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ABSTRACT

Chi kungunya virus ( CHI KV) and Zika virus (zZ1 |
infections with consequenti al disability adjus
This study aimed to explore the spatiotemporal
and ZI KV outbreaks throughout Barranquill a, Co
the potenti al for clustering. Il nci dence dat a

model s based on a suite of explanatory variabl

for random effects. A best fit model was used
epidemics to identify any risk factors during

Nei ghbourhoods in the northern region of Barr
both CHIKV and ZI KV. Addi tional hot spots occlL
regi ons of t he CHI KV and Z1l KV out breaks, re
autoregressive models strongly identified high

det ached houses as risk factors for Z1l KV case

These novel findings chall enge t he belief t h

vul nerability and merits further study Dboth ir

subtropical regions of the worl d.
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I NTRODUCTI ON

Since 2013, the two emerging arboviruses, c hi
(Z1 KV) , transmitted bpedde )zagmep tvheect e n gsupee CV ie
( DENVs) , have caused major outbreaks throughou
first arrived in the Caribbean region in 2013,
of Central and South America [1-3]. The first
north-eastern region of Brazil in |l ate 2014 [ 4
was reported in over 20 countries in the Amer.
for which 65,726 cases were reported by April
can | ead to significant disability adjusted |
8] . CHI KV can |l ead to |ife-long debilitating
pains [6, 8]. Since the outbreak of Z1 KV in t
connected i ts infection during pregnancy witdh
mi crocephaly and serious neurologic conditions
[9-11].

Numerous studies have assessed the | ocal det e
which in turn led to key discoveries that hel
programmes i n their efforts t o curb epi demi c
transmission dynamics in CHI Kt piladumaden dheat F
seropreval ence of CHI KV anti bodies i n Mayott
socioeconomic status, | ower edueatfadondantdamak
the seasonal and regional transmission pattern
[ 16] . Similarly, the spread of Z1 KV through t
accounted for the suitable environment al and
19] .

Barranquilla is the fourth | argest city in Col
individuals and a population density of 7,017
divided into six (1-6) economic strata [5], i s
poorest of those strata [21]. This city has b
and ZI KV [6,22]. A four-decade history of Com
establish a highly functional surveillance sys
[ 23] . Case incidences of CHI KV and ZI KV were
[24, 25] . Previous studies have reported the st
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I n this study, we assessed the spatial and te:
case incidences i n t he nei ghbour hoods of B a
Soci oeconomi c, demographi c, and environment al

possible contributions as risk factors that i

during their epidemics.

MATERI AL AND METHODS
CHI KV and ZI KV incidence dat a

The Al nstituto Nacional de Saludodo and ASecret e

Z1 KV infected cases that had been reported in
rawese based on both clinical <criteria (descri
The clinical criteria for CHIKV and ZI KV infe
confirmatory | aboratory tests to evaluate the
infections in Latin America [6,7, 26]. Cases wi
|l ack of more detailed geolocation information

FigurMapl.of the Barranquill a, Col ombia study ¢

Table S1, supplementary file.
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CHI KV and ZI KV infected case definitions

For the Col ombian pubdrn cZlhk\al ivh fasodtsd emsi fG HIdKV
based on <clinically-assessed <criteria with or
criteria for clinical confirmation of CHI KV i
sudden onset of severe arthralgia or arthriti
conditions, and living in a municipality where
had previously occurred [27]. As such, |l abor a

isolation or an RT-PCR positive result for CH

positive resul't in an ELI SA, or a four-fold i

and convalescent phase) samples in the ELI SA
described [27].

The criteria for clinical di agnosis of Z1 KV i
(38U0C) , and residence i n a municipality wi t
Additionally, ZI KV infection was considered wh
days before the onset of symptoms, defined as

Col ombia with confirmation of | ocal ZI KV circu
sympt oms: pruritus (itchiness), arthralgia (]c
mal ai se. Laboratory confirmation was achieved

Zl1 KV c¢cDNA, as described [11, 28].

Socioeconomic dat a

The total CHI KV and ZI KV infected case numbers
for the period of 2014-2016. There were 140 1
popul ation data was available during this stud
The most recent nati onal census for Col ombi a

Admini strative Department for Statistics (DANE

[ 20] . A Barranquilla digital map that displaye
from the DANE website [20]. The popul ation da
Z1 KV cases were |inked within a GI'S frameworKk

The area of each neighbourhood was used to cal
sqguare kil ometres for each one of them. The pe
category (houses vs apartments) was obtained f

wel | as the percentage of males and femal es wh
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I n Col ombi a, t he Central Gover nment has define

households based on a suite of characteristics

of habitable rooms, water and sanitation condi
pi ped water supply, etc.) and | evel of wurbanis
availability of sewage system, etc.) [ 20] . T
di fferentially <charge the different strata do
all ocate subsidies and collect contributions i

Each residence was assigned a socioeconomic s

corresponding to 1: l ow-1 ow, 2 | ow, 3: l ow- m
high.

Environmental data

Landsat 8 images of Barranquilla for the year

obtained from United St at es Geol ogi cal Sur ve)
resolution of multispectral bands (provided at
applied, excluding ther mal infrared bands, us i

correction was then conducted for bands one to
and assuming 1% minimum reflectance [ 31] . R a
subsequently obtained for each band [32]. Ban
vegetation were obtained from openweather map. o

wi t h t he band combinati ons of 5-4-3 was us e

modi fication of normalised difference water i
hi ghlight areas of water [ 34] . These raster
vegetati on, buil ding and water coverage. Final

from the raster to calculate the percentage s
occupied by vegetation, buil dings or water. N e
the average distance of each neighbourhood frr
raster. The Euclidian (straight-1line) distance

' ine distance from the centroid of each neigh

identified in the MNDWI . Al geographical proc
l nc. , Redl ands CA, USA) [35].

A map | ayer in shapefile format t hat identi fi
downl oaded from the bbike.org website [36]. We

p
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the city to verify the accuracy of the delinea
identified parks or forests throughout the cit
empl oyed to estimate distance of the resident
covariates |isted above were then |inked to th
with the monthly incidence of CHIKV and ZI KV ¢

Statistical anal ysi s

CHI KV & ZI KV I ncidence Rate

The tot al incidence of surveillance-defined or
over the study period were |Iinked to the nei gl
cases of each of these viral infections was di
and multiplied by 10,000 to achieve an inciden
persons at risk. The incidence was <calcul ated

mont hl y. The spati al structure of CHI KV and ZI
2014 to 2016 was mapped using ArcGlIS 10.3. (ES

Anal ysis of Spatial Clustering

Exploratory analysis of spatial clustering wa:c
and | ocal indicators of spatial association (L
to explore the existence of overall spati al a
and ZlI KV cases throughout Barranquilla, wherea
| ocal spati al autocorrelation and identify hot
high correlation (hotspot) indicated that the
average. Mor e det ai | s about t he i mpl ementat.
supplementary file (Text S1).

Di fferenti al Morands | statistic and LI SA ana
spati al autocorrelation over ti me. I n these d
hi gher than average case incidence in the hig
period |led to a higher than average case incid
foll owing time period. These analyses were per

each month of their epidemics: July 2014 to Ap
2016 for ZI KV cases. GeoDa software was wused t

analyses [37-40].
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Mi ssing-data i mputation
The original dat aset contained missing observe
socioeconomic stratum, housing density and the

percentage of vegetation coverage.

These missi

Besag-York-Molli® conditional autoregressive (
Bayesian model i mpl ementation are provided in
variable an intercept-only model was fitted, a

the resultant predictive posterior

Bayesian statistical modelling

medi an.

Since the dataset was too sparse and noisy to

of CHI KV and ZI KV infected cases w

ere aggregas

variation of the infection over the entire st

for each neighbourhood was <calculated taking t

account , as foll ows:

YOY 0
O

whelfeis the observedi Wumbéheokexpaselmd snurbeer o

populat‘lig—ﬂ—arsdthe overall incidence ratio.

This metric was used to estimate the risk of i

in each neighbourhood.

SIR values across neighbourhoods were fitted u

range of explanatory variables as

potenti al r

effects with: i) no random effects, ii) i ndepe
random effects, i mpl emented through a CAR.

Al | explanatory covariates were mean centred.
the average gl obal SI'R when the SES | evel was

was explored using standard poster.i

or predicti

mo d e | t hat best fit the dat a, was performed u
[ 43] . Detail s on the specifications of t hese
supplementary file (Text S2).
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RESULTS

Description of socioeconomic and environment al
Among the 140 neighbourhoods included in the
was 3 with tfpher&éehtiahd ©Bcluding strata one an
popul ation density (projextethifsest 2086 mMedasanilp
of dwellings which were apartments was 33. 7%.

a park was 473m and from water bodies was 209

was high (median: 95.1%), while water and vege
to | ow (median: 4. 88 %) , respectively and the r
(Table 1). The northern area of Barranquill a |

south-western area has far higher percentages

For 21.3% (n = 30) of the neighbourhoods ther e
was there data on the percentage of houses Ve
nei ghbour hoods. For all other variables asses:
fewer than 5% of the neighbourhoods. Amongst t
nei ghbourhood was known for 5.9% (n = 110) an

CHI KV or ZI KV infections, respectively.

Tabl Pedcriptive statistics of nei ghbour hoods (

cases and risk factors to be included in the r

Percentil e

Me di [a n5 o 95 0 NA, % (|n)

I ncidence of CHI KY pleQ,) 60000408 ;rdlesDdeaté&0)
I ncidence of ZIKVY pk0)]300/0005FesiOde®mt g 0)
Socioeconomi ¢ 3jtrdfum6 4.96 (7)

Popul ation de’hsi tlyo,6pe®6dis/Aknm. 00 (0)
Housing densi?%|ly Gdw@®l. I7j76dsAKm21. 3 ( 30)
Percent house6XdwsI3li6n8ss 2 13.5 (19)
Percent aparit mamt)] 78 veDI7ilngs 13.5 (19)
Percent wm&ll® 1,150, 38 3.55 (5)

Percent f&®al4e9, 258,09 3.55 (5)

Percent vegeltatdi 8® .c2mMvB86Bade 1. 42 (2)
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Percent buil di9rbg 14 6 v @ r98g 8 1.42 (2
Percent wajter Odov®Or &g®y792 1.42 (2

Di stance from | arge 2na%6ed 3 03dligels Omgtlr ¢ 4
Di stance from pa7T[&sl4emetdrders) 0. 71 (1

NA: not avail abl e

~ = ~— —

Analysis of Chikungunya virus outbreaks

During the study period, there were a total o]
tot al incidence of CHI KV during the study per
i nci dwanscel?2. 1, 3. 65, and 0.596 per 10,000 pe
respectively. There was a single distinct peak
2014 and continued until the end of the 1st qu
Figurlencda.dence of CHIKV infected case notificat
are described in the Methods section). Each ba
8100-
wn
K
@)
S
o
i
W
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£
=
’ “
0- lIIIIlIIIII.IlII‘ “IIIIII.I.IIII e ol - B o —_— II_ - IIIIIIII I_l -
Jul_\'-|2014 Jﬂ].lllal"_\'—ZUIS Jul_\'-|2[)15 Jauuali_\'-li)lﬁ
Date of Notification

When the CHIKV incidence rate was displayed in
cl ear areas of hi gh §Pngu adretniclee )r,atpar t(ivwiutl hairn yt
(neighbour hoods: 0301, 0302, 0306, 0307 and
(neighbourhoods: 1201, 1202, 1204, 1208, 1302,
circular road route around the city (Figure S3

b
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The gl obal univariate Moranods | statistic for
during the study period was 0.091 (pseudo p-vVv.
pattern across the study area. The LI SA cluste
high incidence (6hotspotd) in the south-westerl

3704) area of the city (Figure S4 and Figure 1

The analysis of | ocal clustering over ti me (
evolution of the CHIKV epidemic, with hotspot s
city at out break onset, which then moved to

expanded from a single neighbourhood from Augu
October to November, in the south-western area
the margins of the city in the northern and s

increased sharply (Figure 3).
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Figumbe f3erenti al mont hly LISA clusters of CHI K
peak incidence (July 2014 i January 2015) . C«
defined as p < 0.05. NS: not significant (grey

July to August
2014

[ InNs(131)
I High-High (5)
I Low-Low (1)
[ ] Low-High (1)
7] High-Low (3)

August to Sept
2014

[ INs(129)
I High-High (1)
I Low-Low (5)
[ ] Low-High (6)
7] High-Low (0)

Finally, the Bayesian Poisson model of CHI KV
( SES, popul ation density, housing density, per
vegetation coverage, di stance to parks and di
effects showed poor fitting performance of inc
at the posterior predictive distributions and

signs of over-dispersion: a | arge amount of va

M M


http://dx.doi.org/10.20944/preprints201902.0054.v1



http://dx.doi.org/10.20944/preprints201902.0054.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 February 2019 d0i:10.20944/preprints201902.0054.v1

Table 2 shows the regression coefficients for

CHI KV SI R wvalues, based on the model 3 appro
appeared t o slightly decrease wi t h t he di st a
(Coefficient 0.85, 95% ClI 0. 44, 1.48) and wat e
The poorest neighbourhoods, based on three | ev
for CHIKV infections (reference | ow SES, mediu
high SES 0.65, 95% CI 0. 24, 1.75) . The risk foc
for a unit percentage increase of female resid
statistically significant.

Tabl ePo2s.t eri or median and 95% credible interval
for the CHIKV standardized incidence rate (SII
reported on the exponenti al scale so that the
the SIR. Soci oeconomic strata (SES) were group

medium: SES 3 and 4 and |l ow: SES 1 and 2, and
medi um SES and high SES compared to the | ow SE

Regression |[Coefficienjt 9

I ntercept 1. 04 (0. 68, 1.59)

Medi um SES (ref. cO.a4s2s | ow) (0.23, 0.77)

Hi gh SES (rjef. cDaé68§ | ow) (0. 24, 1.74)

Popul atijon dermMsi9t9y (0.97 1.02)

Housing| densiOt.y9 6 (0.86, 1.07)

Percent hotuse dwelO0O ngs (0. 99, 1.02)

Percent] femalell (0.99, 1. 26)

Percent vegeltati o®.®8@ver age (0. 98, 1.00)

Di stance from |l argeOw@®&Rer bodies(0. 63, 1. 33)

Distance |[from Pa8ks (0. 45, 1.48)
Analysis of Zika virus outbreaks

During the study period, there were a total of

tot al incidence of ZI KV was 61.7 cases per 10,
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and also neighbourhood

| ocated around t |

February 2016. As the outbreak waned during Fe

north-eastern area of t he

Figureié6ferenti al
incidence (October 2015

mont hly

city (Figure 6).

LI SA clusters of Z |
April 2016) . Col our €

as p < 0.05. NS: not significant (grey colour)

MPp
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As with the
explanatory
incidence d
effects wusi
CHI KV SI R m

CHI

vari

KV
abl

S|

€es

ata (DI C:

ng the

odel

2,

scale (Mbaath6Gl @z,

t he mo d el 2

S 0 me resi du

we

R, t
and
2815

mod el 2

di d

he Bayesian Poi ss

wi t h

no

random

on r

ef fe

. 3) (Table 4). Thus,
(Text S2) t
find any sig

approach

not

p-val ue: 0.3

approach.

al |l ocal

CAR model wi t h

fitting performance

Figure 7 sh

Figur@r ud.e
epidemic in

correl ated

spati al

However,

spatially

ows <crude

and

correlated

comparing

fitted

29)

a

to
Z |

ni fi

upon fittin

| ocal Mor an

dependence (Fi

previous

gur e

random ef i

mo d

KV SIR value

SIR of Z1 KV infected <cases by nei ¢
Barranquill a. ( A) Fitted |l ocally
random effects and (B) the modell ed
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Table 3 displays the regression coefficients f

Z1 KV SIR values based on the model 4 approach.
vary or varied very I|little according to the di
the percentage of vegetation coverage. Surpris

di d not appear t o be associated with t he ZI
nei ghbourhoods (SES 5 and 6) seemed to be sigl
compared to those of the |l ow and medium SES (p
map) . I n addition, the residents in the neighb
t hat were houses (compared to apartments) had
1.011, 95% ClI 1.003, 1.020, p<0.05) (Table 3 a

Tabl ePo3s.t eri or median and 95% credible interval
for the ZI KV standardized incidence rate (SIR
reported on the exponenti al scale so that the
the SIR. Socioeconomic strata (SES) were group

medium (SES 3 and 4) and | ow (SES 1 and 2), an
the medium SES and high SES compared to the | o

Regression |[Coefficienjt 9

I ntercept 0. 64 (0.49, 0.83)

Medi um SES (ref. cOl.a9s6s | ow) (0. 68, 1. 35)
High SES (ref. c¢l3s02 | ow) * (2.71, 5.40)
Popul atijon de s i9t9y (0.98 1.01)
Housing| densiOt.y 8 (0. 92, 1.40)
Percent hotuse dwelOl ngs (1. 00, 1.02)
Percent] femaleO6 (0. 99, 1.12)
Percent vegeltatiod. O©Overage (0.99, 1.01)
Di stance from |l argelw®®er bodies(0. 89, 1. 35)
Distance |[from fa®Rls (0. 65, 1.23)

*Significant association (p-value<0.05)
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TablRl @.values for Bayesian Poisson Model s
CHI K|V Z1 KV
Model 1 No random ef fledtrs|042815./3024
Model 2 I ndependeint rah&.oMm 85 7f6e. ADtOD 6
Model 3: Globally |smoolh7 .COAR4 2 -

Model 4 Locally smoot h CA|R 957.6401

DI SCUSSI ON

The gl obal cluster analysis of the CHIKV infe
transmission in t he sout h-western area of t |
autocorrelation showed that the CHI KV epidemic
and then moved quickly to the south-western re
communities, following the main western circul
via a road with the principal truck transport
(Figures 1 and 3). The epidemic then appeared
the south-east of the city via the main circu
introduced via boats arriving in the main sea
direction) to the city of Santa Mart a, and f |
nei ghbourhoods to the adjacent ones in Decemb:
gl obal spati al autocorrelation for the ZI KV in
| ocal autocorrelation showed a high-risk area
the outbreak began. As the outbreak intensifi.
city became i mportant hotspots. I't seems that
city through the <circumvent road foll owing a

maj or road routes (Figure 6 and Figure 1).

Using Bayesian Poisson regression allowing for
covariates (fixed effects) in Tables 2 and 3,
decreasing percentage of vegetation coverage,
water bodies were associated with higher SI R

evidence that hi gher SES had a higher ri sk foc

My
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increasing percent of house dwellings in a nei
Z1 KV infection.

_,.,
(@)
—

We believe this is the first report that provi
ri sk factor for Z1 KV case i ncidences. Furt he
Barranquilla are of these higher SES and these
be infected and appeared to drive both the CHI
| ocal health authorityds vector surveillance a
to i mplement their work inorarleask odf hiagdhees sSEtS
and treat vector-breeding sites in these areas

i ncidence.

Al ternativel vy, these findings may indicate a
ing better access to health facilities wit
ue of reporting bias was |ikely exacerbated

v
s

media coverage drawn by the association of ZI K
c
c

access to clinics would have been more I|ikely

receive the diagnosis of ZI KV as it was sweepi
in higher socioeconomic strata would be more
healthcare, where there is already an over dia
teamdébs access to these high-risk areas is wurge
due to the | ack of vector surveillance and con
our knowl edge, hi gher incidences of vector-bor
| ower socioeconomic status [26, 45, 46, 47] of t en
pi ped water |l eading to their need to store dor

which act as princApadedpepetidi ngpesdcites adorr emer

sites [48-50]. The two groups at mo st ri sk fo
|l owest income population and a group in a slig
store domestic water in |l arge tanks [51]. The

CHI KV and ZI KV epidemics occurred in different

of CHI KV infection in the poorer communities |
Our Bayesian analysis, controlling for fixed e
di stances from parks was associated with | owi
infections. This may indicate an increase in Vv

M &
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that are more |ikely to collect pools of stand
association of either CHIKV or ZI KV infection
reflect a sensitivity in LandSat i maging that
as parks. We also failed to show an associat.i
variables may not reflect the true numbers as
census data [20]. We also found that nei ghbo
residents were at a higher risk for CHI KV and
reflect an increased utilization of healthcare
Through <conversations with the vector control
apartments were flowerpots. Whe d es t dpeuppegpdawier e C
they do not produce | arge numbers of pupae an
Houses, on the other hand, are much more |i kel
patios that contain used or discarded water-ho
water storage containers (dAems aabgrgepetdainnkgs )s iwheis
holding up to 92% of the pupae popul ations [ 52
l'iving in apartments were at a reduced risk fo
reduced availabil Aey @aélgnspdidtianbgl e 4s6i,t5e4g . f cOur d
these findings since neighbourhoods with high
hi gher ZI KV case incidences and the south-wes
percentages of detached houses) was an i mport
studies have reported the incidences of CHI KV
c ombiAradadssp p . premi se indexesdan indicator of p
wer e reported in apartments rather than compc
howewer aegquapt ishown to have adapted to breedin
each floor of high-rise apartment buildings in
Drawing spatial di stinctions between the CHI KV
cases reported for these analyses were accur a
i mitations for accurate clinical di scriminat.
financi al restraints made it i mpossible to pel
cases. Previous projects in Barranquilla furt
met hods were used and found that only 1% of ZI
| aboratory confirmed [ 24, 25]. Since the CHI KV

H N
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ti me periods, mi sclassification was more | i kel
which all 4 serotypes were previously shown t«
some studies have been | imited by cross react.i
patients with DENV and ZI KV (both flaviviruse
confirmed ZI KV cases in our study were identif
We minimised the | imitations of the modi fiabl ¢

study by wusing neighbourhoods as the unit of

resolution available to us. However, while the
factor s, the ecological fallacy prevented us |
The statistical regression was | imited by the
sever al variables that we were unable to evalu
nei ghbourhood may be i mportant as shown in ot
shown to have | ower DENV infected case inciden

affects the movement of popul ations towards at

di sease risk factors, may play an i mportant r
incidences in poor neighbourhoods with high pc
illiterate and unemployed people in Cali, Col c
30% of t he nei ghbour hoods, whil e the percent
apartments was unavailable for 19% of the neicg
approach to mitigate the effect of unavail abl e
was missing at random and the i mputation model
The findings in our study are novel in their
patterns of DENV infected case incidence neigh

those of recent outbreaks of CHI KV and ZI KV.

nei ghbourhoods that had been hotspots responsi
and ZI| KV. It i s therefore essential that thes
Heal th AuthoA.i taegpypwdirrglucietes to a mini mum a
al | areas in and surrounding them when any ca:c
factor analysis provided strong evidence that

for ZI KV. I n Barranquill a, the Public Health |
more resources to these areas of the city. Whi
resources to areas of higher &EWBeycptdoert ep amg wnli antgi

H M
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or increased residentsdéd reporting urgently ne
responsi bl e, then the public health authoritie
sites through drainage or |l arvacidal treat ment
Finally, further research needs to be perfor me
breeding and disease transmission. More in-de
include type of Dbuilding material, exposure to
since home air conditioning was a major factor
positivity for the residents in a study site

Mexico [67]. Collecting this information coul d
crude measure of housing type. Further anal ys

with the residentsd occupation and other for ms
surveillance is also needed throughout the cit
this study are associated with higher transmis
exi st for CHIKV and ZI KV, prevention is stil!l

CONCLUSI ONS
This study provided an evidence-based f

ramewor

efficiently target the drivers of future epide

analysis identified key areas of Barran
CHI KV and ZI KV. Further more, we clearly
factor for ZI KV transmission and these

qguil |l a

showec

richer

during bot h out breaks. Thi s nAeae g yfpiomdieng ch

infections are driven by social vulnerability

t hroughout the tropical and sub-tropical

ar eas
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Suppl ementary Material s

Tabl eNeS.hbour hood names with their correspondi
map (Figure 1).

Figur &atséltl ite image from Landsat 8 mission f
December 2014. The image shows maps of natur a
col our combination (5-4-3), and the derived
classification and calculation of the MNDWI
Figur &atSel |l ite image from Landsat 8 mission f
December 2015. The image shows maps of natur a
col our combination (5-4-3), and the derived
classification and calculation of MNDWI
Figurdhé&8ti mated incidence of CHI KV infected
nei ghbourhood in Barranquilla between 2014 and

Figur€he&4uni vari atle (Lolc®A) Molruasntbesr map of t he
CHI KV infected cases during 2014-2016.

Figurerh&85.esti mated incidence of Z1 KV infecte

nei ghbourhood in Barranquilla between 2015 and

Figuré&EheaoéunivariatdLL&SEAA]l cMasarerds map of the o0
Z1 KV infected cases during 2014-2016.

Figurkeosal Moranés | anal ysis on the residual s
values with spatial explanatory variables and
persisting local c¢clusters and (B) their corres

Figur®ocSi8aeconomic strata (SES) designation for

Figur PerS®ent age of dwel lings that were detach
Barranquill a.

Text | ®pl ementati on of spati al autocorrelation
Local |l ndi cator of Spatial Autocorrelation, LI
TextD&t2ai l s on the i mplementation of Bayesi an


http://dx.doi.org/10.20944/preprints201902.0054.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 February 2019 d0i:10.20944/preprints201902.0054.v1

Abbreviations

CAR: conditional autoregressive model s; DENV:
DI C: devi ance i nformati on criterion; LI SA: [
MNDWI : modi fication of t he normalised differen

rat e; Z1 KV: Zi ka virus
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