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Importance of Early Disease 
Outbreak Detection

Eli i t h lth h d• Eliminate health hazards
• Warn about risk factors
• Earlier diagnosis of new cases
• Quarantine casesQuarantine cases
• Scientific research concerning treatments, 

vaccines etcvaccines, etc.
• Early detection is especially critical for 

i f ti diinfectious diseases



Prospective Disease Surveillance
Data SourcesData Sources

- Disease registries
- Reportable diseases- Reportable diseases
- Electronic health services records

h l- Pharmacy sales
- etc



Purely Temporal MethodsPurely Temporal Methods
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Three Important Issues

• An outbreak may start locally.
• Purely temporal methods can be usedPurely temporal methods can be used

simultaneously for multiple geographical
areas but that leads to multiple testingareas, but that leads to multiple testing.

• Disease outbreaks may not conform to the
pre specified geographical areaspre-specified geographical areas.



Why Use a Scan Statistic?
With disease outbreaks:
• We do not know where they will occur• We do not know where they will occur.
• We do not know their geographical size.
• We do not know when they will occur.
• We do not know how rapidly they will p y y

emerge.



Space-Time Scan Statistic

Use a cylindrical window, with the 
circular base representing space and thecircular base representing space and the 
height representing time.

We will only consider cylinders that 
h th t tireach the present time.



For each cylinder:
– Obtain actual and expected number of cases inside and 
outside the cylinder.

– Calculate Likelihood Function.

Compare Cylinders:p y
– Pick cylinder with highest likelihood function as Most Likely 
Cluster.

Inference:
Generate random replicas of the data set under the null– Generate random replicas of the data set under the null-

hypothesis of no clusters (Monte Carlo sampling).

– Compare most likely clusters in real and random data setsCompare most likely clusters in real and random data sets 
(Likelihood ratio test).



Example: Thyroid Cancer Incidence p y
in New Mexico

Data Source:  New Mexico Tumor Registry
Time Period:  1973-1992
G d M lGender: Male
Population:  580,000
Annual Incidence Rate: 2 8/100 000Annual Incidence Rate:  2.8/100,000
Aggregation Level:  32 Counties
Adjustments for: Age and Temporal Trendsj g p
Monte Carlo Replications:  999

K lld ff M P i i i di hi l diKulldorff M.  Prospective time-periodic geographical disease 
surveillance using a scan statistics. JRSS:A164:61-72, 2001.



Thyroid CancerThyroid Cancer
Median age at diagnosis: 44 yearsMedian age at diagnosis: 44 years
United States (SEER) incidence: 4.5 / 100,000
United States mortality: 0.3 / 100,000U ted States o ta ty: 0.3 / 00,000
Five year survival: 95%
Known risk factors:ow s c o s:
• Radiation treatment for head and neck conditions.
• Radioactive downfall (Hiroshima/Nagasaki, Chernobyl, 
Marshall Islands)
• Work as radiologic technician (USA) or x-ray operator 
(S d )(Sweden). 



Space-Time Scan Statistic 
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73 79 L Al Ri A ib 75 79 9 3 3 2 7 0 58
73-78   Bernadillo + 7 counties West        75-78     48     36      1.4      0.60
73-79   LosAlamos, Rio Arriba                 75-79       9 3.3  2.7    0.58
73-80   LosAlamos, Rio Arriba                 75-80     10   3.8 2.6   0.54
73-81   North Central – SanMiguel           75-81     72     53      1.4      0.19
73 82 N th C t l S Mi l 75 82 85 62 1 4 0 0873-82   North Central – SanMiguel           75-82     85     62      1.4      0.08
73-83   Bernadillo, Valencia                   73-83 84 62   1.4 0.13
73-84   North Central                               73-84 113 90   1.3   0.14
73-85   Lincoln                                             85        3 0.2    13.8    0.23
73-86   North Central + Colfax, Harding  73-86   129 108      1.2   0.49
73-87 North Central + Colfax, Harding 73-87 142 117 1.2 0.2173 87   North Central  Colfax, Harding   73 87   142 117    1.2   0.21
73-88   North Central – SanMiguel       73-88   143  115  1.2  0.08
73-89   North Central + Colfax,Harding    73-89   165  134  1.2  0.06

North Central Counties = Bernadillo, Los Alamos, Mora, Rio Arriba, 
Sandoval, San Miguel, Santa Fe and Taos.



Space-Time Scan Statistic 
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73-79   LosAlamos, Rio Arriba                 75-79       9 3.3  2.7    0.58
73-78   Bernadillo + 7 counties West        75-78     48     36      1.4      0.60

,
73-80   LosAlamos, Rio Arriba                 75-80     10   3.8 2.6   0.54
73-81   North Central – SanMiguel           75-81     72     53      1.4      0.19
73-82   North Central – SanMiguel           75-82     85     62      1.4      0.08
73-83   Bernadillo, Valencia                   73-83 84 62   1.4 0.13
73-84   North Central                               73-84 113 90   1.3   0.14
73-85   Lincoln                                             85        3 0.2    13.8    0.23
73 86 N th C t l + C lf H di 73 86 129 108 1 2 0 4973-86   North Central + Colfax, Harding  73-86   129 108      1.2   0.49
73-87   North Central + Colfax, Harding   73-87   142 117    1.2   0.21
73-88   North Central – SanMiguel       73-88   143  115  1.2  0.08
73-89 North Central + Colfax Harding 73-89 165 134 1 2 0 0673-89   North Central + Colfax,Harding    73-89   165  134  1.2  0.06
73-90   LosAlamos, RioArriba,            79-90    41  22  1.8  0.06        

SantaFe, Taos
73 91 LosAlamos 89 91 7 0 9 7 6 0 02

North Central Counties = Bernadillo, Los Alamos, Mora, Rio Arriba, 
Sandoval, San Miguel, Santa Fe and Taos.

73-91   LosAlamos                                   89-91      7    0.9  7.6  0.02



Los Alamos



Space-Time Scan Statistic 
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73-87   North Central + Colfax, Harding   73-87   142 117    1.2   0.21
73-88   North Central – SanMiguel       73-88   143  115  1.2  0.08
73-89   North Central + Colfax,Harding    73-89   165  134  1.2  0.06, g
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73-92   LosAlamos                                    89-92      9   1.2  7.4  0.002



Adjusting for Yearly Surveillance
The Los Alamos Cluster

1991 Analysis: p=0.13
(unadjusted p=0 02)(unadjusted p 0.02)

1992 Analysis: p=0.016
( dj d 0 002)(unadjusted p=0.002)



Los Alamos 
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Thyroid Cancer in Los Alamos

The New Mexico Department of Health have investigated 
the individual nature of all 17 male thyroid cancer cases 
reported in Los Alamos 1970 1995 All were confirmedreported in Los Alamos 1970-1995. All were confirmed 
cases.



Thyroid Cancer in Los Alamos
• 3/17 had a history of therapeutic ionizing 

radiation treatment to the head and neckradiation treatment to the head and neck.
• 8/17 had been regularly monitored for exposure 

i i i di i d h i i l kto ionizing radiation due to their particular work 
at the Los Alamos National Laboratory.

• 2/17 had had significant workplace-related 
exposure to ionizing radiation from atmospheric 
weapons testing fieldwork.

A know risk factor, ionizing radiation, is hence a , g ,
likely explanation for the observed cluster.



Limitations
• Space-time clusters may occur for other reasons 

than disease outbreaksthan disease outbreaks
• Automated detection systems does not replace 

th b t f h i i d th h lththe observant eyes of physicians and other health 
workers.

• Epidemiological investigations by public health 
department are needed to confirm or dismiss the 
signals. 



A Space-Time PermutationA Space Time Permutation 
Scan Statistic for Disease 

O b k D iOutbreak Detection

To be used when there is no reliable 
denominator datadenominator data.

Kulldorff M, Heffernan R, Hartman J, Assunção R, Mostashari F. 
A space-time permutation scan statistic for disease outbreakA space time permutation scan statistic for disease outbreak 
detection. PLoS Medicine, 2005, 2:216-224. 



Space-Time Scan Statistic

Use a cylindrical window, with the 
circular base representing space and thecircular base representing space and the 
height representing time.

We will only consider cylinders that 
h th t tireach the present time.



For each cylinder:
– Obtain actual and expected number of cases inside and 
outside the cylinder.

– Calculate likelihood function.

Compare Cylinders:p y
– Pick cylinder with highest likelihood function as Most Likely 
Cluster.

Inference:
Generate random replicas of the data set under the null– Generate random replicas of the data set under the null-

hypothesis of no clusters (Monte Carlo sampling).

– Compare most likely clusters in real and random data setsCompare most likely clusters in real and random data sets 
(Likelihood ratio test).



For each cylinder:
– Obtain actual and expected number of cases inside and 
outside the cylinder.

– Calculate likelihood function.

Compare Cylinders:p y
– Pick cylinder with highest likelihood function as Most Likely 
Cluster.

Inference:
Generate random replicas of the data set under the null– Generate random replicas of the data set under the null-

hypothesis of no clusters (Monte Carlo sampling).

– Compare most likely clusters in real and random data setsCompare most likely clusters in real and random data sets 
(Likelihood ratio test).



Space-Time PermutationSpace Time Permutation 
Scan Statistic

1. For each cylinder, calculate the expected
number of cases conditioning on the marginalsnumber of cases conditioning on the marginals

µst = Σscst xΣtcst / Cµst s st t st  

where cst = # cases at time t in location s
and C = total number of cases



Space-Time PermutationSpace Time Permutation 
Scan Statistic

2. For each cylinder, calculate

Tst =  [cst / µst ]cst x [(C-cst)/(C- µst)] C-cst   if cst > µst

=  1, otherwise

3. Test statistic   T = maxst Tst



Space-Time Permutation 
S S i iScan Statistic

4. Generate random replicas of the data set 
conditioned on the marginals, by permuting 
the pairs of spatial locations and times.

5 Compare test statistic in real and random5. Compare test statistic in real and random 
data sets using Monte Carlo hypothesis 
testing (Dwass 1957):testing (Dwass, 1957):

p = rank(Treal) / (1+#replicas)



Space-Time Permutation 
Scan Statistic: Properties

Adj sts for p rel geographical cl sters– Adjusts for purely geographical clusters.
– Adjusts for purely temporal clusters.

i l l f b k f– Simultaneously tests for outbreaks of any 
size at any location, by using a cylindrical 
windows with variable radius and heightwindows with variable radius and height.

– Accounts for multiple testing.
A d d d– Aggregated or non-aggregated data 
(counties, zip-code areas, census tracts, 
individuals etc)individuals, etc).





Let’s Try It!

• Historic data, Nov 15, 2001 – Nov 14, 2002
• Diarrhea all age groupsDiarrhea, all age groups
• Use last 30 days of data. 

T l i d i 1 7 d• Temporal window size: 1-7 days
• Spatial window size: 0-5 kilometers
• Residential zip code and hospital coordinates



Results: Hospital Analyses

Date #days #hosp #cases #exp RR p= recurrence interval
A Nov 21    6 1      101    73.6 1.4 0.0008        1 / 3.4 years
B Jan 11     1      1        10       2.3       4.4       0.0007        1 / 3.9 years
C Feb 26     4      2        97     66.9       1.4       0.0018        1 / 1.5 years
D Mar 31    2      1        38     19.2       2.0       0.0017        1 / 1.6 years    y
E Nov 1      6      3       122    86.6       1.4       0.0017        1 / 1.6 years    
F Nov 2      7      3       135    98.3       1.4       0.0008        1 / 3.4 years    



Results: Residential Analyses

recurrence
Date     #days  #zips #cases #exp RR p=                   interval

G F b 9 2 15 63 34 7 1 8 0 0005 1 / 5 5G  Feb 9        2       15        63    34.7 1.8 0.0005 1 / 5.5 years
H  Mar 7        2         8        63    37.3    1.7     0.0027     1 / 1.0 years
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Real-Time Daily Analyses

• Starting November 1, 2003.
• Respiratory Fever/Flu Diarrhea (+Vomiting)Respiratory, Fever/Flu, Diarrhea, (+Vomiting)
• Hospital (and Residential) Analyses

S i l i d i 0 5 kil• Spatial window size: 0-5 kilometers
• Temporal window size: 1-7 days



Real-Time Results, Nov 24, 2003:Real Time Results, Nov 24, 2003: 
Hospital Analysis

Syndrome    #days #hosp #cases #exp   RR p= recurrence interval
Respiratory     2        3       80     57.4 1.4 0.13 every 8 days
Fever/Flu        3        1       24     14.8     1.6      0.68       every day
Diarrhea 2        4       18       8.2     2.2      0.04       every 26 days



Real-Time Results, Nov 25, 2003:Real Time Results, Nov 25, 2003: 
Hospital Analysis

Syndrome    #days #hosp #cases #exp   RR p= recurrence interval
Respiratory     7        1       45     30.4 1.5 0.46 every 2 days
Fever/Flu        1        5       50     31.5     1.6      0.04       every 23 days
Diarrhea 3        4       22     11.5     1.9      0.17       every 6 days



Real-Time Results, Nov 26, 2003:Real Time Results, Nov 26, 2003: 
Hospital Analysis

Syndrome    #days #hosp #cases #exp   RR p= recurrence interval
Respiratory     5        2     233   199.4     1.1 0.63 every 2 days
Fever/Flu        7        7     299   252.1     1.2      0.05       every 22 days
Diarrhea 4        4       23     12.6     1.8      0.22       every 5 days



Real-Time Results, Nov 27, 2003:Real Time Results, Nov 27, 2003: 
Hospital Analysis

Syndrome    #days #hosp #cases #exp   RR p= recurrence interval
Respiratory     1        4       41     26.9     1.5 0.45 every 2 days
Fever/Flu        6        4     181   142.9     1.3      0.03       every 36 days
Diarrhea 5        3       29     14.1     1.7      0.50       every 2 days



Real-Time Results, Nov 28, 2003:Real Time Results, Nov 28, 2003: 
Hospital Analysis

Syndrome    #days #hosp #cases #exp   RR p= recurrence interval
Respiratory     2        4       98     78.8 1.2 0.82 every day
Fever/Flu        7        5     228   178.0     1.3      0.001     every 1000 days
Diarrhea 6        3       29     17.5     1.5      0.26       every 4 days



Real-Time Results, Nov 29, 2003:Real Time Results, Nov 29, 2003: 
Hospital Analysis

Syndrome    #days #hosp #cases #exp   RR p= recurrence interval
Respiratory     7        2     146   123.6 1.2 0.95 every day
Fever/Flu        7        4     253   195.7     1.3      0.001     every 1000 days
Diarrhea 7        4       44     29.4     1.5      0.21       every 5 days



Real-Time Results, Nov 30, 2003:Real Time Results, Nov 30, 2003: 
Hospital Analysis

Syndrome    #days #hosp #cases #exp   RR p= recurrence interval
Respiratory     1        1       19     10.7 1.8 0.69 every day
Fever/Flu        6        9     429   364.1     1.2      0.002     every 500 days
Diarrhea 1        5       12       4.4     2.7      0.06       every 17 days



Summary
Four strong diarrhea signals:

T o ere earl signals for cit ide o tbreaks likel• Two were early signals for city-wide outbreaks likely 
due to norovirus. 

• One was an early signal for a city wide children• One was an early signal for a city-wide children 
outbreak, likely due to rotavirus.

• One small outbreak of unknown etiology• One small outbreak of unknown etiology.
Three medium strength diarrhea signals:
• All during the rotavirus outbreak possibly due to a shift• All during the rotavirus outbreak, possibly due to a shift 

in the geographical epicenter
One real-time fever/flu signal coinciding with the start ofOne real-time fever/flu signal, coinciding with the start of 

the flu season. 



Shigella Surveillance in ArgentinaShigella Surveillance in Argentina, 
7/2006-6/2007

John Stelling, Katherine Yih, Martin Kulldorffg
Harvard University Medical School

Marcelo Galas, Alejandra Corso, 
Ezequiel Tuduri Francoq

ANLIS "Dr. Carlos G. Malbran"
for the WHONET Argentina Networkfor the WHONET-Argentina Network



Shigella Surveillance in ArgentinaShigella Surveillance in Argentina, 
7/2006-6/2007

An evaluation of the utility of space-time scan statistics 
for the detection of outbreaks using the WHONET-for the detection of outbreaks, using the WHONET-
Argentina data. 

Mi i ki d il ti ill tMimicking a daily prospective surveillance system, 
using historical data from July 2005 to June 2007.

d h l i i b iblBased on the evaluation, it may be possible to 
implement a real-time prospective surveillance 
system using daily or weekly data.system using daily or weekly data.



Analysis Specifications

M h d S Ti P i S S i iMethod: Space-Time Permutation Scan Statistic
Disease: All Shigella spp.
Surveillance Period: July 2006 to June 2007
Baseline Data: One year.
Temporal window size: 1-30 days
Spatial window size: 0-50% of all casesSpatial window size: 0 50% of all cases
Number of hospitals: 22
Minimum recurrence interval: 1 yearMinimum recurrence interval: 1 year



Purely Spatial and PurelyPurely Spatial and Purely 
Temporal Adjustment
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Organisms and ResistanceOrganisms and Resistance
Date Org. Resist AMP SXT CIP NIT NAL Age Sex

ance
11/16 Shig. 

sp.
AMP 6 40 23 28 5 F

sp.
11/16 Shig. 

sp.
AMP 6 36 21 28 1 M

11/16 Shi AMP 6 32 22 27 13 F11/16 Shig. 
sp.

AMP 6 32 22 27 13 F

11/16 Shig. AMP 8 32 22 28 3 F
sp.

11/17 Shig. 
sp.

AMP 6 22 28 1 M

11/17 Shig. 
sp.

AMP 6 21 26 2 M
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Organisms and ResistanceOrganisms and Resistance
Date Clone Resist AMP SXT CIP NIT NAL Age Sex

ance

Nov 25 f02 AMP-
SXT

6 6 30 22 29 2 F
SXT

Dec 1 f02 AMP-
SXT

6 6 31 20 26 4 M

D 4 f02 AMP 6 6 30 21 28 10 MDec 4 f02 AMP-
SXT

6 6 30 21 28 10 M

Dec 6 f02 AMP-
SXT

8 6 29 25 27 1 F
SXT

Dec 12 f02 AMP-
SXT

6 6 30 23 28 2 F

Dec 13 f02 AMP-
SXT

6 6 30 21 30 1 M
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Organisms and Resistance
Date Spec.

/clone
Resist
ance

AMP SXT CIP NIT NAL Age Sex

Feb 5 son- AMP- 6 6 30 22 25 10 FFeb 5 son
nei

AMP
SXT

6 6 30 22 25 10 F

Feb 5 flex.
f02

none 17 30 30 20 25 2 F
f02

Feb 5 son-
nei

AMP-
SXT

6 6 30 20 25 2m M

Feb 6 flex.
f06

AMP-
SXT

6 6 28 21 23 6 F

Feb 6 flex. AMP- 6 6 30 22 26 8 M
f06 SXT
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San 
Luis

San Juan

La Rioja

C F d

FAVFAV
FLEFLE

HCUHCU

HVBHVB

HVVHVV
NOTNOT PVMPVM

RAWRAW
VSWVSW

Length: 6 days
Recurrence Interval:

1.1 years
Observed Cases: 14

Buenos Aires
La PampaNeuquén

Ri N

Mendoza Cap. Fed. GUTGUT
SANSAN

HACHAC

HGCHGC

HHHHHH
NEUNEU

HLMHLM

PENPEN

Observed Cases: 14
Expected cases: 4.12
Relative Risk: 3.4

Chubut

Rio Negro
BARBARDate: April 2, 2007

Size: 3 hospitals
Length: 7 days

Apr 2

Santra Cruz

HRRHRR

Recurrence Interval:
>27 years

Observed Cases: 14
E pected cases 3 53

Apr 1

Tierra del Fuego

Expected cases: 3.53
Relative Risk: 4.0



JujuySignal #5c Jujuy

Salta

Santiago
Del Estero

Tucumán Chaco

Misiones

Corrientes

Formosa

Catamarca
CMMCMM

HPSHPS

HVBHVB

JP2JP2

Signal #5c

Date: Apr 17, 2007
Si 1 h it l

Córdoba

Santa
Fe

Entre 
Rios

Mendoza

San 
Luis

San Juan

La Rioja

C F d

FAVFAV
FLEFLE

HCUHCU

HVBHVB

HVVHVV
NOTNOT PVMPVM

RAWRAW
VSWVSW

Size: 1 hospital
Length: 22 days
Recurrence Interval:

Buenos Aires
La PampaNeuquén

Ri N

Mendoza Cap. Fed. GUTGUT
SANSAN

HACHAC

HGCHGC

HHHHHH
NEUNEU

HLMHLM

PENPEN

>27 years
Observed Cases: 16
Expected cases: 4 14

Chubut

Rio Negro
BARBARExpected cases: 4.14

Relative Risk: 3.9

Santra Cruz

HRRHRR

Tierra del Fuego



JujuyJujuy

Salta

Santiago
Del Estero

Tucumán Chaco

Misiones

Corrientes

Formosa

Catamarca
CMMCMM

HPSHPS

HVBHVB

JP2JP2

Signal #5d,e,f,etc

Date: Apr & May, 2007

Córdoba

Santa
Fe

Entre 
Rios

Mendoza

San 
Luis

San Juan

La Rioja

C F d

FAVFAV
FLEFLE

HCUHCU

HVBHVB

HVVHVV
NOTNOT PVMPVM

RAWRAW
VSWVSW

p y,
Size: various
Length: various
Recurrence Interval:

Buenos Aires
La PampaNeuquén

Ri N

Mendoza Cap. Fed. GUTGUT
SANSAN

HACHAC

HGCHGC

HHHHHH
NEUNEU

HLMHLM

PENPEN

Recurrence Interval:
some >27 years

Observed Cases: 

Chubut

Rio Negro
BARBARup to 58

Relative Risk: various

Santra Cruz

HRRHRR

Tierra del Fuego



Conclusions

• The system may have detected some true 
outbreaks

• A couple of signals are likely chance 
occurrences, unrelated to any try outbreaks

• The system can only suggest where to look, 
not whether it is a true outbreak or not

• Adjustments were done for purely spatial 
and purely temporal variation



Hospital Surveillance

• Brigham and Women’s Hospital, Boston
• Years 1997-1999 mimicking a dailyYears 1997 1999, mimicking a daily 

prospective surveillance system
• Space time permutation test statistic• Space-time permutation test statistic
• Organisms or resistance profiles



Hospital Surveillance

“Geography”:
• None: Hospital wide surveillanceNone: Hospital wide surveillance
• Wards, with neighbors defined both by 

distance and type of ward (e g oncologydistance and type of ward (e.g. oncology 
and bone marrow transplantation wards)
S i i h i hb d fi d b f• Service, with neighbors defined by type of 
service



Hospital Surveillance

Example of a Signal
• Organism: Candida albicansg
• Date: Nov 10, 2005
• Temporal length: 28 daysp g y
• Two wards, Medical Intensive Care Units
• Recurrence interval: > 27 yearsRecurrence interval: > 27 years
• Preceded by signals with lower recurrence intervals



Limitations
• Space-time clusters may occur for other reasons 

than disease outbreaksthan disease outbreaks
• Automated detection systems does not replace 

th b t f h i i d th h lththe observant eyes of physicians and other health 
workers.

• Epidemiological investigations by physicians, 
epidemiologists or microbiologists are needed to 
confirm or dismiss the signals



SaTScan SoftwareSaTScan Software
Free. Download from www.satscan.org

Registered users in 156 countries:Registered users in 156 countries:
1. USA
2. Canada
3. United Kingdom
4. Brazil
5. Italy
. . . 
100s Albania Bhutan Burma Fiji Grenada Guinea100s. Albania, Bhutan, Burma, Fiji, Grenada, Guinea, 

Iraq, Macao, Madagascar, Malawi,  Malta, etc
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