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Abstract

Highly pathogenic avian influenza virus (HPAIV) H5N1 was first officially reported in Africa in 2006; thereafter this
virus has spread rapidly from Nigeria to 11 other African countries. This study was aimed at utilizing data from confirmed
laboratory reports to carry out a qualitative evaluation of the factors responsible for HPAI H5N1 persistence in Africa and the
public health implications; and to suggest appropriate control measures. Relevant publications were sought from data banks
and repositories of FAO, OIE, WHO, and Google scholars. Substantiated data on HPAI H5SN1 outbreaks in poultry in Africa
and in humans across the world were mined. HPAI H5N1 affects poultry and human populations, with Egypt having highest
human cases (346) globally. Nigeria had a reinfection from 2014 to 2015, with outbreaks in Céte d’Ivoire, Ghana, Niger,
Nigeria, and Burkina Faso throughout 2016 unabated. The persistence of this virus in Africa is attributed to the survivability
of HPAIV, ability to evolve other subtypes through genetic reassortment, poor biosecurity compliance at the live bird
markets and poultry farms, husbandry methods and multispecies livestock farming, poultry vaccinations, and continuous
shedding of HPAIV, transboundary transmission of HPAIV through poultry trades; and transcontinental migratory birds.
There is, therefore, the need for African nations to realistically reassess their status, through regular surveillance and be
transparent with HPAT H5N1 outbreak data. Also, it is important to have an understanding of HPAIV migration dynamics

which will be helpful in epidemiological modeling, disease prevention, control and eradication measures.
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Introduction

The highly pathogenic avian influenza (HPAI)
HS5NI1 has been described as a highly contagious viral
disease in several avian species. The disease is char-
acterized by high morbidity and mortality and could
be potentially contracted by humans and other warm-
blooded animals thus making it an emerging pandemic
of zoonotic importance [1-6]. This is caused by the
pathogenic subtypes HS and H7 but with the circulat-
ing H5SN1and H7N9 is causing major problems across
the globe [7-9]. HPAI virus (HPAIV) H5N1 was first
officially reported in Africa in early 2006. Since the
first outbreak in Nigeria, this virus has spread rapidly
to other African countries. From the first emergence to
date, 12 African countries have experienced HSN1 out-
breaks in poultry and confirmed human cases have also
been reported by Joannis et al. [10], Cattoli et al. [11],
WHO [12], and Food and Agriculture Organization
of the United Nations [13]. Studies suggest that there
exist an inexplicable relationship between wild birds
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and domesticated poultry species throughout the var-
ious ecological systems where HPAI H5N1 virus has
caused outbreaks [14,15]. However, the wild or migra-
tory birds attributed as sole reservoirs for the perpetu-
ation and spreading of HPAI H5N1 in nature may not
be absolutely correct after all. Other potential sources
suggested include illegal movement of infected poul-
try and products, multispecies (pig, duck, etc.) farm-
ing, and poor biosecurity compliance level in live bird
markets (LBMs) [16-21].

HPAI outbreak is known to have negative atten-
dant consequences on the sales of poultry and poultry
products and economics of production [22-25]. It has
affected directly the per capita protein intake, espe-
cially in developing countries leading to an on toward
health effect apart from the attendant fatality [12,13].

This review, however, utilized published data
from confirmed laboratory reports to carry out a qual-
itative evaluation of the factors responsible for HPAI
H5NI1 persistence in Africa and identified probable
public health implications on human existence with
the aim of suggesting recommendations that can be
applied to develop more effective control and preven-
tive strategies.

HPAI H5N1 Outbreaks in Africa

The HPAI H5N1 was officially reported in
Africa, specifically Nigeria in the year 2006, and
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thereafter other African countries experienced multi-
ple outbreaks, infection, and reinfection affecting mil-
lions of birds and a huge economic impact. To date,
12 African countries (Figure-1) have been infected by
this deadliest subtype which is believed to be imported
from the Asian continent [10,26,27]. The first wave of
HPAI H5N1 outbreak started in the year 2006, through
2007and ended in 2008; affecting 8 African countries
(Burkina Faso, Cameroon, Cote d’Ivoire, Djibouti,
Egypt, Niger, Nigeria, and Sudan) in 2006 and 3 coun-
tries (Benin, Ghana, and Togo) in 2007. However,
in 2008 no new outbreak was recorded in any other

Figure-1: African countries with highly pathogenic avian
influenza (HPAI) H5N1 outbreak between 2006 and 2016.
Outbreak in this context means sudden occurrence of HPAI
H5N1 in poultry farms in a particular locality, state and
put together for affected country on a quarterly basis.
This is based on outbreak reports only and did not include
potential unreported outbreaks. Annual number of reported
outbreaks in poultry/country/ quarter.

African countries. However, the infection sustained
and continued in Benin, and the outbreaks assumed
an alarming endemic situation in Egypt. Nigeria and
Togo had a reinfection the same year [27,28]. From
26™M September 2006, Egypt has been declared as a
country endemic to HPAI H5N1, due to the number of
confirmed human cases and recorded deaths emanat-
ing from these outbreaks [4,29,30]. There was a period
of quiescence of HPAI H5N1 outbreak in Africa from
2009 through to 2013, except for the endemicity that
persisted in Egypt throughout this period (Figure-2).
Another wave of outbreak started in 2014; with Libya
recording HPAI outbreak for the first time in history.
The subtype of HSN1 isolated from the outbreak was
the same lineage as those of the Egyptian counter-
part. The political map of Africa shows that Libya
shares boundary with the HPAI HSN1 endemic nation
of Egypt (Figure-1) which indicates a possibility of
transboundary transmission of HPAI H5N1. Toward
the last quarter of 2014, Nigeria experienced a rein-
fection which spanned through 2015 and ushered into
Africa a full-blown pandemic of H5N1. This period
was characterized by continued outbreaks of HPAI in
previously affected countries in Africa. In West Africa,
outbreaks and reinfections were however confirmed
in Cote d’Ivoire, Ghana, Niger, Nigeria, and Burkina
Faso [5,27]. Djibouti and Sudan experienced just sin-
gle outbreak of HPAI H5N1 between 2006 and 2016,
which was reported in 2006; no reinfections were
reported in these countries (Figure-2). Considering
the spread of HSN1 HPAI in West Africa to three
additional countries (Cdte d’Ivoire, Ghana, and Niger)
during this period of outbreaks, efforts were made
at identifying the risk(s) of continued spread within
affected countries and spread to non-infected countries
in the West African subregion. A conducted survey
revealed that the risk of introduction of HPAT H5N1
was estimated as low for Benin and Togo and negligi-
ble for Cameroon, Senegal, and Guinea. Burkina Faso,
Cote d’Ivoire, and Niger were pinpointed as the most
likely routes of viral incursion [28]. These predictions
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Figure-2: Timeline of highly pathogenic avian influenza (HPAI) H5N1 outbreaks in African countries from 2006 to 2016
http://www.oie.int/animal-health-in-the-world/update-on-avian-influenza/Last update: November 2016.
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failed to happen as most of the countries mentioned
to have negligible to low-risk experienced these out-
breaks on a massive scale and are still experiencing it
unabated, except Senegal and Guinea that are spared
the waves of H5N1 outbreaks and have never expe-
rience any outbreak in the past [13]. As at the time
of compiling this study, the HPAI HSN1 that started
from 2015 is still being experienced actively in the
West African subregion (Burkina Faso, Cote d’Ivo-
ire, Ghana, Nigeria, and Togo), Cameroon which is
in proximity with Nigeria; and Egypt which is already
endemic with HPAI H5N1. Nigeria has been affected
by H5N1 HPAI outbreaks in poultry since December
2014 and circulation of the virus is considered to be
endemic because it has been non-stop to date [13].

Factors Responsible for Persistence of HPAI
H5N1 in Africa

It has been discovered that the development
of large-scale commercial farming will enhance the
potential for epidemic transmission and evolution of
influenza viruses. High stocking densities in large
commercial farms will facilitate rapid and efficient
transmission of highly virulent viruses such as HSN1
that might otherwise kill their hosts before being
transmitted [31,32]. Researchers at the outset of HPAI
outbreaks have shown that repeatedly passing a low
pathogenic avian influenza (LPAI) virus among sus-
ceptible chickens can lead to the evolution of a highly
pathogenic strain [33]. The prolonged and continuous
circulation of HPAI H5N1 virus in domestic poul-
try in Asia and Africa has been alarming. This virus
has evolved into multiple genetic lineages that dif-
fer antigenically [34]. The Qinghai strain, predomi-
nant variant in Africa, has acquired several troubling
characteristics such as respiratory rather than fecal
transmission in poultry, increased thermal stability,
and ability to mutate leading to high pathogenicity in
mammals, including humans [7]. Researchers have
reiterated several times that there are fewer domes-
tic waterfowls in Africa than in Asia, but it remains
unknown whether the available few waterfowls can
perpetuate the virus through the warm season; even if
they do, that alone does not suffice for the persistence
of HPAI H5N1 in Africa. It is also clearly unknown
whether HPA1 H5N1 is being maintained in African
local birds or periodically reintroduced [35]. Free-
ranged flocks have been identified to be more likely
exposed to wild birds carrying the LPAI strains rather
than commercial poultry flocks, thus providing these
free-range birds with constant challenge and immunity
maintenance [36]. It has been established that there are
other media through which these viruses can be main-
tained, sustained, and perpetuated in nature, especially
in Africa [17-21]. Analyses and comparative assess-
ments of documented data of HPAI HSN1 outbreaks
in poultry over a period of 11 years (2006-2016) in
Egypt and Nigeria show a progressive increase in the
number of outbreaks in poultry; from 2006 to 2008

to the outbreaks in subsequent years [26,28]. This is
a reflection and a pointer toward the endemic state of
HPAI H5NT1, and all these portend a bleak and elusive
hope of controlling and eradicating the deadly viral
sub-type in the continent of Africa.

Persistence and perpetuation of HPAIV through evo-
lution or genetic reassortment

Li et al. [8] have established that Siberia is the
major hub for the dispersal of the influenza viruses,
while Southeast Asia and Africa are major sources of
genetic and antigenic novel strains, especially HPAI
HSNI. They averred further that Africa has the highest
persistence and relative genetic diversity; even when
extrapolated to 2016. Persistence and, hence, perpet-
uation of HPAI H5N1 are either reflected as a result
of antigenic drift (which tends to cause only small
changes in the biological behavior of the virus) or anti-
genic shift (the exchange of hemagglutinin antigens or
neuraminidase antigens) between different influenza
A virus subtypes coinfecting a particular host thereby
resulting in genetic reassortment; these subtypes have
conveniently adapted to both humans and swine, and
currently circulate in nature [37-42]. Genetic reas-
sortment can produce new influenza A viruses, such
as in the case of the recent pandemic influenza A
H5N1, HS5N2, and H5N9 outbreaks experienced in
France [30,43], H5N1 with different sublineages in
Egypt [27,44], and the many HPAI subtypes recorded
in Asia after the first outbreak of HPAI in 1996 giv-
ing rise to novel virions [45,46]. Furthermore, the
emergence of HPAI H5NS8 subtype outbreak in 2014
from Eastern China and South Korea [47,48] was con-
firmed to have evolved from H5N1 [46,49,50]. HSN8
subtype has wrecked unquantifiable havoc in poultry
industries worldwide, and has touched 7 countries
in Africa (Nigeria, Niger, Cameroon, Togo, Uganda,
Zimbabwe, and South Africa (Table-1) [51,52]. Both
antigenic drift and genetic reassortment, to varying
degrees result in unpredictable changes to virus behav-
ior such as transmissibility, host range, virulence,
treatment, and vaccine efficacy [19]. Considering the
spate of HPAI H5N1 epidemic, antigenic drift still
appears to be the main mechanism, and there is scien-
tific evidence that it has already resulted in changes in
virus behavior, thus has affected treatment efficacy in
humans [53,54].

Poor biosecurity compliance at LBMs in Africa

The most important meeting points for all birds
kept by people are LBMs. There are different types
of LBMs, whose sizes and capacity range from large
wholesale to small local markets that operate only
occasionally. LBMs also play a key role in the dynam-
ics of influenza virus transmission and evolution.
LBMs are suitable vehicles for the rapid dissemina-
tion of influenza viruses because of the central role
they play and the many trade links they have with
farms, roads, abattoirs, households, and many other
locations; and they bring together different species
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Table-1: Summary of circulating HPAI subtypes and year
of isolation in different African countries.

Table-2: Identified risk factors associated with biosecurity
compliance level in LBMs, Nigeria, and Egypt. [21]

Country Subtypes in Year of isolation and Variables Odd SE P 959% CI
circulation identification of subtype ratio

Algeria H7N1 2016 Wild animals traded in 34.90 31.21 0.01 6.05-201.40

Benin H5N1 2007 and 2015 the market

Burkina Faso H5N1 2006, 2015 and 2016 Mandatory routine 0.13 0.06 0.00 0.05-0.33

Cameroon H5N1, HSN8 2006, 2016, 2017 disinfection of LBMs

Cote d'Ivoire H5N1 2006, 2015, 2016 Fencing and gates around 0.02 0.03 0.01 0.00-0.32

Djibouti H5N1 2006 the LBMs

Egypt H5N1, H5N8, 2006 to 2017 highly endemic Hands washing after 0.41 0.19 0.05 0.17-1.01
HON2* with these subtypes slaughter

Ghana H5N1 2007, 2015, 2016 Claims of hand 31.16 48.42 0.03 1.48-655.06

Libya H5N1 2014, 2015 disinfection after

Niger H5N1, H5N8 2006, 2015, 2016 slaughter

Nigeria H5N1, H5N8 2006, 2007, 2008, 2014 to LBM=Live bird market, SE=Standard error, CI=Confidence

2017 interval

South Africa H5N8 2017

Sudan H5N1 2006 . . .

Togo H5N1 2007, 2008, 2016 mingles with humans in the same household as well

Tunisia H5NS 2017 as with wild birds and other livestock where they are

Uganda H5, H5N8 2017 also exposed to vermin. More often than not back-

Zimbabwe H5N8 2017

OIE [51]. *H9N2 may not be classified as HPAI, but it is
endemic in Egypt [52]. HPAI=Highly pathogenic avian
influenza

of animals from different geographical areas into an
unsanitary environment and this can facilitate reassort-
ment between viruses [55]. LBMs have been impli-
cated in a number of avian influenza (Al) outbreaks
and in facilitating endemic influenza virus introduc-
tion, transmission, and maintenance in circulation
worldwide [55-60]. Many of the outbreaks recorded in
Nigeria and Egypt are market-based or have links with
the LBMs [44,46,61-63]. This was further corroborated
by the submissions of Fasanmi et al. [21], at the LBMs
in Egypt and Nigeria on biosecurity compliance and
associated risk factors that could predispose to HPAI
HS5NI. Five factors (three protective and two risk fac-
tors) were compromised and could predispose to HPAI
HS5NI1 outbreak significantly (Table-2) [21]. The dis-
play and trade of wild animals and birds in LBMs have
been pointed out as another risk factor, because of the
possibility of their exposure to low-grade influenza
infection or may be reservoirs of infections, and there
is possibility of shedding the virus and contaminating
the LBMs environment [64,65]. Patterns of spread of
this infection have been associated with uncontrolled
movement of poultry and poultry products, lack of
effective contingency plans to guide the containment,
geographical, and ecological factors [28,66].
Poultry husbandry methods and multispecies live-
stock farming

Poultry production and husbandry methods in
developing countries such as Africa is largely domi-
nated by backyard, traditional, or household poultry;
representing about 80% of poultry stocks and can be
intensive, semi-intensive, or extensive [67-69]. This
type of poultry production in African countries often
consist of free indigenous breeds, with various species
mixed in the same flock [68,70-72]. Poultry closely

yard poultry is characterized by small poultry pop-
ulation with poor biosecurity measures. Biosecurity
is considered as an indispensable tool to mitigate the
spread of infectious diseases thereby improving the
health status [36,73-76]. Poor or lack of disease con-
trol strategies and inadequate management practices
result in high levels of mortality due to infectious dis-
eases. This could easily have been averted if poultry
disease management which involves taking steps to
ensure good hygiene. Furthermore, increasing the
standards of cleanliness as well as containment when
applied reduces or prevent the risk of introducing
disease into a flock and hence mortality [67,77-81].
A recent study conducted by Arafa ef al. [82] and
Arafa et al. [83] showed that epidemiological dynam-
ics of HPAI has changed with the origins of majority
of outbreaks. This points toward household poultry,
and it is associated with human cases of H5N1 infec-
tions. The rearing of multispecies of poultry (duck,
turkey, pigeon, quail, and chicken) and other livestock
is done in the same compound with human habita-
tions under very poor biosecurity measures is a com-
mon practice in most countries of Africa, especially
Nigeria and Egypt. Operating under such poultry pro-
duction setting creates an avenue for the perpetuation
of already existing HPAI viral subtypes. This provides
an opportunity for reassortment for the formation of
Novel and new subtypes and sublineages of HPAI
in Africa. A similar scenario played out recently in
Europe, specifically France, from December 2015 to
date. A total of 81 outbreaks of HPAI were recorded
mainly in extensively reared duck farms, initially
harboring LPAI viruses. However, due to very poor
biosecurity measures and multispecies rearing, these
viruses eventually reassorted and within the spate of
few months generated three HPAI subtypes (H5N1,
H5N2, and H5N9). These eventually spread to com-
mercial layer farms, killing millions of chickens, and
ducks [43,84,85].
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Vaccination and continuous shedding of HPAIV in the
environments

Whenever there is an outbreak of HPAI, there are
two primary strategies to control and possibly prevent
further spread of the infection; these are vaccination
and depopulation or stamping out. Depopulation is
very expensive to implement, but it is the method of
choice when epidemics of highly pathogenic influenza
strikes within poultry population in a pen house [86].
Depopulation was practiced one time or the other in
11 out of the 12 African countries that have experi-
enced HPAI H5NI1 outbreaks. Egypt combined both
depopulation and vaccination. Vaccination, on the
other hand, is often undertaken as a preventative mea-
sure, although it has also been shown to be effective
during outbreaks of H5SN1 in the Asian continent and
in Middle East [87-90].

The rationale behind the use of HPAI vaccine is
that it is the only additional measure that can be taken
to attempt to reduce disease spread. The expected
results of the implementation of a vaccination pol-
icy on the dynamics of infection are primarily those
of reducing the susceptibility to infection (using a
higher dose of viral antigen to establish productive
infection). Furthermore, reduction in viral load shed
in the environment and also complying with DIVA
(differentiation between infected and vaccinated ani-
mals) strategy. Increased biosafety regulations both
at vaccine production centers as well as on the field
are very necessary, to help in the eradication of HPAI
H5N1 [90,91]. Egypt chose to adopt HPAI H5NI
vaccination taking into account the aforementioned
reasons. However, 9 years after the preferred choice
of Al vaccination was instituted, the impact on dis-
ease control of Al vaccination has been very limited.
Despite the continuous vaccination of poultry against
HPALI, poultry outbreaks and human cases are reported
regularly unabated, hence maintained the endemic
status [30,89,92] (Figure-2). Even in the face of the
present endemic situation in Egypt, Kilany et al. [93]
used recombinant Turkey Herpes virus and attenuated
H5N1vaccines to stimulate the production of high
antibody titer which protected Mulard ducks against
HPAI H5NI1. The current vaccination program and its
lack of positive impact on the spread of infection or
the maintenance of public health safety may possibly
be due to the poor quality of vaccines. Poor techniques
and/or incorrect administration of the HPAI H5N1
vaccinations and a mismatch between the antigens in
the vaccine and the antigens circulating in the wild are
other factors which can lead to a limited impact as a
disease control measure [89,94-96]. The direct effect
of this failure is at the expense of the human populace
because the birds would have assumed the status of a
carrier, constantly shedding live viruses in the same
environment where humans are accommodated. Live
Al vaccines prepared using natural avirulent or atten-
uated strains are associated with an inherent risk for
generating new reassortant influenza viruses. This

can lead to the evolution of viruses with an increased
virulence with unpredictable characteristics [97,98].
These reassortants could arise when a host bird is
simultaneously infected with both live Al vaccine and
another influenza virus; that may arise as a result of
poor biosecurity measures [89,90,99,100]. Evidence
has shown that the majority of the viruses derived
from vaccinated poultry farms in Egypt belonged to
clade 2.2.1.1 and recently, a novel cluster of clade
2.2.1.2 was identified to have emerged which proba-
bly has human health impact [30,76].

The ability of HPAIV to survive and persist in an
environment

Ordinarily, HPAIV can survive in cool and moist
conditions, particularly when organic material is pres-
ent [101]. The World Organization for Animal Health
(OIE) states the following about the resistance of Al
viruses to physical and chemical actions [5]:

a. High temperature over a period of time (pasteur-
ization and cooking) can inactivate the HPAIV in
infected poultry meat and egg. Cooking whole
eggs at 60°C for over 3 and 9 min for poultry meat
will inactivate the virus. Cooking meat for a tem-
perature of 70°C for 1 min will also inactivate the
virus. The HPAI virus can survive indefinitely if
poultry product is well frozen.

b. HPAIV is inactivated by acidic pH, usually <2.

c. They are inactivated in the presence of certain
chemicals; organic solvents and detergents such
as sodium desoxycholate and sodium dodecyl sul-
fate. When organic matter is present aldehydes,
B-propiolactone, and binary ethylenimine should
be used for inactivation. After organic matter has
been removed, phenolics, quaternary ammonium
compounds, and oxidizing agents (such as sodium
hypochlorite).

d. HPAIV are inactivated by disinfectants, clean sur-
faces with no organic matter, sodium hypochlorite
(5.25%) will be enough, sodium hydroxide (2%),
phenols, acidified ionophores, chlorine dioxide,
or strong oxidizing agents [40].

e. Survivability:

i. Can survive in surface waters 26-30 days at
28°C and 94-158 days at 17°C.

ii. Viable in liquid feces for 30-35 days at 4°C
and for 7 days at 20°C.

iii. Can survive for 4 days in chicken feces held
between 25 and 32°C in the shade.

iv. Composting will kill virus within poultry car-
casses in <10 days.

However, the predominant variant of HPAI
H5NI virus in Africa has undergone transformation
and acquired several problematic characteristics;
such as increased thermal stability and a PB2 gene
mutation associated with pathogenicity in mammals,
including human beings [7]. This will make the virus
to survive even in the face of harsh and inclement
African weather conditions and continue to persist in
the environment.
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The persistence of HPAI H5N1 in Africa can
also be enhanced through transboundary transmis-
sion of the pathogenic viruses, especially among
the West African countries and some parts of north-
ern Africa. This can occur through informal poultry
trades and, live and migratory bird movement [26].
In a recent survey conducted by Food and Agriculture
Organization [13], between Cameroonian regions
(with HPAI H5N1 outbreaks) and unaffected Central
African countries, it was confirmed that illegal
trades of poultry, poultry products, and porous bor-
ders are factors that predispose to varying levels of
risk of transmission of HPAI H5N1. This occurs from
infected regions to vulnerable and uninfected neigh-
boring Central African countries, and the likelihood of
outbreaks occurring is high.

HPAI H5N1 Human Infections and Public
Health Implications

Following the emergence and series of outbreaks
of H5N1 (HPAI) across the globe, this has attracted
considerable public and media outcry, because the
viruses involved have been shown to be capable of
producing fatal disease in humans. This virus is able
to change into a highly pathogenic variant with very
high fatality rate. Being a very adaptable virus, these
spill-over events are frequent, and numerous species
are susceptible to influenza virus. When a subtype of
AIV that has not previously infected humans crosses
the species barrier, adapts to humans, and spreads eas-
ily, a pandemic event is imminent. This has given rise
to the fear that the virus might acquire the capacity for
sustained human-to-human transmission if the viruses
gain opportunities to infect and evolve in humans. It
may accelerate adaptation of the avian viruses to have
more predilections for humans and thus cause a global
influenza pandemic. However, to date, no sustained
human-to-human transmission has been observed or
recorded [1,12,24,92,102]. The evidence and theo-
ries which support an influenza A virus to adapt in a
mammalian host remain unclear than transition of an
influenza A virus from a low pathogenicity to a highly
pathogenic form in poultry [39,103].

The majority of human cases of Al (H5N1)
infection have been associated with direct or indirect
contact with infected live or dead poultry. HPAIV is
usually transmitted through direct exposure to HPAI
infected birds, feces, or secretions from infected birds.
Transmission of the virus can also result from move-
ment of contaminated fomites including by people,
on contaminated clothing, equipment, and vehicles.
Airborne transmission is not likely a primary mode
of transmission, although it may occur over short
distances as an aerosol [9,92,104]. There is no evi-
dence that the disease can be spread to people through
properly cooked food. At present, there is no known
cure for HPAI and immunization remains a complex
and cumbersome endeavor. For now, the strategy
employed when there are outbreaks is just damage

control [3,4]. Three African countries with confirmed
human cases include the following; Djibouti, Nigeria,
and Egypt as at 2006 [11]. The cumulative number of
confirmed human cases for Al HSN1 across the globe
per year from 2006 to 2015 is as shown in Table-3.
Human cases and fatalities due to influenza A HSN1
virus continue to increase in Egypt, with cases from
this country now accounting for the highest number
of human cases reported worldwide. This continuous
increase of human cases and deaths has been attributed
to increase in virus circulation from backyard poultry
and exposure to infected poultry. Whenever Al viruses
circulate in poultry, sporadic infections, and human
cases can occur in people exposed to infected poul-
try or contaminated environments. Although Egypt
has reported an increased number of animal-to-human
infections over the past few years, the influenza Al
(HS) viruses do not appear to transmit easily among
humans, and no sustained human-to-human transmis-
sion has been observed [92]. However, Egypt as at
the end of 2015 had the highest number of confirmed
human cases (346) across the globe, and with 116
deaths recorded, second to Indonesia (Table-3) [12].
The case fatality rate (CFR) in humans due to HPAI
HS5NI infection in Egypt is high when compared with
other countries. It is worrisome to observe that since
the first outbreak in Egypt in 2006, the cases, death
and CFR continue to increase unabated [6,92]. This
calls for lasting public health strategies to combat the
scourge.

The Way Forward and Preventive Measures

The current outbreak of Al (HSN1) worldwide,
especially in developing countries and the emergence
and reemergence of novel subtypes is passing a sig-
nal of an impending influenza pandemic waiting to
explode. Every African nation with or without HPAI
H5N1 outbreak must realistically assess its status
(especially its borders, live bird markets, and periurban
populations). The conduct of regular active surveil-
lance and being transparent with HPAT HSN1outbreak
data is very important.

Africa generally, except Egypt is a resource-lim-
ited continent, when it comes to infectious and
zoonotic diseases, it needs an epidemiological knowl-
edge-based approach; and need to have the knowledge
and understanding of migration dynamics of HPAI
HS5NI virus in Africa. All these will be helpful for sur-
veillance, disease prevention, and targeting the con-
trol measures and potentially eradicating the virus on
this continent [8,92].

The enforcement of a control strategy based
on culling of birds that are infected or suspected of
being infected, based only on the application of san-
itary restrictions on farms, may not be sufficient to
avoid the spread of HPAI H5N1, particularly in areas
that have high poultry population. This is an exercise
in futility which results in mass depopulation and
remains a huge financial burden and massive loss
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to stakeholders and national economies [22,25,28].

or-5vd § Furthermore, risk assessments and identification of
risk factors predisposing to HPAI H5N1 outbreaks

~ < |z  arenecessary for modeling and prediction of time and
NSNS likelihood of locations of future outbreaks [105,106].

The International agencies and donor nations
should do more in the area of assistance to African
nations with economic recession and that are strug-
gling to survive; because an uncontrolled epidemics
of HPAI H5N1 in any nation or continent remains a
global threat.

The time has come to set up appropriate mea-
sures and put machineries in motion to combat and
possibly subdue influenza pandemics; starting from
Africa, and to the rest of the world.

0
0
0
0
0
0
143

Control Measures

Controlling the disease in animals is the first step
in decreasing risks to humans [4], and this will include
among others:

e Proper implementation of a vaccination policy on
the dynamics of infection that suits a particular
country to reduce the susceptibility to infections
and the amount of virus shed into the environ-
ment. Furthermore, the quality of vaccines, the
techniques, and administration of the vaccine
must be considered, not to cause more damage.

* All boarders must be well monitored and con-
trolled to prevent smuggling of chicken/birds of
unknown status from other countries or countries
with reported outbreaks.

* Avoid the importation of fertile eggs, live birds
(day-old chicks), and frozen chicken, or tur-
keys from countries with history/record of HPAI
outbreak.

*  Proper monitoring of waterways and water bodies
to prevent migratory birds (HPAIV carriers) from
moving into other countries.

*  Promptness in reporting of outbreaks of HPAI and
response of the surveillance team also must be
swift.

e Adequate payment of compensations for dead
and prematurely culled birds following outbreaks
in farms or in-contact farms, so as to encourage
prompt reporting whenever there are outbreaks.

e Proper monitoring of movement of birds from
one area of the country to the other following out-
breaks; regulatory government authorities may
take preventive action. For instance, by issuing
movement restrictions of birds from some parts of
the country to limit the spread of this deadly virus
during outbreaks.

e Regular active and passive surveillance must be
practiced for early detection of HPAIV before
they are full-blown; possibly through integrated
disease surveillance and response.

* LBMs being a center and meeting point for farm-
ers, should be well monitored, especially for
birds entering and exiting market, Biosecurity
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Total number of cases includes number of deaths; the WHO reports only laboratory cases - WHO/GIP, 2015. http://www.who.int/influenza/human_animal_interface/EN
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compliance level must be monitored and enforced.

e Human beings handling poultry or birds should
cultivate the habit of “cleanliness is next to god-
liness” through improved hygiene and wearing of
protective apparels.

e Reduction of contacts between domestic birds,
wild birds, and human beings; this is key to pre-
venting HPAI infections in human domains.

* Consideration should be made of poultry hus-
bandry methods, especially intensively practiced
household poultry in the same location with
human habitations. Poultry should be located far
from human habitations.

e There is the need to consider, review and assess
existing treatment strategies, by adopting symp-
tomatic and definitive treatment methods. Prompt
intervention to save human lives whenever bird
flu is diagnosed by administering antiviral (for
instance Tamiflu®), anti-inflammatory agents and
immunotherapeutic agents appropriately.

Conclusion

The HPAI H5NI1 virus dwells in Africa, espe-
cially the Western and parts of Northern Africa. Other
parts of Africa that have not recorded HSN1 out-
breaks, recently (2016 and 2017) experienced the out-
break of the novel reassortant subtype (H5NS8). There
is the need to regulate international trades, monitor
borders, adopt, and practice good biosecurity mea-
sures in the farms, LBMs, and at homes. Active and
passive surveillance must not be compromised, and
also all the aforementioned preventive and control
measures should be applied before and during HPAI
HSNI outbreaks.
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