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Pandemie inlluciiza, West Wile virus, severe scule respiratory syndrome (SARS),
and hioterranam are a few of the current challenges facing public health otficials. The
need Tor carly nonficaton of. and response to, an cmerging healih threal is gaining
increasing vizibility as pmblic opinion increases the pressuse to reduce the martality
and morbidicy of health threats, Withohe greater emphasis on the early recognition and
management of health threats, federal, state. and local health departmenis are mrning
16 modern wehnology w suppornt their disease surveillance activities. Several modern

discase surveillance syslems ave o operalional use txlay, This book presends the
componcols ol an effective auiomuared disease survaillanee svstem and s intended Yor
use by public health inlormatics studens, masters of public healih studenis mierested
in madern disease surveillance techuigues, and health departments seeking w improve
iherr disease survelllance capacities.

This introduetory chapter provides an overview of the changing requirements tor
disease surveillance from the perspective of past, present, and fatare concerns. T
includes a brietf hiswry of how techinclogy bas evol ved vo enhance dizease sarveillance,
as well as a cursary Iock at moderm diseass survelllance techinelogry und activities.

1.1 INTRODNUCTION

Conural of infectinus dizeases 5 a corncrstong o public healith. Various surveillance
methods bave been used over the centunes to inform health officials of the presonce
and spread of diseuse. The practice of disease surveillance began in the Middle Ages
and evolved into the mandatory reporting of inleciiows disease cuses 10 anthorides
responsible for the healti of populations,

Accommen delinition of surveillance s “the cngoing systematic collection, analvsis,
and interpretation of vutcome-specific data for use in planning. uuplementation. and
evaluation of publc health practice™ {11, One of the more challenging aspects of
public healib surveillunce is the carly Wentilication of infections diseuse outbreaks
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thar have the potential to couse high morbidity and mortality, I recent years, concerm
over polential uncontrolled outbreaks duc 1o bjoterrotism or the appearance of highly
virubent viruses such ax avian influenzo has placed increased prossure on public health
offictals to monitor for abnormal discases. Public concern wag heightened when ol (he
begimning of the twventv-firet century, the dissemination of a biological wadfare agear
through the 115, mail system reveated wenknesses in the ability of existing public
healify surveillance svstemis to provide early detection of a biolugical altack.

Conlainment of potential outbreaks is also confounded by advances in wansporta-
tion technology, Modern transportaiion systems perimit communicable diseases 1o he
carried around the warld in hours over many pablic health jursdictions. Health author-
ities can no longee simply e concerned only with the health stowas of the popalitions
they serve: they must alse cooperate and collaborare in surveiilance and contanment
activities at regional, naticnal, and international levels,

The Internet 15 an enabling woelmolery Tor collaboration across wide gengraphic
arcas.  Toformation wehnology in general iz also pluving a vital role in the dmely
capture and dizseminaiien of mlivrmation necded for identification and control of
autbreaks, 'Phe subject of this book i3 the use of modern infonnation techilogy w
suppint the public health mission for early disease recognition and containment.

1.2 THE FMERGING ROLE QF INFORMATICS IN PUBLIC HEALTH
PRACTICE

For more than 50 years. public health has been undergoing a change in identity
Uil strongly affects how the public healibe sector envisions the use of information
lechnologies. FPublic heulib is best viewed ag an emersent industry. Tt has geown
(rom o collection of single-purpose disease provention and intervention progriums o
a national network of professicnals linked through professional and organizaticnal
honds, The 1938 Institute of Medicine report ided “The Puture of Public Heatth”
recornized i public health wias esublished around three core functions and 10
csgertiud services,

The core tunctions arc:

* Assessimenl

& Agsurance

» Palicy develnpment

The 11 cxzentiad services are:

1. Monitor health status o identify and solve community health problems.

2, Diagnise and investigate health problems and health hazards in the community,

A Inform, cducale, and cmpower people about heabth issues.
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4. Mobiliye conununity partnerships to identify and solve health problems.
5. Develop polices snd plans that supportindividuat and comrmunity bealth efforts,

6. Erdores lwws und regulations that protect health and ensure saterty,

7. Link people 1o needed personal bealth services and assare the provision of
hesbth care when otherwize unavailable,
B, Assure a competent public health and personal health care worktforce,

G, Evaluate effectiveness, accessihility. and quality ol persoval aod population-
kased health services,

11y Research for new isights amd innovative selutions ko bealih probleimns.

information is ooe of the central produces produced by public health. Protecting
community health; promoting health, and provenuoy discase, inpury and disability
require vigarans muonioring and surveillance of health threats and aggressive appli-
cation of iformation sod knowledge by those able o prevenl and proicet the poblic’s
health. Thus. poblic health dfrrmation supports the activities, programs, and needs of

those entrasted with wssessing and ensuring that the health status of entire populations
i5 protected and improves over time.

Public health intormatics has heen defined as the systernatic application of infor-
miaton wnd conputer seience and wehnology 1o public health practive [2]. The wopic
suapports the progiammatic needs of agencies, tmproves the quality of population-
Pased nfivmaten upon which public health pobicy is based, and expands the range of
disease prevention, health promation, and health threat azsessment capabilily extant
in every locale throughout the waorld (31, In the future, public bealth mformatics may
change to be defined as informatics supparting the public’s health, a discipline that
moay be practiced beyond the walls of the healib depariment.

In 1834, Jobn Soow conducted the first comprehensive epidemiological study by
linking the Jocations of cholera patients’ homes o a single water pump. In daing
50. e catablished ihat cholera was 2 waerhome discase. Using visual data, Snow
guickly convineed the authoritics to remave the pump handle. Follawing that simple
intervention, the mnnber of infecions and deaths fell rapidly 4]

Over the post 30-30 years, public health programs have cmerged around specific
diseases. hehaviors, ovinwevention technologies (e.g., immunization tor vacgine pre-
ventable diseases), ench having spacific data and informarion needs. Not surprisingly.
informulion syvsters were developed [0 meel the specilic needs of cach categorical
prizaram, wnd o culture of program-specific information systein design permeated puab-
lic iealth thinking, By the mid- 19903 leaders i public healib acknowledeed the need
to rethink pubhic health information systems, conccive of systems gs support Wooly
for enterprise goals. and do so through nationally adopted standards. As noled in [3]
“Public health has lagmed behind health care delivery and other seoiors of indostry
in adopting new information wechnologies, in part hecanse public health is & public
enterprise dependiryr on funding action by legislative bodies (local. siate, and federal).
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Additionally, adopton of new technologics requires significant effost o work through
government procurement processes” A THYS Centers for Diseiase Control and Tre-
vention {CDCY study reparted that integrated infvrmation and surveillunce svstoms
“can join fragments of Information by cambining or linking the dats systems that
hedd such intormation. What holds these svstems together are unitorm data standards.
communications networks, and policy-level agreements regarding confidentiahive, data
aceess, sharimg, and reductuon ol the burden of eollecting daa™ [5].

In the lute 1990s, 1t became apparent that public health should be more com-
prehensive in understanding disease and mpury threats, Reassessing its information
raission has led federal programs suck as CDC and Flealth Resources Service Adl-
miniatration (HRSA), 1o viesw information system integration ag the driver for future
nformation sysicm funding, Tonteg
interoperability: data from varions sourees being brought together, eollated in u com-
moa format, anulyzed. and interpreted without manual intervention. Tntereperability
als requires un underlying architecivre for dara coding. vocubularies, message Tor-
mals, message transmission packers, and sysecu seourity,  lnrcroperubility implics
counectedness amenyg svstems, which requires agreements that cover data standards,

TAllon §CTess Prograris afd organizalicns reguices

communications protocols, wid sharing or use agreciments. Inicreooncciod, wierop-
crable ulormation systems will allow public healil 10 address larger aspects of the
public’s health, The twenry-first century will probably be seen s the enterprise era of
public health informatces. Onee the demain of humans alone, the process of gathering
andd interpratating data should now be mediared by computers. Major advances i
the quality, timeliness, and use of pubfic bealth duta will require o degree of machine
intelligence not presentlv cmbedded in public heaith inlformation systems |61,

The context in which infomiatics can conlribute 1o public healih progress is chang-
ing. New iniGatves within public health and threughout the health care industry
peortend changes in how data are caplured, the breadth of dats recorded, the speed with
which data are cxchanged. the mimber of parties involved in the exchange of daa,
and how results of analyses wrg shared.  Increasing use of clectronic health record

yaems providos an opporfunity 10 gather more granalarn, discrete data from a variety
of seurees, including nursing, pharmacy, laborarry, radinlogy, and physician notes.
thereby clumging the specificity and timeliness of knowledge about the distribution of
risk fuctors, proventive measures, disease, and mjury within subpopulations,

Ax agreements are reached on the major information architeciursd standards (dara,
inmsmission, and security) and appropriate approaches to governance and viable
business models can be demonstrated, health indormation exchanges will emerge to
asaisr and transform how health care is delivered. Public heulth consideratons must
be central te this transformation, and public health intormatics will be centeal o how
public health agencics participate in this rapidly evolving environment.
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LY FARLY USE OF TECHNOLOGY FOR PUBLIC HEALTH PRACTICE

There are historicul sccounts o thic bible of socind distancing us o conlrol meusure
stop the spread of leprosy, During the spread of plague in Europe in the fourteenth
ceniury, public health authorities scarched vessels ooking Tor signs of discase In pas-
sengers waiting to disembark. 1o the United States, the praciice of diseasc surveillance
b public health inspection dt irmmigration has been highly publicized as o result of
the renovation of Ellis lsland, The immigration law of 1891 required o health in-
spection of all immigrants conling into the United Stares by Poblic Health Service
rhysicians. Between 1892 and 1924, over 22 million imimigrants secking to beeone
American aitizens were subject w healtl inspections (Fig. 1.1). The law stipulated the
exclusion of “all idiots, insane persons, paupers or persons likely w become public
charges, persons sutfering fromt a loathsome or dangetons contagious diseases™ [7].
Technology was Himited o paper-and-pencil recordkeeping for these surveillance and
conmirol acuviLgs.

Fig. 1.1 Public health inspectors al Elis Tskand looking at the eyes of immigrants for signs of
wachonma (Pholo courtesy ot the National Tibrary of Medicing)

.11 Early Use of Analytics, Visnafization, and Communications

One of the catliest rechnoloeies used in disease sorveillance was (he statisiical inter-
pretation of mortalicy data, In 1850, William Far analyzed the 1849 cholera outbraak
in Londen by deriving a mathematical solution wsing multiple causation [8].
Flurence Nightingale used statistical methods o ight for reform in the British
military. She developed the polar-area diagram 1o demonstraie the needless deaths
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carsed by unsanitary conditions during the Criwnean War {18534-1856). Nightingale
was wil jonovator in the collection, tabulation, interpretation, and graphical display of
descriplive statistics. Figure 1205 Florence Nightingale’s famous diggram cepicting
the canses of mortality for British (roops doring the Crimean Ware, The cirele in
the figure 1s divided into wedges, each representing » niomb ol the war, The radus
of cach wedge 15 cqual 10 1he square oot of the number of deaths Toe the month,
The wrca of cach wedge, measired froip the center, is proportional o the ststisuc
being represemoed. Dark gray wedges represent deaths from “preventable or mitigable
zymaotic’” discuses (contagions diseases snch as cholera and tvphns). mediom gray
wedges represent deaths from wounds, and lighl gray wedges are deaths from all other
causes |9

Another example of the nse of eraphics to support epidemiolngical investigations
is the |86Y chact by CL1 Minard describing Napoleon's ill-fared 1812- 1813 march o
Moscow and back [10). Figuye 1.3 15 Minard™s chart. The upper portion of the chart
provides the strengih of the Prench forces ag a function of time superimiposed on a
map of Russia. The gray band is a measure of the sive and locatnon of the foree as i
advanced 1o Moscow; the black band represents the size and location ol the reircating
forces, On the lower portion of the chart is a record of the temperatures that the army
encontered upon their rareat. Napoleon's armoy numbered 422,000 when it crossed
the Polish border on the way (o Russia, Only 100,000 survived 1o parcticipate in the
battle ot Moscow. The returning army facing the Russlans at the Batile of Berezina
numibered only 19000, The returning forces snffered massive casnalties due w disease
and hypothermia associated with the declining lemperatures. Temperatures in Russin
dropped to -35 degrees Uelsius daring the campaigi.

The invention of the telegraph and Morse code e the mid gincleenth century
provided « means for rapid dissemination of information over a wide geographic area.
This techoolozy had ninportant implications for public health surveillance. During the
Spanish Flu outhreak i 1918, the wlograph and the woekly Pabdic Health Reperis
hecame essenial wols 1 provide the Public Health Scrvice with surveillancs Ja oo
the progressing of the pandomic.

1.3.2  Early Informatics Applications in Medicine & Public Health

NMedical computing applications evalved with the development of computing tech-
nology. 'The very eachiest applications were patient records to support diagnosis and
chinical luboratory work. Bruce Blum describes the objects that are processed by
computers as data, information, or koowledge | 11]. A daca paint is o single measure-
nent, element of demographics, oF physical condition made svailable wothe compuier
application or analvst. Information is 4 sef of duta with sonie oterpretation or pro-
cessing o add value, Koowledge is a set of roles, formulas, or henristics applied to
hes infomadion ard daia w creale grester naderstanding.



























