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Public Health SurveillancePublic Health Surveillance

  “…“…the ongoing systematic collection, the ongoing systematic collection, 
analysis, and interpretation of outcomeanalysis, and interpretation of outcome--
specific data for use in planning, specific data for use in planning, 
implementation, and evaluation of public implementation, and evaluation of public 
health practicehealth practice””

  -- Thacker SB, Thacker SB, BerkelmanBerkelman RL. Public Health Surveillance RL. Public Health Surveillance 
in the United States. in the United States. EpidemiolEpidemiol Rev 1988;10:164Rev 1988;10:164--90.90.



National Communicable National Communicable 
Diseases SurveillanceDiseases Surveillance

Reporting by states to federal government Reporting by states to federal government 
(e.g., CDC) is generally (e.g., CDC) is generally voluntaryvoluntary

Every state does communicable disease Every state does communicable disease 
surveillance slightly differentlysurveillance slightly differently

Different reportable diseasesDifferent reportable diseases
Different reporting processesDifferent reporting processes
Different technologiesDifferent technologies



National Communicable National Communicable 
Diseases Surveillance Diseases Surveillance 

(cont(cont’’d)d)

Attempts have been made to standardize Attempts have been made to standardize 
communicable diseases surveillance communicable diseases surveillance 

Standard Case Definitions (CSTE)Standard Case Definitions (CSTE)

List of List of ““Nationally Nationally NotifiableNotifiable DiseasesDiseases”” (CSTE)(CSTE)

NETSSNETSS

NEDSSNEDSS



Communicable Diseases Communicable Diseases 
(CD) Surveillance Systems(CD) Surveillance Systems
““TraditionalTraditional”” Reportable Diseases SystemsReportable Diseases Systems

LaboratoryLaboratory--based Surveillance based Surveillance 
Provider reportingProvider reporting

Surveillance for OutbreaksSurveillance for Outbreaks

Influenza: Sentinel Provider SurveillanceInfluenza: Sentinel Provider Surveillance
Sentinel ProvidersSentinel Providers
Sentinel LaboratoriesSentinel Laboratories
Pediatric Hospitalizations and DeathsPediatric Hospitalizations and Deaths
Healthcare Workers Hospitalized with PneumoniaHealthcare Workers Hospitalized with Pneumonia

““PrevalentPrevalent”” Communicable Disease SurveillanceCommunicable Disease Surveillance
Hepatitis RegistryHepatitis Registry
Immunization Registry and SurveysImmunization Registry and Surveys
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Attributes of MDAttributes of MD’’s s 
Traditional Reportable Traditional Reportable 
Diseases SurveillanceDiseases Surveillance

Generally Generally passivepassive rather than activerather than active
Communicable diseases are undoubtedly Communicable diseases are undoubtedly 
underreportedunderreported (i.e., not very sensitive)(i.e., not very sensitive)
Simple, flexible, and wellSimple, flexible, and well--acceptedaccepted
Relatively timelyRelatively timely
Positive predictive value varies by diseasePositive predictive value varies by disease
RepresentativenessRepresentativeness varies by diseasevaries by disease



Privacy and Public Health Privacy and Public Health 
SurveillanceSurveillance

Reporting is required; an individual may Reporting is required; an individual may 
not not ““blockblock”” the reporting of required the reporting of required 
informationinformation
Reporting not precluded by Reporting not precluded by ““HIPAAHIPAA””
However, Maryland statutes protect However, Maryland statutes protect 
confidentiality of surveillance informationconfidentiality of surveillance information
ReRe--release of individualrelease of individual--level surveillance level surveillance 
information restrictedinformation restricted



CD Reporting: AssessmentCD Reporting: Assessment

StrengthsStrengths
‘‘RoutineRoutine’’ reporting from medical reporting from medical 
laboratories and from ICPs highly reliablelaboratories and from ICPs highly reliable
Recognition of need to report and when to Recognition of need to report and when to 
report is increasingreport is increasing

WeaknessesWeaknesses
Physician reporting continues to be spottyPhysician reporting continues to be spotty
Public health agencies at times are difficult Public health agencies at times are difficult 
to contact; procedures may be confusingto contact; procedures may be confusing



Interpreting Surveillance Interpreting Surveillance 
DataData

Severity of diseaseSeverity of disease
more serious diseasesmore serious diseases
More serious manifestations of common diseasesMore serious manifestations of common diseases

Public awareness of diseasePublic awareness of disease
Provider awareness of diseaseProvider awareness of disease
Health care financing issuesHealth care financing issues
Lab testing patternsLab testing patterns
Availability of new lab testsAvailability of new lab tests
New interventions (e.g., new vaccines) New interventions (e.g., new vaccines) 
Changes in case definitionsChanges in case definitions



Sensitivity/SpecificitySensitivity/Specificity

Disease PresentDisease Present

All persons All persons 
without diseasewithout disease

All persons with All persons with 
diseasedisease

All persons with All persons with 
negative tests negative tests 
or not meeting or not meeting 
case definitioncase definition

TNTNFNFNnegativenegative

All persons with All persons with 
positive tests or positive tests or 
meeting case meeting case 
definitiondefinition

FPFPTPTPpositivepositive

NoNoYesYesCase Case 
definition definition 
or Test or Test 
resultsresults



Interpreting Test ResultsInterpreting Test Results
SensitivitySensitivity:: Probability Probability test=positivetest=positive if patient=if patient=positivepositive

(TP/TP+FN)(TP/TP+FN) X 100X 100
SpecificitySpecificity:: Probability Probability test=negativetest=negative if if 

patient=patient=negativenegative
(TN/FP+TN) X 100(TN/FP+TN) X 100

Predictive value:
Probability patient=positive if test=positive
Probability patient=negative if test=negative



Hypothetical Test ResultsHypothetical Test Results

None Faint Weak Intense

Test Result (Color)

No Disease Disease

John John PfisterPfister, MS, , MS, 
RM(AAM),MicrobioloRM(AAM),Microbiolo
gistgist/Epidemiologist/Epidemiologist
Wisconsin State Wisconsin State 
Laboratory of Laboratory of 
HygieneHygiene



Method SensitivityMethod SensitivityMethod Sensitivity

The The analyticalanalytical sensitivity of a method sensitivity of a method 
refers to the lowest concentration of refers to the lowest concentration of 
analyte that can be reliably detected.analyte that can be reliably detected.
The most common definition of The most common definition of 
sensitivity is the analyte concentration sensitivity is the analyte concentration 
that will result in a signal two or three that will result in a signal two or three 
standard deviations above background.standard deviations above background.

Roger L. Roger L. BertholfBertholf, Ph.D., DABCC, Associate Professor of Pathology, Ph.D., DABCC, Associate Professor of Pathology
Director of Clinical Chemistry & ToxicologyDirector of Clinical Chemistry & Toxicology
UF Health Science Center/JacksonvilleUF Health Science Center/Jacksonville



Predictive ValuePredictive Value

How predictive is this test result for this How predictive is this test result for this 
particular patient?particular patient?

Determined by the sensitivity and specificity of Determined by the sensitivity and specificity of 
the test, the test, andand by the preby the pre--test likelihood that the test likelihood that the 
disease is present in the patient being tested disease is present in the patient being tested 
(or the prevalence of disease in the population (or the prevalence of disease in the population 
being tested).being tested).

John John PfisterPfister, MS, RM(AAM), MS, RM(AAM)
Microbiologist/EpidemiologistMicrobiologist/Epidemiologist
Wisconsin State Laboratory of HygieneWisconsin State Laboratory of Hygiene



Example:Test 1,000 persons 

prevalence of 
condition in 
population = 10%

True 
positive:

False 
positive:

Positive predictive 
value:

90/94 = 96%

90 4

Test sensitivity = 90%    Specificity = 99.6%

900900100100
8968961010negativenegative

449090positivepositive



Example:Test 1,000 persons 
Test Sensitivity = 90% Specificity = 99.6%

prevalence = 10%
True positive:  90 False positive:   4 

Positive predictive value:  90/94 = 96%

prevalence = 0.4%

True positive: 4 False 
positive:

4

Positive predictive value: 4/8 = 50%



Predictive Value PositivePredictive Value Positive
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John John PfisterPfister, MS, , MS, RM(AAM),MicrobiologistRM(AAM),Microbiologist/Epidemiologist/Epidemiologist
Wisconsin State Laboratory of HygieneWisconsin State Laboratory of Hygiene



Test Efficiency and Predictive      Test Efficiency and Predictive      
ValuesValues

TE          =       TE          =       TP +TNTP +TN X 100      X 100      
Total No. of  TestsTotal No. of  Tests

PV Pos    =       TP     X    100
TP + FP

PV Neg =        TN X   100
TN + FN

Dr. John O’Mullane consultant

Clinical Biochemist/Lecturer



Case Definition: How Specific?Case Definition: How Specific?

LowLow specificity:specificity:
““Any person with a Any person with a 
cough or a flucough or a flu--like like 
illness now or in the illness now or in the 
last week, who was last week, who was 
in Baltimore City in Baltimore City 
from Sep.1from Sep.1-- 30.30.””
Will pick up true Will pick up true 
cases & lots of noncases & lots of non--
cases (especially in cases (especially in 
flu season)flu season)

HighHigh specificity:specificity:
““Any person who Any person who 
went to a health care went to a health care 
facility  in the last facility  in the last 
two weeks for two weeks for 
evaluation of   cough evaluation of   cough 
and fever, with laband fever, with lab--
confirmed   confirmed   Bacillus Bacillus 
anthracisanthracis..””
Likely to pick up Likely to pick up 
some true cases but some true cases but 
fewer  nonfewer  non--cases.cases.



Case Definition: How Specific?Case Definition: How Specific?

Pro Pro (highly specific)(highly specific)::
Useful to focus on Useful to focus on 
those cases most those cases most 
useful for analysisuseful for analysis
Less likely to cause Less likely to cause 
panicpanic
May target help to May target help to 
those persons most those persons most 
in needin need

Con Con (highly specific)(highly specific)::
Risk of missing many ill Risk of missing many ill 
persons, or missing persons, or missing 
early or mild casesearly or mild cases
May bias analysis May bias analysis 
against more recent against more recent 
cases; may miss lesser cases; may miss lesser 
risks for exposurerisks for exposure
May be misleading May be misleading 
about real extent of about real extent of 
BTI eventBTI event



High Specificity Case DefinitionHigh Specificity Case Definition

All Persons

Exposed
Cases



Low Specificity Case DefinitionLow Specificity Case Definition

All Persons

ExposedCases



How are Public Health How are Public Health 
Surveillance Data Used?Surveillance Data Used?

Detect outbreaksDetect outbreaks
Monitor trendsMonitor trends
Identify subgroups at increased riskIdentify subgroups at increased risk
Monitor effectiveness of interventionsMonitor effectiveness of interventions



Each Report Generates a Each Report Generates a 
Case InvestigationCase Investigation

Usually performed by local health Usually performed by local health 
department staffdepartment staff
Missing information collectedMissing information collected

Core demographic and clinical informationCore demographic and clinical information
Supplemental informationSupplemental information

Guides implementation of individual Guides implementation of individual 
control measurescontrol measures



CD Reporting PathwayCD Reporting Pathway

Physicians and other
Healthcare Providers

Acute and Non-Acute
Healthcare Facilites

in Maryland

Clinical Laboratories

Local Health Departments
(23 counties,

Baltimore City)

MD Department of Health
and Mental Hygiene

Baltimore, MD

Centers for Disease Control and Prevention
Atlanta, GA



Federal Enhancements Disease Federal Enhancements Disease 
Surveillance System:Surveillance System:

Emerging Infections ProgramEmerging Infections Program
SyndromicSyndromic SurveillanceSurveillance

BioSenseBioSense
ESSENCEESSENCE

Environmental DetectorsEnvironmental Detectors
BioWatchBioWatch
BDSBDS
GuardianGuardian



What Are What Are 
““EmergingEmerging”” Infections?Infections?

New, reemerging, or drugNew, reemerging, or drug--resistant infections resistant infections 
whose incidence in humans has increased whose incidence in humans has increased 
within the past two decades or whose within the past two decades or whose 
incidence threatens to increase in the near incidence threatens to increase in the near 
futurefuture

From IOM “Emerging infections: microbial threats to health in 
the United States” (1992)



EIP SitesEIP Sites

EIP



SyndromicSyndromic Surveillance Surveillance 
SystemsSystems

Syndromes rather than specific diagnosesSyndromes rather than specific diagnoses

Information available rapidlyInformation available rapidly

Designed to detect and/or monitor outbreaks Designed to detect and/or monitor outbreaks 

Funded partly by federal PH Preparedness and Funded partly by federal PH Preparedness and 
Response Response CooperativeCooperative AgreementAgreement

Usefulness and costUsefulness and cost--effectiveness not effectiveness not 
establishedestablished





Bio SenseBio Sense

CDC CDC syndromicsyndromic surveillancesurveillance
Near realNear real--timetime
Data streams from Data streams from DoDDoD and Veteransand Veterans’’
Affairs Ambulatory clinics + Affairs Ambulatory clinics + LabCorpsLabCorps
Analytical results for each state and metro Analytical results for each state and metro 
area (maps, graphs and tables)area (maps, graphs and tables)
Accessible to State and local usersAccessible to State and local users



BioSenseBioSense and ESSENCE:  and ESSENCE:  
SyndromesSyndromes

11 syndromes + Specific Infection11 syndromes + Specific Infection
BotulismBotulism--Like Like 
Fever Fever 
Gastrointestinal Gastrointestinal 
Hemorrhagic Illness Hemorrhagic Illness 
Localized Localized CutaneousCutaneous Lesion Lesion 
Lymphadenitis Lymphadenitis 
Neurological Neurological 
Other Other 
Rash Rash 
Respiratory Respiratory 
Severe Illness and Death Severe Illness and Death 



Electronic Surveillance System for Electronic Surveillance System for 
Early Notification of CommunityEarly Notification of Community--

based Epidemics (ESSENCE):  based Epidemics (ESSENCE):  
SyndromesSyndromes

Developed by DHMH, VDH, DCDOHDeveloped by DHMH, VDH, DCDOH
NonNon--hierarchical structure for chief hierarchical structure for chief 
complaintscomplaints
Coding is NOT mutually exclusive (I.e. one Coding is NOT mutually exclusive (I.e. one 
cases can be coded to multiple cases can be coded to multiple 
syndromes)syndromes)



ESSENCE:  Data sourcesESSENCE:  Data sources

All ED visits occurring during the previous All ED visits occurring during the previous 
day are electronically sent to JHU/APL and day are electronically sent to JHU/APL and 
DHMHDHMH
Transmission:  Daily Transmission:  Daily 
Latency:  approximately 7 hours to 2 daysLatency:  approximately 7 hours to 2 days



ESSENCE:  Other data sourcesESSENCE:  Other data sources

OTC data (3 major chains in MD)OTC data (3 major chains in MD)
Outpatient visitsOutpatient visits

MilitaryMilitary
CivilianCivilian
ElderlyElderly

HMO call triage dataHMO call triage data



ESSENCE:  Future directionsESSENCE:  Future directions

Include other sources of syndromic Include other sources of syndromic 
surveillance datasurveillance data

School absenteeismSchool absenteeism
Private physician visitsPrivate physician visits
Poison control center dataPoison control center data
Death certificate/OCME dataDeath certificate/OCME data
Veterinary dataVeterinary data
Nurse Hotline callsNurse Hotline calls



Environmental DetectorsEnvironmental Detectors

Free standing Free standing ““snifferssniffers”” in strategic locations:in strategic locations:
BioWatchBioWatch: outdoors in NCR and Baltimore Metro area: outdoors in NCR and Baltimore Metro area

DHS program, MD/VA/DC provide response componentDHS program, MD/VA/DC provide response component
Recent transition from federal laboratory to NCR LRNRecent transition from federal laboratory to NCR LRN

Guardian: outdoors in Guardian: outdoors in DoDDoD facilitiesfacilities
Limited coordination due to security concernsLimited coordination due to security concerns

US Postal Service US Postal Service BioDetectionBioDetection System (BDS): Mail System (BDS): Mail 
sorting facilities (5 in MD)sorting facilities (5 in MD)

Integrated response with USPS, USPIS, FBI, CDC, etcIntegrated response with USPS, USPIS, FBI, CDC, etc



Chain of TransmissionChain of Transmission

•• Agent Agent 

•• Source for agent Source for agent 

•• Portal of exit from host Portal of exit from host 

•• Suitable mode of transmission Suitable mode of transmission 

•• Portal of entry suitable to agent Portal of entry suitable to agent 

•• Susceptible host Susceptible host 



Interaction of Knowledge = Interaction of Knowledge = 
Interdependence of TimingInterdependence of Timing

Ill Persons

Well Persons

Agent
Transmission 

Mode

Exposure



Disconnecting the linksDisconnecting the links

Sometimes, the findings of an epidemiological Sometimes, the findings of an epidemiological 
investigation lead to investigation lead to correctivecorrective actions.  actions.  
Future episodes of transmission can be Future episodes of transmission can be 
preventedprevented..

Example: Notification to public of risk factors Example: Notification to public of risk factors 
and symptoms for selfand symptoms for self--referral for carereferral for care
Example: Use postExample: Use post--exposure prophylaxis to exposure prophylaxis to 
stop infections in those who were exposedstop infections in those who were exposed



Data! Analysis! Data! Analysis! Action!Action!

Take control of Take control of 
available resourcesavailable resources
Initiate law Initiate law 
enforcement enforcement 
activitiesactivities

Issue a public health Issue a public health 
alert on risk factors alert on risk factors 
and personal and personal 
protectionprotection
Administer Administer 
antibiotics/vaccinesantibiotics/vaccines

The sooner we know what is happening, the 
sooner the following steps could be taken:



TrainingTraining
Diagnosis of Biological Agents:Diagnosis of Biological Agents:

AnthraxAnthrax
Botulism toxinBotulism toxin
PlaguePlague
TularemiaTularemia
SmallpoxSmallpox
Viral Hemorrhagic feversViral Hemorrhagic fevers

Signs and SymptomsSigns and Symptoms
Triage and TreatmentTriage and Treatment
Dispensing for management of biologic terrorist Dispensing for management of biologic terrorist 
attackattack
Medication InformationMedication Information
Recognize adverse reactionsRecognize adverse reactions
Special Populations requiring alternative therapiesSpecial Populations requiring alternative therapies



ProgramsPrograms
Laboratory Response Network (LRN) Laboratory Response Network (LRN) –– FBI, CDC, FBI, CDC, 
DoDDoD
Biohazard Detection System (BDS) Biohazard Detection System (BDS) -- USPSUSPS
BioWatch Program BioWatch Program -- DHSDHS
Food Emergency Response Network (FERN) Food Emergency Response Network (FERN) ––
USDA, FDA, CDCUSDA, FDA, CDC
Biomonitoring (pesticides) Biomonitoring (pesticides) -- DHMH, Community DHMH, Community 
Health AdministrationHealth Administration
Water/Environmental Chemistry Surge Capacity Water/Environmental Chemistry Surge Capacity 
Laboratory Laboratory -- EPA Region III Lab (Fort Meade)EPA Region III Lab (Fort Meade)



History History -- AccomplishmentsAccomplishments
Fall 2001 anthrax attacks Fall 2001 anthrax attacks –– Tested 3,400 suspected Tested 3,400 suspected 
anthrax samples from State of MD, FBI, DOC, NCI, anthrax samples from State of MD, FBI, DOC, NCI, 
NIH, NSA, USPSNIH, NSA, USPS
November 2003 November 2003 –– Anacostia Naval StationAnacostia Naval Station
February 2004 February 2004 –– Confirmed ricin in Dirksen Senate Confirmed ricin in Dirksen Senate 
Office BuildingOffice Building
March 2005 March 2005 –– Pentagon anthrax scare Pentagon anthrax scare –– V Street postal V Street postal 
facility testingfacility testing
September 2005 September 2005 –– Mall event (suspected tularemia)Mall event (suspected tularemia)
Hosted halfHosted half--dozen workshops and trainings for Sentinel dozen workshops and trainings for Sentinel 
Labs, Level 3 Labs, and first respondersLabs, Level 3 Labs, and first responders



Tularemia on the MallTularemia on the Mall

BioWatchBioWatch issuesissues
SignificanceSignificance

Of environmental detectorOf environmental detector
Of lab findingsOf lab findings

DelayDelay
CommunicationsCommunications

Human and animal surveillanceHuman and animal surveillance
2 week event2 week event



2004 Federal BT Funding

$10,573,000

$1,932,197

$9,039,431

$6,213,870

$1,100,958
$1,493,541

$712,831

$2,018,549

$1,446,665

$2,226,081

$3,667,474

$18,879,969

DOJ

SAMSHA

HRSA

A

SNS

B

C

D

E

F

G

CDC



March 2005 Pentagon EventMarch 2005 Pentagon Event (anthrax)(anthrax)
--8 people 8 hours to setup 56 samples (0 positives)8 people 8 hours to setup 56 samples (0 positives)
--Additional 25 hours to evaluate and workup culturesAdditional 25 hours to evaluate and workup cultures
--Estimated $150.00 /sample for supplies and materialsEstimated $150.00 /sample for supplies and materials
--In following 2 weeks, received 6 additional samples for In following 2 weeks, received 6 additional samples for Bacillus anthracisBacillus anthracis and 2 for and 2 for 
SEB (Staphylococcal enterotoxin B)SEB (Staphylococcal enterotoxin B)

September 2005 Mall EventSeptember 2005 Mall Event (tularemia)(tularemia)
--received 16 samples for received 16 samples for Francisella tularensis,Francisella tularensis, 2 samples for 2 samples for Bacillus anthracisBacillus anthracis, 2 , 2 
for for BrucellaBrucella sp.  Only positive was a sp.  Only positive was a Brucella melitensisBrucella melitensis from an imported food from an imported food 
source.source.
--minimum of 150 hours to workup all the samplesminimum of 150 hours to workup all the samples

To maintain enough media at all times to process 25 samples for To maintain enough media at all times to process 25 samples for Bacillus anthracis, Bacillus anthracis, 
Clostridium botulinum, Brucella Clostridium botulinum, Brucella spsp., Francisella tularensis., Francisella tularensis, or , or Yersinia pestisYersinia pestis costs costs 
approximately $25,000.00/year.approximately $25,000.00/year.

If no BSLIf no BSL--3 laboratories, could not perform testing (routine or otherwise)3 laboratories, could not perform testing (routine or otherwise) for West for West 
Nile Virus (WNV), Eastern Equine Encephalitis virus (EEE) or Nile Virus (WNV), Eastern Equine Encephalitis virus (EEE) or Bacillus anthracis, Bacillus anthracis, 
Clostridium botulinum, Brucella Clostridium botulinum, Brucella spsp., Francisella tularensis., Francisella tularensis, and , and Yersinia pestisYersinia pestis..

Cost Benefit of Preparedness


