CHAPTER ONE

1.0 INTRODUCTION

Avian influenza virus (AIV) was first isolated in 1901 and in the years that followed, a
lot of research work was done resulting in a deeper understanding of its ecology and
involvement as the cause of influenza outbreaks in birds, mammals and humans
(Alexander, 1982). Wild waterfowl (ducks and geese) constitute an important reservoir
of avian influenza viruses (AIVs) (Webster, 1992, Fouchier, 2003, Krauss, 2004,
Widjaja, 2004). In the natural reservoir hosts (wild waterfowl), the infection generally
runs an entirely asymptomatic course as influenza A virus subtypes of low
pathogenicity (LP) co-exist in almost perfect balance with these hosts (Webster et al.,
1992; Alexander, 2000). These birds carry these viruses over long distances as they

migrate.

The waterfowl and other wild migratory birds are seasonally found around the major
water bodies of Zambia which include the wetlands of Bangweulu, Tanganyika and
Mweru lakes. These areas are surrounded by Game Management Areas (GMAs). As a
result of abundant fish in most of these water bodies, fishermen have come to settle
around these water bodies creating a lot of settlements (villages) which have become
more permanent overtime. While the main activity for these people is predominantly
fishing, they also keep livestock around these GMAs which include village chickens
and domestic ducks on free-range management system. It is through this practice that

domestic poultry come into close contact with wild migratory birds. Most of their



poultry is kept in houses where people also sleep. The people around these study areas
may also be involved in poaching of wild birds and other animals as supplementary
sources of protein and income. Currently there are growing concerns that these people
and their poultry may be at risk of being exposed to AIVs as they interact with the wild
migratory birds. Influenza surveillance in waterfowl, since 1974, has resulted in
isolation of influenza type A viruses covering the whole spectrum of subtype
combinations (McFerran and McNulty, 1993). The surveillance of orthomyxoviruses
and paramyxoviruses of lower animals and birds is directed towards the elucidation of
the natural history and ecology of these viruses (Smitka and Maassab, 1981). These
studies may serve as a possible early warning system for orthomyxoviruses in domestic

animals.

The present study focused on investigating the presence of AIV in Northern Zambia and
this was done so as to establish some useful information regarding types of influenza
viruses circulating in this part of Zambia. It was also necessary that the presence of

Newcastle disease viruses in the wild migratory waterfowl was determined.

The vast majority of AIVs cause no disease. The low pathogenic avian influenza (LPAI)
virus strains are transmitted from avian reservoir hosts to highly susceptible poultry
species such as chickens and turkeys causing only mild symptoms in general. These
viruses may undergo a series of mutation events into highly pathogenic (HP) form
inducing overwhelming systemic and rapidly fatal disease. The Highly-Pathogenic

avian influenza (HPAI) in poultry is characterized by sudden onset, severe illness of a



short duration, and a mortality rate approaching virtually 100 % in vulnerable species
within 48 hours (Swayne and Suarez, 2000). In the recent years, avian influenza (Al)
acquired world-wide attention when a HP strain of the subtype H5N1, which probably
arose before 1997 in Southern China, gained enzootic status in poultry throughout Asia
and unexpectedly crossed species barriers to infect mammals (cats, swine, humans)

(Perkins and Swayne, 2003).

This study was designed to investigate the presence of AIV in wild migratory ducks,

geese, and domestic poultry (ducks and chickens) in the wetlands of Northern Zambia.

Specific objectives
1. To isolate AIVs from the wild migratory waterfowl and domestic birds in the
study areas.
2. To determine the prevalence of AIV in Northern Zambia.
3. To identify types of migratory waterfowl found on the wetlands of Northern
Zambia.
4. To determine if the wild migratory waterfowl inhabiting wetlands of Northern

Zambia seasonally could also be carriers of Newcastle disease viruses.



Justification of the study

The AIV has never been previously reported in Northern Zambia. In addition, Northern
Zambia is frequented by a variety of species of wild migratory birds including wild
waterfowl (ducks and geese) seasonally through the East Asia/East Africa flyway (Fig
1.0). Poultry on the wetlands of Northern Zambia is reared by communities on free-
range system (Fig 2.0) and this facilitates the interaction of poultry with wild migratory
waterfowl and other species of wild birds. These direct interactions posse high risk of
AIV infections in poultry and the possibility of an outbreak of Al occurring has added
another angle of threat to poultry industry. In view of these facts, it was considered
necessary to study the Prevalence of AIV in Northern Zambia. This has resulted in a
clear avian influenza picture of this part of Zambia which was compared with the

reports from other parts of the world.
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Fig. 1.0: East Asia/East Africa flyway passing through Northern Zambia (Birdlife

International)
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Fig. 2.0: Permanent human settlement on the wetlands; on the banks of a water body

within Bangweulu wetlands



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 General overview

Influenza viruses belong to Orthomyxoviridae family and are classified into types A, B
and C based on antigenic differences of their nucleo- and matrix proteins (Werner and
Harder, 2006). Avian influenza (Al) is an infectious disease of birds caused by type A
influenza viruses. Al is a disease of economic and public health importance and occurs
worldwide. The devastating form of AI (bird flu) in chickens formerly known as ‘fowl
plague’ was recognized as a distinct disease entity as early as 1878 by Perroncito in
Italy (Werner and Harder, 2006). The avian influenza virus (AIV) was first isolated in
1901 and in the years that followed, a lot of research works were done resulting in a
deeper understanding of its ecology and involvement as the cause of influenza
outbreaks in birds and mammals (Alexander, 1982). AIV is a pathogen with a natural
reservoir entirely in birds (Causey and Edwards, 2008; Webster et al., 1992; Olsen et
al., 2006). The AIV viruses replicate in the respiratory and intestinal tracts of infected
birds and are usually shed in high concentration in faeces (Smitka and Maassab, 1981).
The influenza virus genome is an 8-segment single stranded RNA with high potential
for in situ recombination (Causey and Edwards, 2008). These viruses are medium
sized, pleomorphic RNA viruses with helical symmetry and glycoprotein projections on
the envelope with haemagglutinating and neuraminidase activity (Hofstad et al., 1984).
At present 16 haemagglutinin (H) and 9 neuraminidase (N) subtypes are known for a

total of 144 possible different influenza subtype combinations, each with potentially



different host susceptibility (Causey and Edwards, 2008). The strain classification of
avian influenza viruses is accomplished by determining the antigenic relatedness using
several test procedures (Hofstad et al., 1984). Antigenic analysis (strain classification)
is accomplished by biological methods, antibody-antigen reactions in gels and
immunoassays (Kendal, 1982). Kendal (1982) provided an excellent review on
techniques for antigenic analysis of influenza viruses. He reaffirmed that strain
identification of new isolates is best done by haemagglutination inhibition (HI) and

neuraminidase inhibition (NI) tests.

The H16 subtype of influenza A virus was first detected in black-headed gulls in
Sweden in 2005 (Fouchier et al., 2005). The H15 subtype of influenza A virus was
detected for the first time in ducks and shorebirds in Australia in 1996 (Rohm et al.,
1996). The H14 subtype of influenza A virus was first isolated from mallard ducks in
the USSR (Russia) in 1990 (Kawaoka et al., 1990). The H13 subtype of influenza A
virus was first detected in gulls in 1983 (Hinshaw et al., 1983). Gaining information on
the full spectrum of AIV and creating reagents for their detection and identification will
remain an important task for influenza surveillance, outbreak control and animal and

public health.

The vast majority of AIVs cause no disease. To date all outbreaks of the HP form of Al
have been caused by viruses of H5 and H7 subtypes (Werner and Harder, 2006). These
have caused high mortality in poultry during outbreaks. Not all virus strains of the HS

and H7 subtypes are highly pathogenic (HP), but most are thought to have the potential



to become so upon mutation (Werner and Harder, 2006). Recent studies has shown that
HS and H7 viruses of low pathogenic (LP) can, after circulating for sometime in poultry
population, mutate into highly pathogenic viruses (Rohm et al., 1995). For example in
1993, an Al outbreak caused by H5N2 appeared in commercial poultry flocks of Central
Mexico in association with low to moderately high mortality rates, mild respiratory
disease and drop in egg production occurred (Swayne, 1997). In the late fall of 1994
and early winter of 1995 in the Mexican state of Puebla and Queretaro respectively, the
Al outbreak changed abruptly, with reports of high rates of mortality. Chickens that
died had gross lesions compatible with previous reports of HPAI (Swayne, 1997).
H5N2 AIV caused an outbreak of HPAI in South African ostriches (Simulundu et al.,
2011). LP HIN2 influenza virus caused an outbreak of Al in domestic ducks, chickens,
and turkeys in Germany during 1995-1996 (Werner, 1998). In 1998, HON2 influenza

virus caused an outbreak in chickens in Italy in 1994 and 1996 (Fioretti et al., 1998).

2.2 Migratory waterfowl as reservoirs of influenza viruses

Wild waterfowl, notably members of the order Anseriformes (ducks and geese) (Fig
3.0) and Charadriiformes (gulls and shorebirds), are carriers of the full variety of
influenza A virus subtypes, and thus, probably constitute the natural reservoir of all
these viruses (Webster et al., 1992; Fouchier et al., 2003; Krauss et al., 2004; Widjaja et
al., 2004). These birds are usually asymptomatic carriers (Webster et al., 1992;
Alexander, 2000). As natural hosts for avian influenza viruses, wild birds, particularly
aquatic birds are the primary reservoir for transmission of these viruses to domestic

poultry (Spackman, 2009). Once HPAI virus phenotypes have arisen in domestic



poultry, they can be transmitted horizontally from poultry back into the wild bird
population (Fig 3.0). The vulnerability of wild birds towards HPAI virus-induced
disease depends on species, age and viral strain. Waterfowl appear to be prime
candidates for the dissemination of influenza viruses over long distances during their

migration (McFerran and McNulty, 1993).
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Fig. 3.0: Role of wild waterfowl in AIV transmission (Werner and Harder in Influenza

Report, 2006)

There is variation in the proportion of active excretes of influenza virus between
waterfowl congregating on Lake Alberta, Canada and those actually on migration in this
region, with the later being far less (Hinshaw et al., 1980). If waterfowl are responsible
for introduction of influenza viruses, then some geographical areas would offer more
risk to domestic poultry than others because of their importance in waterfowl migration
(McFerran and McNulty, 1993). In Minnesota a marked similarity has been discovered

between the subtypes prevalent in the waterfowl population and those affecting turkeys



(Bahl et al, 1979; Halvorson et al., 1983). The 9 subtypes of the 10 avian influenza
subtypes affecting turkeys, were also present in feral chicks in the region, the exception
being outbreaks of H2 subtype influenza virus in 34 turkey flocks in 1985 (Halvorson et
al., 1987). The first reported isolation of an influenza virus from feral birds was the
HPAI H5N3 subtype of influenza virus obtained in 1961 from common terns (Sterna

hirundo) in South Africa (Becker, 1966).

Outbreaks of influenza in wild birds are very rare and usually occurring as isolated
cases found within reachable distances of poultry outbreaks. However, the die-off of
more than 6,000 wild migratory birds infected with the HP H5N1 that began at the
Quinghai Lake natural reserve in central China in late April 2005, was highly unusual
and probably unprecedented (Chen, 2005; Liu, 2005). Before that event, wild bird’s

deaths were rare.

In Africa, there are two major migration patterns of birds, namely intra-African
migration and palaearctic/Africa (Africa/Eurasia) migration. Intra-African migration
involves birds migrating between breeding and non breeding sites within the African
continent. On the other hand, Africa/Eurasia migration involves birds migrating
between African continent (non breeding area) and the palaearctic region (breeding
area). Black sea/Mediterranean and East Africa/West Asia bird flyways all pass through
Zambia (Simulundu et al., 2009). However, the East Asia/East Africa flyways pass

directly through Northern Zambia (Fig 1.0). Although the other two flyways do not
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pass through Northern Zambia, there is interaction of wild birds between different
flyways through the intra-African flyway (Anon, 2005).

23 The role of pigs in avian influenza virus transmission

Pigs are important hosts in influenza virus ecology since they are susceptible to
infection with both avian and human influenza A viruses (Brown, 2008). Pigs are often
involved in interspecies transmission, facilitated by regular contact with humans or
birds (Brown, 2008). This cross-species transfer of viruses to pigs can lead to co-
infections with subsequent opportunities for genetic reassortment of influenza A viruses
(Brown, 2008). Swine have been proposed as the ‘mixing vessel’ in which pandemic
influenza virus strains arise (Scholstissek and Naylor, 1988). Only serotypes HINI,
H3N2 and HIN2 predominantly infect pigs (Brown, 2008). Recent studies in USA have
shown that H3N2 viruses have established a stable lineage in USA swine (Zhou et al.,
1999). In these animals, two reassortants were identified, a ‘double reassortant’,
between the classical swine HIN1 and human H3N2 viruses and a ‘triple reassortant’,
which included two avian internal protein genes polymerase A protein (PA) and
polymerase B2 protein (PB2) in addition to those seen in the double reassortant (Zhou
et al., 1999a). A human-avian reassortant virus, HIN2 was first isolated in pigs in the
U.K. in 1992 (Brown et al., 1998). Other subtypes of presumably avian origin including
HIN7 and H4N6 have been found mainly in Swine (Brown et al., 1997, Karasin et al.,
2000). In addition, a HON2 virus of avian origin is moderately prevalent in swine
populations in the east of China (Xu et al., 2004). The AIV subtype H3N3 and HIN1

were isolated from Canadian pigs and these viruses were found to be phylogenetically
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related to waterfowl influenza viruses (Karasin et al., 2004). In future, it will be

important to consider investigating the pigs for influenza viruses in Zambia.

2.4 Epidemiology of avian influenza

The spread of AIV is thought to be due to movement of birds through poultry trade and
migration of wild waterfowl (Capua, 2003; Werner and Harder, 2006). The AIV occurs
worldwide and the virus has an unusually wide host range and can infect man, monkeys,
pigs, ferrets, horses, cattle, seals, whales and birds (Werner and Harder, 2006; Brown

1998; Thanawongnuwech, 2005; Zhou, 1996).

HPALI occurrences have been recorded worldwide and have been found periodically in
Australia, England, South Africa, Scotland, Ireland, Mexico, Pakistan and United
States. However, Asia (China, Cambodia, Indonesia, Thailand, and Vietnam) is the
major source of outbreaks (Werner and Harder, 2006). During spring of 2002, LPAI
virus identified as H7N2 virus subtype caused major outbreaks among commercial
poultry in Virginia and adjacent states primarily affecting turkeys. In late July 2005, the
virus spread geographically beyond its original borders in Asia to affect poultry and
wild birds in the Russian Federation and adjacent parts of Kazakhstan. Almost
simultaneously, Mongolia reported detection of the HPAI virus in wild birds (Werner
and Harder, 2006). In Africa, 11 countries have since recorded Al outbreaks. Lethal
HS5NI1 influenza viruses made their debut on Nigerian poultry farms in 2006 (ProMed,
2009). Soon afterwards, the virus appeared in Egypt, Niger, and Cameroon, and in April

2006, it was found in Sudan, Burkinafaso, Djibouti, and Ivory Coast (ProMed, 2009).
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The recent Al outbreaks in Ghana and Togo in mid 2007 and in Benin in December
2007 signify the risk facing Zambia as a country. The risk is due to movement of people
and presence of many water bodies which are sanctuary for wild migratory waterfowl.
The H7NI1 subtype causing high mortality in young ostriches but with low
pathogenicity index (virulence) for chickens was first isolated in South Africa in 1991
(Oliver, 2006). The LPAI and HPAI subtypes were isolated in South Africa from 1991-
2004 (Oliver, 2006). All but two human cases of HSN1 disease in Africa have occurred
in Egypt, whose official case count is 58, with 23 deaths. Nigeria and Djibouti had
reported one human case each (ProMed, 2009). The HPAI virus subtype HS5NI1
threatens poultry production and human health (Ward er al., 2009). Risk factors
associated with outbreaks of HPAI are high poultry population densities with poor
biosecurity (Henning et al., 2009). The widespread illegal trade in cage birds has
transported H5N1 infected birds over large distances (WWF, 2008). Furthermore,
migratory waterfowl have been implicated in global spread of Al worldwide (Ward et
al., 2009; Werner and Harder, 2006). Understanding the role that migratory waterfowl
play in introducing and maintaining this infection is critical to control Al outbreaks
(Ward et al., 2009). Previous studies suggest that HPAI virus subtype H5NT1 infections
in village poultry in Romania during the autumn of 2005 might have occurred via
exposure to migratory populations of waterfowl (Ward et al., 2009). The research by
Food and Agriculture Organisation (FAO) identified domestic waterfowl (domestic
ducks and geese), specific farming practices and agro-ecological environments as

having a role in the occurrence, maintenance and spread of HPAI (Martin et al., 2006).
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2.5 Pathogenesis of avian influenza

Pathogenicity is a viral property in influenza A viruses which is a polygenic trait and
usually depends on a lot of factors such as tissue tropism, replication efficacy and
immune evasion mechanisms amongst others. In addition, host and species-specific
factors contribute to the outcome of infection, which, after interspecies transmission,
become unpredictable. The HP form of Al has been caused to date by influenza A
viruses of the H5 and H7 subtypes exclusively (Werner and Harder, 2006; Swayne and
Suarez, 2000; Rohm et al., 1995). These are usually maintained in their natural hosts in
a Low Pathogenic form and these viruses can be introduced by various pathways into
poultry flocks (Swayne and Suarez, 2000). After circulating for a long time in
susceptible poultry populations, these viruses can mutate into highly pathogenic form
(Rohm et al., 1995). Previous studies have shown that most HPAI viruses share a
common feature in their HA genes which can serve in poultry, as a virulence markers
(Webster et al., 1992; Senne et al., 1996; Perdue et al., 1997; Steinhauer, 1999; Perdue
and Suarez, 2000). For influenza A viron to be infective, it must incorporate HA

proteins which have been endoproteolytically processed (Chen et al., 1998).

2.6 Interspecies transmission of influenza A viruses

Interspecies transmission of influenza A virus is an important factor in the evolution
and ecology of influenza viruses (Callan et al., 1995). There is strong evidence for
interspecies transmission between birds and marine mammals, birds and pigs, seals and
humans, and pigs and humans (Hinshaw et al., 1983; Bean et al., 1992; Webster et al.,

1992; Wentworth et al., 1994). There have been at least 13 influenza pandemics in the
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last 500 years including four scientifically well documented ones that occurred in the
20" Century (Taubenberger and Morens, 2009). The most notable ones were the
Mexican flu, Russian flu, Asian flu, Hong Kong flu and Spanish influenza
(Taubenberger and Morens, 2009; Smith et al., 2009; Garten et al., 2009). In June,
2009, a new strain of HINI1 influenza virus infection was declared to be a global
pandemic by World Health Organisation (WHO) after evidence of spreading in the
southern hemisphere (Garten et al., 2009; Smith et al., 2009). This virus strain probably
arose from the reassortment of recent North America H3N2 and HIN1 swine influenza
viruses with Eurasia avian-like swine viruses (Garten et al., 2009; Smith et al., 2009).
As of October, 2009, 74 countries had officially reported a total of 399,232 laboratory
confirmed cases of pandemic Mexican HIN1 influenza virus infections including 4,735
deaths (Garten et al., 2009; Smith er al., 2009). In 1977, the influenza virus HIN1
caused Russian flu pandemic which started at the Russian-Chinese border region and
reached North America in 1978 (Nakajima et al., 1978; Scholtissek et al., 1978). The
Asian flu pandemic occurred in 1957 and was caused by H2N2. This pandemic emerged
in Southern China early in 1957 and spread to other parts of East Asia to North America
and Europe, and about two million people died worldwide (Kawaoka et al., 1989;
Scholtissek et al., 1978). The influenza virus H3N2 caused Hong Kong flu pandemic in
1968 and one million people died worldwide (Kawaoka et al., 1989; Scholtissek et al.,
1978). In 1918, Spanish flu became the most serious pandemic in recent history and it
was caused by HIN1 influenza virus, and estimated to be responsible for the death of

about 50 million people (Klenk et al., 2011).
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Influenza pandemics occur when a new strain of the influenza virus is transmitted to
humans from another animal species (Nicholls, 2006). The species that are thought to
be important in the emergence of new human strains are pigs, chickens and ducks. AIVs
can occasionally be transmitted from wild birds to other species causing outbreaks in
domestic poultry and may give rise to human influenza pandemics (Nicholls, 2006).
World Health Organization (WHO) warned that there was a potential substantial risk of
an influenza pandemic within the next few years especially the one likely to be caused
by H5NT1 subtype (WHO, 2006). This virus did not mutate to spread easily between
people. Precise mechanisms and conditions necessary for transmission of avian
influenza viruses have not been determined. There seems to be considerable variation in
the biological characteristics of the viruses and the species of birds that relate to
transmission (Webster and Laver, 1975). Some species of birds spread AIV readily
while others do not (Webster and Laver, 1975). Influenza A viruses replicate in the
respiratory and intestinal tracts of infected birds and bird to bird transmission would
appear to occur through droplets or aerosols from the respiratory tract or through the
faeces of infected birds, either directly or indirectly through contaminated water or food
and also through contact with contaminated materials or items such as clothing,
equipment and vehicles (Capua, 2003; Henzler, 2003; Werner and Harder, 2006;

Marangon and Capua, 2005).

2.7  Clinical signs of avian influenza in birds

Depending on the characteristics of the virus, dose of inoculum, species and age of the

bird, the clinical presentation of Al in birds is variable and symptoms are fairy
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unspecific (Elbers et al., 2005). Therefore, a definitive diagnosis solely based on the

clinical presentation is impossible.

Following infection with LP AIV, the symptoms in poultry may be as discrete as ruffled
feathers, transient reduction in egg production or weight loss combined with a mild
respiratory disease (Capua and Mutinelli, 2001). In highly pathogenic form, the disease
in chickens is characterized by a sudden onset of severe symptoms with a mortality that
can approach 100 percent within 48 hours (Swayne and Suarez, 2000a). The clinical
signs, course and pathological findings in domestic birds are extremely variable. In
these birds the virus may cause a subclinical infection, or a disease with mild
respiratory signs or the acute, highly contagious and fatal disease of poultry and often

characterized by high morbidity and mortality (Swayne and Suarez, 2000).

The spread of the disease within an affected flock depends on the system of
management: in flocks which are litter-reared and where direct contact and mixing of
birds is possible, spread of infection is faster than in caged holdings but would require
several days for complete contagion (Capua, 2000). Many birds usually die without
showing any clinical signs and in most cases poisoning is suspected in the beginning
(Nakatami et al., 2005). Oedema of the feather-free parts of the head, cyanosis of comb,
wattles and legs, greenish diarrhea and laboured breathing may be inconsistently
present. In layers, soft-shelled eggs are seen initially, but any laying activities cease

rapidly with progression of the disease (Elbers et al., 2005).
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2.8  Diagnosis of avian influenza

A national laboratory service should be able to carry out any of the following tests for
Al diagnosis:

a) Virus isolation in eggs, identification of isolates as influenza A viruses,
haemagglutinin and neuraminidase typing. Conventionally, AIV is isolated by
inoculation of tracheal and cloacal swabs, tissue homogenates and faeces of infected or
suspected birds into 9 to 11 day-old embryonated chicken eggs, usually by chorio-
allantoic sac route (Woolcock et al., 2001).

b) Serology-including ELISA (for antibody to matrix protein), haemagglutination-
inhibition (HI) testing. Haemagglutinating isolates are antigenically characterised by HI
using mono-specific antisera against the 16 H subtypes and, for control, against the
different types of avian paramyxoviruses which also show haemagglutinating activities.
HI assays using reference subtype antigens still represent the gold standard.

¢) Antigen detection-ELISA or haemagglutinin testing. This is used to detect antibodies
against influenza type A virus.

d) Neuraminidase antigen identification. Neuraminidase (NA) subtype can be
subsequently determined by neuraminidase inhibition (NI) assays, again requiring
subtype-specific sera (Aymard et al., 2003).

e) Pathogenicity testing of virus isolates by chicken inoculation. This is done in order
to distinguish LP and HP subtypes of AIV (Allan et al., 1977).

f) A more rapid approach, especially when exclusion of infection is demanded,
employs molecular techniques and the presence of influenza A specific RNA is detected

through the reverse transcription-polymerase chain reaction (RT-PCR) which target
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fragments of the M gene, the highly conserved genome segment of influenza viruses
(Fouchier et al., 2000; Spackman et al., 2002), or the nucleocapsid gene (Dybkaer et al.,
2004). Full Characterisation can be done within three days, especially when real time

PCR techniques are used (Perdue, 2003; Lee and Suarez, 2004).

The protocols to use are described in WHO manual on animal influenza diagnosis and

surveillance, 2002 and OIE terrestrial animal health code, 2010.

2.9  Prevention and control of avian influenza

Biosecurity represents the first line of defence against Al (Capua and Marangon, 2007).
Sometimes, strict hygienic measures appear to be inapplicable for social and economic
conditions (Capua and Marangon, 2007). However, other measures such as restricted
poultry movement and quarantines have been used in some countries to control Al. The
outbreaks of HPAI in Canada in 1966, the USA in 1984 and Mexico in 1994, led to
clear increase in biosecurity measures and improved intensive poultry production
systems (Villarreal, 2007). In January 2004, HPAI virus of the HSN1 subtype was first
confirmed in poultry and humans in Thailand and control measures included culling
poultry flocks, restricting poultry movement and improving hygiene were used (Tiensin
et al., 2005). The option of using vaccination against Al viruses of the HS and H7
subtypes has been used in recent times (Capua and Marangon, 2007). In Mexico, in
addition to the aforementioned measures, the use of massive vaccination allowed
eradication of HPAI in a relatively short time in two affected areas of high-density

commercial poultry (Villarreal, 2007). Singapore employed a multi-layered control
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strategy for prevention and control of HPAI and this included control measures at
source, border control measures, local control measures and emergency preparedness
(Leong et al., 2008). Countries which experienced Al in Africa implemented more or
less the same internationally recommended disease control measures. The measures
included quarantine, stamping-out, active surveillance, while poultry vaccination was

only carried out in Ivory Coast and Egypt (Seck et al., 2007).

2.10 The integrated national response plan for the prevention and control of
influenza in Zambia (INRP)

Since the 2003 outbreak of Al in South-East Asia, the disease has spread to some parts
of Europe and parts of North and West Africa. African countries were called upon to
develop National Response Plans for the prevention and control of influenza in order to
better prepare themselves. The Government of the Republic of Zambia established this
plan in consultation with stakeholders which included Ministries of Agriculture and Co-
operatives, Health, Information and Broadcasting Services, Tourism and, Commerce,
Trade and Industry, University of Zambia, Zambia Wildlife Authority (ZAWA), Poultry
Association of Zambia and the donor community. The overall goal of the plan for Al
was to prevent the introduction of the disease, and if it was introduced to the country, to
be able to detect, control and eradicate the disease as quickly as possible. A National
Task Force on influenza prevention and control was also established to coordinate Al
activities at the national level. This Task Force preceded the development of the
integrated response plan. At provincial level, the Provincial Development Coordinating

Committees (PDCCs) acted as the coordinators of Al activities in liaison with District
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Development Coordinating Committees (DDCCs) at the district level. All the 9

provinces have PDCCs and DDCC:s in place.

2.11 Differential diagnosis of avian influenza

As a result of sudden onset of the disease accompanied by high mortality or haemostasis
in wattles and combs, the following diseases must be considered in the differential
diagnosis of HPALI:

a) Velogenic Newcastle disease.

b) Infectious laryngotracheitis (chickens).

¢) Duck plague.

d) Acute poisoning.

e) Acute fowl cholera (Pasteurellosis).

f) Bacterial cellulitis of the comb and wattles.

Diagnosis of less severe forms of HPAI clinically, can be even more confusing. Rapid
laboratory diagnostic procedures are therefore essential to all further measures for Al

control (Elbers et al., 2005).

2.12 Public health implications of avian influenza outbreaks

Avian influenza remains largely a disease of birds. However, in the recent years avian
influenza viruses have crossed species barriers to infect humans and since 1997 in
China where a number of 18 people infected and six died (Werner and Harder, 2006;

Yuen, 1998; Claas, 1998; Kartz, 1999). Influenza is a serious respiratory illness which
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can be debilitating and can cause complications that can result into hospitalization and
death, especially in the elderly persons. The ability of avian influenza viruses to cause

fatal infections in humans is of serious concern (Guan et al., 2004).

2.13 Socio-economic significance of avian influenza

The impact of Al is felt worldwide and poses a major challenge to animal and human
health (Leong et al., 2008). In 1983 and 1984, the United States government destroyed
more than 17 million birds at a cost of 65 million dollars due to an outbreak of Al
(APHIS, 2004). In Thailand in 2004, more than 62 million birds were either killed by
HPALI viruses or culled (Tiensin et al., 2005). The potential impact of Al in Zambia
would devastate the local economy. Nutritional consequences can be equally
devastating in developing countries like Zambia where poultry is an important source of
animal protein. Once outbreaks of Al have become widespread, control is difficult to

achieve and may take several years (WHO, 2004).

2.14 Current status of avian influenza viruses in Zambia

Currently, there are growing concerns over the unprecedented increase in the number of
human settlements around the major water bodies in Northern Zambia which are the
sanctuary for wild migratory bird species including wild waterfowl. As a result of
human activities, people and poultry may be at risk of being exposed to zoonotic
infections from wild migratory waterfowl as they come into contact with these birds
directly and indirectly. AIVs are usually present in waterfowl (Webster, 1992; Fouchier,

2003; Krauss, 2004; Widjaja, 2004). In Zambia, reports about the isolation of influenza
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viruses in wild migratory waterfowl and domestic birds have been scanty. However, an
H3N6 AIV was isolated for the first time from a great white wild Pelican (Pelecanus
onocrotatus) in August 2006 in Lochinvar National Park in the Southern Province of
Zambia (Simulundu et al., 2009). This virus was believed to be LPAI virus and was
designated A/pelican/Zambia/1/06 (Simulundu et al., 2009). During AIV surveillance in
the Southern Province of Zambia (2008-2009), 12 influenza viruses of distinct subtypes
(H3N8, H4N6, H6N2, HON1 and HI1IN9) were isolated from wild waterfowl
(Simulundu et al., 2011). Phylogenetic analysis of these viruses demonstrated that all
these isolates were of Eurasia lineage and, some genes were closely related to those
AlVs isolated from wild and domestic birds in South Africa (Simulundu et al., 2011).
This suggest possible AIV exchange between wild birds and poultry in Southern Africa
(Simulundu et al., 2011) It was therefore important that the prevalence of AIVs
circulating in the wild waterfowl was studied in order to generate some useful

information regarding their presence in these birds.

2.15 Wild waterfowl as carriers of Newcastle disease viruses (NDVs)

Different strains of avian paramyxoviruses have been isolated from migratory feral
ducks from Falkland Islands (Kessler et al., 1979). Newcastle disease virus (NDV) was
isolated from migratory feral ducks along the Mississippi flyway in 1976 (Webster et
al., 1976). The waterfowl migrating along the Atlantic flyway were annually monitored
for orthomyxoviruses and paramyxoviruses between 1977-1983 in New York State in
the USA and, 168 AIV and 89 NDV isolates were obtained (Deibel et al., 1985). These

findings indicated that ducks in the Atlantic flyway continually harbor influenza and
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Newcastle disease viruses and these viruses may be the source of infection for other
species of birds (Deibel et al., 1985). In Japan during 2006-2009, 38 NDV isolates were
obtained from 6060 faecal samples of northern pintail (Anas acuta) ducks in the Tohoku
district (Ruenphet et al., 2011). The waterfowl is considered as a natural reservoir of
potentially infectious agents and a source of pathogenic viruses like paramyxovirus type
1 and influenza viruses (Kessler et al., 1979; Jindal et al., 2009). Therefore, continuous
surveillance of wild waterfowl populations may help very much in understanding the

NDVs circulating in the environment (Jindal et al., 2009).

2.16 Status of the poultry industry in Zambia

The status of the poultry in Zambia has been extensively discussed in the National
integrated Action Plan for influenza in Zambia (2005). Poultry contribute greatly to the
protein requirement of the rural population and also to the income generating power of
the family. The poultry industry in Zambia is based on two distinct systems. The first is
the commercial system where broilers and layers are obtained from hatcheries and are
reared for six weeks on commercial feed and for as many weeks as they can still lay
eggs in case of layers respectively. These birds are usually kept in chicken runs. The
commercial system is mainly along the line of rail and in close proximity to the major
towns. The second production system is the village system where chickens are reared on
free range management system with chickens freely scavenging for food. These
chickens take an average of 20-22 weeks to reach maturity. The Zambian national

poultry population is estimated at 30 million broilers with four million commercial
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layers in the commercial and small-scale sectors and, 14 million birds in the traditional

sector per year (INRP, 2005).

Newcastle disease (ND) is the main limiting factor in rural poultry production systems
and potential outbreak of Al in poultry has added another threat to poultry production in
Zambia. Even though Zambia is free from HPAI, the potential impact of Al would
devastate the local economy and more significantly, a sustained transmission of an
adapted form of Al to humans would be catastrophic in this country. During certain
times of the year, there are a lot of movements of wild migratory birds from different
parts of the world such as Asia, North America including other parts of Africa into
Zambian wetlands or water bodies for various reasons which may include changes in
weather pattern, space, feeding and breeding. Wild waterfowl constitute a very
important source of protein and income for local people after fish. These birds are
usually hunted (poached) by the people in the fishing communities around most of these

water bodies in Northern Zambia.

2.17 Constraints of poultry production in Zambia

The main constraints in poultry production in Zambia are diseases (Mweene et al.,
1996). Very limited research work has been done on viral diseases of poultry in Zambia.
ND among the viral diseases of poultry is still the number one killer of large numbers of
birds every year despite the fact that vaccines are available (Mweene et al., 1996). ND
is a very big challenge especially in the traditional poultry sector where farmers rarely

vaccinate their village chickens and other types of poultry against the disease. The ND

25



was first reported in Zambia in native fowl in Mazabuka in 1952 and has been known to
occur throughout the country since that time (Sharma et al., 1985). Every year ND
outbreaks occur throughout Zambia especially in rural communities where the farmers
do not usually vaccinate against the disease. In Zambia, there are two peaks of
outbreaks of ND annually. One is in the hot dry season from September to November
and another during the hot humid season from January to March (Sharma et al., 1985).
Other poultry viral diseases include Infectious Bursal Disease (IBD), which is mainly
distributed in Lusaka, Southern and Central provinces (Sharma et al, 1977). This
disease is mainly observed in commercial poultry production system where poultry is
kept under intensive management system. Fowl pox and Marek’s diseases are
distributed countrywide (Anon, 1987). Other poultry diseases of economic importance
in Zambia include internal and external parasite infestations, mycoplasmosis, and

infectious coryza.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Study area

The present study focused on the wild migratory waterfowl (ducks and geese) that
seasonally inhabit the wetlands of Bangweulu, Mweru and Tanganyika lakes (Fig 4.0)
in Northern Zambia. This study was conducted from July 2009 to December 2010. In
addition, village chickens and domestic ducks around the wetlands in the study area
were included in the study. These sites were selected because they are a migratory
waterfowl sanctuary. The unique swamps, basins, rivers and shores, offer a unique bio-
diversity of habitats which make these areas homes to many bird species including wild
migratory waterfowl and other migratory birds and wild animals. Wild birds like the
wild geese, ducks, pelicans, storks, shoebills and wattled cranes are found in these
areas. The hunted waterfowl and domestic birds from areas surrounding the three major
water bodies were sampled. In addition droppings from these birds were also picked.
The domestic birds in these areas are assumed to have some form of direct or indirect
contact with migratory birds and are therefore more likely to be infected with influenza

viruses.
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Fig. 4.0: Map showing area locations (marked with red lines) where sampling was done

(Map adopted from www.africamap.com)

3.2 Wild migratory waterfowl sampled and sighted on the wetlands

The Knob-billed duck (Sarkidiornis melanotos) is mainly a widely distributed but
nomadic summer visitor to Southern Africa (Sinclair et al., 1997). Large colonies of

Knob-billed ducks congregate on the wetlands seasonally, sharing the same habitat with
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other migratory bird species that come from different parts of the world. The overlap of
multiple migratory flyways within Eurasia and Africa, permits virus-infected birds of
different bird species to transmit pathogens to new hosts that may carry them to new
areas (Olsen et al., 2006). The Whitefaced duck (Dendrocygna viduata) is a common
resident in Southern Africa and migrate within this region (Sinclair et al., 1997). The
Egyptian geese (Alopochen aegyptiacus) are very common residents of Southern Africa
(Sinclair et al., 1997). Other species of wild ducks and geese spotted on the wetlands
included Spurwinged goose (Plectropterus gambesis), Yellowbilled duck (Anas
undulata) and other unidentified waterfowl species. It was very difficult to identify

these species because they were mainly found in deeper waters and in thick vegetation.

3.3  Study design

This study was a longitudinal study and the samples were collected over July 2009 to
December 2010 (One year and six months) period, once per month. On average 100
samples were collected every month. A simple random sampling design was employed,
where the target population was the hunted wild migratory ducks and geese, local
chickens, domestic ducks and fresh environmental faeces from the playing grounds i.e.
of wild ducks and geese, chickens and domestic ducks. The wild ducks and geese were
shot at random using a gun. The tracheal and cloacal swabs were collected from these
birds. Chickens and domestic ducks in the surrounding villages or settlements were

randomly caught and swabbed (tracheal and cloacal).
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3.4  Field observations

A total of seven hundred and fourty two (742) paired cloacal and tracheal swabs and
2,500 faecal samples belonging to five species of birds were collected and examined
during the study period (Table 1). These species were; Knob-billed duck (Sarkidiornis
melanotos) (Fig 5.0), Whitefaced duck (Dendrocygna viduata) (Fig 6.0), Egyptian
geese (Alopochen aegyptiacus), Village Chicken (Gallus gallus domesticus) (Fig 7.0)
and Domestic ducks (Domestic Anas platyrhyncha) (Fig 7.0). At each sampling site, all
the species of wild migratory waterfowl described above were observed. Furthermore,
interactions of domestic poultry and migratory wild waterfowl were also observed. It
was also noted that poultry and these wild waterfowl interact with other wild migratory
and wild resident bird species in the study areas. It was also observed that the influx of
wild migratory waterfowl into the wetlands of Northern Zambia begins around March
every year and reaches its peak in June. However, these birds start migrating back to
their various destinations around November and with the remaining migratory birds
leaving the wetlands in mid December. These wild birds as they migrate, they
experience a lot of interactions with other species along the flyways. Village chickens
and domestic ducks were seen scavenging in areas patronized by wild migratory
waterfowl. Other waterfowl species seen on the wetlands include; Spurwinged goose
(Plectropterus gambesis), Yellowbilled duck (Anas undulata) (Fig 6.0) and other
unidentified wild waterfowl species. It was difficult to sample from these birds since
they were mainly found where there was a lot of water and vegetation However, there
will be need in future to identify these species and sample them for AIVs. In addition,

all the waterfowl seen or shot apparently looked healthy and no dead birds were
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observed during the study period. Other wild migratory bird species observed on the
wetlands of Northern Zambia included Storks, Pelicans, Cranes and other unidentified

species of wild birds.

Fig. 5.0: Knob-billed duck (Sarkidiornis melanotos)

Fig. 6.0: Picture of Knob-billed duck (Sarkidiornis melanotos),
Yellowbilled duck (Anas undulata) and

Whitefaced duck (Dendrocygna viduata) in this order
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Fig. 7.0: Domestic ducks (white and grey) and chicken (white) scavenging on the Bangweulu

wetlands

Sample size

The sample size was calculated using the formula for detecting disease in a population
(Martin et al, 1987). It was assumed that avian influenza existed at 1 % in the wild
waterfowl and domestic birds, and the target population was 10,000 at 95% and 99%
confidence level respectively. Based on these assumptions, the number of birds likely to
be infected in the target population (D) was 100 and the formula below was applied to
further estimate the sample size.

n=[1-(-0)""][N-(D-1)/2]

n = required sample size

D = Estimated minimum number of diseased animals in the group

N = Population size

o = Probability (confidence level) of at least one animal being diseased in a

group.
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From the calculations, it was anticipated that 294 wild waterfowl and 448 domestic
birds were to be sampled (cloacal and tracheal swabs). 294 and 448 faecal droppings of
wild waterfowl and domestic birds were to be collected respectively, assuming that each
faecal dropping was from an independent bird. However, considering the reduced
viability of the influenza viruses in faecal droppings due to temperature and other
environmental factors and also the fact that one bird could have dropped more than one
faecal dropping, the sample size for faecal samples were expanded to 2000 for wild
waterfowl and 500 for domestic birds to increase the chance of isolating the influenza

viruses.

3.5 Sampling procedure

3.5.1 Wild waterfowl

A total of two hundred and ninety four (294) hunter-harvested wild migratory waterfowl
(ducks and geese) were investigated based on hunting license obtained from the Zambia
Wildlife Authority. Cloacal and tracheal swabs were collected from these birds after
slaughter in duplicates. A further 2,000 fresh faecal samples were collected from the

environment within the study areas.

3.5.2 Domestic birds
Four hundred and fourty eight (448) tracheal and cloacal swabs were collected from
live domestic ducks and village chickens in the study areas in duplicates. In addition,

500 faecal samples from chickens and ducks in the study area were also collected.
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3.5.3 Sample packaging and transportation to the laboratory

3.5.4 Tracheal and cloacal samples

3.5.5 Tracheal swabs collection

Sterile swabs were used to pick the contents of the trachea from the hunted wild

migratory waterfowl, domestic ducks and the village chickens in the study areas. These

were stored in the viral transport medium (Phosphate Buffered Saline solution) with

antibiotics (200 U/ml penicillin, 200 pg/ml streptomycin and 250 pg/ml gentamycin) in

tubes (Appendix A) and chilled at 4 °C before delivery to the School of Veterinary

Medicine laboratory, at the University of Zambia in cooler boxes for virus isolation

within 24 hours.

3.5.6 Faecal and cloacal swabs collection

(a)

(b)

About 2 g of fresh faeces from each wild migratory waterfowl, village chicken
and domestic duck were randomly collected from the environment and domestic
poultry housing structures including inside people’s houses where some poultry
is kept in the study areas. These were placed in a 150 mm x 100 mm polythene
self adhesive bag. Then samples were kept at 4 °C and transported in a cooler
box to the School of Veterinary Medicine laboratory, at the University of
Zambia for virus isolation using egg inoculation.

Sterile swabs were used to pick contents of the cloaca from hunted wild
migratory waterfowl (dead), domestic ducks and village chickens (local
chickens). These were then stored in viral transport medium (Phosphate

Buffered Saline) with antibiotics in tubes (Appendix A). The samples were then

34



chilled at 4°C before delivery to the School of Veterinary Medicine laboratory,
at the University of Zambia for virus isolation using egg inoculation.
3.6 Laboratory Procedures
A number of procedures were performed in the laboratory at the School of Veterinary,
University of Zambia to determine the presence of viruses, as well as to isolate AIV

from the wild migratory waterfowl and domestic poultry in the study areas.

3.6.1 Virus isolation from faecal samples, tracheal and cloacal swabs from
hunted wild waterfowl (dead) and domestic poultry (ducks and chickens)

In the laboratory, the tracheal, cloacal and faecal samples were kept at 4 °C until being

processed within 48 hours. However, those samples which were not examined

immediately were stored at -80 °C until examined.

To the tracheal, cloacal and faecal samples in the tube, 2-3 ml of PBS 10 percent
solution (phosphate buffered saline) with antibiotics (Appendix A) was added. This
mixture was thoroughly mixed by vortexing after which it was centrifuged at 5,000 rpm
and incubated for 10 minutes at 4 °C. The 10-day embryonated eggs were candled to
mark the edge of the air sac, major blood vessels and embryo with a pencil and a small
hole was made with a needle after disinfecting the eggs with 70 percent ethanol. Then
0.1-0.5 ml supernatant from each sample were inoculated using 27 G needle into the
allantoic cavity of the 2 embryonated eggs. After sealing the holes with candle wax, the
embryonated eggs were incubated at 37 °C for 48 hours. The eggs were candled on Day
One and Day Two post-inoculation. The eggs were chilled at 4 °C after 48 hours of

incubation and the haemagglutination (HA) test was performed the following day.
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Those samples which tested positive were subjected to haemagglutination inhibition
(HI) and neuraminidase inhibition (NI) tests according to the World Health

Organisation protocol as previously described (WHO, 2002).

3.6.2 Virus subtyping
For the identification of influenza virus isolates from the wild migratory waterfowl and

domestic poultry cloacal, tracheal and faecal samples were investigated by

haemagglutination, haemagglutination inhibition and neuraminidase inhibition tests.

3.6.3 Haemagglutination (HA) assay

Standard methods for testing egg fluids for haemagglutination using chicken
erythrocytes by macro or micro techniques were employed (Palmer et al., 1975). In this
study, HA test was done as previously described (WHO, 2002). To wells of the 96 U-
well shaped microtitre plates received 50 ul normal saline (0.85-0.9 % sodium chloride
in distilled water) was added. In addition 50 pl allantoic fluid was added in the wells of
rows A-H of column No. 1 and this was thoroughly mixed using a multi-channel
micropipette. Then 50 pl of diluted virus samples (allantoic fluid) were transferred from
wells of rows A-H of column No.l to column No. 2 and these were mixed as above.
This process was repeated until column No.11 and the final 50 pl was discarded.
Additional 50 pl of normal saline was added to all wells of the microtitre plate. Then 50
ul of 0.5 % chicken red blood cells (RBCs) (Appendix C) were added and the plate was
shaken by tapping the corner of microtitre plate using one finger. The mixture was

incubated at room temperature (22-25 °C). All the controls were checked for complete
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settling of RBCs and the results were recorded. The positive samples (showing
haemagglutinating activity shown by none clamping of the red blood cells), were
subjected to haemagglutination inhibition (HI) test and those which tested positive,
were then subjected to neuraminidase inhibition tests. However, HA-negative samples
were re-inoculated into the 10 day embryonated eggs and the above described tests were

performed again. The HA titre was determined.

3.6.4 Haemagglutination inhibition (HI) assay

HI test was originally described by Hirst in 1942 and latter modified by Salk in 1944
(WHO, 2009). In this study HI test was done as previously described (WHO, 2002).
Briefly, 25 pl normal saline was added in all wells of the 96 U-well shaped
microtitreplate. Haemagglutinin specific antiserum (Appendix D) was added in the
wells of rows A-H of column No.1 and 12 and then the antiserum was mixed with the
help of multichannel micropipette in wells of column No.l (from A-H). Then 25 ul
diluted antisera including all the HA subtypes (H1-H16) of AIV antisera were
transferred from rows A-H of column 1 to column 2. The mixture was then mixed as
above and transferred in the next column. The process was repeated until column 5 and
then the final 25 pl of diluted sera was discarded. In a similar way serially diluted
antiserum from column No.12 was added to column No.11 up to column No.8. Then 25
ul of normal saline was also added in each well of column No. 6. This column acted as
negative control. 25 pl of diluted sample virus (allantoic fluid) was added in all the
wells of microtitre plate except those of column No.6. Then 25 pl of normal saline was

also added in each well of column No. 7. Then 25 pl of allantoic fluid was added in the

37



first well of the column No.7 and two fold serial dilutions was carried out as above after
adding 25 ul Newcastle disease virus (NDV) antisera. This column served to determine
presence of NDV. The wells were shaken gently and incubated on ice for 30 minutes
and 50 pl of 0.5 percent chicken RBCs (Appendix C) were added in each well of
microtitre plate. The microtitre plates were shaken by tapping the corners and incubated

at room temperature for 30 minutes and results were recorded.

3.6.5 Neuraminidase inhibition (NI) test

The NI test is a laboratory procedure for the identification of the neuraminidase (NA)
glycoprotein subtypes of influenza viruses or the NA subtype specificity of antibodies
to influenza viruses (Pedersen, 2008). This procedure is critical for the identification
and classification of AIVs. The macro—procedure was first described in 1961 by
Aminoff et al. This was later modified to microtitre plate procedure (micro — NI) by
Pedersen (2008). NI was done as previously described (WHO, 2002). To perform the NI
test, 25 ul of diluted (1/100 dilution in normal saline) neuraminidase specific antisera
(Appendix D) were added in the glass test tubes. Then 25 ul of 1/10 and 1/100 dilution
(in normal saline) positive allantoic fluid (HA+) was added in separate tubes
respectively. The tubes were then shaken to mix the contents and then incubated at
room temperature for 30 minutes. The negative control was made by adding 50 ul of
normal saline in one tube. The 50 pl of fetuin was then added in each tube and the tubes
were shaken thoroughly. The mouths of the tubes were covered tightly with parafilm
and incubated at 37 °C overnight. Then 50 pl of periodate reagent were added in each

tube and mixture was mixed and incubated at room temperature for 20 minutes. In
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addition, 50 pl of arsenite reagent was added to each tube and shaken until the brown
color disappeared. Furthermore, 1.25 ml of thiobarbituric acid reagent (TBA) was added
in each tube and mixed thoroughly (Appendix B). The tubes were immediately placed
in a boiling water bath for 15 minutes and the inhibition of color development was read

visually by comparing with the negative control.

3.7  Data analysis
The results were analysed as positive following determination by HI test using specific
antisera against AIV. The percentage of positive samples was calculated as follows:

% positives= a/n X 100
Where, percent positives is the percentage of samples that tested positive after
performing HI test.
a is the total number of AIV isolates.

n is the total sample number (population).
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CHAPTER FOUR

4.0 RESULTS

4.1 Haemagglutination (HA) and Haemagglutination inhibition (HI) test results
Haemagglutination was only observed in two faecal samples belonging to Knob-billed
ducks (Sarkidiornis melanotos) (Fig 5.0). These are indicated by two blue arrows (Fig

8.0) while the line of wells below with dots, represent negative control.

"\

Il

W

Fig. 8.0: HA test results for faecal samples 832 and 833

Haemagglutination inhibition (HI) activity was observed in two of the faecal samples of
Knob-billed ducks (Fig 5.0) and dots in the wells indicate positive samples represented
by blue arrow (Fig 9.0). Only four AIV subtypes were obtained from faecal sample 832
belonging to Knob-billed ducks (Fig 5.0) and these included, H6, H9, H12 and H13

(Table 1).

Newcastle disease virus (NDV) was also isolated from faecal sample 832 (Table 1) and

represented by red arrow (Fig 9.0).
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Fig. 9.0: Part of HI test results for faecal sample 832

Haemagglutination inhibition was also observed in faecal sample 833 of the same
species of wild ducks (Fig 5.0) as above and blue arrow (Fig 10.0) indicate HI positive.
AIV subtypes H6 and H11 were obtained from faecal sample 833 belonging to same
species of wild ducks (Table 1). However, only H6 and H9 were subtyped while H11,
H12 and H13 were not fully subtyped. There were no isolates from cloacal and tracheal
swabs of the wild waterfowl. In addition there were no AIVs isolated from domestic

ducks and village chickens.

Fig. 10.0: HI test results for faecal sample 833

41



Table 1: Bird species, samples collected, HA test results, HI test results and HI titre

Number of samples HI Positive
Bird species collected HA (isolates) HA NDV
Faecal | Tracheal | Cloacal | Positive Titre Positive
Knob-billed H6,H6,H9,H11,H12,
duck 1,500 194 194 2 H13 512 1
Whitefaced
duck 400 40 40
Egyptian goose 100 60 60
Village chicken 300 248 248
Domestic duck 200 200 200
Total 2,500 742 742

During the one year and six months study period, three AIV isolates were subtyped

while the other three isolates were not fully identified and efforts to identify these are

under way. Of the six isolates, H6 (n = 2) was detected from the two faecal samples.

The other subtypes isolated included H9 (n=1), HI1 (n=1), HI2 (n=1) and H13 (n =

1).
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Table 2: Summary of samples collected, number of positives and their percentages

LSample Samples AIV PositiveNDV positives|% of AI and|

ype Examined samples NDV

[Faeces 2,500 2 1 0.08%
0.04%

[Tracheal 742 -ve -ve -ve

swabs

Cloacal 742 -ve -ve -ve

swabs

-ve: represent negative samples

4.2  Neuraminidase (NA) subtypes and HA/NA subtype combinations

The two faecal samples from Knob-billed duck (Fig 5.0) that tested positive for HA and
HI also showed neuraminidase activity. Neuraminidase (NA) subtype N2 was isolated
from both samples 832 and 833 of the same species of wild ducks (Fig 5.0). In total,
three HA/NA subtype combinations were detected. The HA/NA subtype combinations
H6N2 and HON2 were obtained from sample 832 while another HO6N2 subtype
combination was obtained from sample 833 (Table 3). The NA subtypes N1, N3, N4,
N5, N6, N7, N8 and N9 were not detected. The most commonly detected HA/NA
subtype combination in both positive samples was HON2 (Table 3). These AIV isolates
were designated A/duck/Bangweulu/1/11 (H6N2), A/duck/Bangweulu/2/11 (HON2) and

A/duck/Bangweulu/3/11 (HO6N2).
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Table 3: Neuraminidase inhibition test results and HA/NA subtype combinations

Species name NI test NA subtypes HA/NA  subtype
(Positive  Faecal combinations
sample numbers)

Knob-billed 832 N2 H6N2 and HON2

ducks

833 N2 H6N2
The NDV isolate was designated NDV/duck/Bangweulu/1/11.
4.3 Prevalence of avian influenza viruses in waterfowl species and domestic

poultry

Of the total 2,000 faecal samples collected from wild ducks and geese, only two (0.1

percent) were positive for AIV. However, one (0.05 percent) of the two samples was

also positive for NDV. Six influenza virus subtypes were isolated from wild ducks

(Table 1), for an overall prevalence of 0.3% (95% CI: 0.12-0.69) in wild ducks and

geese. Knob-billed ducks (Sarkidiornis melanotos) inhabiting the Bangweulu wetlands

were the only bird species from which AIVs were isolated with the prevalence of 0.4%,

n=1500 (95% CI: 0.16-0.92). However, the prevalence of NDV in Knob-billed ducks

was very low. No AIV was isolated from Whitefaced ducks, Egyptian geese, chickens

and domestic ducks.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Detection of avian influenza infection

The present study was carried out to determine the presence of AIV circulating in the
wild migratory ducks, geese and domestic poultry on the wetlands of Northern Zambia.
Faecal, tracheal and cloacal swabs from chickens, domestic ducks and, wild ducks and
geese were collected in habitats located on the wetlands in Northern Zambia. These
were examined for the presence of AIV. Although HPAI H5N1 virus was not detected,
two faecal samples of Knob-billed ducks (Sarkidiornis melanotos) yielded LPAI viruses
H6, H9, H11, H12, H13 including another H6 after performing HI test. Only H6, H6
and H9 were fully subtyped while H11, H12 and H13 were not fully subtyped probably
because the specific antisera against influenza viruses used did not have the HA/NA
subtype combinations that could march with the isolates not fully subtyped. The NI test
detected the NA subtypes N2 in both samples of the same species of wild ducks (Fig
5.0). Only faecal samples of Knob-billed ducks were positive for AIV. This was
consistent with the previous research work conducted in Germany during 1977-1989
period where avian influenza viruses were isolated directly from feral ducks (Naeem et
al, 1999). There were no AIV isolates obtained from cloacal and tracheal swabs of
hunted wild waterfowl] probably because these birds are carriers of AIVs. In the body of
an AIV infected birds, in their carrier state, the virus replicate in the intestines and, are
shed in high concentration in faeces by the infected birds (Smitka and Maassab, 1981).

In addition, no AIVs were isolated from domestic ducks and chickens and this means
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that the domestic poultry is not infected with AIVs probably because these birds
sampled have not interacted closely with infected wild waterfowl around the wetlands.
This was the first time AIV subtypes were isolated in Northern Zambia. In addition, it
was the first time LP influenza subtypes H6N2 and HON2 were being reported in
Northern Zambia. Furthermore, this was also the first time NDV was isolated in wild
ducks in Northern Zambia. These results suggest that wild waterfowl inhabiting the
wetlands of Northern Zambia could be carriers of AIV and NDV. This is consistent
with reports that suggest that the wild ducks are potential carriers of Orthomyxoviruses
and Paramyxoviruses (Smitka and Maassab, 1981). The wild migratory birds, especially
the wild ducks could play a major role in the spread of AIVs and NDVs countrywide.
The first outbreak of ND was recorded in native fowls in 1952 in Mazabuka district in
the southern Province of Zambia (Sharma et al., 1985). In Zambia, there are two peaks
of NDV outbreaks annually, one in the hot dry season of September to November and
another during the hot humid season of January to March (Sharma et al., 1985). This
apparently, is consistent with the seasonal migration of wild birds into Zambia annually.
The detection of NDV in wild Knob-billed ducks implies that the wild migratory ducks

could be involved in the transmission and spread of NDV over long distances.

This study has isolated and confirmed the presence of AIVs circulating in wild
migratory Knob-billed ducks (Sarkidiornis melanotos) inhabiting the wetlands of
Northern Zambia where samples were collected over a one year and six months period

from July 2009-December 2010. The fact that AIVs and NDV were successfully
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isolated from faeces of healthy wild Knob-billed ducks provides strong evidence that

these ducks could be carriers of AIV and NDV.

5.2 Previous avian influenza surveillance studies

During 2002, South Africa recorded the first outbreak caused by a LPAI (H6N2) in
South African chickens occurred on commercial farms in the Camperdown area of
KwaZulu/Natal Province (Abolnik et al., 2007). Phylogenetic analysis of LPAI virus
H6N?2 indicated that the H6N2 chicken viruses most likely arose from a reassortment
between two South African LPAI ostrich isolates: an HON2 isolated in 1995 and H6NS8
virus isolated in 1998 (Abolnik et al., 2007). In South Africa again, two co-circulating
sublineages of HON2 were detected, both sharing a recent common ancestor and one of
the sublineages was restricted to the KwaZulu/Natal Provinces (Abolnik et al., 2007).
Abolnik et al (2007) reported that the most likely vectors for the introduction of AIV
into Western Cape ostrich population were the wild waterfowl with which the ostriches
are in contact because of their attraction to water and feed troughs. HON2 was isolated
from poultry in Pakistan in 1999 (Naeem et al, 1999). However, Al outbreak involving
H7N3 and H9N2 occurred in poultry in Pakistan from November 2003 to May 2004
(Khawaja et al., 2005). The AIV of subtype HON2 (A/duck/North Carolina/91347/01)
was isolated from wild ducks in the United States (Khawaja e al., 2005). Studies of
AlIV carried out in eastern Germany during1977-89 reported influenza virus isolation
directly from feral ducks and other wild birds (Naeem et al., 1999). In Hong Kong, the
LPAI virus HON2 infection was confirmed in 1999 in two children, and in 2003 in

Hong Kong again, in one child (Lin et al., 2000; But et al, 2005). All these children
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recovered fully. This indicates that even in Zambia, the risk of HIN2 influenza
infection in humans may be there especially on the wetlands because of the presence of
wild migratory birds.

The current study provides evidence that the wild migratory ducks that inhabit the
wetlands of Northern Zambia could be carriers of AIV which is in agreement with
earlier research work on wild ducks (Alexander, 2000). Although the AIVs isolated
were LP type, the implications are serious due to possible mutation and recombination.
The available evidence suggest that rapid spread of highly pathogenic (HP) HSN1 virus
from Qinghai lake, China to Europe and Africa may have involved migratory birds and
possibly poultry trade (Kilpatrick et al., 2006). The results obtained here, indicated that
mixed infections of multiple AIV exist in these ducks. Although the prevalence of AIV
in Northern Zambia is very low, the isolation of different AIV subtypes signifies
continuous threat of AIV infections in poultry. Surveillance of wild birds on regular

basis to evaluate rapidly changing status of AIV should be continued in Zambia.

5.3  Current situation of wild waterfowl on the wetlands of Northern Zambia

The wetlands provide natural habitats for many species of wild birds including wild
animals such as black lechwe (Kobus leche Smithemani) only found in Bangweulu
wetlands. These habitats provide plenty space and food to migratory waterfowl because
of the vastness of the wetlands and the fact that fish and insects breed in these areas.
The wetlands provide a lot of vegetation including grass and plant species that are eaten
by wild waterfowl species (Sinclair et al., 1997). There are a lot of human settlements

on the wetlands Northern Zambia. Initially, these fishermen had created temporal
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settlements which have now become permanent ones on the wetlands. Most of these
people in these settlements are involved in small scale farming and rearing of poultry.
This has resulted in poultry being reared on free range management system thereby
facilitating interactions between wild birds and poultry especially around the water
bodies and consequently increasing the risk of AIV infections in poultry. In addition,
the unprecedented increase of human settlements and their activities on the wetlands has

negatively affected natural habitats of wild birds and animals.

5.4  Factors associated with occurrence of avian influenza in Northern Zambia

There are several factors associated with the risk of Al in Northern Zambia. Movement
of domestic birds due to trade of poultry and poultry products have been known to play
a role in the spread of Al and because of open poultry trade in Northern Zambia, the
country is at risk of Al outbreak. These wild waterfowl come to the wetlands of
Northern Zambia from Asia, North America and other parts of Africa through East
Asia/East Africa flyway which pass through this region (Fig 1). These birds come to
this part of Zambia to look for food and space since the wetlands provide vast space and
are the breeding sites for many fish species and insects. There are a lot of interactions
between different species of migratory birds on the wetlands and these pose a risk to
even resident species of wild birds. The domestic poultry kept by settlers on the
wetlands interact with these wild migratory waterfowl and this increase the risk of Al
infections in domestic poultry. The risk of AIV infections also extend to humans
especially those who keep poultry in their houses. The seasons also could play an

important role in the occurrence of AIV in Northern Zambia since seasons promotes the
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wild waterfowl and other wild birds migration. Previous studies have indicated that
H5NI1 outbreaks showed a clear seasonal pattern, with a high density of outbreaks in

winter and early spring (Si et al., 2009).

50



CHAPTER SIX

6.0 RECOMMENDATIONS

For the prevention and control of possible outbreaks of Al in Zambia, the following

measures that could assist are being recommended:

1) The poultry keeping communities found on the wetlands of Northern Zambia
should be sensitized on the dangers of AIV to poultry and humans. The
sensitization exercises should extend to other parts of Zambia with wetlands or

rivers.

2) Coordinated surveillance of wild migratory birds for AIV and NDV would be
beneficial to Zambia and this should be extended to include other water bodies
and major rivers throughout Zambia. However, the capacity for surveillance
systems to rapidly detect virus incursions and ensure a rapid response should be

improved.

3) Bio-security measures at farm or village level should be improved to prevent

poultry from interacting with wild birds.

4) The MAL to put in place a deliberate NDV vaccination policy to include all

types of domestic poultry on the wetlands throughout Zambia.

5) An improved and strengthened AI prevention and control forum including

communities must be kept alive and meet periodically.
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6) MAL field staff should be capacity built so that they are able to collect
appropriate Al samples and transport them from the field to Al designated

diagnostic centres.

7) All the live birds imported into Zambia must be tested for AIV.

8) In case of Al outbreak in Zambia, quarantine, stamping out and active
surveillance should be implemented. All the 11 AIV infected African countries
implemented these control measures (Seck et al., 2007). Vaccination of poultry
against Al in Zambia should also be considered in case of an outbreak. The
poultry vaccinations were carried out in Ivory Coast and Egypt, during the

outbreak of HPAI caused by H5N1 (Seck et al., 2007).

Further Investigations Proposed

a) Molecular Characterisation of the isolates obtained should be done to determine the
origin of these AIV and NDV circulating in wild migratory ducks that come to wetlands

located in Northern Zambia.

b) More studies on wild birds to determine types of AIV circulating in all the provinces

of Zambia should be done so that the AIV occurrence of the entire country should be

known.
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CHAPTER SEVEN

7.0 CONCLUSIONS

1) The study has isolated, subtyped and documented the presence of HON2 and HON?2

subtypes of AIV in wild Knob-billed ducks (Sarkidiornis melanotos).

2) Wild Knob-billed ducks (Sarkidiornis melanotos) that come to the wetlands of

Northern Zambia could be carriers of AIV.

3) Wild Knob-billed ducks (Sarkidiornis melanotos) that seasonally migrate to the
wetlands of Northern Zambia could play a role in genetic reassortment between

influenza viruses.

4) The possibility of interspecies transmission, calls for more effort in continued

surveillance of AIV in the wild migratory ducks.

5) The isolation of NDV from wild Knob-billed ducks (Sarkidiornis melanotos),

suggests that these ducks could be carriers of NDV.

53



REFERENCES

Abolnik, C., Bisschop, S.P.R., Gerdes, G.H., Oliver, A.J. and Horner, R.F. (2007).
Phylogenetic analysis of Low-Pathogenicity Avian Influenza H6N2 viruses from
chicken outbreaks (2001- 2005) suggest that they are reassortants of historic ostrich
Low-Pathogenicity Avian Influenza HO9N2 and HONS viruses. Avian Dis., 51: 279-284.
Alexander, D.J. (1982). Ecological aspects of influenza A viruses in animals and their
relationship to human influenza: a review. Soc. Med., 75: 799-811.

Alexander, D.J. (2000). A review of avian influenza in different bird species. Vet
Microbiol., 74: 3-13.

Allan, W.H., Alexander, D.J., Pomeroy, B.S. and Parsons G. (1977). Use of
virulence index test for avian influenza viruses. Avian Dis., 21: 359-363.

APHIS (2004). Animal health report. United States.

Aymard, M., Ferraris, O., Gerentes, L., Jolly, J. and Kessler, N. (2003).
Neuraminidase assays. Dev. Biol., 115: 75-83.

Bahl, A.K., Langston, A., Van Deusen, R.A., Pomeroy, B.S., Newman, J.,
Karunakaran, D. and Halvorson, D. (1979). Prevention and control of avian
influenza in turkeys. Proc Ann. Meet. US Anim. Hlth. Ass., 83: 355-363.

Bean, W.J., Schell, M., Katz, J., Kawaoka, Y., Neave, C., Gorman, O. and
Webster, R.G. (1992). Evolution of the H3 influenza virus haemagglutinin from human
and non human hosts. J Virol., 66: 1129-1138.

Becker, W.B. (1966). The isolation and classification of tern virus: influenza virus

A/tern/South Africa/1961. J. Hygiene., 64: 309-320.

54



Brown, I. (2008). The role of pigs in interspecies transmission of avian influenza.
Monogr Virol., 27: 88-100.

Brown, L.LH., Harris, P.A., Alexander, D.J. and McCauley, J.W. (1997). Genetic
Characterisation of an influenza A virus of unusual subtype (HIN7) isolated from pigs
in England. Arch Virol., 142: 1045-1050.

Brown, L.H., Harris, P.A., McCauley, J.W. and Alexander, D.J. (1998). Multiple
genetic reassortment of avian and influenza A viruses in European pigs, resulting in the
emergence of an HIN2 virus of novel genotype. J Gen Virol., 79: 2947-2955.

But, K.M., Smith, G., Chen, H., Zhang, 1.J., Leung, Y.H., Xu, K.M., Lim, W.,
Webster, R.G., Yuen, K.Y., Peiris, J.S. and Guan, Y. (2003). Human infection with
an avian HON2 influenza A virus in Hong Kong in 2003. J Clin Microbiol. 43: 5760-
5767.

Callan, R.J., Early, G., Kida, H. and Hinshaw, V.S. (1995). The appearance of H3
influenza viruses in Seals: J Gen Virol., 79: 199-203.

Capua, I. and Marangon, S. (2007). Control and prevention of avian influenza in an
evolving scenario. Vaccine, 25(30): 5645-5652.

Capua, I. and Mutinelli, F. (2001). Low pathogenicity (LPAI) and highly pathogenic
(HPAI) avian influenza in turkeys and chicken. In: Capua I and Mutinelli F. (eds.), A
colour atlas and text on avian influenza. Bologna: Papi Editore, 13-20.

Capua, 1., Mutinelli, F., Marangon, S. and Alexander, D.J. (2000). H7N1 avian
influenza in Italy (1999-2000) in intensively reared chicken and turkeys. Avian Pathol.,

29: 537-543.

55



Capua, 1., Marangon, S., dalla Pozza, M., Terregino, C. and Cattoli, G. (2003).
Avian influenza in Italy (1997-2001). Avian Dis., 47: 839-843.

Causey, D. and Edwards, S.V. (2008). Ecology of Avian Influenza virus in Birds. The
J Infect Dis., 197: S29-S33.

Chen, J., Lee, K.H., Steinhauer, D.A., Stevens, D.J., Skehel, J.J. and Wiley, D.C.
(1998). Structure of the haemagglutinin precursor cleavage site, a determinant of
influenza pathogenicity and the origin of the labile conformation. Cell, 95: 409-417.
Chen, H., Smith, G.J., Zhang, S.Y., Qin, K., Wang, J., Li, K.S., Webster, R.G.,
Peiris, J.S. and Guan, Y. (2005). Avian flu: HS5N1 virus outbreak in migratory
waterfowl. Nature., 436: 191-192.

Claas, E.C., Osterhaus, A.D., van Beek, R, ef al. (1998). Human influenza A H5N1
virus related to a highly pathogenic avian influenza virus. Lancet., 351: 472-477.
Deibel, R., Emord, D.E., Dukelow, W., Hinshaw, V.S. and Wood, J.M. (1985).
Influenza viruses and paramyxoviruses in ducks in the Atlantic flyway, 1977-1983,
including an H5N?2 isolate related to the virulent chicken virus. Avian Dis., 29: 970-
985.

Dybkaer, K., Munch, M., Handberg, K.J. and Jorgensen, P.H. (2004). Application
and evaluation of RT-PCR-ELISA for the nucleoprotein and RT-PCR for detection of
low-pathogenic HS and H7 subtypes of avian influenza virus. J Vet Diagn Invest., 16:
51-56.

Elbers, A.R., Koch, G. and Bouma, A. (2005). Performance of clinical signs in
poultry for the detection of outbreaks during the avian influenza A (H7N7) epidemic in

the Netherlands in 2003. Avian Pathol., 34: 181-187.

56



Fouchier, R.A.M., Bestebroer, T.M. and Herfst, S. (2000). Detection of influenza A
viruses from different species by PCR amplification of conserved sequences in the
matrix gene. J Clin Microbiol., 38(11): 4096-4101.

Fouchier, R.A.M., Muster, V., Wallensten, A., Bestebroer, T.M., Herfst, S., Smith,
D., Rimmelzwaan, G.F., Olsen, B. and Osterhaus, A.D.M.E. (2005). Characterisation
of a novel influenza A virus haemagglutinin subtypes (H16) obtained from black
headed Gulls. J Virol., 79 (5): 2814-2822.

Fioretti, A., Menna, L.F. and Calabria, M. (1998). The epidemiological situation of
avian influenza in Italy during 1996-1997. In: Proceedings of the joint Fourth Annual
meetings of the National Newcastle Disease and avian influenza Laboratories of
countries of the European Union, Brussels, 1997: 17-22.

Fouchier, R.A., Olsen, B. and Bestebroer, T.M. (2003). Influenza A virus
surveillance in wild birds in Northern Europe in 1999 and 2000. Avian Dis., 47: Suppl:
857-860.

Gaidet, N., Cattoli, G., Hammoumi, S., Newman, S.H., Hagemeijer, W, et al.
(2008). Evidence of infection by H5N2 highly pathogenic avian influenza viruses in
health wild waterfowl. PLOS Pathog., 4: 1-5.

Guan, Y., Poon, L.L., Cheung, C.Y., Ellis, T.M., Lim, W., Lipatov, A.S., Chan,
K.H., Sturm-Ramirez, K.M., Cheung, C.L., Leung, Y.H., Yuen, K.Y., Webster,
R.G. and Peiris, J.S. (2004). H5N1 influenza: a protein pandemic threat. Proc Natl

Acad Sci. USA., 101: 8156-8161.

57



Halvorson, D., Karunakaran, D., Senne, D., Kelleher, C., Bailey, C., Abraham, A.,
Hinshaw, V. and Newman, J. (1983). Epizootiology of avian influenza — simultaneous
monitoring of sentinel ducks and turkeys in Minnesota. Avian Dis., 27: 77-85.
Halvorson, D.A., Kellerher, C.J., Pomeroy, B.S., Sivanandan, V., Abraham, A.S.,
Newman, J.A., Karunakaran, D., Poss, P.E., Senne, D.A. and Pearson, J.E. (1987).
Surveillance procedures for avian influenza. Proc. 2" Int. Symp. Avian influenza, 1986.
Madison.: Univ. Wisconsin, 155-163.

Henning, J., Pfeiffer, D.U. and Vu le, T. (2009). Risk factors and characteristics of
HS5N1 highly pathogenic avian influenza (HPAI) post-vaccination outbreaks. Vet Res.,
40: 15.

Henzler, D.J., Kradel, D.C., Davison, S, et al. (2003). Epidemiology, production
losses, and control measures associated with an outbreak of avian influenza subtype
H7N2 in Pennsylvania (1996-1998). Avian Dis., 47: 1022-1036.

Hinshaw, V.S. (1987). The nature of avian influenza in migratory waterfowl including
interspecies transmission. Proc. 2" Int. Symp. Avian influenza, 1986. Madison.: Univ.
Wisconsin, 133-141.

Hinshaw, V.S., Webster, R.G. and Turner, B. (1980). The perpetuation of
orthomyxoviruses and paramyxoviruses in Canadian waterfowl. Can. J. Microbiol., 26:
622-629.

Hinshaw, V.S. and Webster, R.G. (1982). The natural history of influenza A viruses.

In basic and applied research. A.S Beare (Ed), Boca Raton, Florida: CRC Press, 79-104.

58



Hinshaw, V.S., Webster, R.G. and Bean, W.]J., Downie, J. and Senne, D. (1983).
Swine influenza like viruses in turkeys: Potential source of virus for humans? Science,
220: 206-208.

Hofstad, M.S., Barnes, H.J., Calnek, B.W., Reid, W.M. and Yoder, Jr, HW.
(1984). Diseases of Poultry. 8™ edition, Ames, Iowa: Towa state university press, 482-
494.

Jindal, N., Chander, Y., Chockalingam, A.K., de Abin, M., Redig, P.T. and Goyal,
S.M. (2009). Phylogenic analysis of Newcastle disease viruses isolated from waterfowl
in upper Midwest region of the United States. J Virol., 6: 191

Kang, H.M., Jeong, O.M., Kim, M.C., Kwon, J.S., Paek, M.R., Choi, J.G., Lee,
E.K., Kim, Y.J., Kwon, J.H. and Lee, Y.J. (2010). Surveillance of avian influenza
virus in wild bird faecal samples from South Korea, 2003-2008. J Wild Dis., 46 (3):
878-888.

Karasin, A.l., Brown, I.LH., Carman, S. and Olsen, C.W. (2000). Isolation and
characterization of H4N6 avian influenza viruses from pigs with pneumonia in Canada.
J Virol., 74: 9322-9327.

Karasin, A.L.,, West, K., Carman, S. and Olsen, C.W. (2004). Characterization of
avian H3N3 and HINI1 influenza A viruses isolated from pigs in Canada. J. Clin
Microbiol., 42 (9): 4349-4354.

Katz J.M., Lim, W., Bridges, C.B, et al. (1999). Antibody response in individuals
infected with avian influenza A (H5N1) viruses and detection of anti-HS antibody

among household and social contacts. J Infect Dis., 180: 1763-1770.

59



Kawaoka, Y., Yamnikova, S., Chambers, T.M., Lvov, D.K. and Webster, R.G.
(1990). Molecular Characterisation of a new haemagglutinin, subtype H14 of influenza
virus. Virology, 179: 759-767.

Kendal, A.P. (1982). New techniques in antigenic analysis with influenza viruses, in
basic and applied influenza research (A. S. Beare, Ed). Boca Raton, Florida: CRC Press,
51-78.

Kessler, N., Aymard, M. and Calvet, A. (1979). Study of a new strain of
paramyxoviruses isolated from wild ducks: Antigenic and biological properties. J Gen
Virol., 43: 273-282.

Khawaja, J.Z., Naeem, K., Ahmed, Z. and Ahmad, S. (2005). Surveillance of Avian
Influenza viruses in wild birds in areas adjacent to epicenter of an outbreak in Federal
Capital Territory of Pakistan. Intern J Poultry Sci., 4 (1): 39-43.

Kilpatrick, A.M., Chmura, A.A., Gibbons, D.W., Fleischer, R.C. and Marra, P.P.
(2006). Predicting global spread of H5N1 avian influenza. Proc Natl Acad Sci. USA.,
103: 19368-19373.

Krauss, S., Walker, D., Pryor, S.P., Niles, L., Chenghong, L., Hinshaw, V.S. and
Webster, R.G. (2004). Influenza A viruses of migrating wild aquatic birds in North
America. Vector borne Zoonotic Dis., 4: 177-189.

Lee, C.W. and Suarez, D.L. (2004). Application of real-time RT-PCR for the
quantitation and competitive replication study of HS and H7 subtype avian influenza

virus. J. Virol Methods., 119: 151-158.

60



Leong, H.K., Goh, C.S., Chew, S.T., Lim, Y.N., Chang, S.F., Yap, H.H and Chua,
S.B. (2008). Prevention and control of avian influenza in Singapore. Ann Acad Med
Singapore., 37 (6): 504-509.

Lin, Y.P., Shaw, M., Gregory, V., Cameron, K., Lim, W., Klimov, A., Subbarao,
K., Guan, Y., Krauss, S., Shortridge, K., Webster, R., Cox, N. and Hay, A. (2000).
Avian-to-human transmission of H9N2 subtype influenza A viruses: Relationship
between HON2 and H5N1 human isolates. PINAS, 97 (17): 9654-9658.

Liu, J., Xiao, H., Lei, F, et al. (2005). Highly pathogenic H5N1 influenza virus
infection in migratory birds. Science., 309: 1206.

Marangon, S. and Capua, L. (2005). Control of Al in Italy: from stamping out strategy
to emergency and prophylactic vaccination. In: Proc. Internat. Conf on avian influenza,
Paris, OIE., 29.

Martin, S.W., Meek, A.H. and Willeberg, P. (1987). Veterinary Epidemiology,
Principles and Methods. Ames, Iowa: lowa state University Press, 35-37.

Martin, V., Sims, L., Lubroth, J., Pfeiffer, D., Slingenbergh, J., and Domenech, J.
(2006). Epidemiology and ecology of highly pathogenic avian influenza with particular
emphasis on South East Asia. Dev Biol., 124: 23-36.

McFerran, J.B. and McNulty, M.S. (1993). Virus infections of Vertebrates: Virus
infections of Birds, Volume 4, Amsterdam: Elsevier Science Publishers, 283.

Mweene, A. S., Pandey, G. S., Sinyangwe, P., Nambota, A., Samui, K. and Kida, H.
(1996). Viral diseases of Livestock. J. Vet. Res., 44 (2): 89-105.

Naeem, K., Ullah, A., Manvell, R.J. and Alexander, D.]J. (1999). Avian influenza A

subtype HON2 in poultry in Pakistan. Vet. Rec., 145: 560.

61



Nakatani, H., Nakamura, K., Yamamoto, Y. and Yamada, M. (2005).
Epidemiology, pathology, and immunohistochemistry of layer hens naturally affected
with H5N1 highly pathogenic avian influenza in Japan. Avian Dis., 49: 436-441.
Nicholls, H. (2006). Pandemic influenza: the inside story. Plos Biol., 4 (2).

Oliver, A.J. (2006). Ecology and epidemiology of avian influenza in ostriches. In:
OIE/FAO Scientific Conference on avian influenza. A. Schudel and M. Lombard, eds.
Karger, Basel, Switzerland. Dev. Biol., 124: 51-57.

Olsen, B., Munster V.]J., Wallensten, A., Waldenstrom, J., Osterhaus, A.D. and
Fouchier, R.A. (2006). Global patterns of influenza A virus in wild birds. Science, 312:
384-388.

Palmer, D.F., Coleman, M.T., Dowdle, W.D. and Schild, G.O. (1975). Advanced
laboratory techniques for influenza diagnosis. Immunology series no. 6, U.S.
Department of Health, Education and Welfare, Public Health Services, Atlanta, GA:
Centre of Disease control, 25-62.

Pedersen, J. (2008). Assay for the identification of influenza A virus Neuraminidase
subtype or Neuraminidase specificity. Methods in Molecular Biology, 436: 67-75.
Perdue, ML.L. (2003). Molecular diagnosis in an insecure world. Avian Dis., 47: 1063-
1068.

Perdue, M.L., Garcia, M., Senne, D. and Fraire, M. (1997). Virulence-associated
sequence duplication at the haemagglutinin cleavage site of avian influenza viruses.
Virus Res., 49: 173-186.

Perdue, M.L. and Suarez, D.L. (2000). Structural features of the avian influenza virus

haemagglutinin that influence virulence. Vet Microbiol., 74: 77-86.

62



Perkins, L.E. and Swayne, D.E. (2003). Comparative susceptibility of selected avian
and mammalian species to a Hong Kong-origin H5N1 high-pathogenicity avian
influenza virus. Avian Dis., 47 (3 Suppl): 956-967.

Pomeroy, B.S. (1982). Avian Influenza in the United States (1964-1980). Proc 1% Intl
Symp. Avian influenza, 1981. Carter Comp. Corp: Richmond, USA, 13-17.

ProMed (2009). Influenza pandemic (HIN1) 2009 report (55): Egypt.

Rohm, C., Horimoto, T., Kawaoka, Y., Suss, J. and Webster, R.G. (1995). Do
haemagglutinin genes of highly pathogenic avian influenza viruses constitute unique
phylogenetic lineages? Virology, 209: 664-670.

Rohm, C., Zhou, N., Suss, J., Mackenzie, J. and Webster, R.G. (1996).
Characterisation of a novel influenza haemagglutinin, H15: Criteria for determination of
influenza subtypes. Virology, 217: 508-516.

Ruenphet, S., Jahangir, A., Shoham, D., Morikawa, K., Miyoshi, Y., Hanawa, E.,
Okamura, M., Nakamura, M. and Takehara, K. (2011). Surveillance and
characterization of Newcastle disease viruses isolated from Northern Pintail (Anas
acuta) in Japan during 2006-2009. Avian Dis., 55: 230-235.

Scholtissek, C. and Naylor, E. (1988). Fish farming and influenza pandemics. Nature,
331: 215.

Seck, B.M., Squarzoni, C. and Litamoi, J. (2007). Experience in control of avian
influenza in Africa. Dev Biol., 130: 45-52.

Senne, D.A., Panigrahy, B. and Kawaoka, Y. (1996). Survey of the haemagglutinin

(HA) cleavage site sequence of HS5 and H7 avian influenza viruses: amino acid

63



sequence at the HA cleavage site as a marker of pathogenicity potential. Avian Dis., 40:
425-437.

Senne, D.A., Suarez, D.L., Stallnecht, D.E., Pedersen, J.C. and Panigrahy, B.
(2006). Ecology and epidemiology of avian influenza in North and South America.
Developments in Biologicals, 124: 37-44.

Sharma, R.N., Benko, L. and D’cruz, S. (1977). Infectious Bursa Disease in Zambia.
Vet. Rec., 101: 153.

Sharma, R.N., Hussein, N.A., Pandey, G.S. and Shandomo, M.N. (1985). A study of
Newcastle disease outbreaks in Zambia, 1975-1984. Rev. Tech. Off. Int. Epiz., 5 (1): 5-
14.

Si, Y., Skidmore, A.K., Wang, T., de Boer, W.F., Debba, P., Toxopeus, A.G., Li L.
and Prins H.H. (2009). Spatio-temporal dynamics of global HSN1 outbreaks match
bird migration patterns. Geospat Health., 4(1): 65-78.

Simulundu, E., Mweene, A.S., Tomabechi, D., Hang’ombe, B.M, Ishii, A., Suzuki,
Y., Nakamura, 1., Sawa, H., Sugimoto, C., Ito, K., Kida, H., Saiwana, L. and
Takada, A. (2009). Characterization of H3N6 avian influenza virus isolated from a
wild white Pelican in Zambia. Arch Virol., 154: 1517-1522.

Simulundu, E., Ishii, A., Igarashi M., Mweene, A.S., Suzuki, Y., Hang’ombe, B.M,
Namangala, B., Moonga, L., Monzoor, R., Ito, K., Nakamura, 1., Sawa, H.,
Sugimoto, C., Kida, H., Simukonda, C., Chansa, W., Chulu, J. and Takada, A.
(2009). Characterization of influenza A viruses isolated from wild waterfowl in Zambia.

J Gen Virol., 92: 1416-1427.

64



Sinclair, 1., Hockey, P. and Tarboton, W. (1997). Birds of southern Africa, the
region’s most comprehensively illustrated guide. 2" edition, Cape Town: Struik
Publishers, 76 - 85.

Smitka, C.W. and Maassab, H.F. (1981). Ortho- and Paramyxoviruses in the
migratory waterfowl of Michigan. J Wild Dis., 17 (1): 147-150.

Spackman, E. (2009). The ecology of avian influenza virus in wild birds: What does
this mean for poultry? Poultry Science, 88: 847-850.

Spackman, E., Senne, D.A. and Myers, T.J., Bulaga, L.L., Garber, L.P. and
Perdue, M.L. (2002). Development of a real-time reverse transcriptase PCR assay for
type A influenza virus and the avian H5 and H7 haemagglutinin subtypes. J. Clin
Microbiol., 40: 3256-3260.

Steinhauer, D.A. (1999). Role of haemagglutinin cleavage for the pathogenicity of
influenza virus. Virology, 258: 1-20.

Swayne, D.E. (1997). Pathobiology of HSN2 Mexican avian influenza virus infections
of chickens. Vet Pathol., 34 (6): 557-567.

Swayne, D.E. and Suarez, D.L. (2000a). Highly pathogenic avian influenza. Rev Sci
Tech., 19: 463-468.

Thanawongnuwech, R., Amosin, A., Tantilertcharoen, R, ef al. (2005). Probable
tiger-to- transmission of avian influenza H5SN1. Emerg Infect Dis., 11:699-701.

Tiensin, T., Chaitaweesub, P., Songserm, T., Chaisingh, A., Hoonsuwan, W.,
Buranathai, C., Parakamawongsa, T., Premashthira, S., Amonsin, A., Gilbert, M.,
Nielen, M. and Stegeman, A. (2005). Highly pathogenic avian influenza H5NI,

Thailand, 2004. Emerg Infect Dis., 11(11): 1664-1672.

65



Veterinary Annual Report (1987). Department of Veterinary and Tsetse Control
Services, Republic of Zambia.

Villarreal, C. (2007). Experience in control of avian influenza in the Americas. Dev
Biol., 130: 53-60.

Ward, M.P., Maftei, D.N., Apostu, C.L. and Suru, A.R. (2009). Association between
outbreaks of highly pathogenic avian influenza subtype HSN1 and migratory waterfowl
(family Anatidae) populations. Zoonoses Public Health, 56(1): 1-9.

Webster, R.G and Laver, W.G. (1975). In E.D. Kilbourne (Ed), the Influenza Viruses
and Influenza. New York: Academic Press, 270-310.

Webster, R.G., Morita, M., Pridgen, C. and Tumova, B. (1976). Ortho- and
paramyxoviruses from migrating feral ducks: characterization of new group of influenza
A viruses. J Gen Virol., 32: 217-225.

Webster, R.G., Bean, W.J., Gorman, T.O., Chambers, T.M and Kawaoka, Y.
(1992). Evolution and ecology of influenza viruses. Microbiol Rev., 56:152-179.
Wentworth, D., Xian, X., Cooley, A.J., McGregor, M.W., Hinshaw, V.S. and Cox
N. (1994). An avian influenza A (HIN1) virus closely related to swine influenza
responsible for a fatal case of human influenza. J Virol., 68: 2051-2058.

Werner, H.O. and Harder, T.C. (2006). Avian influenza. In influenza 2006 report.
Flying Publisher, Paris, 2: 48-72.

Werner, O. (1998). Avian influenza-situation in Germany 1995-1997. In: Proceedings
of the joint Fourth Annual meetings of the National Newcastle Disease and avian

influenza Laboratories of countries of the European Union, Brussels, 1995: 9-10.

66



W.H.O (2002). Manual on Animal influenza Diagnosis and Surveillance. Geneva, 15-
44,

W.H.O (2004). Avian influenza: H5N1 detected in pigs in China.

W.H.O (2004). Laboratory study of H5N1 viruses in domestic ducks: main findings.
W.H.O Global influenza program surveillance network. (2005). Evolution of HSN1
avian influenza viruses in Asia. Emerg Infect Dis., 11: 1515-1521.

Widjaja, L., Krauss, S.L., Webby, R.J., Xie, T. and Webster, R.G. (2004). Matrix
gene of influenza A viruses isolated from wild aquatic birds: ecology and emergence of
influenza A viruses. J Virol., 78: 8771-8779.

W.H.O (2006). Cumulative number of confirmed human cases of avian influenza A
(H5N1) reported to WHO.

W.H.O. (2009). Updates on HIN1 virus outbreak. 1-20.

Widjaja, L., Krauss, S.L., Webby, R.J., Xie, T. and Webster, R.G. (2004). Matrix
gene of influenza A viruses isolated from wild aquatic birds: ecology and emergence of
influenza A viruses. J Virol., 78: 8771-8779.

Woolcock, P.R., McFarland, M.D., Lai, S. and Chin, R.P. (2001). Enhanced
recovery of avian influenza virus isolates by a combination of chicken embryo
inoculation methods. Avian Dis., 45: 1030-1035.

Xu, C., Fan, W., Wei, R. and Zhao, H. (2004). Isolation and identification of swine
influenza recombinant A/Swine/Shandong/1/2003 (H9N2) virus. Microbes Infect., 10:

919-925.

67



Yuen, K.Y., Chan, P.K., Peiris, M. et al. (1998). Clinical features and rapid viral
diagnosis of human disease associated with avian influenza A H5N1 virus. Lancet.,
351: 467-471.

Zambian National Strategic Response Plan for Avian influenza (2005). Government
of the Republic of Zambia, 19-35.

Zhou, N.N., Shortridge, K.F., Claas, E.C., Krauss, S.L. and Webster, R.G. (1999).
Genetic reassortment of avian, swine and human influenza A viruses in American pigs.

J Virol., 73: 8851-8856.

68



APPENDICES

Appendix A: Preparation of transport media

1 drop of 2 % phenol red was added to 400 ml of Phosphate Buffered Saline (PBS) and
autoclaved. After cooling the mixture to room temperature, penicillin (final
concentration 10,000 U/ml), streptomycin (final concentration 10 mg/ml) and
gentamycin (final conc. 0.3 mg/ml) were added and mixed thoroughly. The pH was
adjusted to 7.4 with drops of Sodium hydroxide (NaOH).
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Appendix B: Preparation of reagents for Neuraminidase Inhibition assays

Phosphate buffer, pH 5.9

0.2 M Disodium hydrogen phosphate (Na,HPO.)
2.84 g of Na, HPO4 was dissolved in 100 ml of distilled water.
(b) 0.2 M Sodium dihydrogen phosphate (NaH,PO.)
2.76 g of NaH,PO, was dissolved in 10 ml of distilled water.
81 ml of solution (a) was mixed with 19 ml of solution (b) to give 0.2 M bulffer,
pH 5.9 and stored at room temperature.
Fetuin (substrate)

500 mg of fetuin was added to 10 ml distilled water and 10 ml phosphate buffer.

Periodate reagent
4.28 g Sodium meta-periodate (NalO4) was added to 38 ml distilled water and
the mixture was dissolved by heating. The solution was cooled at room
temperature and then 62 ml phosphoric acid was added. The solution was mixed
well and stored in a dark bottle away from light at room temperature.

Arsenite reagent
10g Sodium arsenite (NaAsO,) and 7.1 g Sodium sulfate (NaS,0,) was added to
100 ml of distilled water. The mixture was dissolved by heating and then cooled
at room temperature and then 0.3 ml of concentrated sulfuric acid was added.
The mixture was then stored at room temperature.

Thiobarbituric acid reagent
1.2 g Thiobarbituric acid and 14.2 g Sodium sulfate (NaS,0,) was dissolved in
200 ml boiling distilled water and then stored at room temperature.

Butanol reagent
100 ml of n-butanol was added to 5 ml concentrated Hydrochloric acid and
stored in a dark bottle.
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Appendix C: Preparation of chicken red blood cells for HA and HI

About 5 ml blood was collected aseptically from the wing vein of a healthy chicken.
This blood was then transferred into a 50 ml Falcon centrifuge tube containinglml of 2
% sodium citrate (anticoagulant). The blood was resuspended in 40 ml sterile saline
solution in the 50 ml centrifuge tube and centrifuged at 1,200 rpm for 5 minutes. The
supernatant was discarded and the cells were washed in this manner, 3 times. Then a 0.5
percent solution was made by adding 500 ul of washed whole blood to 100ml saline and
the mixture was kept at 4 °C, ready for use.
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Appendix D: Influenza and Newcastle disease virus antisera used in this Study

Avian influenza virus antisera H1-H16, N1-N9 and Newcastle disease virus antisera
used in this study for haemagglutination inhibition and Neuraminidase Assays,
respectively were obtained from OIE Reference Centre for highly pathogenic avian
influenza at Graduate School of Veterinary Medicine at Hokkaido University in Japan.
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