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Abstract

Ebola virus disease (EVD) is a zoonotic disease
caused by Ebola virus. It has become one of the
most harmful diseases in humans for its high
mortality and strong infectivity. Since entering
the twenty-first century, the repetition and
abruptness of EVD outbreaks in Africa, espe-
cially the unprecedented and huge EVD out-
breaks in West Africa from 2013 to 2016, has
attracted much attention from the global media
and public, and made EVD an urgent public
health threat worldwide. EVD not only causes
serious casualties and leads to heavy economic
losses, but also affects the normal operation of
the public health system and triggers more
social problems. China is one of the earliest
countries that assisted EVD epidemic areas in
West Africa, and has not only provided financial
support and material equipment and dispatched
epidemic prevention experts and medical staffs
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in multiple batches to participate in the preven-
tion and control of EVD epidemic in West
Affica, but also made outstanding contributions
to researches of EVD etiology, clinical symp-
toms, pathological changes, pathogenesis, diag-
nostic and therapeutic drugs, epidemiology, and
vaccine development. With the development
and acceleration of economic globalization, the
more convenient transportation and frequent
personnel flow have greatly promoted the cross-
regional transmission of EVD, and countries
around the world are at risk of EVD importation
and transmission; however, there still exist
many key scientific issues regarding EVD
global prevention and control that are not clear.
In order to provide basic information for the
development of global prevention and response
strategies for the disease, this chapter focuses on
EVD transmission dynamics, distribution char-
acteristics, influencing factors, and prevention
and control measures to comprehensively and
systematically understand the epidemiology
and current challenges of EVD, which helps
guide the formulation of global public health
crisis policies, and provides a scientific basis for
the development in the ability to effectively
respond to the impact of EVD outbreaks.
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5.1 Introduction

Ebola virus disease (EVD) is an infectious dis-
ease caused by Ebola virus with symptoms such
as acute onset of fever, myalgia, bleeding, rash,
and liver and kidney function impairment,
which is mainly transmitted by contact with
body fluids, excreta, and secretions of patients
or infected animals [1-4]. EVD was previously
called Ebola hemorrhagic fever, while in the
outbreaks in recent years, infected individuals
experienced relatively few clinical symptoms of
hemorrhagic fever, so this disease is now
renamed EVD [3]. The Ebola virus was first dis-
covered in Sudan and Zaire [now the Democratic
Republic of the Congo (DRC)] in central Africa
in 1976, and endemic areas were mainly distrib-
uted in the African region and classified by the
World Health Organization (WHO) as one of
the most harmful viruses to humans because of
their extremely high mortality [4-6]. DRC, as
the country with the highest frequency of EVD
outbreaks, had four EVD outbreaks during
2014-2018 alone. The most recent two occurred
in 2018. In May 2018, the province of Equateur
in the DRC experienced the ninth EVD outbreak
in the history of the country, which was not
declared to end until July. It caused a total of 54
cases and 33 deaths; however, only a few days
later, a new EVD outbreak was confirmed in the
province of North Kivu in the country, which
was still ongoing as of December 27, 2018, with
a cumulative incidence of 591 cases and 357
deaths [4, 7, 8].

EVD outbreaks in the African region have
become more frequent since entering the twenty-
first century. The most alarming and panicky
outbreak of EVD occurred in West Africa [9]. In
late 2013, a small-scale EVD outbreak in Guinea
turned into an unprecedented global public health
emergency in a few months, with epidemic areas
spreading rapidly to adjacent countries of Sierra
Leone and Liberia. The outbreak was declared to
end on June 9, 2016, with a total of 28,652 cases
and 11,325 deaths reported - with the highest
number of morbidity and mortality, the widest
impact, and the longest duration in history [4].
Repeated outbreaks of EVD not only bring a lot

of casualties, but also lead to heavy economic
losses [10]. The World Bank estimates that the
West African EVD epidemic has brought eco-
nomic losses between 2014 and 2015 to $2 bil-
lion in West African countries. When the
reduction of fiscal revenue, the cost of fighting
the epidemic, and the reduction of foreign invest-
ment are considered comprehensively, the overall
economic loss is about 3.8 billion US dollars
[11]. Furthermore, EVD outbreaks in West Africa
were different from those in the past; the previous
outbreaks often appeared in remote areas or vil-
lages with sparse population density and less
population movement, so the epidemic could be
effectively controlled in a short period. In con-
trast, EVD outbreaks in West Africa, although
they first appeared in rural areas of southeast
Guinea, were imported into densely populated
urban areas in just a few weeks and transmitted to
Liberia and Sierra Leone across borders. Coupled
with the scarcity of health resources and back-
ward security systems in West African countries,
the lack of EVD prevention and control experi-
ence in national health departments, the lack of
early identification and diagnostic ability of
EVD, as well as the lack of awareness of EVD in
the population, large-scale EVD outbreaks in
West Africa occurred.

The EVD epidemic in West Africa had spread
rapidly and was characterized by a rapid increase
in the number of patients, high mortality rate,
and deficiency of effective vaccine and thera-
peutic drug during the epidemic period. The
WHO announced this epidemic as a “Public
Health Emergency of International Concern” on
August 8, 2014 [12], and issued a crisis warning
to the world. The three countries in West Africa
(Sierra Leone, Liberia, and Guinea) also
requested assistance from all countries in the
world. The WHO, China, the USA, Médecins
Sans Frontieres (Doctors Without Borders,
MSF), and other countries and organizations
subsequently responded to the call to provide
materials and equipment and personnel to assist
West African countries for carrying out Ebola
virus disease epidemic prevention and control.
China has close cooperation with African coun-
tries in the fields of labor, commerce, education,
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tourism, etc., and close personnel contacts, and
the foreign aid medical team is resident in
African countries, which is one of the earliest
countries to respond to assistance. In order to
help West African countries better control the
EVD epidemic, apart from the aid medical team
in Liberia and the established EVD diagnosis
and treatment center [13], the Chinese govern-
ment also dispatched the China Mobile Lab
Testing Team to Sierra Leone to carry out the
“anti-Ebola and assist Sierra Leone” task, and
dispatched experts and medical staffs in multi-
ple batches to participate in the prevention and
control of the Ebola epidemic in West Africa,
including providing masses of rescue materials,
assisting protective equipment vehicles and
funds, establishing infrastructures such as EVD
observation treatment centers and testing labo-
ratories, and dispatching professionals to help
establish a prevention and control system [14,
15]. In addition, like the USA and the UK [1,
16-19], Chinese scientists have also been con-
tinuously committed to EVD-related scientific
research in recent years. It has contributed a lot
to the solution of key scientific problems in
EVD prevention and control and made outstand-
ing contributions to the study of EVD etiology,
clinical symptoms, molecular evolution, diag-
nosis and treatment, and vaccine research and
development. It mainly includes describing and
analyzing the clinical characteristics of the dis-
ease and risk factors for poor prognosis [20-23];
providing valuable Ebola virus sequencing data
and elaborating the molecular evolution of
Ebola virus [24-27]; analyzing the transmission
dynamic and intervention efficacy of EVD [28—
30]; carrying out the study of early diagnosis
and detection reagents of EVD [31-34]; devel-
oping new drugs and vaccines [31, 35-38]; and
elaborating the prevention and control strategies
of the disease [15, 39—41]. China’s action to
help Africa fight Ebola is a huge step forward
for China to truly participate in global public
health action.

China closely cooperates with African coun-
tries, with nearly 600,000 people coming to
Africa each year [42]. Similar to most countries,
China is also at risk of importation of virulent

infectious diseases such as EVD, Marburg virus
disease, and Rift Valley fever. To better master
the epidemic regularity of EVD and promote the
global prevention and control of EVD, this chap-
ter mainly systematically reviews the research on
the transmission regularity, distribution charac-
teristics, and prevention and control of EVD. This
will assist us comprehensively and systemati-
cally to understand the transmission process, epi-
demic characteristics, and existing challenges of
EVD and provide basic information and scien-
tific basis for the development of EVD preven-
tion and response strategies.

5.2  Etiology and Animal Host

Ebola virus belongs to the order Mononegavirales
and Filoviridae, and belongs to the same family
as Marburg virus and encode a total of seven
structural proteins and one non-structural pro-
tein: 3’ -nucleoprotein (NP), polymerase cofactor
(VP35), matrix protein (VP40), glycoprotein
(GP), transcription activator VP30, matrix pro-
tein (VP24), and RNA-dependent RNA poly-
merase (L) and one non-structural small
glycoprotein—sGP [43]. The nucleocapsid with
replicase and transcriptase function is composed
of genomic RNA encapsidated by the NP and
together with polymerase L, VP35, and VP30.
VP30 is important for the reinitiation of tran-
scription of subsequent genes, and is a potentially
interesting candidate as an antiviral therapy tar-
get. Mutations in the sequences encoding the
VP40 might lead to inhibition of virus release
from the infected cell. Other structural nucleo-
capsid proteins (VP35 and polymerase L) partici-
pate in the synthesis of the viral genome. GP
spikes are known to involve in the entry of viri-
ons into the host cell and are used in the mecha-
nisms similar to macropinocytosis. It is known
that VP24 and VP35 are important virulence fac-
tors, because they act as type I interferon (IFN)
antagonists. The gene arrangement order is
3’-NP-VP35-VP40-GP/sGP-VP30-VP24-L-5’,
which belongs to biosafety level 4 class I patho-
gens, and the leader and trailer at the 3’- and
5’-ends carry important signals to control tran-
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scription, replication, and packaging of the viral
genomes into new capsids [43].

At present, six Ebola virus subtypes have been
found and named according to their discovery
sites, Zaire ebolavirus (EBOV) was discovered in
towns in northern Zaire, 1976, Sudan ebolavirus
(SUDV) was in southern Sudan, 1976, Reston
ebolavirus (RESTV) in cynomolgus monkeys in
Leston, Virginia, USA, 1989, Tai Forest ebolavi-
rus (TAFV) in forests in Cote d’Ivoire, 1994,
Bundibugyo ebolavirus (BDBV) in western
Uganda, 2007, and Bombali ebolavirus (BOMYV)
in Bombali District in Sierra Leone, 2018, with
complete genome sequence differences of less
than 30% for the same subtype of Ebola virus.
Except for RESTV (which causes only latent
infection but not a disease in humans) and BOMV
(while BOMYV has the potential to infect human
cells, there is currently no evidence that the virus
causes disease), the other four viral subtypes are
pathogenic in humans [2, 4, 44, 45] and vary in
virulence, with EBOV being the most virulent,
followed by SUDV. After the outbreak in West
Africa, scientists found that the sequences of the
circulating strains were quite different from those
of the previous circulating strains, the mutation
rate was getting faster, and there were many
accumulated mutation sites. It suggested that the
Ebola virus may have been introduced into West
Africa from Central Africa long ago and continu-
ously mutated and evolved with the expansion of
the epidemic size [24, 27, 46].

Nonhuman primates take an extremely high
mortality rate after infection with Ebola virus and
are therefore unlikely to be a natural reservoir of
Ebola virus. Some scientists believe that rodents
and arthropods may be the natural hosts of Ebola
virus, and laboratory animals (such as mice,
guinea pigs, and rabbits), as well as domestic ani-
mals (such as horses, cattle, and pigs), can also be
infected with Ebola virus under laboratory condi-
tions [47], and even experimentally infected pigs
can transmit Ebola virus to monkeys, but this
assumption was quickly denied [48, 49]. Between
1976 and 1998, researchers detected Ebola virus
in samples from only six mice and one shrew in
Central Africa among approximately 30,000

specimens collected by investigating mammals,
birds, reptiles, amphibians, and arthropods in
endemic areas [9]. The researchers used the
EBOV to infect 24 plant and 19 vertebrate and
invertebrate species and found that only bats
(including insectivorous and frugivorous bats)
supported the replication of EBOV and showed
no obvious symptoms, thus speculating that bats
may be the natural reservoir of EBOV [50]. The
prevalence of Ebola virus was found to be tempo-
rally related to bat migration, infection, and
death, such as the overlap of migration time and
route between DRC EVD outbreak time and
location and franquet’s epauletted fruit bat and
hammerhead fruit bats in 2007 [51]. Moreover,
the detection of RNA and antibodies to Ebola
virus from the bodies of three African fruit bats
suggests that fruit bats are likely to be natural res-
ervoir hosts for Ebola virus, while the rate of
Ebola virus infection in bats is very low and
Ebola virus can rarely be isolated or detected in
bats; therefore, the issue of natural reservoir hosts
for Ebola virus has been controversial [16,
52-54].

At present, although great progress has been
made in the study of the etiology and host of
Ebola virus, it is still a necessity to explore the
molecular evolutionary characteristics and
infection and transmission mechanism of Ebola
virus in more depth to better provide useful
information on the origin of Ebola virus and the

research and development of drugs and
vaccines.
5.3  Clinical Features

and Prognosis

The incubation period of EVD is 2-21 days, gen-
erally 5-12 days. The more viral load, the shorter
incubation period and the more severe the dis-
ease. The nonspecific symptoms of EVD include
fever, malaise, fear of cold, headache, myalgia,
anorexia, nausea, vomiting, chest pain, shortness
of breath, runny nose, diarrhea, pharyngitis, dys-
phagia, rash, conjunctival congestion, and edema
[1, 55, 56]. However, the nonspecific nature of
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these early symptoms prevents EVD from being
well separated from other infectious diseases,
such as malaria, leptospirosis, influenza, and
other respiratory viral infections, as well as yel-
low fever, dengue, and many other arboviruses or
enteroviruses or bacterial infections [16, 57].
During the 2013-2016 outbreak in West Africa,
through investigation and research, the WHO
Emergency Prevention and Control Group found
before the epidemic that the vast majority of
cases had symptoms such as fever, fatigue, loss
of appetite, vomiting, diarrhea, and headache. Of
all patients, 95% presented an incubation period
within 21 days, 11.4 days of the mean incubation
period, 5.0 + 4.7 days of the mean time from the
onset of symptoms to hospital stay, 6.4 days of
the mean hospital stay, and 4.2 + 6.4 days of the
time from the onset of symptoms to death [58,
59]. There are also a few reports of asymptomatic
or mildly symptomatic [60, 61] and Akerlund
et al. even reported that the initial symptoms of
EVD infection in pregnant women were limited
to mild abdominal pain and uterine contractions
without febrile symptoms [62].

Surviving cases of EVD generally begin to
improve in 6-11 days after a few days of fever,
but may undergo a rehabilitation period with
sequelae such as myelitis, recurrent hepatitis,
psychosis, and uveitis, and pregnant women are
also at risk of miscarriage [2, 59]. Lotsch et al.
found that depression, insomnia, fatigue, anxiety,
and posttraumatic stress were common sequelae
in patients with EVD, although there were litter
data from high-quality studies [63]. EVD dead
cases generally present with severe symptoms
early in the course of the disease and often die
from complications such as multiple organ fail-
ure and septic shock between 6 and 16 days [2],
and factors or indicators associated with EVD
death or poor prognosis have also been reported
in recent years. For example, Hunt et al. con-
ducted a study of factors associated with EVD
mortality and poor prognosis in the diagnosis and
treatment of 150 EVD patients in Sierra Leone
and found that early hospitalization of EVD
patients contributed to a good prognosis, with
Ebola virus RT-PCR Ct values less than 20 (OR

6.7, 95% CI 1.5-30.1), and acute kidney injury
(OR 5.8,95% CI 1.2-29.6) is an independent risk
factor for death in infected patients; creatinine
levels more than 115 mmol/L and respiratory dis-
tress on admission are also factors for poor prog-
nosis [3, 64, 65]; Jiang et al. found that viral load
and cytokine and chemokine levels were signifi-
cantly higher in dead cases than in the early
stages of infection [22]; Li et al. found that viral
load, age, and diarrhea patients were associated
with mortality [20]; Smit et al. reviewed the treat-
ment of 122 children with EVD in West Africa
and found that their overall mortality rate was
57%, with factors such as viral load and under
5 years of age associated with mortality in chil-
dren with EVD [66]; in a study of 2310 adult
cases of EVD in Guinea, univariate analysis
revealed that patient age, history of visiting or
close contact with suspected or confirmed EVD
and presence of seven admission symptoms
(fever, hiccups, vomiting, diarrhea, cough, sore
throat, and unexplained bleeding) were closely
related to EVD patients mortality Multivariate
analysis showed that patient age was indepen-
dently associated with EVD mortality (OR 1.06,
95% CI 1.03-1.09), while clinical symptoms at
admission were not significantly associated with
death, and older age was a factor in the death of
EVD patients, which was similar to the conclu-
sions drawn from several studies in Sierra Leone
[67]. In addition, Bebell et al. found that preg-
nancy was also significantly associated with the
severity of the disease and the risk of death, but
the difference in the course of EVD between
pregnant and nonpregnant women is a scientific
issue that has not yet been systematically
addressed [68].

The nonspecific clinical characteristics of
EVD have always been the main bottleneck
affecting the accurate diagnosis of EVD. To truly
achieve early detection, diagnosis, treatment, and
control, scientists worldwide still need to deepen
and make breakthroughs in the differences in
clinical symptoms between non-EVD patients
and EVD patients and in the research of rapid and
convenient diagnostic and detection reagents in
the early stage of EVD.
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5.4 Transmission

Humans and nonhuman primates infected with
Ebola virus are the sources of EVD infection,
and EVD outbreaks are usually sporadic, and
the sources of many outbreaks that have
occurred point to wild animals such as gorillas,
chimpanzees, and monkeys that die in tropical
rainforests in Africa, but also point the source of
infection to fruit bats [69]. There are mainly two
ways for the transmission of Ebola virus [1]:
“animal-human” transmission and “human—
human” transmission. “Animal-human” trans-
mission occurs when humans are infected by
handling animal carcasses or by direct contact
with infected nonhuman primates, and scientists
believe that the index patient in each EVD out-
break is infected by contact, handling, or con-
sumption of animals infected by Ebola virus
(e.g., chimpanzees, gorillas, fruit bats, mon-
keys, forest antelopes) [2, 70-73]. The type of
human-human transmission is the main route of
transmission of outbreaks, which is mainly
transmitted by intimate contact between people
and infected individuals (including sexual
behavior), handling of infected individuals’ car-
casses, exposure to contaminated environments
with body fluids of infected individuals, and
exposure of medical staff to patient blood and
other body fluids [74]. The primary cases (index
cases) of most human outbreaks are hunters,
gold seekers, felling workers, and other popula-
tions operating in forest areas, while the second-
ary infected population is the patient’s family
members or medical staffs who have close con-
tact with them, and the outbreak is basically
spread centered on the family of the index case
and the hospital where they live [75].

5.4.1 ContactTransmission

Blood, saliva, sweat, secretions, feces, vomitus,
semen, and milk from patients with EVD all con-
tain viruses and are infectious [76, 77]. Although
Ebola virus has been detected in breast milk, there
is no significant evidence to support transmission

routes such as breastfeeding, mosquito and insect
bites, and aerosol transmission [73, 77]. Contact
transmission is the most important mode of trans-
mission for outbreaks of EVD. In EVD outbreaks,
the risk of EVD transmission is mainly closely
related to three behaviors: close contact during
the later stages of the disease, caring for the
patient, and preparing the deceased for burial mat-
ters [78]. There are many ways of contact, includ-
ing face-to-face conversation, eating and sleeping,
unprotected bedside care, sharing syringes, and
cleaning corpses. In the presence of an EVD
patient, the virus in the blood or body fluids of an
EVD patient can be transmitted through broken
skin or mucous membranes to contacts such as
family members, physicians, etc., and people can
also be infected by contact with objects contami-
nated with the patient’s body fluids. In addition,
Ebola virus can also be transmitted from mother
to infant in utero, during delivery, or through con-
tact with maternal body fluids including breast
milk [4]. Direct contact with infected body fluids,
including vomitus, diarrheal material, and blood,
has been shown to increase the risk of transmis-
sion at least threefold during EVD outbreaks [3,
79]. Therefore, the high-risk group of EVD epi-
demic is mainly the medical staff who contact and
accompany the patients in the family, fail to take
correct and effective protective measures to pro-
vide treatment for the patients, have contact with
the corpses, and participate in the funeral of the
patients.

5.4.2 Household Transmission

In the 2014-2015 Sierra Leone EVD outbreak,
Ajelli et al. found that 74% of transmission events
occurred between family members or extended
family members, 18% between friends and other
community contacts, and 8% within hospitals
[80]. Fang et al., by including the data analysis of
634 families in Sierra Leone, showed that the
household transmission force (i.e., the probabil-
ity that an indicator case infects a family member
during its infection period) was 0.056-0.062, and
it was found that males were less likely to be
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infected by family members than females, with
an odds ratio (OR) between them of 0.62 (95%
CI 0.44-0.88), and juvenile females belonged to
the group most susceptible to Ebola virus infec-
tion at home, with a household transmission
force of 0.11 (95% CI 0.063-0.18) [30]. Another
study showed that 32% (95% CI 26-38%) of
household contacts who reported direct contact
cases had a low risk of disease transmission (OR
1%, 95% CI 0-5%) between household members
who did not have direct contact. In addition, the
higher the risk of acquiring EVD, the higher the
risk of taking care of EVD cases (especially
deaths) in the community and participating in
behaviors such as traditional funerals [78].

5.4.3 Nosocomial Transmission

Contact transmission within families or commu-
nities is often confined to small areas or families,
but iatrogenic transmission often causes large-
scale and cross-regional outbreaks, such as 85
(26.7%) of the 318 patients in the 1976 Zaire
EVD outbreak who were infected with Ebola
virus due to the use of contaminated syringes [5].
The basic reproduction number (RO) of EVD epi-
demic in Uganda in 2000 was 2.7 (95% CI 2.5—
4.1), including 2.6 (95% CI 0.3-2.8), 0.01 (95%
CI 0.0-3.5), and 0.1 (95% CI 0.0-3.2) for
regional transmission, nosocomial transmission,
and funeral transmission, respectively, which
decreased to 0.3 (95% CI 0.2-0.4) after consider-
ing intervention parameters. In addition, studies
have compared the two types of outbreaks, “small
area-centered” and ‘“hospital-centered,” and
found that when the epidemic spreads in a small
village, the epidemic will eventually end sponta-
neously due to geographical and patient range of
motion restrictions, such as the Zaire EVD epi-
demic that occurred in 55 villages in the Yambuku
area of Zaire (now DRC) in 1976 and 25 villages
in the Kikwit area in 1995, with basically less
than 10 cases per village, and similar situations
have occurred in the outbreak that occurred in the
Ekata area of Gabon in 2001. However, when the
epidemic occurred in hospitals, due to backward
sanitary conditions and medical equipment and

lack of awareness of protection among the medi-
cal staffs, the epidemic could easily spread
among medical staff and cause high mortality,
such as the outbreak in Kikwit Hospital in Zaire
(DRC) in 1995, which caused more deaths of
medical staff [81-83]; studies related to the epi-
demic in West Africa found that as of May 20,
2015, a total of 869 medical staffs were infected,
of which 507 died [84], and during May 23 to
October 31, 2014, the incidence of EVD in the
medical population was 103 times that in the gen-
eral population [85].

5.4.4 Sexual Transmission

Ebola virus can persist in the host, and the virus
can still be detected in semen and eye fluid for a
certain period (e.g., within three months) in
cases after recovery [86—88]. A follow-up survey
of EVD rehabilitation patients found that the
virus can be detected in the semen of rehabilita-
tion patients for a long time: RNA of the virus
was detected in the semen of 65% and 26% of
surviving patients tested at 4—6 and 7-9 months
after the onset of infection, respectively [89]. In
addition, Mate et al. conducted an epideiological
investigation and molecular epidemiological
study, suggesting that Ebola virus can indeed be
sexually transmitted. The source of infection
was an EVD patient who recovered for 500 days.
Through this mode of transmission, 10 new
cases occurred in Guinea in March 2016 [86],
which also supported the statement that Ebola
virus can remain in the body for a long time. Due
to the possibility of sexual transmission of Ebola
virus, the WHO and the US CDC recommend
that all male survivors of EVD do have safe sex
until 12 months after EVD onset or after two
consecutive virus-negative tests of semen sam-
ples [3, 90].

5.4.5 Other Possible Transmission
At present, it has not been confirmed whether

Ebola virus can be transmitted by aerosol.
However, the scientific community generally
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believes that Ebola virus has the possibility and
potential for airborne transmission. The
International Convention on the Prohibition of
Biological Weapons had classified the Ebola
virus as a potentially lethal biological warfare
agent. In 2004, Leffel et al.’s article published in
Biosecurity and Bioterrorism and, in the same
year, Salvaggio et al’s article published in
Dermatologic Clinics were highlighting the risk
of Ebola virus as a potential biological warfare
agent, especially in the form of aerosol transmis-
sion [91-93]. In recent years, scientists have
constructed animal models of aerosol infection
of Ebola virus including macaques, rhesus mon-
keys, and African green monkeys in the labora-
tory, which can infect nonhuman primates
through aerosols, and can cause fatal infections
at very low doses. The successful establishment
of these animal models not only confirms that
Ebola virus can infect experimental animals by
aerosol under existing experimental conditions,
but also lays a foundation for future in-depth
studies on the mechanism of this viral infection.
In the future, we can use such animal models to
carry out studies on Ebola virus infection and
transmission under simulated natural environ-
mental conditions [4, 93].

The Ebola virus can also be detected in
patients’ breast milk and body fluids, which sug-
gests the risk of mother-to-child transmission or
vertical transmission [77]. One study revealed
that four out of the five breastfed infants with
EBOV-positive breast milk were found positive
for Ebola virus infection, and all of these Ebola
virus-positive infants died [94]. With the current
evidence, there is no certainty that mother-to-
child transmission or vertical transmission is the
main route of EBOV transmission.

The current mainstream hypothesis on the
natural history of Ebola virus disease is [44]:
Ebola virus is mainly transmitted naturally and
circularly among fruit bats, and humans are
infected with the disease by contact with animals
such as infected bats, chimpanzees, gorillas, for-
est antelopes, and porcupines, and then close
contact between human leads to outbreaks of the

disease [2]. However, the circulation mode,
infection mechanism, and cross-species trans-
mission mechanism of Ebola virus in nature are
still undefined scientific problems, and only by
solving these scientific problems can spillover
transmission of Ebola virus be prevented from
the source.

5.5 Overview of EVD Epidemic

Distribution

During 1976-2018, a total of 28 human EVD
outbreaks have occurred in the African region
(Fig. 5.1), including 24 epidemic outbreaks and
4 sporadic outbreaks [see Fig. 5.1, (3), (5), (10),
(21)]; no primary cases of EVD have been
found outside Africa, except imported or labo-
ratory infection cases [4, 8, 95, 96]. In addition,
nine outbreaks of animal EVD caused by
RESTYV infection occurred outside of Africa, of
which seven occurred in non-primates and two
in pigs, and three of these outbreaks detected
RESTV antibodies in the relevant population
(Table 5.1). By 2014, the EVD epidemic was
confined to the Central African rainforest and
savannah of southeast Africa, mainly five coun-
tries: Gabon, Republic of the Congo, the DRC,
Uganda, and Sudan, and EVD patients were
mainly from relatively closed remote rural
areas, with sporadic cases also occurring in
Cote d’Ivoire in western Africa and South
Africa in southern Africa. The EVD outbreak
from 2013 to 2016 in West Africa was the larg-
est and most widespread outbreak in history,
mainly in three countries in West Africa:
Guinea, Liberia, and Sierra Leone, and most of
the EVD patients came from densely populated
large cities, such as Conakry, Monrovia, and
Freetown. In the second half of 2014, the West
African outbreak also spread to seven coun-
tries: Nigeria, Senegal, the USA, Spain, Mali,
the UK, and Italy (see Fig. 5.1) [16, 49]. The
reported number of cases in this outbreak had
exceeded the total number of cases in previous
outbreaks.
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Fig.5.1 The timeline and situation of human EVD outbreaks from January 1976 to December 2018

Table 5.1 List of RESTV outbreaks occurred outside of 5,5,1 Seasonal, Population,

Alffrica and Regional Distribution
Number of Characteristics
outbreaks of
human . L.
seropositive | Animal The epidemic time of EVD covers the whole
Date(year) Country antibody outbreaks year, does not show specific seasonal characteris-
1989- Philippines |3 Crab-eating tics, and shows no significant correlation between
1990 . macaques outbreak years [49]. For example, the outbreak in
1989 lsjtr;tzd 0 ?f:;keys Sudan in 1976 occurred from June to November;
Philippines the four outbreaks in Gabon mainly occurred
1990 United 4 Monkeys around January; the outbreak in Gabon in 1996
States from occurred from January to April; and the outbreak
Philippines in the border area between Gabon and Congo
1992 Italy 0 ?/Ionkeys occurred from October 2001 to March 2002; the
Prl(l)irlrilppines three outbreaks in Uganda mainly occurred
1996 Philippines |0 Monkeys around October, while the four outbreaks in
from Congo and the outbreaks in DRC were distrib-
Philippines uted in all months of the year [4]. The population
e United 0 Monkeys is generally susceptible to Ebola virus, which
States from K
Philippines affects people of all ages, from infancy to old age
2008 Philippines | 6 Pigs [5, 16], with a lower incidence in children and the
2011 China 0 Pigs elderly and a higher incidence in women and

2015 Philippines |0 Monkeys healthcare workers, which may be related to the
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frequent exposure of women and healthcare
workers accompanying EVD patients.

As shown in Fig. 5.1, as of December 2018,
DRC had a total of 10 EVD outbreaks, the most
recent one still continuing [4]; Sudan had three
EVD outbreaks during 19762004, mainly in the
southern region; Gabon had four EVD outbreaks,
mainly in the northern region; Uganda had four
EVD outbreaks, mainly in the northwestern
region; and the Republic of the Congo had four
EVD outbreaks, mainly in the northwestern
region. The emergence of Ebola virus subtypes in
Cote d’Ivoire differs from the past, and only one
case has been found. Sporadic cases in South
Africa came mainly from the importation of the
EVD epidemic in Gabon [97]. The 2013-2016
EVD outbreak in West Africa, Guinea, Liberia,
and Sierra Leone had EVD cases spread through-
out the country, while Nigeria and Mali had local
transmission due to the importation of EVD
cases, but were limited to transmission in small
areas, and Senegal had only imported cases and
no local transmission [16].

In the EVD outbreak in West Africa, imported
cases of EVD occurred in the USA, the UK,
Spain, and Italy, but did not cause local transmis-
sion [16]. The incidence of infection in labora-
tory workers was reported three times in the UK
and Russia (see Fig 5.1) [8, 44, 95]. As shown in
Table 5.1, EVD outbreaks in macaques have also
been reported in the UA, Italy, and the Philippines,
in which infected macaques in both the USA and
Italy were from the Philippines; the virus was
first isolated from pigs in 2008 in the Philippines
and pigs in 2011 in China; Ebola virus antibodies
have been detected in the sera of people who have
been exposed to macaques and pigs in the USA
and the Philippines, but none of them developed
clinical symptoms of EVD [98-102]. Apart from
laboratory infections, no locally infected cases of
EVD have been identified outside Africa, but
antibodies to Ebola virus can be detected in resi-
dents of some African regions without EVD out-
break [83, 103].

5.5.2 Distribution Characteristics
of Virus Subtypes

Among the 28 EVD outbreaks, there were 19
EBOV outbreaks, six SUDV outbreaks, two
BDBV outbreaks, and one TAFV outbreak
(see Fig. 5.1), EBOV outbreaks were most
common in western Central Africa and West
Africa, and SUDV and BDBYV outbreaks were
most common in eastern Central Africa [16].
EBOV was mainly distributed in Liberia,
Guinea, Sierra Leone, Nigeria, and Mali of
West Africa, and also in Gabon, DRC, and
Congo; SUDV was mainly distributed in
Sudan and Uganda; BDBV was distributed in
Uganda and Congo; TAFV was isolated from
only one patient in Cote d’Ivoire, and RESTV
was mainly distributed in the Philippines, the
USA, Italy, and China. Each human EVD out-
break has its specific viral subtype, and out-
breaks caused by EBOV are the most frequent,
except for Uganda and DRC, where outbreaks
of different viral subtypes have occurred;
other countries in Africa are limited to out-
breaks of only one viral subtype. In terms of
virulence and mortality, the case fatality rate
of BDBV infection is about 40% and that of
SUDV infection is about 50%, while the case
fatality rate of EBOV infection is the highest,
approximately 70-90%, and the case fatality
rate of TAFV infection is still unclear, with
only one case reported historically, while
RESTYV causes disease and death only in non-
human primates [2].

It is a fact that outbreaks and transnational,
cross-continental transmission of EVD had
repeatedly occurred in Africa. Understanding
the distribution pattern of natural foci of EVD
and mastering the occurrence and dynamic
development trend of outbreaks are helpful
for targeted disease entry surveillance and
follow-up investigation, which is of great sig-
nificance to prevent the imported transmis-
sion of EVD.
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5.6 Influencing Factors

The mechanism by which Ebola virus is trans-
mitted from host animals to humans is not clear,
but large-scale outbreaks of EVD are inseparable
from the influence of factors such as the natural
environment, human behavior and cultural cus-
toms, and socioeconomic and political factors
[49]. Fang et al. evaluated the efficacy of Sierra
Leone’s national strategic prevention and control
program (including isolation of patients, increas-
ing beds, and performing safe funerals) in con-
trolling EVD, and systematically explored the
nonlinear relationship between meteorological,
socioeconomic factors and EVD transmission.
The study found that interventions such as the
National Strategic Prevention and Control
Program were confirmed to effectively reduce
the risk of EVD transmission by 43-65%, and
the results of univariate analysis showed that the
distribution of primary roads, secondary roads
and railways, population density, and building
area had a significant positive correlation with
the spread of EVD; three factors, including the
distance to the nearest hospital, the distance to
the nearest Ebola treatment center (ETC), and
the forest coverage area, had a significant nega-
tive correlation with the spread of EVD; through
further multivariate analysis, the optimal model
showed that the spread of EVD was closely
related to the distribution of primary roads, sec-
ondary roads, and hospitals. The study also
showed that these influencing factors, such as
religion, temperature, humidity, population den-
sity, farmland distribution, and healthcare facil-
ity distribution, had a significant nonlinear
relationship with EVD epidemics [30]. The
results of a study on the risk factors associated
with the Sudanese EVD outbreak in Uganda in
2000 showed that 20 of 83 contacts in this area
were affected, and through epidemiological
investigation and univariate analysis of these 83
contacts, it was found that direct contact with
patients was more dangerous than indirect con-

tact with patients, and the more routes of con-
tact, the higher risk of infection [79]. Other
similar studies had also found that the prevalence
and spread of EVD were associated with indica-
tors such as agricultural production, income,
road density, hospital bed density, number of
unsafe funerals, and days from onset to hospital-
ization [104, 105].

5.6.1 Natural Environmental

Factors

Before 2014, EVD occurred mainly in five
Central African countries near the equator, and
forests and mines in endemic areas belonged to
high-risk sites for this disease source. A study
conducted a serological survey of rural residents
in Gabon, randomly selected 4349 adults and 362
children, and conducted a correlation study for
factors such as EBOV serum antibodies and type
of residence in the study population, and logistic
regression analysis revealed that the positive rate
of IgG antibodies in the serum of people near for-
est areas (32.4%) was higher than that of the
general population (15.3%) [103]. In addition,
the typical tropical rainforest climate in central
Africa has created lush and dense forests and vast
grasslands, making the animals and plants in this
area have good natural growth sites. Central
African regions are divided into two dry seasons
and two rainy seasons throughout the year, and
some studies suggest that multiple outbreaks in
this region begin at the end of the rainy season or
transition to the dry season, and researchers
believe that at the end of the rainy season, the
sudden dry ecological environment may be a trig-
ger point for the emergence of outbreaks [97,
106]. By studying the location of each outbreak
and the corresponding ecological environment,
the results of niche model analysis showed that
EVD outbreak may be associated with factors
such as altitude, temperature, and humidity
[107-109].
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5.6.2 Factors of Human Behavior
and Cultural Practices

The evidence for the correlation between EVD
outbreak and human behavior is not yet com-
plete, and some factors are even contradictory
between regions [16], but both etiological sur-
veys and epidemiological data have shown that
outbreaks of EVD are closely related to forest
operation activities of the population, and activi-
ties such as going to deep forest, cutting trees,
reclaiming agricultural land, hunting and traf-
ficking, and mining gold mines have greatly
increased the chance of infection in humans in
contact with virus-carrying animal hosts or
infected animals [49, 110]. African residents
have the habit of hunting animals, trafficking ani-
mals, and eating raw animals, such as bats and
monkeys, and often have direct or indirect con-
tact with wild animals, increasing their exposure
to the Ebola virus; in addition, some local gener-
ations of customs, such as injecting monkey
blood into humans to treat diseases and removing
the clothing and jewelry of the deceased before
funerals, have the potential to cause the local
spread and prevalence of diseases [49]. Besides,
the lack of awareness of prevention and tradi-
tional customs of people in some parts of Africa
have also promoted the spread of EVD, such as
the lack of scientific understanding of EVD, the
belief that it is a disease caused by evil or devil,
misunderstanding, fear, and exclusion of social
and public health services associated with it; for
example, residents of the Sadialu village in Sierra
Leone who still choose to live with patients,
refuse to go to the hospital, believe that the hos-
pital is the place of death sentencing, and some
even avoid local healthcare institutions [111].

5.6.3 Socioeconomic and Political
Factors

Poverty (e.g., continuous expansion of the range
of activities such as hunting, felling, and mining
for survival), unsound systems in hospitals (e.g.,
lack of medical gloves, disposable injection nee-
dles), lack of awareness of protection by health-

care workers (lack of awareness of EVD),
inefficiency of local government in epidemic pre-
vention and control, and socioeconomic and polit-
ical factors such as lack of resources, civil
conflicts, and civil wars have a decisive impact on
the spread and prevalence of EVD [49]. Larger
outbreaks often last for months, which is closely
related to the backward local medical and health
conditions and technical means. Since there is no
good diagnostic technique, they usually misdiag-
nose the epidemic as the infection of other tropi-
cal diseases at the early stage, thus misjudging the
transmission and risk of the disease, resulting in
the spread of the epidemic. For example, the Zaire
EVD outbreak in Gabon in 1994 was considered
yellow fever at the early stage. Some people also
believe that the outbreak area of EVD has been in
a state of economic backwardness and imperfect
public health system for a long time due to many
years of folk conflicts and failure policies, result-
ing in that the epidemic situation cannot be effec-
tively controlled and even aggravating the spread
of EVD. For example, Liberia and Sierra Leone
have been devastated by civil war among the three
countries with the most severe epidemic in West
Africa from 2013 to 2016, while Guinea is a very
poor country, and these socioeconomic and politi-
cal reasons have greatly reduced the effectiveness
of government departments in epidemic preven-
tion and control [106].

Small-scale local outbreaks of EVD are insep-
arable from the results of a combination of natu-
ral environment and human production behavior,
but large-scale outbreaks often expose the socio-
economic and political factors existing in the
country in response to public health crises, which
also suggests that countries should pay attention
to strengthening the construction of national
infectious disease epidemic response mecha-
nisms and emergency response prevention and
control systems.

5.7 Prevention and Control

The strong infectivity and incubation period up to
3 weeks of EVD make the disease easy to spread
across borders, regions, and even cause local epi-
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demics, posing a serious threat to human health
and socioeconomic sustainable development.
Therefore, preventing and controlling outbreaks
and epidemics of EVD has become a global pub-
lic health problem that must be faced by coun-
tries around the world [49, 112] and has also
prompted continuous strengthening of relevant
research efforts in this field internationally.

5.7.1 Drugs and Vaccines

There is no specific treatment for EVD world-
wide, and there is no specific drug approved for
marketing. Although some antiviral drugs have
obtained good therapeutic effects in animal
experiments, their safety and effectiveness in
clinical trials still need to be confirmed by scien-
tific research. At present, the treatment is based
on symptomatic and supportive treatment to
minimize viral replication and slow down the
disease process and gain time for eliminating
infections through natural and adaptive immu-
nity, and the main measures include general
treatment, antiviral therapy, monoclonal anti-
body therapy, and symptomatic treatment against
cytokine storms and multiple organ failure [1, 2,
16, 19, 59]. The outbreak of EVD in West Africa
has rapidly driven clinical research on multiple
EVD drugs with good results; for example, the
USA urgently approved the entry of two drugs,
ZMapp and TKM-Ebola, into clinical trials, and
ZMapp was also used in two American patients
and one Spanish patient, two of whom in the
USA improved [113]; a case report from January
2017 showed that the first newborn with EVD
successfully survived a combination of the three
drugs [114]. Chinese investigators used the
favipiravir (T-705) for the first time in Sierra
Leone for the treatment of EVD and achieved
good efficacy [35]. Chen and other Chinese
researchers have developed the world’s first
ebola virus vaccine with recombinant adenovi-
rus type 5 Ebola virus vector to enter the clinic
and completed a phase 2 clinical trial, which has
made a breakthrough [38]; the rVSV-ZEBOV
recombinant vesicular stomatitis virus vector

vaccine developed by US researchers is cur-
rently the most effective vaccine confirmed,
which has carried out clinical trials in Guinean
epidemic areas, and the efficacy rate of the vac-
cine is as high as 100% (95% CI 74.7-100)
[115]. The immune response induced by this
type of vaccine has the advantages of rapid
response, high level, and long duration, and has
a good prospect, which has been demonstrated to
have a good protective effect in EVD outbreaks
in West Africa and EVD outbreaks in the Congo
in the past two years after ring vaccination inter-
vention [116-118]. However, it has also been
pointed out that vaccine-induced immunity is
still not rapid enough to prevent EVD in humans,
even when the vaccine is administered as soon as
possible after exposure [119].

5.7.2 Control and Intervention

To control the spread of EVD, prevention and con-
trol measures are mainly used to control the source
of infection and cut off the route of transmission
and protect the population, including emergency
isolation, national education, judicial intervention,
and monitoring and tracking [15]. It has been
shown that the spread of EVD can be effectively
prevented by early diagnosis, patient isolation and
care, infection control, safe and dignified burial of
those who die of EVD, strict tracking of contacts,
and the use of targeted vaccines [58, 96, 115, 117,
119]. Key elements of EVD prevention and con-
trol have also been published by US CDC experts,
involving monitoring, isolation, investigation,
tracking, education, reporting, training, etc. [73,
120]. When the EVD epidemic occurs, early
detection and confirmation of cases; implementa-
tion of strict isolation measures for patients and
infected individuals; blockade of epidemic areas
and strict control of population movement in epi-
demic areas; close observation of contacts and
timely follow-up investigation and handling; nec-
essary ideological communication and publicity
work to strengthen effective personal protection
from high-risk exposures, especially self-protec-
tion of staff such as hospitals and laboratories;
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maintenance of daily case reports; prohibition of
holding clustered activities such as traditional
funerals; and strengthening effective hospital and
community infection control and other measures,
including improving personal protective equip-
ment, self-protection skills training, strict disinfec-
tion measures, and strengthening laboratory
biosafety, can play an important role in controlling
the spread of EVD [49, 121, 122]. Muoghalu et al.
showed that the transmission rate of EVD in the
community declined to a rather low level as EVD
cases were removed from the community and
entered the community EVD care center. In addi-
tion, with the implementation of comprehensive
measures for prevention and control, the transmis-
sion caused by iatrogenic infection has also been
further reduced [104].

The prevention and control of EVD have
always been the focus of global attention, and the
emergence of EVD has challenged the fragile
health and epidemic prevention system in African
underdeveloped countries and also reminded
other countries to remain vigilant in responding
to the threat of infectious diseases. With the
acceleration of globalization, cooperation and
exchanges in the fields of trade, labor, education,
tourism, etc. are becoming more and more fre-
quent among countries around the world, and
convenient transportation and frequent personnel
movement greatly increase the risk of cross-
regional spread of EVD, and countries outside
Africa are facing the potential threat of EVD
importation. Therefore, international, national,
and regional cooperation should be strengthened
to establish an effective international quarantine,
monitoring, and sharing system to effectively
block the export of EVD from natural foci and
local outbreak [123, 124].

5.8 Prospects and Challenges

Ebola virus is a type of zoonotic virus, and
although related studies on Ebola virus emerge
endlessly, some scientific questions remain

unsolved, including (1) What is the natural host?
(2) Can it be transmitted through aerosols? (3)
How does the rate of virus mutation change? (4)
How to assess the risk dynamics of its cross-spe-
cies, cross-regional transmission? (5) What are
the exact causes of Ebola virus spillover of wild
animals infecting humans and causing outbreaks?
(6) How does the change in the physical geo-
graphical ecological environment, ecological
behavior of host animals, and human production
behavior exacerbate the spread of Ebola virus in
nature? Answering these questions still needs
further in-depth study. To effectively prevent and
control the spread of EVD worldwide, it is neces-
sary not only to develop appropriate and effective
diagnosis and treatment specifications and anti-
EVD drugs and vaccines, but also to further carry
out EVD-related social ecology, epidemiology,
and molecular biology research, which can help
us to more deeply understand the epidemiologi-
cal characteristics of the epidemic that has
occurred, to predict and prevent the epidemic that
will occur, including determining the risk area,
affected population, and risk factors, and to
explore its transmission mechanism. Although
the focus of attention is more on how to quickly
and effectively eliminate the epidemic in the
short term, attention and research on the above
scientific issues will be conducive to guiding
effective prevention and control.

Since entering the twenty-first century, the
EVD epidemic in Africa has become more and
more frequent and involves more and more exten-
sive regions. It suggests that in recent years, the
contact between humans and wild animals has
been increasing, the cross-regional spread of
EVD epidemic has occurred continuously, the
impact of EVD far exceeds the number of
reported EVD cases and deaths, and the eco-
nomic burden caused by large-scale outbreaks of
EVD epidemic and the negative impact on other
public healthcare services in the affected area
countries have also become a tragic lesson [125].
Therefore, the global public health and safety
situation is still not optimistic in the future, and
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improving the ability to effectively prevent and
control and cope with public health crises should
be a key area that needs to be focused on by each
country. EVD outbreaks are closely related to the
limited and fragile public health system in West
Africa, especially related to the old public health
infrastructure of countries in affected areas and
the lack of public knowledge about Ebola virus
and its transmission [49]. In the future, the inter-
national community should seek reform in emer-
gency response capacity, international financing,
budget allocation and human resource construc-
tion, and timely transfer of the focus of work to
the recovery and reconstruction of countries in
epidemic areas. Besides, the key is to help coun-
tries in epidemic areas establish a stronger public
health system and actively carry out assistance
and cooperation in the fields of disease preven-
tion and control, personnel training, and drug
research and development.

For China, global public health events are fre-
quent, and putting forward the gateway of infec-
tious disease prevention and control is the overall
trend. Although China sets a good example for
global EVD prevention and control and promotes
the global understanding of the key scientific
problems of EVD with valuable experience in
assisting local governments to fight the Ebola
epidemic in Africa, together with the existing
EVD research results, due to the wide region,
large population movement, and high population
density, there are still many challenges in EVD
prevention and control in China, and many scien-
tific problems still need to make breakthroughs
[14, 15, 126, 127]. It includes technical reserves
in EVD detection, treatment, and prevention; the
gap of the construction of emergency detection
forces such as “virus detection technology, bio-
safety protection, laboratory capacity and mobile
capacity construction” compared with Europe
and the USA; the shortcomings in biosafety pro-
tection and team management; further break-
throughs in vaccines and drugs in clinical trials;
the participation of international cooperation, the
establishment of foreign research platforms; the

trial site carrying out epidemiological prospec-
tive studies; and the scientific establishment of
emergency response organization command sys-
tem and mechanism. In addition, the WHO has
issued some guidelines related to EVD preven-
tion and control involving virus detection, stor-
age and transportation of experimental samples,
clinical nursing, prevention of medical staff, and
prevention and control of inbound and outbound
infectious diseases. China should share rights and
interests and resource allocation with the interna-
tional community, strengthen the capacity level
of international rescue teams, and reflect the
image and style of large countries. Furthermore,
on the basis of existing results, it should improve
the relevant guidelines for EVD prevention and
control, diagnosis, and treatment adapted to
China’s national conditions and with guiding sig-
nificance and further strengthen the emergency
response capacity of public health incidents in
China to effectively respond to its cross-border
transmission.
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