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1           Historical Overview 

    Because of the inordinate media attention given to the fi lovi-
ruses, particularly Ebola virus, a brief historical overview is 
in order. 

1.1    Marburg Virus 

 In 1967 the fi rst known appearance of the fi loviruses occurred 
in Germany (Marburg and Frankfurt) and Yugoslavia 
(Belgrade) [ 1 ,  2 ]. The disease was associated with the import 
of green monkeys ( Cercopithecus aethiops , now  Chlorocebus 
aethiops ) from Uganda as a source of monkey kidney cells 
for the manufacture of polio virus vaccine. There were 29 
cases who had direct contact with the monkeys or tissues 
from the monkeys and an additional 6 cases among individu-
als who had contact with the initial patients. Seven fatalities 
occurred, all among the individuals with exposure to the pri-
mates or their tissues. The disease was initially called green 
monkey disease and the virus named after the town, Marburg, 
in which the initial cases were noted. 

 Over the ensuing months the virus was isolated by serial 
passage in guinea pigs and also produced disease in two spe-
cies of monkey ( Chlorocebus aethiops  and  Macaca mulatta ) 
[ 3 ]. Interestingly, early reports suggested that there were no 
cytopathic effects in a variety of cell cultures, while there 
was suggestion of replication in the cultures by inoculation 
of guinea pigs with supernatant fl uids of the cultures. Later 
reports do indicate the presence of cytopathic effect in a 
number of cell lines. 

 The virus had a distinct, long pleomorphic appearance in 
electron micrographs; this trait would eventually give the 

name to the family to which the virus belongs, the  Filoviridae , 
because of the fi lamentous appearance of the virus. 

 Marburg virus appeared again in 1975 when a young 
Australian man, touring with his female companion in 
Southern Africa, became ill in South Africa after visiting 
Rhodesia (now Zimbabwe). He was hospitalized in 
Johannesburg 4 days after onset of illness and died there 
with rash and signifi cant bleeding after 4 days of hospital-
ization. His companion, who remained at the side of the ini-
tial case constantly throughout his early illness and 
hospitalization, became ill 2 days after the death of the 
index case as did a nurse caring for him, 8 days after the 
death of the initial case. The companion and the nurse sur-
vived their infections [ 4 ]. The exact origin of the infection 
of the index patient was not clearly elucidated in the subse-
quent investigations [ 5 ].   

2    The Dawn of Ebola Virus 

 In 1976 two outbreaks of a disease with similar signs and 
symptoms occurred more or less simultaneously in north 
central Zaire (now the Democratic Republic of the Congo    or 
DRC) and in southern Sudan [ 6 – 8 ]. The outbreaks were 
larger than the initial Marburg incidents and were clearly 
comprised of chains of person-to-person transmission fol-
lowing the introduction of the infection into medical care 
facilities. The reuse of needles and syringes without proper 
sterilization was eventually thought to play a role in much of 
the transmission from patient to patient, at least within medi-
cal care facilities, in these outbreaks. 

 Material from patients was sent to a number of interna-
tional laboratories, and it was soon discovered to be related 
to Marburg virus by its similar appearance in electron micro-
graphs. In spite of the similarity of the appearance between 
Marburg virus and this new virus, there was no serological 
cross-reaction when reference sera from Marburg virus were 
reacted with this newer one or laboratory animals were 
cross-challenged [ 9 ]. 
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 Field investigations of the Zaire and Sudan outbreaks did 
not yield evidence of a direct link between the outbreaks at 
the two locations. The virus was given the name Ebola virus 
after a river that is near the site of the original outbreak in 
Zaire. There was a single case in Zaire in 1977 [ 10 ] and 
another small outbreak in southern Sudan in 1979 [ 11 ,  12 ]. 
The viruses causing the outbreaks in Zaire and the outbreaks 
in Sudan are in fact quite distinct; however, they were not 
determined to be separate viruses until the early 1980s when 
a radioimmunoassay suggested that antibodies to the two 
viruses could distinguish between them [ 13 ] and then molec-
ular biology had reached some ability to distinguish the two 
viruses from each other [ 14 ]. Following the 1979 outbreak in 
southern Sudan, there were no reported African outbreaks 
until 1995 when the outbreak in Kikwit, Zaire, occurred. 

 In 1989 Ebola virus came to the USA in, similar to the cir-
cumstances for Marburg virus in 1967 in Europe, in monkeys 
(cynomolgus macaques,  Macaca fascicularis ) in quarantine in 
Reston, Virginia, that were being imported for biomedical 
research into the USA from the Philippines. The monkeys were 
found to be dying of Ebola virus, although a second virus, 
Simian hemorrhagic fever virus, was also present [ 15 ]. By 
1989, the ability of molecular biology to sequence and deter-
mine the relationships of viruses more easily indicated that this 
was a novel Ebola virus, given the name Ebola Reston, related 
but distinct from the two strains which had been the etiology of 
the Zaire and Sudan outbreaks in the 1970s, Ebola Zaire and 
Ebola Sudan. The outbreak was traced back to a facility in the 
Philippines where the imported monkeys had originated [ 16 , 
 17 ]. There were to be further instances of monkeys from this 
same facility being infected with Ebola Reston,  including 1992 
into Italy [ 18 ,  19 ] and 1996 into the USA once more [ 20 ]. 

 In 1994, a fourth Ebola virus, Ebola Ivory Coast, emerged 
when a female scientist studying mortality among chimpan-
zees in the Tai Forest National Park in Ivory Coast became ill 
following a postmortem exam that she had performed upon a 
chimp that had died. Her illness was a dengue-like syndrome, 
and the virus was isolated from her blood [ 21 ]. Serological 
testing at the Institute Pasteur in Paris and sequencing soon 
demonstrated that this was another novel Ebola virus. 

 Starting in the mid-1990s the number of Ebola virus out-
breaks was more frequent and precludes individual discus-
sion. Some of these outbreaks will be discussed in the context 
of their contribution to our knowledge of the diseases and 
viruses, but a complete listing of the occurrence of known 
outbreaks can be found in Table  14.1  (Marburg) and 
Table  14.2  (Ebola viruses). The relative size of each of these 
outbreaks and its location can also be seen in maps provided 
in Fig.  14.1  (Marburg) and Fig.  14.2  (Ebola).

      Briefl y, a fi fth Ebola virus was discovered in late 2007 
when an outbreak in western Uganda turned out to be caused 
by another novel and distinct virus, now known as Ebola 
Bundibugyo, after the Ugandan town in which the outbreak it 

caused was centered. Although next-generation sequencing 
sped up the characterization of this new virus, its novelty was 
indicated when targeted PCRs for the epidemic-prone viruses 
Ebola Zaire and Ebola Sudan failed to react, but an antigen 
detection assay reacted with initial patient bloods submitted 
to the Special Pathogens Branch at CDC in Atlanta [ 61 ]. As 
is common in Ebola outbreaks, much of the transmission 
occurred within medical facilities, where some of the initial 
patients sought care, and many of those subsequently infected 
included health-care workers [ 62 ]. In addition, the mortality 
associated with infection with this virus appears to be less 
than the Zaire and Sudan Ebola viruses [ 48 ]. 

 Another fi lovirus has been associated with deaths in 
insectivorous bats in Spain, but the virus has not been iso-
lated [ 63 ]. Its genetic signature appears to be between the 
existing Ebola viruses and Marburg virus, but its taxonomic 
status remains unsettled, and the host range and pathogenic-
ity of the virus remain unknown and will probably remain so 
until a virus is either isolated or reconstructed from the 
sequence derived from the tissues of the dead bats.  

3    The Virus 

 The fi loviruses are negative-sense single-stranded RNA 
viruses. They are members of the family,  Filoviridae , so 
named after the long fi lamentous appearance of the viri-
ons in electron micrographs. They belong to the order 
 Mononegavirales . Marburg virus comprises one genus of 
the family ( Marburgvirus ), while the Ebola viruses comprise 
the other genus ( Ebolavirus ). The genomes are the largest 
of the viruses in this order having a genome of just over 19 
kilobases. The order of the seven genes is similar to other 
members of the  Mononegavirales , the rhabdoviruses and the 
paramyxoviruses. The nucleoprotein is located at the 3’ end 
of the genome and is followed by VP35, VP40, glycoprotein, 
VP30, VP24, and the L (polymerase) open reading frames 
[ 64 ]. Several of these proteins have the ability to interfere 
with the immune response of the host and are believed to play 
a role in the high pathogenicity of the fi loviruses [ 65 – 67 ].  

4    The Disease 

 Infection with Marburg and Ebola viruses leads to similar 
diseases which are marked by inappropriate innate immune 
responses which both downregulate the useful antiviral 
effects expected in the early postinfection period and induce 
vigorous responses of certain cytokines and chemokines, 
inducing a sepsis-like syndrome with high mortality. The 
mortality ranges between a high of approximately 90 % 
seen with Ebola Zaire virus infection, followed by approxi-
mately 55 % seen with Ebola Sudan, and approximately 
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     Table 14.1    Marburg outbreaks through 2012   

 Year(s)  Country 
 Apparent or 
suspected origin 

 Reported 
number of 
human 
cases 

 Reported number 
(%) of deaths among 
cases  Situation 

 1967  Germany and 
Yugoslavia 

 Uganda  31  7 (23 %)  Simultaneous outbreaks occurred in laboratory 
workers handling African green monkeys imported 
from Uganda [ 22 ]. In addition to the 31 reported 
cases, an additional primary case was retrospectively 
serologically diagnosed [ 23 ] 

 1975  Johannesburg, 
South Africa 

 Zimbabwe  3  1 (33 %)  A man with a recent travel history to Zimbabwe was 
admitted to a hospital in South Africa. Infection 
spread from the man to his traveling companion and a 
nurse at the hospital. The man died, but both women 
were given vigorous supportive treatment and 
eventually recovered [ 24 ] 

 1980  Kenya  Kenya  2  1 (50 %)  Recent travel history included a visit to Kitum Cave 
in Kenya’s Mount Elgon National Park. Despite 
specialized care in Nairobi, the male patient died. A 
doctor who attempted resuscitation developed 
symptoms 9 days later but recovered [ 25 ] 

 1987  Kenya  Kenya  1  1 (100 %)  A 15-year-old Danish boy was hospitalized with a 
3-day history of headache, malaise, fever, and 
vomiting. Nine days prior to symptom onset, he had 
visited Kitum Cave in Mount Elgon National Park. 
Despite aggressive supportive therapy, the patient died 
on the 11th day of illness. No further cases were 
detected [ 26 ] 

 1998–2000  Democratic 
Republic of 
Congo (DRC) 

 Durba, DRC  154  128 (83 %)  Most cases occurred in young male workers at a gold 
mine in Durba, in the northeastern part of the country, 
which proved to be the epicenter of the outbreak. 
Cases were subsequently detected in the neighboring 
village of Watsa. This is actually a series of small 
epidemics originating with miners who were working 
in a galleried gold mine [ 27 ] 

 2004–2005  Angola  Uige Province, 
Angola 

 252 [ 28 ]  227  Outbreak believed to have begun in Uige Province in 
October 2004. Most cases detected in other provinces 
have been linked directly to the outbreak in Uige [ 29 ] 

 2007  Uganda  Lead and gold mine 
in Kamwenge 
District, Uganda 

 2  2 (50 %)  Small outbreak, with 2 cases of young males working 
in a mine. To date, there were no reported cases 
among health workers [ 30 ] 

 2008  USA ex 
Uganda 

 Cave in 
Maramagambo 
forest in Uganda, at 
the southern edge of 
Queen Elizabeth 
National Park 

 1  0 (0)  A 44-year-old woman who resides in Colorado 
returned on January 1, 2008, from a Safari in Uganda. 
She became ill on January 4 and consulted her 
physician on January 6 and 8 and was hospitalized on 
January 8 with a diagnosis of acute hepatitis. She was 
discharged on January 19 with no serious sequelae. 
Testing of a sample drawn 10 days post-onset was 
initially negative by serology, virus isolation, and 
real-time RT-PCR. After the Dutch case, a 
convalescent serum was submitted which was found 
to be Marburg IgG positive by ELISA. A nested 
RT-PCR of the original sample was found to be 
positive for Marburg RNA [ 31 ] 

 2008  Netherlands 
ex Uganda 

 Cave in 
Maramagambo 
forest in Uganda, at 
the southern edge of 
Queen Elizabeth 
National Park 

 1  1 (100 %)  A 40-year-old Dutch woman with a recent history of 
travel to Uganda was admitted to a hospital in the 
Netherlands. Three days prior to hospitalization, the 
fi rst symptoms (fever, chills) occurred, followed by 
rapid clinical deterioration. The woman died on the 
10th day of the illness [ 32 ,  33 ] 

(continued)
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Table 14.1 (continued)

 Year(s)  Country 
 Apparent or 
suspected origin 

 Reported 
number of 
human 
cases 

 Reported number 
(%) of deaths among 
cases  Situation 

 2012  Uganda  Kabale, Ibanda, 
Kampala, and 
Mbarara Districts 

 23  8 (35 %)  As of November 29, 2012, the Ugandan Ministry of 
Health reported 15 confi rmed and 8 probable cases of 
Marburg virus infection, including 15 deaths, in the 
Kabale, Ibanda, Mbarara, and Kampala Districts of 
Uganda. Testing of samples by CDC’s Viral Special 
Pathogens Branch is ongoing at the Uganda Virus 
Research Institute in Entebbe. Working with the 
Ministry’s National Task Force, a CDC team is 
assisting in the diagnostic and epidemiologic aspects 
of the outbreak. Note that Kabale District, on the 
border with neighboring Rwanda, is distinct from 
Kibaale District, the site of the recently ended Ebola 
outbreak; both districts are in Uganda’s Western 
Region [ 34 ] 

  Adapted from CDC.   http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/marburg/marburgtable.htm      

     Table 14.2    Outbreaks caused by Ebola viruses through 2012   

 Year(s)  Country  Ebola subtype 
 Reported no. of 
human cases 

 Reported no. (%) of 
deaths among cases  Situation 

 1976  Zaire 
[Democratic 
Republic of 
Congo(DRC)] 

 Ebola Zaire  318  280 (88 %)  Occurred in Yambuku and surrounding area. Disease was 
spread by close personal contact and by use of 
contaminated needles and syringes in hospitals/clinics. 
This outbreak was the fi rst recognition of the disease [ 8 ] 

 1976  Sudan  Ebola Sudan  284  151 (53 %)  Occurred in Nzara, Maridi, and the surrounding area. 
Disease was spread mainly through close personal contact 
within hospitals. Many medical care personnel were 
infected [ 7 ] 

 1976  England  Ebola Sudan  1  0 (0 %)  Laboratory infection by accidental stick of contaminated 
needle [ 35 ] 

 1977  Zaire  Ebola Zaire  1  1 (100 %)  Noted retrospectively in the village of Tandala [ 10 ] 
 1979  Sudan  Ebola Sudan  34  22 (65 %)  Occurred in Nzara, Maridi. Recurrent outbreak at the 

same site as the 1976 Sudan epidemic [ 36 ] 
 1989  USA  Ebola Reston  0  0 (0 %)  Ebola Reston virus was introduced into quarantine 

facilities in Virginia, Texas, and Pennsylvania by monkeys 
imported from the Philippines [ 15 ] 

 1990  USA  Ebola Reston  0  0 (0 %)  Ebola Reston virus was introduced once again into 
quarantine facilities in Virginia and Texas by monkeys 
imported from the Philippines. Four humans developed 
antibodies but did not get sick [ 37 ] 

 1989–
1990 

 Philippines  Ebola Reston  4 (asymptomatic)  0 (0 %)  High mortality among cynomolgus macaques in a primate 
facility responsible for exporting animals in the USA [ 17 ]. 
Three workers in the animal facility developed antibodies 
but did not get sick [ 16 ] 

 1992  Italy  Ebola Reston  3 (asymptomatic)  0 (0 %)  Ebola Reston virus was introduced into quarantine 
facilities in Sienna by monkeys imported from the same 
export facility in the Philippines that was involved in the 
episodes in the USA. No humans were infected [ 18 ] 

 1994  Gabon  Ebola Zaire  52  31 (60 %)  Occurred in Mékouka and other gold-mining camps deep 
in the rain forest. Initially thought to be yellow fever; 
identifi ed as Ebola hemorrhagic fever in 1995 [ 38 ] 

 1994  Ivory Coast  Ebola Ivory 
Coast 

 1  0 (0 %)  Scientist became ill after conducting an autopsy on a wild 
chimpanzee in the Tai Forest. The patient was treated in 
Switzerland [ 21 ] 

T.G. Ksiazek

http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/marburg/marburgtable.htm


341

Table 14.2 (continued)

 Year(s)  Country  Ebola subtype 
 Reported no. of 
human cases 

 Reported no. (%) of 
deaths among cases  Situation 

 1995  Democratic 
Republic of 
the Congo 
(formerly 
Zaire) 

 Ebola Zaire  315  250 (81 %)  Occurred in Kikwit and surrounding area. Traced to index 
case patient who worked in the forest adjoining the city. 
Epidemic spread through families and hospitals [ 38 ,  39 ] 

 1996 
(Jan–
April) 

 Gabon  Ebola Zaire  37  21 (57 %)  Occurred in Mayibout area. A chimpanzee found dead in 
the forest was eaten by people hunting for food. Nineteen 
people who were involved in the butchery of the animal 
became ill; other cases occurred in family members [ 38 ] 

 1996–
1997 
(July–
Jan) 

 Gabon  Ebola Zaire  60  45 (74 %)  Occurred in Booué area with transport of patients to 
Libreville. Index case patient was a hunter who lived in a 
forest camp. Disease was spread through close contact 
with infected persons. A dead chimpanzee found in the 
forest at the time was determined to be infected [ 38 ] 

 1996  South Africa  Ebola Zaire  2  1 (50 %)  A medical professional traveled from Gabon to 
Johannesburg, South Africa, after having treated Ebola 
virus-infected patients and thus having been exposed to 
the virus. He was hospitalized, and a nurse who took care 
of him became infected and died [ 40 ] 

 1996  USA  Ebola Reston  0  0 (0 %)  Ebola Reston virus was introduced into a quarantine 
facility in Texas by monkeys imported from the 
Philippines. No human infections were identifi ed [ 20 ] 

 1996  Philippines  Ebola Reston  0  0 (0 %)  Ebola Reston virus was identifi ed in a monkey export 
facility in the Philippines. No human infections were 
identifi ed; one animal handler has Ebola antibody [ 41 ] 

 2000–
2001 

 Uganda  Ebola Sudan  425  224 (53 %)  Occurred in Gulu, Masindi, and Mbarara Districts of 
Uganda. The three most important risks associated with 
Ebola virus infection were attending funerals of Ebola 
hemorrhagic fever case patients, having contact with case 
patients in one’s family, and providing medical care to 
Ebola case patients without using adequate personal 
protective measures [ 42 ] 

 2001–
2002 (Oct 
1–March 
2) 

 Gabon  Ebola Zaire  65  53 (82 %)  Outbreak occurred over the border of Gabon and the 
Democratic Republic of the Congo [ 43 ] 

 2001–
2002 (Oct 
1–March 
2) 

 Democratic 
Republic of 
Congo 

 Ebola Zaire  57  43 (75 %)  Outbreak occurred over the border of Gabon and the 
Democratic Republic of the Congo. This was the fi rst time 
that Ebola hemorrhagic fever was reported in the 
Democratic Republic of the Congo [ 43 ] 

 2002–
2003 
(Dec 
2–April 
03) 

 Democratic 
Republic of 
Congo 

 Ebola Zaire  143  129 (89 %)  Outbreak occurred in the districts of Mbomo and Kéllé in 
Cuvette Ouest Département [ 44 ] 

 2003 
(Nov–
Dec) 

 Democratic 
Republic of 
Congo 

 Ebola Zaire  35  29 (83 %)  Outbreak occurred in Mbomo and Mbandza villages 
located in Mbomo District, Cuvette Ouest Département 
[ 45 ] 

 2004  Sudan  Ebola Sudan  17  7 (41 %)  Outbreak occurred in Yambio county of southern Sudan. 
This outbreak was concurrent with an outbreak of measles 
in the same area, and several suspected EHF cases were 
later reclassifi ed as measles cases [ 46 ] 

 2007  Democratic 
Republic of 
Congo 

 Ebola Zaire  264  187 (71 %)  Outbreak occurred in Kasai Occidental Province. The 
outbreak was declared over November 20. Last confi rmed 
case on October 4 and last death October 10 [ 47 ] 

 Dec 
2007–Jan 
2008 

 Uganda  Ebola 
Bundibugyo 

 131  42 (32 %)  Outbreak occurred in the Bundibugyo District in western 
Uganda. First reported occurrence of a new strain [ 48 ,  49 ] 

(continued)
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Table 14.2 (continued)

 Year(s)  Country  Ebola subtype 
 Reported no. of 
human cases 

 Reported no. (%) of 
deaths among cases  Situation 

 Nov 2008  Philippines  Ebola Reston  6 (asymptomatic)  0 (0 %)  First known occurrence of Ebola Reston in pigs. Strain 
closely similar to earlier strains. Six workers from the pig 
farm and slaughterhouse developed antibodies but did not 
become sick [ 50 ,  51 ] 

 Dec 2008–
Feb 2009 

 Democratic 
Republic of 
the Congo 

 Ebola Zaire  32  15(47 %)  Outbreak occurred in the Mweka and Luebo health zones 
of the Province of Kasai Occidental [ 52 ] 

 May 
2011 

 Uganda  Ebola Sudan  1  1(100 %)  Single case in Luwero District, Uganda [ 53 ] 

 July 2012  Uganda  Ebola Sudan  24  7(29 %)  On July 28, 2012, the Uganda Ministry of Health reported 
an outbreak of Ebola hemorrhagic fever in the Kibaale 
District of Uganda. A total of 24 human cases (probable 
and confi rmed only), 17 of which were fatal, have been 
reported since the beginning of July. Laboratory tests of 
blood samples, conducted by the Uganda Virus Research 
Institute (UVRI) and the US Centers for Disease Control 
and Prevention (CDC), confi rmed Ebola virus in 11 
patients, four of whom have died [ 54 ] 

 2012  Democratic 
Republic of 
the Congo 

 Ebola 
Bundibugyo 

 77  36 (47 %)  The DRC Ministry of Health has declared an end to the 
most recent Ebola outbreak in DRC’s Province Orientale. 
The November 26 press release reports a fi nal total of 77 
cases, including 36 laboratory-confi rmed cases, 17 
probable, and 24 suspect cases, with a total of 36 deaths. 
CDC assisted the Ministry of Health in the epidemiologic 
and diagnostic aspects of the investigation. Laboratory 
support was provided both through CDC’s fi eld laboratory 
in Isiro and through the CDC/UVRI lab in Uganda. The 
Public Health Agency of Canada (PHAC) also provides 
diagnostic support through its fi eld lab in Isiro. The 
outbreak in DRC has no epidemiologic link to the 
near-contemporaneous Ebola outbreak in the Kibaale 
district of Uganda [ 55 – 57 ] 

 2012  Uganda  Ebola Sudan  7  4 (57 %)  As of December 2, 2012, the Ugandan Ministry of Health 
reported 7 cumulative cases (probable and confi rmed) of 
Ebola virus infection, including 4 deaths, in the Luweero 
District of central Uganda. CDC is assisting the Ministry 
of Health in the epidemiologic and diagnostic aspects of 
the outbreak. Testing of samples by CDC’s Viral Special 
Pathogens Branch is taking place at the Uganda Virus 
Research Institute in Entebbe [ 58 ] 

 2014  Guinea and 
Liberia 

 Ebola-Zaire  (See situation)  (See situation)  Guinea [ 59 ] 
 As of 18:00 on 26 April 2014, the Ministry of Health 
(MOH) of Guinea has reported a cumulative total of 224 
clinical cases of Ebola Virus Disease (EVD), including 143 
deaths. To date, 202 patients have been tested for ebolavirus 
infection and 121 cases have been laboratory confi rmed, 
including 74 deaths. In addition, 41 cases (34 deaths) meet 
the probable case defi nition for EVD and 62 cases (35 
deaths) are classifi ed as suspected cases. A revised number 
of 25 health care workers (HCW) have been affected (19 
confi rmed), with 16 deaths (12 confi rmed); the number of 
HCW was previously reported as 26. 
 Liberia [ 60 ] 
 From 13 March, the date of onset of the fi rst laboratory 
confi rmed case in Liberia, to 24 April, the Ministry of 
Health and Social Welfare (MOHSW) of Liberia has 
reported a total of 35 clinically compatible cases of EVD; 6 
confi rmed cases, 2 probable cases and 27 suspected cases. 
The date of onset of the most recent confi rmed case was 6 
April. The MOHSW has started to reclassify suspected cases 
against their laboratory test results. Most of the suspected 
cases are expected to be discarded at the end of this process 

  Adapted from CDC.   http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/ebola/ebolatable.htm      
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35 % seen with Ebola Bundibugyo, the three viruses that 
seem to have epidemic potential. Ebola Ivory Coast has had 
too few infections, one or perhaps two, to allow a useful 
estimate of the mortality, while Ebola Reston has so far not 
caused mortality in the 10s of persons that have been 
infected. Marburg virus outbreaks have tended to be smaller, 
often with only one or two individuals infected, but there 
also may be strain differences in the mortality. Among the 
three outbreaks with signifi cant numbers infected, the initial 
outbreak in Germany produced an overall mortality of 
approximately 23 % (7 of 30 or 31) [ 22 ,  23 ], while the small 
clusters constituting the 1998–2001 composite cases in the 
DRC outbreak had an overall mortality of 82 % (123/149) 
[ 27 ], and the 2005 outbreak in Uige, Angola, had a mortal-
ity of 90 % (227/252) [ 29 ]. 

 In human cases, there is an incubation period of 5–7 days 
followed by onset of fever, weakness and often muscle pains, 
and abdominal discomfort. Rash is also a common feature, 
but in dark-skinned patients, it is not always apparent. 
Bleeding is not the common manifestation that many believe 
is the hallmark of the disease. In the Kikwit outbreak of 

Ebola Zaire in 1995, less than 50 % of the lab-confi rmed 
cases had bleeding signs. The viruses are considered to be 
pantropic, infecting many tissues and also infecting many 
cell lines from a great many mammalian species [ 68 ]. Among 
those with bleeding signs, petechiae, ecchymoses, and gas-
trointestinal bleeding along with failure of venipuncture sites 
to clot are the most common forms of bleeding. Nevertheless 
the disease is severe and vascular permeability, loss of fl uids 
from the GI tract from diarrhea and vomiting, and  diminished 
fl uid intake all combine with the effects of the inappropriate 
immune response to induce shock and eventual multiorgan 
failure. 

 Patients who do survive often have prolonged recover-
ies with hair loss and desquamation of areas initially 
affected by rash. Weakness, myalgias, and arthralgias were 
also common among survivors of the Kikwit outbreak in 
which convalescent survivors were compared to controls. 
In human cases, lesions are common throughout the tissues 
with  endothelial cells and macrophages in many organs 
having demonstrable virus antigens as well as histological 
changes and virus antigens in the parenchyma [ 69 – 71 ].  

  Fig. 14.1    Map of African Marburg virus outbreaks and year in which 
they occurred. The circles are proportional to the number of cases in the 
outbreak (see Table  14.1  for the number of cases). Note that the 1980 
date obscures the date of the 1987 case, both of which originated at the 

same location, Kitum Cave on Mt. Elgon. The 1998 outbreak in DRC 
was actually a series of small outbreaks associated with a mine near the 
village of Durba which continued through 2000       
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5    Laboratory Diagnosis 

 As for all virus diseases, detection of the virus (or its anti-
gens or nucleic acids) or detection of the resulting antibody 
response in patients is the primary means of confi rming a 
specifi c diagnosis. Virus antigens are also found in the skin, 
   a feature which has been exploited to allow for diagnosis 
using skin biopsies fi xed in formalin, which may aid in 
 surveillance for the fi loviruses. Until the early 1990s, virus 
isolation and identifi cation by electron microscopy or refer-
ence immune reagents remained the defi nitive means of 
defi nitive diagnosis. This was diffi cult as high-containment 
laboratories, of which there were very few in the world, 
were required to carry out this work safely. Detection of 
antibodies was also somewhat fraught with issues as the 
indirect fl uorescent antibody test was prone to yield false 
positives in the sera of individuals who had no previous 
exposure to fi loviruses and the antibody response requires 
some time to become apparent, and in many instances 
patients died without yet having detectable antibodies. 
Following the outbreak of a new Ebola virus in Reston in 

1989, a number of newer technologies were applied to the 
diagnosis of Ebola virus infections. An antigen detection 
assay, utilized extensively in the Reston outbreak and its 
investigation, allowed for a rapid and specifi c identifi cation 
of Ebola virus in the blood of acutely ill individuals even in 
remote areas [ 72 ]. Continued diffi culties with the nonspe-
cifi c detection of antibodies by the indirect fl uorescent anti-
body test in primates during the Reston investigation led to 
the adaption of enzyme-linked immunosorbent assays to the 
detection of both IgM antibody in acute Ebola infections 
and IgG antibody in individuals surviving infection [ 73 ] and 
the application of these assays to human patients in the 
Kikwit outbreak [ 74 ]. These assays also had the advantage 
that they could be adapted for use in the fi eld during out-
breaks or outbreak investigations by utilizing appropriate 
personal protective equipment and inactivating the clinical 
specimens using heat and detergent. This allowed the diag-
nosis of patients quickly in either onsite or at a local labora-
tory, depending on the logistical support and demands of the 
particular outbreak. At about the same time that the antigen 
detection and serological assays were being  developed, the 

  Fig. 14.2    Map of African Ebola virus outbreaks and the year in which 
each occurred. The circles are proportional to the number of cases in the 
outbreak (see Table  14.2  for the number of cases). The color of circles 
indicates which Ebola virus caused the outbreak: Ebola Zaire ( red ), 
Ebola Sudan ( burnt orange ), and Ebola Bundibugyo ( blue ). In order to 

show suffi cient detail of the area in which the majority of outbreaks 
have occurred, the 1994 single case of Ebola Ivory Coast is not shown, 
and the 1996 South African imported case of Ebola Zaire is not shown. 
The 1976, 1979, and 2004 Ebola Sudan outbreaks overlap each other 
and the dates are obscured in the fi gure       
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use of reverse transcriptase-polymerase chain reactions for 
the detection and diagnosis of RNA viruses advanced where 
it too began to play a role in Ebola diagnosis [ 75 ] which 
eventually led to it being deployed to the fi eld setting along 
with the ELISA tests [ 29 ,  76 ]. Another means of diagnosis, 
particularly useful in remote areas, was described and shown 
to be of utility during the Kikwit outbreak and employs the 
use of formalin-fi xed skin snips as a means of avoiding inva-
sive postmortem exams and the safety and convenience of 
using formalin for transport of the biopsy to a suitable labo-
ratory for diagnostic testing [ 72 ].  

6    Epidemiology and Ecology 

6.1    Epidemiology 

 The epidemiology of the fi loviruses is largely comprised of 
the person-to-person transmission that occurs once the virus 
has been introduced into the human population. The distribu-
tion of the virus and, for the most part, the disease is dictated 
by the underlying ecology of these zoonotic viruses that 
reside in reservoir or maintenance hosts. 

 The high mortality associated with fi lovirus infection has 
created an aura of fear associated with the outbreaks. At a 
local level, particularly in the developing world where the 
virus appears to be resident, this is understandable. The his-
tory of outbreaks is marked by caregivers as early victims of 
the disease. However, intense investigations during more 
recent outbreaks have provided valuable information on how 
transmission occurs and the level of protection that is neces-
sary to protect caregivers and aid in stopping the chain of 
transmission that continues to fuel the epidemics. This was 
afforded by an earlier response than had occurred in the ini-
tial Ebola outbreaks of the 1970s and was particularly taken 
advantage of during the Kikwit outbreak in 1995. 

 The principle lessons are that transmission of the fi lovi-
ruses is by direct contact with infectious material and that 
moderate infection control practices, rigorously applied and 
controlled, can almost immediately stop transmission [ 77 ]. 
In most of the endemic areas, this is a matter of providing 
resources and training to health-care facilities where they 
may be available on only a limited basis and are not routinely 
used in the everyday practice of health care. In the developed 
world, standards of care and the employment of standard 
precautions for patient contact have addressed the majority 
of the risks associated with caring for patients with these 
infections as has been demonstrated in a number of instances 
of imported cases where no, or, at worst, very limited, trans-
mission to care givers has occurred [ 31 ,  40 ]. 

 Risks to individuals in the community who do not have 
direct contact with infected patients are practically nonexis-
tent. Assessment of risks during the outbreak in Kikwit gave 

ample testament to the association of infection to exposure to 
seriously ill patients or the cadavers of individuals who had 
died of Ebola infection [ 78 ,  79 ]. Nevertheless, some care and 
education to avoid transmission via blood-borne routes by 
traditional medicine practices or reuse of needles in local 
pharmacies remain a concern. 

 Even though the fi loviruses can be readily transmitted by 
the experimental creation of small particle aerosols, the role 
of aerosol transmission in outbreaks is, at most, minimal as 
attested by the lack of transmission in the community, other 
than by direct contact, and by studies of family members 
sharing small enclosed spaces with infected patients [ 78 ].  

6.2    Ecology 

 The reservoirs of the fi loviruses are just beginning to be 
understood, and only recently has the primary host for 
Marburg virus, rousette fruit bats ( Rousettus aegyptiacus ), 
been established with a degree of certainty [ 80 – 82 ]. The res-
ervoir host(s) for the Ebola viruses is less certain, but indica-
tions are that, like Marburg virus, bats are the leading 
candidates [ 83 ,  84 ]. Anecdotal accounts of outbreaks going 
back to the Sudan outbreaks of the 1970s, in which the initial 
cases in both 1976 and 1979 worked in a cotton factory in 
which there were resident bats [ 85 ], have suggested to many 
in the fi eld that bats were leading candidates, but hard scien-
tifi c data was lacking until more recent circumstances pro-
vided stronger circumstantial and scientifi c support for this 
contention. 

 The big break for Marburg virus came when an outbreak 
in Durba in the Democratic Republic of Congo (formerly 
Zaire) which began in 1999 provided a combination of scien-
tifi c and circumstantial evidence that led to further concen-
tration on bats as the reservoir. The outbreak in this instance 
was not a typical fi lovirus outbreak with a single introduc-
tion of the virus and a serial passage of that virus through a 
chain of human cases; rather, in this instance, it was a series 
of small outbreaks. This could be discerned because the 
viruses that caused each of the mini-outbreaks could be 
genetically differentiated and the epidemiology of each 
small chain leads back to a single source of the virus. This 
source was a former commercial mine now being exploited 
by free-lance miners who were at the beginning of the trans-
mission chain for each of the small mini-outbreaks [ 27 ]. 
Investigation of the mine found that bats were the principal 
fauna and genetic evidence of Marburg virus could be found 
in animals collected during the investigation [ 86 ]. These 
fi ndings were further advanced by investigations of cases 
occurring or originating in Uganda that were associated with 
large concentrations of bats fi rst at the Kamwenge mines [ 28 , 
 30 ], where miners were infected, and then at a cave in Queen 
Elizabeth Park, where two tourists became infected [ 31 ,  32 ]. 
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Subsequent investigations of the bat populations have 
allowed the repeated isolation of the virus from the rousette 
bats that are the principal fauna of these two locations and 
the demonstration of the persistence of the virus in the bat 
populations [ 80 ,  81 ].   

7    Prevention 

 Prevention of fi lovirus outbreaks is possible. In the fi rst 
instance, now that the reservoirs of the viruses are becoming 
apparent, education of local populations should enable them 
to avoid the source of the virus. However, this may be cultur-
ally diffi cult in hunter-gatherer populations that have strong 
traditional values that may be diffi cult to change, particularly 
in economically developing areas where hunting remains an 
important source of nutrition. 

7.1    Infection Control 

 Outbreaks of disease are more often the product of exposure 
of individuals to the primary case who is infected by interac-
tion with the reservoir. The lesson of the last 20 years is that 
infection control in health-care facilities, often the source of 
amplifi cation of outbreaks, can stop the transmission of the 
viruses from patients in these settings. Unfortunately, this 
does require that these facilities have the basic supplies that 
are part of the daily routine of medical care in the developed 
world, what have come to be known as standard precautions. 
Without the ability to use these simple measures, including 
routine hand washing and single use of needles and syringes, 
outbreaks are likely to continue to be amplifi ed by health- 
care facilities in the endemic areas.  

7.2    Vaccines 

 Vaccines are being developed and have reached a stage where 
nonhuman primates can be protected from infection by Ebola 
and Marburg viruses [ 87 – 91 ]. Some of these vaccines have 
even demonstrated their potential use as therapeutics for 
treatment of individuals following exposure to a fi lovirus if 
the vaccine is administered relatively soon after infection 
[ 92 ]. While almost all funding for the development of fi lovi-
rus vaccines is driven by biodefense concerns, the vaccines 
are of practical use in providing protection to individuals who 
have occupational exposure because they work with the 
agents in the laboratory and to individuals who respond to 
outbreaks that have similar risks of exposure from caring for 
patients in the fi eld. There, in reality, is probably little use for 
fi lovirus vaccines as a means of protecting populations in 
endemic areas because the outbreaks are so sporadic and 

focal that the cost of immunization would not be economi-
cally viable; at best they might be used in the midst of an 
outbreak to provide protection to at-risk individuals, particu-
larly if the protection is rapid, as the postexposure treatment 
use of certain of these vaccines is effective as pointed out 
above. One added note about the use of vaccines, there is at 
best limited cross-protection among the Ebola virus vaccines, 
and no cross-protection between Marburg virus and Ebola 
viruses; multivalent vaccines will have to be developed or the 
vaccines targeted at outbreaks with known fi lovirus etiology.   

8    Treatment 

 Aside from vaccines used postexposure, there have been 
some advances in therapeutics for fi loviruses. 

8.1    Monoclonal Antibodies 

 Monoclonal antibodies have recently been shown to protect 
nonhuman primates against Ebola Zaire infection [ 92 – 95 ]. 
Efforts are underway to improve the utility of some of these 
preparations by making them more compatible for use as 
human therapeutics. As was the case for the vaccines, the 
monoclonal preparations are directed against specifi c fi lovi-
ruses and would be most effective when used in situations 
where the specifi c virus causing disease was known. 
Monoclonal antibody cocktails would be needed to broaden 
protection against multiple viruses.  

8.2    iRNAs 

 Specifi c iRNAs have recently been shown to be effective in the 
treatment of Ebola virus-infected animals [ 96 ,  97 ]. However, 
like vaccines, these are targeted and exhibit specifi city of 
action which means that a cocktail of iRNAs would be required 
for situations in which the virus was not yet identifi ed or if a 
new fi lovirus were to appear. Closely related to the use of 
iRNAs has been the use of antisense phosphorodiamidate 
morpholino oligomers (PMOs) which are also targeted at spe-
cifi c RNA sequences but increase the stability, affi nity, and 
access into cells of the antisense nucleotides. In a recent study, 
they have been used and demonstrated to successfully treat up 
to 75 % of rhesus macaques from Ebola Zaire infection when 
used either pre- or post-virus challenge [ 98 ].  

8.3    Small Molecule Inhibitors 

 Other small molecule inhibitors of the viruses have been 
described from in vitro screening exercises or testing of 
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compounds with antiviral activity with other non-fi lovirus 
viruses. However, there has only been limited screening of 
these compounds in in vivo screening in fi lovirus small 
animal models, which have not been great predictors of 
positive performance of vaccines and antiviral drugs in 
 primates [ 99 ].   

9    Unresolved Problems 

 Even though the reservoir of Marburg virus is now reason-
ably established as the cave-dwelling fruit bat,  Rousettus 
aegyptiacus , the defi nitive reservoir of the Ebola viruses has 
remained elusive. As discussed in previous sections, although 
a number of species of fruit bats have been identifi ed by 
RT-PCR as containing Ebola virus RNA, virus isolation and 
studies demonstrating persistence of the virus in reservoir 
populations remain lacking. 

 There remain a number of issues with the fi loviruses. The 
foremost is probably the lack of approved vaccines or therapeu-
tics for use in the rare individuals who are exposed in endemic 
areas during epidemics or individuals exposed during the 
course of lab work with the agents. Much progress has been 
made in fi nding candidate vaccines that have been effective in 
experimental use in primates, but the regulatory pathway for 
licensure of these products is dependent on the application of 
the so-called animal rule. This mechanism went into effect as a 
means of approving medical countermeasures that are unable 
to undergo traditional effi cacy trials for ethical or practical rea-
sons as 21 CFRParts 314 and 601 in July, 2002. However, the 
interpretation and implementation of the animal rule have 
remained a somewhat controversial pathway for product 
approval with much interpretation of various facets of the rule 
remaining illusive and resulting in only a few products being 
approved (and those being for medical countermeasures previ-
ously licensed for other purposes) [ 100 ,  101 ]. These issues will 
have to be resolved to provide a predictable pathway for 
approval of medical countermeasures for the fi loviruses. 

 Field and laboratory research on the fi loviruses have never 
been simple. High-containment laboratories capable of doing 
research have always been scarce. The post-9/11 environment 
has created other obstacles that are associated with these 
viruses being considered as “weapons of mass destruction” 
that have tangibly increased the practical burdens and expense 
of working with the agents. The public health importance of 
the fi loviruses in endemic areas is emphasized by the number 
of outbreaks that have occurred recently (see Tables  14.1  and 
 14.2 ). The practical and administrative aspects of moving 
diagnostic specimens from suspected outbreaks, making 
virus isolates, curating virus strains, and clearing and training 
scientifi c personnel have all increased with the frequent 
advent of additional layers of security regulations that are 
levied on labs and personnel that work with these viruses.     
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