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Viral Haemorrhagic Fevers: Background on Ebola and Marburg 

diseases 

Obinna C.D. Anejionu 

Abstract 

Viral haemorrhagic fevers have been among the most prominent diseases that have plagued 

humanity. Among the most notorious of haemorrhagic fevers are Ebola and Marburg, which are two 

highly infectious and deadly diseases that have appeared sporadically in some parts of Africa, 

causing many epidemics that have led to the deaths of many people and primates, in Sub-Saharan 

and tropical Africa. This paper elucidated on various relevant facts and historic background of 

Ebola and Marburg virus. 

 

Introduction 

Viruses play vital roles in nature, being large components of the ecosystem balance of any 

particular environment. As a result of this, they have developed various symbiotic relationships 

with their host. Hosts are specific organisms, such as rodents, bats, monkeys, and arthropods that 

provide a safe haven for microorganisms, as they provide favourable conditions that best fit the 

evolutionary need for the survival and replication of the microbes (Herbel, 2002). However, the 

increasing human incursions (human devastation of forests and developments) into parts of the 

environment, previously uninhabited by humans, has exposed humans to previously unknown 

viruses (some which are lethal) through their hosts. In 1950, the virus Oropouche, which is a rare 

virus, was found in the blood of workers in Brazil, who were bitten by an arthropod, as they cleared 

areas of a tropical rainforest, designated for the construction of a highway. Viruses, initially made 

visible to scientists through the development of electron microscopes in the 1930‘s, are group of 

microorganisms found within specific cells of organisms, ranging from insects, through large 

vertebrates, to plants. Most viruses are pathogenic, and have caused diseases, such as, common 

cold, measles, and influenza, HIV, Ebola, and Marburg. 

Ebola and Marburg viruses are two members of a family of ribonucleic acid (RNA) viruses known 

as the Filoviridae (Tolan and Whitner, 2008; Caldas, 1998; Pigott, 2007; Saijo et al., 2006). The 

viruses (Ebola and Marburg) cause often fatal diseases, called Ebola haemorrhagic fever (Ebola 

HF), and Marburg haemorrhagic fever (Marburg HF) respectively, in humans and nonhuman 
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primates (monkeys, gorillas, and chimpanzees). Ebola and Marburg haemorrhagic fevers are two 

severe diseases that have appeared sporadically in some countries in Africa (Pattyn, 1978; Borio et 

al., 2002; Sullivan et al., 2003; CDC, 2002; WHO, 2007a; Geroges et al., 1999; Emond et al., 

1977). Marburg virus was first recognised in 1967, when outbreaks of the haemorrhagic fever 

occurred simultaneously in laboratories in Marburg and Frankfurt, Germany, and in Belgrade, 

Yugoslavia (now Serbia) (Gear et al., 1975; Borio et al., 2002; Smith, 2007a; CDC, 1999) while 

Ebola was initially recognised in 1976, in the Democratic Republic of the Congo (former Zaire), 

where it was named after a river in the country (WHO, 2007a; CDC, 2002; Emond et al., 1977).  

There have been confirmed cases of Ebola HF reported in the Democratic Republic of the Congo, 

Gabon, Sudan, Ivory Coast, Uganda, and the Republic of the Congo (Murphy and Peters, 1998; 

WHO, 2002, 2007; Geroges et al., 1999; Heymann et al., 1977; Khan et al., 1999; Formenty et al., 

2003; Okware et al., 2002). Marburg disease outbreaks, on the other hand, have been noted to have 

occurred in Uganda, Zimbabwe, Angola, Kenya, and Democratic Republic of Congo (CDC, 2002; 

WHO, 2005a; Smith et al., 1976; Smith, 2005c; Johnson et al., 1996; McDonough, 2005; Towner et 

al., 2006). 

Scientists and researchers have been working over the years to identify the exact origin (host), 

locations, and natural habitats (known as the "natural reservoir") of Ebola and Marburg viruses 

(Figure 1), but these have unfortunately remained unknown (Peterson, 2006; CDC, 2002; Arthur, 

2002; WHO, 2007a). Although, on the basis of available evidence and the nature of similar viruses, 

researchers believe that the viruses are zoonotic (animal-borne) and are normally maintained in an 

animal host that is native to the African continent and Philippines (for Ebola-Reston) (WHO, 

2007a; Borio et al., 2002; Smith, 2005c; Arthur, 2002; Centres for Disease Control and Prevention, 

2002). 



6 

 

   
Figure 1. Researchers investigating a cave implicated in the 2007 Marburg outbreak in 

Uganda, in search of the reservoir (CDC, 2008). 

 

Infections with the viruses are acute, as there is no carrier state. But, the manner in which the 

viruses first appear in a human at the start of an outbreak has not yet been determined, as the natural 

reservoirs of the viruses are still unknown (Peterson, 2006), although, researchers have suggested 

that the index case becomes infected through contact with an infected animal (Peters, 2005; Borio et 

al., 2002; Arthur, 2002; CDC, 2002). 

After the index case-patient in an outbreak setting is infected, the viruses can be transmitted in 

several ways that might result in an epidemic. People can be exposed to the viruses from direct 

contact with the blood and/or secretions of an infected person. Thus, the viruses are often spread 

through families and friends because they come in close contact with such secretions when caring 

for infected persons. 

Before this latest outbreak which originated from Guinea, to other neighbouring African countries, 

out of 1871 reported cases of Ebola, there was 1296 confirmed deaths (WHO, 2007a) whereas for 

2014 outbreak only, as at 19
th

 August 2014, there has been 2240 reported cases and 1231 deaths 

(CDC, 2012;WHO, 2014), which explains why it is believed that this outbreak is caused by the 

most lethal strain of the virus family.  

Viral haemorrhagic fevers 

Viral haemorrhagic fever is a category of febrile illnesses caused by various distinct families of 

viruses that are enveloped and have RNA genomes; among which are the Ebola virus, Marburg 

virus, Lassa fever virus, Yellow fever virus, Omsk fever virus, the New World Arenaviruses 

(Guanarito, Machupo, Junin, Whitewater, Arroyo, and Sabia), Rift Valley fever, Korean fever, and 
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Crimean-Congo haemorrhagic fever viruses (CDC, 2008b; Peters and Zaki, 2006; Watts et al., 

2006; Wahl-Jensen et al., 2006; Lee, 1977; CIDRAP, 2008; Chinel, 1977; McCormick and Johnson, 

1977; Casals, 1977; Kilgore et al., 1995; Pigott et al., 2007; Tolan et al., 2008; Caldas, 1998; Borio 

et al., 2002). Haemorrhagic fever viruses possess single-stranded RNA and a lipid envelope 

(CIDRAP, 2008). The viruses are classified into four different families namely: Filoviridae (Ebola 

and Marburg); Arenaviridae (Lassa Virus and New World Arenaviruses); Bunyaviridae 

(Phlebovirus - Rift Valley fever virus, Nairovirus - Crimean-Congo fever virus, Hantavirus - Sin 

Nombre virus ); and Flaviviridae (Yellow fever virus, Kyasanur Forest disease virus, Omsk 

hemorrhagic fever virus, Dengue virus, Alkhumra virus) (CIDRAP, 2008; CDC, 2008b; Pigott et 

al., 2007; Tolan et al., 2008; Caldas, 1998). 

The viruses generally cause severe, life-threatening diseases (Figure 2), such as, Lassa fever, Ebola 

fever, and Marburg fever, while some cause relatively mild illnesses (Dengue fever). The severe 

illnesses are generally characterised by vascular damage, organ liquification and increased 

permeability, multi-organ failure, and shock (Pigott et al., 2007). Some haemorrhagic fever viruses, 

such as, Ebola, Marburg, and Lassa viruses, have been classified as hazard group 4 viruses, because 

the cause serious diseases in man, with high mortality rates, and have no specific cure nor 

prevention. They also pose great risk to workers responsible for diagnosing them and caring for 

people infected with the viruses. 

 
Figure 2.  Ocular manifestations in Bolivian haemorrhagic fever (after Borio et al., 2002) 

Table 1 contains a list of the various categories of the viruses that causes viral haemorrhagic fevers, 

with their associated diseases, incubation period and areas where they are endemic. 

Table 1. Viral Families causing viral haemorrhagic fevers (Pigott et al., 2007) 
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Virus 

Family 
Disease (Virus) 

Natural 

Distribution 

Usual Source of 

Human 

Infection 

Incubation (Days) 

Arenavirus Lassa fever Africa Rodent 5-16 

 

Argentine HF (Junin) South America Rodent 7-14 

 

Bolivian HF (Machupo) South America Rodent 9-15 

 

Brazilian HF (Sabia) South America Rodent 7-14 

 

Venezuelan HF (Guanarito) South America Rodent 7-14 

Phlebovirus Rift Valley fever Africa Mosquito 2-5 

Nairovirus Crimean-Congo HF 
Europe, Asia, 

Africa 
Tick 3-12 

Hantavirus 

Hemorrhagic fever with renal 

syndrome, hantavirus 

pulmonary syndrome 

Asia, Europe, 

worldwide 
Rodent 9-35 

Filovirus Marburg and Ebola Africa Unknown 2-21 

Flaviviridae 

    

Flavivirus Yellow fever 
Tropical Africa, 

South America 
Mosquito 3-6 

 

Dengue HF 
Asia, Americas, 

Africa 
Mosquito 

Unknown for 

dengue HF, 3-5 for 

dengue 

 

Airborne Transmission of Filoviruses? 
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Public health concerns about filovirus infection have heightened in recent years, due to the large 

outbreaks of the haemorrhagic fevers that have occurred in remote parts of Africa in recent years 

(Sanchez et al., 1995; and Tolan et al., 2008); the fear that the viruses can be utilised as biological 

weapons, (Borio et al., 2002, Crowcroft et al., 2002); and the concern that the viruses might 

possibly be introduced into virus-free countries from the virus-endemic countries, due to the 

increasing magnitude of international trade and travel (Saijo et al., 2006; Tolan et al., 2008; Ligon, 

2003, Wirtz et al., 2002) 

Although there have been indications that filoviruses might have the potential for airborne 

transmission, reported cases have found little or no incident of these mode of transmission. There 

was no indication of airborne transmission of Marburg virus, observed during the
 
1967 outbreak in 

Germany and Yugoslavia. Only 1 out of 35 health care workers who cared for 2 patients
 
with 

Marburg disease in South Africa, in
 
1975, without any barrier precautions

 
became ill (Borio et al., 

2002). During the 1979 Ebola outbreak in southern Sudan,
 
29 cases resulted from direct physical 

contact with infected persons out of the 34 people that were infected. More so there was no 

indication of illness among 103 persons who were exposed to infected persons in confined spaces, 

without direct contact. In 1994, only 1 case out of 70 cases that had contacts with a patient with 

Ebola acquired the disease despite
 
lack of airborne precautions. In 1996, 300 none physical contacts

 

with two Ebola patients resulted in no disease despite involvement
 

in numerous hazardous 

procedures prior to the patients' diagnosis (Borio et al., 2002).
 

There are numerous other 

observations that have made researchers believe that Ebola virus is not readily transmitted through 

airborne means. 

Incubation Period 

The incubation periods ranges between 2 to 21 days for Ebola and 5 to 10 days for Marburg (WHO, 

2007a). The viruses have been found to be infective at room temperature, but they can be 

inactivated through any of these means: heating them to a temperature of 60
o
C and keeping them 

heated for 30 minutes, irradiation with ultraviolet or gamma radiation, 1% formalin, and brief 

exposure to phenolic disinfectants and lipid solvents, like deoxycholate and ether (Caldas, 1998) 

including exposure to sterilytes and sporicides like Ygiene 206 which is a recent recommendation 

(WHO, 2014; CDC, 2014). 
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Marburg virus has been found in semen of convalescence patients 7 weeks after recovery from the 

illness (Caldas, 1998), it has also been isolated 83 days after disease onset from the seminal fluid
 
of 

a patient who may have sexually transmitted the disease to
 
his spouse (Slenczka, 1999). Ebola virus 

on the other hand, has also been found through reverse
 
transcriptase polymerase chain reaction, 

during studies carried out after the Kikwit outbreak, to be present in seminal fluid of convalescing 

patients, up to 101 days
 
after disease onset (Rowe et al., 1999; Rodriguez et al., 1999), and the virus 

was isolated 82 days after
 
disease onset in the seminal fluid of a patient. This therefore, implies that 

filoviruses can be transmitted to sexual partners, even after the major clinical symptoms have 

subsided (Caldas, 1998; Dietrich, 1977).  

Transmission of Haemorrhagic fever viruses  

Most haemorrhagic fever viruses reside in animal hosts or arthropods in nature, with the exception 

of filoviruses, whose natural reservoir are still clouded in mystery.  

Humans are
 
incidentally infected with haemorrhagic fever viruses through the following: the bite of

 

an infected arthropod, through aerosol generated from infected rodent
 
excreta, or by direct contact 

with infected animal carcasses. The infections are usually transmissible from person to person with 

the exception of Rift Valley fever, yellow fever, Omsk hemorrhagic fever, and Kyasanur
 
Forest 

disease. There is still limited knowledge about the transmission of these viruses due to the fact that 

the outbreaks
 
of the diseases are sporadic and unpredicted and often occur

 
in areas without adequate 

medical and public health infrastructure, which can facilitate early investigations. Thus, before 

researchers have started investigations and gathering of relevant data, the outbreak has almost 

subsided (Borio et al., 2002). 

 
Furthermore, the associated risks with the various

 
modes of transmission are still unclear as most 

cases
 
who acquired the infections have multiple contacts

 
history. Percutaneously acquired infections 

have been found to be associated
 
with short incubation period and highest mortality. There have 

also been rare person-to-person
 
airborne transmissions (Borio et al., 2002).  

Filoviruses are usually transmitted from person-to-person, through close physical contact (blood, 

secretions, organs or other body fluids) with an infected person (Francis et al., 1977; and Sureau et 

al., 1977). There has been report of infection of human cases through the handling of infected 

primates and antelopes (dead or alive); burial ceremonies, where mourners who have direct contact 



11 

 

with corpse have also been implicated in the transmission of the viruses (WHO, 2007a); the 

diseases have also been amplified through hospitals, where health care workers have contracted the 

virus while treating infected patients (WHO, 2007a; El Tahir, 1997). There have also been several 

cases that have resulted from needle stick injuries, and it has been found that infections contracted 

through contaminated syringes often results to death (Borio et al., 2002). 

Transmission of filoviruses through arthropods has been ruled out, based on various studies carried 

out on arthropods, as well as rodents, monkeys, and lizards, found within most of the outbreak 

areas, moreover, if arthropods have been involved in the transmission, there would have been more 

cases of the diseases, considering the large population of arthropods in the affected areas (Isaacson 

et al., 1977b; Germain, 1977). 

There have been noted cases of nosocomial transmission of viral haemorrhagic fever (VHF). 

Hospital and other health care facilities have been noted to have served as amplifiers of the 

infection (El Tahir, 1977, Francis et al., 1977, Sureau et al., 1977; Crowcroft et al., 2002; Arthur, 

2002). Secondary transmission of VHF has been associated with the reuse of unsterile needles and 

syringes, and other medical equipment, as well as the provision of patient care, with inappropriate 

barrier precautions to prevent exposure to virus-containing blood and other body fluids, such as, 

vomits, urine, and stool (CDC, 1988; Baron et al., 1983; Caldas, 1998; Borio et al., 2002). 

Nosocomial transmission differs for each class of virus. However, there is still no evidence for the 

transmission of haemorrhagic fever viruses to humans or animals through exposure to contaminated 

sewage (CDC, 1995).  

The associated risks of contact with various body fluids have not been fully established, as majority 

of the infected caregivers had multiple contacts with multiple fluids. Furthermore, various 

epidemiological studies of viral haemorrhagic fever in humans have not been able to establish that 

the infection is readily transmitted from person to person through airborne means (CDC, 1988; 

Baron et al., 1983; Borio et al., 2002). No airborne transmission in humans has ever been 

documented, although it is considered a possibility in rare instances from persons at advanced 

stages of the diseases (Carey et al., 1970; CDC, 2002; Francis et al., 1977). However, investigations 

have revealed that there is a strong possibility of airborne transmission of viral haemorrhagic fever 

in nonhuman primates (Dalgard et al., 1992; CDC, 1990; Borio et al., 2002).  
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There have been few noted slight differences in the transmission of Ebola and Marburg viruses. 

Ebola virus has been noted to be highly susceptible to nosocomial transmission, while large 

nosocomial transmission has not been noted to be frequent with Marburg outbreaks. During the 

initial outbreak in Marburg, only six secondary infections; five of which was as a result of 

nosocomial transmission, and one through sexual intercourse was recorded, out of 32 cases 

documented; despite the fact that the nature of the disease was then unknown and appropriate 

barrier nursing techniques were not observed (Bausch et al., 2003). It has also been suggested that 

Marburg might have a lower person-to-person transmission capability compared to Ebola virus, as it 

has less cutaneous shedding. This was revealed through the results of immunohistochemical studies 

of skin biopsy specimens from patients with fatal Marburg haemorrhagic fever, which generally 

shows that Marburg virus antigen was more sparsely distributed on the skin, relative to that of 

Ebola (Bausch et al., 2003). 

Furthermore, the risk for person-to-person transmission of viral haemorrhagic infections has been 

observed to be greatest during the latter stages of the illness (Borio et al., 2002). There has not been 

any reported case of infection, through a contact made during the incubation period of an infected 

person (CDC, 1988) which explains why it is assumed that people are not contagious until they 

show symptoms.   

Symptoms of Ebola and Marburg diseases  

Usually Ebola virus infection lasts for about two to three weeks. The infection is initially 

characterised by nonspecific flu-like symptoms such as fever, malaise and muscle pain. This is 

followed by severe bleeding (gastrointestinal) and coagulation abnormalities; as the infection 

progresses. However, all these symptoms are not always present in all patients. Generally, Ebola 

haemorrhagic fever is marked with the following symptoms, sudden onset of fever, intense 

weakness, myalgia (muscle pain), headache, Oropharyngeal lesions and sore throat, arthralgia (pain 

in the joint), at the beginning; this are often accompanied by vomiting, diarrhoea, rash, profound 

prostration, abdominal pain, impaired kidney and liver function, and in extreme cases, evidence of 

internal and external bleeding. Low counts of white blood cells and platelets as well as elevated 

liver enzymes, have also been revealed through laboratory investigations. There have also been 

reported cases of central nervous system breakdown (memory loss) of the patients, and abortion in 

some pregnant women who had the disease.  (WHO, 2007a; CDC, 2002; Piot et al., 1977; Isaacson 

et al., 1977; Smith et al 1977; El Tahir, 1977; Caldas, 1998; Waterman, 1998; Sullivan et al., 2003; 
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McDonough, 2005; Saijo et al., 2006; Bwaka, et al 1999; Formenty et al., 1999; Peters and LeDuc, 

1999; Sanchez et al., 2001). 

There have also been noted differences between Ebola-Zaire symptoms and Ebola-Sudan‘s. The 

illness caused by the Zaire strain of Ebola virus, was observed to have less respiratory symptoms, a 

shorter clinical course and a higher fatality rate (Piot et al., 1977). Though it has not been proved 

whether this was due to differences in virus virulence; route of infection, such as, injection or 

person-to-person transmission; or due to the host and ecological variables such as, climatic 

conditions. 

The onset of Marburg disease, on the other hand, is usually sudden, after an incubation period of 5-

10 days, marked with symptoms, such as, fever, chills, headache, and myalgia. This might be 

followed by a maculopapular rash (Figure 3), most prominent on the trunk of the victim, around the 

fifth day after the onset of initial symptoms.  Nausea, vomiting, sore throat, chest pain, abdominal 

pain, and diarrhoea may appear, after the maculopapular rash. In severe cases the symptoms might 

include jaundice, inflammation of the pancreas, severe weight loss, delirium, shock, liver failure, 

massive haemorrhaging, and multi-organ dysfunction (CDC, 2008a; CDC, 1995; Dietrich, 1977; 

Towner et al., 2006).  

The similarity of the initial symptoms of Marburg to other infectious diseases makes the diagnosis 

of the disease difficult, especially in a single individual case. However, cases of the disease can be 

confirmed within a few days of the onset of the symptoms by antigen-capture enzyme-linked 

immunosorbent assay (ELISA) testing, IgM-capture ELISA, polymerase chain reaction (PCR), and 

virus isolation. During the later stage of the fever, or after recovery the IgG-capture ELISA is an 

appropriate testing technique. Marburg disease is effectively diagnosed by immunohistochemistry, 

virus isolation, or PCR of blood or tissue specimens taken from deceased patients (CDC, 2008a, 

Ksiazek et al. 1992).  

The clinical features of Ebola and Marburg virus infections have been observed to be virtually 

indistinguishable (Gear et al., 1975; Maritini, 1971; Isaacson et al., 1977). Although there have been 

few slight differences noted, such as, skin rash, which appeared to be less common in Ebola than in 

Marburg disease, however, it was uniformly present among white patients (Emond et al., 1977; 

Isaacson, 1978), and was frequent during the Ebola virus outbreak in Sudan in 1976; oropharyngeal 

lesions and sore throat were far less frequent in Marburg disease. 
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Piot et al (1977) however pointed out that the observed difference may be due to the use of mainly 

retrospective data for the analysis of the 1976 outbreaks in Sudan and Zaire. 

 

Figure 3. Maculopapular rash in Marburg disease (after Borio et al., 2002). 

  

Treatment of Marburg and Ebola haemorrhagic fevers  

Currently there is still no specific treatment for Ebola and Marburg diseases (CDC, 2002, 2008a). 

However, supportive hospital therapy, such as balancing the patient‘s fluids and electrolytes, 

maintaining oxygen status and blood pressure, replacing lost blood and clotting factors, treatment of 

any complicating infections, and at times transfusion of fresh-frozen plasma and other preparations 

to replace the blood proteins important in clotting are usually employed on infected persons.   

Prevention of Ebola and Marburg haemorrhagic fever  

As a result of the lack of understanding of the natural reservoir of the viruses, there has not been 

any established preventive measure for the transmission of the diseases from the original host to the 

index case patient. However, for secondary transmission of the disease, similar measures used for 

other haemorrhagic fevers, such as, barrier nursing techniques (used to prevent direct physical 

contact with the patient), are adopted (CDC, 2002, 2008a; Dietrich, 1977). Some preventive 

measures and standard precautions against the transmission of viral hemorrhagic fevers include: 

isolation of patients in private rooms, (in extreme cases, placement in negative pressure rooms) 

(CDC, 1994; Isaacson et al., 1977b; Dietrich, 1977; Johnson, 1977; Pigott et al., 2007); restriction 

of access to these rooms, by nonessential staff and visitors; use of barrier precautions by caregivers 

(barrier nursing) to prevent skin or mucous membrane exposure to blood and other body fluids, 

such as secretions, and excretions; by wearing of gloves, masks, goggles and gowns by persons 

entering the patient's room in order to prevent contact with formites (items or environmental 
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surfaces that have been soiled); the wearing of face shields or surgical masks, eye protection, and 

maybe protective respirators, such as high efficiency particulate air respirators -HEPA (for VHF 

patients with prominent cough, vomiting, diarrhoea, and haemorrhage), by persons coming within 

approximately 3 feet of the patient to prevent contact with blood, as well as other body fluids, and 

secretions, such as, respiratory droplets, and excretions (CDC, 1995; CDC, 1994; Isaacson et al., 

1977b; Lolik, 1977, Lintak, 1977, Johnson, 1977; Pigott et al., 2007; Caldas, 1998; Borio et al., 

2002; WHO, 2007a); the wrapping of the corpse in sealed leak-proof material, without 

embalmment; and the cremation, or prompt burial of fatal cases, in a sealed casket, (CDC, 1988). 

Furthermore, burials of infected persons should be conducted safely with minimum contact with the 

corpses, as shown in Figures 4. 

 

Figure 4. Fully kitted health workers, preparing the burial of fatal cases (WHO, 2005f; Waterman, 

1998). 

Vaccines, Therapy and Trial Drugs 

There has not been any specific antiviral therapy available for the treatment of Ebola or Marburg 

virus infection (WHO, 2007a; Borio et al., 2002; Waterman, 1998; Baush et al., 2008; Sullivan et 

al., 2003). Current research is dwelling on the development of antiviral vaccines to combat these 

infections. Prototype vaccines have been developed to protect nonhuman
 
primates against Marburg 

virus infections, and they have shown promising prospects (Peters, 2005). Recently new vaccines 

such as Zmapp
 
currently undergoing trials have shown some prospects in Ebola treatment. 

There has also been an offer from Canada to supply up to 1000 doses of their newly developed 

vaccine against Ebola to affected countries to assist in containing the disease outbreak. 

Convalescent serum (liquid blood) from patients who have survived infection has been suggested as 

a possible therapy and currently being considered by WHO to combat the current epidemic in West 
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Africa. There is also ongoing research that has made progress on how to target the genetic material 

of the virus. Garcinia kola (Bitter kola) is also being considered as a possible source therapy. Its 

active compound is known to be a bioflavonoid, which is active against a wide range of viruses 

including influenza and has shown ability to inhibit the growth of Ebola virus. 

Filoviruses as potential bioweapons 

Studies with nonhuman primates have demonstrated the capability of aerosolised preparations of 

some haemorrhagic fever viruses, such as, Ebola, Marburg, Lassa, yellow fever and New World 

arenaviruses to cause clinical infection (Johnson 1995, Kenyon 1992, Stephenson 1984). In addition 

to having these capability to be disseminated through aerosols, these viruses also have a low 

infectious dose; cause high morbidity and mortality; cause fear and panic in the general public and 

among health workers; and no effective vaccine to tackle the diseases available (or in limited 

supplies). This has given rise to recent speculations that filoviruses can possibly be used as 

bioweapons (Ippolito et al 2006; Pigott et al., 2007).  Furthermore, these pathogens are available 

and most can be readily produced in large quantities. Thus, making them viable candidates for 

consideration as potentially biological weapons (Borio, 2002). As a result of this concern, 

filoviruses have been classified as category-A warfare agents by the U.S. government and are 

considered to pose a great risk to international security, just like anthrax, smallpox, tularaemia, and 

botulism (Borio et al., 2002; CDC 2000).  

Origin of Ebola Viral Disease: Prominent Ebola Outbreaks 

Nzara, Sudan (1976) 

Between June and July 1976, an outbreak of Ebola haemorrhagic fever occurred in the Western 

Equatorial province of Southern Sudan. Although at the moment, the disease was not known and 

has not been given the name Ebola. The index patient in the outbreak was traced to a cotton factory 

(Figure 5) at Nzara, in the Yambio District of Western Equatorial Province (Francis et al., 1977; 

Smith et al., 1977; Waterman, 1998). The disease which apparently emanated from Nzara later 

spread to four neighbouring towns: Maridi, Tembura, Jumba, and Khartoun, through close contacts 

with infected persons, and nosocomial transmissions at the hospitals. The Nzara outbreak was also 

partially linked to the outbreak in a neighbouring Zairian town in the Bumba zone. There were a 

total of 284 cases of the disease with an overall mortality rate of 53% (Francis et al., 1977; WHO, 

2007a).  
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Figure 5.The exterior of the Nzara cotton factory that was 

implicated in the outbreak  (after Arata and Johnson, 1977). 

 

Yambuku, Democratic Republic of Congo (1976) 

Towards the end of August, 1976, an outbreak of Ebola disease occurred in Yambuku, in the 

Yandongi Collectivity of the Bumba Zone, in north-central Zaire. The first recognised case was that 

of a man who became sick apparently after an injection given at a mission hospital in Yambuku. It 

was not definitely proven if he contacted the disease from the hospital or not, as he had been touring 

some towns (Abumombazi, Yakoma, Katokoli, Wapinda) in Mobaye-Bongo Zone in the northern 

part of the Equateur Region with six other people, about twelve days before he came to the hospital  

(Breman et al., 1977). Two hundred and eighty deaths occurred, during the epidemic, out of the 318 

recorded cases, giving rise to a mortality rate of 88%. 

The source of this epidemic was not exactly determined, but it was initially thought by some 

researchers to have probably originated in Sudan, where an earlier outbreak originating from Nzara 

had spread to other nearby towns (Breman et al., 1977). However, hospital records revealed that 

prior to the injection of the proven first case, there has been a patient at the hospital with symptoms 

similar to a haemorrhagic fever, who had left the hospital, against the advice of the hospital and was 

never located during the outbreak. Later, it was realised that the almost simultaneous outbreak in 

Sudan and Zaire were caused by different strains of Ebola virus, subsequently named Ebola-Sudan 

and Ebola-Zaire, respectively (Bowen et al., 1977). 

Furthermore, retrospective serologic investigation carried out, identified what might have been a 

case of Ebola haemorrhagic disease in 1972 in Zaire. The serum from a medical personnel in 

Tandala Hospital, who could have come in contact with Ebola virus, was tested for Ebola antibodies 
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in 1977, and the result was positive. Investigation of this case revealed that in 1972, the physician 

had lacerated his finger, while performing an autopsy on a patient that died of a haemorrhagic 

illness that was diagnosed then as yellow fever. The physician had become ill twelve days after the 

laceration. Review of his clinical records in 1977, showed that he had symptoms characteristic of 

Ebola haemorrhagic fever, in 1972 (Waterman, 1998). This led many researchers to believe that 

Ebola virus has been in the area, but unrecognised. 

Bonduni -Tandala, Democratic Republic of Congo (1977) 

An isolated case of Ebola disease occurred in Zaire (Democratic Republic of the Congo) in 1977. A 

9 year-old girl with a 3 day old fever, abdominal pain, and vomiting of blood was admitted to 

Tandala Mission Hospital in June of 1977. She has been living with her family in Bonduni, a small 

village about 20 km from the mission; was in good health, and had not travelled outside of the area 

before her admission to the hospital. The girl was diagnosed of a haemorrhagic fever and lost 

consciousness 28 hours after being admitted at the hospital, and subsequently died. The virus was 

not transmitted to any member of her family and none of her family members tested positive for 

Ebola antibodies (Waterman, 1998). 

Nzara, Sudan (1979) 

A second outbreak of Ebola haemorrhagic fever occurred in Nzara in 1979. The outbreak was also 

traced to a man who worked at the cotton factory in Nzara. The man was admitted on the 2 August 

1979, to the Nzara hospital with a fever that had lasted for three days and recent onset of diarrhoea 

and vomiting. He later developed gastrointestinal haemorrhaging, while still at the Nzara hospital, 

and died three days later. As no one had suspected Ebola haemorrhagic fever, precautionary 

isolation measures or barrier nursing techniques were not ensured. Several weeks later it was learnt 

that three of his close relatives who had tended to him had died after developing haemorrhagic 

fever. The outbreak thus, broke out among other families and hospital staff. A total of 34 people 

were infected with the virus and 22 people died, giving rise to a case fatality rate of 65% (WHO, 

2007a; Waterman, 1998). 

Minkebe, Andock, and Mekouka, Gabon (1994) 

An outbreak of Ebola disease occurred in Gabon between the end of 1994 and February 1995, after 

what seemed to be a long break from the outbreak of the disease. The causative virus was identified 
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as the Zaire strain of the virus. The outbreak was traced to three gold panning encampments in 

Andock, Mekouka, and Minkebe, which are located in small forest clearings bothering the 

rainforest of Gabon, although no exact origin was identified for this outbreak. This was the first 

reported incident of Ebola outbreak in Gabon, although serologic evidence has suggested the 

presence of Ebola virus in Gabon since 1982 (Ivanoff et al., 1982). In the first wave of the outbreak 

in December 1994, a total of thirty-two people were infected by the virus (Waterman, 1998; 

Georges et al., 1999). The disease was further transmitted to other people in neighbouring towns 

and villages (Mayela, Ekatiabe, and Ekobakoba) through person-to-person contact. Traditional 

healers ‗Ngaga‘, where most of the patients sought medical attention, and hospitals were strongly 

implicated in the secondary transmission of the virus which led to the second wave of the outbreak 

lasting between the end of December, 1994 till February, 1995. Seventeen people were infected in 

this second wave of outbreak. In all there were a total of 52 cases that were infected in the epidemic 

out of which 31 died (WHO, 2007a).  

Tai, Cote d’Ivoire (1994) 

There was an outbreak of a haemorrhagic fever in Côte d'Ivoire around November 1994, which 

killed a lot of chimpanzees in the Tai forest. And while trying to identify the causative agent for the 

disease an investigator was infected with Ebola virus, as he was performing necropsy on a dead 

chimpanzee (LeGuenno et al., 1995; Georges-Courbot et al., 1997). The virus was later confirmed 

as a new strain of Ebola virus, which was later named Ebola-Ivory Coast, now Ebola Tai 

The Tai National Park is the largest remaining park of the tropical rain forest belt in West Africa 

and is located in the southwest Cote d'Ivoire near the Liberian border. It has an area of about 

436,000ha, and is classified as a Biosphere Reserve, due to its unique biological diversity and 

numerous endemic species. The forest is home to hundreds of primates (chimpanzees and Western 

Red Colobus monkeys) (Waterman, 1998). 

Kikwit, Zaire (1995) 

Another outbreak of Ebola disease erupted once again in Zaire. Between January and April, 1995 

after what seemed to have been a long break, from the last wave of outbreak in the late seventy‘s. 

The outbreak was centred around Kikwit, a town approximately 240 miles east of the Kinshasa, the 

Zairian capital. The index case, a 42 year old charcoal worker was initially admitted to Kikwit 
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General Hospital. Investigations revealed that he subsequently transmitted the disease to three 

members of his immediate family and ten members of his extended family.  

The Kikwit General Hospital, Kikwit II Maternity Hospital, and two other hospitals were indicted 

for the amplification of the outbreak. In all, there were 315 cases, out of which 254 people died, 

with a case fatality rate of 81%. (WHO, 2007a; Khan et al., 1999; Waterman et al., 1998; Ksiazek et 

al., 1999). 

It was suspected that the index patient had been exposed to the natural reservoir of the virus during 

his woodcutting forays and charcoal burning pit diggings, in the dense forest, where his charcoal 

plot was situated; as he was not known to have eaten monkey meat or in contact with a primate or 

an Ebola infected person, prior to the onset of the fever (WHO, 1995; Khan et al., 1999). 

Mayibout, Gabon, (1996) 

Between February and April 1996, an outbreak of Ebola haemorrhagic fever occurred in Mayibout 

Gabon. The outbreak resulted in the infection of 31 people and death of 21 people. Two men had 

butchered a dead chimpanzee on the 24th of January and became sick with signs of Ebola 

haemorrhagic fever around the 5th of February and were subsequently admitted to the Makokou 

provincial hospital. It was believed that they had transmitted the disease to close contact. But, the 

outbreak was quickly brought under control, through rapid identification of the infection and the 

implementation of appropriate control measures that prevented further amplification of the disease 

(Waterman, 1998, Arthur, 2002). 

Booué, Gabon (1996) 

Around 23 July of 1996, a case of Ebola virus infection was noticed in Booue, Gabon (Figure 6). A 

39 year old hunter, living in a forest camp became ill and died on the 7
th

 of August; after apparently 

passing the infection to a close friend of his. The infection was passed on to other people who had 

visited the house of a traditional healer. Investigations revealed that a dead chimpanzee which 

tested positive to Ebola virus had been found in the forest during the beginning of the outbreak 

(Waterman, 1998). 

The disease was subsequently transported to Libreville, the capital, and to Johannesburg, Republic 

of South Africa, by infected patients who went to seek medical attention. Fourteen people were 

infected in Libreville and one person died in South Africa. The outbreak lasted for eight months, 
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between July 1996 and March 1997 with a total of 60 infected persons that resulted in 45 deaths, 

with a case fatality rate of 75% (Waterman, 1998). 

 
Figure 6. Geographic distribution of the three Ebola 

Virus haemorrhagic fever epidemics in Gabon 

(after Georges-Courbot, et al., 1997). 

Gulu, Uganda (2000)  

There was an outbreak of Ebola haemorrhagic fever that occurred around the Gulu district of 

northern Uganda around October 2000, which infected a total of 425 people that resulted in the 

death of 224 people (WHO, 2007a; Arthur, 2002). The index case of the outbreak was not identified 

as the outbreak had started months before it was reported. Gulu district is located about 90 Km from 

the Sudanese border. The disease was further transmitted to Mbarara and Masindi districts. The 

outbreak, which was identified to have been caused by the Sudanese strain of Ebola virus, lasted till 

January 2001 (WHO, 2007a). This was the first noted re-emergence of the Ebola-Sudan since after 

the 1979 Nzara outbreak. 

Kelle, Republic of Congo (2001) 

The first recorded case of Ebola outbreak in Republic of Congo occurred in villages around Kelle. 

The outbreak lasted between October 2001 and March 2002. A total of 59 people were infected 

with the virus, out of which, 44 died (WHO, 2007a; Arthur, 2002). 

Zadie, Gabon (2001) 
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Another outbreak of Ebola haemorrhagic fever occurred in the Zadie District, Ogooue-Invindo 

Province (the same province that the 1994-96 outbreaks occurred) in 2001. A family living near the 

Gabon-Congo border were initially killed (Arthur, 2002); afterwards  the virus was spread around 

the community, infecting about 65 people in all and killing 53 (WHO, 2007a).  

Kelle, Mbomo, Republic of Congo (2002) 

Between December 2002 and April 2003, an outbreak of Ebola haemorrhagic fever was reported to 

have occurred in villages around Kelle and Mbomo districts in the Cuvette-Ouest Region (which 

borders Gabon) of Republic of Congo. A total of 143 people were infected, out of which 128 died 

(WHO, 2007a).  

Another outbreak of Ebola haemorrhagic fever outbreak that resulted in the death of 29 people was 

reported to have occurred around November/December of 2003 in villages (Mbomo and Mbandza) 

located in the Mbomo district of Republic of Congo (WHO, 2007a). There were a total of 35 

infected people. 

Yambio, Sudan (2004) 

In 2004 an Ebola haemorrhagic fever outbreak was reported in Yambio County near Nzara, in 

southern Sudan. The outbreak was confirmed to have been caused by the Ebola-Sudan strain, by the 

Centers for Disease Control and Prevention (CDC), and the Kenya Medical Research Institute. 

There were 17 reported cases with a total of 7 people dying as a result of the disease (WHO, 

2007a). 

Etoumbi, Mbomo, Republic of Congo (2005) 

An outbreak of Ebola haemorrhagic fever was reported and confirmed in the Etoumbi and Mbomo 

districts in the Cuvette Ouest Region, of Republic of Congo. The outbreak was believed to have 

started around April 2005. As at June 2005, a total 12 cases were confirmed out of which 9 deaths 

were reported (WHO, 2005d). 

Kasai, Democratic Republic of Congo (2007) 

In a remote area of Kasai Occidental Province in the Democratic Republic of Congo, a major 

outbreak of Ebola haemorrhagic fever was confirmed by the Ministry of Health of the Democratic 

Republic of the Congo, to have occurred between September and October 2007. As at 11 of 

September 2007, a total of 372 cases and 166 fatalities have been confirmed (WHO, 2007e). 
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Bundibugyo, Uganda (2007/2008) 

Between September 2007 and January 2008, an outbreak of Ebola haemorrhagic fever was 

confirmed in the Bundibugyo district of western Uganda. As at December 2007, the Ministry of 

Health of Uganda has confirmed 93 cases with about 22 deaths. The last case of the outbreak was 

discharged from hospital on the 8
th

 of January 2008 (WHO, 2007c). By the end of the epidemic a 

total of 149 cases were confirmed, out of which 37 people died 

Genetic sequencing of a small segment of viral RNA carried out by CDC scientists, from samples 

obtained from some patients indicated the presence of a previously unknown strain of Ebola virus 

(CDC, 2008). 

Conclusion 

Viral haemorrhagic fevers have generated wide range of public concern. Ebola and Marburg are 

among the virulent species that have generated a lot of interest in the research community. 

Outbreaks of the diseases have disrupted the health, cultural, and socioeconomic activities in 

affected countries.  There is therefore the need for concerted effort to combat the menace posed by 

the viruses, especially as they could be used as biological weapons in a world that is currently 

plagued by various terror groups. 
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In Search of Ebola and Marburg Virus Hosts: Using GIS and Remote 

Sensing to locate the natural reservoir of Ebola 

Obinna Anejionu and Edel-Quinn Agbaegbu 

Abstract 

Numerous research have been carried out to identify the natural reservoir of the Ebola and Marburg 

viruses. Identification of the natural host of virus is important as it leads to a better understanding of 

the virus and the development of a possible cure for them, or establishment of preventive measures 

against future occurrences. Till date, the natural reservoir of Ebola virus is still elusive, although 

there are current assumptions that the virus is hosted by fruit bats. A research was carried out in 

2007 to provide a broader knowledge of filoviruses in Africa, by characterising environmental 

conditions associated with the breeding of the viruses, and subsequently model the distribution of 

the viruses. Remote sensing and GIS techniques, such as, unsupervised classification, Normalised 

Difference Vegetation Index (NDVI), band ratios, reclassification, and map overlay, were employed 

in the research.The result obtained from the various analyses carried out in the research, identified 

some locations in and outside Africa as possible habitats of filoviruses. The natural reservoir of the 

virus was however not identified and thus present the case for further research into the area. Ebola 

and Marburg pose a great challenge and calls for more concerted efforts towards a permanent 

solution  Africa, especially in Nigeria.  

Introduction 

Ebola and Marburg virus pose great public health concern. There have been several large outbreaks 

of the diseases with some of them reaching epidemical scale in the past in various parts of Central 

Africa (Democratic Republic of Congo, Sudan, Republic of Congo, Uganda etc) as shown in Figure 

1, and recent outbreaks in West Africa (Guinea, Liberia, Sierra Leone and Nigeria).The greatest 

concern stems from the possibility of the viruses being used as biological weapons (Saijo et al., 

2006; Borio et al., 2002).  

The prevention of Ebola and Marburg haemorrhagic fever in Africa has posed many challenges to 

scientists, researchers and health workers, because, the identity and location of the natural reservoirs 

of viruses has never been determined (Peterson, 2006; Sullivan et al., 2003). Therefore, 

characterising the spatial distribution of the diseases and determination of the natural habitat of the 
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viruses will play a vital role that will eventually lead to better understanding of the origin and 

spread of the viruses and the establishment of effective primary prevention measures, and 

containment of the deadly and highly dreaded diseases.  

 
Figure 1.Map of Africa, showing countries where Ebola  

and Marburg outbreaks have occurred as at 2007. 

 

Ebola haemorrhagic fever 

Ebola haemorrhagic fever (Ebola HF), initially recognised in 1976 (Sanchez et al., 1993, Bowen et 

al., 1977, Piot et al., 1977, Isaacson et al., 1977; Dietrich et al., 1977, El Tahir, 1977, Francis et al., 

1977; Bres, 1977; Lintak, 1977; Sanchez et al., 1995; Leroy et al., 2005; Smith 2005c) is a severe 

and often-fatal disease in humans and nonhuman primates, such as monkeys, gorillas, and 

chimpanzees, which has appeared sporadically since its discovery (CDC, 2002, Peters, 2005; 

Sanchez et al., 1995; Waterman, 1998; Saijo, 2006). It has a high mortality rate that ranges between 

50-90 percent in infected humans and nonhuman primates (Feldman et al., 2003; Geisbert and 

Jahrling, 2004; Sanchez et al., 2001, Smith et al., 1977, Francis et al., 1977; Van der Groen et al., 

1977; Waterman, 1998; Towner et al., 2007a; Warfield et al., 2006; Reid et al., 2006; Baush et al., 

2008; Smith 2005c).  
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The disease is a direct result of infection with a virus, named after the Ebola River in the 

Democratic Republic of the Congo formerly known as Zaire, in central Africa, where it was first 

identified. Ebola virus is one of two members of a family of RNA viruses categorised as the 

Filoviridae (CDC, 2002; and Sullivan et al., 2003). 

Ebola virus has five distinct species (initially known as subtypes). They are; Ebola-Zaire, Ebola-

Sudan, Ebola-Ivory Coast (now reffered to as Tai Forest-Ebola Virus), Ebola-Budibugyo, which 

have caused diseases in humans and nonhuman primates, and Ebola-Reston that has caused diseases 

in only nonhuman primates (Sanchez et al., 1993; 2001; Sullivan et al., 2003; Saijo, 2006; Smith 

2005c; Arthur, 2002; WHO, 2007a; Piggott et al., 2007). Ebola-Zaire has however, been found to 

have the highest mortality rate (Feldmann et al., 1994; Sanchez et al., 1996).  

Cases of confirmed Ebola HF have been reported in the Democratic Republic of the Congo, Gabon, 

Sudan (Bowen et al 1977b; Waterman, 1998), Uganda, Ivory Coast (Le Guenno, et al., 1995), and 

Republic of Congo. Furthermore, serologic evidence of infection has been reported in an individual 

in Liberia, although, showing no apparent illness; and laboratory workers in United Kingdom and 

Russia have become ill as a result of  accidental  needle-stick injuries (Emond, 1977; Emond et al., 

1977; CDC, 2002; and CDC, 2008b). Ebola-Reston has caused severe illness and deaths in 

monkeys imported from Philippines, into research facilities in United States, and Italy, and also 

infected several research workers without causing any illness in them (Arthur, 2002). 

Outbreaks of Ebola haemorrhagic fever have been noted to appear sporadically, and usually get 

amplified through nearby health-care centres (CDC, 2002, CDC 2008b). 

Marburg haemorrhagic Fever  

Marburg haemorrhagic fever is a rare, and severe haemorrhagic fever, caused by a unique RNA 

virus, which affects humans and non-human primates; with a case-fatality rate between 23-80% 

(Reid et al., 2006; Saijo, 2006; Baush et al., 2008; Smith 2005c). Marburg virus was the first 

member of the filovirus family to be recognised, and its recognition, led to the creation of 

Filoviridae virus family (CDC, 2008a). It consists of only one identified strain, Lake Victoria 

Marburg Virus (Saijo et al., 2006). 

The virus was initially recognised in 1967 (Dietrich et al., 1977; Murphy et al., 1977; Dietrich, 

1977; Murphy, 1977; Gear et al., 1975; Towner et al., 2006; Smith 2005c; Bausch et al 2003; 

Martini et al., 1968; Pigott et al., 2007), during simultaneous outbreaks of haemorrhagic fever in 
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laboratories in Marburg and Frankfurt, in Germany; and in Belgrade, Serbia (formerly Yugoslavia); 

in which 37 people (laboratory workers, medical personnel, and family members who catered for 

them) became ill with a severe febrile syndrome
 
that was

 
associated with bleeding from multiple 

sites on the skin and
 
the mucous membranes and shock (Emond et al., 1977). The outbreak was 

traced to the exposure of the initial people infected, by African green monkeys (or their tissues), 

imported for research (Peters, 2005; and CDC, 2008a). 

Marburg virus is believed to be indigenous to Africa. Parts of Uganda, western Kenya, and maybe 

Zimbabwe are strongly suspected to be included in the geographic area, the virus is native to. The 

natural habitat of Marburg is still unknown, just like Ebola virus (CDC, 2008a, 2008b). 

The exact mode of transmission of the virus from the animal host has remained unknown, but is 

believed to be through close contact with infected animals. It has been noted that individuals who 

have handled infected monkeys and have come in direct contact with their fluids or cell cultures, 

have become infected with the virus (CDC, 2008a; Dietrich, 1977).  

However, just like other viral haemorrhagic fevers, the disease is spread from one infected human 

to another (uninfected). The spread is mostly through close contact with infected individuals 

(Bausch et al., 2003, Francesconi et al., 2003). Direct contact with infected persons, contact with 

droplets of body fluids, equipment, and objects contaminated with infectious blood or tissues are 

highly suspected to be the major sources of spread of the disease from one human to the other. 

Recovery from Marburg haemorrhagic fever is not usually automatic and may be prolonged with 

accompanying complications such as, orchititis, recurrent hepatitis, transverse myelitis or uvetis. 

There is also the possibility of other complications, which include inflammation of the testis, spinal 

cord, eye, parotid gland, or prolonged hepatitis (CDC, 2008a; Gear et al., 1975).  

Recorded outbreaks of Ebola disease 

Ebola haemorrhagic fever outbreaks 

Till date there has been about 21 recorded Ebola haemorrhagic fever outbreaks, starting from the 

initial outbreak on 13 October, 1976 in Sudan and Democratic Republic of Congo (Zaire) and the 

latest outbreak in 2014 in West Africa (WHO, 2014). Table 1 summarises the various outbreaks of 

Ebola disease, documented. 
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Table 1. Chronology of Ebola outbreaks (WHO, 2007a) 

Year Country 

Ebolavirus 

species Cases Deaths 

Case 

fatality 

2012 

Democratic 

Republic of Congo Bundibugyo 57 29 51% 

2012 Uganda Sudan 7 4 57% 

2012 Uganda Sudan 24 17 71% 

2011 Uganda Sudan 1 1 100% 

2008 

Democratic 

Republic of Congo Zaire 32 14 44% 

2007 Uganda Bundibugyo 149 37 25% 

2007 

Democratic 

Republic of Congo Zaire 264 187 71% 

2005 Congo Zaire 12 10 83% 

2004 Sudan Sudan 17 7 41% 

2003 (Nov-

Dec) Congo Zaire 35 29 83% 

2003 (Jan-Apr) Congo Zaire 143 128 90% 

2001-2002 Congo Zaire 59 44 75% 

2001-2002 Gabon Zaire 65 53 82% 

2000 Uganda Sudan 425 224 53% 

1996 

South Africa (ex-

Gabon) Zaire 1 1 100% 

1996 (Jul-Dec) Gabon Zaire 60 45 75% 

1996 (Jan-Apr) Gabon Zaire 31 21 68% 
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Year Country 

Ebolavirus 

species Cases Deaths 

Case 

fatality 

1995 

Democratic 

Republic of Congo Zaire 315 254 81% 

1994 Cote d'Ivoire Taï Forest 1 0 0% 

1994 Gabon Zaire 52 31 60% 

1979 Sudan Sudan 34 22 65% 

1977 

Democratic 

Republic of Congo Zaire 1 1 100% 

1976 Sudan Sudan 284 151 53% 

1976 

Democratic 

Republic of Congo Zaire 318 280 88% 

 

Marburg disease outbreaks, on the other hand have been noted in South Africa, although traced to 

Zimbabwe (WHO, 1975); Kitmun cave in Kenya (Smith et al., 1976; Johnson et al., 1996); Durba, 

Democratic Republic of Congo (Bausch et al., 2006); Uige province of Angola (WHO, 2005b, 

2005b, 2005c; McDonough, 2005; Towner et al., 2006); and Kamwenge, Uganda (Towner et al., 

2006). 

 

The natural reservoir of Ebola and Marburg viruses 

The origin, location, and natural habitat, otherwise known as the natural reservoir of Ebola and 

Marburg viruses are still unknown, and has remained a mystery to medical researchers (CDC, 2002, 

2008b; Peters, 2005; Dietrich, 1977; Sanchez et al., 1995; Pigott et al., 2007; Caldas, 1998; Peterson 

et al., 2006; Borio et al., 2002; Waterman, 1998; El Tahir, 1977; Towner et al., 2007a; Lash et al., 

2008; Leroy et al., 2005; Walsh et al 2005; Bausch et al 2003; Crowcroft et al., 2002; WHO, 2007a; 

Sullivan et al., 2003). Although, researchers tend to believe, based on available evidence and the 

nature of similar viruses that the virus is animal-borne. 
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Primates were initially suspected to be the reservoirs of the haemorrhagic fever viruses (Marburg 

and Ebola),
 
but it is now evident that the assumption was wrong, as they primates are also targets 

for the viruses (Georges-Courbot et al., 1997). In Minkouka area of Gabon, where there has been an 

outbreak of Ebola virus infection, inhabitants reported finding dead chimpanzees and gorillas in the 

forest during the fall of 1994, before the outbreak was noticed in December 1994. Furthermore, the 

1992 deaths of chimpanzees in the Tai Forest in Côte d‘Ivoire lend credence to this fact (Georges-

Courbot, 1997; Sanchez et al., 1993; Walsh et al., 2005; Arthur, 2002). Although they (primates)
 

can serve as the primary links of the viruses to humans (the initial Marburg fever outbreak
 
in 

Marburg and several Ebola virus transmission in the Republic of Congo and Cote d‘Ivoire have 

been traced to contacts with primates). However, bats have strongly been suggested to be the 

reservoir in recent speculations about
 
the source of the haemorrhagic fever viruses, especially

 
after 

the recent Marburg virus epidemic
 
in Kenya, Uganda and Democratic Republic of Congo, in which 

infection was
 
generally acquired in gold mines and caves (Figure 2) harbouring a large number of 

bats (Peters, 2005; WHO, 2007a).
  

 

Figure 2. Researchers inside the Kitaka cave, investigating possible  

reservoir of Marburg Virus (WHO, 2007b). 

 

Possible Ebola and Marburg natural reservoirs  

The natural reservoirs of Ebola and Marburg viruses as have been pointed out in earlier sections has 

eluded medical researchers, despite the investment of much effort, finance, time, and dedication. 
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Several theories have been postulated but none at the moment has yielded a positive result. Among 

the theories postulated, are the suggestions that bats, plants and insects might be the natural hosts of 

the viruses (Waterman, 1998). A brief review will be giving to each of these suggestions, 

highlighting their strong and weak points, as natural reservoirs for these deadly viruses.  

Bats as virus reservoir? 

The suggestion that bats might be the reservoir of Ebola virus is based on the following 

observations: During the 1976 Ebola outbreak at Nzara, bats [Tadarida(mops) trevori] were found at 

the roof of the cotton factory, that was strongly implicated in the outbreak of Ebola-Sudan(WHO, 

1976; Smith, 2005b, 2007c). The index and the two secondary cases that worked in the factory did 

not leave close to each other and did not have any social contact outside the factory. The factory 

was considered to be part of the infection. 

The index case of the1979 Ebola-Sudan outbreak also worked at the Nzara bat infested factory 

(Baron et al., 1983)  

Results from studies carried out at the South African National Institute of Virology have shown that 

Ebola can replicate in fruit bats (Figure 3) and other bats in the tadarida genus inoculated with 

Ebola Virus, and can then pass through their stools. 

 

Figure 3. African fruit bat, suspected to be the host of  filoviruses  at 

the entrance to the Kitaka cave ( after CDC, 2008a) 
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Infectious Ebola virions have also been found in the stool of bats (Guano); (Leroy et al., 2005; 

Swanepoel et al., 1996; Smith, 2005a). The arguments are that the infectious bats could have 

transmitted Ebola virus to humans or to another intermediate vector. Bats in Kitkum cave in Mount 

Elgon, Kenya, and Kitaka cave in Uganda have on several occasions been implicated to the 

transmission of Marburg virus (Johnson et al., 1996; Towner et al., 2007a; Smith, 2005a), on two 

separate occasions. However, bats and guano collected from mount Elgon have not tested positive 

for Ebola.  

The gold mine that was implicated in the 2000 Durba outbreak was also found to harbour a 

substantial number of bats (Bausch et al., 2003; Leroy et al., 2005). 

However, despite the above facts, there are other evidences that strongly contradict the possibility 

of bats being the natural reservoir of filoviruses (Waterman, 1998). Some of the evidences 

comprises of the fact that bats were not the only organisms found at the Nzara cotton factory, thus 

the index cases could as well have contracted the Ebola-Sudan virus from another source.  

Ebola virus has never been found in bats captured during outbreaks (bats and guano collected from 

Mount Elgon have not tested positive for Ebola) (Peters, 1997; Waterman, 1998), although the 

collection of the sample specimens were carried out after the outbreak has subsided, and thus, the 

bats that might have been infected by Ebola virus might have died before the bats were captured for 

test. 

More so the specific types of bats (Tadarida trevori) found at the cotton factory, were never 

captured for test (Breman, 1999). 

 Furthermore, the Zaire strain of Ebola virus is highly pathogenic in other bats of the Tadarida 

genus as well as in other species that are common in Africa, with the exception of the Tadarida 

trevori. Thus if bats are the vectors, they can only possibly be intermediate vectors or host because 

of the high pathogenicity of the Ebola‘s (Swanepoel et al., 1996). 

 To further counter the argument that bats in the caves might be the reservoirs of the viruses, is the 

fact that caged primates (baboons, sykes and vervet monkeys) exposed to the Kitkum cave in 1988, 

to ascertain if it was the source of the virus, were not infected by any filovirus; similarly, none of 

the arthropods, birds, and rodents collected from the cave tested positive to the viruses (Monath, 

1999). 
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Unresolved  issues 

 Numerous bats that were captured during the 1995 Ebola-Zaire outbreak in Zaire have not 

been tested, and still remain in the freezers at USAMRIID.  

 The vector/host could be strain-specific (a specific organism may only be the vector/host for 

a specific strain of Ebola). 

 When organisms are collected for analysis, only a few are collected. There is a low 

probability that the specie representative organism is going to have the agent even if the 

particular specie is the vector/host. 

Plants as virus reservoir? 

Apart from bats, some researchers have also suggested that plants might be the likely reservoir for 

Ebola and Marburg viruses. Among the throngs of evidences supporting this theory is the fact that 

Ebola virus has been found to be highly pathogenic in vertebrates, thus suggesting that a non 

vertebrate that can withstand the viruses might be the possible reservoir (Smith, 2007c).  More so 

the difficulty, which researchers are having in identifying the natural reservoir in vertebrates is also 

making some researchers believe they have been looking in the wrong direction. Furthermore, 

Ebola-Ivory Coast outbreaks among chimpanzee populations have been found to coincide with 

flowering and fruiting cycle of particular species of plants. A morphological similar agent to a 

filovirus has also been found in leafhopper (Psammotettix species) from France (Lundsgaard, 

1996); and Ebola virus antibody have been found in guinea pigs, which are strong vegetarians 

(Johnson, 1981; Waterman, 1998). 

However, despite the towering evidence supporting the suggestion that plants might be possible 

candidates for hosting filoviruses, studies carried out with  different species of plants have failed to 

identify a plant specie where Ebola has replicated (Swanepoel et al., 1996; Waterman, 1998).  

Insects as virus reservoirs? 

There have also been strong indications that have made some researchers to start considering insects 

as likely reservoirs of Ebola and Marburg viruses. For one, arthropods have been found in outbreak 

locations. Secondly, a replication study has suggested that Marburg virus can replicate in Aedes 

(Stegomyia) aeypti mosquitoes after intrathoracic inoculation (Waterman, 1998). Thirdly, the index 
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patient of a Marburg incident traced to Zimbabwe coincided with a lesion that was compatible with 

a spider bite or horsefly (Waterman, 1998).  

However, studies of insects captured at the outbreak sites have failed to isolate Ebola in an insect 

(Breman et al., 1999), although the insects tested were not collected at the beginning of the 

outbreak, and it has also been pointed out that Dichloro-Diphenyl-Trichloroethane (DDT) a strong 

insecticide was sprayed around the hospital and the surrounding area, during the first Ebola-Sudan 

outbreak, thus effectively eliminating any insect that might have been carrying the virus (Monath, 

1999; Lolik, 1978). More so, a recent study carried out to confirm the replication of Ebola virus in 

Aedes mosquito have failed to ascertain the result earlier obtained by Kunz et al. in 1968 

(Waterman, 1998), although the recent study did not use the Ebola virus strains (Ebola-Ivory Coast, 

Ebola Sudan, and Ebola Zaire) that have caused the reported outbreaks (Turrell et al., 1996). 

Furthermore, after the 1995 Kikwit Ebola outbreak, a 3 month investigation was carried out to 

identify the reservoir of the virus, 3066 samples from vertebrates were collected around the fields 

were the index case worked, and tested for presence of the virus antibody; none tested positive to 

the virus (Leirs et al., 1999). 

It has been pointed that the failure to isolate the viruses from insects might have been due to the fact 

that the causative insects might be seasonal ones that might not be around the sites when collections 

are being made for analyses (Waterman, 1998). 

Remote sensing and GIS in public health 

Remote sensing and GIS are becoming useful to researchers and scientists in public health agencies, 

in the combat against diseases (Hay et al., 1998; Castillo-Salgado, 1996; Zou et al., 2006). 

Information provided through remote sensing techniques and improved GIS analytical techniques 

are playing vital roles in bringing disparate data together, so that researchers can have a holistic 

view of a particular health issue. The use of remote sensing techniques and products in health 

related researches is based on the fact that remote sensing sensors has the capability of providing 

relevant surrogate information that can give tremendous insights into spatial variation in 

meteorological and vegetation variables (Cline, 1970). There has been a longstanding understanding 

that some factors that contribute to diseases, such as number of mosquito, depends on some climatic 

factors, and a good understanding of meteorological variables can be used to predict the onset and 

severity of diseases (Gill, 1921; Hay et al., 1998). 
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GIS on the other hand, provides the platform for the collection, integration, and analysis of various 

kinds of data, as well as providing a comprehensive approach that promotes public health through 

the organisation of various data that pattern to the locations of people, vegetation, endemic diseases, 

and other relevant socioecomic data within a geographic framework (Davenhall, 2002; Barcellos et 

al., 1998; Clennon et al., 2004; Castillo-Salgado, 1996). It has been found that the health of human 

population is a reflection of the interaction between human population characteristics and 

environmental factors (Davenhall, 2002). Thus, a good knowledge of the environmental variables 

can give an insight into old and emerging diseases or the trend of a disease within a particular 

geographic area (Figure 4).  

 
Figure 4. Maps showing the potential distribution of 4 Species of mosquitoes in the United States. Distribution 

predicted using satellite derived environmental data is in red, and the recorded distribution is outlined in yellow (after 

Kalluri et al., 2007). 

 

By incorporating vegetation data, population data, socioeconomic, and environmental data; and 

analysing the relationship between these data, a better understanding of diseases can be achieved, as 

certain information, which were initially not obvious will be highlighted and visualised through 

maps. The US National Cancer Institute (NCI) were able to determine geographic pattern (which 
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was initially not apparent) in the distribution of cancer patients in the 1970s, by using GIS to 

mapped cancer data that had been available in tabular form for years (Davenhall, 2002). 

The use of GIS in public health can be traced back to 1854, when John Snow, while carrying out an 

epidemiology study on cholera outbreak in a part of London, used maps to identify the source of the 

outbreak (ESRI, 2008). He was able to determine the water tap that was causing the outbreak, by 

mapping the locations of afflicted individuals, which highlighted a cluster of cases around the 

implicated tap (Snow, 1855).  

The application of remote sensing in epidemiology can be dated from 1949, when a researcher used 

aerial photographs to identify and map the distribution of scrub typhus in some part of south East 

Asia (Audy, 1949). In the study, he found out that the hyper endemic disease foci were related to a 

particular vegetation type (parang). Subsequently, aerial photographs (panchromatic) were used to 

identify the distribution of parang, and thus, the distribution of scrub typhus foci. (Washino and 

Wood, 1994).  

Methodology 

Relevant GIS and remote sensing techniques were employed in this research. The methods adopted 

in this project ranged from spatial analysis such as data layer manipulations (computations), data 

reclassification, and map algebra to image processing methods, such as image classification, band 

ratioing, indexing, and image fusing (Anejionu and Anejionu, 2011).  

The coordinates of the various outbreaks (Ebola and Marburg) used to plot the locations of the 

outbreaks over the various data layers (Figure 5). The slope and aspect of the area of study were 

calculated from the digital elevation model DEM. Annual trends of the various environmental and 

bioclimatic variables were computed. The computations were made based on the assumption that 

the viruses are permanent residence of each outbreak location, and are contacted only when humans 

or primates come in contact with them as has been suggested by various researchers (Leroy et al., 

2004, 2005; Monath, 1999; Gonzalez et al., 1999). This assumption is also supported by the fact 

that in cases where there has been re-occurrence of the outbreaks in a particular locality, they have 

not been restricted to a particular month (Nzara – June, 1977, and August, 1979; Kelle – October, 

2001, and December, 2002; and Mbomo – December, 2002, and April, 2005). The values of the 

various environmental conditions around each of outbreak locations were extracted and recorded. 
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The extracted values were subsequently used to establish a model of environmental conditions 

prevalent in all the outbreak locations. 

 

Figure 5. Outbreak locations with their names and year of occurrence plotted. 

 

The models established were examined and analysed to identify underlying characteristics or 

patterns between the values of the datasets at the different outbreak locations. The observations 

made from this interrogation. The criteria established from the investigation of the values were used 

to reclassify the original data layers (covering the entire world), such that areas meeting the 

conditions set up by the criteria were given the value of 1 while other areas not meeting the 

conditions, were reclassified with the value of 0. The reclassifications of the datasets were 

performed for different sets of criteria.  

Some of the criteria were set up based on observations made with cognisance to all the outbreak 

locations (Marburg and Ebola). Another set of criteria were established based on observations made 

from values obtained from only Ebola-Zaire outbreak locations as well as other criteria established 

from observations made from Ebola-Sudan, and Marburg outbreak locations. The reclassified 

images based on the criteria already established, were used to model the distribution of the viruses.  

Results 

The result from the overlay of the reclassified versions of the three bioclimatic data layers (annual 

mean temperature, mean diurnal range, and annual precipitation), which shows areas susceptible to 
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filovirus infestation in Africa is shown in Figure 6. The projection of the overlay to the entire world 

revealed other parts of the world that might have conducive environment for the breeding and 

maintenance of the viruses. 

It was observed that in addition to the identification of the areas where Ebola or Marburg disease 

outbreaks have been recorded, some other parts of Africa, where there has not been a documented 

evidence of the viruses, such as, Madagascar, Mozambique, Republic of Cameroon, Guinea, 

Nigeria, and Ghana were identified as possible habitats of the viruses. Of interest was the fact that 

some parts of Zimbabwe, which has been suspected to harbour Ebola virus was also picked out as a 

possible habitat. This result closely matched those obtained by Peterson et al. in 2004, from 

ecologic niche modelling technique. 

 
Figure 6. Modelling distribution of filoviruses in Africa, 

using bioclimatic variables. 

 

The result obtained from the modelling based on criteria established solely from Ebola outbreak 

locations identified some of the areas (some tiny parts in Madagascar, Nigeria, Guinea and 

Cameroun) that have been hinted, from earlier results as potential habitats of filoviruses, although to 

a smaller extent as shown in Figure 7. When this result was checked against some of the Southeast 

Asian areas that were earlier identified, some parts of India, Thailand, and Philippines were still 
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identified, as possible habitats. Some parts in Cote d‘Ivoire were also identified, although not at the 

assumed origin of the Ebola-Ivory Coast outbreak 

 
Figure 7. Modelling distribution of Ebola-Zaire in Africa, using 

temperature and precipitation data layers, reclassified based on 

criteria established from Ebola-Zaire locations. 

 

Conclusion 

Ebola and Marburg viruses are two deadly viruses that have so far defied the efforts of medical 

researchers, who have been working to unravel the mysteries surrounding their natural reservoirs, 

and thus, provide a cure to the dangers they pose to humans and non-human primates. This research 

was carried out to provide a broader insight into the spatial distribution of the viruses using GIS and 

remote-sensing approaches to identify possible reservoir for the viruses. GIS and remote-sensing 

were used in this research due to many powerful analytical tools that are provided by these 

techniques and the need to approach the study of the viruses from an entirely different approach 

other than those that have been used in previous research efforts. Primarily the research set out to 

identify the environmental conditions suitable for the breeding of the filoviruses, and subsequently 

use the conditions to establish criteria for the modelling of the spatial distribution of the viruses. 

The research identified some possible areas that are, or might serve as potential habitats for the 

deadly viruses. Some countries in Africa such as Nigeria, Cameroon, Madagascar and Guinea 
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previously thought to be Ebola-free were identified as possible habitats for Ebola, alongside other 

countries where Ebola outbreaks have been recorded. It also identified certain locations in Southeast 

Asia, as well as, two locations within Philippines (one of which is close to Luzon, the area where 

the facility housing the indicted monkeys that caused an outbreak in the United States is located) as 

possible habitats of the filoviruses. The identification of some parts of Philippines as possible 

habitats of filoviruses served as a check to the accuracy of the analyses carried out in this project, as 

Philippines has been linked to a particular specie of Ebola virus (Ebola-Reston), which was 

excluded for consideration, while establishing the criteria for the modelling carried out in this 

research.  

Thus, more attention should be paid to the areas identified as possible habitats, where there has not 

been a recorded outbreak of any of the filoviruses, as they might provide additional information that 

could help in closing the jigsaw. It is worthy to note that the absence of a documented outbreak 

might not be a proof for the non-existence of the viruses in a particular area, as there might have 

been cases of infections by the viruses which were either not recognised (misdiagnosed), or the 

attention of health authorities were never drawn to it. Most of the prominent outbreaks were noticed 

only after the patients went to hospitals, through which the disease got amplified. On the other 

hand, the absence of a documented outbreak in some of the areas identified as possible habitats 

might also be due to the fact that the habitats of the viruses have not been encountered by humans 

or nonhuman primates. 

Another interesting observation made in this research is the possibility that filoviruses might not be 

restricted within the borders of Africa, as some areas in South America, North and Central America 

and Southeast Asia were identified as potential or possible habitats of the viruses.  

The distribution of Ebola virus and that of Marburg virus modelled from the criteria established 

based on the outbreak locations of each of the viruses supported the suggestion that the two 

filoviruses are supported by different environmental conditions  

There is however need for further ecological research to provide a broader insight into the spatial 

distribution of the viruses, using GIS and remote sensing approaches, to identify the reservoir for 

the viruses.  
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The Ebola Panic in West Africa: A review of the 2013/2014 Ebola 

Outbreak in West Africa 

Edel-QuinN Ijeoma Agbaegbu 

 

Introduction 

In contemporary history, no medical condition has tasked the human race especially 

pharmaceuticals and scientists more than Ebola virus disease (Daily Sun, Thursday August 21
st
 

2014, page 19). An Ebola virus epidemic is ongoing in the West Africa and a total of 3069 

suspected and confirmed cases and 1552 deaths have been reported by WHO (1752 cases and 844 

deaths being laboratory confirmed)
 
as at 31

st
 August, 2014. Many experts believe that the official 

number substantially understates the size of the outbreak because of the family‘s widespread 

reluctance to report cases.  

From the 19
th

 March, 2014 when the health ministry of Guinea acknowledged the outbreak of Ebola 

till 28
th

 May, 2014, the total number of cases has reached 281 with 186 deaths. Between 17
th

 and 

18
th

 August 2014, a total of 221 new case of Ebola virus disease (laboratory confirmed, probable 

and suspected cases) as well as 106 deaths were reported from Guinea, Liberia, Nigeria and Sierra 

Leone (disease outbreak news, 20
th

 August, 2014). It should be noted that this rise new cases is 

good to surge in reported concealed cases in Guinea and not necessarily surge in infection. At 

present, the 12 confirmed cases in Nigeria are all part of a single chain of transmission from the 

index case of 20
th

 July, 2014, Patrick Sawyer. 

Development of outbreak 

The outbreak began in Guinea December 2013, but remains undetected until 14
th

 March, 2014 after 

which it has spread to Liberia, Sierra-Leone, Nigeria and Congo as at 25 August. The outbreak is 

caused by the Zaire Ebola Virus and is the most severe strain in terms of human cases and fatalities 

since the discovery of Ebola virus in 1976 (WHO, 2014; CDC; 2014). The number of cases from 

the current outbreak has outnumbered all cases from previous outbreaks combined (WHO). On the 

8 August, 2014, the World Health Organization (WHO) formerly designated the outbreak as ―A 

Public Health Emergency‖ of international concern. This is the third time this legal designation is 
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being used after the 2009 HINI (swine flu pandemic and 2014 resurgence of polio). It invokes legal 

measures on disease prevention, surveillance, control and response by 194 signatory Countries. 

Researchers believe that the first index case leading to the outbreak was a two year old boy who 

died on the 6
th

 December, 2013 in the village of Meliandon Gueckedon Prefecture (Guinea). His 

mother, 3 years old sister and his grandmother became ill with symptoms consistent with Ebola 

infection and died. People infected by those victims spread the disease to other villages.
 

 

Figure 1. Map showing the onset of the disease (WHO, 2014) 

 

Subsequent spread 

On the 31 March the Centre for Disease Control(CDC) sent a 5 person team to assist Guinea 

Ministry of Health and WHO to lead an international response to the Ebola outbreak(WHO/CDC). 

On that day WHO confimed 112 suspected cases and 70 deaths, 2 of the reported cases were from 

two Liberians who travelled to Guinea. 221 confirmed cases and 146 deaths were reported by the 

Health Ministry on the 30 April out of which  25 cases and 16 deaths were Health Care Workers. 
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 By 19
th

 May 2013, the infection has spread to Conakry, the capital of Guinea with about 2 million 

inhabitants. ―The poor living conditions and lack of water and sanitation in most district of Conakry 

posed a serious risk. People do not think to wash their hands when they do not have enough to drink 

that the epidermic escalates into a crisis‖. (Ibrahima Tourey; Country Director of Plan Guinea)  

 In Liberia, the disease was reported in Lofa and Ninba Counties in late March and by mid April, 

the ministry of Health and social welfare has recorded possible cases in Margibi and Montserrlgo 

Counties. From 23
rd

 to 27
th

 May, several new Ebola virus disease clinical cases were reported in 

various districts and Sierra Leone and first case reported in the capital Monrovia by mid June.  

 

Figure 2. Health workers combating Ebola outbreak in West Africa 

 

The outbreak progressed rapidly in Sierra Leone from 25
th

 May when the first case was reported to 

17
th

 July, the total number of suspected case stood at 442 and had overtaken those in Guinea and 

Liberia (24). By 20
th

 July, additional cases of pestilence had been reported in the Bo District and in 

Freetown by late July. The situation was described as ―totally out of control‖ in the late June 

Medecines Sans Frontieres urging the world to offer aid to the affected regions. The Director-

General said, ―Countries affected to date simply do not have the capacity manage an outbreak of 

this size and complexity on their own‖. I urge the international community to provide this support 

on the most urgent basis possible(CDC, 2014; WHO, 2014). 
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Nigeria‘s first case was reported by WHO on 25
th

 July, 2014. Patrick Sawyer, a Liberian Ministry 

of Finance official flew from Liberia to Nigeria after exposure to the virus, and died at Lagos soon 

after arrival(WHO).  Subsequently, the hospital where he was being treated was quarantined, and 

the health officials treating him were isolated and quarantined in isolation centres in attempt to stop 

the spread of the virus. Despite the efforts made by the Nigeria Ministry of Health to contain the 

spread, the country‘s Minister of Health, Dr. Onyebuchi Chukwu confirmed 17 cases, all being part 

of the single chain of the index case. As at the 31
st
 August, 17 cases and 6 deaths have been 

confirmed (13 being laboratory confirmed cases). Among the fatalities were some of the doctors 

and nurses who treated Sawyer and Olu-Ibukun (an ECOWAS staff who is one with Sawyer) in 

Port Harcourt, Rivers state Nigeria. 

There has been another outbreak in the republic of Congo which has claimed 13 people as of 26
th
 August 

2014 but it is believed to be unrelated to the West Africa outbreak. 

Senegal‘s Minister of Health, Awa Marie Cole told the press the press on the 29
th
 of August that Senegal  has 

recorded her index case, a male University student who travelled from Guinea to the country with the 

disease. 

 

Responses by government and organisations 

In response, the national authority of Guinea, Sierra Leone and Liberia has activated their national 

emergency committees, prepared Ebola virus disease response plans and carried out needs 

assessment. WHO‘s regional Director for Africa Louis Sambo visited the affected Countries from 

21
st
 to 25

th
 July, meeting with political leaders, Ministers of Health, NGOs and other agencies. He 

stressed the need to ―promote behavioral change‖ while respecting cultural practices  ―Gordon 

Sanitaire‖ a disease fighting practise by isolating affected regions, was established in August, 

covering the area where 70% of the cases were reported. 

By 27
th

 July when Ellen Johnson Sirleaf closed Liberian borders with the exception of few crossing 

points such as the Principal Airport where screening centres would be established and worst 

affected areas in the Country placed under quarantine. Football events were banned (on the 23
rd
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July, 2014, Liberian Health Minister began to implement a strategic plan in line with Accra 

meeting‘s conclusions to improve the Country‘s response to the outbreak)WHO to reduce risk of 

transmission. Subsequently, schools were closed nationwide including the University of Liberia and 

a state of emergency declared on the 5
th

 of August 2014. On the 18
th

 August, a mob of residence 

from WestPoint descended upon a local Ebola clinic to protest its presence, the mob turned violent, 

removing the infected patients, looting the clinic of its supplies including blood stained bed sheets 

and mattresses. The Liberian government has quarantined the entirety of Westpoint despite the riot 

and issued a curfew state-wide(CDC, 2014; WHO, 2014).  

The government of Sierra Leone declared a state of emergency on 30
th

 July, 2014 and deployed 

troops to quarantine the hot spots of the epidermis. It also reactivated its active surveillance protocol 

(59) an awareness campaign in Freetown (capital) were delivered in August, 2014 on Radio or 

through car loudspeakers(61). 

In response to the first imported case of a Liberia-American, Patrick Sawyer who flew into Nigeria 

via Lome and Accra from Liberia on the 20
th

 July, 2014 and died five days later, in Lagos. Nigerian 

government increased surveillance at all entry points to the country. Health official were placed at 

entry points to conduct tests on people arriving in the country. Initial report noted that there were 69 

people previously in contact with Sawyer (including Airport staff, fellow flight passengers and 

health workers of the hospital where Sawyer was hospitalised) were placed under surveillance. 

 As at 31st August 2014, Professor Onyebuchi Chukwu, Nigeria‘s Minister of Health confirmed that 

278 quarantined cases have been discharged after completing their 21-day surveillance. The total 

number of cases now under quarantine is, 271; 72 at Lagos and 199 at Port-harcourt, Rivers state 

but none at Enugu. 

 On 4
th

 August, 2014, it was confirmed that the Doctor who treated Sawyer, Ameyo Adadevoh, 

tested positive for the virus strain and was been treated. Adadevoh died on the afternoon of 19
th

 

August, 2014. Adadevoh, a descendant of Herbert Macaulay and Samuel Ajayi Crowther was 

posthumously praised for preventing the index case (Sawyer) from leaving the Hospital at the time 

of diagnosis, thereby playing a key role in curbing the spread of the virus in Nigeria. On 6
th

 August, 

2014, the Nigerian authority confirms the Ebola death of a Nurse who had also treated Sawyer. The 

commissioner of Health in Lagos State announced that of the 12 confirmed cases, one has been 

declared disease free and released. On the August 2014, the Nigerian National Health Research 
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Ethics Committee, the organisation regulating research ethics in the country, issued a statement 

waving the regular administrative requirements that limits the international shipment of any 

biological samples out of Nigeria. The statement also supports the use of non-validate treatment 

without prior review and approval by a health research ethics committee. Other strategies adopted 

in containing the spread include; dissemination of appropriate information, Education and 

sensitization of individuals and groups, sustainance of the surveillance system, reduction of harmful 

practices that promoted the spread and provision of  adequate care for confirmed cases including 

active contact tracing.  

On 14
th

 August, 2014, the Nigerian Government said Aliko Dangote had donated 150 million naira 

to halt the spread of the 2014 West Africa Ebola Outbreak. 

In addition, the US National Institute of Health (NIH) announced in a statement on Thursday, 28
th

 

August that it would launch the safety trial on the vaccine developed by the agency‘s ‗National 

Institute of Allergy and Infectious Diseases‘ and Glaxo Smith Kline in Nigeria. The testing is 

expected to start on Tuesday, 2
nd

 September with 20 volunteers to see if the vaccine is safe for use 

on humans. Testing will be at NIH‘s campus and involves a mixture that uses both the current Zaire 

strain and another Sudan strain.(31
st
 August, Punch, Bayo Akinloye) 

 

Dealing with the 2014 Ebola outbreak in West Africa 

On 30 March 2014, during the 44th Summit of the heads of state and government of West Africa, 

Economic Community of West African States (ECOWAS) disbursed US$250,000 to deal with the 

outbreak. At the event in July of that year, the Nigerian government donated US$500,000 to the 

Liberian government to aid the fight against the virus. 

In July, the WHO convened an emergency sub-regional meeting with health ministers from eleven 

countries in Accra, Ghana. On 3 July 2014, the West African states announced collaboration on a 

new strategy, and the creation of a World Health Organization sub-regional centre in Guinea "to co-

ordinate technical support"; the centre was inaugurated in Conakry on 24 July. On 31 July, the 

WHO and West Africa nations announced $100 million in aid to help contain the disease. 

In March, the European Commission (EC) gave €500,000 to help contain the spread of the virus in 

Guinea and its neighbouring countries. The EC has also sent a health expert to Guinea to help assess 
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the situation and liaise with the local authorities. In April, a mobile laboratory, capable of 

performing the molecular diagnosis of viral pathogens of risk groups 3 and 4, was deployed in 

Guinea by the European Mobile Laboratory project (EMLab) as part of the WHO/GOARN 

outbreak response. Prior samples were analyzed at the Jean Mérieux BSL-4 Laboratory in Lyon.  

Russian scientists have also deployed to Guinea to set up a laboratory to help combat the outbreak. 

The scientists hope to use the opportunity to trail a vaccine they are developing.   

On 14 August 2014, the Australian ambassador to the People‘s Republic of China revealed that the 

Australian government would donate $US1 million to the World Health Organisation, in addition to 

its annual support, to assist in combating the Ebola outbreak. 

On 12 August 2014, the Canadian Public Health Agency announced that the country would donate 

between 800 and 1,000 doses of an untested vaccine (VSV-EBOV) to the World Health 

Organization. The offer was made by the Minister of Health directly to the Director General of the 

WHO as part of the country's commitment to containment efforts. Furthermore, as of 12 August 

2014, Canada's contribution to address the spread of the Ebola virus in West Africa is estimated at 

$5,195,000. This includes resources dedicated to humanitarian, security, and public health 

interventions. 

A Chinese plane carrying supplies worth 30 million yuan (4.9 million US dollars) arrived in 

Guinea, Sierra Leone and Liberia on August 11. This is their second Ebola relief after the first batch 

delivered in May to Guinea, Liberia, Sierra Leone and Guinea-Bissau. The supplies include medical 

protective clothes, disinfectants, thermo-detectors and medicines. China also sent three expert teams 

composed of epidemiologists and specialists in disinfection and protection as well as medical 

supplies to Guinea, Liberia and Sierra Leone despite high risk of infection. Some Chinese 

companies in West Africa also joined the relief efforts. China Kingho Group, a leading exploration 

and mining company in Sierra Leone, donated 400 million Leones (about $90,000) to the 

Government and People of Sierra Leone on August 15.  

In April, the Government of Japan gave $520,000 through the United Nations Children‘s Fund 

(UNICEF) to support the Ebola outbreak response in Guinea. In August, it further gave $1.5 million 

to provide additional support.  

http://en.wikipedia.org/wiki/Canadian_Public_Health_Agency
http://en.wikipedia.org/wiki/China_Kingho_Group
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By the beginning of August, the US Centers for Disease Control (CDC) had placed staff in Guinea, 

Sierra Leone, Liberia, and Nigeria to assist the local Ministries of Health and WHO-led response to 

the outbreak. On 6 August, the CDC moved its Ebola response to Level 1 (the highest on a scale 

from 1 to 6) to increase the agency's ability to respond to the outbreak.  

WHO's Regional Director for Africa, Luis Sambo, visited the affected countries from 21 to 25 July, 

meeting with political leaders, ministers of health, NGOs, and other agencies. He stressed the need 

to "promote behavioural change while respecting cultural practices." On 24 July, WHO's Director 

General met with agencies and donors in Geneva to facilitate an increase in funding and manpower 

to respond to the outbreak.  

WHO declared the outbreak an international public health emergency on 8 August 2014, after a 

two-day teleconference of experts. 11 August they emphasised lack of supplies and capacity as one 

of the problems while local awareness of the diseased had increased. Several cases could not be 

treated for this reason at some centres. Revised guidelines on how to spread the disease from 

patients were released for downloading, updating guidelines from 2008.  

The humanitarian aid organisation Médecins Sans Frontières (Doctors Without Borders) has a team 

of 676 staff working in Guinea, Sierra Leone and Liberia, and has set up several specialist centres to 

give medical care to affected people. On 8 August MSF declared that it had reached the limit of its 

capacity.  

Samaritan's Purse is also providing direct patient care in multiple locations in Liberia. At a 

congressional committee hearing on 7 August 2014, the head of Samaritan's Purse stated that "The 

disease is uncontained and out of control in West Africa."  

On 18 August, World Food Program announced plans to mobilise food assistance for an estimated 1 

million people living in restricted access areas.  

The World Bank Group has pledged up to US $200 million in emergency funding to help Guinea, 

Liberia, and Sierra Leone contain the spread of Ebola infections, help their communities cope with 

the economic impact of the crisis, and improve public health systems throughout West Africa. 

Countries with suspected or non-transmissive cases 

http://en.wikipedia.org/wiki/Humanitarian_aid
http://en.wikipedia.org/wiki/M%C3%A9decins_Sans_Fronti%C3%A8res
http://en.wikipedia.org/wiki/Samaritan%27s_Purse
http://en.wikipedia.org/wiki/World_Food_Program
http://en.wikipedia.org/wiki/World_Bank_Group
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Some countries are currently at risk of the virus with suspected or non-transmissive cases. Some of 

the countries include: Benin, Democratic Republic of Congo, Ghana, Saudi Arabia, Spain, and 

United States. 

Issues surround West African Ebola Outbreaks 

Certain issues surrounding the ongoing outbreak of Ebola Disease in some parts of Africa are 

briefly discussed below. 

Complications in containment efforts 

The Ebola outbreak in West Africa has proven very difficult to contain. This has resulted in the 

spread of the disease across the region and the deaths of over a thousand people. Difficulties faced 

in attempting to contain the outbreak include: multiplicity of outbreak locations across country 

borders, hiding of primary and secondary contacts, inadequate equipment given to medical 

personnel, lack of soap and water in communities for hand-washing and disinfection. Furthermore, 

funeral practices such as washing and cleaning bodies increase risks the way it is done, and there is 

reluctance among country people to follow preventive practices, including "freeing" suspected 

Ebola patients from isolation.  

Complications  became  more complex early August in Liberia when locals had started to drag their 

loved ones‘ bodies into the streets out of fear that the government regulations would risk their own 

health (Brown, 2014). This was in reaction to tough measures announced by Liberian Government 

to contain the disease which includes; shutting schools, imposing quarantine on victims homes and 

tracking their friends and relatives (Contact Tracing). According to Liberian government 

spokesman, ―with less than half of the infected surviving the infection in Liberia, many regard 

Ebola Isolation Wards as death traps. They are therefore removing the bodies from their homes and 

are putting them out in the streets‖ (Saturday Sun, August 9 2014, page 16). 

In Monrovia however, some health clinics were deserted as health workers and patients stayed 

home, afraid of catching the infection. The workers think they do not have the requisite materials  to 

protect themselves against the infection (Amos Richards; a physician‘s assistant). 

Rumours and denial 



50 

 

Denial in some affected countries, such as Sierra Leone, have made containment efforts often more 

difficult. Language barriers and the appearance of medical teams in protective suits sometimes 

exaggerated fears of the virus. There are reports that some people believe that the disease is caused 

by sorcery and that doctors are killing patients. In late July, the former Liberian health minister 

Peter Coleman stated that "people don't seem to believe anything the government now says." In 

August, a mob attacked a Liberian Ebola isolation centre, stealing equipment and "freeing" patients. 

Some shouted that, "There's no Ebola". 

Infection of healthcare workers 

As of 11 August, healthcare workers have represented nearly 10 percent of the cases and fatalities, 

significantly impairing the ability to respond to the outbreak. Among the fatalities is Samuel 

Brisbane, a former advisor to the Liberian Ministry of Health and Social Welfare whom British 

newspaper The Guardian described as "one of Liberia's most high-profile doctors." Two American 

aid workers at a treatment centre in Monrovia run by Serving In Mission /Samaritan's Purse have 

also been infected. On 2 August, Kent Brantly, one of the two workers, was flown into Atlanta's 

Emory University Hospital for treatment, making him the first patient infected with Ebola Virus 

Disease in the United States. On 29 July, leading Ebola doctor Sheik Umar Khan from Sierra Leone 

died in the outbreak, and another senior physician in that country was infected the following week.  

There was also an attack on aid workers who were hurrying to retrieve "freed" patients, and did not 

explain to villagers who they were, and the Red Cross was forced to suspend operations in Guinea 

after staff were threatened by a group of men armed with knives. Demonstrations outside the main 

hospital treating Ebola patients in Kenema, Sierra Leone, on 25 July were broken up by police.  

Fatality rate 

The infection and mortality data from Guinea, where new infections had slowed considerably by 18 

June, indicated a fatality rate of about 64%, which includes also cases of probable and suspected 

Ebola infections, as reported by the World Health Organization.
[
 

An accurate case fatality rate is difficult to ascertain, and attempts to create one have been described 

as unreliable, given differences in testing policies, the inclusion of probable and suspected cases, 

the rate of new cases, and actual cases that have not run their course.  
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Virology 

The strain of virus affecting people in the current outbreak is a member of the Ebola Zaire strain 

(EBOV) lineage. An article published in the New England Journal of Medicine in April 2014 

asserted that while the EBOV in Guinea shared 97% of its genetic code with the Zaïre lineage, it 

was of a different clade than the strains from outbreaks in the Democratic Republic of Congo and 

Gabon, and constituted a new strain indigenous to Guinea, and was not imported from Central 

Africa to West Africa. This result, however was contradicted by two subsequent reports. 

The first of these reports reached the conclusion that the outbreak "is likely caused by a Zaire 

ebolavirus lineage that has spread from Central Africa into Guinea and West Africa in recent 

decades, and does not represent the emergence of a divergent and endemic virus."
[
  

A second report published in June 2014 also supports the latter view, determining that it was 

"extremely unlikely that this virus falls outside the genetic diversity of the Zaïre lineage" and that 

their analysis "unambiguously supports Guinea 2014 EBOV as a member of the Zaïre lineage."  

Another study in July 2014 indicated that there had been some genetic drift between the March 

2014 Guinea samples and the June 2014 Sierra Leone samples.  

Diagnosis 

 

The Ebola virus disease is confirmed by isolating the virus and detecting its RNA or protein; or by 

detecting antibodies against the virus in a person‘s blood. It can also be done by isolating the virus 

by cell culture, detecting the viral RNA by polymerase chain reaction (PCR) and detecting proteins 

by Enzyme Linked Immunosorbent Assay (ELISA).  ELISA is effective in early and in those who 

have died from the disease. Detecting antibodies against the virus is effective late in the disease and 

in those who recovered. 

During an outbreak virus isolation are not feasible and the common diagnostic methods are 

therefore PCR and ELISA detection of proteins which can be performed in the field or mobile 

hospitals.  

Treatment 
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No proven Ebola virus-specific treatment exists. Treatment is primarily supportive in nature and 

includes minimizing invasive procedures, balancing fluids and electrolytes to counter dehydration, 

administration of anticoagulants early in infection to prevent or control disseminated intravascular 

coagulation, administration of procoagulants late in infection to control bleeding, maintaining 

oxygen levels, pain management, and the use of medications to treat bacterial or fungal secondary 

infections. Early treatment may increase the chance of survival. A number of experimental 

treatments are being studied, including ZMapp and an RNA interference drug called "TKM-Ebola". 

The unavailability of treatments in the most-affected regions has spurred controversy, with some 

calling for experimental drugs to be made more widely available in Africa on a humanitarian basis, 

and others warning that making unproven drugs widely available would be unethical, especially in 

light of past experimentation conducted in developing countries by Western drug companies. As a 

result of the controversy, an expert panel of the WHO endorsed the use of interventions with as-yet-

unknown effects both for treatment and for prevention of Ebola, and also said that deciding which 

treatments should be used and how to distribute them equitably were matters that needed further 

discussion.  

The two Americans being treated have been receiving an experimental treatment from ZMapp 

Biopharmaceutical, both were released from hospital on 21 August. Three Liberian health workers 

received the same treatment more recently.  

The Nigeria Government on the 31
st
 of August opted for clinical trials of two Japanese vaccines. 

Government said it had indicated interest to participate in the clinical trials to tackle the disease and 

has also applied for experimental drugs such as ―TKM-Ebola‖. (Punch Newspaper, 1
st
 

September,2014, Friday Olokor).  

Economic effects 

In addition to the loss of life, the outbreak is having a negative economic effect. In early April, 

Conakry's Palm Camayenne Hotel, which is popular among businessmen and politicians, reported 

that it had less than a third of its occupancy rate. At the same time, Brussels Airlines flights from 

Brussels to Conakry experienced reduced passenger traffic, while flights in the reverse direction 

experienced heavier traffic, and regional airline Gambia Bird delayed the start of a route to Conakry 
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after Senegal closed its border with Guinea, because of the outbreak. Other countries in Africa 

which are not directly affected by the virus have also reported adverse effects on tourism. 

Non-essential employees of British firm London Mining in Sierra Leone were transported out of the 

country in June, following an outbreak of the virus.
[172]

 Subsequently, a number of other mining 

companies have withdrawn personnel from Sierra Leone, Guinea and Liberia. 

The ongoing outbreak in Sierra Leone caused the closure of schools, markets, Kailahun's lone bank, 

and stores.  

In Nigeria, the resumption date of non-tertiary institutions were extended to 13
th

 October, 2014 in 

an effort to contain the spread of the virus. 

An initial World Bank-IMF assessment for Guinea projects a full percentage point fall in GDP 

growth from 4.5 percent to 3.5 percent 

Tekmira Pharmaceuticals, a Canadian company developing an experimental Ebola treatment, had 

their stock price rise due to the outbreak.                                                           

 

Conclusion 

Ebola is a deadly virus that has defied the efforts of medical researchers and scientists, who have 

been working and conducting ecological investigations to unravel the mysteries surrounding its 

natural reservoirs, so as to provide cure to the dangers it poses to humans and primates. Scientists 

and researcher are also faced with the challenges of developing additional diagnostic tools to assist 

in early diagnosis of Ebola hemorrhagic fever. Also facing research is the task to monitor suspected 

areas to determine the incidence of the virus.  

It has been affecting both lives and living since it has found foot hold in West Africa, and 

immunocompromised persons like pregnant women and children could be exposed to greater risks. 

Current 2014/2013 Ebola outbreak in West Africa is the deadliest, since 13 October, 1976 when it 

was first reported.   

There is need to conduct further investigation/research into Garcinia kola (Bitter cola) whose active 

compound is known to be a bioflavonoid which is active against a wide range of viruses including 
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influenza. It has been confirmed that it contains an extract which is an active substance called 

Kolavirion that contains Bioflavonoids, Prenylated xanthones, and Benzophenones (Iwu, 2014). 

There is no harm in taking up this challenge by African scientists towards developing a cure so as to 

save Africa and the entire world the agony and pains inflicted on human race by Ebola virus 

disease. 
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