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@ Crimean-Congo Hemorrhagic Fever Incidents in Turkey
@ A Dynamic Model for CCHF Incidents
o Hstimation with Dynamically Weighted Particle Filter

e Concluding Remarks
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Crimean-Congo Hemorrhagic Fever

@ Caused by Crimean-Congo Hemorrhagic virus.
= 4-5 days of non-bleeding phase: headache, high fever,
nausea, abdominal pain, muscle pain, diarrhea
= Bleeding in the eyes, the throat and in the stomach:
hypotension, relative bradycardia, conjunctivitis, skin
flushing and rash
= 10-20 days for convalescence

@ No vaccine is available, and treatment is mostly supportive.
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Crimean-Congo Hemorrhagic Fever (CCHF) Virus Ecology

Enzootic Cycle

Ixodid (hard) ticks are both a reservoir
and vector for the CCHF virus.

The virus is maintained in nature

[y and

Epizootic-Epidemic Cycle

CCHF cases occur more during the warmer parts of

the year, mostly the spring and summer. There are
no cases during the winter.

Humans become infected through tick bites and
direct contact with infected animal blood or tissue.

Transmission can occur while slaughtering
infected animals, during veterinary
procedures, and in hospital settings where
proper protective equipment and appropriate
disinfection procedures are lacking.

Ticks feed on numerous wild and domestic
animals such as cattle, goats, sheep, birds,

and hares. These animals serve as both food

sources for ticks and amplifying hosts for the
(CCHF virus.




CCHPEF Characteristics

CCHEF is a fatal viral infection disease with the fatality rate
of up to 30%.

The virus is transmitted to human from ticks and livestock
animals, as well as human.

The great majority of incidents are from agriculture and/or
husbandry:

o Ergoniil [1] reported that almost 90% of the cases around
year 2007 outbreak in Turkey were farmers.

CCHEF has been found in parts of Africa, Asia, Eastern
Europe and Middle East.

The region of prevalent CCHF is growing as the following.

o Before 1970: Soviet Union, Zaire, Uganda and China.
e 1970-2000s: Africa, Eastern Europe, Middle East and China.
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CCHF Reported before 1970
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CCHF Reported between 1970-2000s
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CCHF Incidents in Turkey
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CCHF Incidents in Turkey

@ From year 2004 to year 2012, there were 7040 CCHF
incidents observed at 3514 locations in 73 cities.

@ We consider CCHF incidents per 500,000 population of each
city in Turkey:
o Incidents are nonnegative integers.
o Incidents are time dependent.
o Incidents from neighboring locations are associated with
each other.

@ We analyze the incidents of 9 months from March to
November in each year.
o There is no incident during the winter season.
o Incidents show a periodic pattern from March to November.
o Incidents also show a nonlinear pattern over cities.
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Dynamic Model for CCHF Incidents

@ The CCHFs are sequentially observed at 79 months over 73
cities in Turkey.

@ At a given time, incidents show a nonlinear relationship
with location and take nonnegative integer values.

= Response Model: Poisson regression model and log-link
function with the radial basis function (RBF) network.

@ Some variables and parameters in the response model
change by time.

= Transition Model: Linear or nonlinear models for state
variables and time-varying parameters.

D. Ryu et al.(NIU) Analysis CCHF with DWPF 5/18/2018 <10>



Response Model

o For a given time ¢, let Y; denote the number of incidents at
a location X; = (latitude, longitude); with E(Y;|X;) = ;.

@ Then, we may model Y; by the following generalized linear
mixed model

Y; ~ Poisson(y;)
Ly = log®:+6: = fi( Xi) + 64,

where
o fi(X:) is the RBF network,

o 6; ~ N(0,0?) is an independent random error,

o L; is a latent variable.
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RBEF network

o Let X," denote the set of all terms of m-degree polynomial,
e.g., for X; = (X, Xi2), X{ = (X3, X1 X12, X3).

o Consider K; knots p; = (s, --, M4 ,) and let z; ), denote
the distance from X; to p,;, e.g., ztp =[] X¢—ps 1 |-

@ Then, for a radial basis function ¢ on 2z, as in Holmes [2],
RBF network is defined as a linear combination with
smoothing penalty

M Ki
fi(Xi) = Beo+ D X[ By + D (260) Beytyr = dif3,,
m—1 k=1

where
o di =[1,Xpn,..., X%, ..., ¢(2,k,)] is a design row vector,
o B =I[Bto,Bt1,---, Bt My - - - Bt k] is @ vector of

regression coefficients, for My =1+ M(M+3)/2.
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Transition Model

e Consider normal random errors ¢, €, €, and €.

o From time t to time ¢ + 1, all nuisance parameters in the
response model A; = (07 7, K;, 1) are transited by:

]-Og Ut2+1 — C\’1 ]-Og Ut2 + €1 ].Og IYtjrll = C’2 ].Og 7;1 + €ts)

1/3, for Kt+1 = Kt
W(Kt+1|Kt) = 1/3, for Kt+1 = Kt +1,
1/3, for Kt+1 = Kt —1

Ky + €, for Kiy1 = K
Bipr = S (Mg Bea1,k,0) + €5, for Ky = Ky 41
(o) + €, for Ky = Ky — 1

@ The latent variable is also transited by:
Lt+1 = Lt + €, -
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Directed Acyclic Graph for Model

w, knot locations (H4 @ @

K; no. of knots K @ %

B, regression coeffs
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of error variance

L; latent variable
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Prior Distributions

@ Only for time ¢t = 1, assign prior distributions for nuisance
parameters A;:

o Number of knots: K; ~ Uniform,
o Knot locations: p]|X; ~ N(Xy, I2),
o Nuisance parameters: of ~ IG(Ay, By), 711 ~ G(4,, By).

@ For t > 1, the transition model projects A; based on A;_;.

o For all times, we assign a conjugate Gaussian prior
distribution for regression coefficients 3,;:

(ﬂt,o;ﬂg’l)"')ﬁtg:M) X 1) 9
0- *
(Be.Mysty - - Beourr,) ™~ N(O, ,;IK,:> .
¢
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Full Conditional Distributions

@ Regression coefficients:
Bel- ~ N( ‘/tilDtTLt’o'tz ‘/t71)7 t>1,

where D, is a design matrix that accumulate row vectors
1, X/, ¢(2t1), ..., $(2t k)| corresponding to all locations,
L, is a vector of latent variables and V; = DtT D; + v I*.

@ Nuisance parameters:
07| ~ IG[AyHn+K) /2, {B, "+ (RSSr+m B I'By) /2 ],
Nl ~ GlAy+Ki1/2,{B;* + (B{ I"B1)/ (207) Y],
where RSS]_ = (L]_—D]_/BI)T(L]_—D]_BI).

@ We use latent variables L; instead of Poisson responses Y7i:
Ly|- o< p(Y1|L1) N (d1y, 07)
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Projection by Transition Model

e For t > 1, we can generate \; = (¢, 07, Ky, p;) with a data
assimilation method.

@ Defining Ay by the hyperparameters, transition model bring
the target distribution for A; :

p{)\o:t’XLt; Ll:t}
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Data Assimilation Methods

o Kalman Filters:
o Extended Kalman Filter (EKF)

o Ensemble Kalman Filter (EnKF)

e Particle Filters:
e Sequential Importance Sampling (SIS)
o Rejection Control (RC)

e Dynamically Weighted Importance Sampling (DWIS)
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Kalman Filter

@ Dynamic Model: Y; is observed sequentially on state and
time-varying parameters X;.

Y = B Xi+e€, €~ N(0XL.),
Xy = AXy 1+ U, U~ N(0,2,).
@ Forecast (predict): Project state variable,
X, = Ay X1 ~ N(my, Sy).
e Update (match): Correct the projection
X=X+ Ki(Y: — Btyt) ~ N(u, Z¢),
where
K; = S:Bf(B:S;Bl +%.)7},
pe = B(X|Y: = Bim) = m+ Ki(Y, — Bymy),
X, = cov(X|Y:) =S — KiB:S:.
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Particle Filter

@ Dynamic Model: We relax the linearity and normality by
considering nonlinear f; and g; and non-Gaussian ¢; and U;

Y, = ft(Xt)—i—Et,
X = (X 1)+ Us.

@ Approximate the target (filtering) distribution 7(Xi.¢| Y71.¢)
by a weighted set of particles, {yl(lt) (Nt }, through

importance sampling for a stream of partlcle 1

Sample : Xl( t) from q(Xi.¢| Y1i.t),
Q(Xlzt‘ Yl:t)’

where g is a proposal distribution.

Weight : wt( =
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Sampling Methods for Particle Filters

@ Sequential Importance Sampling:
o Apply the decomposition to the target density w and
proposal density q.

(X1t Yiie) = m(Xe|Xue—1, Yiue) 71(Xue—1| Yiee)
¢

= (X1 Y1) [ [7( Xkl Xr:k—1, Y1:k)
k=1

e Collects only one-step ahead samples with established

previous samples.

@ Rejection Control: If a stream of samples has less weight
than the threshold, send it back to t = 1.

@ Dynamically Weighted Importance Sampling: At each time
investigate the streams and then prune and enrich them.
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Dynamically Weighted Particle Filter

o For CCHF, we need to sample \;.; from the target
distribution p {Xo.¢| X1.¢, L.t }-

@ Assuming a Markovian structure:
p{AO:t|X1:t,L1:t}OCP{AO:t—1|X1:t—1;L1:t—1}p()\tp\t—l;Xt;Lt);
where p(A¢|Aey, Xy, Lt) is the marginalized over 3,

p(}\tp\t—l;Xt;Lt) Oc/p(Xt;Lt|}‘t:/8t)7r(/6t|)‘t)7r(At|)‘t—l)dBt
o T(At] Ap) eXp{—RSSt/2at2} .

@ As an effective sampling scheme, as Liang [3] and Ryu [4]
used, DWPF is a combination of SIS and DWIS algorithms.

@ DWIS consists of dynamic weighting and population control
scheme.

D. Ryu et al.(NIU) Analysis CCHF with DWPF 5/18/2018 <22>



Dynamic Weighting

© Update the weight upper and lower bounds:

(Wi/a, Wut/a), if Ny < Niw,
(Wi, W) <= S (aWi, aWy), if Ny > Nyp,
(Wi, Wat), otherwise.
for:=1,...,N; do
@ Draw A" from a proposal distribution g(A|A{?):
1) POV NG g INY)
pOIASL gAY IALY)

@ Update the weight with §; = [¢; + ¢ WH“]

— Sf)7 ,{Z}t(l) — (1 + 6t)rt(i)

endfor
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Population Control Scheme

@ Adaptive pruned-enriched population control:
NORPNE i’ i!
R ) = (A, )

e Algorithm: for 2+ =1,..., N;

Q If 'ZZ/( < Wiy, prune with probability 1 — , or keep the
20
particle w.p. th and set the weight to Wlt
A(l
Q If w, () > Woyt, enrich the particle with h; — L -+ 1J

/\ 7

replications of particles and the adjusted Welght

@ Assess: If N/ & (Nmin, Nmax), adjust weight bounds:

(aVVlt: a’Wut): if Nt/ > Nmax:
(VVlt/ai Wut/a); if Ni{ < Nmin;

(Wi, Wat) {

and keep the process until N} € (Npin, Nmax)-
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Dynamically Weighted Importance Sampling

Dynamic Weighting Population Control

()\t; ’wt) ()\;, wt’) (At+1; wt+1)
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DWPF Procedure - Stage 1

@ Sample: Sample :\(;) from p(A;| X1, L1), and set @’l(i) =1 for
1=1,..., Ny. These form the initial population (A, w;),
and Nj is called the initial population size.

© DWIS: Generate (\;, w;) from (X;, w;) using DWIS, with
p(A1| X1, L) as the target distribution.
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DWPF Procedure - Stage 2

© Extrapolation: Generate X;” from A(li), with the
extrapolation operator q()\g\)\(lz), X 1.2, L1:2), and set
i) ()
~() _ ) (9 p(A(l):Az | X1:2, L1:2)
Wy =W () NOING
P(A17[L1)g(Ay (A7, Xua, Li2)

foreach 1 =1,2,..., Ny.

© DWIS: Generate (\;, w;) from (Xz, W) using DWIS, with
P(A1.2| X102, L1.2) as the target distribution.
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DWPF Procedure - Stage ¢

@ Extrapolation: Generate 5\?) from )\gi_)l, with the
extrapolation operator Q(At!)\(&_l, X1.t, L1.t) and set
‘ 3 ()
20— 1, PO 1, A | Xty L)
NN NORC
p()‘(lfzt—lyXlztfl; Ll:tfl)Q(At ‘)‘21:%—17X1:t1 Ll:t)

for each 2 =1,2,..., Ny ;.

© DWIS: Generate (A;, w;) from (X;, W;) using DWIS, with
D(A1.¢| X1, L1.¢) as the target distribution.
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Predicted Prevalence of CCHFE
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Prediction Performance

NRMSE; = /% =7, (Vi — $)?/range( Yae, ..., Yrat)

PNRMSE
© o o o ¢
N W S

5

2004 2005 2006 2007 2008 2009 2010 2011 2012
Year
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Concluding Remarks

@ The proposed model is suitable for modeling and mapping
relative risk of CCHF incidents in cities of Turkey.

o It also delivers the results in a timely manner using an
effective computation method DWPF.
o Estimated CCHF propagation reveals:
e Birds and population of wild pigs in the region are suspected
for a disease to move in the direction of north to south.
o Mostly farmers, interact and share the same habitant and
living space with those animals.
e Due to economic reasons, farmers give up on precaution and
do not pay attention health information.

@ A timely control of the tick population and immunization of
the livestock animals are also highly recommended.
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