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Abstract
Notifiable Conditions Information Systems in Local Public Health Practice: Applied
Informatics Research

Jamie Michael Pina

Chair of the Supervisory Committee:
Assistant Professor Neil Abernethy
Department of Medical Education and Biomedical Informatics

Notifiable conditions reporting is an essential component of public health surveillance.
Through this process local public health jurisdictions (LHJ) collect information about
health events of interest and share this information with state-level public health
departments, who then share it with federal public health agencies. Many LHJs make
use of electronic information systems to manage, process, and analyze the notifiable
conditions data within their jurisdictions. In the midst of state and national-level efforts to
standardize notifiable conditions reporting processes, there has been a nation-wide
push for LHJs to adopt new notifiable conditions information systems that are capable of
online reporting. These systems offer the benefit of faster reporting to state public health
departments, and compliance with new standardization efforts. These systems, typically
developed by a private vendor or state-level public health department, may not be
designed to accommodate the specific work practices that are unique to each local
public health jurisdiction. Therefore, the implementation of a new information system in
an LHJ may disrupt, or even impede, the work that is required to properly address the
health issues that are unique to the region. These impediments include decreased
information processing capabilities, decreased analytical capabilities, and additional
administrative burdens. This could have serious effects on local public health practice,

and thus on the health and welfare of local communities.

The research proposed in

this document aims to improve the development and evaluation of notifiable conditions
information systems that support the work of local public health jurisdictions.
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Chapter 1 - Introduction to Study
1.1 Problem Statement
Notifiable conditions reporting - the process of identifying and documenting health
events of interest - is an essential component of public health surveillance [2]. Through
this process local public health jurisdictions (LHJs) collect health data and make
aggregate reports to state-level public health agencies, which then share this data with
federal public health entities. Many LHJs make use of electronic information systems to
manage, process, and analyze the notifiable conditions data within their jurisdictions. In
the midst of state- and national-level efforts to standardize notifiable conditions reporting
processes, there has been a nationwide push for LHJs to adopt new notifiable
conditions information systems that are capable of online reporting. Online reporting
systems offer the benefit of faster reporting to state public health departments, and
compliance with new standardization efforts. These systems, typically developed by a
private vendor or state-level public health department, are not necessarily designed to
accommodate the specific work practices that are unique to each local public health
jurisdiction.

Helmuth Orthner said, "We are building medical information systems just as
automobiles were built early in this century, i.e., in an ad-hoc manner that disregarded
even existent standards [3]." The same might be said of the notifiable conditions
management and reporting systems used by local public health agencies. While efforts
to standardize reporting at the state and national levels are underway, new system
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standards have yet to be developed which specifically consider the work of local public
health practitioners. This may be because research clearly describing public health
activities has yet to synergize with design efforts, or there may simply be too little
research to provide a compelling argument for the incorporation of LHJ information
needs in system design.

Our literature review found minimal research describing the use of information systems
for managing communicable disease data in local public health practice. Considering
this paucity of knowledge of the user environment, designers develop systems
considering only a portion of the many stakeholders involved in notifiable conditions
reporting. In order to utilize these information systems, LHJs must alter their work
practices to facilitate the use of the new systems. If designed without knowledge of the
work practices of local public health practitioners, the implementation of new information
systems in LHJs may disrupt the work required to properly address the health issues
unique to each organization. These impediments may include decreased information
processing capabilities, decreased analytical capabilities, and additional administrative
burdens. Through

exploratory

qualitative

research, survey

research, and the

development of an evaluation handbook for local public health practitioners, the
research proposed in this dissertation aims to improve the development and evaluation
of notifiable conditions

information systems that support the management of

communicable disease information at the level of local public health.

2

1.2 Research Questions and Specific Aims
The research presented in this thesis aims to answer the following questions: How do
local public health organizations use information systems to manage communicable
disease information? Are there differences in the way these groups use information
systems? If so, can the differences be attributed to any particular qualities of the group?
How do public health agencies evaluate new information systems? How do local public
health practitioners respond to a structured model of system evaluation?

Specific Aim 1: To understand the tasks that an information system must support
to manage notifiable conditions data in a local public health jurisdiction.
To describe the use of information systems in local public health practice,
communicable disease information management activities were observed at a large
municipal public health agency. Participant observation and task analysis were used to
describe the enacted work of local public health practitioners. The findings from this
observation were validated with the participants, and vetted for face validity by public
health experts[1].

Specific Aim 2: To characterize the use of information systems for notifiable
conditions across a broad spectrum of local public health jurisdictions.
Using the findings from Aim 1 as a qualitative foundation, an online survey was
developed and distributed to all local public health jurisdictions in Washington State.
Employees responsible for notifiable conditions information management were asked
about their work practices and their interaction with information management systems.
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Descriptive statistics were used to display the findings and compare the usage of
information systems across LHJs of differing size.

Specific Aim 3: To develop, apply, and assess an evaluation strategy for
notifiable conditions information systems within local public health agencies.
Participant observation, scenarios of use, and heuristic evaluation were combined to
develop an evaluation toolkit for local public health agencies to assess the
appropriateness of information systems within their working environment [4].

Working in an intrinsically data-driven field, public health practitioners rely heavily on the
collection and analysis of data to improve the health of the populations they serve.
Information management systems provide the ability to manage and analyze large
amounts of public health data, and facilitate timely disease reporting. Little is known
about the use of information systems in managing communicable disease within local
public health jurisdictions. The aims presented above seek to improve the design and
use of information technology in local public health practice by exploring the current
state of information systems for notifiable conditions management in local public health
agencies.
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1.3

Background

1.3.1 Surveillance, notifiable conditions reporting and communicable
disease

Disease surveillance is critical to public health practice because notifiable conditions
and communicable diseases have a dramatic impact on population health. One
common communicable disease, Hepatitis B, provides a clear example of the individual
and public impact of communicable disease. The CDC estimates that there were
approximately 60,000 new cases of Hepatitis B in 2004. The disease is caused by a
virus, which is transferred by contact with an infected person's blood. Common routes of
transmission include sexual contact or needle sharing with an infected person. An acute
case of Hepatitis B is often resolved by a person's own immune system. Left untreated,
however, Hepatitis B may cause cirrhosis of the liver, jaundice, and abdominal pain.
Death from chronic liver disease occurs in 15-25% of infected individuals. Groups at the
highest risk for acquiring Hepatitis B are those with multiple sex partners, injection drug
users, infants born to infected persons, and men who have sex with men. Hepatitis B
can be prevented through vaccination. Educational programs aimed at high-risk groups
may also lead to reduced prevalence and incidence of the disease[5].

One of the first documented instances of institutionalized disease surveillance in the
United States occurred in 1878, when Congress authorized the collection of
5

communicable disease information of expatriated U.S. consuls. Recognizing the value
of this information in the prevention of communicable diseases, Congress authorized
the publication of the data for surveillance purposes. This information was then used to
quarantine infected individuals, effectively creating a public health intervention. The
program was so successful that the federal government, and later state and local
governments, began to regularly collect and manage communicable disease information
[6]. Over the last 30 years, population health data has become increasingly used for
decision making in public health practice, and disease surveillance has been proposed
as a separate and distinct discipline [7].

Public health surveillance in the United States is overseen at the federal level by the
Centers for Disease Control and Prevention (CDC). The CDC defines public health
surveillance as "the ongoing systematic collection, analysis, and interpretation of health
data for purposes of improving health and safety [8]." Surveillance for communicable
diseases and other conditions of public health significance (referred to throughout this
dissertation as "notifiable conditions") is a core function of the public health system.
Notifiable conditions reporting falls under the core function of "Assessment," as defined
by the Institute of Medicine of the National Academies (IOM)[9]. The data collected
during this process are used by public health departments in the assessment and longterm monitoring of health trends, the allocation of resources, the identification of cases
and outbreaks requiring further investigation and/or disease control measures, and the
prediction of potential epidemics[10]. Health care providers, health care facilities, and
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schools are typically required by state law to report notifiable conditions to local or state
public health departments.
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Figure 1 - The Three Core Functions of Public Health [9]

Infectious disease, also referred to as communicable disease, has historically had a
dramatic impact on human health. Epidemics of communicable diseases such as
smallpox, the bubonic plague, and influenza have prematurely ended many human
lives. For example, in the twentieth century, smallpox was the cause of 300-500 million
deaths. In the 1950s, over a century after the introduction of the smallpox vaccine, it
was estimated that 50 million cases of the disease occurred[11]. Recently, SARS and
H1N1 (Avian Bird Flu) ignited public concern about communicable disease, as each
illness threatened to develop into an international pandemic.[12] In an effort to reduce
the spread of infection and mitigate the impact of disease on individuals, public health
professionals monitor these high-profile outbreaks, as well as a host of other diseases.
The CDC requests that state public health departments monitor a set of outlined
conditions, which include but are not limited to communicable diseases.
diseases, known collectively as "notifiable conditions," are listed in Table 1 [13].
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Table 1 - CDC Nationally Notifiable Infectious Diseases [13]

• Acquired immunodeficiency Syndrome (AIDS)
» Anthrax
• Arboviral neuroinvasive diseases
• Bohism
• Brucellosis
• Chancroid
• Chlamydia trachomatis, genital infections
• Cholera
• Coccidioidomycosis
• Cryptosporfdiosis
• Cydosporiasis
• Diphtheria
• Ehrlichiosis/Anapiasmosis
• Giardiasis
• Gonorrhea
' Haemophilus influenzae, invasive disease
• Hansendisease (leprosy)
• Hantavirus pulmonary syndrome
' Hemolyfc uremic syndrome. post-dianheaJ
• Hepatitis, viral, acute
• Hepatitis, viral, chronic
' HlVinfecfion
» Inluenza-associated pediatric mortality
• Legion etosts
• Listeriosis
• Lyme disease
• Malaria
• Measles
• Meningococcal disease
• Mumps

• Novel influenza A virus infections
• Pertussis
• Plague
- Poiomyefiiis, paralylc
> Poiiovifus infection, nonparalytic
» Psittacosis
• Q Fever
• Rabies
• Rodky Mountain spotted fever
- Rubella
• Rubella, congenita! syndrome
• Salmonellosis
• Severe Acute Respiratory Syndrome (SARS)
• Shigatoxin-producingEscherichia coli (STEC)
• Shigellosis
• Smallpox
• Streptococcal disease, invasive, Group A
• Streptococcal toxic-shock syndrome
Streptococcus pneumoniae
Syphilis
1 Syphilis, congenital
Tetanus
Toxic-shock syndrome (other than Streptococcal)
Trtdhinettosis (Trichinosis)
Tuberculosis
Tilaremia
Typhoid fever
•' Vancomycin
1' Varicella (morbidity)
> Varicella (deans only)
• Vibriosis
Yellow fever

Communicable diseases constitute a large portion of the CDC's notifiable conditions.
Notifiable conditions reporting impacts the health of citizens throughout the United
States, for it provides valuable data that are used by local, state, and federal public
health departments to assess health trends, identify outbreaks, and predict potential
epidemics [10]. When a clinician, laboratory or care facility becomes aware of a
notifiable condition, it is their legal responsibility to notify their local public health
agency. The legal requirements for reporting vary between states. State law determines
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which diseases are considered reportable, how soon they must be reported, and the
mechanism for information exchange. Local public health jurisdictions are responsible
for reporting notifiable conditions to state public health departments, which in turn
deliver this data in aggregate form to federal public health agencies[14]. In Figure 2, a
simplified depiction of data transfer across these agencies is provided. Laboratories
report results directly to clinical practices. If a laboratory also identifies the presence of a
notifiable condition, they also report to the local public health agency in their area. The
state also relies on this data to monitor and evaluate the health status of individuals in
that state [14]. The information is then used to make decisions about how state
resources for health interventions will be distributed. Outbreaks of communicable
disease readily cross geographical and political boundaries, yet it is state-level health
agencies that determine the specific reporting requirements for LHJs in each state. The
development of interoperable information systems promises to promote data sharing
across state and regional borders during disease outbreak, which will improve
information sharing and coordination between public health organizations. By improving
these qualities of disease surveillance, it is hoped that the health impact of disease
outbreaks will be reduced through more timely and useful information access [15-18].
Assuring that the systems to manage these data are supportive of the tasks performed
by public health professionals will optimize the utilization of health-related data in public
health decision-making practices.
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Figure 2 - Information flow of communicable disease from Patient to State

A common phrase among public health administrators is "If you know one public health
department, you know one public health department" [19]. While the statement is meant
to convey a light-hearted recognition of the differences in work practices across public
health jurisdictions, LHJs often work with autonomy, shaping their work to address the
health concerns of the communities they serve. Consequently, individual LHJs, even in
the same state, carry out different work practices and have varying priorities. Within an
individual LHJ, communicable disease work is carried out by employees with a broad
range of skills. The job roles within and across communicable disease sections vary as
well. Table 2 displays the job roles published by Public Health - Seattle & King County's
(PHSKC) Communicable Disease, Epidemiology and Immunization Section (CDEIS)
[20] and Los Angeles County's Acute Communicable Disease Control Program [21].
Each of these groups is located within a local large municipal public health agency, and
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they rank 14th and 1

respectively in national population size[22]. Many job roles

between the counties are similar. Some job roles, such as "Research Analyst," exist in
only one of the counties. Several additional job roles appear to exist in Los Angeles
County. This may be due to variation in organizational structure (these additional roles
may exist outside of PHSCK's CDEIS) or to the variation in size between the two
groups. While the differences in professional roles are discoverable through published,
publicly available information, other facets of local public health practice remain
unexplored. The differences in notifiable conditions information management work
practices across LHJs is one example. Knowledge of the differences and similarities
across LHJs will provide important information for numerous stakeholders involved in
information management of notifiable conditions, including system designers and public
health decision makers.
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Table 2 - Job roles in two large municipal public health agencies [20-21]

Job roles in PHSKC Communicable Disease,
Epidemiology and Immunization Section[20]

Job roles in LA County's Acute Communicable
Disease Control Program [21]
Administrative Assistant II
Administrative Assistant III
Assistant Staff Analyst, Health
Asst Program Specialist, PHN
Biowatch Jurisdictional Coordinator
Chief Epidemiologist
Chief Physician II
Chief, Acute Communicable Disease
Control Program
Director, Communicable Disease Control
Programs
EIS Officer, MD
Epidemiologist
Epidemiology Analyst
Epidemiology Intelligence Analyst
Health Education Asst
Health Educator
Information Systems Analyst Aid
Information Systems Analyst I
Information Systems Analyst II
Intermediate Typist Clerk
Medical Stenographer
Medical Technologist, Data Systems
Physician Specialist, MD
Physician Specialist, MD
Program Specialist, PHN
Public Health Nurse
Research Analyst I
Research Analyst II
Research Analyst III
Secretary II
Secretary III
Senior Health Educator
Senior Information Systems Analyst
Senior Medical Stenographer
Senior Network Systems Administrator
Senior Physician, MD
Senior Secretary IV
Senior Staff Analyst, Health
Senior Typist Clerk
Student Professional Worker

Administrative Specialist II
Administrative Specialist III
Administrative Specialist IV
Chief, Communicable Disease
Control
Epidemiologist I
Epidemiologist II
Health Services Administrator I
Health Services Supervisor
Medical Epidemiologist
Program Manager III
Project/Program Manager III
Public Health Nurse
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Local public health jurisdictions attempt to solve a growing number of health problems
with limited financial resources. While the range of notifiable conditions that LHJs are
responsible for is limited, new and emerging health conditions must be monitored and
addressed. LHJs are responsible for adhering to state and federal regulations, and they
are simultaneously responsible to the communities that they serve. Within these local
communities there is often minimal public awareness of the many activities that take
place at public health offices.

Each year the CDC's National Notifiable Diseases Surveillance System (NNDSS)
publishes a list of nationally reportable notifiable conditions. Since 1992, the number of
notifiable conditions has risen from 60 to 100. As this trend continues, the public health
work associated with notifiable conditions information management will continue to grow
as well [23], as shown in Figure 3.

Figure 3 - Nationally notifiable conditions from 1992 to 2011 [23]
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Recently, a trend in automated health surveillance and data analysis has emerged.
Using data from notifiable conditions reports, clinical data, and a variety of other
sources, public health practitioners at several levels are aiming to identify emerging
health problems before they have significant population health impact. This practice is
known as "syndromic surveillance." Syndromic surveillance "uses health-related data
that precede diagnosis and signal a sufficient probability of a case or an outbreak to
warrant further public health response [24]." There is a strong focus on syndromic
surveillance in the research activities of public health informaticians [15, 25-28].
However, the novelty of new technology applications currently overshadows the need to
first focus on basic public health activities and their optimal execution. LaPelle and
authors have found that many information needs in public health practice, and
specifically in communicable disease control, are not being met [29]. Revere and
authors have also found barriers to information access for public health practitioners
[30]. Identifying the use of information systems in public health practice can increase
awareness of the information needs that public health practitioners share. Twose and
authors documented the use of data searching tools by public health practitioners,
finding that information resources were dispersed in a manner that constrained the use
information resources [31].

The information needs of local public health practitioners are often inadequately
supported by information systems. To that end, notifiable conditions reporting systems
have yet to become a focal point of public health informatics research, although there is
a growing commercial market for this type of information system.
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Across the U.S., several design efforts have taken place to develop information systems
for public health surveillance and disease reporting [18, 24, 28, 32-36]. However, there
is an absence of research that describes the use of notifiable conditions information
systems in practice. The best methods for identifying solutions to the challenges of
disease reporting and management at the local public health level have not been
extensively explored. The aim of this research is to provide future information system
designers and informaticians with knowledge that will inform the next wave of notifiable
conditions information management systems.

In the next section, we review literature related to notifiable conditions reporting at the
local, state, and federal levels. We also explore research related to the evaluation of
health information systems. We explore this research to contextualize our efforts to
identify the uses of information systems in local public health, and to develop an
information system evaluation strategy for local public health practice.
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1.4.1 Related Research - Reporting systems, national initiatives, and
workflow analysis
Current literature suggests that there is a clear need to improve the notifiable conditions
reporting process throughout the United States. Notifiable conditions reporting in the
U.S. is considered incomplete and untimely [27-28]. Abdool and authors found that
physicians view reporting as unimportant. Reasons for the underreporting of notifiable
conditions include a lack of feedback from public health groups, a dearth of information
about the mechanism and appropriate conditions to report, and physicians' frustration
that reporting forms are complicated [29]. Lack of time and sufficient motivation have
also been found to be factors associated with underreporting by physicians [30]. The
adoption of electronic and automated reporting tools is expected to improve this
situation. [2, 17, 31-33]

One of Silk's recommended strategies for improving the

completeness of notifiable conditions reporting is to increase the use of electronic
reporting tools [31]. Other studies also support the positive impact of electronic reporting
systems in other public health settings.

The notifiable conditions reporting process is expedited when electronic reporting tools
are used. In 1999, Effler and authors conducted a study to measure laboratory reporting
data submitted from three statewide clinical laboratories. By comparing reports from
electronic reporting systems and conventional reporting methods, the authors found that
the electronic reports arrived earlier to their destinations, were sent more regularly, and
had less missing data. The estimated completeness of coverage for electronic reporting
systems in this study was found to be to be 80%, as opposed to 38% for the
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conventional systems. This study showed that electronic reporting systems can
increase the frequency, timeliness, and completeness of laboratory reporting [18].
Laboratory reports are one of many inputs local public health agencies accept to identify
notifiable conditions.

In 1999, Roush and authors conducted a survey of state and local public health
organizations to learn more about notifiable conditions reporting throughout the United
States. The response rate was 100% from U.S. states. At this time, 58 diseases were
recommended for national reporting. National reporting, in this context, describes the
process of state and local public health agencies sharing notifiable conditions data with
federal public health agencies. Analysis of the survey revealed that 35 of the 58
conditions (60%) were reportable by 90% of the states. The study found significant
variability of the reporting requirements in different states. This suggests that while
federal efforts attempt to harmonize state-level reporting to promote consistency
throughout the U.S., these initiatives may be insufficient to incentivize state
governments to adopt standardized reporting practices [14].

In September of 2000, federal funding was offered to provide public health
organizations throughout the U.S. to increase their notifiable conditions reporting
capacity. Five years later, in April of 2006, 27 state health departments were using
online notifiable conditions reporting systems in some capacity. At that time, 23 other
states were actively planning the design and implementation of such systems [1, 37].
Many clinical and public health laboratory facilities also use electronic reporting to fulfill
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