meningitis: pro-
longed pleocytosis and occurrence of mumps virus-specific oligoclonal IgG in the
cerebrospinal fluid. Eur Neurol. 1978;17:13-22.
13. Vartdal F, Vandvik B, Michaelson TE, Loe K, Norrby E. Neurosyphilis: intra-
thecal synthesis of oligoclonal antibodies to Treponema pallidum. Ann Neurol.
1982;11:35-40.
14. Padgett BL, Walker DL, ZuRhen GM, Eckroade RJ, Dessel BH. Cultivation of
papova-like virus from human brain with progressive multifocal leukoencepha-
lopathy. Lancet. 1971;1:1257-1260.
15. Prineas JW, Kwon EE, Cho E-S, et al. Immunopathology of secondary-
progressive multiple sclerosis. Ann Neurol. 2001;50:646-657.
16. Saeki Y, Mima T, Sakoda S, et al. Transfer of multiple sclerosis into severe com-
bined immunodeficiency mice by mononuclear cells from cerebrospinal fluid of the
patients. Proc Natl Acad Sci U S A. 1992;89:6157-6161.
17. Steiner I, Wirguin I. Multiple sclerosis—in need of a critical reappraisal. Med
Hypotheses. 2000;54:99-106.
18. Sriram S, Stratton CW, Yao S, et al. Chlamydia pneumoniae infection of the
central nervous system in multiple sclerosis. Ann Neurol. 1999;46:6-14.
19. Tsai JC, Gilden DH. Chlamydia pneumoniae and multiple sclerosis: no signifi-
cant association. Trends Microbiol. 2001;9:152-154.
20. Cuomo L, Trivedi P, Cardillo MR, et al. Human herpesvirus 6 infection in neo-
plastic and normal brain tissue. J Med Virol. 2001;63:45-51.
21. Hilton DA, Love S, Fletcher A, Pringle JH. Absence of Epstein-Barr virus in mul-
tiple sclerosis as assessed by in situ hybridisation. J Neurol Neurosurg Psychiatry.
1994;57:975-976.
22. Ascherio A, Munger KL, Lennette ET, et al. Epstein-Barr virus antibodies and
risk of multiple sclerosis: a prospective study. JAMA. 2001;286:3083-3088.
23. Majid A, Galetta SL, Sweeney CJ, et al. Epstein-Barr virus myeloradiculitis and
encephalomyeloradiculitis. Brain. 2002;125:1-7.
24. Johnson RT. Viral Infectious of the Nervous System. 2nd ed. Philadelphia, Pa:
Lippincott-Raven; 1998.
25. Choo Q-L, Kuo G, Weiner A, Overby L, Bradley D, Houghton M. Isolation of
a cDNA clone derived from a blood-borne non-A, non-B viral hepatitis genome.
Science. 1989;244:359-362.
26. Owens GP, Kraus H, Burgoon MP, Smith-Jensen T, Devlin ME, Gilden DH.
Restricted use of VH4 germline segments in an acute multiple sclerosis brain. Ann
Neurol. 1998;43:236-243.
27. Smith-Jensen T, Burgoon MP, Anthony J, Kraus H, Gilden DH, Owens GP.
Comparison of IgG heavy chain sequences in MS and SSPE brains reveals an antigen-
driven response. Neurology. 2000;54:1227-1232.

EDITORIAL

©2001 American Medical Association. All rights reserved. (Reprinted) JAMA, December 26, 2001—Vol 286, No. 24 3129


