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Outline	

•  Strengths	and	limita/ons	of	tradi/onal	surveillance	
•  The	ESP	public	health	surveillance	plaKorm	
•  Case	iden/fica/on	using	EHR-data	
•  Tracking	changes	in	care	paGerns	
•  Summarizing	and	visualizing	popula/on-level	data	
•  Predic/ve	analy/cs	for	clinical	decision	support	



“No health department, State or 
local, can effectively prevent or 
control disease without knowledge 
of when, where, and under what 
conditions cases are occurring” 

Introductory statement printed each week in 
Public Health Reports, 1913-1951 

 





Paper-based	repor9ng	

Condition 
Completeness 

of 
Reporting 

Time from 
Diagnosis to  

Report 
Pertussis 32% 23 days 

Hepatitis A 33% 12 days 

Salmonella 50% 16 days 

Tuberculosis 60-80% 7-38 days 

Am J Prev Med 2001;20:108 
BMC Public Health 2004;4:29�

Am J Epidemiol 2002;155:866 



Electronic	Laboratory	versus	Paper	Repor9ng	

Total Number of Reports 

Paper 
reports 

Electronic 
lab reports 

Time from Diagnosis to 
Report 

Paper 
reports 

Electronic 
lab reports 

4.4 Fold Increase in 
Total Number of 
Reports 

7.9 Day Decrease in 
Mean Time from 
Diagnosis to Report 

Am J Public Health 2008;98:344 



Limita9ons	of	Labs	

•  Blind	to	purely	clinical	diagnoses	
– e.g.	culture	nega/ve	TB,	early	Lyme,	PID	

•  Mul/ple	reports	for	same	episode		
– e.g.	HIV,	hepa//s	B	&	C,	syphilis	

•  Poor	discriminator	between	ac/ve	&	
resolved,	acute	&	chronic	disease	
– e.g.	acute	vs	chronic	HIV	or	hep	B	&	C,	current	vs	
remote	Lyme,	new	versus	old	syphilis	



Our	goal	

Combine	the	best	of	tradi/onal	clinician-ini/ated	
repor/ng	and	electronic	laboratory	repor/ng	systems:	

–  Fast,	accurate,	clinically	detailed,	digital	reports	
–  Generalizable	model	

Clinician initiated 
manual reporting 

Electronic laboratory 
reporting 

Automated disease detection and reporting 
from electronic medical records 



•  SoWware	and	architecture	to	extract,	analyze,	
and	transmit	electronic	health	informa/on	from	
providers	to	public	health.	
– Surveys	codified	electronic	health	record	data	for	
pa/ents	with	condi/ons	of	public	health	interest	

– Generates	secure	electronic	reports	for	the	state	
health	department	

– Designed	to	be	compa/ble	with	any	EHR	system	

JAMIA 2009;16:18-24 
MMWR 2008;57:372-375 

Am J Pub Health 2012;102:S325–S332	

	Electronic	Support	for	Public	Health	(ESP)	



Practice EMR’s ESP Server 

D P H 

Health Department 

electronic 
case reports 
or aggregate 
summaries 

ESP:		Automated	disease	detec9on	and	
repor9ng	for	public	health	

diagnoses 

lab results 

meds 

demographics 

vital signs 

JAMIA 2009;16:18-24 
Am J Pub Health 2012;102:S325–S332	



Report	to	Health	Department	

•  Pa/ent	demographics	
•  Responsible	clinician,	site,	contact	info	
•  Specimen	source	(oral,	rectal,	genital)	
•  Treatment	given	
•  Symptoms	(ICD	codes	&	temperature)	
•  Pregnancy	status	(if	per/nent)	



Current	ESP	Installa9ons	

© Google Maps 

Cambridge Health Alliance 
20 sites • 400,000 patients 

MetroHealth 
Cleveland, OH 

Mass League of Community 
Health Centers 

18 sites • 300,000 patients 
Atrius Health 

27 Sites • 800,000 pts 

Tarrant  
County, TX 

Fenway Health 
4 Sites • 50,000 pts 

Planned Parenthood 



Current	Modules	

•  No/fiable	diseases	

•  Influenza-like	illness	

•  Chronic	diseases	
	
•  Vaccine	adverse	events	



Case	Iden9fica9on	



ICD’s 

meds lab 

results 

vital signs 

HIV 
Acute Hepatitis B 

ESP 

Chlamydia 
Syphilis 



Limita9ons	of	Diagnosis	Codes	

Condition Sensitivity 
Positive 

Predictive 
Value 

Chlamydia 75% 80% 

Acute hepatitis C 63% 22% 

Tuberculosis 100% 17% 

Syphilis 93% 47% 

HIV 96% 96% 



Solu9on	

•  Integrate	mul/ple	streams	of	data	from	the	
EMR	to	increase	sensi/vity	and	specificity	
– Lab	orders	
– Lab	results	(present	and	past)	
– Diagnosis	codes	(present	and	past)	
– Medica/on	prescrip/ons	
– Vital	signs	



Case	Iden9fica9on	Logic:		Chlamydia	

Any	of	the	following:	
•  Posi/ve	culture	for	Chlamydia	trachoma.s	
OR	
•  Posi/ve	NAAT	for	Chlamydia	trachoma.s	
 



Case	Iden9fica9on	Logic:		Syphilis	

Any	of	the	following:	
•  ICD9	for	syphilis	and	prescrip/on	for	
(penicillin	G	or	doxycycline	or	ceWriaxone)	

OR	

•  Serum	RPR	≥	1:8	and	(TP-IGG	or	TPPA	or	FTA-ABS	
posi/ve)	

OR	

•  Posi/ve	CSF	test	(VDRL≥1:1,	TPPA,	or	FTA-ABS)	
 



Poten9al	Approaches	to	HIV	Detec9on	
Diagnosis	codes	for	HIV	

•  Not	perfectly	sensi/ve	
•  Some/mes	(inappropriately)	used	for	HIV	exposure	or	tes/ng	
	

Posi9ve	lab	tests	
•  Posi/ve	ELISA	/	WB	/	Ab-Ag	may	be	remote	or	done	elsewhere	
•  Viral	load	on	meds	may	be	undetectable	
	

Medica9ons	
•  False	posi/ves:		PEP,	PrEP,	Hepa//s	B	



Accuracy	of	Poten9al	HIV	Surveillance	Criteria	
Atrius	Health,	2006-2015	
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Sensi9vity	 Posi9ve	Predic9ve	Value	



No9fiable	Disease	Repor9ng	



ESP	Case	Repor9ng	
Atrius,	CHA,	MetroHealth,	Fenway,	Planned	Parenthood	of	MA	2006-2016	

Condition Total 
Cases 

Chlamydia 34,725 

Gonorrhea 8,028 

Pelvic inflammatory disease 359 

Acute hepatitis A 40 

Acute hepatitis B 131 

Acute hepatitis C 316 

Syphilis 1973 
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Pregnant	women	 Non-pregnant	women	 Men	
N=699	 N=10,605	 N=4,961	

Chlamydia	Test	of	Reinfec9on	
Repeat	Tes9ng	within	29-120	Days	of	Infec9on	

Atrius	Health,	Cambridge	Health	Alliance,	Mass	League	of	Community	Health	Centers	
~1.5	million	pa9ents	under	surveillance	



Clinical	Alerts	to	Spur	EPT	
Atrius	Health,	Boston	



Impact	of	EPT	on	Chlamydia	Reinfec9on	

1,887	Incident	Posi9ve	Cases	of	Chlamydia	

EPT	Not	Provided	77%	
	

EPT	Provided	23%	
	



Reinfec9on	Tes9ng	&	Posi9vity	Rates	
by	EPT	Status	
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Real-9me	Monitoring	







Chlamydia Testing Rates by Zip Code 



Chlamydia Testing Rates Stratified by Race in Newton vs Boston 



Changes in Chlamydia Testing Rates Over Time 



Changes in Chlamydia Testing Rates Over Time 
Stratified by Sex 

Female 

Male 



Changes in Chlamydia Testing Rates Over Time 
Stratified by Sex 

Female 

Male 



Changes in Chlamydia Testing Rates in Men Over Time 
Stratified by Race-Ethnicity 

Black 

Hispanic 

Asian 

White 



Changes in Chlamydia Testing Rates in Men Over Time 
Stratified by Race-Ethnicity 

Black: +26% (P=.001) 

Hispanic: +24% (P<.001) 

Asian: +52% (P<.001) 

White: +24% (P<.001) 



Gonorrhea Testing Rates in Men by Zip Code 



Changes in Gonorrhea Testing Rates in Men over Time 

Black: ñ42% (P<.001) 

Hispanic: ñ35% (P<.001) 

Asian: ñ73% (P<.001) 

White: ñ38% (P=.003) 



Hepatitis C Testing in the 1945-1965 Birth Cohort by Zip Code 



Prevalence of Hepatitis C Testing in the 1945-1965 Birth Cohort over Time 

CDC USPSTF 



Prevalence of Hepatitis C Testing in the 1945-1965 Birth Cohort over Time 



Prevalence of Hepatitis C Testing in the 1945-1965 Birth Cohort over Time 
Stratified by Practice Group 

Practice A 

Practice B 

Practice C 



Opioid Prescribing Rates by Zip Code 



Hepatitis C and HIV Continuum of Care 
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Predic9ve	Analy9cs	



Can	we	leverage	
the	ESP	pla1orm	

to	provide	
advanced	clinical	
decision	support?	



ESP	to	Iden9fy	Poten9al	Candidates	for	PrEP	

1.  Iden/fy	pa/ents	with	newly	diagnosed	HIV	
2.  Use	machine	learning	to	characterize	their	electronic	

footprint		
•  Age,	sex,	race/ethnicity,	frequency	of	encounters,	

frequency	of	STD	tes/ng,	results	of	STD	tes/ng,	anatomical	
sites	of	STD	tes/ng,	etc.	

3.  Create	an	HIV	risk	predic/on	score	using	these	data	
and	machine	learning	

4.  Iden/fy	pa/ents	with	high	risk	scores	who	have	not	
been	diagnosed	with	HIV	

5.  Share	this	informa/on	with	the	pa/ent’s	PCP	



Variables	Assessed	(Par9al	List)	
•  Age	
•  Race	
•  Sex	
•  Home	language	
•  No.	of	Encounters	per	Year	
•  No.	of	Gonorrhea	tests	per	year	
•  Posi/ve	Gonorrhea	tests	per	year	
•  Rectal	Gonorrhea	tests	per	year	
•  Posi/ve	rectal	Gonorrhea	tests	per	year	
•  Pharyngeal	Gonorrhea	tests	per	year	
•  Posi/ve	pharyngeal	Gonorrhea	tests	per	

year	
•  No.	of	Chlamydia	tests	per	year	
•  Posi/ve	Chlamydia	tests	per	year	
•  Rectal	Chlamydia	tests	per	year	
•  Posi/ve	rectal	Chlamydia	tests	per	year	
•  Pharyngeal	Chlamydia	tests	per	year	
•  Posi/ve	pharyngeal	Chlamydia	tests	per	

year	
•  No.	of	syphilis	tests	per	year	
•  Syphilis	diagnosis	per	ESP	
•  LGV	tes/ng	
•  Anal	cytology	tes/ng	
•  No.	of	HCV	an/body	tests	
•  No.	of	HCV	RNA	tests	
•  HCV	an/body	or	RNA	tests	posi/ve	

•  Acute	Hepa//s	C	per	ESP	
•  No.	of	HBV	DNA	tests	per	year	
•  HBSAg	or	HBV	DNA	posi/ve	
•  Acute	Hepa//s	B	per	ESP	
•  No.	of	HIV	ELISA	tests	per	year	
•  No.	of	HIV	Western	Blots	per	year	
•  No.	of	HIV	RNA	tests	per	year	
•  HIV	status	per	ESP	
•  HIV	new	diagnosis	
•  History	of	HIV	meds	
•  HIV	nega/ve	with	HIV	RNA	tests	
•  History	of	tenofovir-emtricitabine	Rx	
•  Count	of	tenofovir-embricitabine	Rx	
•  Abnormal	anal	cytology	
•  Dx	for	Syphilis	
•  Dx	for	Anal	syphilis		
•  Dx	for	Gonococcal	infec/on	of	anus	or	

rectum	
•  Dx	for	Gonococcal	pharyngi/s	
•  Dx	for	Chlamydia	infec/on	of	anus	or	

rectum	
•  Dx	for	Chlamydia	pharyngi/s	
•  Dx	for	LGV	
•  Dx	for	Chancroid	
•  Dx	for	Granuloma	inguinale	
•  Dx	for	non-gonococcal	urethri/s	

•  Dx	for	HSV	with	complica/ons	
•  Dx	for	Genital	Herpes	
•  Dx	for	Anogenital	warts	
•  Dx	for	Anorectal	ulcers	
•  Dx	for	PID	
•  Dx	for	Contact	/	exposure	to	STD	
•  Dx	for	High	risk	sexual	behavior	
•  Dx	for	HIV	counseling	
•  Dx	for	Anorexia	nervosa	
•  Dx	for	Bulimia	nervosa	
•  Dx	for	Ea/ng	disorders	
•  Dx	for	Counseling	for	childhood	sex	abuse	
•  Dx	for	Alcohol	dependence	
•  Dx	for	Opioid	dependence	
•  Dx	for	Seda/ve,	hypno/c,	or	anxioly/c	

dependence	
•  Dx	for	Cocaine	dependence	
•  Dx	for	Amphetamine	dependence	
•  Rx	for	bicillin	
•  Rx	for	azithromycin	1g	
•  Rx	ceWriaxone	125mg	or	250mg	
•  Rx	for	methadone	
•  Rx	for	Suboxone	
•  Rx	for	sildanefil	or	tadalafil	or	vardenafil	

				Demographics	

Laboratory	Results	

Diagnoses	
Prescrip/ons	



Selected	Predictors	of	HIV	Risk	

Incident	HIV	
[Cases]	
	(n=138)	

No	incident	HIV	
[Matched	
Controls]	
(n=13,800)	

6.5%	Anal	cytology	procedure	
code	 <0.1%	

Bicillin	Rx,	prior	year	

Posi/ve	Gonorrhea	test,	
ever	 5.8%	

3.6%	 <0.1%	

0.1%	

Slide courtesy of Doug Krakower MD 



Distribu9on	of	Risk	Scores	for	Acquiring	HIV	

Low Risk 
High Risk Very Low Risk Low Risk 

Atrius Health 
800,000 patients 

1,000 already diagnosed with HIV 
~250 currently receiving PrEP 

8,414 Potential 
New Candidates 

for PrEP 



Summary	
Automated	analysis	of	EHR	data	can	facilitate	9mely,	
accurate	public	health	surveillance	

•  No/fiable	diseases	
•  PaGerns	and	trends	in	disease	and	care	
•  Rates	of	adherence	to	recommended	prac/ces	
•  Geographic	clusters	of	disease	
•  Con/nuum	of	care	monitoring	
•  Predic/ve	analy/cs	for	clinical	decision	support	

	
Could	automated	EHR	monitoring	facilitate	more	
pragma9c	clinical	trials?	



Thank	You!	

Contact:		mklompas@bwh.harvard.edu	

Harvard	Medical	School/		
Harvard	Pilgrim	Health	Care	Ins.tute	
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–  Noelle	Cocoros	
–  Libby	Dee	
–  JT	Menchaca	
–  Aileen	Ochoa	

Massachuse;s	Department	of	Public	Health	
–  Heather	Elder	
–  Gillian	Haney	
–  Katherine	Hsu	
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–  Hannah	Reiler	
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–  Sita	Smith	

Atrius	Health	
–  Benjamin	Kruskal	
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–  Karen	Eberhardt	
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Health	Centers	

–  Diane	Erani	
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Cambridge	Health	Alliance	
–  Brian	Herrick	
–  James	Wai	
–  Michelle	Weiss	
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–  Doug	Krakower	
	





Changes in Chlamydia Testing Rates Over Time 
Stratified by Race-Ethnicity 
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Changes in Chlamydia Testing Rates Over Time 
Stratified by Race-Ethnicity 

Black 

Hispanic 
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