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Abstract
Citizens living around hazardous waste sites in the USA
have expressed concern to public health officials at the
local, state and federal level about a perceived high prev-
alence of multiple sclerosis (MS) in their communities.
Many believe the occurrence of the disease is directly
linked to exposure to chemical agents from the nearby
hazardous waste site. Although the public’s concern
regarding these clusters should be addressed, epidemi-
ologists have long known that evaluating perceived clus-
ters is rarely fruitful for identifying an etiologic agent. In
order to adequately address concerns regarding clusters
of MS, as well as examining the role of environmental
exposures and genetic susceptibility in the causal mech-
anism of disease, several activities need to be conducted
including characterizing the occurrence of disease, de-
veloping a standardized case definition and establishing
partnerships to develop innovative research techniques.
Only with collaboration across disciplines and lessons
learned from past research will we be able to effectively
guide research efforts directed at determining the etiolo-
gy of this disease.

Copyright © 2004 S. Karger AG, Basel

Introduction

Multiple sclerosis (MS) is a demyelinating disease of
the central nervous system and one of the most common
causes of neurological disability in young adults [1]. The
diagnosis of MS is unusual before adolescence, rises
steadily from the teens to age 35, and then declines grad-
ually thereafter [2, 3]. Approximately twice as many wom-
en are affected by MS as men and Caucasians of northern
and central European ancestry are at highest risk of devel-
oping MS [3–6]. The progression of the disease is variable
with the clinical course of MS varying from an asymptom-
atic condition to an aggressive form that can rapidly lead
to severe disability [3, 7]. Most commonly, the clinical
course involves a series of remissions and relapses that
may become progressively more severe over time. MS
usually is not a fatal disease, but it often results in
decreased quality of life.

People living around hazardous waste sites in the USA
have expressed concern to local, state and federal public
health officials about perceived increases in the preva-
lence of MS in their communities. Many believe the
occurrence of the disease is directly linked to exposure to
chemical agents from the hazardous waste site [8–10].
The Agency for Toxic Substances and Disease Registry
(ATSDR), a US federal public health agency, and collabo-
rators at local and state health agencies, work to prevent
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exposure and adverse health effects associated with expo-
sure to hazardous substances from waste sites, unplanned
releases and other sources of pollution present in the envi-
ronment. In more and more communities where these
agencies work, they are being asked to investigate pur-
ported clusters of MS, amyotrophic lateral sclerosis, lupus
or other neurologic diseases. However, even the most bas-
ic tools with which to conduct these types of investigation
are lacking including background prevalence comparison
estimates, an understanding of biologically plausible
mechanisms for contributions of environmental contami-
nants to the disease process, and knowledge of causal dis-
ease mechanisms.

The US Centers for Disease Control and Prevention
(CDC) developed guidelines for investigating disease
clusters that have been used successfully in the investiga-
tion of purported cancer and birth defect clusters [11].
One of the preliminary steps, as outlined in the CDC
guidelines, is to determine if there is an actual excess of
the disease of concern in the community reporting the
cluster. When a community identifies an apparent cluster
of MS, however, it is difficult to address these concerns
because the data needed to estimate MS prevalence can-
not be obtained. MS is not a reportable disease and
national prevalence data are neither current nor readily
available for comparison. The inability of public health
agencies to address the most basic question of whether
there is an excess of MS in the community results in frus-
tration for the community and loss of credibility for pub-
lic health officials.

This article will provide an overview of (1) challenges
faced by local, state and federal public health agencies in
the USA when asked to examine clusters of MS, and
(2) the role potential environmental factors may play in
the development of MS. Although the focus of this paper
is MS, many of the issues discussed pertain to other non-
infectious diseases as well. Recommendations for future
public health activities are also discussed.

Challenges

There are several challenges public health officials face
when investigating apparent clusters of MS in communi-
ties. These challenges include a lack of available data on
MS, inability of cluster studies to address community
concerns, causal agents have not been identified, limita-
tions of environmental epidemiology and inadequate in-
frastructure of public health agencies.

Lack of Available Data on MS
According to CDC guidelines for investigating clusters,

the first step is to determine if there is an excess of disease
in the community by comparing the number of reported
cases to an ‘expected’ number of cases based on a refer-
ence population [10]. The expected number of cases is
often derived from an existing disease registry, such as
those for cancer or birth defects. Ideally, the registry infor-
mation would be specific to the state or region in which
the cluster was reported and be timely; however, there are
no population-based registries or ongoing surveillance
efforts for MS in the USA. Therefore, the (expected) num-
ber of MS cases has been established using prevalence
estimates from published articles. These estimates, how-
ever, are not current and vary widely due to the methodol-
ogy and population sample used.

The National Health Interview Survey (NHIS) is a
health survey conducted annually by the CDC that col-
lects data on self-reported illnesses. Using NHIS data col-
lected during 1989–1994 the estimated prevalence of MS
is 87 cases per 100,000 population in the civilian non-
institutionalized population [11]. In 1975, the National
Institute of Neurological Disorders and Stroke (NINDS)
conducted a survey of physicians and hospitals by using a
probability sample of healthcare providers considered
most likely to treat MS patients in the contiguous 50 states
and reported a prevalence of 57.8 cases of MS per 100,000
population [12]. The prevalence of MS for specific locales
has been reported since 1970 with a prevalence range
from 22 to 160 per 100,000 population. The highest prev-
alence for a specific geographic area was reported in a
1985 Minnesota study that identified cases of MS in
Olmsted County from 1905 through 1984 by using the
centralized diagnostic index at the Mayo Clinic [13]. The
diagnostic index allowed for the identification and retrie-
val of medical charts for patients that met study eligibility
and who had been diagnosed with MS by a clinical neurol-
ogist. This and other evidence suggests there are regional
differences in the prevalence of MS in the USA, which
makes using national estimates to establish an ‘expected’
number of cases even more problematic [4, 11, 12, 14–
18].

An accurate estimate of the underlying disease burden
in a population is required to appropriately evaluate a
possible excess in a timely, efficacious and credible man-
ner. This is illustrated by a recently completed MS cluster
investigation in El Paso, Texas. Depending on the refer-
ence population used in this investigation, the standard-
ized morbidity ratios ranged from 1.05 (95% confidence
interval (CI) 0.57–1.76) using the Olmsted County data,
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1.93 (95% CI 1.06–3.24) using the NINDS National Sur-
vey, and 2.80 (95% CI 1.52–4.66) using the NHIS Nation-
al Survey [19]. At the extremes, these estimates based on
national published data could be interpreted as there
being no excess of disease or as there being an approxi-
mate threefold excess of MS in the study population. In
1999, ATSDR funded three states to conduct a pilot MS
surveillance project. Based on preliminary data from the
Texas pilot surveillance project, a re-analysis of the El
Paso MS cluster using the Texas-specific data indicates
the standardized morbidity ratio may approach 8.0. Citi-
zens require and deserve a less ambiguous answer to their
questions concerning an excess of disease in their commu-
nity. Public health agencies also need less ambiguous
information when making a decision as to whether addi-
tional resources should be committed to pursuing an etio-
logic investigation.

Inability of Cluster Studies to Address Community
Concerns
Although public health officials understand that inves-

tigating disease clusters is usually not fruitful for identi-
fying an etiologic agent, they are regarded as unresponsive
and uncaring by community members if they do not pur-
sue additional studies once a cluster has been confirmed.
If further investigations are conducted and the results are
inconclusive, public health officials are sometimes re-
garded with mistrust. Overall, cluster investigations es-
tablish expectations that typically cannot be met by an
epidemiologic investigation.

If an excess of disease is identified in a community,
residents generally request that public health agencies
conduct additional studies to determine the specific cause
of the cluster. However, previous studies of cluster inves-
tigations of MS in the USA have shown that the probabili-
ty of finding a discernable cause is low. There are three
main reasons for this. First, all individuals included in
reported clusters may not meet a uniform case definition
for MS based on a set of generally accepted criteria such as
the Poser or McDonald criteria [20, 21]. In a cluster inves-
tigation in Los Alamos County, New Mexico, 26 of 53
potential cases met the diagnostic criteria of MS after
review of medical records [8]. Second, relevant exposures
of interest are unmeasured, particularly historical expo-
sures that are needed to help determine the latency of dis-
ease. Cluster investigations of MS in the USA have typi-
cally been conducted in areas where there is local concern
regarding exposure from a hazardous waste site [7–9].
Unfortunately, past exposure information at the individu-
al or pertinent geographic area level is generally not avail-

able so studies rely on self-reported exposure information.
However, even when occupational clusters are investi-
gated, it is difficult to identify causal agents [22]. Third,
the small number of cases in such (clusters) often limits
the ability to differentiate between an excess of etiologic
interest and a chance occurrence. MS cluster investiga-
tions have been conducted with less than 10 individuals
[23, 24] although most have less than 40 individuals
[7–9].

Causal Agents Have Not Been Identified
Although the cause of MS is unknown, evidence indi-

cates that it is a complex disease with a multifactorial eti-
ology determined by both environmental factors and
genetic susceptibility [4, 25–38]. A number of environ-
mental exposures – heavy metals, infectious agents, sol-
vents, diet and smoking – have been investigated as
potential risk factors for disease but no consistent associa-
tions have been established [25, 29, 30]. It is currently
hypothesized that one or more environmental exposures
in a genetically susceptible individual may trigger the
development of disease [4, 25–27].

Studies focusing on the genetic component of MS have
focused on the apparent immune mechanism of the dis-
ease including the major histocompatibility complex, par-
ticularly the human leukocyte antigen region, immuno-
globulin heavy chain, T-cell receptor, tumor necrosis fac-
tor and myelin basic protein loci [3, 31]. Association, clas-
sic linkage and affected sib-pair linkage studies have been
conducted examining the role these factors play in the
onset of disease, but the results have been conflicting.
With the exception of the human leukocyte antigen genes,
there have been no consistently replicated findings of
linkage to any candidate genes [28, 32–34]. These results
suggest that a single locus model for MS is unlikely.

Several viruses are thought to be associated with MS
including canine distemper, measles, herpes (HHV-6),
rubella (German measles), human T-cell lymphotrophic
virus 1 and Epstein-Barr although subsequent studies
have not substantiated all of these reports [35–37]. Be-
cause the relapsing-remitting phase of MS in many ways is
analogous to the recurrence of herpes virus infections, a
virus from this group has been an attractive etiologic can-
didate [39]. Studies also suggest that the critical time peri-
od for environmental exposures is prior to puberty [3, 4,
17]. Lack of an identified causal agent(s) – either environ-
mental or genetic – makes studying this disease difficult.
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Limitations of Environmental Epidemiology
The goal of environmental epidemiology is to evaluate

whether physical, biologic and chemical factors in the
external environment (i.e., in air, soil and water) are asso-
ciated with the occurrence of disease in a population.
Characterizing exposure is an important limitation of
these studies. People are exposed to many different toxic
pollutants throughout their lives and the health impact of
these complex mixtures is unknown. In addition, evaluat-
ing the effect of environmental exposures is difficult
unless the exposure of concern is persistent in the envi-
ronment or can be reconstructed from existing records.
When investigating a disease such as MS, which has a long
and variable latency period, this process is even more
complex because it is difficult to characterize historical
exposures to individuals during the time period of con-
cern. Another problem with conducting epidemiologic
research of environmental exposures is accounting for
recall bias. People with MS may have better recall of
potential exposures than people without the disease. Also,
the publicity associated with cluster investigations can
make it difficult to obtain unbiased responses in inter-
views and on questionnaires.

Inadequate Infrastructure of Public Health Agencies
Public health agencies need and want to respond to

community concerns about potential disease clusters. Al-
though most health departments have developed proto-
cols to respond to calls about clusters of cancer or birth
defects, local, state and federal health agencies lack pro-
grams focusing specifically on MS. Even if the CDC
guidelines for investigating clusters are used, public
health officials are not able to determine if there is an
excess of MS in the community because a geographic-spe-
cific and timely reference population is not available to
calculate the number ‘expected’. Due to the lack of inci-
dence or prevalence data for MS, when a call is received
about a perceived cluster of MS in a community, public
health agencies appear to be unprepared or unresponsive.
For example, a concerned resident with MS living in Ohio
first contacted the local health department in 1984 to
report that there were 27 individuals with MS that had
lived in the village (population 4,500). Although the local
health department lacked resources to conduct a full epi-
demiological study, they were able to confirm an MS diag-
nosis for the majority of the 27 individuals. It was not
until ATSDR was able to provide funding to the local
health department that a more comprehensive investiga-
tion was initiated. Their results from this investigation
will be used to determine if there is an excess of MS in the

village compared to the county. However, this study will
not be able to address etiologic issues. As is illustrated in
the Ohio example, community residents become very
frustrated when their concerns are not investigated in a
timely manner. Public health officials became frustrated
because they have neither the staff nor the resources to
address the issue.

Recommendations

Epidemiologists have long known that evaluating per-
ceived clusters is rarely fruitful for identifying an etiologic
agent, however the public’s concern regarding these clus-
ters should be addressed. In order to adequately address
questions regarding the causes of MS and the potential
role of environmental exposures, several activities need to
be undertaken: surveillance techniques need to be devel-
oped in order to characterize the occurrence of MS in the
USA, a standardized case definition needs to be used for
these surveillance activities, and innovative research
techniques need to be encouraged among MS researchers
in various fields.

Characterize the Occurrence of Disease
The number of individuals in the USA who are

affected by MS and the resultant magnitude of the impact
of the disease on the public’s health are unknown. In order
to understand the clinical, public health and economic
importance of MS, it is necessary to have accurate esti-
mates of the incidence and prevalence of MS at the
national, state and local level [40]. Surveillance tech-
niques need to be developed to so that accurate incidence
and prevalence data will be available to public health
agencies. Access to this information will allow questions
from concerned communities about the occurrence of MS
in their area to be answered in a timely manner. Further,
the information available from a national surveillance
system will serve to guide research efforts when conduct-
ing studies to identify potential causes of this disease,
including the possible contribution of environmental con-
taminants.

Use of a Standardized Case Definition
The diagnosis of MS is often difficult because there is

no single clinical sign or diagnostic test that is unique to
this disease and because there is wide variation in presen-
tation of signs and symptoms. In order to have an effec-
tive surveillance system, a clear case definition is needed.
Currently, two diagnostic criteria are being used by neu-
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rologists: the Poser criteria [20] and the McDonald crite-
ria, which differ in important ways [21]. Unlike the Poser
criteria, the McDonald criteria integrate magnetic reso-
nance imaging (MRI) into the overall diagnostic scheme
and include the diagnosis of primary progressive disease.
For surveillance purposes, either criteria may be accept-
able for determining incidence and prevalence of MS.

Establish Partnerships to Develop Innovative Research
Techniques
Previous studies support both genetic and environ-

mental components of susceptibility to MS. In the USA,
many studies currently underway are not examining both
components concurrently and collaboration among re-
searchers with different areas of expertise is minimal.
Future research should examine the interaction between
genetic and environmental factors involved in the etiolo-
gy and progression of MS. In addition, the USA should
follow the examples of Europe and Canada and establish
partnerships between researchers with expertise in ge-
netics, neurology, immunology, epidemiology and toxi-
cology.

Discussion

Although MS causes significant chronic morbidity and
disability and affects primarily young and middle-aged
adults, it has not received much attention from public
health agencies. In order to address this deficiency, the
ATSDR is completing a cooperative agreement to deter-
mine the prevalence of MS in three states – Ohio, Missou-
ri and Texas. The primary data source for MS case ascer-
tainment is medical records from neurologists’ offices
which are reviewed and verified by each study area’s con-
sulting neurologist. Cases status was determined by ap-
plying both the Poser and McDonald criteria. The infor-
mation gained from this project will help fill a data gap
and will assist in answering questions about the preva-
lence of MS in concerned communities in these states. In
addition, the methods developed during this project are
serving as a prototype for other surveillance activities sup-
ported by ATSDR including additional studies to deter-
mine the prevalence of MS and amyotrophic lateral scle-
rosis in five different geographic areas where there are
community concerns regarding an increased prevalence
of these diseases.

On March 21, 2002, new legislation was introduced in
both the US Senate and House of Representatives that
would establish a Nationwide Health Tracking Network

to track chronic diseases. The network will collect infor-
mation regarding when and where chronic diseases occur,
as well as information about potentially related environ-
mental factors. In addition, CDC announced the avail-
ability of funds for a cooperative agreement program in
2002 to support development of a National Environmen-
tal Public Health Tracking (Surveillance) Program. The
purpose of this CDC program is to (1) develop the compo-
nents of a standards-based, coordinated and integrated
environmental public health tracking (surveillance) sys-
tem at state and national levels that will allow linking of
health effects data with human exposure and environ-
mental hazards data, and (2) increase environmental pub-
lic health capacity at the local, state and national levels.
National programs such as these will help address ques-
tions regarding trends in the prevalence of chronic dis-
eases such as MS and will assist in identifying potential
areas of study with regard to suspected environmental
exposures.

To examine the causal mechanisms of MS, including
the role of environmental exposures and genetic suscepti-
bility, collaboration among researchers with varied exper-
tise is essential. Currently, ATSDR is collaborating with
local, state and federal public health officials, neurolo-
gists, geneticists, other researchers and individuals af-
fected with MS to guide research efforts directed at poten-
tial etiologies of this disease. Past research, including
results from cluster investigations, has demonstrated that
large-scale studies are needed to clarify potential causes of
this disease. ATSDR is funding a national multi-site case-
control study to examine the role of environmental fac-
tors, infectious disease and genetic susceptibility in the
development of MS. In addition to evaluating potential
causes of this disease, information from this type of study
could guide planning of effective prevention programs
and interventions to help reduce the burden of this dis-
ease in future generations.
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