Int. J. Mol. Sci. 2014, 15, 3533-3545; doi:10.3390/ijms15033533
OPEN ACCESS

International Journal of

Molecular Sciences
ISSN 1422-0067
www.mdpi.com/journal/ijms
Review

Notes on the Epidemiology of Multiple Sclerosis,
with Special Reference to Dietary Habits
Klaus Lauer
Eulerweg 4, D-64347 Griesheim, Germany; E-Mail: drklauslauer@aol.com
Received: 25 December 2013; in revised form: 30 January 2014 / Accepted: 13 February 2014 /
Published: 26 February 2014

Abstract: A hypothesis, based primarily on the occurrence of multiple sclerosis (MS) in
the Faroe Islands and supported by numerous analytical epidemiological studies, is
described. It proposes that MS is caused by the interaction of a virus disease with
intestinal pathology, e.g., infectious mononucleosis, and application of smoked and
nitrate/nitrite-cured meat products in the diet during circumscribed time intervals. The
biological mechanisms might involve a break of tolerance by an alteration of self within
the central nervous system, by nitrophenylated compounds conjugated to animal tissue, in
particular to proteins occurring in the central nervous system. Further research is needed.
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1. Introduction
The aetiology of multiple sclerosis (MS) is still unknown, but both the genetic and environmental
fields contribute to the emergence of the disease. Of the environment, in particular, prospective cohort
studies revealed in recent years that prior infection with Epstein-Barr virus (EBV) [1–5], deficiency of
vitamin D [1,4,6], and tobacco smoking [1,4,7,8] are important for the generation of MS in a
multifactorial way. With diet, as one of the possible causes of MS, the situation is at present
inconsistent. In many reviewing articles of its epidemiology, diet is also mentioned as a factor of
importance [9–12], but e.g., studies mainly devoted to nutrients, and fats in particular, remained
controversial [13–16]. Subsequently, processed meat or, more specifically, smoked meat, was
outlined [17,18] as the further specification of an earlier hypotheses claiming the role of meat, or
pork [19–21] in general. In the present review, the origin of this hypothesis is described in detail,
recent ecological findings from Australia are given, and biological mechanisms for the emergence of
an autoimmune disease are outlined.
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2. The Epidemiological Origin of the Hypothesis
In 1979, J.F. Kurzke and K. Hyllested [22] described, for the first time, a unique feature of multiple
sclerosis (MS) epidemiology. They reported on MS as an only transitory disease in the Faroe Islands
(FI), in the North Atlantic, which are a part of the Kingdom of Denmark. The disease had started there,
with the first case ever, in 1943 followed by an epidemic lasting until the early 1950s. Subsequently
four minor “outbreaks” of MS followed until 1994 [23–25]. The authors interpreted this pattern as
indicating primarily an infectious aetiology of MS, and postulated a hypothetical “primary MS
affection (PMSA)” virus, which was introduced by British forces during World War II. In 1989, I took
up this epidemiological phenomenon and made an ecological study of diet over time, assembling a
large number of books and papers in Danish, Faroese and English languages from the anthropological
and socio-cultural human arts [26]. I made also two visits to the FI in 1986 and 1987. The period thus
covered reached from ca. 1670 up to 1976. The main result was rather surprising: only five dietary
factors could be found which occurred only transitorily in the first half of the 20th century, in spite of
numerous features which appeared newly over time, but remained present. Four of these factors
appeared rather anecdotic or were limited to an insular population, and could not explain the overall
epidemiology of MS. The fifth aspect however, was of paramount interest. The population of the FI
had traditionally preserved their fish, whale meat and mutton by drying in the sun and the ever blowing
wind until the early 20th century [26], as formerly did, in a very similar way, the population of the
Shetland Islands [27,28]. In Shetland, however, the habit of drying in the so-called vivda (a drying
house) felt into complete oblivion, with the emergence of salt handling, until mid 1900 [29,30], and
was replaced by salting and smoking [31]. In the FI, however, wind-drying remained the usual method
of meat preservation, which was still alive in 1986 ([29]; own observation in 1986). However, in 1907,
there was a severe interruption in form of the first cookery book in Faroese language, published by
Helena Patturson in Tórshavn, Faroe Islands, in which she recommended the smoking of meat and fish
and the use of “wood vinegar” (a distillation product of natural wood, which was rather common at
that time in the Scandinavian countries, as it is now in many parts of the world) for meat
preservation [32]. Later remarks in the literature from the 1930s to early 1950s confirmed this
behavior [33–36], until electric appliances appeared in the kitchen in the 1950s and 1960s, and the usual
peat-burning stoves, used for cooking and meat smoking before, disappeared within a decade [36,37].
The Faroese, however, who were always in conflict with the “strange” method of smoking for
preservation, took again quickly the old form of wind-drying, which is still present today ([29]; own
observation in 1986). However, another trait came into play from the mid 1960s on, i.e., the import of
pork and sausages, mostly from Denmark, which finally amounted to a considerable part of meat
products [37]. This situation remained until the present day, with supermarkets located in the larger
towns of the FI that provide both local and imported foods (own observation in 1986 and 1987). The
MS incidence was shown, in 2011, by P. Joensen to have risen again, after a transitory decline from
1963–1982, up to 4.9 per 100,000 per year in 1993–2002, and the MS prevalence amounted to 95 per
100,000 in 2011 [38]. Joensen, however, in contrast to Kurtzke and Hyllested 1979 [22], found the
first case of MS in the FI with onset of his disease in 1917, and the second in 1939 [38], followed by
the “waxing-and-waning” curve which had already been shown by the former authors [22–25] and
representing the first epidemic of MS in the FI.
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3. Further Epidemiological Findings in Support of the Hypothesis
In the following years, the method of meat preservation was studied in, so far, 14 regions, which
have a number of sub-regions sufficiently large to make an ecological investigation. In nearly all of
these regions, a statistically significant association could be shown with either the MS prevalence, or
the MS mortality, or the regional “case-control ratio” as an indicator of MS prevalence, ([39–49];
Table 1). Only in Australia, including seven territories, did a more complex pattern emerge [50]:
whereas the MS prevalence based on data from the MS society 2010 [51], as compared with diet in
1995 [52], indicated an even “protective” role of processed meat (n = 7; rS = −0.739; p = 0.058), data
from the Survey of Disability, Ageing and Carers (SDAC) of the Australian Bureau of Statistics [51]
revealed exactly the reverse (n = 7; rS = +0.775; p = 0.041; [50], Table 1). Since this data source
included only the more disabled patients of MS, it might be speculated that processed food causes a
more severe course of MS rather than the risk per se. Further studies are needed.
Table 1. Correlation of MS prevalence, or MS mortality, with processed, or smoked, meat
intake, favouring a pathogenetic role, in 14 regions. * SDAC: Survey of Disability, Ageing
and Carers of the Australian Bureau of Statistics, 2009. Spearman’s coefficient or
Mann-Whitney test were applied.
Region
France
Switzerland
Sweden
Norway
Finland
globe
USA
Lower Saxony, Germany
Canada
European Union
Austria
England/Scotland
Spain
globe
Australia

Subunits
12 regions
22 cantons
24 provinces
18 counties
9 counties
26 countries
48 States
2 regions
10 provinces
7 countries
9 Fed. States
8 Statist. Regions
46 provinces
69 countries
7 territories

MS Rate
mortality
prevalence
prevalence
mortality
prevalence
prevalence
case-control ratio
mortality
mortality
prevalence
mortality
hospital admission rate
mortality
prevalence
SDAC *. data

p-Level
0.020
0.002
0.002
<0.001
0.038
<0.001
<0.001
<0.002
0.001
0.042
0.020
0.007
0.068
<0.001
0.041

References
[39]
[39]
[40]
[40]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]

In Scandinavia [40] and Canada [44], coastal areas were also included, and these showed either no
difference from the mean or even a lower MS rate. This fact gave rise to the further sub-hypothesis
that some factor(s) occurring specifically in fish and seafood, which is traditionally more prevalent
in the local diet in coastal regions, are rather more protective from MS. This was recently confirmed
by D’hooge et al. [53] who showed a less severe course of MS among patients with the
relapsing—remitting type of MS who eat more fish.
The individual risk of MS was also studied, so far, in six case-control studies ([54–59];
Table 2). With that study type, in which a much higher level of evidence can be reached, significant
results were also found in all regions, implicating a higher risk for smoked meat. In two of these
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studies, the search for risk factors was restricted to a particular class of so-called “hot-smoked”
sausages, i.e., frankfurters, Vienna sausages, or “hot dogs”. It should be mentioned that smoking was
the usual method of meat preservation, in temperate regions of Europe, since several thousand years of
human history [60], i.e., long before MS appeared around 1800 [61,62]. This is in contrast to another
factor, which is linked to smoking, i.e., the pre-curing with nitrate, or nitrite. In Germany, for example,
it was introduced e.g., ca. 1750, but it took a large up-swing after the detection of saltpetre mines in
Chile in the 19th century [63]. The temporal pattern of its usage is very similar to the emergence of
MS in the medical literature [61,62].
Table 2. Case-control studies of processed meats in the MS generation.
Region
South Hesse, Germany
Gorski Kotar, Croatia
Moscow, Russia
Montreal, Canada
South Hesse, Germany
Čabar, Croatia

OR
18.5 *
20.7
17.5
1.2 **
2.8 *
10.8 ***

p-Value
0.004
<0.001
<0.001
0.030
0.001
0.004

References
[54]
[55]
[56]
[57]
[58]
[59]

OR: odds ratio; * only hot—smoked sausages (frankfurters; hot-dogs; etc.); ** summary variable of pork and
hot-dogs; *** own calculation from the reverse.

The occurrence of MS in some religious groups gave also support to the present hypothesis [64].
These Anabaptist groups have their background in the haunting German history of the late 16th century.
One community, the Hutterites who are of Southern German and Austrian descent, but had finally,
after a long migration mainly through Moravia, Romania and the Ukraine, immigrated to southern
Canada and the northern USA in the late 1800s, have a surprisingly low rate of MS [65,66].
Mennonites, in contrast, which are of north German and Dutch descent and also immigrated to
southern Canada, and later partly to Latin America, seem to suffer from MS at least as common as
their Canadian ethnic neighbors [67]. The Hutterites who still practice communal property have, until
the present day, the habit to preserve all their food in large refrigerated storing facilities ([68,69]; own
observation in 1998), which is in line with the prescribed avoidance of any pleasure in daily food. Old
Colony Mennonites, in contrast, who rigidly observe their traditional faith, smoke and cure much of
their processed meat with nitrites [70,71].
Another example of a low rate of MS among Whites is presented by immigrants to South Africa [72].
In that country, where the climate is comparatively warm and dry, biltong and droewors play a major
role in the diet, and both products are cured with nitrite, but dried in the air [73,74]. This pattern
indicates that only the synthesis of both preservation methods, i.e., curing with nitrites and subsequent
smoking, is the center of the present hypothesis.
The question of an association was also investigated in a single large epidemiological cohort study
in the USA [75]. In that investigation, no risk was found for processed meat, 80% of which are smoked
in developed countries. However, only the year preceding the onset of MS, and not childhood and
early adolescence relevant to MS emergence [76,77], were studied for exposure. Thus, the hypothesis
remains open at present. As a possible alternative, results of an extended case-control study of MS in
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five regions of the globe, the EnvIMS study, which goes on in four European countries and in
Canada [78] and which is including also food preservation methods in detail, must be awaited.
4. Biological Mechanisms
The fact that only smoked meat, but not smoked fish, showed an almost universal relation to MS
led to the further sub-hypothesis that (an) additional factor(s) peculiar to meat, but not to fish, interacts
with smoking (vide supra). One factor meeting this criterion is prior curing, which today is commonly
made by a mixture of cooking salt and nitrites, which is applied before smoking. Nowadays, in the era
of refrigerators and freezers, the main purpose of curing is to preserve the red color of the meat, by
allowing chemical reactions with myoglobin [79], but also an anti-botulinum activity of nitrites plays a
role [80]. Fish, in contrast, is only rarely cured with nitrates, or nitrites, but exceptions occur, e.g.,
in Scotland [81]. In 1975, Knowles et al. [82] described the formation of different nitrophenol
compounds in raw and fried cured, smoked bacon. Their findings were later confirmed in Germany,
where even dinitrophenols were found [83]. Some years earlier, the conjugation of smoke phenols, via
lysine residues, to meat proteins was reported [84] and, with all the likelihood, this conjugation also
occurs with nitrophenols. Unfortunately, however, no quantitative data are available until the present
day. Already in 1962, W.O. Weigle [85,86] had experimentally demonstrated the breaking of immune
tolerance towards thyroglobulin, by altering the antigen-moiety by trinitrophenol (TNP)—binding of
that protein. Remarkably, thyreoiditis developed in two out of six surviving animals [86], which was
probably autoimmune in character. In later reports from the 1990s, Martin et al., and Martin and
Weltzien investigated the consequences of nitrophenolation of autoantigens for T cell recognition, in
the context of accommodation to the binding grooves of the major histocompatibility complex (MHC)
molecules. They observed (a) the alteration of the framework, in contrast to the variable, parts of the T
cell receptor by the trinitrophenylated antigen, which is unusual and might be a reason for the large
spectrum of changed specificities; and (b) that hydrophobic, in particular phenolic, and heterocyclic
amino acids played a major role in the binding contact [87–89]. The authors had devoted their studies
to drug allergies, but the outstanding results may be generalized and applied to a broader range of
conditions, including autoimmunity.
Furthermore, Achtnich and Zoeller demonstrated, in mice, the later development of a generalized
autoimmune condition, with polyspecific antibodies to several autoantigens and TNP, when the
reactive compound trinitrobenzensulphonic acid (TNBS) was applied very early to the animals [90]. It
is very likely that this low-weight compound, which is well known as a hapten, subsequently
conjugates with different mouse proteins as carriers and, thus, causes autoimmunity. However the
present hypothesis would still be more convincing and consistent with Weigle’s data on autoimmune
thyreoiditis, when animal proteins of the central nervous system (CNS) and conjugated as carriers
ex vivo were applied to the mucosal immune system of the gut via daily diet. This might be especially
occurring in transitory time periods when the intestine is in an abnormal state of less stringent barriers,
e.g., during a variety of gut infections [91]. A survey of brain antigens that are present in processed
meats revealed that 9.9% of sausage samples were reacting positively with proteolipid protein (PLP).
This protein is practically specific to the CNS and proves prior usage of brain material during the
preparation of sausage [92]. It had not been declared to the consumer by labeling, as prescribed by the

Int. J. Mol. Sci. 2014, 15

3538

European Union, even when non-cattle and non-ovine (e.g., swine) brain and spinal cord material is
added. Earlier studies, using a different methodology with cholesterol screening and neuron-specific
enolase (NSE) as markers of CNS revealed 4% positivity [93,94]. In a later publication, with use of
polyclonal anti PLP-antibody, a lower percentage of positive results (ca. 1%–2%) were found [95],
which were ascribed to the new BSE crisis at that time. The usage of CNS material in sausage
preparation is of some advantage to producers due to its emulgating properties and its low price [93].
In Germany, however, the admixture of brain and spinal cord from cattle and sheep from age 12 months
is now prohibited, and meat products need a special declaration if they are made with CNS material
e.g., from swine regardless of age or from cattle younger than 12 months [92].
In many countries, it is now common to use commercial smoke distillation preparations
(e.g., formerly called “wood vinegar”) for treating meat and sausages instead of applying natural
smoke for preservation [60,96]. The composition of these products is varying by brand, but a common
advantage is the removal of potentially cancerogenic PAHs and tarry constituents. Furthermore the
application of liquid smoke, through mixing under the sausage batter or injecting into the meat,
ensures a homogeneous flavor of the product [96]. However, their content of e.g., phenols is in same
range or even higher than in the natural glowing smoke [60], and the possible consequences for the
present hypothesis might even be accentuated due to their higher concentration also in the inner parts
of the product.
The sharp discrepancy between the frequent ingestion of smoked meat and sausages on one hand in
developed countries, and the comparatively low frequency of MS on the other, suggest that at least one
additional, or interacting, factor plays an important role, e.g., infections of the intestine. This assumption
is all the more prudent as the mucosal barrier which is rather close under normal conditions, is
transitorily disturbed during the period of infection [91], and a more direct link to the core immune
system occurs.
The impact of infections, as one possible factor during late childhood and adolescence, is widely
discussed since decades in the pathogenesis of MS [1–5]. In particular, infectious mononucleosis by
EBV infection causes inflammatory intestinal alterations in a high percentage of cases [97]. A possible
synthesis, however, with other environmental factors was only rarely addressed. We had found such an
interaction of cured, hot-smoked sausages and common childhood infections (including EBV
infection) occurring after age 9 in a case-control study of MS patients and hospital controls [58], but
more extended studies are needed.
Another hypothesis might be developed, based upon studies by Berneman et al. [98] on natural
auto-reactive antibodies, which exist in all healthy individuals [99,100]. They demonstrated the
cross-reacting affinity, among many other autoantigens that were reacting with natural antibodies, of
myelin basic protein (MBP) (which is one of the central autoantigens discussed in MS [101]) with
TNP. One might speculate that prior repeated stimulations with nitrophenol in food (vide supra) paved
the way to a permanent anti-MBP autoreactivity. Some support was found in the experimental work by
Achtnich and Zoeller already discussed who showed that the prenatal application of TNP in form of
TNBS acid gave rise to increased later autoimmunity to thyroglobulin, myoglobin, single- and
double-stranded DNA in adulthood [90].
A further sub-hypothesis is based on the observation of nitro-polyaromatic hydrocarbons
(nitro-PAHs, or nitro-arenes), which occur especially in smoked sausages, less so in other smoked
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meat [102,103]. Only sparse data are available in the literature on the consequences to the immune
system. Studies in diesel exhaust (which, however, contain these compounds in still much larger
amounts) have shown that both immunostimulating and immunosuppressive processes, comprising
numerous compounds, occur after exposure [104]. Studies on food are not available. However, the
high concentrations of nitro-PAHs also found in vegetable food sources [102] argue, at first, against a
major role of these compounds. Furthermore, this view is strengthened by the occurrence of MS in the
FI, since liquid smoke occurring at that time, is almost lacking the PAHs, but nonetheless was related
to a sharp increase of the MS incidence (vide supra).
5. Conclusions
Some hypotheses can be delineated, based on published data, for the environmental factor
“cured and smoked meat”, but if, and to what extent, these play some role in the pathogenesis of MS
must await further investigations. Epidemiological evidence is arguing for a role of processed meat
and sausages in MS. Research related to the food industry and artisan’s operations has elaborated
alternatives to nitrite in meat curing [80], but commercial considerations and arguments of flavoring
are still under discussion. An answer, however, is urgently needed, since western foods, including
hot-dogs, appear with rapidly increasing frequency in developing countries. For example, whereas all
the Arab countries had a low rate of MS before 1980 [105], the increase of the MS prevalence, from
10 to 85 per 100,000, that was observed in Kuwait within only 30 years [106], is an alarming sign. In
Kuwait, there was, after 1991, a large increase of hot-dog consumption which seemed to have changed
considerably the local eating habits [107]. In the United Arab Emirates (UAE), even camel-meat
hot-dogs are now offered in Dubai [108], where the MS prevalence was in the medium range of
54.8 per 100,000 in 2007 [109]. In the neighboring Abu Dhabi, however, where the MS prevalence
was 20.5 per 100,000 in 2003 [110], a retreat has recently been beaten by banning, since 2010, all hot
dogs and burgers from public schools as a result of a scientific workshop [111]. Consequently, the
present hypothesis could find considerable support, or may be disproved, by the further observation of
MS in that country in the next 30 years. An only transitorily frequent occurrence in Abu Dhabi, which
was formerly demonstrated only in the FI [22–24,38], would be a strongly supporting argument for the
present hypothesis.
Conflicts of Interest
The authors declare no conflict of interest.
References
1.
2.
3.

Ascherio, A.; Munger, K. Epidemiology of multiple sclerosis: From risk factors to prevention.
Semin. Neurol. 2008, 28, 17–28.
Ascherio, A.; Munger, K.L. Environmental risk factors for multiple sclerosis. Part I: The role of
infection. Ann. Neurol. 2007, 61, 288–299.
Thacker, E.L.; Mirzaei, F.; Ascherio, A. Infectious mononucleosis and risk for multiple sclerosis:
A meta-analysis. Ann. Neurol. 2006, 59, 499–503.

Int. J. Mol. Sci. 2014, 15
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.
14.

15.

16.

17.
18.
19.
20.

3540

Ramagopalan, S.V.; Dobson, R.; Meier, U.C.; Giovannoni, G. Multiple sclerosis: Risk factors,
prodromes, and potential causal pathways. Lancet Neurol. 2010, 9, 727–739.
Sundström, P.; Nyström, L.; Jidell, E.; Hallmans, G. EBNA-1 reactivity and HLA DRB1*1501
as statistically independent risk factors for multiple sclerosis: A case-control study. Mult. Scler.
2008, 14, 1120–1122.
Ascherio, A.; Munger, K.L.; Simon, K.C. Vitamin D and multiple sclerosis. Lancet Neurol.
2010, 9, 599–612.
Handel, A.E.; Williamson, A.J.; Disanto, G.; Dobson, R.; Giovannoni, G.; Ramagopalan, S.V.
Smoking and multiple sclerosis: An updated meta-analysis. PLoS One 2011, 6, e16149.
Hedström, A.K.; Bäärnhjelm, M.; Olsson, T.; Alfredsson, L. Tobacco smoking, but not Swedish
snuff use, increases the risk of multiple sclerosis. Neurology 2009, 73, 696–701.
Kantarci, O.; Wingerchuk, D. Epidemiology and natural history of multiple sclerosis:
New insights. Curr. Opin. Neurol. 2006, 19, 248–254.
Coo, H.; Aronson, K.J. A systematic review of several potential non-genetic risk factors for
multiple sclerosis. Neuroepidemiology 2004, 23, 1–12.
Marrie, R.A. Environmental risk factors in multiple sclerosis aetiology. Lancet Neurol. 2004, 3,
709–718.
Smolders, J.; Damoiseaux, J.; Menheere, P.; Hupperts, R. Vitamin D as an immune modulator in
multiple sclerosis: A review. J. Neuroimmunol. 2008, 194, 7–17.
Dworkin, R.H.; Bates, D.; Millar, J.H.D.; Paty, D.W. Linoleic acid and multiple sclerosis:
A reanalysis of three double-blind trials. Neurology 1984, 34, 1441–1445.
Bates, D.; Cartlidge, N.E.F.; French, J.M.; Jackson, M.J.; Nightingale, S.; Shaw, D.A.; Smith, S.;
Woo, E.; Hawkins, S.A.; Millar, J.H.D.; et al. A double-blind controlled trial of long chain n-3
polyunsaturated fatty acids in the treatment of multiple sclerosis. J. Neurol. Neurosurg. Psychiatr.
1989, 52, 18–22.
Pantzaris, M.C.; Loukaides, G.N.; Ntzani, E.E.; Patrikios, I.S. A novel oral nutraceutical formula
of omega-3 and omega-6 fatty acids with vitamins (PLP 10) in relapsing remitting multiple
sclerosis: A randomized, double-blind, placebo-controlled proof-of-concept clinical trial.
BMJ Open 2013, 3, e002170.
Torkildsen, Ø.; Wergeland, S.; Bakke, S.; Beiske, A.G.; Bjerve, K.S.; Hovdal, H.; Midgard, R.;
Lilleås, F.; Pedersen, T.; Bjørnarå, B.; et al. ω-3 fatty acid treatment in multiple sclerosis
(OFAMS study). Arch. Neurol. 2012, 69, 1044–1051.
Lauer, K. Environmental risk factors in multiple sclerosis. Exp. Rev. Neurother. 2010, 10,
421–440.
Lauer, K. Dietary exposures and multiple sclerosis: A review. Rev. Esp. Escl. Múlt. 2011, 19,
13–21.
Alter, M.; Yamoor, M.; Harshe, M. Multiple sclerosis and nutrition. Arch. Neurol. 1974, 31,
267–272.
Nanji, A.A.; Narod, S. Multiple sclerosis, latitude and dietary fat: Is pork the missing link?
Med. Hypothes. 1986, 20, 279–282.

Int. J. Mol. Sci. 2014, 15
21.

22.
23.

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.

3541

Zorzon, M.; Zivadinov, R.; Nasuelli, D.; Dolfini, P.; Bosco, A.; Bratina, A.; Tommasi, M.A.;
Locatelli, L.; Cazzato, G. Risk factors of multiple sclerosis: A case-control study. Neurol. Sci.
2003, 24, 242–247.
Kurtzke, J.F.; Hyllested, K. Multiple sclerosis in the Faroe Islands. I. Clinical and
epidemiologcal features. Ann. Neurol. 1979, 5, 6–21.
Kurtzke, J.F.; Hyllested, K.; Heltberg, A.; Olsen, A. Multiple sclerosis in the Faroe Islands. 5.
The occurrence of the fourth epidemic as validation of transmission. Acta Neurol. Scand. 1993,
88, 161–173.
Kurtzke, J.F.; Hyllested, K.; Heltberg, A. Multiple sclerosis in the Faroe Islands: Transmissions
across four epidemics. Acta Neurol. Scand. 1995, 91, 321–325.
Kurtzke, J.F.; Heltberg, A. Multiple sclerosis in the Faroe Islands: An epitome.
J. Clin. Epidemiol. 2001, 54, 1–22.
Lauer, K. Dietary changes in temporal relation to multiple sclerosis in the Faroe Islands. An
evaluation of literary sources. Neuroepidemiology 1989, 8, 200–206.
Monteith, R. Description of the Islands of Orkney and Zetland [original: 1633]; Thomas G.
Stevenson: Edinburgh, UK, 1845.
Brand, J. A New Description of Orkney and Zetland, Pightland-Firth and Caithness; J.A. Taylor:
London, UK, 1703.
Anonymous. Vivda. Available online: http://www.probertencyclopaedia.com/cgi-bin/
res.pl?keyword=Vivda&offset=0 (accessed on 12 December 2013).
Anonymous. Taste Shetland. Vivda. Available online: http://www.tasteshetland.com/history
(accessed on 12 December 2013).
Nicolson, J.R. Traditional Life in Shetland; Hale: London, UK, 1978.
Patursson, H. Matreglur Fyri Hvørt Hus. Føroysk Kókibók (in Faroese); Prentsmiðja
”Dimmalaetting”: Tórshavn, Faroe Islands, 1907; pp. 63–64.
Harresen, E. Køkkenets indretning–faerøske retter–spisevaner. In P. Carl Petersen Fonds
Ernaeringsexpedition til Faerøerne 1936–1937; Gudjonsson, S.V., Ed.; Nyt Nordisk
Forlag–A.Busck: Copenhagen, Denmark, 1940; pp. 191–199 (in Danish).
Scharla, N. Opskriftsbok fra Faerøernes Husholningsskole; B.Z. Jensen: Tórshavn, Faroe Islands,
1934 (in Danish).
Mitens, E.; Lørup-Sørensen, C. Faerøsk lovsamling 1687–1953. Landsprentsmiðian: Tórshavn,
Faroe Islands, 1953; pp. 774–776 (in Danish).
Joensen, J.P. Fiskafólk; Føroya Sparikassi: Tórshavn, Faroe Islands, 1982; pp. 124, 190, 204
(in Faroese).
Lauer, K. Environmental associations with the risk of MS: The contribution of ecological
studies. Acta Neurol. Scand. 1995, 91, 77–88.
Joensen, P. Multiple sclerosis: Variation of incidence of onset over time in the Faroe Islands.
Mult. Scler. 2011, 17, 241–244.
Lauer, K. Multiple sclerosis in relation to meat preservation in France and Switzerland.
Neuroepidemiology 1989, 8, 308–315.
Lauer, K. The Fennoscandian focus of multiple sclerosis and dietary exposures: An ecological
comparison. L'Arcispedale S.Anna di Ferrara 1996, 46, S17–S18.

Int. J. Mol. Sci. 2014, 15
41.
42.
43.

44.
45.
46.
47.
48.
49.
50.
51.

52.
53.
54.

55.
56.
57.
58.
59.

3542

Lauer, K. Sausage preservation methods and the prevalence of multiple sclerosis: An ecological
study. Ecol. Food Nutr. 2007, 46, 1–11.
Lauer, K. Food consumption in northern and southern States of the USA: An ecological study on
the risk of multiple sclerosis in space and time. Mult. Scler. 2009, 15, S44.
Darmstaedter, E.; Firnhaber, W.; Lauer, K. Food consumption in Lower Saxony, northern
Germany, in relation to the multiple sclerosis mortality 1975–1995: An ecological study. In
Proceedings of the Meeting of the German Society of Epidemiology (Deutsche Gesellschaft für
Epidemiologie), Muenster, Germany, 16–19 September 2009.
Lauer, K. The association of the multiple sclerosis mortality 1965–1994 in Canada with food
retail trade and food-related occupations: An ecological study. Neuroepidemiology 2009, 33, 198.
Lauer, K. Industrial food production in countries of the European Union and the prevalence of
multiple sclerosis: An ecological analysis. J. Neurol. 2010, 257, S202.
Lauer, K. Multiple sclerosis and food consumption in Austria: An ecological study. Mult. Scler.
2010, 16, S94.
Lauer, K. The impact of food in the aetiology of multiple sclerosis: An ecological study in
Scotland and England. Proc. Ger. Nutr. Soc. 2012, 17, 49.
Lauer, K. Multiple sclerosis mortality and dietary factors in Spain: An ecological study.
Neuroepidemiology 2012, 39, 236.
Lauer, K. Multiple sclerosis, vitamin D and meat smoking: A global ecological study.
Neuroepidemiology 2013, 41, 254.
Lauer, K. Epidemiologist, Griesheim, Germany. Unpublished work, 2014.
Palmer, A.J.; Hitchens, P.L.; Simpsen, S.; O’Leary, B.; Colman, S.; Taylor, B.V. A novel
method for calculating prevalence of multiple sclerosis in Australia. Mult. Scler. 2013,
doi:10.1177/1352458513479841.
McLennan, W.; Podger, A. National Nutrition Survey. Foods Eaten, Australia 1995; Australian
Bureau of Statistics: Canberra, Australia, 1999.
D’hooge, M.B.; Haentjens, P.; Nagels, G.; de Keyser, J. Alcohol, coffee, fish, smoking and
disease progression in multiple sclerosis. Eur. J. Neurol. 2012, 19, 616–624.
Lauer, K. Risk and severity of multiple sclerosis in relation to defined nutritional factors during
childhood: Preliminary results of a case–control study. Schweiz. Arch. Neurol. Psychiatr. 1993,
144, 338–339.
Sepcic, J.; Mesaros, E.; Materljan, E.; Sepic-Grahovac, D. Nutritional factors and multiple
sclerosis in Gorski Kotar, Croatia. Neuroepidemiology 1993, 12, 234–240.
Smirnova, N.F.; Boiko, A.N.; Deomina, T.L.; Gusev, E.I. Smoked meat is the main environmental
risk factor in Moscow population: Data of a new case-control study. Mult. Scler. 1997, 3, 285.
Ghadirian, P.; Jain, M.; Ducic, S.; Shatenstein, B.; Morriset, R. Nutritional factors in the aetiology
of multiple sclerosis: A case-control study in Montreal, Canada. Int. J. Epidemiol. 1998, 27, 845–852.
Lauer, K.; Geilenkeuser, M.; Wahl, A.; Firnhaber, W.; Claus, D. The intake of selected foods in
multiple sclerosis: A possible interaction with late childhood infections. Mult. Scler. 2008, 14, S189.
Perković, O.; Jurević, A.; Rudež, J.; Antončić, I.; Bralić, M.; Kapović, M. The town of Čabar,
Croatia, a high risk area for multiple sclerosis. Analytic epidemiology of dietary factors.
Coll. Antropol. 2010, 34, S135–S140.

Int. J. Mol. Sci. 2014, 15
60.
61.
62.

63.
64.
65.
66.
67.

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

3543

Tóth, L. Chemie der Räucherung; Verlag Chemie: Weinheim, Germany, 1983 (in German).
Murray, T.J. Multiple Sclerosis: The History of a Disease; Demos: New York, NY, USA, 2005.
Compston, A.; Lassmann, H.; McDonald, I. The Story of Multiple Sclerosis. In McAlpine’s
Multiple Sclerosis; Compston, A., Confavreux, C., Lassmann, H., McDonald, I., Miller, D.,
Noseworthy, J., Smith, K., Wekerle, H., Eds.; Churchill Livingstone Elsevier: Philadelphia, PA,
USA, 2005; pp. 3–68.
Lauer, K. On the history of nitrite in human nutrition: A contribution from German cookery
books. J. Clin. Epidemiol. 1991, 44, 261–264.
Lauer, K. Divergent risk of multiple sclerosis in two Anabaptist communities in America.
Med. Hypotheses 2006, 67, 969–974.
Ross, R.T.; Nicolle, L.E.; Cheang, M. Varicella zoster virus and multiple sclerosis in a Hutterite
population. J. Clin. Epidemiol. 1995, 48, 1319–1324.
Hader, W.J.; Seland, T.P.; Hader, M.B.; Harris, C.J.; Dietrich, D.W. The occurrence of multiple
sclerosis in the Hutterites of North America. Can. J. Neurol. Sci. 1996, 23, 291–295.
Jaworski, M.A.; Severini, A.; Mansour, G.; Konrad, H.M.; Slater, J.; Hennig, K.; Schlaut, J.;
Yoon, J.W.; Pak, C.Y.; Maclaren, N.; et al. Genetic conditions among Canadian Mennonites:
Evidence for a founder effect among the Old Colony (Chortitza) Mennonites. Clin. Investig. Med.
1989, 12, 127–141.
Peters, V. All Things Common. Hutterian Way of Life; University of Minnesota Press:
Minneapolis, MN, USA, 1965.
Hostetler, J.A. Hutterite Society; John Hopkins University Press: Baltimore, MD, USA, 1997.
Shoewalter, M.E. Mennonite Community Cookbook; Universal Book and Bible House:
Philadelphia, PA, USA, 1956.
Rosenfeld, P.; Warkentin, D.D.; Peters, J.H. The Mennonite Treasury of Recipes; Derksen
Printers: Steinbach, Manitoba, 1982.
Bhigjee, A.I.; Moodley, K.; Ramkisson, K. Multiple sclerosis in Kwa Zulu Natal, South Africa:
An epidemiological and clinical study. Mult. Scler. 2007, 13, 1095–1099.
Van Wyk, M.; Barton, P. Traditional South African Cooking; Central News Agency:
Johannesburg, South Africa, 2001.
Van Tonder, H. Make Your Own Biltong and Droëwors; Struik Publisher: Cape Town,
South Africa, 1995.
Zhang, S.M.; Willett, W.C.; Hernán, M.A.; Olek, M.J.; Ascherio, A. Dietary fat in relation to risk
of multiple sclerosis among two large cohorts of women. Am. J. Epidemiol. 2000, 152, 1056–1064.
Dean, G. Annual incidence, prevalence, and mortality of multiple sclerosis in white South Africa
born and in white immigrants to South Africa. Br. Med. J. 1967, 2, 724–730.
Dean, G.; Kurtzke, J.F. On the risk of multiple sclerosis according to age at immigration to South
Africa. Br. Med. J. 1971, 3, 725–729.
Pugliatti, M.; Casetta, I.; Drulović, J.; Granieri, E.; Holmøy, T.; Kampman, M.T.;
Landtblom, A.-M.; Lauer, K.; Myhr, K.-M.; Parpinel, M.; et al. A questionnaire for multinational
case-control studies of environmental factors in multiple sclerosis (EnvIMS-Q).
Acta Neurol. Scand. 2012, 195, 43–50.

Int. J. Mol. Sci. 2014, 15
79.
80.
81.
82.
83.

84.
85.
86.
87.

88.
89.
90.
91.
92.

93.

94.
95.

3544

Honikel, K.O. Principles of Curing. In Handbook of Fermented Meat and Poultry; Toldrá, F.,
Ed.; Blackwell Publishing: Oxford, UK, 2007; pp. 17–30.
Sofos, J.N.; Busta, F.F. Alternatives to the use of nitrite as an antibotulinal agent. Food Technol.
1980, 34, 244–251.
Walker, D. Practical Food Smoking. A Comprehensive Guide; Neil Wilson Publishing: Glasgow,
UK, 2004; p. 34.
Knowles, M.E.; Gilbert, J.; McWeeny, D.J. Phenols in smoked, cured meats: Nitrosation of
phenols in liquid smokes and smoked bacon. J. Sci. Food Agric. 1975, 26, 267–276.
Potthast, K.; Hofmann, G. Abschlussbericht über das Forschungsvorhaben “Einfluss der
Räuchertechnologie auf den Gehalt an Nitro- und Nitrosophenolen in geräucherten
Fleischerzeugnissen; präparative Gewinnung dieser Verbindungen zur Ermittlung ihres
toxischen Potentials im mikrobiologischen und/oder biologischen Test”; Bundesanstalt für
Fleischforschung, Institut für Chemie und Physik: Kulmbach, Germany, 1989 (in German).
Chen, L.B.; Issenberg, P. Interactions of some wood smoke components with epsilon-aminogroups
in proteins. J. Agric. Food Chem. 1972, 20, 1113–1115.
Weigle, W.O. Termination of acquired immunological tolerance to protein antigens following
immunization with altered protein antigens. J. Exp. Med. 1962, 116, 913–928.
Weigle, W.O. The induction of autoimmunity in rabbits following injection of heterologous or
altered homologous thyreoglobulin. J. Exp. Med. 1965, 121, 289–307.
Martin, S.; Ruh, H.; Hebbelmann, S.; Pflugfelder, U.; Rüde, B.; Weltzien, H.U. Carrier-reactive
hapten-specific cytotoxic lymphocyte clones originate from a highly preselected T cell repertoire:
Implications for chemical-induced self-reactivity. Eur. J. Immunol. 1995, 25, 2788–2796.
Martin, S. T lymphocyte-mediated immune responses to chemical haptens and metal ions:
Implications for allergic and autoimmune diseases. Int. Arch. Allergy Immunol. 2004, 134, 186–198.
Martin, S.; Weltzien, H.U. T cell recognition of haptens, a molecular view. Int. Arch. Allergy
Immunol. 1994, 104, 10–16.
Achtnich, M.; Zoeller, M. Autoreactive antibodies in thymus and spleen of neonatal and young
adult BALB/c mice: Influence of prenatal tolerization. Scand. J. Immunol. 1991, 33, 25–36.
Sanderson, I.R.; Walker, W.A. Uptake and transport of macromolecules by the intestine:
Possible role in clinical disorders (an update). Gastroenterology 1993, 104, 622–639.
Hammon, A.; Düthorn, T.; Bäuerlein, R.; Becker, C.-M.; Pitschesrieder, M.; Pichner, R.;
Gareis, M. Immunochemical detection of central nervous tissue in retail meat products using
myelin prteolipid protein (PLP) as marker. Arch. Lebensmittelhygiene 2007, 58, 214–219.
Lücker, E.; Horlacher, S.; Eigenbrodt, E. Brain in human nutrition and variant Creutzfeldt–Jakob
disease risk (vCJD): Detection of brain in retail liver sausages using cholesterol and neuron
specific enolase (NSE) as markers. Br. J. Nutr. 2001, 86, S115–S119.
Lücker, E.; Eigenbrodt, E.; Wenisch, S.; Leiser, R.; Bülte, M. Identification of central nervous
system tissue in retail meat products. J. Food Prot. 2000, 63, 258–263.
Weigel, I.; Schulze, G.; Pitschesrieder, M. Immunochemical detection of tissue from the central
nervous system via proteolipid protein: Adaptation for food inspection and development of
recombinant bivalent Fab mini-antibodies. J. Agric. Food Chem. 2010, 58, 6587–6593.

Int. J. Mol. Sci. 2014, 15
96.
97.
98.
99.
100.
101.
102.
103.
104.

105.

106.

107.

108.

109.
110.
111.

3545

Tóth, L.; Potthast, K. Chemical aspects of the smoking of meat and meat products.
Adv. Food Res. 1984, 29, 87–158.
Lukes, R.J.; Cox, F.H. Clinical and morphological findings in 30 fatal cases of infectious
mononucleosis. Am. J. Pathol. 1958, 34, 586.
Berneman, A.; Ternynck, T.; Avrameas, S. Natural mouse IgG reacts with self antigens including
molecules involved in the immune response. Eur. J. Immunol. 1992, 22, 625–633.
Avrameas, S.; Selmi, C. Natural autoantibodies in the physiology and pathophysiology of the
immune system. J. Autoimmun. 2013, 41, 46–49.
Avrameas, R.; Ternynck, T. Natural antibodies: The other side of the immune system.
Res. Immunol. 1995, 146, 235–248.
Sospedra, M.; Martin, R. Immunology of multiple sclerosis. Ann. Rev. Immunol. 2005, 23,
683–747.
Schlemitz, S.; Pfannhauser, W. Monitoring of nitropolycyclic aromatic hydrocarbons in food
using gas chromatography. Zschr. Lebensm. Unters. Forsch. 1996, 203, 61–64.
Schlemitz, S.; Pfannhauser, W. Analysis of nitro-PAHs in food matrices by on-line reduction and
high performance liquid chromatography. Food Additives Contam. 1996, 13, 969–977.
Ma, J.Y.C.; Ma, J.K.H. The dual effect of the particulate and organic components of diesel
exhaust particles on the alteration of pulmonary immune/inflammatory responses and metabolic
enzymes. J. Environ. Carcinogen. Ecotoxicol. Rev. 2002, C20, 117–147.
Pugliatti, M.; Rosati, G. Epidemiology of Multiple Sclerosis. In Multiple Sclerosis: A
Comprehensive Text; Raine, C.S., McFarland, H.F., Hohlfeld, R.; Eds.; Saunders–Elsevier:
Edinburgh, UK, 2008, pp. 121–140.
Alroughani, R.; Ahmed, S.F.; Behbahani, R.; Khan, R.; Thussu, A.; Alexander, K.J.; Ashkanani, A.;
Nagarajan, V.; Al-Hasel, J. Increasing prevalence and incidence rates of multiple sclerosis in
Kuwait. Mult. Scler. 2013, doi:10.1177/1352458513504328.
Murphy, D. Hotdogs and Hamburgers Blamed for Making Kuwaitis fat! Available online:
http://www.csmonitor.com/World/Security-Watch/Backchannels/2012/0704 (accessed on 10
November 2013).
Anonymous. Camel-Meat Hot Dogs Are Now Offered in Dubai. Available online:
http://stephencburton.com/2013/06/18/camel-meat-hot-dogs-are-now-offered-in-dubai/ (accessed
on 10 November 2013).
Inshasi, J.; Thakre, M. Prevalence of multiple sclerosis in Dubai, United Arab Emirates.
Int. J. Neurosci. 2011, 121, 393–398.
Auty, A. Incidence and prevalence of multiple sclerosis in the United Arab Emirates.
A centre–based study. Mult. Scler. 2003, 41, S41.
Olarte-Ulherr, O. Hot Dogs, Burgers Removed from Capital School Canteens. Available
online: http://www.khaleejtimes/kt-article-display-1.asp?xfile=data/nationgeneral/2013/February/
nationgeneral_February426.xml&section=.nationgeneral (accessed on 11 November 2013).

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

