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Motivation

e Based on survelllance, how do we decide
when something unusual Is going on?
(Previous session.)

* \When geographical datais available?

My motivation: anthrax. Crucial to respond
as quickly as possible: one day earlier could
save lives, money, resources.

» Detalls apply in other cases as well



Motivation

The goal isto decide when to break out the
Cipro
More realistically, when to suggest it’stime to

do some field epidemiology and/or gold-
standard tests (x-rays, for anthrax).

This decision should be made systematically,
not based on subjective assessments.

My professional bias: Statistically (not by rule-
of-thumb)



Our setting and data

e The setting: An HMO and Provider group
with ~250,000 members in eastern M ass.

o Automated ambulatory medical records:

— L Ive, continuoudly updated records of each
patient contact, including ICD-9 diagnosis

— Part of standard practice: our system Imposes
no additional burden on busy care providers

—A commercia system, implemented elsewhere;
easy to Implement our approach e sewhere



Syndrome information

e Define Lower Respiratory IlIness (LRI)
syndrome: contains 119 1CD-9 codes,
Including cough, pneumonia, bronchitis
(adapted from ESSENCE project)

e Phase 1 anthrax would be diagnosed in LRI

e For historical data (96-99).
— 118,557 LRI visits

— 73,752 LRI episodes (any previous LRI
complaint more than 6 weeks in past)



Syndromic approach: validity

Weekly US Pneumonia/influenza cdeaths (CDC) and HPHC/Vanguard LoRIl Episodes
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A closer look at the data

Sum of LRI visits by day

previous 42 days wio LRI comploint
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Data analysis?

 With this data, you might use aclassic time-
series analysis

e Thiswill get you athreshold for the whole area
under surveillance

 Thisaloneisnot great for public health purposes:

— Not very sensitive. Need at least 10 extra casesto
pass threshold in applications | know of

— Where will you send the Cipro (field staff)? Don’t
want to dose (x-ray) 2.5 million people!



Spatial approach

e (GGeocode everyone using HMO records
— Not just cases, but all insurees
* \We get the exact latitude and longitude as
well as census tract of residence

— Only billing address, though. And the coding
changes as the coding database improves.



[Msured

Setting, revisited

Coverage by census tract
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Restating the main question:
|s the bump too high?

 Many (most?) ‘spatial’ techniques tend to
summarize over time and assume It to be
static. Then they ask: |sthere a bump?

 In contrast, time IS as Important a dimension
for us as space.

 Weneed to know whether there' san
event now just as much aswhere it
happened.



|s the bump too high?

e Some gpatial techniques take time into
account, and at least two are adapted for
survelllance: they repeatedly incorporate more
data and ask whether there isa bump ‘now’:

1) Kulldorf, 2) Rogerson: both 2001, JRSSA.

(The following complaints may refer only to the
presentation in the above articles)

— Both assume time periods are equivalent (i.e. no
adjusting for season or day of week)

— Both seemingly designed for smaller data streams



|s the bump too high?

e Both tools seem to have a uniform time-
space distribution as the null

* Recall that phase 1 anthrax resembles flu. We
know there will be clusters of flu symptoms

 \We need to know whether the bumpswe're
seeing ar e bigger than we' d expect, based on
history, not bigger than random association.

Not ‘arethereclusters?’ but
‘arethe clusters (that we know exist) too big?



A proposed analytic approach

* Treat each census tract as independent
iIndividuals (not true: closer In space ==>
more highly correlated)

e Treat each day as a repeated observation on

the census tract: count of syndrome visits
each day Is our outcome

* These arelongitudinally repeated binomial
observations: the denominator is the number
of Insurees living in the tract (updated daily)




Proposed approach

* We use the Generalized Linear Mixed Model
approach to logistic regression

e Thisisessentialy alogistic regression that
takes into account the correlation between
repeated days observed on a given tract, or,

equivalently, different baselinerisk in
different tracts

e \We could also use aGLMM Poisson
regression



Proposed approach

 The model can be fit using the GLIMMIX
macro that’s distributed with SAS

 Thisalowsrédatively easy use of the system by
other insurers, care providers, or analysts

e \We could also have used GEEs, but GLMM
allows a separate estimate for each tract, which
IS crucial to what we will do



Proposed approach

 The model looks just like alogistic
regression, with some additional subscripts
and one more parameter:

e p, O

Ql-plt += X% +B

e Pi @

 wherel Isthe census tract with repeated days
t, Yy, isthe number of visits, n, isthe number
of insured, and b, Isarandom effect: b. ~ N

ECy;|B)=n.p; log



Proposed approach: face validity

Fixed effects (x,) In our current model: 11
months, 6 days of week, national holiday

Odds by month highest in winter months,
lowest In summer

Odds by day highest Mondays, lowest on
weekends

OR for holidays lessthan 1



Proposed approach

» The random effect b, models the unique features
of each census tract: isthere alittle community
of hypochondriacs somewhere? Arethere more
elderly or children?

* The estimated variance of the b, isnot O: there
really are differences between tracts.

* The estimated random effects (a.k.a. shrinkage
or empircal Bayes estimators) are the odds of a
case of LRI intract | relative to the average tract.




Using the moddl for public health

To use the model, we invert the estimated logit
for each tract to get an estimated binomial p;, for
each censustract | onday t

Example: surveillanceday t isaMonday in April

Suppose the estimated intercept = -8, April effect =
-0.6, Monday effect = 0.3, that it is not a holiday, and
that census tract | has estimated b, = 0.3. Then

-8-0.6+0.3+0.3 A

~ e 0
-==0.000335

4]

pit_gl +e 8- 0.6+0.3+0.3



Using the model

* Then we calculate the probability of seeing as
many Cases as we saw, or more

e Based on Binomia distribution:
Pr(x == () B

o P(3+ cases) = 0.0049; P(4+) = 0.000402

» Thisisbasicaly ap-vaue, for H,: the data
come from a binomial distribution with the p,
estimated from the model




Using the model

There are 529 census tracts in the relatively
heavily-populated area we focus on

We estimate a p-value for each tract each day

A small multiple comparisons problem ==>
~180,000 tests/year

We do a Bonferroni-like thing to adjust for
this.



Using the model

 Instead, we report the number of years we
would have to test every tract every day In
order to (statistically) expect one p-value this
small (or smaller).

e Thisislike when the weather service saysit’'s
a ‘hundred year flood'; wecan say ‘it'sa
hundred year count’.

e One advantage to expressing it thisway us that
big is bad.



Using the model

* Theinverse of the expected value of the number of
p-valuesthis size or smaller in one year, assuming
Independence of all testsis

(nominal p,, * 365 * #tracts)™
o Example, revisited.
count of 3: p,, =.0049 => (.0049 * 193085)* = .001 years,
I.e. we expect countsthis ‘unusual’ 946 times per year

count of 4: p;, =.0004 => (.0004 * 193805)-1 = .013
years, |.e. expect counts this extreme 78 times per year

count of 6: p,, = 0.00002 => 2.6 times per year




Our current report

Wednesday, 18 September 2002*

Town Census tract
Boston 250250706

Chelsea 250251603
Brookline 250214012
Boston 250250910
Medford 250173397

R NN P DN

1

Cases Denominator Y ears between®

299 0.003
69 0
827 0
353 0
361 0

 * The5 most extreme tracts are shown...
N Estimated number of years between daily counts this extreme...



Our current report

e Some days are more exciting looking than
September 18th. ..

Thursday, 14 March 2002
Weston 250173672 4 477 0.153

e Thisevent happens only once every 55 days, rare
enough that the Mass. DPH was interested.

* Notethat only 4 cases was enough to be
Interesting



Problems with this approach

* Anevent may take place over more than one
census tract, at alow enough level that no
single one of them looks terribly interesting

e Our model doesn’'t assess this possibility

e To help aleviate this problem, we currently
rely on the visual cortex.




Neighboring areas. current approach

Iri syndrome

12032000 5 most extreme counts

Everett, 3424, 2 cases Weymouth, 4228, 2 cases
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Quincy, 4182, 2 cases Boston, 1001, 2 cases
With approximate placss and last four digits of 1950 cansus tract numioer



|mportant outstanding problems

@What to do with cases in adjacent tracts. The
present solution isjust short of totally
Inadequate. Directions: incorporating
additional test based on Salscan?

@Incorporating spatial correlation into the
model. Thiswill smooth baseline risks across
censustracts. Thisisrelatively easy, but
probably won't affect prediction much.



|mportant outstanding problems

@Incorporating individual-level covariates. We
should be more concerned when a 20 year-old
IS a case than when an 80 year-old Is.

@ Smulating data so we can determine how well
the model (or other models) will work under
different conditions. Note that thisis means
modeling flu, for the most part, not anthrax. |

think thisis the thorniest and most important
task right now.



Summary

e There' sno idedl tool already developed out
there. The current technique addresses
some drawbacks of available tools but has
others of its own.

» We probably need a suite of tools to be
powerful to different alternatives

* Assessing the sensitivity of any proposed
tool requires aviable ssmulation of the
background noise.






Why survelllance for anthrax?
Course of the disease

Timeline
Day O
Day 2-7

Day or
two later

Day or
two later

Course (inhalation anthrax)
EXxposure

Phase 1: Flu-like; fever,
cough, fatigue

Phase 2. Severe breathing
oroblems, shock

Death 1n 90% of untreated
cases




Why survelllance for anthrax?
Victim’'s behavior

Timeline |Course |Action

Day O Exposure

Day 2-7 |Phasel |Visittheir Doctor?

Day or |Phase2 |Call 9117 Go tothe
two later hospital, get Cipro

Day or |Death
two later




Why survelllance for anthrax?
Public health response

Timeline |Course |Action Reaction
Day O EXxposure

Day 2-7 |Phasel |Visit

Doctor?
Day or |Phase2 |Hospital |{Get ready for the
two later flood; lots of
people already in
phase 2. Many
peyond help.



Why survelllance for anthrax?
Public health response

Timeine |Course |Action |Reaction

Day O EXxposure

Day 2-7 |Phasel |Visit Break out the
Doctor? |Cipro: most
victimsin Phase

1 or earlier




CBG centroids and HVMA clinics

2,00 7

1,337 $2.850

0.ET

0.00
-71.398
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Other approaches

« Another possibility to control for the impact
of all those tests Is to make connections with
Imaging problems

* They need to know, e.g., which voxel of a

brain is activated in a particular time frame;
many millions of tests for a single experiment

« A promising approach there isto control the
‘false discovery rate.” Useful here?



|mportant outstanding problems

®Including a ‘ badness-of-season’ indicator to be
more sensitive during years when the flu is not so
bad, lesswhen it iIsworse than usual. This
requires fitting the model more often than we
current do, but should not be too difficult. On
the other hand, If the time between exposure and
symptoms is more variable than currently
thought, this might miss events.

® Assess boundary definitions: CT vs. CBG...



