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Business Case for CDS for Immunization

Noam H. Arzt
President, HLN Consulting, LLC

858-538-2220 (Voice)
858-538-2209 (FAX)

arzt@hln.com
http://www.hln.com/noam/
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Examples of Immunization Forecasting

Evaluations (of immunization history)
 The Polio shot that was administered to the patient on June 1, 

2013 was INVALID.
 The Td shot that was administered to the patient on March 

15, 2014 was VALID.
Recommendations

 The patient’s next Meningococal vaccine is DUE ON 
SEPTEMBER 20, 2015.

 The patient has COMPLETED their MMR immunizations.



 Decisions change simply with the passage of time (patient ages)
 36+ immunizations by age 12
 New vaccines coming to market
 Evolving guidelines from the Advisory Committee on 

Immunization Practices (ACIP) 
 Different protocols followed in different clinical settings
 Often dependence on one or two key staff member to maintain
 Burden of regression testing – test cases age
 Competing priorities, both for EHR/PHRs and public health
 Lack of consistent funding to support ongoing maintenance

Obstacles to Implementing and Maintaining CDS for 
Immunizations
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Recommended Immunization Schedule Birth - 18 Years
(http://www.cdc.gov/vaccines/schedules/downloads/child/0-18yrs-child-combined-schedule.pdf)



Complex! – (e.g., Footnote #13: Meningococcal 
Conjugate Vaccines)



But a good candidate for development!

 Routine, lifelong events
 With all its complexity, knowledge relatively stable with 

general consensus clinically
 Good results achievable; serves as a good “test case” 

for CDS overall
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Clinical Decision Support for Immunizations (CDSi): A Comprehensive, Collaborative 
Strategy, Biomedical Informatics Insights, Suppl. 2, October 2016.
<http://www.la-press.com/clinical-decision-support-for-immunizations-cdsi-a-
comprehensive-colla-article-a5971-abstract?article_id=5971>



Knowledge Development: CDC CDSi

Stuart Myerburg, JD
Team Lead, Informatics (Acting), Immunization Information 

Systems Support Branch
National Center for Immunization and Respiratory Disease, 

Centers for Disease Control and Prevention
404-639-1813 (Voice)

jyz0@cdc.gov
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Clinical Decision Support

 More commonly referred to as vaccine forecasting and 
evaluation services by the immunization community.

 Performed by many different computer systems:
 Electronic Health Record Systems (EHRs)
 Immunization Information Systems (IIS)
 Stand-alone applications – Web-based schedulers, smart 

phone apps, etc.
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Computer Systems and ACIP Integration
 New ACIP schedule changes are communicated through scientific 

language.
 Recommendations were interpreted and integrated  by technical 

and clinical subject matter experts (SMEs).
 Translation into technical logic is time-consuming.
 The schedule is complex.
 The schedule changes frequently.

 Computer systems are decentralized and do not share a common 
technology or logic framework.
 Integration occurred mostly independently.
 Implementation was often specific to a given application and 

implementation setting.

11



Bridging the Gap
The Clinical Decision Support for Immunization (CDSi) 
resources bridge the gap between the scientific ACIP 
recommendations and the IT world of computer systems.
 Designed to work in a wide variety of computer systems.

 Doesn’t require a single tool to be used. 
 Need to able to support all software tools using ACIP logic

 Promotes consistent interpretation of ACIP recommendations in a 
wide variety of tools.

 Helps ensure a patient’s immunization status is current, accurate, 
and consistent regardless of where the provider is located in the 
US.
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Sources of Knowledge
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Before the Clinical Decision Support for 
Immunization (CDSi) Project
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ACIP Recommendations 
with 

Communication and 
Education Branch (CEB) 

Clarifications

System A

System B

System C

System C Recommendation

System B Recommendation

System A Recommendation

Individual 
Interpretation 
And Implementation



With CDSi
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ACIP Recommendations 
with 

Communication and 
Education Branch (CEB) 

Clarifications

Individual 
Implementation

CDSi Resources

Consistent System 
Recommendations



Project Clarification

16

The Project Is Not… The Project Is…

New vaccine 
recommendations 

A catalog of existing ACIP 
recommendations in a 
computer-friendly format

A software application Computable and 
implementation-neutral 
logic framework and data 
that can be used by a variety 
of different systems and 
configurations 

A replacement for current 
computer systems

Clarification and validation 
for existing systems or 
guidelines to improve 
systems
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CDSi Project Timeline
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v1.0 - 2013
• Birth through 18

• Limited Immunities & 
Contraindications

v2.0 - 2015
• Birth to Death

• Limited 
Immunities & 
Contraindications

v3.0 - 2016
• Birth to Death
• Risk Factors
• Immunities
• Contraindications
• Travel



Open Source Implementation: HLN’s ICE

Noam H. Arzt
President, HLN Consulting, LLC

858-538-2220 (Voice)
858-538-2209 (FAX)

arzt@hln.com
http://www.hln.com/noam/
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Goal of the ICE Project

Objective Achievement
Supports routinely administered 
vaccine groups

Promotes clinical best practices

Adapts to changing requirements

Easily integrates with IIS and other 
health systems
Software and knowledge base freely 
available

Create an immunization decision support system that: 

• Supports 15 vaccine groups from birth through 
adulthood

• Follows ACIP recommendations
• Informed by CDC’s CDSi project
• Tools that allow self-administration where practical
• Automated testing tool w/2,700+ test cases
• Engineered for high performance and scalability

• Standards-based architecture and APIs
• Variety of deployment options
• Standard, permissive open-source license (LGPL v3)
• Downloadable from public website
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Original ICE Collaborators
 New York City Citywide Immunization Registry
 HLN Consulting, LLC
 Alabama Dept of Public Health
 OpenCDS Team

 Software platform and toolkit
 Open source
 Standards-based
 Web Service interface
 Collaborative project: Dr. Kensaku 

Kawamoto at University of Utah



Sample ICE Deployment
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Software Architecture

 ICE/OpenCDS
 Servlet Container (Java EE 6 or 7 compliant)
 JBoss Drools (rule engine/database)
 HL7 Decision Support Service “DSS” (web service interface)
 HL7 Virtual Medical Record “vMR” (data model)

 CAT (CDS Administration Tool)
 Application Server (Java EE 6 compliant)
 JavaServer Faces (GUI)
 Enterprise JavaBeans (business logic)
 JDBC compliant database



Deployments of ICE
 eClinicalWorks, National EHR (Dec. 2013)
 CareDox, National PHR (November 2014)
 Denver Public Health (July 2016) 
 Selected and Tested by Veteran’s Administration
 Major Academic Medical Center (June 2017)
 New Jersey IIS (January 2018)
 GE Centricity (through H1Tech, Spring 2018)
 vxVistA (Scheduled for 2018)
 New York City IIS (Scheduled for 2018)
 Rhode Island KIDSNET (Scheduled for 2018)
 Other organizations evaluating ICE…
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Update Process Flow & Advisory Structure
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ICE 
SME 
WG

ICE 
Review 
Board

ACIP 
Updates

MMWR 
Detail

HLN 
ICE 

DEVELOPMENT

1 to 2 
months*

*After any ACIP recommendation, details of the 
recommendation are published in the Morbidity and 
Mortality Weekly Report (MMWR). Publication is typically 
1-2 months after ACIP approves a recommendation. 

CDSi

NIST



ICE Resources
 Basic information: https://www.hln.com/ice/
 Main public wiki page:

https://cdsframework.atlassian.net/wiki/display/ICE/Home
 Wiki page with documentation of the rules/philosophy:

https://cdsframework.atlassian.net/wiki/display/ICE/Default+Immuni
zation+Schedule

 Software download/documentation page:
https://cdsframework.atlassian.net/wiki/display/ICE/Downloads

 Product Roadmap:
https://cdsframework.atlassian.net/wiki/spaces/ICE/pages/77365249
/Roadmap
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Real-world Implementation: NYC

Noam Arzt for Angel Aponte
Computer Specialist, Division of Disease Control 
NYC Department of Health and Mental Hygiene

347-396-2425 (Voice)
aaponte@health.nyc.gov
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New York Citywide Immunization Registry 
(CIR)

 NYC’s Immunization Information System
 Established in 1996
 Mandatory reporting of immunizations for patients 0-18 years of 

age
 6.5 million patient records
 90 million immunizations
 Population-based

 Birth certificates loaded twice a week
 Uses legacy ICE version 2 implementation (before Open ICE)
 Migrating to Open ICE in coming months
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Provider 
View:
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Provider 
View:
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EHR to IIS Integration Features
 Automatic or Manual

 Immunization queries and uploads
 Reconciliation of immunization information
 Decision support update when new information is added to EHR

 EHR or IIS clinical decision support module
 User interface, color coding, and context-sensitive help

 Immunization information source
 Valid and invalid shots
 Shots due now
 Forecast to schedule appointment for future shots
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MDLand



34
eClinicalWorks uses Open ICE



35

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

20
12

-0
1

20
12

-0
2

20
12

-0
3

20
12

-0
4

20
12

-0
5

20
12

-0
6

20
12

-0
7

20
12

-0
8

20
12

-0
9

20
12

-1
0

20
12

-1
1

20
12

-1
2

20
13

-0
1

20
13

-0
2

20
13

-0
3

20
13

-0
4

20
13

-0
5

20
13

-0
6

20
13

-0
7

20
13

-0
8

20
13

-0
9

20
13

-1
0

20
13

-1
1

20
13

-1
2

20
14

-0
1

20
14

-0
2

20
14

-0
3

20
14

-0
4

20
14

-0
5

20
14

-0
6

20
14

-0
7

20
14

-0
8

20
14

-0
9

20
14

-1
0

20
14

-1
1

20
14

-1
2

20
15

-0
1

20
15

-0
2

20
15

-0
3

20
15

-0
4

20
15

-0
5

20
15

-0
6

20
15

-0
7

20
15

-0
8

20
15

-0
9

20
15

-1
0

20
15

-1
1

20
15

-1
2

20
16

-0
1

20
16

-0
2

20
16

-0
3

20
16

-0
4

20
16

-0
5

20
16

-0
6

20
16

-0
7

20
16

-0
8

20
16

-0
9

20
16

-1
0

20
16

-1
1

20
16

-1
2

20
17

-0
1

20
17

-0
2

20
17

-0
3

20
17

-0
4

20
17

-0
5

20
17

-0
6

20
17

-0
7

20
17

-0
8

20
17

-0
9

20
17

-1
0

20
17

-1
1

20
17

-1
2

Nu
m

be
r o

f P
at

ie
nt

s 
Vi

ew
ed

Month and Year

Number of Patients Viewed via HL7 Web Service
January 2012 to December 2017



36

Consumer Access: 
My Vaccine Record
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Questions? Comments?
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