





ABSTRACT
Cassava is a staple food in many tropical countries, most notably Africa. Consumption of cassava, especially the bitter cassava varieties, can lead to a neurological disorder called “spastic paraparesis” or “konzo” in West Africa; most often epidemic outbreaks rather than isolated cases. Children and women of childbearing age are the most susceptible groups. Because of the irreversible neurological deficit caused by this disease, children and women with konzo suffer from lifelong disabilities starting at an early age. This essay aims to examine the public health determinants, including contributing factors, and identify the putative toxicant(s) that leads to spastic paraparesis. A non-systematic literature review was performed using papers retrieved from the MEDLINE database. Spastic paraparesis is strongly related to chronic consumption of cassava combined with a sulfur-containing amino acid deficiency. The majority of published studies suggest that cyanate is the most likely toxicant leading to motor deficit. Food crisis, provoked by economic stagnation, drought, war, and famine, is associated with insufficient food processing to remove cyanogens from cassava. Several public health interventions can be implemented to prevent the occurrence of konzo in communities that rely on cassava as a staple food, including conducting health education programs, promoting cultivation of low-toxin strains of cassava, and effectively conserving environments. The surveillance system for konzo should be strengthened in high-risk areas. Furthermore, a community-based rehabilitation program aimed at the disabled people should be established in the affected villages.
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1.0  Introduction

People cannot survive without food since it provides energy and nutrients that help in the cell repair processes in the body. However, food in daily life can also be harmful to human health. Usually, the outbreaks resulting from bacterial or parasitic contamination in food are reported in the news, particularly in developing countries. Nowadays, the widespread use of chemicals as pesticides to protect crop products may be dangerous to humans if they do not wash the plant products properly and consume the residual chemicals. Moreover, some edible organisms (both animals and plants) have their own toxins. Before ingesting, people have to process some parts of these organisms to reduce or get rid of the toxins. A good example is the consumption of puffer fish, especially in Japan.  Puffer fish has a hazardous neurotoxin called “tetrodotoxin” (Centers for Disease & Prevention, 1996). To be safe for consumption, the US FDA have recommended that the puffer fish should be prepared by the certified chefs who are well-trained about the safe fish-cutter procedure (US Food and Drug Administration, 2014).

Similarly, in sub-Saharan African countries, cassava is one of the major crops that the local people usually eat 
 ADDIN EN.CITE 

(Nzwalo & Cliff, 2011; Teles, 2002)
. Cassava is easy to grow even in poor soil condition without fertilizers, or in arid land. Moreover, it provides a good source of carbohydrate and dietary energy in a cost-effective way. However, cassava is not considered a particularly nutritious food, since it is deficient in some essential amino acids, iodine (Teles, 2002), and some vitamins such as thiamine, niacin, and riboflavin 
 ADDIN EN.CITE 

(Adamolekun, 2011)
. Additionally, the consumption of cassava, especially bitter cassava varieties, can lead to a neurological disorder called “spastic paraparesis” or “konzo” in West Africa 
 ADDIN EN.CITE 

(Adamolekun, 2011; "Food safety," 1996; Nzwalo & Cliff, 2011)
. Cassava is known as a type of cyanogenic plant – one that can produce hydrogen cyanide (Poulton, 1990). If people do not process cassava well enough to release the hydrogen cyanide before consuming, that remaining in the crop will have an adverse effect on neural tissue and, subsequently, result in permanent disabilities particularly, in the lower extremities ("Food safety," 1996).

In 1936, the outbreak of spastic paraparesis (konzo) was first officially declared in Zaire with the number of affected people over 1,000. Later on, several small outbreaks and sporadic cases of spastic paraparesis (konzo) were reported from rural areas in the Central African Republic, the Democratic Republic of Congo, Cameroon, Mozambique, Tanzania and Zaire (Figure 1) 
 ADDIN EN.CITE 

(Bonmarin, Nunga, & Perea, 2002; "Food safety," 1996; Howlett, Brubaker, Mlingi, & Rosling, 1990; Nzwalo & Cliff, 2011; Tylleskar et al., 1995)
. Prior to 2009, there had been a total of 6,788 reported konzo cases in Africa (Nzwalo & Cliff, 2011). Children aged 3-13 years and women of childbearing age are the high risk group for developing neurological deficit ("Food safety," 1996). Due to the irreversible effect, children and women with spastic paraparesis (konzo) have to suffer from their disabilities from an early age with poorer quality of life as compared to the normal population. WHO reports that people with disabilities tend to be confronted with health disparity and unmet basic needs, such as access to health care services, or other health promotion and prevention programs (World Health Organization, 2015).



Figure 1. African countries where and when spastic paraparesis (konzo) has been reported
Source: Nzwalo & Cliff (Nzwalo & Cliff, 2011), doi:10.1371/journal.pntd.0001051.g001
At present, several scientific studies have documented the relationship between cassava and spastic paraparesis (konzo); however, the identity of the putative toxicant that causes the neurological deficit in patients remains inconclusive and has been subject to considerable debate. The objectives of this essay are to (1) examine the public health determinants, including the contributing factors, and identify the agent that can lead to spastic paraparesis (konzo) and (2) give recommendations to prevent the negative impact of the disease. A non-systematic literature review was performed. Most of the published papers were retrieved from the MEDLINE database by using the PubMed website as a search engine. It is hoped that this essay will provide useful evidence-based information for public health professionals and policymakers as they develop effective public health interventions to minimize the burden of konzo in the future.

2.0  LITERATURE REVIEW

The ability of some plants and other organisms to produce hydrogen cyanide (“cyanogenesis”) for protection from predators has been known for centuries 
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(Nzwalo & Cliff, 2011; Poulton, 1990)
. Currently, more than 300 species of plants are identified as cyanogenic; some of them are economically important, such as almonds and cassava (Poulton, 1990). Nonetheless, not so many people are aware of the danger of cyanogenic food that they consume in everyday life. A good example is cassava that has caused spastic paraparesis (konzo) among African population since 1936 and the problem still exists in African countries 
 ADDIN EN.CITE 

(Adamolekun, 2011; "Food safety," 1996; Nzwalo & Cliff, 2011)
.

2.1 Cassava: the main food source for the African population

During the sixteenth century, cassava was first introduced to the African continent and some parts of Asia from South America via the ivory and slave trade 
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(E. J. Bradbury et al., 2013; Teles, 2002)
. Later on, the production of cassava in Africa had drastically increased from 35 million tons in 1965 to 90 million tons in 2000 (Nzwalo & Cliff, 2011). At present, cassava has become one of the main staple crops for 500 million people living in the tropical areas, particularly in Africa 
 ADDIN EN.CITE 

("Food safety," 1996; Teles, 2002)
. There are several reasons why cassava is widely farmed in Africa. The first is that cassava can easily grow in poor soil condition, or arid areas, even in the dry season; whereas, other plants cannot be cultivated in such conditions. The second is that it is relatively simple for farmers to care for, so they can save on costs of cultivation such as fertilizers or pesticides. Some cassava varieties, such as Manipeba preta, can be yielded for 5-year farming (Teles, 2002). Lastly, cassava plays an important role in many industries since it can be used as a raw material for manufacturing starch, alcohol, glucose, acetone, and glues (Teles, 2002).

It is estimated that there are at least 7,000 varieties of cassava harvested worldwide. Nevertheless, based on the traditional folk culinary use-categories, cassava is generally classified into two groups of variety – bitter and sweet varieties (E. J. Bradbury et al., 2013). A prior study in Nigeria and Tanzania in 2004 showed no significant difference in the mean cyanogenic contents between bitter (103 mg HCN eq/kg dry weight) and sweet (105 mg HCN eq/kg dry weight) cassava varieties. However, some samples from bitter cassava varieties produce the extremely high cyanide level of 1,064 mg HCN/kg; while, the highest cyanide content in the sweet varieties is much lower at the level of 543 (Oluwole, Onabolu, Mtunda, & Mlingi, 2007). The use-categories are determined by the taste of raw cassava roots, which is sometimes unreliable because of the variation of individual taste perception (Soranzo et al., 2005). 
The variation of cyanide level in each cassava crop is dependent on location. In 2007, Oluwole et al. compared the mean contents of cyanogenic compounds in cassava harvested in Nigeria (located in western Africa) and Tanzania (located in Eastern Africa). The results showed a significant difference in the cyanogenic levels of cassava farmed in Nigeria (133 mg HCN eq/kg dry weight) and Tanzania (61 mg HCN eq/kg dry weight). In addition, the same study demonstrated the significant association between the contents of cyanogenic compounds and the altitude above sea level where cassava grows (Oluwole et al., 2007).

The cyanide contents of cassava are also varied according to seasonality. Many epidemics of spastic paraparesis (konzo) in African countries happen during the drought or dry season 
 ADDIN EN.CITE 

(J. L. Cliff, 1994; Tylleskar et al., 1991)
. Drought can definitely affect the decrease in production of many crops such as beans, sorghum, bananas and potatoes, but might not impact much on farming of cassava (Jarvis, Ramirez-Villegas, Herrera Campo, & Navarro-Racines, 2012) because cassava is able to grow in the areas with a shortage of water. A recent study reports that global warming is associated with increased cassava production in Africa. Over the period from 1961 to 2012, global temperature has risen by 1.1 °C; whereas, there is a 13% increase in cassava production during the dry season (O. S. A. Oluwole, 2015). Furthermore, cyanide content in cassava harvested in the dry season is likely to be higher, as compared to cassava produced in the wet season (O. S. Oluwole, 2015). A previous study measured the mean level of urinary thiocyanate, the major cyanide metabolite, among local people in Zaire in areas affected by konzo. The results showed that the average thiocyanate level of urine samples collected in the dry season is significantly higher than in the samples collected during the wet season (563 vs. 344 µmol/L) (Banea-Mayambu et al., 1997). This could reflect the consumption of high cyanide-content cassava harvested during the dry season. Also, the residents probably did not have enough water to effectively process cassava at this time.

Typically, two parts of cassava – the tuberous roots and the leaves, can be cooked for human food. Cassava roots can be prepared in various ways including flour for cooking, root slices, root chips, baked/steamed/pan-fried grated root, steamed whole root and tapioca pearl. On the other hand, cassava leaves are commonly cooked as a basic vegetable called “mpondu” in some African countries such as Sierra Leone, Guinea, the Democratic Republic of Congo and the Central African Republic (FSANZ, 2004). Regarding nutritional aspects, cassava root contains copious amounts of carbohydrate that provides a good, cheap source of energy, but is short of essential amino acids (Teles, 2002) such as cysteine, methionine and lysine 
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(Nassar & Sousa, 2007; Tor-Agbidye, Palmer, Lasarev, et al., 1999)
, and some vitamins and minerals (Nzwalo & Cliff, 2011). Cassava leaves are also a plentiful source of proteins, but are notably poor in methionine – a sulfur amino acid, which is very crucial in the cyanide detoxification process 
 ADDIN EN.CITE 

(Nzwalo & Cliff, 2011; Teles, 2002)
. Both roots and leaves should be prepared so as to remove cyanogenic compounds before being consumed (Nzwalo & Cliff, 2011).

2.2 Cyanogenesis in plants

Cyanogenesis in plants is thought to be a defense mechanism against invading pathogenic organisms such as insects by using the toxicity of cyanide. Hydrogen cyanide in plants is formed by the metabolism of cyanogenic glycosides (CG), which are the β-glucosidic derivatives of α-hydroxynitriles (Poulton, 1990). Examples of CG in some edible plants are displayed in Figure 2. Most CGs in plants are cyanogenic monosaccharides, the smallest form of sugar forming a glycosidic bond with cyanohydrin. However, cyanogenic disaccharides (such as (R)-amygdalin and linustatin) or cyanogenic trisaccharides (such as xeranthin) can be found in some plants. Several plants are known to be cyanogenic including lima beans, sorghum, bitter almonds, bamboo shoots, and cassava (Simeonova & Fishbein, 2004). 
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Figure 2. Structural formula of cyanogenic glycosides in plants

The concentrations of cyanide vary depending on the types of plant and the variety of each plant (Table 1). Basically, the two main types of CG in both roots and leaves of cassava are linamarin and lothaustralin, but the ratio of these two kinds of CG are different by each variety of cassava (Nzwalo & Cliff, 2011). In cassava roots, linamarin is likely to be the major CG, which accounted for approximately 97%; while, lothaustralin is found only small amounts (Diasolua Ngudi, Kuo, & Lambein, 2002).

Table 1. Crop products and their cyanide contents
	Crop products
	Cyanide content 

(mg/kg or mg/litre)

	
	

	Cereal grains
	0.001-0.45

	Soy protein products
	0.07-0.3

	Apricot pits, wet weight
	89-2,170

	Bitter cassava

1. whole tubers

2. leaves

3. dried root cortex
	380

300

2,360

	Sweet cassava

1. whole tubers

2. leaves
	445

451

	Sorghum (immature plant)
	2,400

	Bamboo (shoot tip)
	7,700

	Lima beans
	2,000-3,000


Compiled by Simeonova & Fishbein (Simeonova & Fishbein, 2004)
The mechanism of hydrogen cyanide liberation from linamarin is shown in Figure 3. Firstly, cassava has to be disrupted, and subsequently, the cell structure broken down, so that the reaction between CGs and glucosidase enzymes can be activated. Linamarin in cassava is hydrolyzed by linamarinase – a glucosidase enzyme, then yields two products – D-glucose and acetone-cyanohydrin. After that, the unstable acetone-cyanohydrin will spontaneously decompose to acetone and hydrogen cyanide (Nzwalo & Cliff, 2011). The rate of decomposition can be accelerated with the temperature over 35 °C, pH > 5 and the presence of hydroxynitrile lyase enzyme 
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(Mkpong, Yan, Chism, & Sayre, 1990; Nzwalo & Cliff, 2011)
.


Figure 3. The mechanism of hydrogen cyanide liberation from linamarin
Source: Nzwalo & Cliff (Nzwalo & Cliff, 2011), doi:10.1371/journal.pntd.0001051.g002
Properly processing cassava before ingestion is well-understood to be a way to decrease or get rid of the toxicity of cyanogens in cassava by causing damage to the plant cells and subsequently, stimulating a cyanogenic metabolism in plants to liberate hydrogen cyanide before being consumed by humans (Nzwalo & Cliff, 2011). In Africa, the methods of cassava processing are varied by regions, according to available resources for food preparation such as water, technology or time and the cooking culture in each region. Traditionally, cassava roots can be processed using several methods, including soaking, sun drying, heap fermentation, and grating with roasting 
 ADDIN EN.CITE 

(Nzwalo & Cliff, 2011; Teles, 2002)
. In Eastern Africa, two methods of food processing, sun drying and heap fermentation, are commonly employed. The process of sun drying starts by peeling the roots; then drying the whole roots, or large pieces of cassava in the sun, and finally, the dry cassava is ground into white flour. Different from sun drying, heap fermentation requires a longer time and a lot more effort. Heap fermentation involves multiple steps, including peeling, cutting the roots into small pieces and then, putting them in a heap to allow fermentation for 3-5 days. Finally, the last step is similar to sun drying – drying in the sun and then grinding into flour (FSANZ, 2004). In 1998, Cardoso et al. compared the cyanogenic potential of flour produced from these two methods and found that the average level of total cyanide contents in the samples from flour made by heap fermentation (12.5-16.5% of cyanide loss) is one-half of the cyanide contents in flour made by sun drying (25-33% of cyanide loss) (Cardoso, Ernesto, Cliff, Egan, & Bradbury, 1998). However, Bradbury (2006) claimed that the cyanogen in flour made from both of these methods might be higher than the safe level recommended by FAO/WHO of 10 ppm. Therefore, a simple “wetting method” was proposed to reduce the residual cyanogen in flour produced from cassava. The “wetting method” procedure involved mixing cassava flour with water and leaving the mixture for about 5 hours before cooking. This can lead to a 3.5-fold decrease in cyanide content in the flour (J. Howard Bradbury, 2006). Due to its simplicity, feasibility and cost-effectiveness, this method was widely adopted by local women in many countries in Africa 
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(Banea et al., 2014; J. H. Bradbury, Cliff, & Denton, 2011)
.

The other kind of food made from cassava called “gari” is commonly cooked and consumed by local people in western Africa. Gari can be processed by grinding cassava and leaving it in a bag for a few days. After that, the excess water in the ground cassava is removed by squeezing, and the cassava will then be roasted over a wood fire (FSANZ, 2004).  These multiple procedures in gari preparation can help reduce cyanide by 80-95% as compared to unprocessed cassava root (Padmaja, 1995). 

Regarding cassava leaves, the detoxification process requires a longer time than the procedure for roots. Sun or oven drying for the leaves are claimed to be not enough to reduce cyanogenic toxicity. Typically, to be safe, cassava leaves should be processed using an extensive cooking period of at least 3-4 days (Teles, 2002).

2.3 Cellular metabolism of cyanide after cassava consumption

After people ingest cyanogenic food, acetone-cyanohydrin will decompose to cyanide anion (CN-) in the body and then cyanide will be absorbed into the systemic circulation via the gastrointestinal (GI) tract. The rate of cyanide absorption depends on pH, the lipid solubility of a cyanide compound and the presence of other food in the gut. Since the absorption through the GI system is slower than the pulmonary route, the symptom onset is likely to be more delayed, and the health effects seem to be less in severity (Simeonova & Fishbein, 2004).

Before reaching the systemic circulation, cyanide that is absorbed via GI tract has to be metabolized in the liver, a so-called “first-pass effect” (ECETOC, 2007). Cyanide anion can be processed via several metabolic pathways to produce numerous metabolites as shown in Figure 4. In general, the majority (80%) of cyanide anions will react with the sulphane sulfur (SSO32-) of thiosulfate to produce the less toxic form, thiocyanate (SCN-), catalyzed by the mitochondrial rhodanese enzyme (Simeonova & Fishbein, 2004). This reaction depends on the amount of sulphane sulfur (Tor-Agbidye, Palmer, Lasarev, et al., 1999), which has to be acquired from dietary proteins (J. Cliff, Lundqvist, Martensson, Rosling, & Sorbo, 1985). The concentrations of rhodanese enzyme vary by animal species and type of tissue. For example, liver, heart and kidneys are identified as the organs with significantly high rhodanese activity (Aminlari, Vaseghi, & Kargar, 1994).
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Figure 4. Metabolic pathways of cyanide
Adapted from European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC, 2007)
Cyanide can also be metabolized via other minor pathways including (1) combination with hydroxocobalamin forming cyanocobalamin or vitamin B12; (2) oxidation to cyanate and carbon dioxide. In 1998, Tor-Agbidye et al. published a paper in which they proved the conversion of cyanide to cyanate (OCN-) in rats with sulfur amino acids deficiency (Tor-Agbidye, Palmer, Lasarev, et al., 1999); (3) the metabolism to formate by hydrolysis and (4) the reaction with cystine to form β-thiocyanoalanine and, then, finally 2-iminothiazolidine-4-carboxylic acid. Subsequently, this metabolite is excreted without further transformation (ECETOC, 2007; Simeonova & Fishbein, 2004). 

2.4 Adverse health effects of cassava consumption

Typically, people develop an adverse effect from cassava ingestion because they select the high cyanogenic type of cassava (usually bitter cassava), then do not effectively process to reduce cyanogen before consumption. The adverse effects could present as both acute and chronic intoxication of cyanogen. The LD50 for acute cyanide poisoning by ingestion is found to be 1.52 mg/kg (Agency for Toxic Substances and Disease Registry (ATSDR), 2006). The symptoms of acute intoxication include tachypnea, tachycardia, headache, dizziness, and gastrointestinal symptoms such as nausea, vomiting, and diarrhea. In a severe case, patients can develop confusion and convulsion and, possibly, death shortly thereafter. Generally, acute intoxication symptoms have an onset 4-6 hours after cassava consumption 
 ADDIN EN.CITE 

(Nzwalo & Cliff, 2011; Simeonova & Fishbein, 2004)
. In 1990, there was a case report in Horizonte, Brazil that four children died shortly after consuming bitter cassava roots. The investigation revealed that they ingested a very toxic type of cassava with insufficient cooking (Teles, 2002). Similarly, during 1982-1992, three outbreaks of acute intoxication were reported in Mozambique. The affected areas were places that cassava was recently introduced, and the residents did not know how to detoxify the cassava before consumption (J. L. Cliff, 1994).

Usually, in Africa, affected people exhibit chronic intoxication, associated with a particular type of neurological deficit called “spastic paraparesis” or “konzo;” most often epidemic outbreaks rather than isolated cases 
 ADDIN EN.CITE 

(Adamolekun, 2011; "Food safety," 1996; Nzwalo & Cliff, 2011)
. Spastic paraparesis (konzo), defined by WHO, is “a distinct type of upper motor neuron disease and characterized by the abrupt onset of an isolated and symmetric spastic paraparesis which is permanent but non-progressive ("Food safety," 1996).” Basically, triggered by hard work or long walk, the symptoms of most patients begin with trembling or cramping, then feeling heaviness or weakness on both legs. Some patients might develop low back pain, paresthesia in their legs, occasional blurred vision or speech difficulties at the onset, but these symptoms subside within one month except in the case of high-severity. Spasticity, which is a typical sign of upper motor neuron diseases, also manifests on the first day as do the other symptoms mentioned above, but spasticity is irreversible and sustains for life. In most cases, other abilities such as intellectual, hearing, co-ordination and sensory functions, including urinary and bowel control or sexual function, are intact ("Food safety," 1996). However, these additional manifestations including blurred vision (Tylleskar et al., 1991), optic neuropathy (Mwanza, Tshala-Katumbay, Kayembe, Eeg-Olofsson, & Tylleskar, 2003), nystagmus, pseudobulbar dysarthria and hypoacusia (hearing loss) can be found in some patients (Nzwalo & Cliff, 2011). Furthermore, the motor deficit could occur in both upper and lower extremities in some patients or so-called “tetraparaparesis” 
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(Tshala-Katumbay, Eeg-Olofsson, Tylleskar, & Kazadi-Kayembe, 2001; Tshala Katumbay, Lukusa, & Eeg-Olofsson, 2000)
.

In the long-term, spastic paraparesis (konzo) leads to disabilities that can be classified into three categories – mild, moderate, and severe. In a mild case, patients are able to walk independently without using any walking aid; while, the moderate disability requires 1 or 2 crutches or sticks for support while walking. The severely disabled case is defined as a patient who is bedridden and unable to walk ("Food safety," 1996). 

Regarding treatment, due to the sudden and permanent damage of upper motor neuron cells, there is no specific treatment to cure spastic paraparesis (konzo). Immediate treatment with cyanide antidotes such as sodium thiosulfate seems not to show an improvement from the neurological deficit. However, the treatment with high doses of vitamin B is suggested in order to prevent further neurological damage particularly in the patients with the coexistence of vitamin B deficiency. Furthermore, physical rehabilitation has a crucial role to help people with long-term disability to live independently ("Food safety," 1996). 

Children aged 3-13 years old and women of childbearing age are more susceptible to developing the disease than adult men 
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(Bonmarin et al., 2002; J. Cliff et al., 1985; "Food safety," 1996; O. S. Oluwole, 2015; Tylleskar et al., 1991)
. Nzwalo et al. suggest the possible explanation that adult males have much more opportunity to find and eat other kinds of food besides cassava; while, women and their children have fewer food choices to select and consume. Also, they have higher risk of exposure to cyanide during cassava cooking or preparation (Nzwalo & Cliff, 2011).
2.5 Systemic/structural factors related to spastic paraparesis (konzo)

As previously mentioned, cassava is one of the staple crops among African people because it can be cultivated in poor soil condition or dry areas. Cassava is also tolerant in the dry season or droughts. Moreover, cassava root provides a rich source of energy from carbohydrate in a cost-effective way. When the demand for food is excessive over the food supply, cassava plays a crucial role in stabilizing food security during a food crisis (Prudencio & Al-Hassan, 1994). For example, during drought, other food crops fail to grow, and the price of food increase. Poor people can rely on cassava as a primary source of food. 

During difficult situations such as economic stagnation or agro-ecological crisis, local people tend to be in a rush to do agricultural and commercial work. This can result in insufficient cassava preparation, and subsequently, greater risk of developing konzo 
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("Food safety," 1996; Nzwalo & Cliff, 2011)
.

Similar to drought, war can lead to shortage of food and the communities have to depend on bitter cassava as a major source. In Mozambique, an epidemic of konzo occurred during the late period of the war between the government and Renamo rebels (between the 1980s and October 1992). During that period, local people faced a food crisis; then tended to plant cassava and take shortcuts in food preparation (J. Cliff et al., 1997).
Regarding behavioral aspects, a study in 2007 reported the misconception of most of the farmers (about 70%) in Nigeria and Tanzania that any uncooked cassava varieties could be consumed safely; while, only one farmer stated that a certain variety could cause death, and seven farmers realized that people could develop minor symptoms, such as vomiting and stomachache after consumption of cassava roots (Oluwole et al., 2007). Moreover, 43% of farmers in Nigeria grew cassava for commercial purposes (sold greater than 50% of overall cassava products). They generally did not sort out the varieties of cassava before selling in the market for the reason that it was difficult to identify the difference between sweet and bitter varieties after harvesting (Oluwole et al., 2007).

3.0  Analysis

3.1 Possible etiologic pathway of spastic paraparesis (konzo)
From the literature review, the etiologic pathway of spastic paraparesis (konzo) can be summarized as shown in Figure 5. A bulk of outbreak reports from Africa have pointed out that high consumption of cyanogenic food, especially bitter cassava, together with a diet low in sulfur amino acids (SAA) leads to development of spastic paraparesis (konzo) 
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(Banea-Mayambu et al., 1997; J. Cliff et al., 1997; O. S. Oluwole, 2015; Tylleskar et al., 1991)
. Although the disease can affect all people aged over three years, the most susceptible groups are children and women of child-bearing age 
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(J. Cliff et al., 1985; "Food safety," 1996; O. S. Oluwole, 2015; Tylleskar et al., 1991)
. The possible explanation for this may be the way of life in Africa; adult females usually staying at home, growing crops, and raising their children. They do not have many varieties of food available, and cassava is one of the best food choices for them (Nzwalo & Cliff, 2011).
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Figure 5. Diagram illustrating determinants, direct and indirect contributing factors for spastic paraparesis (konzo)
A lot of evidence suggests that insufficient processing of cassava is the main contributing factor of high cyanogen consumption 
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(Banea-Mayambu et al., 1997; J. Cliff et al., 1997; "Food safety," 1996; O. S. Oluwole, 2015; Tylleskar et al., 1991)
. The aim of food processing before ingestion is to liberate the toxic cyanide, but the percentage of cyanide loss depends on method of food processing, time and the availability of water or technology (Nzwalo & Cliff, 2011). Also, high cyanogen consumption can be due to lack of knowledge concerning food processing or cassava variety selection. As mentioned earlier, the reported outbreak of acute intoxication from cassava ingestion in Mozambique occurred because cassava was recently brought to this area and the local people did not know how to detoxify it before consumption (J. L. Cliff, 1994). Moreover, generally, it is difficult for them to distinguish sweet from bitter cassava varieties (Oluwole et al., 2007).

Food crisis, provoked by many unusual situations such as economic stagnation, drought or the dry season, famine and war, is considered as the most significant indirect contributing factor for spastic paraparesis (konzo) (Tshala-Katumbay et al., 2013). Short of food during the crisis, the residents in the affected areas have to turn to cassava, which is drought-tolerant and cheap. 

Moreover, geographic factors and variety of crops can indirectly contribute to insufficient food processing. Cyanogenic contents in cassava are varied depending on areas of plantation and altitude above sea level (Oluwole et al., 2007). Even though a previous study shows no significant difference in cyanogen levels between bitter and sweet varieties, some sub-types of bitter variety contain extremely high cyanogen and require detoxification before consumption to prevent the neurological deficit (Oluwole et al., 2007). 

3.2 Possible mechanisms of putative chemicals that can lead to spastic paraparesis (konzo)
Regarding differential diagnosis of spastic paraparesis (konzo), the sudden onset of clinical presentation commonly suggests stroke in origin; however, the involvement of multi-levels of neurological deficit in some patients and symmetrical spasticity make the vascular cause unlikely. Moreover, we can rule out any infectious, immunologic or carcinogenic causes, since the typical characteristics of konzo seem to be non-progressive (O. S. Oluwole, 2015). Therefore, it can be concluded that a chemical or toxicant from cassava consumption is probably the most likely cause of konzo.

According to the pathway from cassava plants to the occurrence of neurological deficit in the patients, many chemicals are produced from cyanogenesis and human metabolism. One or more of these chemicals could be a potential neurotoxicant that causes konzo (Figures 3 and 4).

An experimental study conducted in Japan suggested that the unmetabolized form of linamarin, a major cyanogenic glycoside in cassava can be carried to the brain by a glucose transporter and subsequently, directly cause the death of neural phaeochromocytoma culture cells (Sreeja, Nagahara, Li, & Minami, 2003). However, the result cannot explain why the motor neurons are affected in konzo patients. Also, there is no other evidence to support that linamarin itself cause motor deficit in konzo 
 ADDIN EN.CITE 

(Adamolekun, 2011)
.

An animal study reported that acetone cyanohydrin (AC), a metabolite from linamarin, can cause acute toxicity to thalamic nuclei in rats; while, brain areas that control motor function are not affected 
 ADDIN EN.CITE 

(Soler-Martin et al., 2010)
. This result is not compatible with the clinical manifestation of konzo.

The literature review by Oluwole et al. suggests that cyanide, a product of AC decomposition, is less likely to cause the neurological deficit in konzo patients as the specific brain region affected by cyanide is the basal ganglia (O. S. Oluwole, 2015), which is responsible for involuntary movement. Patients with cyanide toxicity typically develop Parkinson-like symptoms such as dystonia, rigidity and akinesia (Zaknun, Stieglbauer, Trenkler, & Aichner, 2005).

Oluwole et al. gathered many experts’ opinions and suggested that thiocyanate, a major cyanide metabolite, could be the chemical candidate to cause the neurological impairment in konzo. Thiocyanate, a permeant anion, can cause neuron damage and also amplify the excitatory postsynaptic potentials by 45% (O. S. Oluwole, 2015).

The results from an animal study of 2-iminothiazolidine-4-carboxylic acid, a minor cyanide metabolite, indicate that 2-iminothiazolidine-4-carboxylic acid can induce a seizure in mice and specifically damage neurons in the hippocampus (Bitner, Kanthasamy, Isom, & Yim, 1995). Nevertheless, these findings do not correspond with the pathogenesis of konzo, which has motor neuron involvement.

There are several published papers supporting cyanate, a minor cyanide metabolite, as a potential neurotoxicant. An animal study conducted in 1998 found that cyanate was harmful to brain by reducing the glutathione level of neural tissue in rodents 
 ADDIN EN.CITE 

(Tor-Agbidye, Palmer, Spencer, et al., 1999)
. A few animal studies indicate that chronic exposure of sodium cyanate can lead to demyelinating lesions in rats (Tellez-Nagel, Korthals, Vlassara, & Cerami, 1977) and pigtail macaques (Tellez, Johnson, Nagel, & Cerami, 1979); the cyanate-exposed rats from the first study developed motor weakness, which resembles the symptom of konzo. Likewise, a more recent study indicated that rats with sulfur amino acid deficiency experience acute motor weakness of the hind legs after receiving intra-peritoneal injection of sodium cyanate 
 ADDIN EN.CITE 

(Kassa et al., 2011)
. Moreover, Shaw et al. reported the development of spastic quadriplegia, which is similar to the typical characteristic of konzo patients, in two rhesus monkeys after they had been exposed to intramuscular injections of sodium cyanate for six weeks (Shaw, 1974). A human case report stated that long-term sodium cyanate treatment (440-600 days) apparently induced a motor and sensory neuropathy in two sickle cell disease patients (Ohnishi, Peterson, & Dyck, 1975). In 1998, a study found the strongly positive association between the plasma levels of cyanide and cyanate in rats with sulfur amino acid deficiency (Tor-Agbidye, Palmer, Lasarev, et al., 1999). This can be rationalized since in cases of sulfur amino acid deficiency, the conversion from cyanide (CN-) to thiocyanate (SCN-) might be interrupted due to lack of sulfur in the body. As a result, cyanide is metabolized via other minor pathways such as the oxidation to produce more cyanate (OCN-), which is toxic to the neurological system (Tor-Agbidye, Palmer, Lasarev, et al., 1999).

Adamolekun (2011) conducted a review and proposed the possibility that thiamine (vitamin B) deficiency can cause konzo 
 ADDIN EN.CITE 

(Adamolekun, 2011)
. Ample evidence is mentioned in the review paper to support this hypothesis. For example, spastic paraparesis can occur as a result of severe thiamine deficiency in foxes (Green & Evans, 1940), dogs (Read, Jolly, & Alley, 1977) and cattle (Loew, Bettany, & Halifax, 1975). Moreover, a few studies in humans suggest that spastic paraparesis can be found in the late stage of Wernicke’s encephalopathy, a known degenerative brain disorder caused by thiamine deficiency 
 ADDIN EN.CITE 

(Bae, Lee, Lee, Choi, & Suh, 2001; Sechi & Serra, 2007)
. However, although spastic paraparesis can be described as a symptom for both Wernicke’s encephalopathy and konzo, this hypothesis is less likely by the evidence that most konzo patients develop only spastic paraparesis without encephalopathy. Also, treatment with vitamin B cannot reverse the motor deficit among konzo patients; while, patients with Wernicke’s encephalopathy recover dramatically after receiving treatment with vitamin B.

As previously mentioned, numerous animal and epidemiologic studies point out the substantial role of sulfur amino acids, such as methionine, in the occurrence of konzo. A review article by Nzwalo et al. indicate that cysteine, one of the SAAs, is the major precursor to glutathione. Glutathione functions as an intracellular antioxidant detoxifying xenobiotics or reactive oxygen species that can cause cell damage. Similarly, in konzo patients, glutathione depletion resulting from SAAs deficiency allows neuron cells to be vulnerable to the toxicity by cyanogens due to lack of cytoprotective function (Nzwalo & Cliff, 2011). 
4.0  Conclusion and Recommendation
It is evident that spastic paraparesis (konzo) is caused by chronic consumption of cassava, along with the condition of sulfur amino acid deficiency. The majority of published studies point out that cyanate is probably the toxicant leading to a motor deficit. Children and women of childbearing age are the most susceptible to developing konzo. Food crisis, secondary to economic stagnation, drought, war and famine, is associated with ineffective food processing to remove toxicity of cyanogen from food. This can subsequently lead to the occurrence of spastic paraparesis (konzo).

4.1 Recommendation for public health intervention

Konzo rarely causes fatality; however, most patients with konzo develop various disabilities, which have a negative impact on their quality of life. Once, spastic paraparesis occurs in patients, especially children, they have to live with this condition for the rest of their lives due to permanent neurological damage.

Several public health interventions should be implemented to prevent the occurrence of konzo in the potentially susceptible community. The preventive programs can be divided into three levels – primary, secondary and tertiary prevention.

Primary prevention should involve various strategies. Health education programs instructing how to adequately process food to get rid of cyanogens before consuming should be implemented among the local people. In 1997, Boivin M.J. conducted a program evaluation and suggested that the successful health education program for konzo should be performed using focus groups and multichannel communication techniques to convey to the farmers the risk of insufficient cassava processing and the appropriate processing methods (Boivin, 1997). Even though there are many ways to remove cyanogens from cassava, the methods selected for the health education programs should be relevant to the affected area’s context, such as local culture or the availability of particular resources in that area. Moreover, since the levels of cyanogen are varied depending on the variety of cassava, the government should promote genetic engineering to produce low-toxin breeds of cassava (Poulton, 1990; Tshala-Katumbay et al., 2013) or encourage the farmers to select low-cyanogen for cultivation instead of all kinds of cassava varieties (Poulton, 1990). In addition, some problems that can provoke food crisis or drought such as shortage of water can be mitigated by the program aiming to conserve environments, such as forest plantation, or water conservation and management.
Regarding secondary prevention, the program should aim at early case detection and early case reporting to the relevant health authority for prompt action. The health care providers should be better trained to diagnose and manage the patients presenting with spastic paraparesis. An effective reporting system should be developed to notify the health authority. Also, the surveillance system for konzo cases should be strengthened, especially in the high-risk areas or during some particular situations such as the dry season, drought, war or economic crisis.

Finally, for tertiary prevention, the government should ensure that all konzo patients have access to surgical correction, or rehabilitation services. Also, the rehabilitation equipment such as walkers or crutches should be provided for all patients. Suggested by WHO, a community-based rehabilitation program emphasizing social integration should be established in the affected villages ("Food safety," 1996). Since some of the konzo patients are children without mental or cognitive deficit, they should be supported to receive the same level of education as normal children ("Food safety," 1996).

4.2 Recommendation for future research

Food processing is substantial for preventing the occurrence of konzo. So far, many effective methods of food processing require a lot of effort and are also time-consuming. Further research should be done to discover new procedures that are more simple, feasible and practical for local people in the affected areas.

Although many studies indicate that cyanate is probably the neurotoxicant causing the neurological deficit in konzo, several questions related to the pathophysiological mechanism of cyanate at the cellular and sub-cellular levels remain unclear at present. Further studies, which address this issue, will need to be undertaken.
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