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ABSTRACT

Geographic Information System (GIS) is made up of different software
tools to acquire, store, extract, transform and visualize spatial data. It
provides a platform, record, analyze and monitor data on avian influenza
and other trans-boundary Animal Diseases. GIS can increase the
efficiency and effectiveness of surveillance systems thereby permitting
changes in health status of population, overtime, facilitation, plan,
implementation and evaluation of diseases control programmes.
Therefore, this study takes a look at the use of Gl Sto determine patter n of
spread of highly pathogenic Avian Influenza in Nigeria. The study
evaluates the mechanism as a strategy for Public Health Surveillance.
The study discovers that GIStechnology can increase the efficiency and
effectiveness of surveillance systemsthrough three functions namely data
input (data base functions) analysis (interpretation, cluster detection),
and outputs (disease risk maps). Hence, it is concluded that the use of
GIS to determine the pattern of spread of highly pathogenic Avian
Influenza will enhance prompt methods of control and eradication of
avian influenza diseases in Nigeria. Consequently, the training of
veterinary administrators and other veterinary workers by the
Government on the use of GISto determine the patter of spread of HPAI
for proper control of the disease should be treated as a matter of great
urgency.

Keywords: Geographic Information system, Avian influenza, Animal
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INTRODUCTION
Fowl plague, Avianflu or Avianinfluenzaisadisease of vird agtiology that ranges
from amild or even asymptomatic infection to an acute, fatal disease of chickens,
turkeys, guineafowlsand other avian species, especialy migratory water fowl. The
term"avianinfluenza' isused to describeinfluenza™ A" virussubtypethat primarily
affectsavian species, the strainsin domestic chickensand turkeysare classified
according to disease severity with two recognized forms; Highly PethogenicAvian
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Influenza(HPAI also known asfowl plague) and Low Pethogenic Avian Influenza
(LPAI). Avianinfluenzavirusesthat cause HPAI are highly virulent and mortality
rate in infected flocks often approach 100% (WHO, 2005). LPAI viruses are
generally of lower virulence, but these viruses can serve as progenitorsto HPA
viruses(WHO, 2005). Noclinical signispathognomonicfor avianinfluenzavirus
infectionsand birdsof all agesare susceptible. Theincubation period variesfrom
between afew hoursto three days. Per acute cases show few clinical signsand
grosslesionslike reduction in egg production which could be slight to severe,
increased mortality, diarrhea, dysponea, coughing, rales, sneezing, lacrimation,
cyanosisof unfettered parts of the skin and oedemaof the head, comb and wattles
(WHO, 2005). Thesystemsaffected arethe respiratory, digestiveand reproductive
systems. Inhumans, symptom rangesfromtypical flulikesymptomsof fever, cough,
sorethroat and muscle achesto eyesinfections, pneumonia, severerespiratory
diseasesand other severe and lifethreatening complicationswhich may resultin
death (WHO, 2006).

Avianinfluenzabeingaforeign diseasein Nigeria, isalso of grest zoonotic
importance, thereisneed to determine the pattern of spread and socio-economic
impact of thediseasein order to design effective control, prevention, eradication
and surveillance programme. Geographic Information System (GIS) iswidely used
in epidemiology to process spatial and temporal information about outbreak and
spread of diseasein order to be ableto implement adequate di sease control and
surveillance programme. Disease control, prevention, eradication and surveillance
programme are made simpler, assessabl e and implementable when the locations
and spatial distributionsare mapped out, concretized and simplified, areason for
which the GIS as an epizootiol ogical tool becomes so essential and relevant.
Therefore it is necessary to make use of GIS technology in the tracking and
eradication of avianinfluenzain Nigeriaasit makeseconomic and strategic planning
possible and also provide information on expanse and feature present in our
geographiclocations.

Recent Avian I nfluenza Outbreak in Nigeria: On 8th February 2006, Nigeria
officialy announced casesof thehighly pathogenic avianinfluenzavirusH5NI ina
poultry inthevillage of Jgi located in KadunaState. The outbreak whichisthefirst
of itskind in Africawas confirmed by Food and Agriculture Organization (FAO)
and the World Organization for Animal Health laboratory for avianinfluenzain
Padova(ltaly). The NigeriaMinister of Agriculture announced on 8th February
2006 that all suspected birds Nationwide should bekilled and buried in order to
contain the outbreak and that Federal Government had set asidethe sum of 1.5
billion nairafor compensation at the sum of 250 nairaper bird killed to al those
whose birdswere affected and would bekilled. FAO advised veterinary services
inNigeriato diminatethe outbreaksthrough immediate humanecullingandto srictly
control the movement of people and animalsto and from bird flu infected areas
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(http:www.humanitarianinfo.org). The sourceisnot clear, athough the country
liesalong aflight routefor birdsmigrating from Central Asiawhich had thefirst
report of H5NI outbreak in late 2003 (WHO, 2006). Sincethe first confirmed
outbreak in Nigeria, thehighly pathogenic avianinfluenzahad caused severe socio-
economic problemsfor poultry farmersin Nigeriaand through West Africa, which
resulted from various outbreaksthat occurred to date. The avianinfluenzavirus
poses animmediate and potentially severethreat to animal and human healthin
West Africa.

Avian I nfluenza Diseases and Pathogen: Avian influenza (Al) isadisease of
viral aetiology that rangesfrom amild or even asymptomaticinfectionto an acute
fatal disease of chicken, turkey, guineafowl! and other avian species, especialy
migratory water fowl Avian influenzasynonymsinclude bird flu, fowl plagueetc.
Fowl plaguewasdeterminedin 1995 that fowl plague (FP) virusisactualy one of
theinfluenzaviruses(Beard, 1989). TheAl virusesare80to 120mm in diameter
and 200 to 300mm long and any isfilamentous. Thevirus particle hasenvelop
cong sting of spike-shape surfaceglycoprotein and matrix (M) proteinssurrounding
a helical segmented nucleocapsid (6 to 8 segments) the spike-shape surface
glycoprote n possess heamaggl uti nating and neuraminidase activity. Thesetwo
surface antigens haemagglutin (HA) and neuraminidase (NA) are the basis of
describing the serologic identity of theinfluenzavirusesusing thelettersH and N
with the appropriate numbersinthevirusesdesignation, like HS5NI (Beard,1989).

Thefamily containsfivegenera, dassfied by variationsinantigenic character
of M protein of thevirusenvel op and nucleoprateinwithinthevirusparticles influenza
A, influenzaanimals(equine, swineavian) belongtotypeA, and typeA influenza
virusisthemaost common type producing seriousepidemicin human. TypeB and C
do not affect domesticanimals. Thereare 15 different haemagglutinin (H1 to H15)
and 9 different neuraminidase (N1 to N9) described among thetypeA influenza
viruses. But recently anew type (H16) wasisol ated from black headed gull scaught
in Sweden and the Netherland in 1999 (Fouchier, 2005). Theterm "avianinfluenza
isused to describeinfluenzaA subtypethat primarily affectschicken, turkey guinea
fowl, migratory water fowl and other avian species. All known subtypeof influenza
A canbefoundinbird, and ferd equalic birdsarethe mgor reservoir for influenza
A virus (Fouchier, 2005). The current strains of H5NI responsible for death of
domestic birdsin Asiaand recently in Nigeriaisan HPAI strain, other strain of
H5NI occurring esewhereintheworld arelessvirulent and therefore, areclassified
asLPAI strains. All HPAI strainsidentified update have involved H5 and H7
subtypes. Humaninfectionshave been associated with both HPAI and LPAI strain
(HHS, 2005). Thecriteriathat serve asthe basisfor classifying anAl virusas
HPAI hasmorerecently been modified toincludemolecular consderationssuch as
thetype of amino acidsat the cleavage site of itsHA.
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Geographical Distribution of Highly Pathogenic Avian Influenza: Highly
pathogenic avian influenzaviruses have periodically occurredin recent year in
Australia(H7), England (H7), South Africa(H5), Scotland (H5), Ireland (H5),
Mexico (H5), Pakistan (H7), The United States (H5) and Nigeria(H5). Because
laboratory facilitiesarenot readily availablein somepartsof theworldtodifferentiate
new castlediseaseand HPAI, the actual incidence of HPAI intheworld'spoultry
flock isdifficult to define. It can occur in any country, regardless of disease control
measures, probably because of itsprevaencein wild migratory waterfowl, seabird
and shorebirds. Avianinfluenzahas produced |osses of variable severity, primarily
inturkeysintheUnited Statessincethemid-1960's. Thedisease outbresk inturkeys
in the United States have been caused by Al viruses with many of the HA
designations. It wasinthefall of 1983 that ahighly virulent H5 virus produced
severeclinica diseaseand high mortaity in chickens, turkeysand guineafowlsin
Pennsylvania Thisseveredisease, clinically indistinguishablefrom classical fowl
plague, occurred after aserological identical but apparently mild virushad been
creulatinginpoultry intheareafor 6 monthsouthbresk of lessvirulent Al hasfrequently
been described in domestic ducksin many areasof theworld. TheAl virusesare
often recovered from apparently healthy migratory water fowl, Shorebirdsand
Seabirdsworldwide. The epidemiol ogic significance of theseisolationsrelativeto
outbreaksin domestic poultry hasled tothegeneraly accepted belief that waterfowl
serveasthereservoir of influenzaviruses.

Table 1. Countries affected by H5NI Avian Influenza in Poultry or migratory fowl as of December 2005

EastAsia Europe, SiberiaCentral Asia Africa
Combodia Croatia Nigeria
China Kazakhstan Egypt
Hong Kong Romania Niger
Indonesia Russia (Siberia and European Russia Cameroon
Japan Turkey Burkina Faso
Laos Iraq
Malaysia Saudi Arabia
Mongolia Cyrus
South Korea Greece
Thailand Italy
Vietnam Bulgaria
India Austria

Germany

Slovenia

Azerbaijan

Ukraine

France

Hungry

Georgia (former Soviet Republic)

Slovakia

Bosnia

Servia

Poland

Albania

Israel

Jordan

Czech Republic

Denmark

Source: Infectious Diseases Society of American IDSA (2006). Avian Influenza (Bird Flu): Implications
for Human Disease. (http://www.cidrap. UMn.edu/idsa/influenza/avianflu/biofacts/avflu-human.
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The Geographic I nformation System (GI S) and How it works: According to
Scocco Foglia, Cercarelli, Gatti and Catoric (2006), GI Sare made of different
softwaretoolsto acquire, store, extract, transform and visualize spatial data. GIS
applicationsconcern mainly geographica or topographica cartography andthemetic
or planning cartography, but any information potentially linked to theterritory can
beenteredinaGIS. Gl Sintegratethe application of computer-aided design (CAD)
and relational databases (DSMS). The use of Geographical Information System
(GIS) isnow well established in veterinary science particularly for assstinginthe
managing of exotic disease outbreaks. However, most usage remainsreliant on
adhoc desktop and GI S, there hasbeen less successin incorporating activitiesinto
nationa and regiond surveillance systemsfor epidemic disease (Durr, 2006). Rocque
(2006) stated that geographi cinformation system represent new tool sfor the study
of epidemiology and itsapplication for parasitology hasbecomemoreand more
advanced in particular, the study of the spatia and temporal pattern of disease. The
GlSworksby relating information from different sourcesin aspatial context to
reach a conclusion about the relationship between geographic location and
information sourced. Informationisinputted in map form, dataor digitized forms
into GISwiththeaid of coordinatesof longitude and | atitude. Epizootiologistshave
traditionally used mapswhen anayzing associ ations between | ocation, environment
and disease (Kosenko Kotsjumbas, Lukyanchuk and Anol, 2006). GIS is
particularly well suited for epizootiology because of itsspatial analysisand display
cgpabilities

Mapping the Primary Outbreak and Spread of Highly Pathogenic Avian
Influenzain Nigeria: The Federal Government proactively established arisk
assessment commission on Highly PethogenicAvian Influenza(HPAI) in 2005. The
commissionismade up of two committeesnamely: aVeterinary Surveillanceand
Preparedness CommitteeintheMinistry of Agricultureand aMedical Surveillance
and Preparedness Committeein theMinistry of Hedlth, prior totheNigerian Avian
Influenza(Al) epidemics. Following thedetection of thefirst Al outbresk on January
16, 2006 and the subsequent spread of the diseaseacross poultry flocksin Northern
and Southern Nigeria, the presidency created anAl emergency center at the Federd
Capital Territory, Abujaasaninter ministeria portfolioto coordinateal reportson
diagnosis, trend and control measurestaken against the disease.

Morethan 100 Nigerian Poultry farmshave sincebeen confirmed positive;
thefarmsarelocated at graded distance from central coordinating unitinAbuja. All
samplesfrom suspected casesrequiring laboratory diagnosisweretested at Nationd
Veterinary Research Ingtitute (NVRI) inVom, Plateau State, Nigeria It hastherefore
become possibleto provide cons stent reports of the di sease emerging trend across
the country. DuetoAl high zoonatic potentia, aunified surveillance system became
anecessity; the system had to be ableto integrate the spatial and non-spatial data
colleted by the veterinary and medical surveillance committees. Oneof thefirst
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outputs of the new unified surveillance system has been a geographic model
describing thespatia distribution of 169 poultry farms suspected of being infected;
107 farms(63.3%) of these 159 were confirmed positive by NV RI between January
16 and August 31, 2006. Farmsweredistributed in various Statesin Nigeria. Their
locationswere mapped using the ESRI ArcGI S Desktop in apersonal geo-database
containing the datacollected by the medical surveillance committee onthe same
premises. Thisoutput wasused to illustrate the potential usefulness of aunified
surveillance systemin Nigeria(Olugasa, Ekong, Oyetunde, Akanbi andAdewale,
2006).

Gl SApplication tothe Surveillance and Control of Trans-boundary animal
diseasesat international level: Inresponseto lack of early warningin dealing
with livestock diseases, FA O hasdevel oped and launched in 1994 the Emergency
Prevention Systemfor Trans-boundary Animasand Plant Past Diseases(EMPRES)
programme emphasi zing the prevention of emergenciesdueto trans-boundary
epidemic disease of livestock that are of significant economic, trade and or food
security importancefor acond derable number of countrieswhich caneasily soread
to other countriesand reach epidemic proportions,; and wherecontrol of management
including exclusion requires co-operation between severa countries.

EMPRES Early Warning activities, mainly based on disease surveillance
reporting and epidemiological analysis which are supported by EMPRESS
information systemwhich enablesintegration, andysisand sharing of anima hedth
data combined with relevant layers of information such as socio-economic
productionand climatedata. Asametter of fact dataintegration andysisand mapping
represent akey towardsthe better understanding of distribution and behaviour,
source and evolution of adiseasefor definition of gppropriate cost effectivedisease
control strategies.

EMPRES-1isaweb-baded secured Global Animal Health Information
System which islinked to a Gl Sthat provides a platform record, analyze and
monitor dataon avianinfluenzaand other Trans-boundary Anima Diseases(TADYS)
such asrift valley fever and foot and mouth diseases. Thesystemamsat delivering
timely and accurate Situation updatesaswell asrelevant risk analysisdistributed in
electronics format (AIDE News HPAI, EMPRES Watch Massager, Disease
TrackingLig, Rift, Valey Fever Bulletin) to member countriesand partner ingtitutions
(WHO, 2005).

GI S Driven Real Time Surveillances System: A GIS-driven web-based redl

time surveillance system was devel oped to support the extensive surveillance

programme carried out on West Nilevirusinfectionsidentified in Canadain 2001.

The GIS-drivenreal timesurveillance system has devel oped and integrated four

key componentsinrea timediseasesurvelllance.

@ Red-timesurvelllancefor reporting casesand testing resultsin adistributed
environment.
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2 Real-timeweb Gl Stoimprovedataquality, to visualize spatial trend and
paiterns.

3 Open GI Sfor sharing surveillanceinformation, and for overlaying externa
risk factor dataon real-time maps.

4 Security and confidentiality management of dataand maps.

Thissystem hasidentified nine GIS componentsfor survelllance. They include:
(@) Comprehensive geo-referencing
2 Spatid vaidation of locationrelationship
3 Interactiverea-timefor any date periods
4 Automatically created static maps
5) OGCWWStools
(6) Gl Sand mapping functionsin dataentry and editing paper
(7 Dynamic link between real-timeinteractive maps and dataediting pages
(8) Six different Web GIS
9) Public WM S services

Inthissystem, GI S has enhanced and enriched traditional surveillance
system asit alowed usersto visualize events, to put eventsin aspatial context to
compare disease and social-economic, environmental factorsand to link spatial
and non-spatial information in an integrated system. The system al so supported
gpatia analys sand decision making by improving spatid dataquaity (Shuai, Buck,
Chevalier and Socket, 2006).

Limitationsto theApplication of Gl S-Based Disease Surveillance Database
in Nigeria: Surveillancefor disease eventsor conditionsin animal populationshas
animplicit patio-tempora component. Datagenerated within surveillance systems
permit changesin health status of population over time and spaceto beidentified,
fadilitating thepplanningimplementation and eva uation of dissase control programmes.
Gl Stechnology canincreasetheefficiency and effectivenessof survelllance systems
through three functions namely data input (data base functions) analysis
(interpretation, cluster detection), and outputs (di seaserisk maps). Theapplication
of GlS-based surveillanceisillugtrated by aproject recently implementedin Romania
to detect avian influenzaincurs ons between October 2005 and March 2006.
However, low stock of livestock base datais one of the challenges or
limitations to the adoption or application of modern geographic information
technologiesinthecontrol of epizoaticsinAfrica, including Nigeria Other limitations
includeinability to acquirerelevant software or hardwareand theneed for training
or retraining of veterinary geo-informeaticspersonne . Someof thespecificlimitations
of the promotion of the effective use of geo-informaticsfor disease surveillance,
monitoring and control which aretypica of other deve opingAfrican countriesinclude
poor rudimentary and incons stent disease reporting procedures (based mainly on
admini strative boundariesrather than geo-referenced points), non-computerized
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(manual) disease recording techniques, raw, unanalyzed data, poor information
networking and lack of awarenessontraining of veterinary administrator inmodern
information systemsdevel opment. Deliberate multilaterd reorientation, training and
funding assistanceis needed to overcomethese limitationsto the promotion and
veterinary useof Gl Sand other geo-informaticsinathird world country likeNigeria
(Onyeka, Ogundipe, and Bablobi, 2006).

CONCLUSIONAND RECOMMENDATIONS

Avianinfluenzaoutbreak had caused economiclossin variouspartsof theworldin
which Nigeriaal so experiencesitsrecent outbreak. The public health and socio-
economicimpact of the outbreak of the disease callsfor efficient, assessableand
smplemethodsof the diseaseinvestigation, by employing theuseof GIS, soasto
design an appropriate and prompt method of control and eradication of avian
influenzadiseasein Nigeria. Thereistheneed for urgent attention to begivento
HPAI disease control and eradication programmein Nigeria. Thestatusof animal
disease, Zoonoticsdiseasesand disease of great socio-economic effectsinwhich
Avian Influenced isavery good example should be considered in planning of
veterinary education syllabusat both the professiona and sub-professional levels.
Thisshould bedonetoinclude setting up of laboratorieswheretechnical activities
involved in confirmatory diagnosisof diseasein affected areacould be monitored
on Geographic Information softwarethat containseach district, local government
areaand date. Theshapefilesmay asoidentify other |aboratoriesand epizootiologists
involved inthe control and eradication of such diseases(e.g. Avian Influenza) inthe
country. With the GI'S, proper mapping out of the regionsand technica activities
made available at necessary quarters, decision making can be donefaster and
measurestaken promptly. Emphasisshould be placed onthetraining of veterinary
administratorsand other veterinary workersby the government ontheuseof GIS
to determine the pattern of spread of HPAI for proper control of the disease.
Theserecommendationswill havelittle effect without the support of the planners
and policy makers at the national, state and local government as well as the
community levels
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