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Overview – a typical Monday
1.Data arrives
2.Aggregation into syndromic ‘signals’
3.Data quality checks
4.Automated aberration detection
5.Prioritisation of statistical alarms
6.Risk Assessment part I – How unusual is it?
7.Risk Assessment part II – What does it mean?
8.Outputs
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0. Where does the data come from?
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1,000,000
patients	visited	a	participating	GP on	Friday

109,000	
patients	contacted	an	out-of-hours	GP	(Fri-Sun)

patients	attended	34	participating	EDs (Fri-Sun)

22,000	

people	called	NHS111	(Fri-Sun)

108,000

GP = Family doctor (called General Practitioner in the UK)



1. Data collection
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Automated feeds of
anonymised data
to a secure server



2. Aggregation into syndromic ‘signals’
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“Signal” – a measure of syndromic 
activity which has a specified system, 
syndrome and geography.



Aberration detection model
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Model created for each signal
Refit every eight weeks

Multi-level mixed effects Poisson 
Regression model
Total consultations used as an offset



Aberration detection model
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log 𝜇%&' = log 𝑡𝑜𝑡𝑎𝑙%&' +	𝛽0 +	𝛽1𝑋%&' + 𝑢' + 𝑣&'

For PHE Centre k, location j on day i. 
Total is an offset based on total activity or population coverage
𝛽1𝑋%&'	represents a vector for all the dependent variable coefficients, 
𝑢' represents the PHE Centre level specific random effect 
𝑣&' represents the specific random error for each local area within a 
PHE Centre

Uses all available historic data



Aberration detection model
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Independent variables included in model:

Day of the week
Month 
Public holidays
System specific variables representing large changes
e.g. change in coding practice or introduction of rotavirus vaccine in 
July 2013

All independent variables are “predictable”



Aberration detection model
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Any questions before going on to priority 
rules?



3. Data quality checks
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Orange bars show daily registered population of in-
hours family doctors providing data (GPIHSS)

Consultations with doctors (unscheduled care, GPOOHSS)

Telephone calls to NHS 111

Attendances in emergency departments (EDSSS)



4. Automated Aberration detection
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Today’s data compared to model for every signal.

Two alarm thresholds:

Historical alarms – unusually high for the time of year

Spike alarms – significant rise over past two weeks



4. Automated Aberration detection
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5. Priority rules
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12,000 daily signals, with a 99% 
alarm threshold

ð 120 daily false alarms



5. Priority rules

16 Beyond aberration detection, ISDS Webinar Oct 2016, Roger Morbey

a) Daily vs. 4 weekly



5. Priority rules
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a) Daily vs. 4 weekly
b) Winter vs. Summer



5. Priority rules
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a) Daily vs. 4 weekly
b) Winter vs. Summer
c) Repeat vs. First occurrence



5. Priority rules
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a) Daily vs. 4 weekly
b) Winter vs. Summer
c) Repeat vs. First occurrence
d) Local vs. national



5. Priority rules
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a) Daily vs. 4 weekly
b) Winter vs. Summer
c) Repeat vs. First occurrence
d) Local vs. national
e) Specific vs. general



5. Priority rules
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a) Daily vs. 4 weekly
b) Winter vs. Summer
c) Repeat vs. First occurrence
d) Local vs. national
e) Specific vs. general
f) Manual override



Priority rules
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Any questions before going on to risk 
assessment?



6. Risk Assessment I
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Review key national signals
NHS 111: Difficulty breathing calls



6. Risk Assessment I
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Record key message for each system.



6. Risk Assessment I
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Look at prioritised alarms.



6. Risk Assessment I
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Record alarms



6. Risk Assessment I
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Analyst scores each prioritised alarm

i. How far above threshold? (1-3)
ii. Repeat? (1-2)
iii. Against national trend? (1-2)
iv. Multi-system? (1-3)



6. Risk Assessment I
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7. Risk Assessment II
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On-call epidemiologist reviews alarms

v. Is it unusual for season? (1-2)
vi. Unusual spatial clusters? (1-2)
vii. Change in age distribution? (1-2)
viii. Increase in severity? (1-2)



7. Risk Assessment II
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8. Outputs
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8. Outputs
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Future work
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• Validation of local signals vs cryptosporidium outbreaks

• Development of age specific signals

• Analysis of decision making process via Bayesian 

Networks



Future work
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The End
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Any questions?


