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Introduction

Surveillance data on (mainly endemic) gastrointestinal infections in
Germany in 2004 on district level:

@ Campylobacteriosis (55676 cases)
@ Salmonellosis
a) Salmonella enteritidis (36615 cases)
b) Salmonella typhimurium (11298 cases)
O Yersiniosis (6175 cases)
@ For each disease, the number of cases y;; is available in
district i =1,...,438 and week t =1,...,52

@ Population counts n; are also available
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Introduction

Time trends

Log number of notified cases in 2004 in Germany for the different
diseases
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Introduction

Epidemiological background

@ Ingestion of raw/undercooked poultry is considered as the
dominant risk factor for infection with Campylobacteriosis and
S. enteritidis

@ Ingestion of raw/undercooked contaminated pork is
considered as the dominant risk factor for infection with
S. typhimurium and Yersiniosis
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Introduction

Underreporting

e Huge problem!

@ In principle, local health authorities are required to report all
cases to the Robert Koch Institute in Berlin

@ However, willingness of GP’s to investigate and report cases is
very variable, in particular for gastrointestinal diseases

@ Also, many patients may not go to a GP at all

— spatial pattern will be dominated by heterogeneity in
underreporting rates
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Introduction

Goal of analysis

@ Investigate for a common spatial pattern (to be interpreted as
heterogeneity in underreporting), that does depend on the
particular disease only through a different scaling factor

@ Investigate if residual spatial variation can be decomposed
into components that reflect spatial variation of contaminated
poultry and pork product consumption, respectively

— joint disease mapping approach

@ Model will allow for overdispersion, however, local outbreaks
are not accounted for; may further dilute the spatial pattern

= initial adjustments based on time series model for y;;
(Held et al. 2005)
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Introduction

Incidence Rates (per 10,000 inhabitants)

Campylobacteriosis S.Enteritidis
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Introduction

Incidence Rates (per 10,000 inhabitants)

S.Typhimurium Yersiniosis
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Adjustments for Local Outbreaks

Branching process with immigration

The observed number of counts Y; is decomposed into two
(unknown) components, V; and WW;:

Yt:Vt+Wt, t:].,...,n
Vt ~ PO(V)
Wt|Yt_1 ~ PO()\Yt_l)

V;: endemic component
IW;: autoregressive epidemic component (A > 0)
Y: is stationary with mean v/(1 —X) if A <1

~> Interpretation of A\ as epidemic proportion of total
incidence
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Adjustments for Local Outbreaks

Generalized branching process with immigration

Now v is time-dependent:

Yt:Vt+Wt; t:].,...,n
Vt ~ PO(I/t)
Wt|Yt_1 ~ PO()\Yt_l)

@ logv; is modelled parametrically as in log-linear Poisson
regression; will include terms for seasonality

@ Interpretation of A still valid
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Adjustments for Local Outbreaks

Adjusting for local outbreaks

@ Fit time series model separately in each district by Maximum
Likelihood (ML)
~» ML-estimates of epidemic proportion A;

~

e Consider only (suitably rounded) endemic proportion (1 — A;)
of total incidence (the endemic incidence)

e Data reduction between 3% (Yersiniosis) and 12%
(Salmonella Enteritidis).
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Adjustments for Local Outbreaks

Example: Salmonella Enteritidis

Time series in four selected Estimated epidemic
districts proportion
lambda = 0.09 lambda = 0.47 Histogram of lambdahat
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Adjustments for Local Outbreaks

Example: Salmonella Enteritidis

Total and estimated endemic incidence rate

SEnteritidis SEnteritidis
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Separate Spatial Analysis

Separate Spatial Model

yi ~ Bin(n;, logit " (n;))
with the observed yearly number of counts y; in area i.

The log odds n; is assumed to be normal with mean

E(ni) =a+u; where

@ uis a (centered) Gaussian Markov random field
o Var(n;) = o2 allows for overdispersion
@ Model dates back to Besag, York and Mollié (1991)

~~ Spatial smoothing of incidence rates
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Separate Spatial Analysis

Results from separate spatial analyses

Campylobacteriosis SEnteritidis
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Separate Spatial Analysis

Results from separate spatial analyses

S.Typhimurium Yersiniosis
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Joint Spatial Analysis

Joint Spatial Model

Yai ~ Bin(n;, logit " (n4;))

with the observed yearly number of counts yg; in area i for disease
J. The log odds 7ng4; is assumed to be normal with mean

E(n4i) = ad + Z ddkuki  where
k
@ uy are (centered) Gaussian Markov random fields and

@ gk > 0 are (unknown) scaling factors for pre-selected diseases
d € N to determine the relative contribution of the spatial
field uy to each relevant disease

o Identifiability constraints are placed on dg, d € Ni

e Var(ng) = af, allows for disease-specific overdispersion
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Joint Spatial Analysis

Model and inference

Specific model includes

@ one shared component u; for all diseases (“underreporting”)

@ one component uy for Campylobacter and S.Enteritidis
(“poultry™)
@ one component u3 for S.Typhimurium and Yersiniosis (“pork”)

m

(nci) = ac + dciuri + dcoun;
(nei) = ag + dp1u1j + OEaun;
E(nti) =ar + 07111 + 013uU3;

(nvi) =

Nyi) = ay + 0y1u1; + dyzus;

Bayesian inference by block-sampling MCMC algorithm (Rue and
Held, 2005)
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Joint Spatial Analysis

Estimated spatial fields in the joint model
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Joint Spatial Analysis

Estimated scaling factors

Boxplots of posterior distribution of 4k
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Joint Spatial Analysis

Disease incidence (log odds scale) adjusted for
underreporting

Campylobacteriosis S.Enteritidis
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Joint Spatial Analysis

Disease incidence (log odds scale) adjusted for

underreporting

STyphimurium
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Yersiniosis
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Joint Spatial Analysis

Model fit

Comparison of model fit (D), model complexity (pp), and DIC
values between separate and joint modelling.

Disease Model D PD DIC
Campylobacteriosis Separate  460.2 4024  862.6
Joint 461.8 388.4 850.3
S. Enteritidis Separate  474.1  391.7 865.8
Joint 470.1 382.0 852.2
S. Typhimurium Separate  469.3 3283 797.6
Joint 466.7 306.2 7729
Yersiniosis Separate  462.2 280.2 7425
Joint 464.7 237.7 7023
Total Separate 1865.8 1402.6 3268.4

Joint 1863.4 1314.4 3177.7

Leonhard Held Joint spatial analysis of infectious diseases



Discussion

@ Joint spatial analysis

o allows to estimate a joint spatial pattern and to adjust for
spatial variation in underreporting

o can detect (epidemiologically plausible) spatial variation in the
residual rates

e improves considerably in terms of model fit

e Parsimonious model (# spatial fields < # diseases) ensures
identifiability
o identifiability of “contaminated pork consumption pattern”

would not be possible for, say, a joint model for Salmonella
Typhimurium and Yersiniosis alone
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Discussion

Two-stage approach to investigate spatial variation of infectious
diseases

o Ideally: link time series model with spatial model to a joint
spatio-temporal model for infectious disease data

o Goal: Parallel recent statistical methodology for the
spatio-temporal analysis of chronic diseases, for example
spatial ecological regression for infectious disease surveillance
data
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