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Summary

Objectives: To survey advances in public health and epidemiolo-
gy informatics over the past three years.

Methods: We conducted a review of English-language research
works conducted in the domain of public health informatics (PHI),
and published in MEDLINE between January 2012 and December
2014, where information and communication technology (ICT) wos
a primary subject, or a main component of the study methodology.
Selected articles were synthesized sing a thematic analysis using
the Essential Services of Public Health as a typology.

Results: Based on themes that emerged, we organized the ad-
vances info o model where applications that support the Essential
Services are, in fur, supporfed by a socio-technical infrastructure
that relies on government policies and ethical principles. That
infrastructure, in turn, depends upon education and training of
the public health workforce, development that creates novel or
adapts existing infrastructure, and research that evaluates the
success of the infrastructure. Finally, the persistence and growth
of infrastructure depends on financial sustainability.
Conclusions: Public health informatics is a field that is growing

in breadth, depth, and complexity. Several Essential Services have
benefited from informatics, notably, “Monitor Health,” “Diagnose
& Investigate,” and “Fvaluate.” Yet many Essential Services st
have not yet benefited from advances such as maturing electronic
health record systems, inferoperability amongst health information
systems, analytics for population health management, use of social
media among consumers, and educational cerfification in clinical
informatics. There is much work to be done fo further advance the
science of PHI as well as its impact on public health practice.
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Introduction

Public health informatics (PHI) was defined
at the beginning of the century, as “the
systematic application of information and
computer science and technology to public
health practice, research, and learning,” [1]
and an agenda to advance the field was pro-
posed by a group meeting at the American
Medical Informatics Association (AMIA)
2001 Spring Congress [2]. The definition
was refined in 2014 [3]: The scope of public
health informatics includes the conceptual-
ization, design, development, deployment,
refinement, maintenance, and evaluation of
communication, surveillance, information,
and learning systems relevant to public health.
Subsequently, this definition and the agenda
[4] have been updated to reflect four key
drivers: 1) a global reduction in infectious
disease rates in combination with a growth
in non-communicable chronic diseases;
2) the broader implementation of health
information systems across the world; 3)
continued rising costs of health care in nearly
every nation; and 4) a greater emphasis on
patient involvement in care decision-making
processes. The result is a complex scope for
public health informatics that intersects with
similarly expanding fields of Global Health
Informatics (public health and health care in
low-resource settings) and Population Health
Informatics (healthcare and social services to
clinical populations), as depicted in Figure 1.

During the first decade of the twenty-first
century, PHI efforts around the world were
characterized by a focus on the core public
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health functions of monitoring populations:
early detection of bioterrorism [5], such as
Anthrax attacks in the U.S. [6] or the Tokyo
subway attacks [7], as well as global health
threats such as SARS [8], and the HIN1 pan-
demic [9]. While the threat of a large-scale
epidemic has not diminished in recent years,
as evidenced in 2014 by MERS [10, 11] and
Ebola [12] changes in national policies and
funding priorities have steered public health
informatics in new directions.

Today public health informatics not only
addresses public health functions in low-re-
source settings, but also contributes to national
implementations of health information systems
such as electronic health records (Delivery of
healthcare in low-resource settings), the mea-
surement of population health indicators within
and across jurisdictions (Health planning), and
conversations about the role of the citizen/pa-
tient in self-monitoring and self-management
of both disease and well-being (health) (Care
of clinical populations). Data science [13]
comprising predictive analytics (chosen as the
special topic of the 2014 edition of the Year-
book[14]), and statistical and epidemiological
methodology, is incorporated into the practice
and delivery of health services to better manage
populations with complex and chronic illnesses
and to provide a methodology common to all
3 domains of PHI, Global Health Informatics
and Population Health Informatics [15].

In this article, we discuss the evolving
scope of PHI through recent trends observed
principally in the United States, and then
we highlight advancements in the field evi-
denced in recent literature.
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Fig. 1 Overlapping areas of attention related to “public health informatics.”

Methods

Our work is based on efforts by the American
Medical Informatics Association (AMIA)
Public Health Informatics Working Group to
summarize recent literature for presentation
at an annual “Year in Review” [16]. For that
review, we performed multiple searches of the
biomedical informatics literature published in
MEDLINE between January 1,2012 and De-
cember 31,2014. Supplemental articles were
gathered by reviewing the bibliographies of
selected articles and by soliciting suggestions
from PHI working group members using
AMIA listservs. We used the following MED-
LINE Subject Headings (MeSH) keywords in
various combinations to maximize sensitivity:
“public health informatics”, “public health”,
“informatics”, and “information systems”.
Use of MeSH headings was preferred, al-
though articles were also identified using
keywords to check article titles and abstracts.
The search strategy was similar to that used
by the IMIA Yearbook in Informatics to select
candidate “best papers” [17] .

We used a variety of inclusion and exclu-
sion criteria to narrow the list of candidate
articles. To be included, an article needed to
(a) focus on a topic related to public health
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practice or research; and (b) include infor-
matics, information science, or computing as
the primary subject of the study or a main
component of the study methodology. We
used a broad lens to assess each article’s rel-
evance to public health practice and research,
including: 1) activities conducted by, with,
or involving a local, state, or federal health
agency; 2) assessment and monitoring of
diseases and health outcomes; 3) primary
and secondary prevention of diseases; 4)
social determinants of health as well as
health disparities; and 5) development of
the public health workforce including PHI
education and competencies. Articles were
excluded if they did not constitute original
research such as letters, editorials, perspec-
tives, opinions, whitepapers, comments, and
study protocols. We further excluded articles
outside the United States to limit the scope.

Selected articles were synthesized using
a thematic analysis to create a broad survey
of advances in the field of PHI. Articles
were grouped into themes aligned with a
framework based on the Essential Services of
public health, a hierarchical typology defined
by the National Academy of Sciences, whose
top level comprises Assessment, Policy De-
velopment, and Assurance [18].

Results

From a policy perspective, the disease
focus of public health is changing. Multi-
ple epidemiological studies provide clear
evidence that modern health care systems,
even beyond the developed world, must less
focus their attention on infectious diseases
and more on chronic (non-communicable)
diseases [19]. For example, worldwide tu-
berculosis incidence has fallen at the average
rate of 1.3% per year over the past twenty
years [20], while the incidence of diabetes
mellitus continue to rise and is projected
to be as high as 33% by 2050 [21]. This
change requires a broadening of public health
information systems to focus on the routine,
systematic collection of a wider array of data
on population health indicators, including so-
cial determinants of health [22, 23, 24]. Many
of these data have been collected in the past
using health surveys, and managed as distinct
silos of information distributed by specific
health agencies. Newer health policies, such
as the Patient Protection and Affordable Care
Act in the U.S., require the integration of
chronic disease data with clinically-derived
indicators to paint a broader picture of health
status for a given community. In the United
States, these efforts are sometimes referred
to as population health informatics [25],
despite a semantic overlap in purpose and
activities with public health indicators that
were long performed by ministries of health
in other countries. Such efforts further seek
to incorporate “data science” [13] as well as
predictive analytics (discussed in last year’s
Yearbook [14]) into the practice and delivery
of health services to better manage popula-
tions with complex and chronic illnesses [15].

Policy now also addresses health infor-
mation technology. In the United States, the
2010 HITECH Act introduced “meaningful
use” (MU) incentives to encourage hospi-
tals and general practitioners to adopt EHR
systems [26]. In the past four years, EHR
adoption rates among non-federal acute care
hospitals increased from 15% to over 90%
[27]. We shall see the several roles these
incentives play in American PHI.

These public health and clinical policies
have led to an investment in health informat-
ics by public health authorities, which rests
on the promise that information and com-



munication technology (ICT) would support
health systems in creating efficiencies, im-
proving care quality, and lowering health care
spending [28]. Globally, health-related costs
are rising [29] due in large part to a globally
aging population combined with the rapid
growth of chronic disease burden. Ministries
of health seek to implement integrated health
informatics programs as part of a broader
strategy to better coordinate care, reduce
waste and inefficiencies while supporting
better management of costly diseases [30].
In the US, these population-health goals
are represented by the policy push to imple-
ment patient-centered care models, which
aim to achieve better, coordinated care,
while reducing costs. Patient-centered or
patient-focused care models seek to apply
patient preferences, self-management, and
self-reported outcomes into clinical deci-
sion-making. These efforts attempt to build
patient-provider trust and communication.
The establishment of the Patient-Centered
Outcome Research Institute as part of the Af-
fordable Care Act provides a novel funding
stream and aims to build that trust from the
ground up through patient engagement [31].
Another patient-centered effort concerns
social services. The UK and other countries
are further implementing “social care in-
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formatics” [32] where “the human-services
community is working towards integration
and interoperability of social services” into
health systems. For example, the Admin-
istration for Children and Family (ACF),
a division of the U.S. Health and Human
Services agency, funded 7 state-based in-
teroperability projects in 2013 to provide
models for, and demonstrate the value of,
interoperability beyond Medicaid eligibility,
and include case management [33]. A major
goal is providing “no wrong door” services
[34], where services are focused on the cli-
ent’s and family’s needs, rather than on the
bureaucracy’s, which the family may have
contacted in no particular order.

The Public Health Informatics Stack

Despite a rapidly evolving context, the
Essential Services of Public Health [18,
35] — Assessment (of public health situa-
tions and threats), Policy Development (to
address what was assessed), and Assurance
(to implement the policies)—remain the
core activities performed by public health
authorities. In order to depict and system-
atize the analysis of the current international
trends in PHI, we reinterpreted high-level

concerns outlined in the updated agenda
for PHI[4] into a “stack” of layers (like the
OSI stack for networking [36]) that provide
a supporting infrastructure for the Essential
Services (see Figure 2).

From the informatics perspective, public
health services are supported by a so-
cio-technical infrastructure [37] “delivered”
to public health, relying on governance pol-
icies and ethical principles of local public
health systems. In turn, that infrastructure
depends on education and training of the
public health workforce, on research and
development that results in a novel infra-
structure, adapts the existing infrastructure
to the public-health domain, or evaluates the
success of the infrastructure. Finally, both the
persistence and growth of the infrastructure
depend on financial sustainability.

In the remainder of the paper, we high-
light recent literature that demonstrates the
evolving PHI stack (see Figure 2) as influ-
enced by the public health context. We start
at the top of the stack.

Public Health Essential Services

In the PHI “Year In Review” presented at
the 2014 AMIA, the US Essential Services
covered by the literature were presented:
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Fig. 2 Conceptual framework for this review. (a) Essential services from the Public Health Fundtions Steering Committee. [18] (b) Supporting concepts based on AMIA 2011 consensus [4]
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Notifiable Disease Surveillance (clinician
lab results or diagnoses reported to state
agencies), Syndromic Surveillance (clin-
ical data reported to state agencies on an
ongoing basis), Population Health (broadly
conceived), Immunization Information
Systems (reporting of vaccinations; access
to clinicians; immunization forecasting), En-
vironmental systems (non-clinical sources),
and Other [38]. Each of the first four topics
has a relationship to the MU regulations
mentioned earlier. For Stage 1, hospitals
were obliged to demonstrate their capa-
bility to submit reportable lab results and
data for syndromic surveillance to a state
agency [39]. In MU Stage 2, submission
of immunization information is now a core
requirement, and two further mhealth menu
options have been added: reporting cases to
cancer registries and reporting cases to other
registries [40].

(1) Socio-Technical Infrastructure &
Research

The notion of “technical” is broad, since in-
formatics is a “socio-technical” activity [41],
whether in hospitals in the US [37] or pediatric
care in the UK [32] or mobile health in India
[42]. PHI involves a complex social-technical
infrastructure composed of technical systems,
people, and of organizational systems in which
both people and technology are deployed to
achieve an aim [43, 44].

Merrill and colleagues performed a
socio-technical infrastructure evaluation of
a health information exchange (HIE) and
its system dynamics, mixing both technical
concerns (“RHIO" aggregation of electronic
health information in standardized form”),
and social issues (“pressure to increase
resources”) [45]. They found a number of
“loops” to capture key dynamics in resolving
the gap between the desired level of health
information exchange and the clinical infor-
mation electronically available: the Sliding
Goals Loop, the Project Rework Loop, and
the Maturity of Resources Causal Loop. The
consequence is that the states planning to
implement HIE should be mindful of these
dynamics proactively, or at least in the event
of a persistent failure.

! RHIO=Regional Health Information
Organization
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The following sections provide specifics
of recent PHI literature that document ad-
vancements in both public health practice
and methods as well as the broader use of
interoperable HIE, mHealth, and social me-
dia technologies to support the public health
workforce and its mission.

(1-a) Evaluation of Surveillance Practice
Surveillance is a key aspect of monitoring
population health, an Essential Service
under Assessment. A decade ago, Buehler
et al. challenged the PHI community not
just to build better surveillance systems,
but to evaluate them rigorously as they are
developed and deployed in service for health
agencies [46]. Recent published evaluations
demonstrate some progress both in terms of
surveillance system performance as well as
methods used to conduct surveillance. In the
U.S., surveillance systems received a boost
from MU incentives for the adoption and use
of EHR systems. In the latest requirements
of the MU program, hospitals and physicians
are required to submit data to state public
health agencies in support of syndromic and
infectious disease surveillance as well as im-
munization registries [40]. Recent literature
in PHI from the U.S. has largely focused on
measuring the adoption of these technologies
[47, 48] and evaluating the impact of these
technologies on the Essential Services [38].

Overall adoption of surveillance systems,
especially electronic laboratory reporting
(ELR) and syndromic surveillance (SyS),
continues to grow. A data brief from Wu and
colleagues highlights that nearly two-thirds
of U.S. states report adoption of ELR due in
part to MU regulations [49]. A systematic
review by Gluskin and colleagues found
that the implementation of ELR systems has
improved the timeliness and workflow asso-
ciated with infectious disease surveillance in
U.S. public health agencies [50].

These process improvements are note-
worthy, and they confirm previous studies
that had examined the timeliness of ELR in
the US [51], among other places. Yet faster
and more complete reporting should lead
to improved population health outcomes.
Moreover, recent literature provides insights
into the challenges that affect greater adop-
tion, use, and impact of surveillance systems
on population health. Studies by Vest and

colleagues [52], as well as Dixon and col-
leagues [38] highlight that despite a more
timely reporting, data quality in surveillance
systems is often poor and presents a barrier
to more efficient PHI practice. For example,
Dixon and colleagues [38] show that ELR
systems open a floodgate of data (including
duplicate reports and false positives) for
health agencies but limited budgets for hu-
man resources and to update technologies
within health agencies constitute a barrier to
the timely cast investigation and follow-up
after the detection of an outbreak or the
routine case of infectious disease.

(1-b) Surveillance Methods

While many existing SyS systems utilize free
text chief complaints [53], there is increas-
ing interest in PHI surveillance using more
complex text sources. For example, Travers
and colleagues developed a natural language
text processing method to pre-process and
classified the text, using both heuristic
statistical methods and parameters tuned to
emergency contexts [54].

Text processing should be an import-
ant enabler of mass customization of
health messaging across cultures within
a jurisdiction. Turner and colleagues [55]
evaluated machine translation (MT) from
input through post editing, using Google
Translate, as in their pilot study [56]. They
found human and machine translation to be
equally preferred (and accurate), but MT
took only 18% as much time.

Even less “traditional,” for the Essential
Service Diagnose & Investigate, Sincak
and colleagues used a “neuro-fuzzy” ap-
proach (combination of neural network and
fuzzy/approximate reasoning) to simulate
water systems and assess Legionnella risk
in specific buildings [57]. Another study
used wearable monitors, usually part of the
“quantified self” movement, for infectious
disease modeling [58].

(1-c) Interoperable HIE Infrastructure

Recent literature in PHI further highlights
both advancements and barriers to interop-
erable health information exchange (HIE).
Public health authorities often need multiple
data sources to comprehensively monitor
population health and examine impact of
policies and interventions on health out-



comes. Historically, epidemiologists have
spent a significant amount of their time
and energy in the gathering, integration,
and analysis of multiple datasets. Given
the adoption and utilization of EHRs, as
well as other informatics systems, public
health authorities increasingly had access
to a wider array of electronic datasets. This
greater access has ushered in a “Neolithic
Revolution” in PHI [59], yet few electronic
datasets within a health authority or external
ICT systems are easily linked. Therefore,
interoperable HIE data can be an important
asset for health authorities to support the
essential functions of public health including
community assessment.

The U.S. has witnessed a growth in
interoperable HIE activities [60, 61] as
well as the number of public data sets [62].
However, most public health authorities
are not involved in community HIE efforts,
and few possess full access to the data they
need to monitor population health [63,
64]. Klann and colleagues highlighted a
successful model by which a local health
authority might query a federated network
of health clinics to capture population
health indicators [65]. Yet many health
departments lack sufficient informatics
capacity[66] to establish or leverage robust
information infrastructures [52]. While
some larger, U.S. state health departments
have been able to establish robust com-
munication networks for interconnect-
ing health departments and supporting
summary dashboards to increase the use
of such networks [67], few public health
authorities actually have the capacity both
to receive and to send information to health
care delivery systems [68, 69].

(1-d) mHealth and Social Media
Infrastructure

Mobile technologies play several roles in
the Essential Services. As part of Assess-
ment, they can replace paper-based surveys
that have been the stalwarts of Assessment
(situational awareness). In their ability to
communicate out, from the public health
“center,” they can Inform, Educate &
Empower, a component ascribed to Policy
Development. There has been increased use
of mobile technologies in all areas of PHI.
Househ performed an umbrella systematic
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review—that is, a review of reviews—of
short messaging service (SMS), the prev-
alent form of mobile communication in
reduced-resource settings [70]. The 13
reviews, representing 299 studies, covered
arange of functions and a range of contexts
(both developed and developing). SMS
shows promise in preventive care [71, 72] in
promoting healthy behaviors [73, 74], and
in promoting medication adherence among
people with HIV [75]. Results were unclear
for communicating lab results,[76] and even
less clear for “health” outcomes [77].

Social media have received attention,
most famously as providing a signal for
disease surveillance [78]. Denecke and
colleagues reviewed the state of the field
(as 0f2013) and offered a proof (the M-Eco
system) of the concept that multiple sources
of social data can be brought to bear on the
question of infectious-disease outbreak,
more focused on reportable diseases [79].
The system is user-centered, in filling the
pipeline from (German text) data source to
dashboard. They found that only 21% (rath-
er than about 75%) of texts were making
it all the way through. They realized that
in “social media, medical terms are not
necessarily used to talk about medical con-
ditions.” Synonymy, only based on medical
terminologies, is not adequate.

Capurro and colleagues provide a more
complete, but from 2012 data, picture of the
uses of social networking sites for public
health practice and research [80]. Their
review comprises 73 primary papers. There
were 15 articles that targeted hard-to-reach
populations, such as youths and adolescents
and people at risk for Sexually Transmitted
Infections and HIV. Other Essential Func-
tions addressed were general health promo-
tion strategies, substance (not just drugs)
abuse, and mental health. The review also
pointed out the fickleness of some social
networks: who remembers MySpace?

(2) Education and Workforce Development
Education and Workforce Development are
components of Assurance in the Essential
Services typology. In addition, recent ac-
tivities, primarily in the U.S., highlighted
major advances in the education of the PHI
workforce. The U.S. Office of the National
Coordinator for Health IT provided grants

in 2011 to undergraduate level institutions
to provide training in PHI. In 2014, the
National Association of Schools in Public
Health recognized informatics as a core
competency for Masters of Public Health
(MPH) degrees in the 21* century, paving
the way for MPH programs to revise their
curriculum and include informatics compe-
tencies as well as courses. The U.S. Centers
for Disease Control and Prevention (CDC)
Informatics Fellowship has been recognized
as a Registered Apprenticeship program
[81]. Combined, these different activities
create opportunities and a pipeline of PHI
workers to serve the needs of local, state,
and federal agencies.

Despite these advancements, PHI re-
mains undersubscribed when compared
with other informatics branches, including
clinical informatics and broader health in-
formatics. The U.S. recognized clinical in-
formatics as an official medical sub-special-
ty with a Board certification exam available
to medical doctors [82], sparking a growth
in medical schools interested in teaching
and hosting biomedical informatics pro-
grams. Furthermore, the recent agreement
among AMIA, the American Health Infor-
mation Management Association, and the
Commission on Accreditation for Health
Informatics and Information Management
Education to align health informatics
competencies and program accreditation
has sparked growth in health informatics
programs and courses. Many students in
these programs seek broader degrees in
health or biomedical informatics, creating
uncertainty about the sustainability of PHI
programs and tracks. Although individual
certification is available in clinical infor-
matics, there is no equivalent exam in PHIL.

(3) Governance and Ethics

Samuel and Zaiane [83] laid out a framework
for health informatics ethics, based on a re-
view of nine organizations’ codes of ethics.
Earlier, in 2002, a consensus by the public
health community expressed a 12-point code
of ethics [84]. Only one informatics paper
relates informatics issues to this code, but
it is in the realm of bioinformatics, rather
than the primary functions we consider in
PHI [85]. IMIA has made a more official
effort in 2013 [86].

[MIA Yearbook of Medical Informatics 2015
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(4) Sustainability

A perennial concern in informatics is wheth-
er funding might come to sustain PHI efforts
in practice and research. While little new
funding has been made available for PHI
research, the Institute of Medicine (IOM),
the US equivalent to a National Academy
of Medicine, has pushed forward the con-
cept of a Learning Health System [87]. The
essentials of the Learning Health System
are familiar to anyone in public health: Use
aggregate data to learn, and project that
learning to the care of the individual. Wheth-
er the imprimatur of the [OM will result in
increased funding for the basic research
needed to accomplish this goal—which es-
sentially is PHI—remains to be seen.

Conclusion

PHI is a field that is growing in breadth,
depth, and complexity. In this essay, we
examined the roles PHI contributes in each
of the major Essential Services typology.
Yet many specific, or component, Essential
Services still have not benefited from the sea
changes in the socio-technologicial contexts
described above. While social media have
been to for monitor the health of the pop-
ulation and to deliver healthcare, we have
just seen the beginnings of the use of tech-
nologies for “Informing and Educating.”[55]
(2 Beyond machine translation, there are
entire areas of mass customization of health
messaging that should take advantage of the
same technologies that for-profit organiza-
tions currently use to identify which adver-
tising should be displayed to a specific user.

The full power of modern simulations and
analysis is rarely made available to depart-
ments or ministries of health to “Develop
Policies.” The ability to monitor wearable
technologies, or to monitor Web-page ac-
cess, provides a window to possibilities to
“Enforce Laws,” although this needs to be
limited, in keeping with Ethical principles
that still need to be defined.

The full power of modern simulations and
analysis is rarely made available to depart-
ments or ministries of health to “Develop
Policies.” The ability to monitor wearable
technologies, or to monitor Web-page ac-
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cess, provides a window to possibilities to
“Enforce Laws,” although this needs to be
limited, in keeping with Ethical principles
that still need to be defined.

Finally, the degree to which ICT can sup-
port non-informatics public health training
and life-long learning—and to what extent
PHI should be an expected competency in
both contexts—remains to be worked out.

PHI, then, in its extended form (see
Figure 1) has as many Grand Challenges as
clinical informatics. We hope future IMIA
reviews document continued, sustained prog-
ress in both research and practice.
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