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Outline

Overview of the package

Prospective monitoring illustrated by the Farrington algorithm

Examples of model-based surveillance

Campylobacteriosis in humans and chicken
Two agents of invasive meningococcal disease

Conclusion
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Example of surveillance data

R> library("surveillance")
R> data("ha.sts")
R> plot(ha.sts, type = observed ~ time, legend.opts = NULL,
+ main = "Hepatitis A in Berlin 2001-2006", xlab = "Time (weekly)")

Hepatitis A in Berlin 2001−2006

Time (weekly)
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Who does surveillance? (AFAIK)

– Public Health Department of Lower Saxony (Hulth et al., 2010)

– Swedish Institute for Communicable Disease Control:
Computer Assisted Search for Epidemics (CASE) project

– National Public Health Institute of Finland

– French National Reference Centre for Salmonella (Institut Pasteur)

– Infectious Disease Surveillance and Analysis System, Dept. of
Animal Production and Health, Sri Lanka (Robertson et al., 2010)

– In the pipeline:

– German Federal Institute for Public Health:
specialised analyses, e.g., “back-projection” and “now-casting” for
the 2011 EHEC outbreak (Robert Koch Institute, 2011)

– Austrian Agency for Health and Food Safety (AGES)
– Switzerland (BAG? BVET?)
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What is surveillance?

is a free software environment for statistical computing and
graphics (www.R-project.org).

surveillance is an open source package for the visualisation,
modelling and monitoring of routinely collected public health
surveillance data.

History: Development started 2004 at the University of Munich
as part of the DFG/SFB386 research project “Statistical
methodology for infectious disease surveillance”

Motivation: – Data structures and implementational framework
for methodological developments

– Disease monitoring tool for epidemiologists and
public health authorities

Availability: R-Forge (devel), CRAN
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Which types of surveillance? (among others)

– Prospective monitoring for univariate count data time series
– Based on reference values:

– farrington (Farrington et al., 1996)
– bayes (Riebler, 2004)

– Inspired from statistical process control:

– cusum (Rossi et al., 1999 and extensions)
– glrnb (Höhle and Paul, 2008)

– Model-based surveillance
– Count data time series models:

– twins (Held et al., 2006b)
– hhh4 (Paul and Held, 2011)

– Spatio-temporal point process modelling:

– twinSIR (Höhle, 2009) – discrete space
– twinstim (Meyer et al., 2012) – continuous space
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Prospective monitoring: based on reference values

– Choose set of reference values Rt as basis for raising an alarm to
deal with seasonality. Example (w=4 weeks, b=3 years):

current year: b = 0

1
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4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 ... 52

current week
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Prospective monitoring: the Farrington algorithm

– Predict number of cases at current time t based on Rt using an
overdispersed Poisson GLM with intercept and trend

– If the current observation is larger than the upper limit of the
(1− α) · 100% prediction interval, then an alarm is generated.
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Hepatitis A example (revisited)

R> ha1 <- aggregate(ha.sts, by="unit") # -> univariate time series
R> ha41 <- aggregate(ha1, nfreq=13) # -> 4-week agggregation
R> cntrlFar <- list(range=53:73, w=2, b=3, alpha=0.01, limit54=c(0,4))
R> survha <- farrington(ha41, control=cntrlFar)

Surveillance using farrington(2,0,3)
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Example of count data time-series modelling:
Using surveillance::hhh4 to analyse

campylobacteriosis prevalence
in humans and chicken
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Campylobacteriosis

– Symptoms: nausea, diarrhoea, fever and abdominal cramps.

– Transmission: raw/undercooked chicken (main), unpasteurized
milk or contaminated water, hardly spread from person-to-person.

Two kinds of analysis using hhh4

– Retrospective analysis: with seasonality and time trend

– Prospective analysis: with seasonality and time trend

Data

– Prevalence in Human and Chicken: Weekly number of cases
on human, 2008–2009, from BAG (Federal Office of Public
Health) (Lutz et al., 2010), and weekly prevalence of diseased
chicken from a large Swiss chicken slaughterhouse.

– Campylobacter in Germany: Weekly number of cases in
Germany from 2001–2012 from Robert Koch-Institut (RKI).
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Human case number and chicken prevalence

Human case number and chicken prevalence
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Retrospective fitting
GLM Model
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Auto−regression Model
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Prospective Analysis: One-week-ahead predictions
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Example of space-time point process modelling:
Using surveillance::twinstim to analyse
relative infectivity of two agents of invasive

meningococcal disease (Germany, 2002–2008)

Workshop on early-warning systems in Switzerland, 4th March 2013 Page 16



ISPM, Division of Biostatistics

Data representation ("epidataCS" class)

R> data("imdepi")
R> print(imdepi, n=4, digits=4)

History of an epidemic
Observation period: 0 -- 2557
Observation window (bounding box): [4034, 4670] x [2687, 3543]
Spatio-temporal grid (not shown): 84 time blocks, 413 tiles
Types of events: 'B' 'C'
Overall number of events: 636

coordinates ID time tile type eps.t eps.s sex
103 (4112.19, 3202.79) 1 0.2117 05554 B 30 200 male
402 (4122.51, 3076.97) 2 0.7124 05382 C 30 200 male
312 (4412.47, 2915.94) 3 5.5910 09574 B 30 200 female
314 (4202.64, 2879.7) 4 7.1170 08212 B 30 200 female

agegrp BLOCK start popdensity
103 [3,19) 1 0 260.9
402 [3,19) 1 0 519.4
312 [19,Inf) 1 0 209.4
314 [3,19) 1 0 1665.6
[....]
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Data – aggregated over space

R> colTypes <- c(B="orangered",

+ C="darkred")

R> plot(imdepi, "time",

+ t0.Date="2001-12-31",

+ breaks="months", ylim=c(0,21),

+ col=colTypes["B"])

R> plot(imdepi, "time",

+ t0.Date="2001-12-31",

+ breaks="months", ylim=c(0,21),

+ col=colTypes["C"],

+ subset=type=="C", add=TRUE)

R> legend("topright", bg="white",

+ legend=names(colTypes),

+ fill=colTypes, title="Type")
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Data – aggregated over time

R> load(system.file(

+ "shapes", "districtsD.RData",

+ package="surveillance"))

R> ## [...]

R> spplot(districtsD, "POPDENSITY",

+ scales=list(draw=TRUE),

+ sp.layout = list("sp.points",

+ multloc, col=col,

+ pch=16, cex=cex),

+ legend = list(inside =

+ list(fun=sglegend,

+ x=0.01, y=0.99)),

+ col.regions =

+ grey(seq(1,0,length=100)))

R>

R> ## simpler: plot(imdepi, "space")

2800

3000

3200

3400

4100 4200 4300 4400 4500 4600

●

●

●

●

●

●
●

● ●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

● ●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

0

500

1000

1500

2000

2500

3000

3500

4000

4500
type
B
C

●

●

Workshop on early-warning systems in Switzerland, 4th March 2013 Page 19



ISPM, Division of Biostatistics

Fit two-component point-process model

R> endemic <- addSeason2formula(

+ ~1 + offset(log(popdensity)) + I(start/365 - 3.5),

+ period=365, timevar="start")

R> fit <- twinstim(endemic = endemic,

+ epidemic = ~1 + type + agegrp, siaf = siaf.gaussian(),

+ data = imdepi, subset = !is.na(agegrp),

+ start = c("h.(Intercept)"=-20, "e.(Intercept)"=-15, "e.siaf.1"=4))

R> xtable(fit)

RR 95%-CI p-value

h.I(start/365) 0.955 0.91–1.00 0.04
h.sin(start * 2 * pi/365) 1.242 1.09–1.41 0.0008
h.cos(start * 2 * pi/365) 1.375 1.21–1.56 <0.0001
e.typeC 0.401 0.24–0.68 0.0006
e.agegrp[3,19) 1.983 1.05–3.74 0.035
e.agegrp[19,Inf) 0.757 0.31–1.87 0.55

R> R0(fit)

B C

Est. 0.25 0.10
2.5% 0.18 0.07

97.5% 0.34 0.14
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Fitted intensity process

R> intensityplot(fit, which = "total intensity", aggregate = "time",

+ types = 1, col = colTypes[1], ylim = c(0,0.3))
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Fitted trend/seasonality, distance decay of infectivity
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Conclusion

– surveillance offers visualisation and modelling of (multivariate)
surveillance time series and implementations of various detection
algorithms.

– surveillance also provides a comprehensive framework for the
modelling, inference and simulation of self-exciting
spatio-temporal point processes (beyond epidemics)

– Focus of prospective surveillance is on outbreak detection.

– Retrospective surveillance tries to explain temporal and
spatio-temporal patterns in the data through statistical modelling

– Current work: How to do model-based surveillance in practice
→ Journal of Statistical Software (special issue on space-time
statistics)
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