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Chapter 7

The Impact and Control of Emerging
and Re-Emerging Viral Diseases

in the Environment: An African
Perspective

Juliet Adamma Shenge and Adewale Victor Opayele

7.1 Introduction

The emergence of new infectious diseases is characterized by a sudden invasion or
spread of diseases typically known to be rare or uncommon (Morens et al. 2008).
Emerging viruses are newly recognized or newly evolved viruses or those that
occurred previously in a population but show increased incidence or expansion into
new geographical, host or vector range (WHO 2004). Re-emerging viruses, on the
other hand, include those viruses that had previously decreased in incidence but are
currently experiencing an upsurge (Morse 1995). These agents present significant
challenges to researchers regarding their epidemiology, vaccine design and eradica-
tion (Ahmed et al. 2014).

Approximately 80% of viruses that infect humans are zoonotic (Taylor et al.
2001). Most of these viruses perpetuate naturally in animal reservoirs that include
numerous mammalian, avian and invertebrate vectors or intermediate hosts
(Woolhouse and Gowtage-Sequeria 2005; Kilpatrick and Randolph 2012). Farm
and wild animals are the primary sources of novel zoonotic viruses causing disease
in human. This gives rise to about 60% of known human pathogens and up to 75%
of emerging human infections (Cleaveland et al. 2001). Outbreaks of several viral
haemorrhagic diseases have been reported in Africa, majorly caused by viruses in
the families Filoviridae, Arenaviridae, Flaviviridae and Bunyaviridae. Animal res-
ervoirs have been involved in the emergence of these viruses in humans. Hence, the
transmission of these infectious agents from animals to humans, or vice versa, has
resulted in the sustained periodic dissemination in the human population.
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7.2 Environmental Sources and Patterns of Emergence
of New Viral Agents

The emergence patterns of new viral agents and re-emergence of already known
ones have been continuously changing, mostly due to several factors that could be
climatic, agricultural, anthropological or a combination of two or more of these fac-
tors (Andrew and Gregory 2008). Viruses cannot replicate outside the living host
but can survive in the environment for a long period. For instance, enteroviruses are
very stable in harsh environments. Several waterborne viruses have been isolated
from contaminated sources such as sewage. Such enteric viruses include norovirus,
hepatitis A and E viruses, human enterovirus A-D, and human adenovirus A-G. These
viruses have been implicated in gastrointestinal problems and responsible for infec-
tions such as hepatitis, conjunctivitis, poliomyelitis and several others (La Rosa
et al. 2012). Other known sources of emerging viral diseases are wild and domestic
animals responsible for most zoonotic viral infections (Woolhouse et al. 2005).
Again, human involvement in numerous activities to harness natural resources, cou-
pled with other essential factors such as increased residencies, close contacts with
animal reservoirs in the wild, poor land use leading to degradation and alteration of
natural habitations, have been implicated in the emergence of new infectious dis-
eases. A host of disease-causing microorganisms including viruses in the environ-
ment in Africa are not often detected, probably due to inadequate evaluation of the
environment. Residential areas sited close to dumpsites and stagnant water sources
face hazards of air pollution which poses serious threats to human health. This is
commonplace in most urban cities in the continent. Humans interact with such envi-
ronments through activities such as scavenging at dumpsites, fishing and washing in
contaminated water making these sites primary sources of infections, which could
subsequently spread through the community (van Doorn 2014). Exchanges through
trade, coupled with human and animal travels, have also contributed to the spread of
virus-carrying vectors from one region to another (Tatem et al. 2006; Hufnagel et al.
2004). Human-animal-environment connections have resulted in cyclical events
that promote infectious disease epidemiology. Zoonotic infectious diseases are most
implicated in this pattern, depicted by disease transmission from animals to humans
or vice versa and result in disease outbreaks among the human population. It is
believed that new viral agents emerge when known viruses from animals switch
hosts and become established in humans. This occurrence can lead to severe epi-
demics when the human-human transmission is achieved, especially with highly
pathogenic viruses (Olsen et al. 2006). The viral agents can be airborne and so trans-
mitted through droplets, as in the case of influenza viruses. They can also be trans-
mitted through direct animal bites and scratches such as the rabies virus in dogs and
cats; other viral agents such as HIV-1 in primates and SARS-CoV in bats undergo
host switching over time to cause epidemics in humans (Parish et al. 2008). Thus,
restricted human contact with primates and other virus reservoirs in the wild is nota-
bly a significant obstacle to the establishment of viral infections and the occurrence
of outbreaks in the human population.
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Infectious disease agents may resurface with fresh features which may include
altered or mutated genes resulting in resistance to several antimicrobial agents as in
the case of HIV/AIDS, viral hepatitis and influenza. Evolutionary studies have
shown that infectious agents that occasionally cause endemics originated and stabi-
lized with time in a given environment (Center for Disease Control and
Prevention 2018).

7.3 Drivers of Emerging Viral Diseases

Increases in the movement of people, climate change, and viral evolution involving
cross-species at the human-animal interface lead to the emergence of new viruses
(Parish et al. 2008; Ippolito and Rezza 2017). Environmental factors such as inad-
equate water supply, sanitation, food and climatic changes, as well as lapses associ-
ated with the collection, treatment and disposal of solid waste in developing nations
often result to pollution of soil, water and air. This creates breeding sites for biologi-
cal vectors of viral diseases such as insects and rodents (Obi and Shenge 2018). A
likely trend is the dispersal of insect vectors such as Aedes mosquitoes implicated in
the spread of many arboviruses which have spread to new locations by adopting new
breeding sites in tyres, overcrowded settings and stagnant water pools, mainly
because of population growth and expansion. Most are as a result of massive settle-
ments and residential building in unapproved sites such as marshy areas and near
dumpsites lacking basic sanitation and proper waste disposal facilities (Marston
et al. 2014). In such areas, solid and open waste such as tyres, cans, plastic bottles,
and nylon bags that collect water become breeding sites for vectors of viral agents.

Climatic factors like temperature, rainfall and relative humidity influence the
incidence, duration and intensity of the emergence of epidemic forms of viral dis-
eases. For example, it has been observed that the incidence of Rift Valley fever in
East Africa at a time increased as a result of long periods of heavy rainfall, which
created increased breeding sites for the vectors of the disease (Davies et al. 1985).
Microbial adaptation in any environment is driven by factors which range from host
to agent and ecological influences. Hosts factors include gender, age, and immune
status, among others, which may determine the outcome of infection in an exposed
host. Additionally, human activities and individual behaviours may influence the
transmission of viral diseases. Evolution of viruses resulting in cross-species trans-
mission has also been tagged as a driver of emerging viruses. This is mainly seen
among rapidly evolving viruses such as RNA viruses, which are prone to error dur-
ing replication (Drake and Holland 1999), due to lack of proofreading machinery by
the RNA-dependent RNA polymerases (Smith et al. 1997). This results in nucleo-
tide substitutions (mutations) due to rapid replication and synthesis of enormous
virus quantity within a short time (Moya et al. 2004). The distribution of viral vari-
ants in the human population can be due to epidemics through different means of
transmission (Parish et al. 2014). Such diversities have been observed in some RNA
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viruses such as the HIV and hepatitis C virus (Argentini et al. 2009; Shenge
et al. 2018).

Another critical driver of the emergence of viral diseases is host switching, where
a virus that initially infected an animal host shifts to a new host and subsequently
gets established within the human population after it is successfully transmitted
(Lindstrom et al. 2004). Host switching enables these viral agents to adapt as a
result of recombination and assortment in their genomes, which may lead to the
emergence of entirely new strains of the virus or strains with reassorted gene seg-
ments. This trend was observed in the 1957 H2N2, and 1968 H3N2 Influenza,
human pandemic viruses containing gene segments of haemagglutinin (HA) and
polymerase (PB1) obtained from the avian influenza virus (Webby and Webster 2001).

7.4 Epidemiology, Transmission and Impact of some
Emerging Viral Diseases in Africa

7.4.1 Rift Valley Fever

Rift Valley fever (RVF) is a devastating mosquito-borne zoonotic disease that causes
illnesses in humans and animals (Hartman 2017). The virus is a Phlebovirus in the
family Bunyaviridae. It has a tri-segmented, single-stranded RNA genome in which
two segments, L (large) and M (medium), have a negative polarity, while the third,
S (small), is ambisense (Ly and Ikegami 2016). The virus was first isolated from
sheep in Kenya in 1931 and has since spread to other countries (Pepin et al. 2010).
Large outbreaks of the disease have occurred in many African countries, Madagascar
and the Arabian Peninsula, and have usually been indicated by a sweep of abortion
in livestock (Mariner 2018). The RVF virus is transmitted through bites of various
species of Aedes and Culex mosquitoes which serve as reservoirs and amplifying
vectors, respectively. The virus can also be transmitted through contact with infec-
tive animal tissues such as blood, aborted foetus and other body fluids (Nyakarahuka
et al. 2018). Humans have also been infected through drinking of raw, unpasteurized
milk from infected animals (Ng’ang’a et al. 2016).

The RVF virus is maintained during the dry season in desiccation-resistant verti-
cally infected eggs of several Aedes species (Lumley et al. 2017). RVF epizootics
and epidemics usually occur during periods of above normal and prolonged rainfall.
The rainfall events result in flooding of dambo-type grassland depressions at greater
depths and for extended periods compared to interepizootic periods. Consequently,
previously dormant infected Aedes eggs are induced to hatch, causing the emer-
gence and survival of at least one large generation of virus-infected Aedes mosqui-
toes (Williams et al. 2016). These mosquitoes then transmit the virus to ungulate
livestock, especially sheep, cattle and goats which serve as amplifying vertebrate
hosts that may begin the epizootic cycle. After infection from primary Aedes vec-
tors, livestock species, especially sheep, suffer significant morbidity, mortality and
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up to 100% abortion. These amplifying vertebrates develop high viraemia, enough
to infect secondary mosquito vector species (Lutomiah et al. 2014). Secondary mos-
quito species including Culex and Mansonia species then serve as the primary hori-
zontal vectors of the RVF virus between viraemic domestic animals and humans.
The pace of the epizootic may be further compounded because virus-infected mori-
bund ungulates display little mosquito avoidance behaviour and are preferentially
fed upon by secondary vectors (Linthicum et al. 2016).

Notable epidemics of the virus include the 1977 outbreak in Egypt, where about
200,000 human cases and 598 deaths occurred (Meegan et al. 1979). In 2006, an
outbreak with over 1000 human cases and 300 deaths occurred in Somalia, Kenya
and Tanzania (Dar et al. 2013). Other series of large-scale RVF outbreaks include
Sudan (2007), Madagascar (2008), southern Africa (2008—2011), Mauritania (2010,
2012) and Saudi Arabia and Yemen (2000) (Clark et al. 2018). Subclinical circula-
tion of the virus in humans and animals has also been documented in many African
countries, including Nigeria (Opayele et al. 2018). This virus severely affects the
health and economy of thousands of humans and livestock in the affected countries
(Linthicum et al. 2016).

7.4.2 Yellow Fever

Yellow fever, caused by the yellow fever virus (YFV), is another mosquito-borne
viral haemorrhagic disease with high mortality. It mostly occurs in Africa and South
America. Historically, it caused large outbreaks in Europe and North America when
it was introduced during the slave trade (Holbrook 2017).

The yellow fever virus possesses a positive-sense, single-stranded RNA genome.
It is the prototype of the genus Flavivirus, family Flaviviridae, which comprises
approximately 70 viruses, most of which are arthropod borne. Other major human
and veterinary pathogens in the genus include dengue, Japanese encephalitis and
West Nile viruses (McLinden et al. 2017).

Yellow fever is a zoonotic disease, maintained in nature by non-human primates
and diurnally active mosquitoes that breed in tree holes in the forest canopy
(Haemagogus spp. in the Americas, and Aedes spp. in Africa). People are exposed
to infected mosquitoes when they encroach on this cycle during occupational or
recreational activities (Hanley et al. 2013). In the warm, humid savanna regions of
Africa, tree-hole-breeding Aedes mosquitoes reach very high densities and are
implicated in the endemic and epidemic transmission of viruses from monkeys to
humans. Aedes aegypti, a domestic mosquito species that breeds in human-made
containers, transmits the yellow fever virus among humans in cities (Possas et al.
2018). The virus is maintained over the dry season by vertical transmission in mos-
quitoes. Transovarially infected eggs survive in dry tree-holes and hatch infectious
mosquitoes when the wet season begins (Monath 2001).

Approximately 200,000 cases of yellow fever occur annually worldwide, 90% of
which occurs in Africa. A striking resurgence of the disease has occurred since the
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1980s in both sub-Saharan Africa and South America (Monath and Vasconcelos
2015). Studies on yellow fever outbreaks across Africa revealed that epidemics of
the disease were more frequent and more extensive in west and east African coun-
tries than countries in central Africa. This is due to the influence of climate and the
environment on both mosquito vectors and the virus (Hamlet et al. 2018). Also, the
periodicity of an upsurge in yellow fever activities in west African countries is
between 5 and 20 years while much longer intervals of up to 45 years have been
observed in parts of east Africa. Some countries have also sustained epidemics
across multiple years, for example, in Ghana (1977-1983), Guinea (2000-2005),
and Nigeria (1986—1994) (Monath and Vasconcelos 2015). In December 2015,
another urban outbreak of yellow fever was declared in Angola and soon after in the
Democratic Republic of Congo (DRC). These outbreaks ended in 2017 with 7334
suspected cases and 393 deaths (Kraemer et al. 2017). In 2016, another outbreak
occurred in Uganda, and since then, several sporadic yellow fever cases have been
reported in Chad, Ghana, the Republic of Congo, Guinea and Nigeria (Domingo
et al. 2018).

Mosquito vectors capable of transmitting yellow fever exist in regions where the
disease does not presently occur, such as Asia (Barnett 2007). Vector-control strate-
gies that were once successful for the elimination of yellow fever from many
affected regions have failed, leading to the re-emergence of the disease. Consequently,
the administration of vaccines is still the most effective method of prevention of the
disease, coupled with the prevention of mosquito bites. Effective vaccines against
yellow fever have been discovered since 1937 (Theiler and Smith 1937) and have
been responsible for the significant reduction in occurrences of the disease world-
wide (Garske et al. 2014). Till date, the yellow fever 17D vaccine is very effective
despite its use for over seven decades probably due to the genetic stability of the
yellow fever virus structural proteins which the host immune cells target (Baba and
Ikusemoran 2017). However, despite this success, effective administration of the
vaccine is still a challenge and has been contributing to the resurgence of the disease
in many African countries. There have been occasional issues of supply and demand,
as experienced in Angola and Democratic Republic of Congo in 2016 (Barrett
2017). Inadequate vaccine coverage is also a problem in many countries where the
disease is endemic (Shearer et al. 2017).

7.4.3 Lassa Fever

Lassa fever (LF) is a rodent-borne disease associated with an acute and potentially
fatal haemorrhagic illness. It is caused by the Lassa virus (LASV), a member of the
family Arenaviridae. The viral genome consists of two single-stranded RNA seg-
ments, a small (S) and large (L). Both genomic segments have an ambisense gene
organization, encoding two genes in the opposite orientation (Giinther and Lenz
2004). The virus was first isolated in 1969 from a nurse who presumably acquired
the infection from one of her patients in Lassa town, northeastern Nigeria (Frame
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et al. 1970). The Lassa virus was initially thought to be endemic only in the West
African countries of Sierra Leone, Guinea, Liberia and Nigeria (Monath et al. 1974;
Lukashevich et al. 1993; Frame et al. 1984; Tomori et al. 1988; O’Hearn et al. 2016).
However, its presence has also been reported in other countries including Ivory
Coast, Mali, Ghana, Senegal, Burkina Faso, Gambia and the Central African
Republic (Frame 1975; Safronetz et al. 2010).

Lassa virus is transmitted through contact with body fluids or excreta, or inhala-
tion of aerosols produced by infected rodents. Hunting and consumption of peri-
domestic rodents as a source of food have also been reported as another route of
virus transmission to humans (Ter Meulen et al. 1996). The infection also spreads
between humans through contact with body fluids of infected persons or contami-
nated medical equipment (Fisher-Hoch et al. 1995). The Lassa virus infects approx-
imately 500,000 people and causes about 5000 deaths worldwide (Mateer et al.
2018). In endemic regions, seropositivity for Lassa virus-specific antibodies could
be as high as 55% in populations residing around forested areas harbouring large
populations of reservoir rodents (Lukashevich et al. 1993). Most times, early diag-
nosis of the infection is missed as most early symptoms are mild and resemble those
of other diseases like typhoid fever and malaria in endemic areas (Safronetz
et al. 2010).

The multimammate mouse, Mastomys natalensis, is the primary host for the
LASYV (Lecompte et al. 2006). The virus has little or no adverse effect on its rodent
reservoir under natural circumstances (Marién et al. 2017). Mastomys natalensis is
widely distributed throughout West, Central and East Africa (Lopez and Mathers
2006), where they aggregate in houses in large numbers during the dry and harmat-
tan season due to harsh environmental conditions and dispersing into gardens and
farmlands when the rains return (Fichet-Calvet et al. 2007). Infected rodents remain
carriers of the virus throughout life; the virus is shed in urine, faeces, saliva, respira-
tory secretion and exposed blood vessels through micro or macro trauma (Keenlyside
et al. 1983). In endemic countries, other common rodent species such as Rattus rat-
tus and Mus minutoides have also been implicated in Lassa virus transmission
(Waulff et al. 1975).

Lassa fever infects humans of all age groups and sexes. The disease is associated
with a broad spectrum of clinical manifestations. The incubation period ranges from
7 to 21 days (McCormick et al. 1987). The clinical presentation is usually mild or
asymptomatic in about 80% of infections (Richmond and Baglole 2003). The onset
of the symptomatic disease is usually gradual, starting as a flu-like illness character-
ized by mild fever, weakness and general malaise. This may be accompanied by a
headache, sore throat, muscle pain, chest pain, nausea, vomiting, diarrhoea, cough
and abdominal pain (Bausch et al. 2001). In mild cases, the fever subsides, and the
patient usually recovers. Other cases progress towards a more severe illness.
Symptoms include haemorrhage, respiratory distress, facial oedema and fluid in the
pulmonary cavity. Shock, seizures, tremor, disorientation and coma have also been
reported during this stage of the disease, indicating a poor prognosis for the disease
outcome (Mertens et al. 1973). Approximately 15-20% of hospitalized Lassa fever
patients die from the illness, generally within 2 weeks after the onset of symptoms
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due to multi-organ complication and failure involving the liver, spleen or kidneys.
Pregnant women are more likely to have severe illness due to infection with LASV
than women who are not pregnant, with maternal case fatality rates as high as 80%
and nearly 100% mortality in foetuses. Infection in infants can result in “swollen
baby syndrome” with oedema, abdominal distension, bleeding and often death
(McCormick et al. 1987). Neurological problems, including hearing loss and
encephalopathy, have been shown to occur in patients who survive the disease
(Mateer et al. 2018).

7.4.4 Ebola Haemorrhagic Fever (EHF)

The Ebola virus belongs to the family Filoviridae and the order Mononegavirales.
The virus causes haemorrhagic fever, an important emerging viral infection in cen-
tral Africa. The Ebola virus was first identified in 1976 following two outbreaks of
haemorrhagic fever in northern Zaire (the present Democratic Republic of Congo)
and southern Sudan. The most highly virulent strain (subtype) is Ebola-Zaire, which
has a mortality rate of 88%. Between 2014 and 2016, several outbreaks of the Ebola
virus disease were reported in parts of west Africa, where more than 28,000 cases
were confirmed with over 11,000 deaths in Liberia, Guinea, Sierra Leone,
Democratic Republic of Congo (DRC) and Nigeria (Baize et al. 2014). As of August
31, 2018, about 120 cases and 78 deaths had been confirmed from DRC alone
(WHO 2018).

Contact with infected live animals such as bats, their excretions or carcass of
infected animals causes primary infection, which subsequently results in sustained
person-to-person transmission as have been observed in Ebola and Marburg viruses
over the years (Groseth et al. 2007).

7.4.5 Other Emerging Viral Diseases

Viral disease outbreaks occur periodically with the potential to increase in inci-
dence. Their unique nature allows the viruses to change their form and evade the
hosts’ immune defence to produce persistent or latent infections, or worse still, an
outbreak in any population. This attribute has enabled the emergence of novel or
pandemic variants among several viral agents, including influenza virus (Meseko
et al. 2013, 2014). Typically, new infections emerge as a result of changes in exist-
ing strains that can lead to resistance or due to some environmental factors that
support the growth of emerging infectious agents, in a particular geographical zone.
A typical example is the emergence of several subtypes of the influenza virus over
time, as a result of re-assortment and mutation in animal reservoirs, especially birds
and swine, with major variants such as HIN1, HIN2 and H3N2, now being detected
at the human-animal interface (Alexander and Brown 2000; Yu et al. 2009). Other
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newly identified viral agents include severe acute respiratory syndrome (SARS)
virus and species or strains that have a significant burden on public health and global
economies.

7.5 Methods of Detection and Identification of Emerging
Viruses

The early detection of emerging viral agents is vital in the management and control
of diseases. Several measures that facilitate clinical and epidemiological investiga-
tion of emerging viral diseases in any environment have been identified (Chan et al.
2017). Such measures involve rapid detection of viral agents using the most sensi-
tive and specific laboratory assays, including viral antigen and antibody testing,
isolation of viral agents using cell and tissue culture techniques, molecular charac-
terization, including nucleic acid synthesis and amplification with polymerase chain
reaction (PCR), genotyping and genomic sequencing. The use of quantitative
molecular tools such as real-time reverse transcription PCR for enumerating RNA
viruses, especially during outbreaks, has helped in the identification of new viral
agents (Marston et al. 2014). These advanced techniques enable rapid diagnosis and
identification of cases and contacts within a short period.

The successful detection of an emerging virus may depend on the type of proce-
dure used, and this, in turn, can be determined by economic, human resources and
laboratory robustness at the time. Serological techniques, including antigen and
antibody testing, involve the use of labelled enzymes and their substrates as indica-
tors in enzyme-linked immunosorbent assays (ELISA) (Whitehouse 2004). These
methods are inexpensive and used mostly in clinical settings in Africa to detect
viruses using serum or plasma obtained from blood. However, because the methods
are time-consuming and not sensitive enough to detect occult and early infections,
rapid detection of a viral agent may be eluded when using such methods, especially
among individuals with nonspecific symptoms of the disease (Whitehouse 2004).

Molecular tools such as PCR and genome sequencing remain the gold standard
for identifying emerging and re-emerging viruses (Rosenstierne et al. 2014). PCR is
a very sensitive technique, which involves the amplification of the viral genetic
material (DNA or RNA), even at very low concentrations, in the specimen for easy
identification, regardless of the stage of infection. Methods such as real-time PCR
complement the techniques involving antigen and antibody testing (Wang et al.
2011). It is best suited for early diagnosis in clinical samples and during viral dis-
eases outbreaks such as Marburg or Ebola (Weidmann et al. 2007). Molecular tech-
niques are, however, costly, requiring substantial funding to acquire equipment and
reagents. Another limitation is the need for trained laboratory personnel. These
limitations hinder the use of molecular techniques for the diagnosis of viral infec-
tions, including emerging and re-emerging ones, in most African countries given
that the methods cannot be used for routine clinical diagnosis.
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The detection of emerging viruses may also be achieved through the screening of
vertebrate or arthropod hosts of tropical viral diseases. Samples from these animals
(bats, rodents, ticks, non-human primates, birds and vectors such as mosquitoes and
fleas) can be routinely screened for an array of viral agents using PCR and microar-
ray analysis (Rosenstierne et al. 2014).

7.6 Prevention, Control and Management

Novel epidemics and increased incidence of emergent and re-emergent diseases
highlight the need for the development of effective control strategies. A major chal-
lenge in controlling these diseases results from the fact that their transmission inten-
sity is driven primarily by wildlife reservoirs. Therefore, one-sided disease
prevention enacted either by the human or animal health sector is often inefficient
(Lembo 2012). The following approaches have been recognized as suitable and
effective in the control of zoonotic viral diseases.

7.6.1 Surveillance

There is a need for constant surveillance of emerging viral diseases in all countries
around the world. Constant surveillance is needed to monitor trends in epidemio-
logical patterns of disease occurrence. To achieve this, humans and animals need to
be tested regularly to detect the presence of disease agents before the occurrence of
epidemics. Considering the current ease of transportation especially through the air,
it is possible for commercial aircraft to transport infected humans and vectors from
one part of the world to another. For example, the Rift Valley fever introductions
into Egypt in 1977 and the Arabian Peninsula in 2000 followed epizootics in Sudan
in 1976 and the Horn of Africa in 1998, respectively. Also, the potential for such
globalization of other arboviruses has been demonstrated in the case of West Nile
and Chikungunya viruses over the past 15 years (Nash et al. 2001; Cassadou
et al. 2014).

Effective surveillance in Africa is, however, a challenge due to the remoteness of
some communities, especially in rural settings without access to good road infra-
structure. For example, a study conducted in Zambia revealed that the lack of trans-
portation facilities was among the leading contributing factors challenging the
implementation of an integrated disease surveillance and response strategy in the
country (Mandyata et al. 2017). Similarly, a review of the challenges faced by 18
African countries in implementing adequate surveillance schemes identified the
lack of transportation as a significant compounding factor (Phalkey et al. 2013).
This challenge has further been demonstrated by a recent study that reported that
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improved transportation networks led to improved case reporting, hence, disease
surveillance in Uganda in 2016 (Nakiire et al. 2019).

7.6.2 Control in Animals

In order to prevent the transmission of viral agents to new locations through the
movement of animals, quarantine is strongly advocated for some infectious dis-
eases, especially when animals are moved over long distances, as with livestock
import-export, pet trade and tourism. This has been the case with the prevention of
spread of the Ebola virus (Gumusova et al. 2015). Immunization of exposed animals
is also essential in the control of vaccine-preventable animal diseases. Vaccination
campaigns have been shown to greatly assist in the control of numerous different
zoonotic diseases such as rabies and the Rift Valley fever. However, vaccination can
only be done for owned animals. With a high number of stray animals, like dogs, in
Africa, both approaches (quarantining and immunization) may not prove effective
for control of infections like rabies, for example (Leung and Davis 2017; Salomao
et al. 2017).

7.6.3 Control of Vectors and Reservoirs

The control of vectors and reservoirs includes measures to prevent zoonotic patho-
gens from being transmitted to non-infected animals, humans and disease-free
areas, through arthropod vectors, contaminated fomite and animal reservoirs. This
may involve improving hygiene and control of the environment. For instance, the
control of yellow fever during the construction of the Panama Canal in the early
twentieth century is linked to the destruction of Aedes breeding sites which included
draining of pools of standing water and grass cutting (Center for Disease Control
and Prevention 2015). Arthropod vector control is another effective strategy in
reducing sources of infection, as in the case of Rift Valley fever, yellow fever and
other mosquito-borne zoonoses. Rodent control and avoidance of bush burning, set-
ting traps in and around homes to reduce rat population and avoiding contact with
rats are other effective methods of reducing contact with animal reservoirs of dan-
gerous pathogens like Lassa fever virus. To achieve such effective control, adequate
sanitation would be an absolute necessity. However, most African countries are far
from achieving the set global sanitation goals of 2030 as detailed in the Sustainable
Development Goals (Nhamo et al. 2019). Thus, without adequate sanitation, the
control of vectors within African countries would be challenged, hence the control
of emerging and re-emerging viral pathogens.
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7.6.4 Prevention in Man

Humans are important in the control of zoonosis. Much of the success of disease
control plans depends on health education. Public awareness of health risks con-
nected with certain infections can greatly assist in reducing the spread of such dis-
eases (Hasanov et al. 2018). Occupational health education should be explicitly
directed at categories of workers that are exposed to certain diseases in the course
of their duties. These include farmers, veterinarians, personnel in slaughterhouses
and biological laboratories (Cripps 2000). Vaccination is also very useful in protect-
ing at-risk individuals against diseases for which vaccines have been developed.

Proper food hygiene, including safe dietary habits, is of value in dealing with
some diseases like Rift valley fever, which can be transmitted by the consumption
of unpasteurized milk and dairy products (Ng’ang’a et al. 2016). The cooking of
meat and meat products before consumption and high standards of hygiene in kitch-
ens and catering facilities are also needed in the control of emerging diseases like
Lassa fever. Improved sanitation from better sewage and drinking water treatment
will also help in control and prevention strategies (Mara et al. 2010).

Often, emerging infectious diseases have the potential to spread rapidly in hospi-
tal settings. It is, therefore, important for healthcare workers to adhere strictly to
infection control measures. Isolation of infected patients, barrier nursing of infected
patients and the use of personal protective equipment (PPE) when caring for patients
have been shown to reduce nosocomial outbreaks of Lassa fever and other haemor-
rhagic diseases (Helmick et al. 1986).

7.7 Conclusion

Africa is among the hot zones for zoonotic and emerging viral diseases, which may
continue to result in the emergence of new viruses. Constant evaluation of water,
soil, air and other sources for viral pollution, as well as proper disposal and treat-
ment of wastewater, is suggested as a way forward to tackling the emergence of
viral infections in Africa’s environment.

Human activities, including agriculture and exploitation of forest resources, will
continue to bring humans closer to sylvatic cycles of zoonotic viruses. These activi-
ties could also alter the natural population and geographic distributions of insect and
animal, which serves as vectors or reservoirs for these viruses, thereby leading to
the emergence of new viruses and re-emergence of known ones. Rapid globalization
also increases the risk that infections that emerge in one part of the world can spread
internationally in human and animal populations. Currently, vaccines for the pre-
vention of many of these viruses are unavailable, and the public health delivery
system is weak in many African countries where most of the emerging and remerg-
ing viruses are known to occur. There is, therefore, the need for consistent surveil-
lance and monitoring of these diseases of epidemic and pandemic potential.
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Surveillance and monitoring information will allow for timely alerts and effective
response activities that will prevent major outbreaks in Africa and beyond. There is
also the need to invest more resources in the development of vaccines for more of
these emerging viruses. Increased investment in public health infrastructures, trans-
portation and sanitation facilities are also required in the control of these viruses.
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