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El Niño-southern oscillations and
lathyrism epidemics
Olusegun S. A. Oluwole*

Neurology Unit, College of Medicine, University of Ibadan, Ibadan, Nigeria

Epidemics of lathyrism, a neurological syndrome of spastic paraparesis, have occurred

during severe droughts in Europe, Asia, and Africa for millenia. Causation is linked

to exposure to β-N-oxalyl-L-α,β-diaminopropionic acid (β-L-ODAP), a neurotoxin in

Lathyrus sativus. Lathyrism shares neurological features with konzo, a syndrome of

predominantly spastic paraparesis which occurs during droughts in East and Central

Africa and is linked to El Niño activity. This study was done to determine the relationship of

lathyrism epidemics to phases of El Niño-southern oscillation (ENSO) and Pacific decadal

oscillation (PDO), and to propose a model to explain why the geospatial distributions

of lathyrism and konzo are non-overlapping. Contingency table of phases of ENSO

and occurrence of lathyrism epidemics in Central Provinces, India from 1833–1902

was created and odds ratio was calculated. Wavelet spectra of time series of annual

occurrence of lathyrism in Rewah district, India, and its coherence with ENSO and

PDO from 1894 to 1920 were performed. Lathyrism epidemic was associated with El

Niño phase of ENSO, odds ratio 378 (95% 32–4475). Global spectra showed peaks

at periodicities of 2.5 and 4.6 years for lathyrism; 2.7 and 5.0 years for PDO; and 2.5,

4.6, 7.0 years for ENSO. Spectrograms showed time-varying periodicities of 2.5–3.5

and 4.5–5.5 years for lathyrism; 2.0–3.0 and 6.5–9.0 years for ENSO; and 3.5 and 5.0

years for PDO, p < 0.0001. Spectral coherence were at 2.0–3.5 and 4.5–5.0 years

for ENSO and lathyrism p < 0.0001, and 5.0 years for PDO and lathyrism p < 0.05.

The droughts of El Niños initiate dependence on Lathyrus sativus, which exposes the

population to neurotoxic β-L-ODAP. Public health control of lathyrism epidemics should

include development of models to forecast El Niños and initiate food programmes in

susceptible areas.

Keywords: lathyrism, konzo, El Niño, drought, climate change

Introduction

Lathyrism is a neurological syndrome of spastic paraparesis, which usually develops in previously
healthy subjects (Gopalan, 1950; Chaudhuri et al., 1963). Prodromal symptoms, which lasts 3–15
days, include cramps in the calves, tingling sensation in the legs, but onset is sudden in about 50%
of cases (Chaudhuri et al., 1963). Time tomaximum deficit may be as long as 2–7months (Gopalan,
1950; Chaudhuri et al., 1963). Males are affected predominantly, but male to female ratio vary from
3:1 (Gopalan, 1950) to 8:1 (Acton, 1922). Mortality is not associated. Although historical records
show that lathyrism was documented about 500 BC by Hippocrates, its epidemics in Europe and
Asia in the 17th and 18th century brought the syndrome to clinical and political attention. It was
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documented in 1904 that “It was in Europe that the disease
appears to have first attracted attention. Reference had been
made by Hippocrates and Galen to the impotentia crurum of
those who fed on what was called ervum, ...” (Buchanan, 1904).
While lathyrism epidemics occurred during droughts in France,
Germany, Spain, India, and Algeria from early nineteenth
century to early twentieth century, and in Bangladesh (Haque
et al., 1994), Afghanistan (Arya et al., 1988), India (Khandare
et al., 2014; Mishra et al., 2014), Nepal (Hamilton, 1978), and
Ethiopia (Fikre et al., 2011) from the late twentieth century
to early twenty-first century, the most systematic studies were
carried out in India during the Colonial rule from 1833 to 1920.
It was shown that lathyrism epidemics occurred during droughts
when the population depended on Lathyrus sativus (grasspea),
a drought resistant crop, for supply of calories (Buchanan,
1904). β-N-oxalyl-L-α,β-diaminopropionic acid (β-L-ODAP),
an amino acid which is present in Lathyrus sativus, is the putative
neurotoxin.

Lathyrism shares neurological features and risk factors with
konzo (Tshala-Katumbay and Spencer, 2007), a neurological
syndrome of acute or subacute onset spastic paraparesis
(Howlett et al., 1990). Konzo epidemics occur in parts of East,
Central, and Southern Africa where the population depends
exclusively on foods from poorly processed cassava roots during
droughts (World Health Organisation, 1982; Ministry of Health
Mozambique, 1984; Tylleskär et al., 1991; Ciglenecki et al., 2011;
Mlingi et al., 2011). Cassava (Manihot Esculenta Crantz), is a
cyanogenic, drought resistant crop (de Tafur et al., 1997), which
causes exposure to cyanide (Hernández et al., 1995; Oluwole
et al., 2002). Lathyrism epidemics in East Africa is, however,
limited to Ethiopia, a country where konzo does not occur.
Konzo epidemics, which is more frequent during warm climate
regimes, occur following El Niños, which induce severe droughts
in East, Central, and Southern Africa (Nicholson and Kim,
1997; Caviedes, 2007). This study was done to determine the
relationship of lathyrism epidemics to phases of the El Niño-
southern oscillation (ENSO) and Pacific Decadal Oscillation
(PDO), and to propose a model to explain the non-overlapping
geospatial distribution of lathyrism and konzo.

Methods

Climate Indices Data
Paleoclimate ENSO multiproxy data from 1525–1982 (Braganza
et al., 2009) was obtained from ftp://ftp.ncdc.noaa.gov/
pub/data/paleo/contributions_by_author/braganza2009/
braganza2009enso.txt. A Pacific Decadal Oscillation record
since 1470 AD reconstructed from proxy data from 1470 to 1988
(Shen et al., 2006) was downloaded from the ftp://ftp.ncdc.noaa.
gov/pub/data/paleo/historical/pacific/pdo-shen2006.txt. ENSO
ranks from 1871 to 2005 were downloaded from http://www.esrl.
noaa.gov/psd/enso/mei.ext/rank.ext.html.

Instrument basedmultivariate ENSO Index (MEI) data, which
were derived from sea-level pressure, zonal and meridional
components of the surface wind, sea surface temperature, surface
air temperature, and total cloudiness fraction of the sky of the
South Pacific Ocean, from 1950 to 2014 (Wolter and Timlin,

1998), were downloaded from the website of National Oceanic
and Atmospheric Administration (NOAA), USA, http://www.
esrl.noaa.gov/psd/data/correlation/mei.data. Instrument based
Pacific Decadal Oscillation Index was downloaded from the
JISAO’s Arctic Oscillation website, http://jisao.washington.edu/
pdo/PDO.latest.

Lathyrism Epidemic Data
Years of occurrence of lathyrism epidemics from the seventeenth
to twenty-first century were obtained from the literature.
Timeline of historical epidemics were drawn. The relationship
of lathyrism epidemics of the late twentieth to early twenty-first
century was established by determining the ranks of El Niños
during the years of the epidemics. Epidemics of lathyrism were
mapped to cycle plots of ENSO and PDO from 1800 to 1949 and
1950 to 2010.

Data of systematically documented lathyrism epidemics from
1933 to 1902 in the Central Provinces, India by Major Andrew
Buchanan were analyzed (Sleeman, 1844; Buchanan, 1904). Each
year was categorized as epidemic or no epidemic, and as El Niño
or La Niña. Since it was documented in 1844 that before the
lathyrism epidemic of 1833, food crops had failed in 1829–1831
due to droughts (Sleeman, 1844), the lag before epidemic could
be up to 4 years after the onset of drought. The effects of El Niño,
however, could last at least 2 years (Nicholson and Kim, 1997). To
be conservative, only epidemics which occurred within 2 years of
onset of El Niño were associated. Contingency table of phases of
ENSO and lathyrism epidemics was created, and odds ratio was
calculated.

Time Series of Lathyrism Cases and ENSO Data
Time series were fitted to annual cases of lathyrism in North
Rewah, India from 1894 to 1920 (Acton, 1922), and to indices
of ENSO and PDO from 1894 to 1920. Time domain analysis,
using autocorrelation and partial autocorrelation tests, and lag
plots, were done to exclude white noise. Stationarity was assessed
using the unit root test.

Time-frequency domain analysis was performed using the
wavelet transform. Wavelet analyses of indices of ENSO and
PDO were done to describe their frequency-time spectra from
1800 to 1949. Wavelet transform of the time series of lathyrism
cases, ENSO, and PDO data from 1896 to 1920 were done to
describe their spectra, while cross-wavelet transform of lathyrism
cases and ENSO, and lathyrism cases and PDO were done to
determine their coherence. Wavelet methods were as described
for epidemiological (Torrence and Compo, 1998; Grinsted et al.,
2004), human (Issartel et al., 2014), and environmental data
(Cazelles et al., 2007, 2014) time series. The Morlet wavelet
(Torrence and Compo, 1998; Grinsted et al., 2004) was used to
transform the time series to time-frequency. The Morlet wavelet
was defined as

ψ0(η) = π−1/4eiω0ηe−η
2/2

where ω0 is dimensionless frequency, and η is dimensionless
time. The continuous wavelet transform of time series (xn, n =
1, . . . , N)
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The global wavelet spectra, the equivalent of the Fourier power
spectrum smoothed by the Morlet wavelet function (Farge, 1992;
Grinsted et al., 2004) was

W
2
(s) =

1

N

N−1
∑

n = 0

|Wn(s)|
2

Significance was set at 0.01%. Phase plots were drawn to
determine phase shift between the time series.

Statistics
Packages of the R Statistical Programming and Environment (R
Core Team, 2015) were used for statistical analyses and graphics.
Wavelet analyses were performed using the biwavelet package,
and phase plots using the WaveletComp package.

Results

Figures 1A,B show the warm and cool phases of ENSO from
1800 to 1949 and 1950 to 2010, where arrows mapped years of
lathyrism epidemics to phases of ENSO.

Historical Lathyrism Epidemics and El Niño
Ranks
The strength of El Niño from 1871 to 2005 were ranked
1–135. El Niño of 1939–1942, which ranked 132/135, was
followed by the lathyrism epidemic of 1944–1945; the El Niño
of 1976–1977, which ranked 115/135, was followed by the
lathyrism epidemic of 1976–1977; the El Niño of 1994–1995,
which ranked 124/135, was followed by the lathyrism epidemic
of 1997; the El Niño of 1997–1998, which ranked 135/135,
was followed by the lathyrism epidemic of 1998–2001. All the
epidemics followed El Niños which ranked more than 85th
percentile.

Time Series
Of 70 years ENSO time series from 1933 to 1902, there were 56
cool phases and 14 warm phases, while there were 16 epidemics,
14 during warm phases, and 2 during cool phases, odds ratio 378
(95% 32–4475). The time series of cases of lathyrism from 1894
to 1920, and its relationship with ENSO and PDO are shown in
(Figures 2A–C).

Global wavelet spectra from 1800 to 1949 showed peaks at
periodicities of 2.0, 6.0, 9.0, 15.0, and 35.0 years for ENSO, and
at 2.8, 8.0, 11.0, 32.0 years for PDO (Figures 3B,D). Spectograms
from 1800 to 1949 showed significant time varying periodicities
of 2.5–8.0 and 6.5–9.0 years for ENSO, p< 0.0001, and 3–12 years
for PDO, p< 0.0001 (Figures 3A,C).

Global wavelet spectra from 1894 to 1920 showed peaks
at periodicities of 2.5 and 4.6 years for lathyrism, at 2.5, 4.6,

FIGURE 1 | Cycle plots of ENSO mapping lathyrism epidemics.
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FIGURE 2 | Time series of ENSO, PDO, and lathyrism epidemics.

FIGURE 3 | Wavelet spectra of ENSO and PDO From 1800–1949.

FIGURE 4 | Wavelet and cross-wavelet spectra of ENSO, PDO, and lathyrism epidemics.

and 7.0 years for ENSO, and at 2.7, and 5.0 years for PDO
(Figures 4B,D,F). Spectrograms from 1894 to 1920 showed
significant time varying periodicities at 2.5–3.5 and 4.5–5.5 years
for lathyrism, p< 0.0001, at 2.0–3.0 and 6.5–9.0 years for ENSO,
p < 0.0001, and at 3.5 and 5.0 years for PDO, p < 0.0001

(Figures 4A,C,E). Coherence squared were at 2.5, 4.6, 6.0, 8.0
years for ENSO and lathyrism, but 2.6 and 4.6 years for PDO and
lathyrism, (Figures 4H,J). Cross spectrogram showed significant
coherence at 2.0–3.5 and 4.5–5.0 years for ENSO and lathyrism,
p < 0.0001, and at 5.0 years for PDO and lathyrism p < 0.05

Frontiers in Environmental Science | www.frontiersin.org 4 September 2015 | Volume 3 | Article 60

http://www.frontiersin.org/Environmental_Science
http://www.frontiersin.org
http://www.frontiersin.org/Environmental_Science/archive


Oluwole El Niño and lathyrism

FIGURE 5 | Timeline of historical lathyrism epidemics.

FIGURE 6 | Structures of lathyrism and konzo neurotoxins.

(Figures 4G,I). Phase plot showed that the rhythm of lathyrism
lags that of ENSO (Figure 4K).

The timeline of notable epidemics of lathyrism is shown
in Figure 5. The structures of compounds implicated in the
causation of lathyrism and konzo are shown in Figures 6A–D.
Figure 7 showed the map of countries where epidemics of
lathyrism have occurred. Table 1 compares and contrasts the
neurology and risk factors of lathyrism and konzo. The proposed
model of causation geospatial occurrence of lathyrism and konzo
is shown in Figure 8.

Discussion

The odds ratio of 378 shows the strong association of lathyrism
epidemics in India and El Niño phase of the ENSO from 1833
to 1902. Graphical plot of historical lathyrism epidemics and
ENSO shows that lathyrism epidemics occur following El Niños
(Figure 1). The compelling account of Lt-Col Sleeman in 1844
(Sleeman, 1844) documents the observation of occurrence of
lathyrism epidemics after periods of droughts, food shortages,
and consumption of Lathyrus sativus. He wrote: “In 1829 the
wheat and other spring crops in this and the surrounding villages
were destroyed by a severe hail-storm; in 1830 they were deficient
from the want of reasonable rains; and in 1831 they were
destroyed by blight. ... In 1831 they reaped a rich crop of Lathyrus
sativus from the blighted wheat-fields, and subsisted upon its
grain during that and the following years, giving the stalks and
leaves only to their cattle. In 1833 the sad effects of this food began

tomanifest themselves. The younger part of the population of this
and the surrounding villages, from the age of thirty downwards,
began to be deprived of the use of their limbs below the waist
by paralytic strokes, in all cases sudden, but in some cases more
severe than in others” (Sleeman, 1844). This account, which
shows lag of about 3 years between drought and food shortages
and lathyrism epidemics, is consistent with the known duration
of effects of El Niño activity (Nicholson and Kim, 1997), which
has been linked to changes in the Indianmonsoon (Mokhov et al.,
2012). Thus, occurrence of lathyrism epidemics in India from
1833 to 1902 is attributable to El Niño activity.

The economic and health implications of severe droughts
led Sir Gilbert Walker, the British Director of Meteorological
Department in India, to investigate India monsoon changes in
the 1920s (Walker and Bliss, 1928). Data from over 180 weather
stations showed that values of sea level pressure, temperature, and
precipitation alternate between west and east equatorial Pacific
Ocean (Walker and Bliss, 1928). Low sea level pressure in east
equatorial Pacific, but high sea pressure in west equatorial Pacific,
or vice versa defines the southern oscillation, which is the basis
for differences in precipitation between east and west Pacific
(Walker and Bliss, 1928), and all parts of the planet through
teleconnection. The Walker circulation, which was described
in 1969 (Bjerknes, 1969), is the atmospheric component of
ocean-atmosphere heat transfer. Under normal conditions the
equitorial west pacific ocean is warmer than the equitorial east
pacific ocean due to the presence of strong trade winds, which
pool surface heat from east to west. Warm air rises from west
Pacific Ocean, carries moisture, condenses, gives rain, blows
eastwards, becomes dry and cool, and sinks in east Pacific
Ocean (Bjerknes, 1969). The trade wind weakens periodically
and warm waters of the western Pacific drift eastwards (Bjerknes,
1969). The appearance of warm water in east Pacific ocean
is El Niño (Julian and Chervin, 1978; Caviedes, 2007), which
is associated with increase precipitation in the Pacific basin,
western South America, Central America, and the western half of
North America, but with severe droughts in Indonesia, Australia,
East and Southern Africa, and eastern parts of South America
(Caviedes, 2007). Continued warming of eastern Pacific ocean
is terminated by a negative feedback oscillator. La Niña occurs
when the trade winds, equatorial easterlies, are very strong and
move surface water westward and make the sea level temperature
of the east Pacific abnormally cool (Philander, 1985). Thus,
inter-annual variations of climate of all parts of the planet are
attributable to changes in sea level pressure and temperature
of equatorial Pacific Ocean, which is the largest ocean
on the planet.
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FIGURE 7 | Geospatial distribution of lathyrism and konzo.

TABLE 1 | Comparison of lathyrism and konzo.

Lathyrism Konzo

GENERAL

Age (years) 6–50 4–46

Sex Predominantly males Predominantly females

Previous health Usually good Usually good

NEUROLOGY

Prodrome Cramps in calves and tingling sensation in legs Pain in the legs, paraesthesiae, headache, vomiting, but usually none

Onset Abrupt onset in most subjects, but progressive

onset from 2 to 7 months

Abrupt onset the commonest, but few subjects have progressive onset

over days not months

Time to disabilitya Variable, may be months Hours to 3 days

Deficits Spastic paraparesis Spastic paraparesis, paraplegia, quadriparesis, dysarthria, impaired

visual acuity, nystagmus

Progression Not progressive. Complete resolution if

consumption of Lathyrus sativus is stopped early

Not progressive. Complete resolution is rare.

Mortality Nil Nil

NEUROPHYSIOLOGY

Magnetic stimulationb Increased central motor conduction Increased central motor conduction

SSEPc Prolonged latency tibial Prolonged latency tibial

Peripheral conduction Normal motor and sensory Normal motor and sensory

RISK FACTORS

Drought Yes Yes

Food Lathyrus sativus Cassava roots

Neurotoxicant β-N-oxaly-L-α-β-diaminopropanoic acid (ODPA) Thiocyanate (SCN)

MECHANISM OF NEUROTOXICITY

Putative Excitotoxicity of ODPA Excitotoxicity of SCN

a Time to maximum disability.
b Motor evoked potentials.
c Somatosensory evoked potentials.
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FIGURE 8 | Model of causation of lathyrism and konzo.

ENSO varies predominantly on interannual, but also on
decadal and multidecadal timescales (Wang and Ropelewski,
1985; An and Wang, 2000). The periodicities of variations of
the ENSO was 3–4 years between 1872 and 1910, 5–7 years
between 1911 and 1960, and 5 years between 1970 and 1972
(Torrence and Compo, 1998; Torrence and Webster, 1999). The
presence of multiple rhythms in the spectra of the ENSO is
shown for the period 1800–1949, where the global spectra show
peaks at 2.0, 6.0, 9.0, 15.0, and 35.0 years (Figure 3B). The time
varying nature of the rhythms of the ENSO, which is shown in
the spectrogram of Figure 3A, illustrates the unpredictability of
occurrence of El Niños and La Niñas. Thus, the time varying
nature of ENSO explains the irregularity of occurrence of severe
droughts.

Climate regimes are defined by phases of the PDO, which
persist much longer than that of the ENSO. Sir Gilbert Walker
also described the North Pacific Oscillation (NPO), which
is the oscillation of sea surface pressure and temperature
between Hawaii and Alaska (Walker and Bliss, 1928). Southern
oscillation was described to have negative influence on NPO
simultaneously and 6 months in advance (Walker and Bliss,
1928). Extensive investigations of anomalies of sea surface
temperature and pressure of the North Pacific Ocean in
the late 1990s showed oscillation at interannual and decadal

timescales, but predominantly at decadal timescale now known
as Pacific Decadal Oscillation (Mantua et al., 1997). When the
Pacific Coast of western North America and Gulf of Alaska
is warm the eastern and central North Pacific between 30◦

and 50◦ N latitude is cool (Mantua et al., 1997). Climate
regime is defined by the characteristic behavior of a natural
phenomenon like sea level pressure, temperature or recruitment
over time (Hare and Mantua, 2000). When the PDO is warm
the climate regime is warm, and when it is cool the climate
regime is cool. El Niños dominate warm climate regimes, while
La Niñas, the cool phase of ENSO, dominate cool climate
regimes (Christy et al., 2001). Thus, changes in frequency of El
Niños and droughts are attributable to the teleconnections of
the PDO.

Climate regime shift is defined as an abrupt change of a regime
(Hare and Mantua, 2000). Such shifts from warm to cool modes
occurred in 1890 and lasted until 1924, and in 1947 and lasted
until 1976, while shifts from cool to warm occurred in 1925 and
lasted until 1946, and in 1976 and lasted until 2000 (Peterson and
Schwing, 2003; Christensen et al., 2013). PDO also oscillate at
multidecadal timescales, in addition to decadal and inter-annual
timescales. The presence of peaks at periodicities of 2.8, 8.0, 11.0,
and 32.0 years in the global spectra from 1800 to 1949 shows
that the PDOoscillate at short and long periodicities (Figure 3D).
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The time-varying nature of the oscillations, which are shown in
the spectrogram (Figure 3C), illustrates while climate regimes are
irregular. Thus, both ENSO and PDO oscillate at decadal and
shorter time scales.

Time series of occurrence of lathyrism from 1894 to
1920, which show rhythmic changes, indicate that occurrence
of lathyrism is not random (Figure 2A). The time series
of lathyrism, which covary with ENSO and PDO, indicate
the presence of relationship between the three variables
(Figures 2B,C). Presence of multiple peaks in the global spectra
of lathyrism cases, ENSO, and PDO from 1894 to 1920
indicate that multiple rhythms are present in these variables
(Figures 4B,D,F). The spectrograms, which show that these
rhythms are time-varying, agree with the irregular occurrence of
El Niños and lathyrism epidemics (Figures 4A,C,E). Coherence
squared show that lathyrism, ENSO, PDO have rhythms
of similar periodicities (Figures 4H,J). The highly significant
spectra coherence confirms the strong association of variations
of the ENSO and lathyrism epidemics, while the phase plot
shows that lathyrism epidemics lag the ENSO (Figure 4K).
Thus, occurrence of lathyrism epidemics from 1894–1920 is
attributable to El Niño activity.

It is known that El Niño strength varies from weak, moderate,
strong, to very strong (Quinn and Neal, 1987, 1992). Notable
lathyrism epidemics since the mid-1940s occurred following
strong El Niños. The lathyrism epidemic of 1944–1945 in Bhopal
State, Central India (Shourie, 1945) followed the El Niño of 1939–
1942, which ranked 132/135. The lathyrism epidemic of 1976–
1977 in northern Ethiopia (Gebreab et al., 1978; Haimanot et al.,
1990) followed the El Niño of 1976–1977, which ranked 115/135.
The lathyrism epidemic of 1997 (Getahun et al., 1999) followed
the El Niño of 1994–1995, which ranked 124/135, while the
1998–2001 lathyrism epidemic in northern Ethiopia (Haimanot
and Lambein, 2005) followed the El Niño of 1997–1998, which
ranked 135/135. Thus, all lathyrism epidemics of the past 70 years
followed strong El Niños.

The first documentation of causal link of Lathyrus sativus
and paralysis is credited to the edit of the Grand Duke
of Wurtemberg in 1671, which prohibited its use for bread
(Buchanan, 1904) (Figure 5). Similar edicts in 1705 and 1714
(Buchanan, 1904; Sleeman, 1844) show the strength of conviction
of the association. Lathyrus sativus is a legume that is grown
for human and livestock feeds. Although it can be boiled
and consumed, it is usually milled to flour to make meals,
baked to cakes or bread, added to rice, or mixed with other
flours (Campbell, 1997). The β-L-ODAP concentrations in one
collection of Lathyrus sativus varied from 0.22 to 7.20 g/kg
(Campbell, 1997). Toxicity, however, depends on prolonged
monotonous consumption rather than on acute exposures. As
documented by Major Andrew Buchannan “The disease varies
in severity according to the length of time during which the
grain was consumed, to the quantity that was consumed daily,
to the age and sex of the persons affected” (Buchanan, 1904).
Case control study shows that consumption of Lathyrus sativus
is associated with lathyrism (Getahun et al., 2002, 2005). It
is noteworthy that prohibition of consumption of Lathyrus
sativus has been unsuccessful, and the crop is still cultivated

and consumed in Asia (Khandare et al., 2014), Europe, North
and East Africa, North and South America, and the Middle
East (Campbell, 1997). Thus, the risk of exposure during severe
droughts remain particularly in Asia and Africa, but not in
areas where it is consumed sparingly and considered a source
of nitric oxide (NO) from its high homoarginine content (Rao,
2011).
β-L-ODAP (Figure 6A), a structural analog of glutamate

(Figure 6B) (Hugon et al., 2000), was extracted from lathyrus
sativus in 1964 (Rao et al., 1964). Glutamate is a natural
occurring excitatory amino acid neurotransmitter in the central
nervous system (Olney and Ludolph, 2000). β-L-ODAP is a
potent agonist (Bridges et al., 1989) at α-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid (AMPA) glutamate receptor
subtype (Figure 6D). Feeding experiments with Lathyrus sativus
induced paraparesis in chickens (Sharan, 1973), in rats (Geiger
et al., 1933), and in ascorbic acid deficient guinea pigs and
primates (Jahan and Ahmad, 1993). Fortification of Lathyrus
sativus flour with graded doses of β-L-ODAP induced dose
dependent spastic motor changes in monkeys (Spencer et al.,
1986). Intraventricular injection of β-L-ODAP suggest that it
induces non-NMDA receptor mediator excitotoxicity (Ross and
Spencer, 1987). In addition to exposure to β-L-ODAP and
possible deficiences of vitamins as the major risk factors for
lathyrism (Enneking, 2011), deficiency of methionine, a sulfur
containing amino acid, has also been suggested as risk factor
(Getahun et al., 2005; Kusama-Eguchi et al., 2011). Although
factors that make only a subset of exposed subjects develop
lathyrism are not clearly worked out, and induction of central
nervous system lesions with β-L-ODAP is not consistently
reproducible (Singh and Rao, 2013), β-L-ODAP remains the
most likely causative agent of lathyrism.

Other theories of causation of lathyrism that were considered
in the late nineteenth century and early twentieth century include
the sun, rain, and wind (Buchanan, 1904). The wind theory,
which was proposed by locals in India, was documented as
“It is remarkable thing that even in the places in which lathyrism is
most prevalentmany people will be foundwho are firmly convinced
that the disease is caused by the wind. In Hoshangabad people
thought that the cold wind from the river Nerbudda was the cause.
In Jubbulpore it was thought that the injurious wind blew along
the valey of Bohriban. In Saugor it was said that a very cold wind
blows along the eastern border” (Buchanan, 1904). Although all
these theories have no direct link with occurrence, they suggest
the link of occurrence to climate .

Unlike lathyrism, which has one putative neurotoxicant,
several putative neurotoxicants have been investigated for konzo.
Linamarin (Sreeja et al., 2003), the cyanogenic glycoside in
cassava, cyanohydrin (Soler-Martin et al., 2010), the breakdown
product of linamarin, cyanide (Kimani et al., 2014), which is
released from cyanohydrin, and several metabolites of cyanide,
which include cyanate (Tor-Agbidye et al., 1999; Kimani et al.,
2014), and iminothiazolidine-4-carboxylic acid (Bitner et al.,
1995) have been investigated in experimental studies, but none
have induced lesions consistent konzo. Thiocyanate (SCN−),
the major metabolite of cyanide, is considered the most
likely neurotoxicant of konzo (Spencer, 1999; Oluwole, 2015)
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(Figure 6C). SCN−, a pseudohalide has 730 times more affinity
than Cl− in physiological assays (van Dalen et al., 1997). Since
SCN− increases the affinity of AMPA receptors for AMPA 10- to
30-folds (Arai et al., 1995) it is a likely candidate to induce the
neuronal lesions of konzo. Thus, both putative neurotoxicants of
lathyrism and konzo act through excitatory mechanisms.

Although spastic paraparesis is common to both lathyrism
and konzo, there are clinical and non-clinical differences between
the two (Table 1). The time to maximum deficit in konzo ranges
from hours to about 3 days (Tylleskär et al., 1991), but maximum
deficit may take weeks or months to develop in lathyrism. The
neurological features of konzo are not limited to paraparesis,
but include quadriparesis, nystagmus, impaired vision, and
dysarthria (Ministry of Health Mozambique, 1984), which are
not features of lathyrism. Konzo subjects are predominantly
<15 years of age, unlike lathyrism with older subjects (Ministry
of Health Mozambique, 1984; Howlett et al., 1992). Females
predominate in konzo (Ministry of Health Mozambique, 1984;
Howlett et al., 1992), while males predominate in lathyrism
(Buchanan, 1932). Thus, the lesions of konzo are more
extensive than lathyrism, and they differ in age and sex
distribution.

The geospatial distribution of lathyrism and konzo in non-
overlapping areas during severe droughts can be attributed
to differences in the foods which the population depends for
supply of calories (Figure 7). Lathyrism occurs in areas where
the population depends solely on Lathyrus sativus, while konzo
occurs where the population depends solely on cassava. The

proposed model to explain occurrence of either lathyrism or
konzo is shown in Figure 8. Strong El Niño induces severe
drought and food shortages. Populations that depend on cassava
are exposed to cyanide and its metabolites, while populations that
depend on Lathyrus sativus are exposed to β-L-ODAP.

Conclusions

Lathyrism has been associated with severe droughts and
prolonged consumption of Lathyrus sativus for more than 150
years. Although recurrent epidemics of lathyrism and severe
droughts in India led to the discovery of ENSO, the association
of the two have not been investigated. ENSO has teleconnections
with Indian monsoon and other monsoons around the world.
Occurrence of historical lathyrism epidemics following strong
El Niños, the very high odds ratio of association of lathyrism
epidemics and El Niño phase of ENSO, and the spectra
coherence of time series of ENSO and annual cases of lathyrism
indicate that El Niño phase of ENSO is the determinant of
lathyrism epidemics. Lathyrism occurs where lathyrus sativus is
the dominant food during drought, while konzo occurs where
cassava is the dominant food. Cassava (Oluwole, 2015) and
lathyrus sativus (Singh and Rao, 2013) can, however, be save
foods that will continue to contribute to sustenance of millions
without neurological syndromes. Prevention of lathyrism and
konzo during droughts requires food programmes for susceptible
populations. Forecast models of possible epidemics are, however,
crucial to realize the public health objectives.
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