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Determination of High Risk Regions of
Human Brucellosis in Turkey Using

Exploratory Spatial Analysis

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: Hu man bru cel lo sis, still the most com mon bac te ri al zo o no sis worl dwi de, is a no-
ti fi ab le di se a se in many co un tri es, inc lu ding Tur key. A tre men do us growth of bru cel lo sis has be en ob ser -
ved in the last de ca des. The re fo re, we ai med to exp lo re the pre sen ce of re gi o nal clus te ring of bru cel lo sis
in Tur key, using exp lo ra ti ve spa ti al analy ses. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: The re cor ded hu man bru cel lo sis ca -
ses (1975-2006) by the Tur kish Mi nistry of He alth, the num bers of farm ani mals from 1996 to 2006 and
de mog rap hic da ta from the Tur kish Sta tis ti cal Ins ti tu te we re used for analy ses. Spa ti al analy ses, inc lu ding
lo cal and glo bal spa ti al au to cor re la ti on met hods we re per for med for the bru cel lo sis ca ses (1996-2006), to
de tect any trend or clus ter and re la ti ons hip with ani mal num bers for any par ti cu lar pro vin ce. RRee  ssuullttss::
Glo bal spa ti al au to cor re la ti on in di ces in di ca ted sig ni fi cant clus te ring of bru cel lo sis (Mo ran’s I: 0.117 p=
0.005, Ge ary’s C: 0.86 p= 0.005). Spa ti al analy ses of 147 391 bru cel lo sis ca ses sho wed a trend to wards to
the so ut he ast re gi on of Tur key and clus te ring in 6 pro vin ces in com mon and to tally 9 pro vin ces by two
dif fe rent met hods (p< 0.05). Ad di ti o nally, a re la ti ons hip was de tec ted bet we en bru cel lo sis and hig her an-
i mal num bers (p< 0.05). CCoonncc  lluu  ssii  oonn:: This study shows that hu man bru cel lo sis is a se ri o us pub lic he alth
con cern in the so ut he ast re gi on of Tur key and that re gi on sho uld ha ve a pri o rity to imp le ment pre ca u ti -
o nary me a su res. It al so shows that spa ti al analy ses and sta tis tics can con tri bu te to the un ders tan ding of the
epi de mi o logy of di se a ses and iden tif ying high ra te di se a se lo ca ti ons. Be si des, we sug gest that un derl ying
risk fac tors sho uld be in ves ti ga ted furt her par ti cu larly whe re the clus ter is ob ser ved.

KKeeyy  WWoorrddss::  Bru cel lo sis; epi de mi o logy; ge og rap hic in for ma ti on systems; Tur key

ÖÖZZEETT  AAmmaaçç::  İnsan bru sel lo zu Tür ki ye’ nin de da hil ol du ğu birçok ül ke de hâlâ dün ya ça pın da en yay gın
ve bil di ri mi zo run lu zo o no tik has ta lık lar dan dır. Son yıl lar da Tür ki ye’ de bru sel loz olgu la rın da önem li bir
ar tış ol du ğu göz len miş tir. Bu ça lış ma da ke şif çi me kan sal ana liz yön tem le ri kul la nı la rak, Tür ki ye’ de bru -
sel lo za ait böl ge sel bir kü me len me nin olup ol ma dı ğı nın be lir len me si amaç lan mış tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::
Ça lış ma nın ana liz le rin de T.C. Sağ lık Ba kan lı ğı nın 1975-2006 yıl la rı ara sın da ki ka yıt lı in san bru sel loz
olgula rı na ait ve ri ler, 1996-2006 yıl la rı na ait Tür ki ye İs ta tis tik Ku ru mu nun hay van cı lık ve de mog ra fik
ve ri le ri kul la nıl mış tır. Bu ve ri le rin 1996-2006 yıl la rı na ait olan la rı lo kal ve glo bal me kan sal oto ko re las -
yon yön tem le ri uy gu la na rak, il ler de bru sel loz olgu la rın da bir trend ve ya kü me len me olup-ol ma dı ğı ve
hay van sa yı la rı ile in san bru sel loz olgu la rı ara sın da bir iliş ki olup ol ma dı ğı ana liz edil miş tir. BBuull  gguu  llaarr::
Glo bal me kan sal oto ko re las yon in deks le ri bru sel lo za ait is ta tis tik sel açı dan an lam lı ola rak bir kü me len -
me nin var lı ğı na işa ret et miş tir (Mo ran’s I: 0.117 p= 0.005, Ge ary’s C: 0.86 p= 0.005). Top lam 147.391 bru -
sel loz olgusunun me kan sal ana liz le ri Tür ki ye’ nin gü ney do ğu su na doğ ru bir trend ve iki fark lı yön tem ile
de 6 il de (top lam 9 il de) bru sel loz olgu la rın da bir kü me len me ol du ğu sap tan mış tır (p< 0.05). Ay rı ca, hay -
van sa yı la rı nın yük sek ol du ğu yer ler ile bru sel loz olgu la rı ara sın da iliş ki ol du ğu be lir len miş tir (p< 0.05).
SSoo  nnuuçç::  Bu ça lış ma, in san bru sel lo zu nun özel lik le Tür ki ye’ nin gü ney do ğu su için sık lık açı sın dan önem li bir
halk sağ lı ğı so ru nu ol du ğu nu, do la yı sıy la has ta lı ğın ön len me sin de ko ru yu cu ön lem le rin alın ma sı için ön -
ce lik li böl ge ol ma sı ge rek ti ği ni gös ter mek te dir. Bu ça lış ma ay nı za man da me kan sal ana liz ve is ta tis tiksel
yön tem le ri nin has ta lık hı zı nın yük sek ol du ğu yer le ri be lir le me de ol du ğu ka dar, has ta lık la rın epi de mi yo -
lo ji si ni an la ma ya kat kı da bu lu na bi le ce ği ni de gös ter mek te dir. Ay rı ca, bu ve ri le rin doğ rul tu sun da, özel lik -
le kü me len me nin ol du ğu yer ler de ki risk fak tör le ri nin ile ri araş tı rıl ma sı nın ya pıl ma sı uy gun ola cak tır.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Bru sel loz; epi de mi yo lo ji; coğ ra fi bil gi sis te mi; Tür ki ye
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ru cel lo sis is a typi cal zo o no tic in fec ti on of
do mes tic and wild ani mals ca u sed by or ga -
nisms in the ge nus Bru cel la.1 The di se a se is

trans mit ted to hu mans by ani mals thro ugh di rect
con tact with in fec ted ma te ri als or in di rectly by in-
ges ti on of ani mal pro ducts and by in ha la ti on of air-
bor ne agents. In hu mans, es pe ci ally in de ve lo ping
co un tri es, in ta ke of raw milk and raw milk pro d-
ucts such as che e se (par ti cu larly fresh che e se) is the
ma jor so ur ce of in fec ti on; ho we ver, ot her fac tors
such as met hods of fo od pre pa ra ti on, he at tre at -
ment of da iry pro ducts and di rect con tact with an-
i mals al so inf lu en ce the bru cel lo sis risk for the
po pu la ti on.2,3

Bru cel lo sis exists worl dwi de and is a no ti fi ab -
le di se a se in most co un tri es, inc lu ding Tur key. Hu -
man bru cel lo sis is still the most com mon zo o no tic
di se a se thro ug ho ut the world with mo re than
500.000 an nu al new ca ses.2,4 It still re ma ins en de -
mic as well as un der-di ag no sed and un der-re por -
ted in so me de ve lo ping co un tri es, pos sibly du e to
the low le vels of sur ve il lan ce and re por ting.5,6 Hu -
man bru cel lo sis has se ri o us pub lic he alth con se qu -
en ces in en de mic are as and in Tur key it has
im por tant cli ni cal con se qu en ces.5,7 This di se a se is
con si de red en de mic in Italy, Gre e ce, Ma ce do ni a,
Yu gos la vi a, Tur key, Le ba non, In di a, Midd le and
So uth Ame ri ca, whe re as, it is era di ca ted in Eng-
land, Nor dic Co un tri es, Aus tra li a, New Ze a land
and Ca na da. The si tu a ti on in cer ta in co un tri es of
the Midd le East (such as Syri a) is ra pidly wor se -
ning.1,3,4,8-10 Ne vert he less, the tru e in ci den ce of hu -
man bru cel lo sis is unk nown.2

Tur key is al so among the co un tri es whe re bru-
cel lo sis is en de mic and Bru cel la me li ten sis is mo re
com mon.2 In terms of ge ne tic fac tors pre dis po sing
to hu man bru cel lo sis in Tur key, se ve ral ge ne poly-
morp hisms (ba si cally, cyto ki ne ge ne poly morp -
hisms) we re al so in ves ti ga ted and so me ge noty pes
of IL-10 and IL-6 we re sug ges ted to be risk fac tors
for de ve lo ping the di se a se.11

Di se a se maps are use ful to ols for many aims,
i.e. iden ti fi ca ti on of are as of the tru e un derl ying ge-
og rap hi cal dis tri bu ti on of the di se a se in ci den ce, as-
sis ting in the for mu la ti on of hypot he ses abo ut

di se a se eti o logy and as ses sing po ten ti al ne eds for
ge og rap hi cal va ri a ti on in fol low-up stu di es.12 The
de ve lop ment of in for ma ti on system tech no logy
over the last 30 ye ars has pro vi ded a po wer ful to ol
to exa mi ne spa ti al pat terns; the re fo re, Ge og rap hi -
cal In for ma ti on Systems (GIS) ha ve had pla ce in
pub lic he alth and epi de mi o lo gic re se arc hes.13 With
the ra pid de ve lop ment and adap ta ti on of GIS tech-
no logy for vi su a li zing, ma na ging, exp lo ring and an-
aly zing spa ti al da ta, spa ti al sta tis tics and spa ti al
analy sis met hods inc lu ded in GIS soft wa re mo du -
les, star ted to re ce i ve in cre a sing at ten ti on.

Bru cel lo sis is con si de red to show dif fe rent dis-
tri bu ti ons and clus te ring pat terns du e to the ge og -
rap hi cal, eco no mi cal, en vi ron men tal and cul tu ral
dif fe ren ces among the pro vin ces of Tur key.

This study, ai med to ge ne ra te in for ma ti ve risk
maps of hu man bru cel lo sis in Tur key using he alth
da ta and to iden tify in fec ti on clus ter are as to im-
pro ve the qu a lity of the bru cel lo sis con trol prog -
ram. Anot her go al of the study was to exp lo re
whet her the in cre a se in the num ber of bru cel lo sis
ca ses was as so ci a ted with the po pu la ti on si ze
and/or dis tri bu ti on of li ves tock, by lin king bru cel -
lo sis da ta of hu man and ani mals for each pro vin ce.

MA TE RI AL AND MET HODS
Study Are a

Tur key is both a Eu ro pe an and Midd le Eas tern co -
untry, which is sur ro un ded by Bul ga ri a at the nort -
hwest, Ge or gi a at the nort he ast, Ar me ni a and Iran
at the east, and Syri a and Iraq at the so uth. The re
are se ven ma jor ge og rap hi cal re gi ons in the co un-
try as fol lows: Mar ma ra, Ae ge an, Me di ter ra ne an,
Cen tral Ana to li an, Black Se a, Eas tern and So ut he -
as tern Ana to li an re gi ons. It is ge ne rally known that
Eas tern and So ut he as tern Ana to li an re gi ons are so-
ci o e co no mi cally less de ve lo ped re gi ons than the ot -
her ones. Mo re o ver, the re are 81 pro vin ces in the se
se ven re gi ons in Tur key. 

Bru cel lo sis Da ta ba ses

All da ta re gar ding the to tal num ber of bru cel lo sis
ca ses re cor ded in Tur key bet we en the ye ars 1976-
2006 we re ob ta i ned from the Mi nistry of He alth of
Tur key. The da ta re gar ding the dis tri bu ti on of bru-
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cel lo sis ca ses to pro vin ces in Tur key, bet we en the
ye ars 1996-2006 we re al so ob ta i ned from the Mi n-
istry of He alth of Tur key; pro vin ci al re cords for the
ye ars 1976-1995 we re not ava i lab le. Thus, the da -
ta of the ye ars 1996 to 2006 we re used for spa ti al
analy ses.14 Po pu la ti ons by cen sus ye ar, an nu al in-
ter cen sal ra te of in cre a se, mid-ye ar po pu la ti on fo -
re cast da ta and to tal num bers of farm ani mals
(inc lu ding catt le, she ep and go ats) in the se pro vin -
ces we re ob ta i ned from the Tur kish Sta tis ti cal Ins -
ti tu te.15,16

Sta tis ti cal Met hods and Cal cu la ti ons

For Spa ti al Analy sis, thre e dif fe rent soft wa re pro-
g rams we re used for vi su a li za ti on of the he alth and
ani mals da ta. The se we re as fol lows: Arc GIS 9.2
de ve lo ped by ES RI, Ge o Da 0.9.5-I de ve lo ped by
Luc An se lin thro ugh the Cen ter for Spa ti ally In te-
g ra ted So ci al Sci en ce at the Uni ver sity of Il li no is,
and Cri me Stat 3.1 de ve lo ped by Ned Le vi ne with
sup port from the Na ti o nal Ins ti tu te of Jus ti ce.17

Ag gre ga ted are a-ba sed da ta are very im por -
tant so ur ces of in for ma ti on for many sci en ce dis-
cip li nes. Ge og rap hi cal lo ca ti ons of the se da ta are
al so im por tant fac tors in many are as of so ci al, sci-
en ce and eco no mic po li ci es at the na ti o nal le vel
be ca u se de mog rap hi cal, ge og rap hi cal, so ci al and
eco no mic cha rac te ris tics of the so ci ety that rep re -
sent ag gre ga ted pro vin ce units show dif fe ren ces
thro ug ho ut the co untry. Pro vin ce is a com mon
unit for so ci al, eco no mic, de mog rap hic and ad mi -
nis tra ti ve da ta col lec ti on by agen ci es in Tur key.
He alth and ani mal da ta we re exa mi ned with spa-
ti al analy ses at the pro vin ce le vel in this study.
Usa ge of pro vin ces in analy ses al lo wed com pa ring
he alth da ta with ot her de mog rap hi cal and ani mal
da ta. Ho we ver, using pro vin ce units ha ve im por -
tant li mi ta ti ons; pro vin ces are ad mi nis tra ti ve units
and co ver lar ge are as with dif fe rent he te ro ge ne o -
us po pu la ti ons. Be si des, they may not match the
eco lo gi cal sca le at which dif fu si on pro ces ses for
bru cel lo sis.18Con se qu ently, it is tho ught that ag-
gre ga ting the bru cel lo sis ra tes for the en ti re ele -
ven ye ars pro vi des the ad van ta ge of sta bi lity in the
pro vin ce-le vel di se a se ra tes and it sum ma ri zes the
phe no me non. 

Sin ce the bru cel lo sis da ta we re ag gre ga ted in -
to the are al units of pro vin ces, an im por tant as pect
was de ri ving spa ti al we ight mat rix (W) for spa ti al
analy ses. W is the fun da men tal to ol used to mo del
the spa ti al pro xi mity and in ter de pen den ce bet we -
en are al units. De ter mi na ti on of the pro per W ma-
t rix is a dif fi cult and con tro ver si al to pic in spa ti al
analy ses.19,20 In this study, thre e dif fe rent W mat ri -
ces we re for med for the spa ti al analy ses. The first
and se cond mat ri ces we re for med ba sed on the cri-
te ri on of con ti gu ity ac cor ding to the cen tro ids of
ne a rest 6-12 ne igh bors. The third mat rix was for -
med ac cor ding to the cri te ri on of in ver se dis tan -
ce.

Using the mid ye ar po pu la ti on and the num ber
of ca ses, in ci den ce ra tes we re cal cu la ted for the
1996-2006 pe ri od for stud ying dis tri bu ti on of bru-
cel lo sis by pro vin ces. Whi le wor king with ag gre -
ga ted da ta, if the po pu la ti on or the num ber of ca ses
is re la ti vely small and spar se, ra te es ti ma tes may
not be pre ci se. In or der to over co me the prob lem of
ra te ins ta bi lity, va ri o us smo ot hing met hods are
mostly imp le men ted.17 The ide a in smo ot hing is to
bor row the in for ma ti on from ot her small are as for
the es ti ma ti on of the re la ti ve risk. The in for ma ti on
can be bor ro wed eit her from ne a rest are as (lo cal
smo ot hing) or from all are as in the study are a (glo -
bal smo ot hing). The re are a num ber of tech ni qu es
for smo ot hing da ta, such as me an or me di an ba sed
tech ni qu es, eit her we igh ted or un we igh ted and
em pi ri cal Ba yes tech ni qu es.20

In this study, Em pi ri cal Ba yes (EB) smo ot hing
was used and raw in ci den ce ra tes we re rep la ced
with the ir glo bally smo ot hed va lu es cal cu la ted by
EB to ol in Arc GIS 9.2 cre a ted by the Na ti o nal Can-
cer Ins ti tu te of USA.

Spa ti al analy sis tech ni qu es used with are al da -
ta are usu ally ba sed on da ta ag gre ga ted for ad mi -
nis tra ti ve units of ob ser va ti on. The ma in emp ha sis
with are al da ta is on de tec ti on and exp la na ti on of
spa ti al pat terns and trends.21 The re fo re, af ter ra te
smo ot hing was per for med, a spa ti al ra te smo ot her
ba sed on the no ti on of a spa ti al mo ving ave ra ge was
car ri ed out for exp lo ra ti ve spa ti al da ta analy sis. The
pur po se of in teg ra ting spa ti al ra te smo ot her met -
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hod was to emp ha si ze glo bal va ri a ti ons and trends
in the he alth da ta. Spa ti al ra te smo ot her do es not
com pu te an es ti ma te as the raw ra te for each are a.
Ins te ad, it com pu tes for that are a to get her with a
set of re fe ren ce ne igh bors.21

To exp lo re spa ti al de pen den ce, sho wing how
the in ci den ce ra tes we re cor re la ted in the co untry,
Mo ran’s I and Ge ary’s C va lu es we re cal cu la ted
with thre e we ight mat ri ces. Mo ran’s I and Ge ary’s
C use the mag ni tu de of in ci den ce ra tes to iden tify
and me a su re the strength of spa ti al pat terns.22,23

Mo ran’s I va lu e is pro du ced by stan dar di zing the
spa ti al au to co va ri an ce by the va ri an ce of the da ta
using a me a su re of the con nec ti vity of the da ta,
whi le Ge ary’s C uses the sum of squ a red dif fe ren -
ces bet we en pa irs of da ta va lu es as its me a su re of
co va ri a ti on. The ran ge of pos sib le va lu es of Mo ran’s
I was ta ken -1 to 1, whe re po si ti ve va lu es in di ca ted
spa ti al clus te ring of si mi lar va lu es and ne ga ti ve va l-
u es in di ca ted a clus te ring of dis si mi lar va lu es. The
pos sib le va lu es of C is ran ged bet we en 0 and 2,
whe re a va lu e of C clo se to 0 me ans the dis tri bu ti -
on of va lu es clus te red, con ver sely a va lu e of C clo -
se to 2 me ans the dis tri bu ti on of va lu es dis per sed.
For both Mo ran’s I and Ge ary’s C va lu es sta tis ti cal
sig ni fi can ce is cal cu la ted thro ugh a num ber of for-
mu la e that ha ve be en de ri ved by eit her the nor mal
ap pro xi ma ti on or by ran do mi za ti on ex pe ri -
ments.

Sin ce Mo ran’s I and Ge ary’s C met hods in di -
ca te clus te ring of “hig h” or “lo w” va lu es, and the se
met hods can not dis tin gu ish bet we en the se si tu a ti -
ons, ge ne ral G sta tis tics was used to un ders tand
clus te ring of high or low va lu es, and to show eit her
hot or cold spots which exist in the re gi on. 

The se glo bal spa ti al da ta analy sis show clus te -
ring but they do not show whe re the clus ters are.
To in ves ti ga te the spa ti al va ri a ti on as well as the
spa ti al as so ci a ti ons, it is pos sib le to cal cu la te lo cal
ver si ons of Mo ran’s I (LI SA), Ge ary’s C, and the
Ge ne ral G sta tis tics for each are al unit in the da -
ta. Lo cal in di ca tors pro du ce a spe ci fic va lu e for
each are a al lo wing the iden ti fi ca ti on of whe re the
clus ters are. Lo cal Mo ran’s I and Gİ* sta tis tics of
Ge tis and Ord met hods we re used to exp lo re whe -

re the di se a ses we re clus te red.22,23 Lo cal Mo ran’s I
was used as a lo cal in di ca tor of spa ti al as so ci a ti on
which in ves ti ga tes clus ters of are as with si mi lar
va lu es and tho se with dif fe rent va lu es. A high va -
lu e of I me ans that the are a is sur ro un ded by fe a -
tu res with si mi larly high or low va lu es whi le a
low va lu e of I me ans that the are a is sur ro un ded
by fe a tu res with dis si mi lar va lu es. Lo cal analy ses
ba sed on the LI SA sta tis tics we re vi su a li zed in the
form of sig ni fi can ce and clus ter maps. In ad di ti -
on, Gİ* sta tis tics was used to de tect lo cal poc kets
of de pen den ce that may not show up by using glo -
bal spa ti al au to cor re la ti on met hods, sug ges ted by
Ge tis and Ord.23,24 The Gİ* sta tis tic is of ten used
to iden tify whet her high va lu es (hot spots) or low
va lu es (cold spots) exist ba sed on dis tan ce. A high
va lu e of Gİ* sta tis tic in di ca tes a spa ti al clus ter of
high va lu es, whe re a low va lu e of Gİ* sta tis tic in-
di ca tes a spa ti al clus ter of low va lu es aro und the
are a. 

Af ter the de ter mi na ti on of clus ters, to in cre a -
se con fi den ce in in ter pre ting spa ti al pat terns in the
re la ti on bet we en bru cel lo sis and the dis tri bu ti on of
the ani mals, the re la ti on bet we en bru cel lo sis ra tes
and the num ber of ani mals in pro vin ces we re fur-
t her exp lo red, using mul ti va ri a te spa ti al au to cor re -
la ti on. This sta tis tics shows the cor re la ti on bet we en
one va ri ab le at a lo ca ti on and a dif fe rent va ri ab le
at the ne igh bo ring lo ca ti ons. Gre a ter si mi la rity that
in di ca ted un der spa ti al ran dom ness imp li es spa ti -
ally si mi lar clus ters in the two va ri ab les, whi le gre -
a ter dis si mi la rity imp li es ne ga ti ve re la ti ons hip
bet we en the two va ri ab les.25 The re sul ting mul ti -
va ri a te LI SA clus ter map shows sig ni fi cant lo ca ti -
ons clas si fi ed by the as so ci a ti on bet we en the
ani mal va lu e at one pro vin ce with bru cel lo sis ra te
and the va lu e for its ne igh bors, sug ges ting pos sib le
dif fu si on pat terns. The high-high and low-low lo-
ca ti ons sug gest sig ni fi cant clus te ring of si mi lar va l-
u es, whe re as the high-low and low-high lo ca ti ons
in di ca te spa ti al out li ers. It is im por tant to ke ep in
mind that the se exp lo ra tory tech ni qu es are only
sug ges ti ve of pos sib le hypot he ses and re la ti ons.
Con fir ma ti on of such pat terns be longs to the do-
ma in of spa ti al mo de ling, which is out si de the sco -
pe of this pa per.
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RE SULTS

We analy zed a to tal of 200 465 re cor ded bru cel lo -
sis ca ses from the Mi nistry of He alth da ta ba se for
the pe ri od of 1975-2006 as well as 147 391 ca ses for
the pe ri od of 1996-2006.14 The na ti on wi de mor bi -
dity va lu es (per 100.000) for the pe ri od of 1975-
2006 we re shown in Fi gu re 1. Cle arly, an in cre a se
in the mor bi dity of bru cel lo sis can be se en; abo ut 5
in 1990s, over 15 in 2000 and abo ut 25 in 2005 per
100,000.

Analy sis of the num ber of bru cel lo sis ca ses ba -
sed on pro vin ci al dis tri bu ti on inc lu ding the smo -
ot hed in ci den ce ra tes of bru cel lo sis (1:100.000)
using EB met hod for the pe ri od of 1996-2006 we -
re shown in Fi gu re 2.

Ak sa ray, Si irt, Bit lis, Bat man, Şır nak, Hak ka ri
and Di yar ba kır we re de ter mi ned as the up per out-
li er ci ti es with 3.0 in ter qu ar ti le ex tre me ra tes for
bru cel lo sis, ba sed on the re sults of des crip ti ve box
plot analy ses which are use ful for des cri bing the
ge ne ral cha rac te ris tics of the dis tri bu ti on of bru-
cel lo sis and for re ve a ling spe ci fic pro vin ces with
high le vels of di se a se. 

Ho we ver, they are li mi ted to iden tify any sig-
ni fi cant spa ti al clus te ring of bru cel lo sis ra tes. Al to -
get her, the se ra tes of in ci den ce show that the re
se ems to be a trend to wards the So uth and Eas tern
Ana to li an re gi ons for the ca ses of hu man bru cel lo -
sis. 

To as sess if the re was sig ni fi cant clus te ring
in Tur key in terms of bru cel lo sis ca ses we did
analy ses using glo bal spa ti al au to cor re la ti on met -
hods (Tab le 1). Mo ran’s I va lu es for all thre e-we -
ight mat ri ces we re po si ti ve and hig her than the
ex pec ted in dex va lu e. In ad di ti on, Ge ne ral G sho -
wed a hig her va lu e than ex pec ted and Ge ary’s C
va lu e in di ca ted a va lu e smal ler than 1. Al to get -
her all thre e analy ses sho wed clus te ring, at 0.05
le vel of sig ni fi can ce, thro ug ho ut the co untry in
terms of bru cel lo sis ca ses in Tur key. Be si des, the
spa ti al ra te met hod was used to emp ha si ze glo bal
va ri a ti ons and trends in the da ta, which re ve a led
that the re was a cle ar trend to wards so ut he ast
(Fi gu re 3). 

Fi nally, using lo cal met hods, lo ca ti on of clus-
ters we re in ves ti ga ted. Lo cal au to cor re la ti on va lu -
es with Gİ* sta tis tics and clus ters for bru cel lo sis
de ter mi ned using LI SA are shown in Fi gu re 4. The
Le gend in fi gu re 4 shows the re sults ob ta i ned from
the first met hod (Gİ* sta tis ti cal va lu es; dark brown:
p< 0.05) and the pro vin ces of Di yar ba kır, Mar din,
Şır nak, Si irt, Bat man, Bit lis, Muş, Van, Hak ka ri we -
re de ter mi ned as sig ni fi cant clus ters, co lo red in
dark brown. The se lec ted ob jects with tur qu o i se
co lor shows the sig ni fi cant pro vin ces de ter mi ned
as clus ter with the LI SA, which inc lu des the pro -
vin ces of Di yar ba kır, Mar din, Şır nak, Si irt, Bit lis
and Van. Ove rall, six pro vin ces (Di yar ba kır, Mar -
din, Şır nak, Si irt, Bit lis, Van) we re de tec ted with
both met hods used sho wing the clus ters ma inly in
the so ut he ast re gi on. 

The re la ti ons hip bet we en the clus te ring of
bru cel lo sis and the num ber of farm ani mals we re
furt her analy zed for pro vin ces, using Mul ti va ri a te
LI SA met hod. For this, the da ta we re ob ta i ned from
the Tur kish Sta tis ti cal Ins ti tu te. The to tal num bers
of farm ani mals (inc lu ding catt le, she ep, go ats) in
the pro vin ces for the ye ars 1996 to 2006 ha ve
shown a dec re a se from 54.946.000 to 41.948.570
over ele ven ye ars.16 Fi gu re 5A shows the spa ti al dis-
tri bu ti on of the to tal num ber of farm ani mals for
pro vin ces in Tur key for the 1996-2006 pe ri od. Ob-
vi o usly, the ani mal hus bandry is mo re con cen tra -
ted on the eas tern and so ut he as tern Ana to li an
re gi ons, whi le it se ems less in the ot her re gi ons. As
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FIGURE 1: The morbidity values (per 100.000) of brucellosis in Turkey for the
1975-2006 period.



can be se en in Fi gu re 5B, the num ber of ani mals
and hu man bru cel lo sis ca ses are high in the so ut -
he as tern re gi on of Tur key. Mul ti va ri a te LI SA
analy sis re sults sho wed that the re was a re la ti ons -

hip bet we en the num ber of farm ani mals and the
ca ses of hu man bru cel lo sis, that is, as the num ber of
ani mals in cre a se the num ber of hu man bru cel lo sis
ca ses in cre a se.
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Brucellosis 0.117 -0.013 8.5 0.252 0.005 0.389 0.005 0.346 0.255 5.46 0.86 -5.0

TABLE 1: Global Spatial Autocorrelation values of brucellosis (NN: Nearest neighbor).
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FIGURE 3: Choropleth Map of spatial rate smoother values with Geo Da.

FIGURE 2: Choropleth maps of smoothed rates of brucellosis (1:100.000) according to the provinces of Turkey for the 1996-2006 period.



DIS CUS SI ON

Re cently, many epi de mi o lo gists ha ve ai med to de-
ve lop spa ti ally dis tri bu ted pro cess mo dels for dif-
fe rent di se a ses. The spa ti al mo dels might link the
di se a se lo ca ti on, en vi ron ment, trans mis si on func ti -
on, spa ce and ti me. In ad di ti on, the pro cess un der-
s tan ding en cap su la ted by the mo dels might al low
pre dic ti ons to be ma de for the fu tu re. The se are ba -
sed on (a) re al-ti me sce na ri os (i.e. using da ta as si -

mi la ti on tech ni qu es) for early war ning, pre ven ting
and con trol ling or tra i ning for the di se a se ef fi ci -
ently and (b) pos sib le “wha t– i f” sce na ri os of the fu-
tu re (i.e., un der un cer ta in cli ma te chan ge).26

Spa ti al analy sis met hod has be en used for
many pur po ses such as de tec ti on of can di da te lo ci
for se lec ti on in the are a of ge no mics.27 It was in tro-
du ced as a new met hod to de tect sig na tu res of na t-
u ral se lec ti on ba sed on the app li ca ti on of spa ti al
analy sis, with the con tri bu ti on of GIS, en vi ron -
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FIGURE 4: Choropleth Map of Local auto correlation values with Gİ* statistics and clusters with LISA.

FIGURE 5A: The number of total farm animals (cattle, sheep, goats) distribution (1:1.000) for the provinces of Turkey for the 1996-2006 period. 



men tal va ri ab les and mo le cu lar da ta. In a study
con duc ted in Iran, GIS app li ca ti ons we re used to
exp la in spa ti al dis tri bu ti on of bru cel lo sis in an en-
de mic dis trict in a bru cel lo sis con trol prog ram me.28

This study sho wed that GIS app li ca ti ons co uld ge -
ne ra te in for ma ti ve risk maps of bru cel lo sis using
he alth and ve te ri nary da ta, which may im pro ve the
qu a lity of the con trol prog ram. Mo re o ver, this
study sup ports the fin dings of our study, that is, hu -
man bru cel lo sis is as so ci a ted with po pu la ti on si ze
and dis tri bu ti on of catt le in ru ral are as. In ad di ti on,
spa ti al epi de mi o lo gi cal in ves ti ga ti ons are of ten ex-
p lo ra tory with li mi ted in for ma ti on abo ut the pu-
ta ti ve risk fac tors. In de ed, it is of ten the pri mary
mo ti va ti on for the analy sis to iden tify unk nown
ge og rap hi cally var ying risk fac tors. This exp lo ra -
tory ap pro ach to re la ti ve risk map ping gi ves the in-
ves ti ga tor an im pres si on abo ut the im por tan ce and
ge og rap hi cal dis tri bu ti on of the unk nown spa ti al
risk fac tors.29

In the pre sent study, spa ti al analy sis and spa-
ti al sta tis tics we re de mons tra ted as app li cab le met -
hods to study the dis tri bu ti on of hu man bru cel lo sis.
Furt her mo re, this study cons ti tu tes the first re port
on spa ti al analy ses of hu man bru cel lo sis in Tur key.
The dis tri bu ti ons of hu man bru cel lo sis re ports for
the pe ri od of 1996-2006 we re map ped and sig ni fi -
cant clus ters we re iden ti fi ed using two spa ti al clus-

te ring met hods. Each clus ter had a high ra te of bru-
cel lo sis re ports af ter smo ot hing. The smo ot hed da -
ta pro vi des mo re ac cu ra te vi su al rep re sen ta ti on of
the ove rall dis tri bu ti on of the stan dar di zed ra tes
com pa red to the ori gi nal map of ob ser ved in ci den -
ce ra tes, whe re as the clus ter analy sis pin po ints sta-
tis ti cally sig ni fi cant ge og rap hi cal are as ge ne ra ting
re ports of hu man bru cel lo sis. 

Hu man bru cel lo sis is still a pub lic he alth prob-
lem, partly be ca u se of the ex pan si on of ani mal in-
dus tri es and ur ba ni za ti on and lack of hygi e nic
me a su res in ani mal hus bandry and in fo od hand -
ling.30 The epi de mi o logy of hu man bru cel lo sis was
evol ved, ref lec ting al te ra ti ons in so ci o e co no mic pa-
ra me ters, im pro ve ments in re cog ni ti on and no ti fi -
ca ti on systems, out co mes of on go ing era di ca ti on
prog rams of ani mal bru cel lo sis and the evo lu ti on of
the “glo bal vil la ge” thro ugh in ter na ti o nal to u rism.4

Whi le the di se a se was era di ca ted in Eng land, North
Eu ro pe an co un tri es, Aus tra li a, New Ze a land and
Ca na da, the si tu a ti on re ma ins se ri o us in many de ve -
lo ping co un tri es (i.e. Syri a in Midd le East).3,4,8-10 On
the ot her hand, it is still en de mic in cer ta in Me di -
ter ra ne an co un tri es such as Italy, Le ba non, Gre e ce,
Tur key, as well as In di a, Midd le and So uth Ame ri -
ca.8 The re por ted pre va len ce of bru cel lo sis in ru ral
are as is high in so me Midd le East co un tri es li ke Sa -
u di Ara bi a, Iran, Ku wa it, Le ba non and Jor dan.31 
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FIGURE 5B: Multivariate LISA cluster map of number of farm animals against brucellosis rate.



In Tur key, the num ber of re por ted ca ses in cre -
a sed from 69 to 18,264 in the last thirty ye ars.14 Al-
t ho ugh the num ber of ani mals in the last ele ven
ye ars (1996-2006) shows a dec re a se, the num ber of
hu man bru cel lo sis ca ses show a ste ady in cre a se for
the re cent ye ars, par ti cu larly af ter 1990.16 Gi ven
the im pro ve ments in di ag nos tic fa ci li ti es and re-
por ting system in the very re cent pe ri od, it might
ref lect the un der di ag no sis of the hu man bru cel lo -
sis ca ses in the very early ye ars. In a mul ti-cen ter
study bet we en 1984 and 1987, se ro po si ti vity was
1.8% in the nor mal po pu la ti on and 6.0% in the
high risk po pu la ti on, whe re as in ot her stu di es the
se ro po si ti vity ran ged from 2.2% to 3.4% in com pa -
ri son to the hig her pre va len ce fo und among pe op -
le de a ling with li ves tock and con su ming raw milk
and milk pro ducts.32-34 Çe tin ka ya et al al so fo und
that the pre va len ce of bru cel lo sis dec re a sed as ed-
u ca ti o nal le vels in cre a sed.34 They al so re por ted that
se ro po si ti vity ra te was es pe ci ally high in pe op le
who had a fa mily his tory of bru cel lo sis sug ges ting
the in vol ve ment of cer ta in en vi ron men tal fac tors
such as so me pos sib le so ci o e co no mic risk fac tors,
for examp le sha ring of fa mily me als re sul ting in fa -
mily clus ters of in fec ti on, as well as pos sib le ge ne -
tic fac tors. In the pre sent study, using two met hods,
the di se a se was fo und to be clus te red in the So ut -
he ast Re gi on (pro vin ces of Di yar ba kır, Mar din, Si -
irt, Bit lis, Şır nak and Van). Our da ta are in
ag re e ment with the pre vi o us re ports sug ges ting
clus te ring of bru cel lo sis ca ses in the re gi on whe re
ge ne ral ur ba ni za ti on is not very high and the edu -
ca ti on le vels are lo wer than the Tur key’s ave ra ge,
as well as po or hygi e nic con di ti ons and so me un he -
althy nut ri ti o nal ha bits such as, the con sump ti on
of raw milk pro ducts and fresh che e se. The re fo re,
de ter mi na ti on of high-risk zo nes for hu man bru-
cel lo sis wo uld be use ful to es tab lish edu ca ti on pro-
g rams, par ti cu larly for the high-risk fa mi li es and to
al lo ca te fun ding for pub lic he alth.35 Un ders tan ding
the risk fac tors and so ur ces of in fec ti on and the
clus te ring of hu man bru cel lo sis in ti me and spa ce
might ha ve im por tant pub lic he alth imp li ca ti ons.36 

We al so analy zed the pos sib le re la ti ons hip be-
t we en this clus te ring and the num ber of ani mals in
tho se re gi ons. It tur ned out that a highly sig ni fi -

cant as so ci a ti on was pre sent with the num ber of
ani mals in the re gi on whe re clus te ring was fo und
ear li er. Furt her mo re, non-clus te ring in ot her re gi -
ons in our study is com pa tib le with the da ta for an-
i mal num bers in this re gi on sup por ting that
as so ci a ti on as well. Ho we ver, it is dif fi cult to es ti -
ma te the un derl ying mec ha nism and how it is ref -
lec ted in the hu man bru cel lo sis ca ses. One
pos si bi lity co uld be at tri bu ted to the two trans mis -
si on ro u tes (oc cu pa ti o nal or fo od-born) ta king part
in the hu man di se a se in ci den ce in ru ral are a, as
both co uld be de eply re la ted to the si ze of the lo cal
ani mal po pu la ti on as sug ges ted be fo re.28 For bet ter
conc lu si on, furt her in ves ti ga ti on on ot her pos sib le
risk fac tors, e.g. di se a se pre va len ce of ani mal po p-
u la ti on, li ves tock vac ci na ti on co ve ra ge and lo cal
cus toms wo uld gi ve so me new evi den ce of lo cal an-
i mal po pu la ti on as so ci a ti on with epi de mi o logy of
hu man di se a se.28

Ge ne tic fac tors al so ap pe ar to ha ve a ro le in
the pat ho ge ne sis of hu man bru cel lo sis. The im pact
of se ve ral poly morp hisms on bru cel lo sis and the ir
pos sib le re la ti ons hip with di se a se prog res si on has
be en in ves ti ga ted and se ve ral al le les or ge noty pes
of the ge nes we re fo und to be mo re pre va lent in
pa ti ents with bru cel lo sis com pa red to he althy con-
trols in dif fe rent po pu la ti ons sho wing or sug ges ting
a pos sib le as so ci a ti on with the pre dis po si ti on or re-
sis tan ce to hu man bru cel lo sis.11,37-42 Ho we ver, in or -
der to con firm the bi o lo gi cal sig ni fi can ce of the
re sults, furt her stu di es we re sug ges ted to be per for -
med in lar ger po pu la ti on si zes.11 On the ot her hand,
the re se ems to be no re port in ves ti ga ting if the re is
a re gi o nal dis cre pancy for ge ne tic fac tors pre dis po -
sing to hu man bru cel lo sis. The re fo re, our da ta sho -
wing a clus te ring of bru cel lo sis ca ses in the
so ut he ast re gi on sug gests that the un derl ying en-
vi ron men tal and ge ne tic fac tors ma king pe op le sus-
cep tib le to bru cel lo sis in this par ti cu lar re gi on
ne eds to be furt her analy zed. 

One of the li mi ta ti ons of our study was the
lack of na ti o nal da ta on ani mal bru cel lo sis ra tes in
Tur key. This da ta wo uld be help ful for un ders tan -
ding the re al si tu a ti on of trans mis si on ro u tes of
bru cel lo sis in Tur key. Se cond, de ter mi ning the
risky and the lo wer-risk are as and the trans mis si on

Community Practice Demirel et al

Turkiye Klinikleri J Med Sci 2009;29(1) 33



ro u tes and in ves ti ga ti on of spa ti al clus te ring of the
di se a ses over the ye ars si mul ta ne o usly is im por tant.
Ho we ver, the re are so me dif fi cul ti es to con duct
the se met hods in our co untry such as mo ni to ring
the re si den ci es of the hu man ca ses in or der to carry
out an in di vi du al or fa mily ba sed clus ter analy sis.
As a re sult, that wo uld ma ke it dif fi cult to get mo -
re and exact in for ma ti on on pe op le at risk. Third,
whi le using spa ti al analy sis met hods it wo uld be
bet ter to ob ta in the mul tip le da ta on risk fac tors as
well as con fo un ding fac tors such as the in di vi du -
als’ age, gen der, and in co me sta tus and in vol ve -
ment with hus bandry, which are im pos sib le to
re ach in ot her ways si mul ta ne o usly to be ne fit from
ti me and la bor ef fi ci ently. 

In ad di ti on, sin ce this study is an eco lo gic one
it sho uld not be dis re gar ded that eco lo gic fal lacy
is al ways a pos si bi lity for the se fin dings and as so -
ci a ti ons. Si mi larly, be ca u se it is not pos sib le to use
the eco lo gic da ta for in di vi du al risk cal cu la ti on,

furt her analy ti cal stu di es are ne e ded to con firm
them.

CONC LU SI ON

Spa ti al analy ses and sta tis tics sig ni fi cantly con tri -
bu te to the un ders tan ding of the epi de mi o logy of
di se a ses. With the aid of the se analy ses, it will be
ef fec ti ve to mo ni tor and iden tify high ra te di se a se
lo ca ti ons or re gi ons and to imp le ment pre ca u ti o -
nary me a su res and pro vi si ons. This study sho wed
that hu man bru cel lo sis ca ses clus te red par ti cu larly
in the so ut he as tern re gi on of Tur key. Ac cor dingly,
it se ems a ma jor pub lic he alth prob lem in this re gi -
on ba sed on the high fre qu ency of di se a se ra tes and
the re fo re, this re gi on sho uld be re gar ded as a re gi -
on of pri o rity to ta ke pre ca u ti ons for the pre ven ti -
on of the di se a se. Furt her stu di es are ne e ded to
in ves ti ga te en vi ron men tal fac tors as well as ge ne -
tic fac tors to ef fec ti vely con trol and era di ca te bru-
cel lo sis in this re gi on.
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