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SUMMARY

Epizootic of Highly Pathogenic Avian Influenza subtype H5N1 in Nigeria was successfully contained
during the first wave that lasted from 2006 to 2008 without the use of vaccine. Re-current and more
severe outbreak was witnessed in 2015 and there are suspicions that some farmers may have resorted
to vaccination to prevent infections in their flocks. We investigate evidence of vaccination in farms
and the status of vaccination as alternate control for HPAI in Nigeria. The study was carried out in a
cross section of 24 commercial poultry farms in four States in South West and North Central Nigeria.
Five hundred and one sera collected randomly were screened by agar gel immunodiffusion (AGID)
assay for antibody to group specific influenza A nucleoprotein. One hundred and eight sera obtained
from five H5N1 infected poultry farms were also concurrently screened. Reactive sera were further
analysed by Hemagglutinin Inhibition (HI) test against H5 antigen using 1% suspension of pooled
washed chicken red blood cells. Only 8 out of 501 sera (1.6%) had evidence of influenza A antibody.
All of the 8 samples were from one farm with 20 samples collected representing 40% seroconversion
at farm level. Three out of those sera were positive for H5 at HI titer of 3log.. All other sera including
those obtained from HPAI infected farms were negative for influenza antibody. This study confirms
limited antibody response to avian influenza subtype H5 most likely due to vaccination in one
commercial flock. Vaccination against avian influenza by farmers desperate to protect their
investments may lead to unregulated and suboptimal application of vaccines requiring farmers’ and
stakeholders’ engagement to forestall negative impact.
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INTRODUCTION

Highly Pathogenic Avian influenza subtype H5N1
clade 2.2 was first reported in Nigeria in 2006 and
the epizootic was successfully contained without
the use of vaccine (Fusaro et al. 2009; Oladokun
et al. 2012). Another strain of HPAI belonging to
clade 2.3.2.1c was re-introduced in 2015. The
infection spread extensively across the country
within weeks, also affecting neighbouring West
African countries (Niger, Cameroon, Ghana,
Ivory Coast and Burkina Faso) from 2015 to 2016
and was still detected in 2017 and 2018 (Monne et
al, 2015; Tassoni et al. 2016; FAO, 2018; Laleye
et al., 2018). The severity and spread of the 2015
outbreaks of HPAI H5N1 in Nigeria was
attributed to gaps in the control programme,
unlike successes that was recorded when the
disease was first introduced in 2006 (Oladokun et
al., 2012; Shittu et al. 2016). Consequently, the
infections spread to all agro-ecological regions
accounting for over 500 cases across 20 states
within a year (Akanbi et al, 2016).

Nigeria being the most populous country in Africa
also have abundant livestock resources including
the poultry sector that contribute directly to the
socio-economic, livelihoods, food security and
health of the population (Robinson et al., 2014).
Investments in poultry business are in millions of
dollars in products and services with several
multi-level and interconnected industries. Poultry
therefore contributes hugely to the livelihood and
prosperity of the nation making investment in
commercial poultry production attractive with
high economic value (Akpan et al. 2013).
Operators in the poultry sector in Nigeria are
therefore wary of threats to their businesses and
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seek measures to mitigate losses. While rural to
urban migration has rapidly increase human
population in cities, it is followed by
intensification of poultry production in urban and
peri-urban areas. Consequently, biosecurity lapses
in intensive agriculture are both a threat to animal
health and production, and have public health
implications. As farming pressure increases,
people and their livestock are pushed into ever-
closer proximity and disease prevention even
becomes more difficult. Other consequences of
intermingling include interspecies transmission of
zoonotic pathogens like avian influenza at the
human-animal interface (Van Kerkhove et al.,
2012). Foregoing conditions require holistic
control approaches including, biosecurity,
modified agricultural practices and vaccination
against pathogens of economic and public health
importance (Bonfoh et al. 2012; Donatelli et al.
2016; United Nations, 2018).

Avian influenza is also suspected to be introduced
through migratory birds from Asia and Europe
because Nigeria lies on the path of major flyways
(East-Africa-Asia flyway, Atlantic-America and
Black Sea/Mediterranean flyway (Ducatez et al.
2006: Meseko et al., 2018). The tropical climatic
region with abundant wetlands, rivers and lakes,
serves as suitable habitat for the stopover for rest
and feeding of these migratory birds during
intercontinental movement  where  they
contaminate the environment and may infect
resident birds with avian influenza (Ducatez et al.
2006). There is now more evidence in support of
the role of wild migratory birds in the long
distance transmission of HPAI from Euro-Asia to
Africa mainly in autumn (FAO, 2017; Meseko et
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al., 2018). The potential risk of re-introduction of
HPAI into Nigeria therefore raises concern on the
preparedness and ability of the veterinary services
and infrastructures to forestall outbreaks and the
possibility of the virus becoming endemic in
domestic poultry following persistent circulation.
Currently the control programme of the
Government of Nigeria justifiably excludes
vaccination of poultry birds, banking on successes
of previous control programme. These include the
combinations of modified stamping out by
depopulation, paying compensation to farmers,
decontamination of premises with improved
biosecurity that was able to eliminate HPAI H5N1
clade 2.2 from Nigeria since 2008 (Oladokun et
al., 2012, OIE, 2013; Coker et al. 2014; Monne et
al. 2015). It is equally instructive that some
countries like Egypt and Indonesia that choose to
vaccinate birds against HPAI during the same
period were subsequently not free from the
disease and had persistent outbreaks with the virus
becoming enzootic (Kayali, et al. 2016; Tarigan et
al., 2018). However, the intensity of 2015
outbreaks and failure of the government to
promptly pay compensation to affected farmers,
which culminated in delays in culling and lack of
incentives for poultry owners to promptly report
outbreaks may have contributed in prolonged
circulation of HPAI H5N1 clade 2.3.2.1c (Akanbi
et al. 2016). Subsequently, dual introduction and
co-circulation of two distinct genotypes in Nigeria
from 2015-2017 resulted in intra clade
reassortments (Tassoni et al., 2016; Laleye et al.,
2018), and spill over transmission to other
livestock (Meseko et al., 2018). These episodes
raise concerns over the ability to effectively
control HPAI in Nigeria using stamping out and
decontamination alone bearing in mind, the poor
adherence to biosecurity, especially in backyard
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poultry sector and the live bird markets (LBMs).
Biosecurity lapses are further compounded by
uncontrolled movement of birds and trade in
poultry and poultry products across a wide
expanse of agro-ecological zones of Nigeria.
Added to the burden of circulation of H5N1 clade
2.3.2.1c, there has been sporadic detections of
H5N8 clade 2.3.4.4 in farms and LBMs in 2017
and 2018 (OIE, 2017; FAO, 2018). The
uncertainty that depopulation and
decontamination alone may not stop HPAI
incursion into Nigeria and West Africa, the huge
economic investment and the associated concerns
by farmers may have lured some poultry farmers
to resort to clandestine vaccination as alternative
or additional measure to control HPALI in order to
protect their investment. This study investigated
evidence of such vaccination practices in
commercial farms and discusses the status of
vaccination as alternate control in Nigeria.

MATERIALS AND METHODS
Sample collection

A cross sectional sampling of 108 sera was carried
out in four states infected with HPAI, two each in
the South West and North Central Nigeria during
HPAI epidemic in 2015-2016 (Figure 1). In
another sampling frame, we obtained a total of
501 sera from 24 commercial poultry farms
comprising of commercial layers, broilers and
grower with each sampled farm population
ranging from 1000 to 10,000 birds. The first
sampling in infected farms served as control for
the second set of sampling in farms not known to
be infected with HPAI and the samples were
randomly collected based on convenience
willingness of the farmers involved. Apart from
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routine vaccination against Newcastle disease,
fowlpox, Gumboro and other endemic diseases,

none of these farms admitted

to Al vaccination,. Though the birds had no
clinical signs suggestive of Al. Table |
provides summary of the sample distribution
according to locations.

Preparation of Antigen for AGID

Avian influenza antigen was prepared using
the protocol described by the Centers for
Veterinary Biologics and National Veterinary
Service Laboratories (NVSL), Ames lowa,
with modifications. Briefly described, chicken
embryonated eggs were inoculated avian the
allantoic route with 0.1 ml of homogenised
parenchymatous tissues from Al infected
samples obtained from field outbreaks (Monne

LA AV it | vacnaton

B A recres | 0 vacomanon

etal., 2015) and incubated until embryo death was
observed. Allantoic fluid obtained from dead

embryo were tested for HA activity with 10%
pooled chicken RBCs prepared with phosphate

FIGURE 1.
infected but seronegative States and States

buffered  saline  (PBS).  Chorioallantoic

membranes from infected eggs were
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Map of Nigeria showing AlV

) ) Table I: Distribution of samples and results of HPAI
harvested and homogenised according AGID and HI serology tests
to the methods by Woolcock (2008).
The paste obtained was thrice freezed— Serology
. . State No. sera results
thawed, followed by centrifugation at
i collected

2500rpm for 20 minutes. The pellet was AGID HI
discarded and the supermatant was | oon 161 (7farms) *8(5%)  3(2%) : GMT (L.41)
treated with 0.1% formalin for virus
inactivation and standardised with
H5N2 antigen and reference control Ogun 120 (6 farms) - 0 0
serum kindly provided by Institute Plateau 140 (7 farms+) 0 0
Zooprofilattico  Sperimentale  dele 70 (3 farms)
Venezle (1ZSVe), Pad_O\c/ia Italy._ All Bauchi 80 (4 farms) 0 0
procedures - were carrie out in a 38 (2 farms)*
biosafety cabinet using standard
biosafety SOP and protocols. Total  501(24 farms) 8 2

108 (5 farms)* 0 0
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suspected to be involved in AIV vaccination in
poultry that were sampled and tested.

Agar gel immunodiffusion

Sera were screened by AGID test to detect group
specific ribonucleoprotein (RNP) antigen to
influenza A and matrix (M) protein according to
the protocol described in the OIE manual (2015).
Tests were organised by placing test serum
adjacent to a known positive antigen (prepared
and standardised in-house as described earlier).
Thereafter the reactants were incubated at 35°C in
a humidified incubator and examined after 24
hours for precipitin lines formed to the
homologous antigen of the test antibody.

Hemagglutinination Inhibition

Hemagglutination-Inhibition (HI) test was carried
out on influenza A positive sera from the AGID
assay using H5 subtype as antigen. The test was
performed in a 96-well VV-bottom microtitre plate
with 1% suspension of pooled washed chicken red
blood cells prepared in PBS as indicator. Positive
HI titers of 4log> indicated inhibition at a serum
dilution of 1/16 (2%) when expressed as the
reciprocal (OIE, 2015). In this assay, 0.025 ml of
PBS was dispensed with a micropipette into each
well of a V-bottomed microtiter plate followed by
0.025 ml of serum into the first well of the plate.
Two fold serial dilutions of the serum were made
across the plate. Thereafter, 0.025 ml of 4 HAU of
antigen was added to each well and incubated at
room temperature for 30 minutes. Subsequently
0.025 ml of 1% pooled chicken RBCs prepared in

11

Meseko et al

PBS was added to each well and thoroughly
mixed. Second incubation of 30 minutes at room
temperature was observed for the time it took
control RBCs to settle to a distinct button in the
microtiter plate. The HI titer (the highest dilution
of serum that caused complete inhibition of 4
HAU of antigen) was assessed by tilting the plates
and only wells in which the RBCs streamed at the
same rate as the control wells were considered HI
positive.

RESULTS AND DISCUSSION

This investigation showed evidence of antibody
response to avian influenza in commercial flock in
South West Nigeria as eight (1.6%) sera out of 501
collected from apparently healthy birds had
evidence of influenza A antibody. Distinct line of
precipitation was recorded when antigen and
antiserum in the immune diffusion test combined.
AGID test on 108 sera obtained from poultry
farms known to be infected with HPAI H5N1 by
RT-PCR reported in another study (Shittu et al.
2016) and tested in the current study were
negative. Further analysis of influenza A positive
sera by HI showed 3 sera (2% by state and 15%
by farm) were positive for H5 antibody; 2 samples
at marginal titre of 3 log2 and only one sample had
HI titre of 4 log2 and the overall GMT of 1.41 was
calculated using the method by Perozo et al.
(2008). The H5 antibody detected in this
investigation is most likely due to seroconversion
induced by vaccination which is speculated to
have been clandestinely applied by some farmers
in the region. One Avian Influenza vaccine bottle
was recovered from one farm that declined further
inquiry (Figure 2).

There are unconfirmed reports of vaccination in
southwestern region, the hub of poultry
production in Nigeria by farmers that are
desperate to protect their business. This may lead
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to such clandestine, unregulated and inappropriate
application of non-standardized vaccine and
vaccination practice with resultant misapplication
and poor antibody responses. In our study,
antibodies were detected but the titer was
marginal at less than 4logz, a conventionally
consideration for HI positivity but less than
protective titre (OIE/FAO, 2019). The potency of

FIGURE 2. : A bottle
of Avian influenza
vaccine recovered
from a poultry farm

influenza A vaccine is generally evaluated by
testing the ability of the vaccine to induce a
significantly high HI titer of 4-5log2 which also
correlate with protection against field infection
(Montomoli et al., 2010). According to Hannoun
(2004), HI antibody titers are read as the
reciprocal of the highest serum dilution causing
complete inhibition of agglutination and the
results can be presented as the percentage
conversion which have been defined using
vaccine or wild strains. The vaccine (s) that was
probably used in the poultry farm evidently
seroconverted but did not induce significant HI
titer though sera were positive by both AGID and
HI and only one farm out of 24 had evidence of

is South West Nigeria.
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seroconversion to influenza antigen. The 40%
seroconversion recorded in that particular farm
showed that the vaccine used (proprietary identity
could not be linked to that shown in figure 1) was
broadly administered in the farm. In this
investigation (i) the first category of samples
collected from known HPAI infected farms were
all negative and justifiably so as HPAI susceptible
chickens usually die before developing antibodies
(OIE, 2014) . (11) In the second category of
samples collected from apparently healthy birds,
antibody was detected and not caused by infection
as no previous or current outbreak was attributed
to farms in the location (Akanbi et al 2016).
Though sampling was not representative of all
farms in southwest region or Nigeria as a country
and sampling frame was also not systematic but
targeted at suspect area, vaccine use may not be as
widely practised as envisaged which is
understandably so because vaccination against Al
is not permitted officially by the government
authorities. The finding also poses questions on
the quality and potency of unofficial vaccines due
to breaks in cold chain, since they are usually
smuggled into the country in order to evade
regulatory agencies at ports of entry.

Sera obtained from known HPAI infected farms
were negative for Al antibody and not surprisingly
so because of the patho-biological characteristics
of HPAI H5N1 virus. In previous studies,
naturally infected birds with HPAI H5N1 die
shortly without developing antibody and were
seronegative (Joannis et al., 2008) because death
occurred shortly after infection without sufficient
time (2-3weeks) for humoral antibody
development (OIE, 2014). Though in an AGID
and HI experimental set up by Brown et al (2006)
they were able to detect post-inoculation
antibodies in surviving waterfowls. The period of
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seroconversion is usually up to two weeks and
HPAI H5N1 infection in domestic poultry
especially chickens and turkey is usually 1 to 3
days period from infection to clinico-pathological
findings. The rapid onset of mortality does not
allow antibody development and detection. Hence
all the sera from infected farms collected before
depopulation and analysed in our study were
negative. This also showed that the antibody
detected in the second category of samples
(apparently healthy birds) in the study is not likely
due to infection but vaccination due to its
specificity to H5. Though we are not able to
determine what types of vaccines were used
(inactivated or live attenuated) in this study but
there is laboratory evidence that the vaccine
antigen is H5 specific at least in three samples. In
previous studies, analysis of antibody levels
following vaccination with inactivated virus or
natural exposure to pathogen showed higher post-
vaccination HI antibody titers associated with
lower rates of infection on subsequent exposure to
influenza virus (Hannoun, 2004). Lack of
protective HI titer as observed in this study
portends a more dangerous scenario where
farmers may be under false security while avian
influenza circulates in poultry flocks with all the
attendant risks.

HPAI control strategies may include vaccination
of poultry in countries where stamping out alone
is not sufficient because vaccines also offer
effective tool to reduce virus shedding and risk of
transmission as well as lower potential zoonotic
transmission (Lee and Suarez, 2005; Ellis et al.,
2006; Capua and Marangon 2006). Nigeria was
under pressure to adopt vaccination as a control
strategy in 2006 with reference to some countries
like Vietnam and China that had used vaccine with
certain degree of success (To et al., 2007). This
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was the same time when vaccination was adopted
in Egypt in 2006; unfortunately the impact of
vaccination on the control of Al vaccination in
Egypt has been poor despite continuous
vaccination of poultry birds. Frequent outbreaks
in poultry have also been source of human
infections and deaths (Peyre et al., 2009). The
limitations identified in countries where
vaccination has failed to control HPAI such as
Egypt include mass vaccination without outbreak
investigation and management, failure to maintain
strict bio-security measures, lack of post
vaccination monitoring, concurrent disease
conditions, insufficient trainings in the application
of vaccination and above all, weak institutions and
infrastructures (Domenech et al. 2009; Peyre et
al., 2009). Similarly, failure of vaccination
programme against avian influenza in Indonesia
was attributed to a number of reasons including
the use of an unlicensed virus seed strain and
induction of low levels of protective antibody
because of an insufficient quantity of vaccine
antigen, appearance of drift variant field viruses
that partially or completely overcame commercial
vaccine-induced immunity (Swayne et al. 2015).

In the absence of sustained disease surveillance,
laboratory and field trials on the efficacy of
vaccines as well as such post vaccination
monitoring for the differentiation of infected from
vaccinated animals (DIVA), unregulated
vaccination in Nigeria and anywhere should be
discouraged. This would minimise the likelihood
of avian influenza epizootics in poultry, human
exposure and potentials for influenza pandemic,
because unregulated application of vaccine is a
recipe for disaster (Capua et al. 2004; James-
Berry 2013). While vaccination has been shown to
boost immune response in the vaccinated, increase
resistance to field outbreaks, reduce virus
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shedding and transmission, it can be a powerful
tool to support eradication programmes if used in
conjunction with other control methods and
designed as is fit for peculiar agro-ecology (Capua
and Marangon 2006).

In the best interest of avian influenza control in
Nigeria, while still implementing measures that
works, poultry farmers’ engagement should be
initiated without further delay. Government
should therefore regularly hold stakeholder’s
consultation, discuss the merits and demerits of
vaccination programmes and get a consensus on
vaccination no vaccination through consultation.
This is imperative in building trust in order to have
full cooperation to agree on the best approaches.
Such may include canvassing reasons why
vaccination option may still be delayed or to
monitor regulated use of vaccines, field
application and other considerations including
exit strategy. It is important to forestall unending
cycles of vaccine usage as it is currently
experience with Newcastle disease. Negligence
on the part of government and inappropriate
application of vaccines by poultry farmers may
create more problems for the poultry sector, food
security and public health.

REFERENCES

AKANBI, 0., MESEKO, C., ODITA, C,
SHITTU, I, RIMFA, A.G., UGBE, D,
PAM, L., GADO, D.A., OLAWUYI, K.,

MOHAMMED, S.B., KYAUTA, I,
BANKOLE, N.O, NDAHI, W,
JOANNIS, T.M., AHMED, M.sS,
OKEWOLE, P.A, AND SHAMAKI, D.
(2016). Epidemiology and
clinicopathological ~ manifestation  of
resurgent Highly Pathogenic Avian

14

Meseko et al

Influenza (H5N1) virus in Nigeria, 2015.
Nig Vet Journ. 37 (3):175 — 186.
AKPAN, S.B., PATRICK, L.V., UDOKA, S.J.,
OFFIONG, E.A., AND OKON, U.E.
(2013). Determinants of Credit Access and
Demand among Poultry Farmers in Akwa
Ibom State, Nigeria. American Journal of
Experimental Agriculture 3(2): 293-307.

BONFOH B, SCHWABENBAUER K,
WALLINGA D, HARTUNG ],
SCHELLING E, ZINSSTAG, J,

MESLIN, F., TSCHOOP R., AKAKPO,
J.A., AND TANNER, M. (2010). Human
Health Hazards Associated with Livestock
Production. In: Steinfeld H, Mooney HA,
Schneider F and Neville LE, (eds).
Livestock in a Changing Landscape.
Drivers, Consequences, and Responses.
Volume 1. Washington D.C., USA: Island
Press: 197-221.

BROWN, J.D., STALLKNECHT, D.E., BECK,
JR., SUAREZ, D.L. AND SWAYNE,
D.E. (2006). Susceptibility of North
American Ducks and Gulls to H5N1
Highly Pathogenic Avian Influenza
Viruses. Emerg Infect Dis, 12(11); 1663—
1670.

CAPUA, I., CATTOLI, G. AND MARANGON,
S. (2004). DIVA-a vaccination strategy
enabling the detection of field exposure to
avian influenza. Dev Biol (Basel).119:
229-33.

CAPUA, I, AND MARANGON, S. (2006).
Control of Avian Influenza in Poultry.
Emerg Infect Dis. 12(9), 1319-1324.

COKER, T., MESEKO, C., ODAIBO, G., AND
OLALEYE, D. (2014). Circulation of the
low pathogenic avian influenza subtype
H5NZ2 virus in ducks at a live bird market



DONATELLI 1,

Nigerian Veterinary Journal 41(1). 2020

in lbadan,Nigeria. Infectious Diseases of
Poverty,3 38. http://doi.org/10.1186/2049-
9957-3-38

DOMENECH, J, DAUPHIN, G, RUSHTON, J,

MCGRANE, J, LUBROTH, J, TRIPODI
A, GILBERT J. AND SIMS, LD. (2009).
Experiences with vaccination in countries
endemically  infected with  highly
pathogenic avian influenza: the Food and
Agriculture Organization perspective. Rev
Sci Tech. 28(1):293-305.

CASTRUCCI M.R., DE
MARCO M.A., DELOGU M.,
WEBSTER R.G. (2016). Human—Animal
Interface: The Case for Influenza
Interspecies Transmission. In: Rezza G.,
Ippolito G. (eds) Emerging and Re-
emerging Viral Infections. Advances in
Experimental Medicine and Biology, vol
972. Springer, Cham

DUCATEZ, M.F., OLINGER, C.M., OWOADE,

AA, DE LANDTSHEER, S,
AMMERLAAN, W, NIESTERS,
H.G.M., OSTERHAUS, AD.M.E,,
FOUCHIER, R.AM. AND MULLER,
C.P. (2006). Avian flu: Multiple
introductions of H5N1 in Nigeria. Nature

442: 37.

ELLIS, T.M, SIMS, L.D, WONG, H.K, WONG,

C.W, DYRTING, K.C, CHOW. K.W,
LEUNG, C. AND PEIRIS JSM (2006)
Use of avian influenza vaccination in
Hong Kong. Dev Biol 124:133-143.

FUSARO, A., JOANNIS, T., MONNE, 1,

SALVIATO, A, YAKUBU, B,
MESEKO, C., OLADOKUN, T,
FASSINA, S., CAPUA, 1, AND

CATTOLI, G. (2009). Introduction into
Nigeria of a distinct genotype of avian

15

Meseko et al

influenza virus (H5N1). Emerg infect dis,
15(3): 445-447.

HANNOUN, C.; MEGAS, F. AND PIERCY,

J.(2004). Immunogenicity and protective
efficacy of influenza vaccination. Virus
Res. 103:133-138.

JAMES-BERRY CM (2013) Vaccine Control of

Avian Influenza H5N1 in Poultry: Need
for a Positive Marker. J Vaccines 4:168.
doi: 10.4172/2157-7560.1000168

JOANNIS, T,, MESEKO, C., OLADOKUN, A,

ULARAMU, H.G. EGBUIJI, AN,
SOLOMON, P., NYAM, D.C., GADO,
D.A., LUKA, P., OGEDENGBE, M.E.
YAKUBU, M.B., TYEM, AD,,
AKINYEDE, O., SHITTU, A,
SULAIMAN, L.K. OWOLODUN, O.A,,
OLAWUYI, AK., OBISHAKIN, E.T.,
AND FASINA, F.O: Serologic and
virology surveillance of avian influenza in
Nigeria, 2006-7  (2008). Euro
Surveillance. 13(42): pii: 19007

KAYALI, G., KANDEIL, A., EL-SHESHENY,

R., KAYED, A. S., MAATOUQ, A. M.,
CAl, Z. AND ALI, M. A. (2016). Avian
Influenza A(H5N1) Virus in Egypt.
Emerging Infectious Diseases, 22(3): 379-
388.
https://dx.doi.org/10.3201/eid2203.15059
3

LALEYE, A., JOANNIS, T., SHITTU, I,

MESEKO, C.,ZAMPERIN, G.,MILANI,
A., ZECCHIN, B, FUSARO, A,
MONNE, | AND ABOLNIK, C. (2018). A
two-year monitoring period of the genetic
properties of clade 2.3. 2.1 ¢ H5N1 viruses
in Nigeria reveal the emergence and co-
circulation of distinct  genotypes.



Nigerian Veterinary Journal 41(1). 2020

Infection, Genetics and Evolution. 57: 98
- 105

LEE, C.W. AND SUAREZ, D.L. (2005) Avian

influenza virus: prospects for prevention
and control by vaccination. Anim Health
Res Rev 6: 1-15.

MESEKO, C., GLOBIG, A., JOMANTA, J.,

JOANNIS, T, NWOSUH, C.,
SHAMAKI, D., HARDER, T,
HOFFMAN, D., POHLMANN, A,
BEER, M., METTENLEITER, AND
STARICK, E. (2018). Evidence of
exposure of domestic pigs to Highly
Pathogenic Avian Influenza H5N1 in
Nigeria. Scientific Reports. 8:5900.
DOI:10.1038/s41598-018-24371-6

MONNE, I, MESEKO, C., JOANNIS, T.,

SHITTU, I., AHMED, M., TASSONI, L.
AND CATTOLI, G. (2015). Highly
pathogenic avian influenza A (H5N1)
virus in poultry, Nigeria. Emerg Infect Dis.
21(7): 1275-1277.

MONTOMOLI, E., CAPECCHI, B. AND

OIE

HOSCHLER, K. (2010) Correlates of
protection against influenza. In: Rappuoli
R., Del Giudice G. (eds) Influenza
Vaccines for the Future. Birkhéauser
Advances in Infectious Diseases.
Birkh&user Basel © 2018 Springer Nature
Switzerland AG. Part of Springer Nature.
199-222.

(2014). Avian Influenza. https://rr-
asia.oie.int/fileadmin/Regional Represent
ation/Programme/H_HPAI/HPAI Techni
cal Disease Card.pdf.  Accessed 03
September, 2019.

OIE Terestrial Manual. Chapter 2.3.4. Avian

influenza  (Infection  with  avian
influenzaviruses).

16

Meseko et al

http://www.oie.int/fileadmin/Home/eng/H
ealth_standards/tahm/2.03.04_Al.pdf

OIE/FAO. Guidelines for correct application and
interpretation of diagnostic results for the
diagnosis of avian influenza (Al) on serum
samples.
https://www.oie.int/fileadmin/Home/eng/
Animal_Health_in_the World/docs/pdf/
AIGUIDELINES.pdf.  Accessed 03
September 2019.

OLADOKUN AT, MESEKO,
C.A,IGHODALO, E., JOHN, B., AND
EKONG, P.S. (2012). Effect of
intervention on the control of Highly
Pathogenic Avian Influenza in Nigeria.
The Pan African Medical Journal; 13:14.
www.ajol.info

PEROZO F, VILLEGAS P, DOLZ R, CLAUDIO
L. AFONSO AND PURVIS, L. (2008)
The VG/GA strain of Newcastle disease
virus: mucosal immunity, protection
against lethal challenge and molecular
analysis, Avian Pathology, 37(3) - 237-
245.

PEYRE, M., SAMAHA, H., MAKONNEN, Y. J.,
SAAD, A., ABD-ELNABI, A., GALAL,
S., AND DOMENECH, J. (2009). Avian
influenza  vaccination in  Egypt:
Limitations of the current strategy. Journal
of Molecular and Genetic Medicine: An
International Journal of Biomedical
Research, 3(2), 198-204.

ROBINSON, T. P, WINT, G. R. W,
CONCHEDDA, G., VAN BOECKEL, T.
P., ERCOLI, V., PALAMARA, E., AND
GILBERT, M. (2014). Mapping the
Global Distribution of Livestock. PL0oS
ONE, 9(5), €96084.



https://www.springernature.com/
https://rr-asia.oie.int/fileadmin/Regional_Representation/Programme/H_HPAI/HPAI_Technical_Disease_Card.pdf
https://rr-asia.oie.int/fileadmin/Regional_Representation/Programme/H_HPAI/HPAI_Technical_Disease_Card.pdf
https://rr-asia.oie.int/fileadmin/Regional_Representation/Programme/H_HPAI/HPAI_Technical_Disease_Card.pdf
https://rr-asia.oie.int/fileadmin/Regional_Representation/Programme/H_HPAI/HPAI_Technical_Disease_Card.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.03.04_AI.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.03.04_AI.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/AIGUIDELINES.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/AIGUIDELINES.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/AIGUIDELINES.pdf
http://www.ajol.info/

SHITTU I,

Nigerian Veterinary Journal 41(1). 2020

http://doi.org/10.1371/journal.pone.00960
84

MESEKO, C. GADO, D,
OLAWUYI K., CHINYERE, C.,ANEFU,
E., SOLOMON, P., OKEWOLE, P.A,,
SHAMAKI, D., AND JOANNIS, T.
(2016). Highly pathogenic avian influenza
(H5N1) in Nigeria in 2015: evidence of
widespread circulation of WAZ2 clade

Meseko et al

ONE 13(1): e0190947.
https://doi.org/10.1371/journal.pone.0190
947

TASSONI, L., FUSARO, A., MILANI, A,

LIMEY, P., AWUNI, J. SEDOR, V.,
DOGBEY, COMMEY,, O.A., MESEKO,
C., JOANNIS, T. MINOUNGOU, G.L.,
OUATTARA, L., HAIDO, A.B.,CISSE-
AMAN, D., COUACY-HYMANN, E.,

2.3.2.1c. Archives of Virology. DOI:
10.1007/s00705-016-3149-4.
SIMS, L., HARDER, T., BROWN, I., GAIDET,

DAUPHIN, G., CATTOLI G., AND
MONNE, 1. (2015). GENETICALLY
DIFFERENT HIGHLY PATHOGENIC

N., BELOT, G., VONDOBSCHUETZ, S., AVIAN INFLUENZA A(H5N1)
KAMATA, A, KIVARIA, F., VIRUSES IN WEST AFRICA, 2015.
PALAMARA, E. BRUNI, M., Emerging Infect Dis. 22(12). doi;

DAUPHIN, G., RAIZMAN, E., AND
LUBROTH, J. (2017). Highly pathogenic
H5 avian influenza in 2016 and 2017 —
observations and future perspectives.
FOCUS ON, No. 11, Nov 2017. Rome
SWAYNE, D. E., SUAREZ, D. L., SPACKMAN,
E., JADHAO, S., DAUPHIN, G., KIM-
TORCHETTI, M., AND FOUCHIER, R.
(2015). Antibody Titer Has Positive
Predictive Value for Vaccine Protection
against Challenge with Natural Antigenic-
Drift Variants of H5N1 High-
Pathogenicity Avian Influenza Viruses
from Indonesia. Journal of Virology,
89(7), 3746-3762.
http://doi.org/10.1128/JV1.00025-15
TARRAGON S., WIBOWO, M.H., INDRIANI,
R., SUMARNINGSIH, S., ARTANTO,
S., IDRIS, S., DURR, PA, ASMARA, W,
EBRAHIMIE, STEVENSON, M.A. AND
IGNJATOVIC, J. (2018)  Field
effectiveness of highly pathogenic avian
influenza H5N1  vaccination in
commercial layers in Indonesia. PLo0S

10.3201/eid2212.160578.

TO, T.L., BUI, Q.A,, DAU N.H., HOANG V.N.
AND VAN, D.K. (2007). Control of avian
influenza: a vaccination approach in Viet
Nam. Dev Biol (Basel).130:157-158.

UNITED NATIONS. POPULATIONS. Cited 11-
06-2018. source:
http://www.un.org/en/sections/issues-
depth/population/

VAN KERKHOVE, M. D., MUMFORD, E.,
MOUNTS, A. W., BRESEE, J., LY, S.,
BRIDGES, C. B., AND OTTE, J. (2011).
Highly pathogenic avian influenza
(H5N1): pathways of exposure at the
animal-human interface, a systematic
review. PloS one, 6(1), el14582.
doi:10.1371/journal.pone.001458

WOOLCOCK, P. (2008). Avian Influenza Virus
Isolation and Propagation in Chicken
Eggs. Methods in molecular biology
(Clifton, N.J.). 436. 35-46. 10.1007/978-1-
59745-279-3_6.

17


http://www.un.org/en/sections/issues-depth/population/
http://www.un.org/en/sections/issues-depth/population/

Nigerian Veterinary Journal 41(1). 2020 Meseko et al

WORLD ORGANIZATION FOR ANIMAL
HEALTH (OIE) (2013). Self-declaration
from Nigeria on its disease free status from
notifiable avian influenza. Resolution no.
21 adopted at the 81st OIE General
Session. May 2013, Paris France.

18



