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L — Research Questions
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 How well can the Early Aberration
Reporting System (v4.5) detect known
»i outbreaks?

« Are there alternatives that improve
performance?
— ILI syndrome definitions
— Detection algorithms
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 MCHD has used three definitions for ILI syndrome:

ILI Definitions Symptom Combination Logic

EARS Baseline: “cold” or “cough” or “sore throat”

MCHD Expanded: “cold” or “cough” or “fever” or “chills” or “muscle pain” or
“headache” or (“flu” and not “shot”)

MCHD Restricted: (“fever” and “cough”) or (“fever” and “sore throat™) or
(“fever” and “cough” and “sore throat”) or (“fu” and not “shot”)
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POSTGRADUAT Definitions Affect Daily Counts
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7 osovone REStricted Definition Performed Best

\w// SCHOOL

Restricted Baseline
&+ (SR [ I
C1ll | | | N | 11 |
o cxi | 1l L0l
C2: | Il [ 1] | | | | = |acusuM 1m0 NN )0 W0 O TEE
% Call || 0 ™ TRIRE NN MCUSUM: 1 Il NI I IE W Im nm ol
: € 2 -|rRousum Il ] L1 I
3
A-CUSUM: ({1 V| 5o
M-CUSUM: || | I L Wm0 o £
S | R-CUSUM: Il Il I | il |l T
e g
3 87
(=]
O o
E‘ C: I e
o _ o B et b et T
9 @ Week
_
= Expanded
z oo
.E o) - Cc1
£ g 4 & © S | I Lo I
o oo % nousun [ :I‘IIIH Hll\ mu :III‘::II\ll\ }I }IHIIHI}:::II HH:I‘NII ‘||\
o o @ RCUSUM: | ] i omo
o 8
e .
”'V % Q4
] 6] IO O Ol D
O — D oBomBDd G O G O o o DEHD O O
111171717 1T1rI1r 111111t T T T T T TTTTTTTTTTTTTI ° LL;;;&;L;;QLALL&LJLL&LLLL;‘"«;.LL;‘LJTL;“-
IO O ENCICNNEN €300 XD CISE TS
O (D00 ST OO0 O O U v 0 L - 0 LU0 v 0 L oL~
NS Tap [0 AP A=l B e e 1 TR TP e e R R e TR Ty T Tag g [ o s iy o a1 Wesk

6
Week




L Quantifying Performance
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« Metrics:
— Sensitivity: # outbreak days with signal / # outbreak days
— Specificity: # non-outbreak days without signal / # non-outbreak days

— Average delay:
- d, average time to signal from start of outbreak period

. d2 average time to signal from earliest signal

* Results:
Baseline Expanded Restricted

Algorithm | Sens. Spec. dl d2 Sens. Spec. d1 d2 Sens. Spec. d1 d2

C1 0.02 099 14+ 11+] 0.00 1.00 57+ 52+ |0.06 098 9.7 6.0
C2 0.01 099 43+ 40+] 0.00 1.00 57+ 52+ |0.08 098 9.7 6.0

A-CUSUM| 055 0.7/5 3.0 00| 058 0.7/ 47 00 062 0.76 3.7 0.0
M-CUSUM| 0.21 093 4.7 1.7 0.18 097 6.3 1.7 1028 095 7.0 3.3

R-CUSUM| 0.09 097 14.7 11.7|{ 0.14 0.99 14.7 10.0]0.21 0.98 10.7 7.0
7
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L Results
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* Restricted ILI definition gave best performance
— For both EARS and CUSUM methods
| — For details, see Hagen, K.S., R.D. Fricker, Jr., K. Hanni, S.
| Barnes, and K. Michie, Assessing the Early Aberration
Reporting System's Ability to Locally Detect the 2009
Influenza Pandemic, Statistics, Politics, and Policy
e Suggests performance gains to be had by improving
syndrome definitions
— “Low-hanging fruit”
h * Results beg the question: which algorithm should be
preferred?
— Can’t compare results directly — CUSUM had advantages
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Restricted ILI Daily Count
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Weekends Removed

With Os

EARS’ Methods Marginally Improved

by Removing Weekend Zeros
Baseline Expanded Restricted
Algorithm | Sens. spec. O, d, | sens. spec. d,  d, |sens. spec. d, d,

C1 0.02 0.98 41+ 38+| 0.03 099 93 46|0.07 099 6.3 26

C2 0.04 099 21.3 18.3] 0.04 099 220 17.3]10.06 098 7.0 3.3

W2 0.01 1.00 45+ 42+| 0.01 1.00 26+ 22+]|0.06 0.99 17.3 13.6

C3 0.06 0.99 25 22| 005 098 36.3 316|014 09 7.0 3.3
~c1 | 002 099 14+ 11+|000 1.00 57+ 52+ |006 098 97 60

C2 0.01 0.99 43+ 40+| 0.00 1.00 57+ 52+ |0.08 098 9.7 6.0

C3 0.03 098 8.7 57| 004 098 26+ 21+ |0.13 093 9.7 6.0

« Remember the metrics:
— Sensitivity: # outbreak days with signal / # outbreak days
— Specificity: # non-outbreak days without signal / # non-outbreak days

— Average delay:
. d1 average time to signal from start of outbreak period
. d2 average time to signal from earliest signal
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EARS Performance Much Improved

N~ Rl by Adjusting Signal Thresholds
Baseline Expanded Restricted
Algorithm | sens. spec. O, d, | sens. spec. d,  d, |sens. spec. d, d,
C1 0.09 097 57 00| 004 099 93 00]008 098 6.3 0.0
c2 0.09 097 113 56| 005 099 21.3 120|005 098 7.0 0.7
W2 0.10 097 133 7.6 006 099 146 53]|0.09 098 143 8.0
C3 0.09 097 10.0 43| 003 0.99 37+ 28+]0.06 098 153 9.0
‘o rcusum[ 009 097 147 90| 014 099 147 54021 098 107 44
Baseline Expanded Restricted
Algorithm | Sens. Spec. G, d, | sens. spec. d, d, |sens. spec. d, d,
C1 026 0./5 23 00| 028 0.7/ 33 00]0.29 0.7/6 47 1.0
b C2 026 0.7/5 40 1.7 029 0.7/ 47 141035 0./6 50 1.3
75..;:&‘ W2 039 0./5 40 1.7 041 O0.7/7 83 150|041 0./6 6.3 26
2 . S IR R Wt R ettt e tte i
055 0./5 3.0 0.7) 058 0.77 47 141062 0./6 3.7 0.0

foipw A-CUSUM
".
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). v EARS Performance Much Improved
Vi e by Adjusting Signal Thresholds
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Why Does W2 Average
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Y e Delay Performance Lag?
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« For non-stationary data, longer baselines can result in
mis-estimation of mean and standard deviation

— Thus, probability of signaling for an equivalent deviation from
current conditions depends on past trends

Consider:
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* Apply C1 and C2 methods to residuals from
model (such as adaptive regression)

 Benefits:

— Allows for longer baseline, but should give better
estimation of daily means and standard deviations

— In this work, adaptive regression residuals normally
distributed, so easy to choose thresholds

* |n quality control terms, it's applying Shewhart
15 method to a model’'s standardized residuals

— Model does not require years of data

— In this work, we used 35 days (seven weeks)

15
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Shewhart Method Applied to Adaptive
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ek Regression Residuals Performs Well
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Baseline Restricted
Algorithm | sens. spec. O, d, | sens. spec. d, d,
C1 0.09 097 57 0.0l 0.08 098 6.3 0.0
C2 0.09 097 11.3 56| 0.05 098 7.0 0.7
W2 0.10 097 133 7.6/ 0.09 098 143 8.0
“shewhart | 0.07 097 120 6.3| 0.17 098 7.0 0.7
RcUsUM | 009 097 147 90| 021 098 107 4.4]
Baseline Restricted
Algorithm | Sens. spec. O, d, | sens. spec. d, d,
C1 026 0./5 23 10| 029 0.76 4.7 34
C2 0.26 0.75 40 2.7 035 0.76 5.0 3.7
W2 039 0.7/75 40 27| 041 0.7/6 6.3 5.0
_Stewnar] 040 075 13 00| 052 076 13 00
A-CUsuM| 0.55 0.75 3.0 1.71 0.62 0.76 3.7 24

Shewhart Method Applied to Adaptive

Regression Residuals Performs Well

18
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* More research into syndrome definitions
would likely provide real benefits

« EARS C1 method performed quite well
with appropriately set thresholds

« W2 performance improved with better
estimation of mean and std. deviation

M « Shewhart methods preferred (signal fast)
| when outbreak is rapid
— CUSUM will do better for gradual increases

19
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Back-up Slides
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<3, v Early Aberration Reporting System
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« EARS’ detection algorithms:

Y2 « Sample statistics calculated from

| C, (1) = Y- @) previous 7 days’ data

‘ s, (t) « Signal when C, > 3

| Y (t) —Y_?)(t) « Sample statistics calculated from
Cz (t) — 7 days’ of data prior to 2 day lag
*1:.. S3 (t) « Signal when C, >3

t—2
3 \h C,(t) = Z max [0, C,(1) —1] - Signal when C; > 2
S =t
W« Often referred to as CUSUMSs, but not true
., * InSPC parlance, C, and C, are Shewhart

variants

21
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CUSUM on Adaptive
Regression Forecast Errors

Adaptive regression: regress a sliding baseline of
observations on time relative to current observation

— l.e. regress Y(t-1,..,.Y({t—-n) onn,..1

Calculate standardized residuals from one day ahead
forecast, Z(t) =R(t)/ 6,, where

R(t) =Y(t)—[,80 +ﬁ1x(n+1)+,éj]

1 t—1

and 62 = = Y RP(1+xp(X'X) " x0)
= §i=t—35

CUSUM:

S(t) =max|0,S(t—1)+ Z(t) — K]
where a signal is generated if S(t)>h

22
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Three CUSUMs Evaluated

* We looked at the performance of three
CUSUMs based on choices of k and h:
— Smaller k: Can detect smaller increases in mean
— Larger h: Fewer false positive signals (i.e., larger

ATES) but slower to signal

Type Label k h ATFS
Aggressive: CUSUM1 0.5 0.365 D
Moderate: CUSUM2 1.0 0.695 20
Routine: CUSUMS 10 1.200 60

WWW.NPS.EDU
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