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Abstract One of the current international public health
emergencies is the outbreak of Ebola virus disease (EVD),
requiring extraordinary response. The current outbreak in
West Africa is the most dangerous since Ebola was first
discovered on 26 August 1976. Till January 6th 2015, It
resulted in 13,387 laboratory confirmed human cases and
8274 deaths. Ebola virus has 5 strains, 4 are pathogenic in
humans while the 5th strain Ebola reston strain is not. The
current outbreak is caused by Ebola most pathogenic strain,
Ebola Zaire strain whose genome differs from that of
Reston Ebola virus strain, by the existence of several open
reading frames containing large numbers of UGA codons.
These codons act as stop codons and in addition they may
encode for Selenocysteine, the 21st aminoacid, which is
essential for the formation of Selenoproteins. Selenopro-
teins are integral to the metabolism and have been linked to
the progression of certain viral diseases. In this review, we
discuss the relation between Selenium and the progression
of the current EVD in Africa supported by geographical
distribution of Se and genetic evidence.
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Introduction

One of the most threatening events nowadays is the Ebola
outbreak (Biomedical and environmental sciences 2014).
Ebola is a viral disease caused by the Ebola virus which is
an enveloped, non-segmented, negative-stranded RNA
virus. Ebola is of the family “Filoviridae” which includes
three species: Cuevavirus, Marburgvirus, and Ebolavirus,
and it is divided into 5 subtypes: Sudan, Tai Forest, Reston,
Bundibugyo, Zaire. The current outbreak in West Africa is
caused by the Zaire species (EBOV) and it is the most
dangerous outbreak since Ebola was first discovered
(Emergence of Zaire Ebola virus disease in Guinea—
NEJM 2015a). It is thought that the Ebola virus is mainly
transmitted through the fruit bats of the Pteropodidae
family (WHO/Ebola virus disease 2014). The virus is
transmitted through close contact with blood, body fluids,
secretions or organs of infected animals. Then, it can be
transmitted by human-to-human contact with the blood,
body fluids, secretions or organs of infected person and
with contaminated surfaces ad materials. The incubation
period, the period from infection to the onset of the
symptoms, of the Ebola virus disease (EVD) ranges
between 2 and 21 days. The first symptoms are fever
fatigue, headache, sore throat, and muscle pain followed by
diarrhea, vomiting, rash, and symptoms of impaired liver
and kidney. Also, EVD may be accompanied by internal
and external bleeding in some cases. Treatment, by rehy-
dration through oral and intravenous fluids and treatment of
symptoms, improves survival. There are 2 vaccines under
trial but no licensed vaccines are proven yet (Biomedical
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and environmental sciences 2014; WHO/Ebolavirus dis-
ease 2014).

Epidemiology

A long nine months till last august, 2014, more than two
thousands were diagnosed with Ebola in just four African
countries (Ki 2014). First Ebola case was in 1976 in a
44-year old man in Congo. He died 6 days later by a severe
hemorrhage and his doctor accidentally infected himself
with the virus (Emond et al. 1977). In the same year first
large outbreak occurred in Sudan. Total 284 cases diagnosed
by Ebola, 213 were in Maridi. 67 case in Nazara and fewer
numbers in Tembura and Juba (1978a). Another break was
in Congo few months after Sudan. 318 cases were reported
by Ebola symptoms. Most cases was concentrated around
Yambuku. Out of 318 cases 280 died when 38 survived
(1978b). A single case was diagnosed again in June 1977 in
a 9 years old girl in Zaire, Congo (Heymann et al. 1980).
Uganda had the third Ebola virus outbreak. Out of 425 cases,
224 were died by hemorrhagic fever (Lamunu et al. 2004).
Some studies showed an association between eating and
hunting fruit bats and Ebola virus outbreak as in Kikwit
1995, Mweka 2007, Gulu 2000 and Yambio (Sudan) 2004
(Muyembe-Tamfum et al. 2012). The current outbreak has
killed more than 1000 case till now. Linear rapid increase in
that number is very likely (Ebola 2014). After those 40 years
of studying that disease, it still a fetal uncontrolled disease
that attack without previous warning (Zhang and Wang
2014). A recent review article showed that along those
40 years, 23 outbreaks in Africa were recognized. Those
outbreaks were condensed in South Sudan, Congo, Cote
d’Ivoire, Gabon, Uganda and Guinea (Pigott et al. 2014).

EBOYV Fatality Rates (Previous Till 2014)

Zaire EBOV (EBOV) was first detected in 1976 (Jacob and
Piot 1976). The total fatality rate for EBOV from 1976 to
2008 was 79 %. Fatality rates in previous outbreaks are

illustrated in Table 1 [adopted from Derek Gartherer
(Gatherer 2014)] However, when confirming the present
Guinea outbreak by full genome sequencing, the current
strain was found to be an outlier from Zaire ebolavirus
(Emergence of Zaire Ebola virus disease in Guinea—
NEJM 2015b). The first report about EBV outbreak 2014
was in 22 March 2014 from Guinea; it reported 49 cases
resulted in 29 deaths with a 59 % fatality rate. Till 20 April
2014, there were 242 suspected cases in Guinea and Liberia
resulted in 147 deaths with a 61 % fatality rate. Cases in
Liberia was doubling every 15-20 days; and in Sierra
Leone, cases were doubling every 30—40 days. By June 18,
there were a combined total of 528 cases (including labo-
ratory-confirmed, probable, and suspected cases) and 337
deaths with a fatality rate = 64 % reported in the three
countries (Guinea, Liberia, Sierra Leone). This outbreak
was the largest EVD outbreak ever documented, since the
largest one before 2014 was that of Uganda during
2000-2001, there were a total of 425 cases resulted in 224
deaths with a fatality rate = 53 % (Emergence of Zaire
Ebola virus disease in Guinea—NEJM 2015b). By 31
August 2014 there were a total 3,685 cases (probable,
confirmed and suspected) cases and 1841 deaths with a
50 % fatality rate; Table 2 illustrates the Widespread and
intense transmission as at 31 August 2014 from WHO
report (WHO/Ebola virus disease 2014). Center of disease
control (CDC) developed Ebola Response modeling tool to
estimate the number of future cases; and based on these
estimation a total 8000 cases within west Africa are
expected by 30 September 2014 (Gatherer 2014).

Selenium and the Immune System

Selenium is hypnotized to affect body immunity as a
decrease in serum selenium level by about 50 % in elder
women more than 90 year was associated by significant
decrease in Natural Killer cells activity (P = 0.018)
(Ravaglia et al. 2000). Selenium is believed to decrease
risk of many disease associated with increased level of free
radicals or decrease of antioxidants including viral

Table 1 Illustrates the previous

outbreaks of Zaire EBOV Year (s) Country Cases (s) Death (s) Case fatality (%)
before 2014 [Adopted from 2007-2008 DRC 206 201 68
Derek Garther (Gatherer 2014)]

2005 Congo 12 10 83

2003 Congo 178 157 88

2001-2002 Congo + Gabon 125 98 78

1996 Gabon 91 66 73

1995 DRC 315 254 81

1994 Gabon 52 31 60

1976-1977 DRC 319 281 88
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Table 2 Illustrates widespread

and intense transmission as at Country Case definition Total Total (deaths) Case fatality rate (%)
31 August from WHO report Guinea Confirmed 579 343 59
Probable 150 149 99
Suspected 42 2 5
All 771 494 64
Liberia Confirmed 403 271 67
Probable 815 373 46
Suspected 480 227 47
All 1698 871 51
Sierra Leone Confirmed 1107 430 39
Probable 37 34 92
Suspected 72 12 17
All 1216 476 39
All All 3685 1841 50
expression (HIV, AIDS) as it enter in the structure of four  disseminated intravascular coagulopathy (DIC) that

glutathione peroxidases (selenoperoxidases) so help as cell
antioxidant system against. So it is important to have
adequate selenium amounts in food (Arthur 2000; Klein
2004; Zachara et al. 2006).

Several papers discussed the role of Selenium in main-
taining the immune system and its function. Selenium has
been suggested to be crucial for an optimal immune
response. It was found to affect the acquired and innate
immune systems (Henley 1976). Selenium-deficient
humans were found to have decreased IgM and IgG titres,
this decrease was improved when Selenium supplementa-
tion was introduced (Kiremidjian-Schumacher and Roy
1998). During Selenium deficiency, Lymphocytes exhibit
less proliferative powers. Also synthesis of leukotriene B4,
an important factor for neutrophil chemotaxis, is impaired
(Hatfield et al. 2006). It is worth mentioning that recovery
from Ebola virus infection was encountered in patients who
managed to develop efficient Ig(G)s against the Ebola virus
(Becquart et al. 2014). Selenium plays an important role in
hemostasis through affecting the Prostacyclin (PG12)/
Thromboxane (TXA2) ratio (Meydani 1992; Universitdl
1994; Ramanathan and Taylor 1997). PGI2 and TXA2 are
eicosanoids that are formed from arachidonic acid. TXA2
is released from platelets and it promotes vasoconstriction
and platelet aggregation, while PGI2 is released from the
vascular smooth muscle cells and the endothelial cells and
it acts as a platelet aggregation endogenous inhibitor and it
also is a potent vasodilator (Hamberg et al. 1975; Smith
1980). In a human study, Selenium supplementation
decreased the levels of TXA2 but did not affect the levels
of PGI2 (Perona et al. 1990). Hemostasis is dependent on
the balance between PG12 and TXA2, and so the increase
in the PGI2/TXA2 ratio, which is caused by administering
Selenium supplementation, has been suggested as a possi-
ble therapeutic agent to decrease clotting, especially that of

accompanies Ebola hemorrhagic fever is naturally expec-
ted to result in disrupted hemostasis (Ramanathan and
Taylor 1997). Selenium enters in the formation of the 21st
amino acid, Selenocysteine (SeCys) which is incorporated
into the active site of glutathione peroxidase (GPx) (Beck
et al. 2004; Ramoutar and Brumaghim 2010). GPx are a
family of enzymes that combat oxidative stress, they neu-
tralize the metabolism byproduct reactive oxygen species
ROS. ROS is known to damage tissues and cell mem-
branes, and they disrupt the body’s metabolism and
genetics (Harthill 2011). Intracellular cytosolic GPx per-
forms its function by reducing intracellular hydrogen per-
oxide (H,O,) into water, thus protecting against ROS
formation (Ramoutar and Brumaghim 2010). The close
relation between Se and GPX is demonstrated in the fact
that optimal GPx activity has been used as a measurement
for selenium intake requirements (Thomson 2004).

Adverse Effects

Serum or urine plasma levels reflect the recent intake of
selenium when analysis of hair or nail content of selenium
reflect the long term intake (Erdman et al. 2012). Normal
serum selenium level differs according to age. In 6-11 years
old person it is 89.0-142 pg/dL. and 104.0-187.0 pg/dL in
>12 years old persons in both sexes (Caldwell 2011-2012).

On April 15, 2013, the food and drug administration
(FDA) organization announced a rule to add selenium to the
infant formulas and established its minimum (2.0 pg/
100 kcal) and maximum levels (7.0 pg/100 kcal). They
ranked it as the 30™ mandatory nutrient for infants
(Nutrition).

The average required daily intake dose for nearly all
healthy individuals (97-98 %) equals 55 pg for both sexes.
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Recommended amount for pregnant women is 60 and
70 pg for lactating women daily (Dietary reference intakes
for vitamin C, vitamin E, selenium, and carotenoids 2014).
The tolerable upper intake level (TUIL) equals 400 pg
daily (Bjelakovic et al. 2012). Selenium become toxic at
concentrations >1 to 5 mg/kg daily (Nathues et al. 2010).

Route of administration of selenium may be associated
with some different adverse effects. Acute inhalation
commonly associated with irritation of respiratory mucous
membranes, bronchial spasm, dyspnea and chemical
pneumonia. Oral route commonly associated with decrease
of white blood cells count and increase in lymphocytes,
nausea, vomiting, diarrhea and abdominal pain when pul-
monary edema and tachycardia are less commonly recor-
ded (The 2000).

It is believed that the a syndrome characterized by
impaired vision, aimless wandering behavior, reduced
consumption of food and water, and finally paralysis and
death occur in animals after consumption of plants high in
selenium. Acute selenium poisoning is potentially lethal
due to cardiocirculatory failure and pulmonary edema
(Olson 1986; Nogueira and Rocha 2011). It also was found
that the average survival time for dogs had selenite at
1.5 mg Se/kg body weight was significantly shorter for
those anesthetized and breathing oxygen than for those,
anesthetized or un anesthetized, breathing room air (Olson
1986).

A study on 72 Columbia x Suffolk sheep divided into
three groups, control, low selenium and high selenium
level. The HiSe group was exposed for 4 weeks to elevated
Se forage more than 49.0 ppm Se dw and drinking water
340-415 ppb Se. Estimated daily exposure to Se was
0.26 mg Se/kg/d only one sheep out of 24 of the group died
due to Se toxicity. Se in liver, kidney, and skeletal muscle
was 3.90, 1.90 and 0.70 ppm respectively(Fessler et al.
2003).

High selenium levels above TUIL have many adverse
effects including increasing the risk of type 2 diabetes
mellitus as high level of GPx can interfere with insulin
signaling (Rayman and Stranges 2013). It also found to
increase risk of amyotrophic lateral sclerosis (Nogueira and
Rocha 2011). No evidence that selenium is carcinogenic in
human in contrast to animals (Rowland 2006).

Selenium Status of West African Population

Selenium is present in different kinds of meat, kidney,
liver, seafood, and crops. The literature is lacking sufficient
information regarding the distribution of Selenium in
African soils, which is regarded as a determinant, along
with the biogeochemical characteristics of the soil, of
Selenium availability in the grown grains and seeds
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(Davies 2013). Trials have been made to estimate the
Selenium status of the African population(Chilimba et al.
2011; Hurst et al. 2013; Joy et al. 2014). We found two
papers that ventured to make Selenium supply and defi-
ciency maps for the entire continent of Africa (Hurst et al.
2013; Joy et al. 2014). For west Africa, both papers Cal-
culated the Selenium supply per capita as a product of the
food supply data, as provided by the FAO, and the food
composition data, as provided by Stadlmayr et al. (2010).
The problem with this approach is that the food composi-
tion data in the Stadlmayr et al. (2010) paper were mea-
sured according to the Selenium values in foods grown in
foreign countries, and so cannot be used as an estimate of
the Selenium content in West African foods (Table de
Composition Des Aliments &Afrique de [Ouest West
African Food Composition Table). Selenium has been
linked with the progression of several diseases, including:
viral infections, such as Human immunodeficiency virus
(HIV) and Coxsackie virus, cancer, cardiovascular dis-
eases, thyroid dysfunction, male infertility, pregnancy
miscarriage, depression, and inflammatory conditions
(Bunnell 2007; Rayman 2000; Tapiero et al. 2003; Johnson
et al. 2010; Davies and Mundalamo 2010; Fairweather-Tait
et al. 2011; Kishosha et al. 2011). A paper used that cor-
relation between Selenium and some of those diseases to
estimate the Selenium distribution throughout Africa. The
incidence of HIV was used to make a map of Selenium-
deficient regions in Africa (Oldfield 1999). This method
though, does not discuss other confounding variables that
affect disease incidence and so, we think, researchers
should not rely on that method solely.

The Genetics of Selenocysteine

UGA codon translation Selenocysteine is represented by
the nucleotide sequence UGA, which is normally a stop
codon, but in the presence of the “right circumstances” it
can code for Selenocysteine (Taylor and Nadimpalli 1997;
Ramanathan and Taylor 1997; Donovan and Copeland
2010). Selenocysteine insertion sequence (SECIS) is a
stem-loop structure in the genome of prokaryotes and
eukaryotes that deliberately encode selenoproteins (Ber-
tram et al. 2001). Several factors control the efficiency of
terminating the translation at UGA codons and thus failure
of their expression as Selenocysteine. One of these factors
is whether there is a purine or a pyrimidine base following
the UGA codon. It has been suggested that the presence of
purine favors termination while the presence of pyrimidine
favors translation of Selenocysteine (Tate et al. 1995).
Although this tendency is not regarded as absolute and the
presence of purine can be overcome if there’s a need for
Slenocysteine (Ramoutar and Brumaghim 2010).
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Factors Controlling Frameshifts

Frameshifting is a process that occurs when ribosomes shift
their position on the mRNA by a nucleotide (or several
nucleotides) and in doing so, altering the downstream
sequence of codons during the translation of a protein
strand. Frameshifts are common in viruses, especially —1
frameshifts where the ribosome moves by the distance of 1
nucleotide in the 5° direction (Weiss 1991; Brierley 1995).
—1 frameshift is usually of the “tandem slippery codon”
type (Weiss 1991). The presence of two cis-acting struc-
tures predispose for the frameshift, those structures are: a
slippery codon and a secondary structure (Theis et al.
2008). A slippery codon is a sequence that facilitates for
the shift to occur, a great example is a heptameric shift
sequence “X XXY YYZ” (the preshifted sequence), but
other deviations are also possible (Theis et al. 2008;
Ramoutar and Brumaghim 2010). The secondary structure
can be a pseudoknot or a stem-loop (Theis et al. 2008).
Pseudoknots are ideal frameshifters as they help with
ribosomal pausing, which promotes frameshifting but is not
necessary for it (Theis et al. 2008). In HIV, a disease that is
known for its relation with Selenocysteine (Harthill 2011),
there’s a slippage sequence at which the ribosome
translocates by only one nucleotide while two tRNA are
bound, this results in a —1 frameshif (Ramanathan and
Taylor 1997). Frameshifts make it possible for a genetic
sequence to be translated without being preceded by a start
codon (Ramoutar and Brumaghim 2010).

Computational Analysis of the Ebola Virus
Genome

The Ebola virus is a filamentous unsegmented negative
sense RNA virus of the family Filoviridae. Its genome
encodes two nonstructural proteins (secreted glycoprotein
and small soluble glycoprotein) and seven structural pro-
teins (glycoprotein, nucleoprotein, L, and virion proteins:
VP-40, VP-35, VP-30, and VP-24) (Choi and Croyle 2013).
The strain that is responsible for the 2014 epidemic is the
Ebola Zaire strain (EBOV) (Emergence of Zaire Ebola
virus disease in Guinea—NEJM 2015b). The Ebola virus
(EBOV) genome has been the target of interest of some
computational genetic studies which suggested the possi-
bility of its selenocysteine translation. In the Ebola Zaire
genome, there are two open reading frames (ORFs), or
rather called potential protein coding regions (PPCRs),
present in the —1 frame and they overlap the major
nucleoprotein gene. The first one contains 17 UGA codons,
has a heptameric frameshift sequence “UUUCCCU” near
the start of the PPCR, and an RNA pseudoknot 8

nucleotides downstream. Successful shifting, at that site,
should result in a nucleoprotein residue fused to a strand
containing 16 Selenocysteine residues. Another frameshift-
ing sequence is present and is followed by a potential
pseudoknot. Shifting at that site should result in a protein
containing 11 Selenocysteine residues. In addition, the last
14 UGA codons, from the 5'-end, are each followed by a
pyrimidine base which is thought to favor read-through. The
second PPCR contains 11 UGA codons and, although it’s
not preceded by a start codon, it has the potential of being
expressed through RNA splicing or editing (Ramoutar and
Brumaghim 2010). All Ebola subtypes were found to
express their structural glycoproteins over two reading
frames that are expressed through RNA editing(Sanchez
et al. 1996). Other PPCRs were found overlapping the
coding regions for the other Ebola proteins (such as VP40,
VP35, VP30, and VP24). They also carry potential SECIS
elements in their mRNA. All of this hints that Selenocys-
teine could be nonspecifically translated as a termination to
non-functioning frame-shifted strands of protein or it could
be translated as part of functional proteins (Ramoutar and
Brumaghim 2010).

Conclusion

(1) Selenium blood level seems to have a serious effect
on the clinical picture of patients with Ebola virus
disease.

(2) There aren’t enough information on the Selenium
intake in Africa, which is strongly affected by the
Selenium levels in the soil, and that latter informa-
tion is not routinely measured when assessing the
micronutrient content of soil.

(3) The authors of this paper find it extremely important
to test the blood samples from Ebola patients for
their Selenium levels and their relation with the
disease outcome should be carefully studied.

(4) If Selenium supplements are decided to be given by
the physician, symptoms of toxicity should be
carefully anticipated as Selenium has a narrow
therapeutic index.
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