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Inst ructions

This outbreak investigation is based on an actual outbreak in San Francisco in
the late 1990s. It occurred at a time when public health health departments were
lessfocusedon preparing for public health emergenciedrom natural disastersand
intential threats. Based on what we know today, there are many aspects of this
investigation we would do dilerently. This makes this exercisea better learning
experience.

Learni ng objectives

After completing this outbreak module, participants will be able to

1. understand the componerts of a public health infectious diseaseemergency
operations response;

2. understand the componerts of a public health infectious diseaseemergency
epidemiologicinvestigation;

3. describe the conceptual steps of conducting an outbreak investigation;
4. describe the stepsof designingan outbreak analytic study;

5. describe the steps of designinga outbreak pbeld survey;

For students

Read this module and provide written answers. Use any resourcesat your disposal.
Your instructor may have you work in groups.

For instruct ors

This module should be facilitated by an experiencedinvestigator and can be used
in two ways:

¥ Usethe module as a stand aloneto teach the stepsof conducting an outbreak
investigation.

¥ Usethe module as a follow up to a lecture on conducting an outbreak inves-
tigation.

The instructor version has our suggestedanswers. Feel free to adapt the an-
swers to your audience, situation, or geograply. Also, feel free to use your best
answers. Make sure to tailor the training to meetthe learning needsof your audi-
ence. Is your audienceprimarily public health nurses?public health investigators?
epidemiologists? physician health o"cers? administrators?



Competenciesrepresert a set of skills, knowledge, and abilities necessaryto
participate in or lead an epidemiologic Peld investigation. There are three level of
competencies:

¥ Aware: Basic level of mastery of the competency. Individuals may be able to
identify the conceptor skill but have limited ability to perform the skill.

¥ Knowledgeable: Intermediate level of mastery of the competency. Individuals
are able to apply and describe the skKill.

¥ Probciert: Advancedlevel of mastery of the competency. Individuals are able
to synthesize, critique or teach the skill.

Decidewhat level of competency you and your audienceexpect. If you have mostly
non-epidemiologists, then emphasizeconcepts over technical details. Howevwer, if
you have mostly experienced epidemiologistswho are now re-tooling for outbreak
investigations, then feel free to addresstechnical details. But a word of advice: do
not focus on technical details for non-epidemiologiststhat will never be expected
to be probciert in technical areas. They are more likely to be part of an interdisci-
plinary investigative team: they needto understand how an outbreak investigation
works, and how they can productively cortribute to an investigation.

Feedback

Pleasecontact us and give us feedbad and suggestions. How can we improve this
module? How are you using this module?

Resources

1. UC Berkeley Certer for Infectious DiseasePreparedness,A CDC Center for
Public Health Preparedness: http://www.idready.org . We make most of
our materials freely available online.

2. Essettial Field Epidemiology Quick ReferenceGuide, available at http://
www.medepi.net/epitools/QuickRefGuide.pdf

3. University of North Carolina Center for Public Health Preparedness:FOCUS
on Field Epidemiology at http://www.sph.unc.edu/nccphp/focus/ . This is
an excellert newsletter and tutorial for learning about Peld epidemiology

4. Centers for DiseaseControl and Prevertion, Epidemiologic Case Studies at
http://www?2a.cdc.gov/epicasestudies/ . This site contains excellert out-
break investigations modules.



1 The Out break Hot el

On Sunday, January 25, in the late 1990s,Dr. Juan Nieve, Deputy County Health
O"cer for the City and County of San Francisco, was at home relaxing and en-
joying a very exciting National Football League Super Bowl game. During the
secondquarter, Dr. Nieve received a telephonecall from the County Health O"cer
and was notiPed that 63 people at the Twin Peaks Hotel! had been evaluated by
paramedics for nauseaand vomiting. Sewen patients were transported to nearby
hospital emergencyrooms. There were no hospitalizations and no deaths. No addi-
tional information was available at that time.

Question 1 If you were Dr. Nieve, what would you do at this point?

Answer: ANSWER:
Ask the audiencewhat they would do at this point?

In general,there are no wrong ansvers. Many of the answers provided
are basedon the EssentialField Epidemiologycourseconductedby the UC
BerkeleyCenterfor InfectiousDiseasd’repaednesghttp://www.idready.
org).

After listeningto severalansvers, explainthat CIDP usesthis questionas
an opportunity to review the importance of having an infectious disease
emergencyoperationsplan in placebefae an event. At this point in time,
Dr. Nieveonly knows that 63 personshavebeenevaluatedby paramedics.
This could be a public health emergencywhere a rapid investigationand
resppnsecould meanthe dilerence betweenlife and death for victims.

Displayed in Figure 1 on page 6 is an Incident Command System (ICS)
structure for an Infectious DiseaseEmergencyOperations Respnse. The
most important point to emphasizds that the ICS approach identibesthe
caoe FUNCTIONSnnecessy for an infectiousdiseaseemergencyinvestiga-
tion and respnse. The care functions are the samewhetheryou haveone
respnderor one-hundred.

Hopefully, Dr. Nievehasan infectiousdiseaseemergencyoperationsplanin
place. He knows who to call for help. He knows how to contact someone
24/7. Histeam hastestedaspectsof the plan through drills, tabletops,and
functional exercises.

The most important points about the ICS approach to infectious disease
operationsplanningis the following:

¥ Developan ICS infectious diseaseoperations plan basedon FUNC-
TIONS, not peopleor organizationhierachy.

1This is a bctitious name; any reserblance to any hotel name is purely coincidental.

4



¥ Activate only what you need.

¥ Userealoutbreaksasopportunities to test aspectsof your investigation
and responseplan.

¥ When you exceedyour capacily to meet functional demands,request
for humanand material resourcesisingthe ICS chain of command.

¥ Infectious diseaseemergencyoperations planning is an ITERATIVE
PROCESS

b Developyour plan
b Train to your plan

b Test and evaluateyour plan (drills, tabletops, functional and full-
scaleexercises)

b Reviseyour plan

Figurel onthe next pagedisplaysthe incidentcommandstructure (ICS) for
the InfectiousDiseaseemergencyResmpnse(IDER). UnderIDER Operations
is the Epidemiologyand Surveillancg€Epi) Branch. This structureis not the
Pnal ansver, but a schematicof one approach. An ICS structure consists
of Command,Operations,Planning, Logistics,and Finance/Administration
Sections. This structure is basedon functions, not agencyor organizational
hierachy. Conceptuallythesefunctionsapply at all levelsand are usefulfor
organizingyour thoughts and actions.

Command(OincidentcommanderOX¥ets and disseminateshe operational
objectivesto accomplishthe mission. The Operationsfunction carries out
theseobjectives.In this scenaio, the county health o"cer might be the IC,
and Dr. Nievemight be the Epi Branchleader. All other functions suport
Operations. The Planningfunction studies,anticipates,and communicates
Operationsneedsand demands.Planningalsodevelopghe Incident Action
Plan (IAP) for the operationalperiod. The IAP is approved by Command.
The Logistics Section provideslogistical support (human and material re-
sources).Finance/Admintracks costsand providesadministrativesupyort.

The CommandSta! functions includesPublic Information O"cer (P10),
LiaisonO"cer (LO), and Safety O"cer (SO). The PIO coordinatesinternal
and externalcommunications.The LO coordinateswith assistingagencies,
and the SO assureghe safet of all resppnsepersonnel.Rememter, these
are functionsthat needto be addressedt everylevel;however,at the health
depatmental levelthere will be actual positionsthat will be pblled.

The Epi Branch can be under Operationsor Planning. For example,they
may be pat of Operations, although their analyseswill help inform and
guide Planning. Figure 1 on the following pagehasa suggestedpi Branch
emergencyoperations structure. The structure is designedto scaleup to
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Figure 1: Incident command structure for an infectious diseaseemergencyinvesti-
gation and response: Displayed are details for the Epidemiology and Eurveillance
Branch, the Epidemiology Unit, and the Data Managemen Unit.

potentially involvemany team membersimplementingdiscreteinvestigative
tasks. For example the OEpiLogisticsUnitOfunction meansthat someonés

assessinthe logisticalneedsof the Epi Branch: computers software, cables,
powerstrips, Internet access paper supply meeting space,communication
equipment,etc. In a smallscaleevent,the Epi Branchleadermay be making
this assessmentbut in a large scaleevent, a Unit may be neededjust to

cary out this function.

Notice that the OEpiBranchOfunctions are set up like branchesof a tree
wheremultiple, relatedtaskscanbe run in parallel (rather than in series)to
speed up the investigativerespnsetime. In a public health emergencya
rapid investigationcan be a major factor determiningan elective respnse.

Where does casebndingbelong? It depends: casebndingfor surveillance



purposesbelongsin the Epi Branch; however,casebndingfor isolation,con-
tact tracing for quarantine, and casemanagemenshouldbe underTransmis-
sion Containmentactivities. Someprepaednessdocumentslump contain-
ment activitiesunderOepidemiologitespnse,ut they shouldbe sepaate.

In a public health emergency the health depatment operations center
(DOC) will havean ICS structure similar to Figure 1 on the previouspage.
UnderDOC Operations(not shown), it may haveseverabranchesincluding
Infectious DiseaseEmergencyResmnse (Figure 1 on the precedingpage),
EnvironmentalHealth EmergencyResmnse,Mental Health EmergencyRe-
sponse,MassCasualy Cae, etc.

Dr. Nieve arranged for two epidemiologistsand two ervironmental health in-
spectors to meet him at the Twin PeaksHotel that evening (at 7 pm). They met
with the hotel generalmanagerand chief of security. Here is what they learned: At
3:30 am, Sunday morning, January 25th, paramedicsrespondedto a non-emergem
call of a personill with nauseaand vomiting at the hotel. By 6:15 am, 8 addi-
tional patients were evaluated. By 1:00 pm that afternoon, paramedics evaluated
63 personswith similar complaints, many of whom required primarily medical ad-
vice. Sewen patients were transported to nearby hospitals for evaluation. The hotel
general manager reported that all ill personsattended the Company X Executive
Forum meeting hosted at the hotel. Over 300 personsfrom throughout the United
States attended this meeting. By Sunday evening most conferenceattendeesthat
were staying in the hotel had already left San Franciscoto By home. The hotel
manager outlined the courseof evernts in the preceding 72 hours and provided ac-
cessto hotel sta! and remaining hotel guests, provided detailed meal information,
and provided logistical support (conferenceroom, telephones)to help launch an
investigation.

Question 2 What would you suggestthat Dr. Nieve do at this point?

Answer: ANSWER:

Ask the audiencewhat they would do at this point? In general,there are
NO wrong ansvers.

After listeningto severalansvers explainthat CIDP usesthis questionas
an opportunity to reviewthe stepsof an outbreakinvestigation. The major
focusis identifyingthe cause andimplementingcontrol measures. Although
there are severallists, CIDP has summaized sevenconceptualsteps:

1. Caseinvestigation
2. Causeinvestigation
3. Control measuregdo ealy)



4. Conductanalytic study (if necessgy)

5. Conclusiongepidemiologicand causalinference)

6. Continuesurveillancgdetection and monitoring)

7. Communicatebndings(risks, recommendationsteport)

The purpose of the caseinvestigationis to conbrmthe outbreak and to

establishpreliminay causalhypotheses. The purposeof the causeinvesti-
gation is to reviewsuspectedand known causalfactors. Usinga systematic
approach, we reviewthe public health and biomedicalliterature and consult
experts?. Next, we implementcontrol measuresasedon steps1 and 2. If

weOvdoneour homevork well, weOreone. We identibedlikely causescon-
trol measuresare working, preventivemeasuresvere implementedto avoid
future outbreaks,and there would be no needto conductfurther investiga-
tions.

However,if no causeis implicated, the outbreak continues,or control mea-
suresare failing, then it may be necessg to identify, prioritize, and test
somecausalhypotheses.To test causalhypotheseswe conductan analytic
study Conductingan analytic study is resourceintensiveand is only done
whennecessyy. And eventhen, the chanceof implicating the likely cause
is generallylow. Hence,the importance of stepsl and2: you may still need
to implementcontrol measuresn the setting of continueduncertaint.

In aninvestigation,we are drawing conclusionginferences)}o guideour next
stepsand interventions. Drawing conclusionsfrom epidemiologicdata we
collectis called epidemiologic inference. Threatsto makingvalid epidemio-
logic inferencedncluderandomerra (chance),systematicerra (bias), and
confounding(alternative causalexplanations). Inferenceswe draw about
whether a suspected factor is causalis called causal inference. Drawing
causalinferencesnvolvesintegratinginformation from our investigationand
other sourcesto decidewhetherwe believea factor is likely to be causal
and, therefae, merits an interventionor further investigation(for example,
a tracebackand tracefaward of an implicatedfood item).

Naturally, it makes senseto continue surveillancesystemsthat may have
detectedthe outbreak in the pbrst place, or implementa new surveillance
systemto detect newcasesor monitor the impact of control measuresThe
primary purposeof a surveillancesystemis to detect and monitor eventsin
a target population befare, during, and after an outbreak.

Finally, we will needto communicatePndings risks,and recommendations.
Communicatingto involvedparties, the public, or the mediashouldbe done

2For a systematic approach seeour Esserial Field Epidemiology Quick Reference Guide at
http://www.medepi.net/epitools/QuickRefGuide.pdf



by a public health o"cial or spokesperson(e.g., public information o"cer).
We will alsoneedto prepae a report to summaize our investigation,bnd-
ings, and recommendations.

This hasbeena brief outline of the sevenconceptualstepsof conductingan
outbreakinvestigation. We emphasizehe conceptuaktepsbecausemanyof
the detailedstepsemergenaturally by conveningof an interdisplinay team
to discussandguidethe investigation. In fact, investigativeteamwork should
be the rule. To seea more detaileddescriptionof conductingan outbreakin-
vestigation,viewor downloadthe EssentiaField EpidemiologyQuick Refer-
enceGuideat http://www.medepi.net/epitools/QuickRefGuide.pdf

A more detailed time line of everts emerged. Most attendees arrived at the
conferenceon Thursday, January 22nd and stayed at the Twin PeaksHotel. From
Friday, January 23rd through Saturday, January 24th, they attended seweral com-
mon events and meals. Except for the Friday dinner meal at Restaurart A (a seafamd
restaurant at FishermanO&Vharf), and the Saturday dinner meal at Restaurart B
(a yadht cruise ship with restaurant services),all other commonmealswere provided
by the hotel. All apparen illnesseswere only amongthe Compary X attendees. No
hotel sta! (who regularly eat the samefood) werereported ill. Becauseof the abrupt
onset of symptoms that occurred only in conferenceattendeesthat shared se\eral
large-group meals,a common sourcefood-borne exposure was strongly suspected.

The epidemiologistswereable to interview 12 of the 20 Comparny X guestsstill in
the hotel. More than half of them reported symptoms (hausea,vomiting, and watery
diarrhea). They collected information on the symptoms, time of symptom onset,
and mealsconsumed. Seeral intervieweesmertioned that the OfmdOat Restaurart
B seemedOspiled.O No stool specimenswere collected. The lead environmental
health inspector mentioned that Restaurant B had a history of repeated health
code violations. These obsenations, along with the abrupt onset of illness, led
investigators to suspect a short incubation food-borne bacterial toxin acquired at
Restaurart B. The following timeline outlines the sequenceof events understood to
date:

1/22 Thursday: Attendeesarrived in San Francisco and cheded into Twin Peaks
Hotel

1/23 Friday: 12:00(12 pm): Lunch at Twin PeaksHotel

1/23 Friday: 18:00(6 pm): Dinner at Restaurart A (Seafad restaurant at Fisher-
manOs&Vharf)

1/24 Saturday: 18:00(6 pm): Dinner at Restaurart B (yacht & restaurarnt)

1/25 Sunday: From 3:30am to 1:00 pm, 63 attendeesevaluated for illness at hotel



On the evening of January 25th, environmental health inspectorsvisited Restau-
rant A and Restaurart B to obtain information regarding mealseatenby conference
attendeesat theseestablishmens. The preliminary inspection at Restaurant A did
not reveal any problems. The shift manager provided the inspectors with copiesof
the menu, mealssened, information on suppliers, and time of servicefor the private
dinner party mealin question. By the time the health inspector arrived, Restaurart
B was closedfor the day.

That evening, no other food-borne outbreaks were reported or detected in San
Francisco. No control measureswere implemerted at the hotel at this time.

Question 3 If Restaurant B (yacht restaurant) is the source of the outbreak, what
is the diler ential diagnosisof potential food-borne agents?

Answer: ANSWER:
Let audienceprovide someansvers.

The dilerential diagnosisof potential food-borne agentsis the following
[MMWR 2004;53(RR-4)]:

¥ Infectious

b Bacterial (including toxins)
b Viral
b Parasitic

¥ Non-infectious

b Marine toxins
b Fungaltoxins
P Chemicalcontaminants

The etiologic agentsto considerfor various manifestationsof foodborne
illnessincludethe following:

¥ Gastreenteritis (viral, food poisoning)

¥ NoninBammatey diarrhea (any pathogen)

¥ InBammatey diarrhea (Shigella,etc)

¥ Persistentdiarrhea (E. histolytica, G. lamblia)
¥ Neurologicmanifestations(Botulism)

¥ Systemicillness(Listeria, Brucella, hepatitis A)

Unlessyou work with foodborne illnesseson a regula basis, one should

NOT be expectedto rememter all thesefacts. The mostimportant point is
to recognizeyour limits in knowledgeand seekautharitative ansvers either
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through referenceqe.g., MMWR) or consultation. Do not hesitateto ask
for help! In fact, seekingassistanceshould be the rule rather than the
exception.

Question 4 What is the primary purpose of interviewing available cases?

Answer: ANSWER:

Interviewcasedo chaacterizethe illnessandto identify commonexposures
that may hint at the cause.

Question 5 What important step did the investigators not do? What else might
you do diler ently?

Answer: The investigatas were not prepaed to collect stool specimensfor
laboratory testing. Today, health depatments generallyhave PeldOgokitsO
with biologic specimencollectionkits.

Be cautiousof being led astray by commentsfrom ill subjectsand environ-
mental health inspectas that a specibcrestaurantseemso be the source.

On Monday, January 26th, the San Francisco Department of Public Health,
Communicable Disease(CD) Control Unit launched an epidemiologicinvestigation,
and environmental health inspectorsreturned to the Twin PeaksHotel and Restau-
rants A and B to conduct full food service inspections. The CD Control Unit
conducted an epidemiologic study.

Question 6 What kind of study (descriptive vs. analytic) should be conducted and
why?

Answer: ANSWER:

For this outbreak, investigatas needto conduct a descriptiveand ana-
lytic study. A descriptiveepidemiologicstudy summaizesthe OwhatCcase
debnition), OwhoQperson), Owhere@place), Owhendtime), and OhavO
many (casecount) of the outbreak. They must chaacterizethe clinicaliill-
ness,includinggatheringany cluesthat suggestthe microbialagentand/or
toxin, mode of transmissionsource,and whetherthe agentis transmissible
person-to-gerson. The epidemiccurve can suggestwhetherthere is a com-
mon sourceor propagatedpersonto person. To calculatethe incubation
period we will needwell-dePnedimes of exposureand times of symptom
onset. To completedthe descriptiveepidemiologyin this outbreak, we need
the answersfrom an analytic study.

An analytic study attempts to determinethe OhavOand Owhy®f the out-
break. Causalhypothesesare tested by measuringwhethersuspected expo-
suresare statistically ass@iated with becominga case.
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Question 7 What study designshouldthey use?

Answer: ANSWER:

In general for outbreakinvestigationswe conducteither a retrospective co-
hort study or a case-controlstudy A cohat study is conductedwhenwe
can identify and enumeratethe at-risk (target) population, we can mea-
surethe suspected exposures,and we can follow them forward in time to
assessvho develogd the iliness. A cohat study is retrospective whenthe
outbreak has alreadyoccurredand we are reconstructingthe experienceof
the identipable,enumerableat-risk population. For example,an outbreak
occurringamongattendeesof a weddingbanquetwherewe havea reliable
attendeelist and contact information is amenableto a retrospective cohat
study.

In contrast, supposethe outbreakwasassaiatedwith a restaurantbut there
is no easyway to identify and enumeratethe at-risk population. In this sce-
nario, a case-controbtudywould be used. From the caseghat are identibed,
controls could be identipedfrom thosethat ate at the sametable but did

not becomeill. In general,casesare compaed to controlswith respect to

suspect exposures. Case-controlstudiesare also conductedfor community

outbreaksof reportable communicablediseasessuch as shigellosis.In this

scenaio, controls may be recruited from the community using telephone
surveymethods.

In this hotel outbreak, becausethe conventionattendeescan be identibed,
enumeratedandcontacted,it makessensdo conducta retrospectivecohat

study. An advantageof this study designis that we candirectly estimatethe
risks assaiated with specibcexposures.In case-controlstudies,we cannot
directly estimatethe risks. The measureof asseiation for a cohat study
is the risk ratio (or the odds ratio); for a case-controlstudy; it can only be
the oddsratio.

Question 8 Describe the stepsyou would perform to conduct this study.

Answer: ANSWER:
Let audienceprovide someansvers.

Designingand conducting a study under the scrutiny and pressureof an
outbreakinvestigationcan be stressfuland, potentially, overwhelming.This
is easierto accomplishif we prepae a study protocol befae embaking on
a study, evenif it is a one-pageoutline. Hereare the six steps:

1. Primary question(s)(What questionswill the study address?)
2. SignibcancdWhy are thesequestionsimportant and to whom?)
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3. Study design(Will this be a cohat or case-controlstudy?)

4. Study subjects(Who are the subjectsand how will they be selected
and recruited? For a case-controlstudy, how are controls debPnedand
recruited?)

5. Measurementvariables(What is the casedebnition? What exposures
will be measurecandhow? What are potential confoundergalternative
explanations]?)

6. StatisticalissuegHow manysubjectsdo we need?What is our analytic
approach? How will we control for confounders?)

Conducting a study requirestwo phases: study designand study imple-
mentation. At both phaseswe are always thinking of ways to preventor
mitigate threats to validity (chance[random erra], bias[systematicerral],
and confounding). The six-stepstudy protocol helpsus systematicallyap-
proachthe study designandimplementation. For example hereis an outline
of a protocol for this outbreak:

1. Primary question(s): For this outbreak, we are assumingthe mode of
transmissionis foodborne; i.e., ingestionof a microbe or toxin. The
primary questionsmight includethe following:

¥ What is the microbialagent?

¥ How many casesoccurred?

¥ Which mealwas assaiated with illness?

¥ Which food item at the implicated meal was assaiated with ill-
ness?

¥ What is the incubation period?

¥ |s the agenttransmissibleperson-to-gerson?

¥ What is the distribution of symptoms?

2. Signibcance:This was a large outbreak involving more that 63 cases
and 7 patientstaken to the hospital.

3. Design(addressconfounding)

¥ Time frame: The outbreak hasalreadyoccurredsothe time frame
is retrospective.

¥ Epidemiologicapproach: Becauseyou can enumeratethe at-risk
population, a retrospective cohat study is appropriate.

4. Subjects(addressselectionbias):

¥ Selectioncriteria: The target populationwould be the convention
attendees.

¥ Samplingdesign: Target population, sample(intended sample),
and respndents(actual sample).
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5. Measurementivariables(addressmeasurementerra (bias), confound-
ing):
¥ Outcomevariables(cases:collectedsu”cient information for pos-
sible casedepPnitions).
¥ Exposurevariables(causes:mealsattended, and food items con-
sumedat eachmeal).

¥ Confounders:None were consideredn this investigation. How-
ever,potential confoundersvould be causalrisk factors that could
distort the primary exposure-outcomeelationshipunderconsider-
ation; for example,for a medical condition that inuencesfood
choicemight be treated with a medicationthat causediarrhea.

6. Statistical issuegaddressrandomerrar, power, confounding):

¥ Hypothesesto test
b Which mealis assaiated?
b Which food item at implicated meal?
¥ Samplesize: Samplemight be all conventionattendees.

¥ Analytic approach: Retrospective cohat study with 2" 2 tables
and the calculationof risk ratios (and odds ratios).

Question 9 What are the threats to drawing valid conclusions and how would you
addressthem?

Answer: ANSWER:

We saw previouslyhow we usedthe study protocol to addressthreats to

validity. In fact, at eachstep we ask ourselveswhat can we do to prevent
or mitigate threats to validity at the designand implementation phases.
BrieRy the threats are chance,bias, and confounding.

¥ Chance(random erra)
¥ Bias (systematicerrar)

b Selectionbias
b Information bias (measuremenerrar)

¥ Confounding

The primary approachedo addressingandomerra (chance)are (1) having
a su"cient samplesizeto detect elects of exposure (if they exist), (2)
calculating conbdenceintervals to assesghe precisionof the estimates,
and (3) calculatingp valuesto estimate the probability that an observed
valuedilers from somereferencevalue. The technicalaspectsof addressing
randomerra are beyond the scope of this module. However,we needto be
aware that randomerra threatensvalidity.
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Selectionbiasoccurswhenthe subjectsthat are recruitedinto our study are
not representativeof the target population. For example,supposethat the
study subjectswe recruit for this outbreak are thosethat ansver their home
phone. Thosethat died or are hospitalizedcannot ansver their phones.
Therefae, the subjectsin our study are not representativeof the overall
experienceof the target population.

Information bias (measuremenerra’) occurswhenthe information we col-
lect from the study subjectsis not accurate. The erra can occur in mea-
suringthe exposureor the outcome. Errars occur becauseof the subjects,
our measurementnstruments,or our interviewers. For example,to improve
subjectrecall, we donOtask Owhatdid you eat for dinner on Friday?O,but
rather, OPleas@nsver yesor no. At the Friday dinner, did you eat item A?
Did you eat item B? ... O Surveyinstrumentsshouldbe pilot tested, and
interviewersshouldbe trained to be objectiveand unbiasedin the way they
ask questionsand interact with study subjects.

Confoundingoccurswhen alternative causalfactors are operating. For ex-
ample,in investigatinga foodborne diarrhealillness,severalbf your subjects
may be taking medicationghat alsocausediarrhea. If subjectsthat are tak-

ing thesemedicationstend to avoid or favar certain types of food, then a

falseassa@iation may occur betweenconsuminga food item and developing
diarrhea. The technicalaspects of controlling for confoundingare beyond

the scope of this module. However, itOsimportant to considerpotential

confoundersand to measurethem.
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Figure 2. Outbreak of gastroenteritis at the Twin PeaksHotel, San Francisco, Cal-
ifornia, 199X. Displayed is the distribution (histogram) of onset hour for diarrhea
or vomiting for 108 cases.

2 The study

The CD Control Unit conducted a retrospective cohort study to identify which
meal(s) and food item(s) was/were assaiated with the suspected foodborne ill-
ness. A survey questionnaire was designedutilizing information and food menus
provided by the Twin PeaksHotel and Restaurart A and B (seesurvey instrument
in Appendix A on page 30). A list of 306 namesand phone numbers of registered
conferenceattendeeswas obtained from Comparny X and becamethe target popula-
tion. The list wasrandomly orderedand divided into groups of twenty and assigned
to interviewers (the target population becamethe intended sample). From Tues-
day, January 27th through Wednesdg, January 28th, as many attendeesas feasible
were contacted by interviewers without any knowledge of their symptoms or meal
or food item exposures. Attendeeswere questionedabout specibcmeals, food items
consumedat ead meal, gastrointestinal symptoms during this period, and the oc-
currence of potential secondarycasesamong householdcortacts after their return
home. A casewasdebnedasanyonethat reported the occurrenceof vomiting and/or
diarrhea during the period January 23rd to January 27th. All data were entered
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Figure 3: Outbreak of gastroenteritis at the Twin PeaksHotel, San Francisco, Cali-
fornia, 199X. Displayed is the distribution (histogram) of gastroerteritis symptoms
(diarrhea or vomiting) for 108 cases.The median duration is 2.0 days, and the mean
duration is 2.15 days.

into Epi Info 6 and exported to R* for analysis.

Question 10 What is the diler ene between target population, sample (intended
sample), and respndents (actual sample) and why doesit matter?

Answer: ANSWER:

The target population is the target of our epidemiolgicinferences;this is
usuallythe population at risk.

The sampleis who we intend to samplefrom the target population. The
sampleis basedon a samplingplanto minimizedrandomerra (chance)and
systematicerra (selectionbias).

The respndents(actual sample)is the group of subjectsthat make it into
our study Evenif the samplingplan eliminatedselectecdbias, biasedrecruit-
ment can let selectionbias creepin (seeFigure4 on the next page).

3For basic data entry we now recommend EpiData; it is freely available from http://www.
epidata.dk

“R is an open source program for statistical computing and graphics; it is freely available at
http://www.r-  project.org
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Target population 2x2 Table

Case Noncase

Sample
* Exposed a b
Respondents -
Nonexposed c d

Figure 4: The population at risk (target population) is the target of our epidemi-
ologic inferences. The intended sample is designedto minimize random error and
systematic error (selection bias). The actual sample are the subjects that make it
into your study.

Question 11 In addition, to the epidemiolayic investigation, what other investiga-
tions need to occur at the sametime?

Answer: ANSWER:

Let the audienceprovide someansvers.

A thorough environmentalhealth investigationis needed.

In generalthe typesof investigationsthat may be neededinclude:

¥ Epidemiological/Clinical

¥ Laboratory

¥ Environmental

¥ Veterinay

¥ Forensics/Lav enfacement

Epidemiologists completedand erntered into a databaseinterviews from 164 sub-
jects. The casedebnition was met by 110 of 164 subjects (67%). The remaining
54 subjects were considerednon-cases.Five casesand zero non-caseseported sec-
ondary illness among householdcontacts after their return.

Question 12 What are the generl types of epidemic curvesthat you might see as
you continue the investigation?

18



Answer: ANSWER:
Part of caseinvestigationis orienting the casesby person,place,and time.
An epidemiccurvecan:

¥ Suggestagentor incubation period

¥ Suggestmagnitudeand time course

¥ Suggestpattern of spread:

B Commonsource(point, intermittent, or continuousin time)
b Propagated(person-to-grson)
b Time limited vs. ongoingoutbreak

¥ Showv wherewe are in the courseof the epidemic
¥ Be usedfor evaluation/monitaing
¥ Provideadditional clues(outliers, etc)
In this outbreak, althougha commonsource,point exposurewas susgected,

none has beenidentipedyet; therefae, we cannot calculatean incubation
period.

Study the epidemic curve (Figure 2 on page 16) and duration of symptoms

(Figure 3 on pagel7).

Question 13 What is your interpretation?

Answer: ANSWER:

Most of the casesstarted appeaing Saturday eveningand ealy Sundy
maorning, and is consistentwith a commonsource,point exposure.

The duration of illness(about 2 days) is consistentwith a bacterial food
poisoningor viral gastreenteritis.

Question 14 What additional information do you need to appropriately interpret
the curve?

Answer: ANSWER:

To calculatethe incubation period, we needto identify the point time of
exposure, if it exists. Knowing the incubation period will help us shaten
the list of possiblemicrobial agents.

Question 15 Baseal on Figure 3 on pagel17, why do the median duration and mean
duration of symptomsdiler?
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Answer: The meanis the arithmetic average: sum the valuesand divide
by the number of values. The medianis that value that puts half of the
sated valuesbelow it and half of the sated valuesaboveit. The mean
is inBuencedby OoutliersCand the medianis not. In this example, the
histogramOgght tail is skewed, therefae we expect the meanto be larger
than the medianNand it is.

If the meanand medianvaluediler signibcantlyusethe medianvaluesince
it is more representativeof the most commonvalues.

In this outbreak investigation, the epidemiologists designedand conducted an
interviewer-administered questionnaire (1A Q).

Question

16 What are some key stepsin developingand implementing a survey

guestionnaire?

Answer: ANSWER:

The sevenkey stepsin designingand conductinga surveyare listed below.
The surveyis an instrument we useto make measurement®n the study
subjects. Thesestepsare incarporated into our study protocol (p. 12).

Establishsurveygoals
Designsurveysampling
Designsurveyinstrument
Evaluatesurveyinstrument
Train surveyinterviewers
Conductsurvey

N o ok~ wdE

Analyzesurveydata
Now hereare the stepsin more detail:

1. Establishsurveygoals

¥ Objectivesand timelines

¥ Planning, logistics,and Pnance/adminrequirements
2. Designsurveysampling

¥ Target population

¥ Frame population

¥ Sample(intended sample)

b Recruitmentplan
¥ Resmndents(actual sample)
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¥ Post-surveyadjustments
3. Designsurveyinstrument
¥ Construct
¥ Measurement
b Selectsurveymode
I' Interviewer-administeredquestionnairg(IAQ)
a Face-to-facesurvey
a Telephonesurvey
I Self-administeredjuestionnairg(SAQ)
a Mail survey
a Web-basedsurvey
b Designquestions
¥ Resmpnse
¥ Edited respnse
4. Evaluatesurveyinstrument
¥ Pilot test questionnaire
5. Train surveyinterviewers
6. Conductsurvey
7. Analyzesurveydata
¥ Entry and quality control
¥ Management
¥ Processing
¥ Analysis

First, establishthe goalsof the surveyand a timeline. ItOsusefulto adopt
an ICS perspective (planning, logistics, Pnance/admin). Second,designthe
sampling protocol. In this outbreak, the target population would be the
conferenceattendees. The frame population (also called samplingframe)
is somelist that is usedto samplethe target population (seeFigure 5 on
the next page). In this outbreak, CompanyX had a list of emplgeesthat
registeredfor the conference. Unfortunately, the list may have contained
namesof personsthat did not attend the conferenceithey werenot at risk
for becomingill from a conferenceexposureand, therefae, are ineligibleto
be sampled. Converselythe list may not havethe namesof personsthat
actually attended (undercoverage).Any remaininggap betweenthe frame
and target population is called coverageerra. Can the audiencethink of
ways to reducecoverageerra?

Third, designthe surveyinstrument. The construct is what we are trying
to measure;for example,individual food item consumption. Next, decide
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Frame population
(conference attendee list)

Ineligible
(did not attend conference but on list)

Covered population

Undercoverage
(attended conference but not on list)

Target population
(actual conference attendees)

Figure 5: Coverageerror occurs when our frame population (conferenceattendee
list) doesnot cover the target population (actual conferenceattendees).

decidehow to measurethe construct. Selecta surveymode: interviewer-
administeredquestionnaireor a self-administeredjuestionnairethen design
the gquestionsand the possiblerespnses. Fourth, evaluatethe surveyby
pilot testing it. Fifth, train interviewers to the recruitment protocol and
surveyadministration. Finally, conductthe surveyand analyzethe data.

Study the IAQ that starts in Appendix A on page 30.

Question 17 Why did the investigators put the outcome assessmentjuestions at
the end of the survey?

Answer: ANSWER:

Rememier the threats to validity: chance, bias, and confounding. Bias
(systematicerra) is either selectionbiasor information bias (measurement
erra). Information bias can occur becauseof the respndent, the survey
instrument, or the interviewer. When the interviewer contacts the respn-
dent, he or shedoesnot know whetherthe resppndentwas a caseor not.
We want the interviewersto elicit a respnsesin an unbiasedmanner. If
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the interviewer knows the resppndentOsasestatus, it might inRuencehow
he or sheelicits the respnses.

Question 18 Who should conduct the interviews?

Answer: ANSWER:

At the stageof administeringa surveyinstrument, we needinterviewersthat
are unbiasedand professional. Interviewers are not conductingan investi-
gation, they are collectingdata, and it must be donein a standadizedway.
If we administerthe surveyas an interviewer, then we haveto be ableto
put asideour own biases. For example,cliniciansinterview patients with
probing open-endedjuestionsfollowed by focusedconbrmataoy questionsin
order to establishand prioritize a dilerential diagnosisfor their individual
patients. For example,a clinical provider might say OSowhatOsothering
you today?O OSoyour throat is sae. Do you have trouble swallowing?
Haveyou had chills? Did you take your temperature? Do you havea runny
nose?0.This approach will not work with a survey;although it might be
usefulin the caseinvestigationwhenwe are generatinghypotheses.

Question 19 How would a self-administered questionnaire (SAQ) diler?

Answer: ANSWER:

Theinvestigatos conductedan interviewer-administeredjuestionnairglAQ).
The surveyinstrument had scripts for the interviewersto read, and skip-
patterns to facilitate e"cient data collection. A SAQ di'ers in that the
intervieneemust be ableto readand navigatethe questionnaire.Therefae,
it must be user-friendlyand at the appropriate readinglevel.

A limitation of a SAQ is that somerespndentsmay not be ableto read
and/or understandthe survey

Question 20 What is the casedepbnition and how could you improve itOssensitivity
and specibcity? What are the trade-o!s?

Answer: ANSWER:

OA casewas debnedas anyone that reported the occurrenceof vomiting
and/or diarrheaduring the period Januay 23rd to Januay 27th.O(p. 16)

This is a OlmseCcasedebnition;that is, a more sensitivecasedepPnitionis
likely to pick up more cases. This more sensitivecasedepnitionresultsin
decreasedpecibciy; hence,it will alsopick up more false positives.

A more specibPccasedebnitionmight be O2or more loosestoolsin a 24 hour
period during the period Januay 23rdto Januay 27th.O However, this case
dePnitionwould also be lesssensitive.
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Table 1: Setting up the 2" 2 table for the sensitivity and specibcily of a case
dePnition

Actual DiseaseStatus

Meets Case DePnition Disease(D) No Disease(B)
Yes(C) True Positive (T'P) False Positive (F P)
No (®) False Negative (F'P)  True Negative (T'N)

FOR EPIDEMIOLOGISTS:

ReviewTable 1. Sensitiviy is the probability of a subjectmeetingthe case
debnitiongiventhat a subjectactually hasthe disease.The sensitiviy of a
casedebnitionis determinedby the number of subjectsthat are mistakenly
classipedsnon-disease(falsenegatives).A highly sensitivecasedepnition
will have a low number of false negatives,giving us conbdencen using
negativeresultsto rule out a case(OSnOutO).

TP

Sensitiviy = P(C | D) = =5+

Specibciy is the probability of a subject not meeting the casedebnition
giventhat a subjectactually doesnot havethe disease.The specibciy of a
casedebpnitionis determinedby the number of subjectsthat are mistakenly
classibeds diseasedfalse positives). A highly specibccasedepnitionwill
havea low number of false positives,giving us conbdencen using positive
resultsto rule in a case(OSpInO).

TN

Specibciy= P(@ | &) = TN+EP

The predictive value positive (PV+) is the probability of a subject having
diseasgyiventhat the subjectmet the casedebnition. The PV+ is a func-
tion of the sensitiviy and specibciy of the casedebnition, and the prior
probability of the subjectbeing a true case.Generallya majar determinant
of the prior probability is the prevalenceof the conditionin the at-risk popu-
lation and any additional information that makesthe condition more or less
likely In this equationP (D) is the prior probability of havingthe disease.

P(C|D)P(D)

PV+=P(D |C) = P(C|D)P(D)+ P(C | B)P(B)

To summaize, hereare the Otalke home pointsOto rememter:
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1. A more sensitive(OlamseO)asedebnition(low FN) will pick up more
casegat the expenseof specibciy [more FP]);

2. Usea more sensitivecasedePbnitionif the benepbtsof picking up more
mild casesoutweigh the burdenof picking up more falsepositives.

3. A more sensitivecasedebnition(low FN) is better for ruling out a case
(becauseyou havemore conbdencen a negativeresult);

4. A more specibc case debnition reducesmisclassiPcatiorin analytic
studies,improving the validity of Pndings;

5. A more specibccasedebnition(low FP) is better for ruling in a case
(becauseyou havemore conbdencen a positive result);

6. Predictivevaluepositive [P (D | C)] is a function of sensitiviy, speci-
bcity, and prior probability. Prior probability is alected by disease
prevalenceand other relevantinformation.

Question 21 Basal on the results of this survey, how many of the the 306 confer-
ence attendees became il during this period? Discussthe types of biasesthat would
alect this estimated number.

Answer: ANSWER:

OThecasedebnitionwas met by 110 of 164 (67%) subjectsinterviened.O
Therefae, 67% or 206 out of 306 conferenceattendeeswereill.

This assumeso selectionbias and no measuremenbias.

Question 22 Calculate the risk ratios and the odds ratios for Table 4 on page 27
and interpret your Pndings.

Answer: ANSWER:

For a cohat study Table2 on the following pagehasthe 2" 2 table setup
to test the hypothesisthat a singleexposureis asseiated with becominga
case. The risk of becominga caseamongthe exposedis estimatedby the
proportion R, = a/Nj, andthe risk amongthe nonexmsedis estimatedby
the proportion Rp = ¢/No. Basedon this set up, the risk ratio is

Ry a/Ng

RR = — ,
Ro C/No

and the oddsratio is

Ri/(1# Ry) _ (a/Ny)/(b/Ny) _ ad

OR = RV (#Ro) ~ (c/No)/ (d/Ng) b
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Table 2: 2" 2 table for cohort binomial data

Case
Exposure Yes No Total
Yes a b N,
No c d No

Table 3: 2" 2 table to test the hypothesisthat eating at breakfast on January 23rd
was assiated with becominga case

Case
Ate meal Yes No Total
Yes 88 34 122
No 22 19 12

For example the 2" 2 table to test the hypothesisthat eating breakfaston
Januay 23rd was assaiated with becominga caseis displa/ed in Table 3.
Basedon this set up, the risk ratio is

Ry _ 88122

RR= — =
Ro 22/ 41

1.34,

and the oddsratio is

_ad _ (88)(19) _

" bc (34)(22) 2.24

Underthe null hypothesisof no assaiation (RR = 1), the p valueis the
probability of observinga risk ratio of 1.34 or more extreme (or an odds
ratio of 2.24 or more extreme). This p value was calculatedusing FisherOs
Exact Testwhichis availablefor 2" 2 tablesin modern statistical software
paclkages.

The risk ratios and oddsratios for eachmealare reported in Table4 on the
following page.
Question 23 Which meal is likely implicated?

Answer: ANSWER:
The Friday noon lunch at the hotel is most strongly ass@iated with illness.

Question 24 Why do the risk ratios and odds ratios diler?
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Table 4: Meal-specibcattack percert (AP) for personswho ate at the Comparny X

conferencemeals
Ate item Did not eat item
Meal Cases Total AP Cases Total AP RR OR P value
Friday (1/23)
Breakfast 88 122 721 22 41 53.7 1.34 2.24 0.0349
Lunch? 109 146 74.7 0 17 0.0 26.2 102 < 0.0001
Dinner® 94 138 68.1 16 26 615 1.11 1.34 0.5045
Saturday (1/24)
Breakfast 87 123 70.7 23 41 56.1 1.26 1.89 0.0889
Lunch 65 88 73.8 45 76 59.2 1.25 1.95 0.0664
Dinner® 86 124 69.4 24 40 60.0 1.16 1.51 0.3337

AP = attack percert; RR = risk ratio; OR = odds ratio.

All p values calculated using FisherOsExact Test.
@ 0.5 added to all cellsto calculate RR and OR

b Dinner served at Restaurant A

€ Dinner served at Restaurant B

Answer: ANSWER:

For a risk ratio > 1, the oddsratio is more extreme(for a risk ratio < 1,
the oddsratio is closerto 0). This is a mathematicalproperty of oddsratio.
When the proportions alected are > 10% this dilerence is more appaent.
Hence,the Orae diseaseassumptionQwhere the odds ratio approximates
the risk ratio) is often incarrect in infectiousdiseaseoutbreaks.

Question 25 Which measure of assaiation do you prefer and why?

Answer: ANSWER:

For a cohat study, we can calculaterisk ratios or odds ratios. For a case-
control study, we can only calculate odds ratios. If you are interestedin
compaing risks and making risk compaison statements,usethe risk ratio
(or the odds ratios if the Oraie diseaseassumptionQs valid). If you are
interestedonly in a measureof assaiation, then the oddsratio is generally
better:

¥ Oddsratio can be calculatedfrom either study design,

¥ Recipocal of the odds ratio is the carect measureof asseiation for
the recigrocal of the ratios of the odds (this is not true for risk ratios)

¥ Oddsratio is the measureof ass@iation usedin multivariable logistic
regressioranalysis
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Table 5: Food item-specibcattack percernt (AP) for personwho ate at hotel lunch
on Friday, January 23rd

Ate item Did not eat item
Food item Cases Total AP Cases Total AP RR OR P value
Mixed green salad 103 140 735 5 5 100.0 0.74 0.0 0.3291
Ranch dressing 47 60 78.3 48 68 706 111 151 0.4184
Vinaigrette dressing 54 72 75.0 46 64 712 1.04 1.17 0.7013
Beef lasagna 104 137 75.9 5 8 625 1.21 1.89 0.4101
Seasonalvegetables 87 116 75.0 16 23 69.6 1.08 131 0.6070
Sourdough rolls 66 88 75.0 41 54 75.9 099 0.9 1.0000
Dutch crunch rolls 39 46 84.38 66 93 710 119 228 0.0941
Lemon custard tart 2 103 127 81.1 5 18 27.8 292 112 < 0.0001
Unbottled water 95 125 76.0 10 17 58.8 1.29 2.27 0.1464

AP = attack percern; RR = risk ratio; OR = odds ratio.
All p values calculated using FisherOsExact Test.
& Garnish and mixed berry coulis

¥ Oddsratio, becausethey are more extremethan risk ratios, are better
for Odetecting@otential causalfactors

Question 26 How would thesebndingsnow direct the beldinvestigation?

Answer: ANSWER:

This analysissuggeststhat the exposure occurred at the Friday lunch on

Januay 23rd. If the hypothesisis that an individualfood item is the cause,
thenthe nextanalysisvould beto evaluatewhichindividualfood item served
at that lunchis assaiatedwith illness. Rememler, the analysismust match

the hypothesiswe are testing.

Based on your analysis of Table 4 on the previous page, you have decided to
analyzethe data from Table 5.

Question 27 Calculate the risk ratios and the oddsratios for Table5 and interpret
your Pndings. Which food item might be implicated? How would these bndings now
direct the peldinvestigation?

Answer: ANSWER:

The lemon custad tart is moderately assa@iated with illness(RR = 2.92;
OR= 11.2;p< 0.0001).
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Now that we believeit may havebeenthe lemoncustad tart, the following
shouldhappen:

¥ Reviewhow the lemon custad tart was produced, packaged, trans-
ported, handled,prepaed, and served,and by whom.
¥ Do food item trace back (who producedthe food item or ingredients?)

¥ Do food item traceforward (whereelsewasthe food item or ingredients
delivered?)

Question 28 Basal on the likely time of expsure (from analysis of Table 4 on
page 27, type and duration of symptoms(Figure 3 on page17), the symptomssum-
marized in Table 6 on the following page and Table 7 on the next page, and the
occurrence of secondary cases, re-interpret the epidemic curve. What is the likely
microbial agentof this outbreak? Explain your rationale. How would this direct your
investigation?

Answer: ANSWER:
The microbial agentwas most likely norovirus:

¥ Incubationperiod of about 36 hours

¥ Symptomsof nauseayyomiting, diarrhea

¥ Signsof fever

¥ Medianduration of illnesswas 2 days

¥ Occurrenceof seconday householdsasesamongcasesonly
At the time of this outbreak (late 1990s),norovirus was diagnosedoy elec-
tron microscopy of large volumesof stools. The method was insensitive.

Our currently availabletest, the polymerasechainreaction (PCR), was hot
available.
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Table 6: Comparison of symptoms for those that ate and did not eat lunch, Friday,
January 23rd

Ate lunch Did not eat lunch
Symptom Yes Total (%) Yes Total (%)
Nausea 111 145 76.6 0 17 0.0
Vomiting 76 144 52.8 0 17 0.0
Abdominal cramps 96 144 66.7 3 17 17.6
Diarrhea 89 144 61.8 0 17 0.0
Fewvers 70 133 52.6 0 17 0.0
Chills 85 143 59.4 1 17 59
Lightheadedness 84 143 58.7 1 17 5.9
Bloating 61 137 445 2 17 11.8
Bodyadies 87 144 604 1 17 5.9
Headades 84 142 59.2 1 17 5.9

Table 7: Comparison of symptoms for those that ate and did not eat the lemon
custard tart, Friday, January 23rd

Ate tart Did not eat tart
Symptom Yes Total AP Yes Total AP
Nausea 109 126 86.5 1 17 5.6
Vomiting 73 125 58.4 2 18 11.1
Abdominal cramps 94 125 75.2 1 17 5.6
Diarrhea 85 125 68.0 3 18 16.7
Fewvers 68 114 59.6 1 17 5.6
Chills 83 124 66.9 1 17 5.6
Lightheadedness 84 125 67.2 0 18 0.0
Bloating 57 118 483 3 18 16.7
Bodyaches 84 125 67.2 2 16 11.1
Headadhes 82 123 66.7 1 18 5.6

App endix A: Survey Inst rument

The actual survey usedfor this outbreak investigation starts on the next page.
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