
Investigating an Outbreak 
        Page 6-1 

INVESTIGATING AN OUTBREAK 
!"#$%&'()*$+(',)-*.+/)0+'1+*22'.)1-301%#$)'23.'.)4%)5%06',%1)*1)'.)-3.+'
23./1'03+%&)'+(*+'+()'0"/#).'32'23./1'23.'1(%6)$$31%1'1))/1'(%6().'+(*0'
"1"*$'+(%1'5))78'93/)30)'2.3/'*'0".1%06'(3/)'&*$$1'+3'.)-3.+'1)4).*$'&*1)1'
32'-0)"/30%*'*/306'%+1'.)1%,)0+18':1'+()'0"/#).'32'&*1)1'%0')%+().'32'+()1)'
1%+"*+%301'*&+"*$$;'(%6().'+(*0'"1"*$<'=(*+'1(3"$,'#)'"1),'+3')1+%/*+)'
>"1"*$<?'':2'%+'%1'(%6().'+(*0'"1"*$@'1(3"$,'+()'()*$+(',)-*.+/)0+'1+*22'&*$$'

+()'1%+"*+%30'*'&$"1+).@'*0'3"+#.)*7@'*0')-%,)/%&<':1'*'2%)$,'%04)1+%6*+%30'0)),),<'=(*+'&.%+).%*'
1(3"$,'+();'"1)'+3',)&%,)<'A0,'%2'+();',)&%,)'+(*+'*'2%)$,'%04)1+%6*+%30'%1'%0,)),'5*..*0+),@'(35'
,3'+();'63'*#3"+'&30,"&+%06'1"&('*0'%04)1+%6*+%30<'B()1)'*0,'.)$*+),'C")1+%301'5%$$'#)'
*,,.)11),'%0'+(%1'$)11308 

Objectives 

!"#$%&'#()*+,-&#.+'&/$''0,&1,)&1,'2$%+,-&#.$&3($'#+0,'&+,&#.$&$4$%5+'$'6&*0(&2+//&7$&17/$&#08&
 9+'#&#.$&%$1'0,'&#.1#&.$1/#.&1-$,5+$'&+,:$'#+-1#$&%$;0%#$)&0(#7%$1<'&
 9+'#&#.$&'#$;'&+,&#.$&+,:$'#+-1#+0,&0"&1,&0(#7%$1<&
 =$"+,$&5/('#$%6&0(#7%$1<6&1,)&$;+)$>+5&
 ?+:$,&#.$&+,+#+1/&+,"0%>1#+0,&0"&1&;0''+7/$&)+'$1'$&0(#7%$1<6&)$'5%+7$&.02&#0&)$#$%>+,$&
2.$#.$%&1,&$;+)$>+5&$4+'#'&

 @#1#$&#.$&;(%;0'$&0"&1&/+,$&/+'#+,-&
 ?+:$,&+,"0%>1#+0,&170(#&1&50>>(,+#*&0(#7%$1<&0"&)+'$1'$6&/+'#&#.$&+,+#+1/&'#$;'&0"&1,&
+,:$'#+-1#+0,&

 ?+:$,&#.$&1;;%0;%+1#$&+,"0%>1#+0,&"%0>&#.$&+,+#+1/&'#$;'&0"&1,&0(#7%$1<&+,:$'#+-1#+0,6&
)$:$/0;&7+0/0-+51//*&;/1('+7/$&.*;0#.$'$'&

 =%12&1,)&+,#$%;%$#&1,&$;+)$>+5&5(%:$&
 ?+:$,&)1#1&+,&1&#20A7*A#20&#17/$6&51/5(/1#$&#.$&1;;%0;%+1#$&>$1'(%$&0"&1''05+1#+0,&

Major Sections 

:0+.3,"&+%30'+3':04)1+%6*+%06'*0'D"+#.)*7 88888888888888888888888888888888888888888888888888888888888888888888888888888888888 EFG'
9+)-1'32'*0'D"+#.)*7':04)1+%6*+%308888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888 EFH'
9"//*.; 888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888 EFIJ

KLK6'



Investigating an Outbreak 
        Page 6-2 

 
 
 
 

 
To uncover outbreaks: 
 
 Review routinely 
collected surveillance 
data 

 Astutely observe single 
events or clusters by 
clinicians, infection 
control practitioners, or 
laboratorians 

 Review reports by one 
or more patients or 
members of the public 

 

Introduction to Investigating an Outbreak 

Uncovering outbreaks 
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Epidemic: the occurrence 
of more cases of disease 
than expected in a given 
area or among a specific 
group of people over a 
particular period of time. 
Usually, the cases are 
presumed to have a 
common cause or to be 
related to one another in 
some way 

 
Outbreak: epidemic limited 
to localized increase in the 
incidence of disease 
 
Cluster: aggregation of 
cases in a given area over 
a particular period without 
regard to whether the 
number of cases is more 
than expected 
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Deciding whether to investigate a possible outbreak 
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Table 6.1 Relative Priority of Investigative and Control Efforts During an Outbreak, Based on 
Knowledge of the Source, Mode of Transmission, and Causative Agent  

 
 

 
 

 
 Source/Mode of Transmission 

(How people are getting exposed to the agent) 
  Known Unknown 

Known Investigation + 
Control +++ 

Investigation +++ 
Control + Causative Agent 

Unknown Investigation +++ 
Control +++ 

Investigation +++ 
Control + 

 
 

  
+++ = highest priority 
+ = lowest priority 
 

 
Source: Goodman RA, Buehler JW, Koplan JP. The epidemiologic field investigation: science and judgment in public health practice. 
Am J Epidemiol 1990;132:9–16. 
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*#7&(#1($',"5*)55)#";(,"7()"/3-,$)#"(+&')#7(D(,"7($%&(/:)")/,:(
5+&/$'3*(#1(7)5&,5&8(E"0&5$)6,$#'5(,:5#(,$$&*+$($#(/%,',/$&')<&($%&(
+#+3:,$)#"5(,$(6'&,$&5$(')54(,"7($#()7&"$)12(5+&/)1)/(')54(1,/$#'58(
!/F3)')"6(53/%()"1#'*,$)#"(>,5(,"()*+#'$,"$(*#$)0,$)#"(1#'(
)"0&5$)6,$#'5(5$372)"6(53/%("&>:2('&/#6")<&7(7)5&,5&5(,5(
G&6)#"",)'&5H(7)5&,5&()"(I%):,7&:+%),()"(JKLM;(!ENC()"($%&(&,':2(
JKOP5;(%,"$,0)'35()"(JKKQ;(5&0&'&(,/3$&('&5+)',$#'2(52"7'#*&(
@C!RCA()"(SPPQ;(,"7(,0),"(1:3()"(SPPT8(
(
U0&"(1#'(7)5&,5&5($%,$(,'&(>&::(/%,',/$&')<&7;(,"(#3$-'&,4(*,2(
+'#0)7&(#++#'$3")$)&5($#(6,)"(,77)$)#",:(4"#>:&76&(-2(,55&55)"6(
$%&()*+,/$(#1(/#"$'#:(*&,53'&5(,"7($%&(35&13:"&55(#1("&>(
&+)7&*)#:#62(,"7(:,-#',$#'2($&/%")F3&58(9#'(&?,*+:&;(#3$-'&,45(
#1(0,')/&::,(@/%)/4&"+#?A()"(%)6%:2()**3")<&7(/#**3")$)&5(
,::#>&7()"0&5$)6,$#'5($#(7&$&'*)"&(&11&/$)0&"&55(#1($%&("&>(
0,//)"&(,"7()**3")<,$)#"('&/#**&"7,$)#"58JJ;JS(!"(#3$-'&,4(#1(
6),'7),5)5(+'#0)7&7($%&(#++#'$3")$2($#(5$372($%&(,++'#+'),$&"&55(#1(
,(/:)")/,:(/,5&(7&1)")$)#";JQ(>%):&(,"(#3$-'&,4(#1('#$,0)'35(>,5(35&7(
$#(5$372($%&(+&'1#'*,"/&(#1(,("#0&:(7),6"#5$)/(*&$%#78JV((=)$%(
)"/'&,5&7(,//&55($#($%&(E"$&'"&$(,"7(&W*,):()"($%&(JKKP5;(#3$-'&,4(
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!"#$%&!'(&!)"%*+$,$*-%$.*&)*$#(/-(&$*+0$&0$,*1)&$"&!(/*2)"&,)/%*
+)-/.*,$%1)".*&)*$34(!/*%)/!2!&(&!)"%*&)*1(,&!2!1(&$567368*

Public, political, or legal concerns 
9-:/!2;*1)/!&!2(/;*),*/$'(/*2)"2$,"%*2("*:$*&0$*.,!#!"'*<),2$*:$0!".*
&0$*.$2!%!)"*&)*2)".-2&*("*!"#$%&!'(&!)"5*=*2/-%&$,*)<*2("2$,*2(%$%*
!"*(*"$!'0:),0)).*4(>*1,)41&*2)"2$,"$.*,$%!.$"&%*&)*(.#)2(&$*<),*
("*!"#$%&!'(&!)"5*?)4$&!4$%*&0$*1-:/!2*!%*2)"2$,"$.*&0(&*&0$*
.!%$(%$*2/-%&$,*!%*&0$*,$%-/&*)<*("*$"#!,)"4$"&(/*$@1)%-,$*%-20*(%*
&)@!2*+(%&$5*A"#$%&!'(&!)"%*)<*%-20*2/-%&$,%*(/4)%&*"$#$,*!.$"&!<>*(*
2(-%(/*/!"B*:$&+$$"*$@1)%-,$*(".*.!%$(%$56C;6D**E$#$,&0$/$%%;*4(">*
0$(/&0*.$1(,&4$"&%*0(#$*/$(,"$.*&0(&*&0$>*4-%&*:$*F,$%1)"%!:/>*
,$%1)"%!#$G*&)*1-:/!2*2)"2$,"%;*$#$"*!<*&0$>*&0!"B*&0(&*("*
$1!.$4!)/)'!2*/!"B*!%*-"/!B$/>58;C;HI**?!4!/(,/>;*&0$*1-:/!2*4(>*<$(,*
&0(&*("*)-&:,$(B*!%*&0$*,$%-/&*)<*("*!"&$"&!)"(/*2,!4!"(/*),*
:!)&$,,),!%&*(2&5*J0$*0$(/&0*.$1(,&4$"&*4(>*:$*(:/$*&)*(//(>*&0)%$*
<$(,%*:>*.)2-4$"&!"'*&0(&*&0$*)-&:,$(B*+(%*&0$*,$%-/&*)<*("*
!"(.#$,&$"&*),*"(&-,(//>*)22-,,!"'*$@1)%-,$5*
*

?)4$*!"#$%&!'(&!)"%*(,$*2)".-2&$.*:$2(-%$*&0$>*(,$*,$K-!,$.*:>*
/(+5*L),*$@(41/$;*MNMO%*E(&!)"(/*A"%&!&-&$*<),*P22-1(&!)"(/*
?(<$&>*(".*Q$(/&0*REAP?QS*!%*,$K-!,$.*&)*$#(/-(&$*&0$*,!%B%*&)*
0$(/&0*(".*%(<$&>*!"*(*+),B1/(2$*!<*,$K-$%&$.*&)*.)*%)*:>*(*-"!)";*
&0,$$*),*4),$*+),B$,%;*),*("*$41/)>$,5H6*

Program considerations 
T(">*0$(/&0*.$1(,&4$"&%*,-"*1,)',(4%*&)*2)"&,)/*(".*1,$#$"&*
2)44-"!2(:/$*.!%$(%$%*%-20*(%*!"</-$"U(;*&-:$,2-/)%!%;*#(22!"$3
1,$#$"&(:/$*.!%$(%$%;*(".*%$@-(//>*&,("%4!&&$.*.!%$(%$%5*="*
)-&:,$(B*)<*(*.!%$(%$*&(,'$&$.*:>*(*1-:/!2*0$(/&0*1,)',(4*4(>*
,$#$(/*(*+$(B"$%%*!"*&0(&*1,)',(4*(".*("*)11),&-"!&>*&)*20("'$*),*
%&,$"'&0$"*1,)',(4*$<<),&%5*A"#$%&!'(&!"'*&0$*)-&:,$(BO%*2(-%$%*
4(>*!.$"&!<>*1)1-/(&!)"%*&0(&*0(#$*:$$"*)#$,/))B$.;*<(!/-,$%*!"*
!"&$,#$"&!)"*%&,(&$'!$%;*),*20("'$%*!"*&0$*('$"&5*V%!"'*&0$*)-&:,$(B*
&)*$#(/-(&$*1,)',(4*$<<$2&!#$"$%%*2("*0$/1*1,)',(4*.!,$2&),%*
!41,)#$*<-&-,$*.!,$2&!)"%*(".*%&,(&$'!$%5*

Training 
A"#$%&!'(&!"'*("*)-&:,$(B*,$K-!,$%*(*2)4:!"(&!)"*)<*.!1/)4(2>;*
/)'!2(/*&0!"B!"';*1,):/$43%)/#!"'*(:!/!&>;*K-("&!&(&!#$*%B!//%;*
$1!.$4!)/)'!2*B")+30)+;*(".*W-.'4$"&5*J0$%$*%B!//%*!41,)#$*
+!&0*1,(2&!2$*(".*$@1$,!$"2$5*J0-%;*4(">*!"#$%&!'(&!#$*&$(4%*1(!,*
(*%$(%)"$.*$1!.$4!)/)'!%&*+!&0*("*$1!.$4!)/)'!%&3!"3&,(!"!"'5*J0$*
/(&&$,*'(!"%*#(/-(:/$*)"3&0$3W):*&,(!"!"'*(".*$@1$,!$"2$*+0!/$*
1,)#!.!"'*(%%!%&("2$*!"*&0$*!"#$%&!'(&!)"*(".*2)"&,)/*)<*&0$*
)-&:,$(B5*
*
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Steps of an Outbreak Investigation 

!"#$%&'$%($#)*)+"%&+%#+"(,#&%-%.)$/(%)"0$*&)1-&)+"%+.%-"%-#,&$%
+,&23$-4%'-*%2$$"%5-($6%7+34)"1%8,)#4/9%)*%$**$"&)-/%:%-*%)*%
1$&&)"1%&'$%3)1'&%-"*7$3;%<"%+&'$3%7+3(*6%$=)($5)+/+1)*&*%#-""+&%
-..+3(%&+%#+"(,#&%-"%)"0$*&)1-&)+"%&'-&%)*%>8,)#4%-"(%()3&9;?%@'$9%
5,*&%#+"(,#&%)"0$*&)1-&)+"*%&'-&%-3$%>8,)#4%-"(%#/$-";?AA%%%B"($3%
*,#'%#)3#,5*&-"#$*6%$=)($5)+/+1)*&*%.)"(%)&%,*$.,/%&+%'-0$%-%
*9*&$5-&)#%-==3+-#'%&+%.+//+76%*,#'%-*%&'$%*$8,$"#$%/)*&$(%)"%@-2/$%
C;A;%@')*%-==3+-#'%$"*,3$*%&'-&%&'$%)"0$*&)1-&)+"%=3+#$$(*%7)&'+,&%
5)**)"1%)5=+3&-"&%*&$=*%-/+"1%&'$%7-9;%

% 
Table 6.2 Epidemiologic Steps of an Outbreak Investigation 
 
 1. Prepare for field work 
 2. Establish the existence of an outbreak 
 3. Verify the diagnosis 
 4. Construct a working case definition 
 5. Find cases systematically and record information  
 6. Perform descriptive epidemiology 
 7. Develop hypotheses 
 8. Evaluate hypotheses epidemiologically 
 9. As necessary, reconsider, refine, and re-evaluate hypotheses 
 10. Compare and reconcile with laboratory and/or environmental studies 
 11. Implement control and prevention measures 
 12. Initiate or maintain surveillance 
 13. Communicate findings 
  

%
@'$%*&$=*%/)*&$(%)"%@-2/$%C;A%-3$%=3$*$"&$(%)"%#+"#$=&,-/%+3($3D%)"%
=3-#&)#$6%'+7$0$36%*$0$3-/%*&$=*%5-9%2$%(+"$%-&%&'$%*-5$%&)5$6%+3%
&'$%#)3#,5*&-"#$*%+.%&'$%+,&23$-4%5-9%()#&-&$%&'-&%-%()..$3$"&%+3($3%
2$%.+//+7$(;%E+3%$F-5=/$6%&'$%+3($3%+.%&'$%.)3*&%&'3$$%/)*&$(%*&$=*%)*%
')1'/9%0-3)-2/$%:%-%'$-/&'%($=-3&5$"&%+.&$"%0$3).)$*%&'$%()-1"+*)*%
-"(%$*&-2/)*'$*%&'$%$F)*&$"#$%+.%-"%+,&23$-4%2$.+3$%($#)()"1%&'-&%-%
.)$/(%)"0$*&)1-&)+"%)*%7-33-"&$(;%G+"#$=&,-//96%#+"&3+/%5$-*,3$*%
#+5$%-.&$3%'9=+&'$*$*%'-0$%2$$"%#+".)35$(6%2,&%)"%=3-#&)#$%#+"&3+/%
5$-*,3$*%-3$%,*,-//9%)5=/$5$"&$(%-*%*++"%-*%&'$%*+,3#$%-"(%5+($%
+.%&3-"*5)**)+"%-3$%4"+7"6%7')#'%5-9%2$%$-3/9%+3%/-&$%)"%-"9%
=-3&)#,/-3%+,&23$-4%)"0$*&)1-&)+";%
%
H-#'%+.%&'$%*&$=*%)*%($*#3)2$(%2$/+7%)"%5+3$%($&-)/6%2-*$(%+"%&'$%
-**,5=&)+"%&'-&%9+,%-3$%&'$%'$-/&'%($=-3&5$"&%*&-..%5$52$3%
*#'$(,/$(%&+%#+"(,#&%&'$%"$F&%.)$/(%)"0$*&)1-&)+";%
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Step 1: Prepare for field work 

!"#$%&'(#)*%+$,-"#'#$./)$0"*,$,0#1$*,$1)/(2#'30*-4$(#-3&,#$
1)#13)*%+$./)$.*#25$6/)7$/.0#%$*,$%/0$0"#$.*),0$,0#18$9%2:$
/--3,*/%322:$5/$1&(2*-$"#320"$/..*-*32,$5#-*5#$0/$-/%5&-0$3$.*#25$
*%;#,0*+30*/%$(#./)#$-/%.*)'*%+$3%$*%-)#3,#$*%$-3,#,$3%5$;#)*.:*%+$
0"#$5*3+%/,*,8$</)#$-/''/%2:4$/..*-*32,$5*,-/;#)$3%$*%-)#3,#$*%$
0"#$%&'(#)$/.$-3,#,$/.$3$13)0*-&23)$5*,#3,#$3%5$0"#%$5#-*5#$0"30$3$
.*#25$*%;#,0*+30*/%$*,$63))3%0#58$=/'#0*'#,$*%;#,0*+30/),$-/22#-0$
#%/&+"$*%./)'30*/%$0/$1#)./)'$5#,-)*10*;#$#1*5#'*/2/+:$6*0"/&0$
2#3;*%+$0"#*)$5#,7,4$3%5$5#-*5#$0"30$3$.*#25$*%;#,0*+30*/%$*,$
%#-#,,3):$/%2:$*.$0"#:$-3%%/0$)#3-"$3$-/%;*%-*%+$-/%-2&,*/%$
6*0"/&0$/%#8$$
$
>#+3)52#,,$/.$6"#%$0"#$5#-*,*/%$0/$-/%5&-0$3$.*#25$*%;#,0*+30*/%$*,$
'35#4$:/&$,"/&25$(#$6#22$1)#13)#5$(#./)#$2#3;*%+$./)$0"#$.*#258$
!"#$1)#13)30*/%,$-3%$(#$+)/&1#5$*%0/$06/$()/35$-30#+/)*#,?$@3A$
,-*#%0*.*-$3%5$*%;#,0*+30*;#$*,,&#,4$3%5$@(A$'3%3+#'#%0$3%5$
/1#)30*/%32$*,,&#,8$B//5$1)#13)30*/%$*%$(/0"$-30#+/)*#,$*,$%##5#5$
0/$.3-*2*030#$3$,'//0"$.*#25$#C1#)*#%-#8$

Scientific and investigative issues 
D,$3$.*#25$*%;#,0*+30/)4$:/&$'&,0$"3;#$0"#$311)/1)*30#$,-*#%0*.*-$
7%/62#5+#4$,&112*#,4$3%5$#E&*1'#%0$0/$-3)):$/&0$0"#$*%;#,0*+30*/%$
(#./)#$5#13)0*%+$./)$0"#$.*#258$F*,-&,,$0"#$,*0&30*/%$6*0"$,/'#/%#$
7%/62#5+#3(2#$3(/&0$0"#$5*,#3,#$3%5$3(/&0$.*#25$*%;#,0*+30*/%,4$
3%5$)#;*#6$0"#$3112*-3(2#$2*0#)30&)#8$G%$1)#;*/&,$,*'*23)$/&0()#37,4$
6"30$"3;#$(##%$0"#$,/&)-#,4$'/5#,$/.$0)3%,'*,,*/%4$3%5$)*,7$
.3-0/),$./)$0"#$5*,#3,#H$D,,#'(2#$&,#.&2$)#.#)#%-#,$,&-"$3,$I/&)%32$
3)0*-2#,$3%5$,3'12#$E&#,0*/%%3*)#,8$
$
J#./)#$2#3;*%+$./)$3$.*#25$*%;#,0*+30*/%4$-/%,&20$23(/)30/):$,03..$0/$
#%,&)#$0"30$:/&$037#$0"#$1)/1#)$23(/)30/):$'30#)*32$3%5$7%/6$0"#$
1)/1#)$-/22#-0*/%4$,0/)3+#4$3%5$0)3%,1/)030*/%$0#-"%*E&#,8$J:$
0327*%+$6*0"$0"#$23(/)30/):$,03..$:/&$3)#$32,/$*%./)'*%+$0"#'$3(/&0$
0"#$/&0()#374$3%5$0"#:$-3%$3%0*-*130#$6"30$0:1#$/.$23(/)30/):$
)#,/&)-#,$6*22$(#$%##5#58$
$
K/&$32,/$%##5$0/$7%/6$6"30$,&112*#,$/)$#E&*1'#%0$0/$()*%+$0/$
1)/0#-0$:/&),#2.8$=/'#$/&0()#37$*%;#,0*+30*/%,$)#E&*)#$%/$,1#-*32$
#E&*1'#%0$6"*2#$3%$*%;#,0*+30*/%$/.$=D>=$/)$L(/23$"#'/))"3+*-$
.#;#)$'3:$)#E&*)#$1#),/%32$1)/0#-0*;#$#E&*1'#%0$,&-"$3,$'3,7,4$
+/6%,4$3%5$+2/;#,8$
$
M*%322:4$(#./)#$5#13)0*%+4$:/&$,"/&25$"3;#$3$123%$/.$3-0*/%8$N"30$
3)#$0"#$/(I#-0*;#,$/.$0"*,$*%;#,0*+30*/%4$*8#84$6"30$3)#$:/&$0):*%+$0/$
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!""#$%&'()*+,)!-+.'&&+/#0+1#+2'3(-4+(5"#614+!61+-)'31*+7!8'69+!+
%&!6+#2+!"-'#6+0%#6+.)'")+5853/#65+!9355(+.'&&+!&&#.+/#0+-#+:)'-+
-)5+93#061+3066'69;+!61+!8#'1+15&!/(+35(0&-'69+23#$+
$'(06153(-!61'69(<++

Management and operational issues 
=+9##1+2'5&1+'685(-'9!-#3+$0(-+>5+!+9##1+$!6!953+!61+"#&&!>#3!-#3+
!(+.5&&+!(+!+9##1+5%'15$'#&#9'(-4+>5"!0(5+$#(-+'685(-'9!-'#6(+!35+
"#610"-51+>/+!+-5!$+3!-)53+-)!6+?0(-+#65+'61'8'10!&<+@)5+-5!$+
$5$>53(+$0(-+>5+(5&5"-51+>52#35+15%!3-035+!61+A6#.+-)5'3+
5B%5"-51+3#&5(+!61+35(%#6('>'&'-'5(+'6+-)5+2'5&1<+C#5(+-)5+-5!$+6551+
!+&!>#3!-#3'!64+85-53'6!3'!64+-3!6(&!-#3D'6-53%35-534+"#$%0-53+
(%5"'!&'(-4+56-#$#&#9'(-4+#3+#-)53+(%5"'!&'(-*+,)!-+'(+-)5+3#&5+#2+
5!")*+,)#+'(+'6+")!395*+E2+/#0+)!85+>556+'68'-51+-#+%!3-'"'%!-5+>0-+
1#+6#-+.#3A+2#3+-)5+&#"!&+)5!&-)+!956"/4+!35+/#0+5B%5"-51+-#+&5!1+
-)5+'685(-'9!-'#64+%3#8'15+"#6(0&-!-'#6+-#+-)5+&#"!&+(-!22+.)#+.'&&+
"#610"-+-)5+'685(-'9!-'#64+#3+('$%&/+&561+!+)!61+-#+-)5+&#"!&+(-!22*+
=61+.)#+!35+/#03+&#"!&+"#6-!"-(*++
+
C5%561'69+#6+-)5+-/%5+#2+#0->35!A4+-)5+60$>53+#2+'68#&851+
!956"'5(+$!/+>5+F0'-5+&!395<+@)5+'685(-'9!-'#6+#2+!6+#0->35!A+23#$+
!6+!6'$!&+(#03"5+$!/+'6"&015+(-!-5+!61+25153!&+15%!3-$56-(+#2+
!93'"0&-035+!61D#3+-)5+G##1+!61+C309+=1$'6'(-3!-'#6+HGC=I<+E2+
"3'$'6!&+#3+>'#-533#3'(-+'6-56-+'(+(0(%5"-514+&!.+562#3"5$56-+
!956"'5(+!61+-)5+G5153!&+J035!0+#2+E685(-'9!-'#6+HGJEI+$!/+>5+'6+
")!3954+#3+!-+&5!(-+'68#&851<+E6+!+6!-03!&+1'(!(-53+H)033'"!65+#3+
2&##1I4+-)5+G5153!&+K$53956"/+L!6!95$56-+=956"/+HGKL=I+$!/+
>5+-)5+&5!1<+M-!22+23#$+1'225356-+!956"'5(+)!85+1'225356-+
%53(%5"-'85(4+!%%3#!")5(4+!61+%3'#3'-'5(+-)!-+$0(-+>5+35"#6"'&51<+
G#3+5B!$%&54+.)535!(+-)5+%0>&'"+)5!&-)+'685(-'9!-'#6+$!/+2#"0(+#6+
'156-'2/'69+!+%!-)#9564+(#03"54+!61+$#15+#2+-3!6($'(('#64+!+
"3'$'6!&+'685(-'9!-'#6+'(+&'A5&/+-#+2#"0(+#6+2'61'69+-)5+%53%5-3!-#3<+
M#3-'69+#0-+3#&5(+!61+35(%#6('>'&'-'5(+'6+(0")+$0&-'N!956"/+
'685(-'9!-'#6(+'(+"3'-'"!&+-#+!""#$%&'()'69+-)5+1'(%!3!-5+#>?5"-'85(+
#2+-)5+1'225356-+!956"'5(<+
+
=+"#$$06'"!-'#6(+%&!6+$0(-+>5+5(-!>&'()51<+@)5+6551+2#3+
"#$$06'"!-'69+.'-)+-)5+%0>&'"+)5!&-)+!61+"&'6'"!&+"#$$06'-/+)!(+
&#69+>556+!"A6#.&519514+>0-+-)5+6551+2#3+"#$$06'"!-'69+F0'"A&/+
!61+5225"-'85&/+.'-)+5&5"-51+#22'"'!&(+!61+-)5+%0>&'"+>5"!$5+
#>8'#0(+103'69+-)5+5%'15$'"(+#2+,5(-+O'&5+P'30(+56"5%)!&'-'(4+
M=QM4+!61+!6-)3!B<+@)5+%&!6+()#0&1+'6"&015+)#.+#2-56+!61+.)56+
-#+)!85+"#625356"5+"!&&(+.'-)+'68#&851+!956"'5(4+.)#+.'&&+>5+-)5+
15('96!-51+(%#A5(%53(#64+.)#+.'&&+%35%!35+)5!&-)+!&53-(+!61+%35((+
35&5!(5(4+!61+-)5+&'A5<+,)56+!+25153!&+!956"/+'(+'68#&851+'6+-)5+
(0385/+#2+RS+#3+$#35+'61'8'10!&(4+-)5+1!-!+"#&&5"-'#6+'6(-30$56-+
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!"#$%&'(#$%)*%+,*-(*.%)/%$0*%10'$*%23"#*%4&&'+*%3&%5-6-7*!*6$%
-6.%8".7*$%9458:;%
%
<6%-..'$'36=%3>*(-$'36-,%-6.%,37'#$'+-,%.*$-',#%-(*%'!>3($-6$;%%
?((-67*%$3%)('67%-%,->$3>%+3!>"$*(=%+*,,%>036*%3(%>036*%+-(.=%
+-!*(-=%-6.%3$0*(%#">>,'*#;%<&%/3"%-(*%-(('@'67%&(3!%3"$#'.*%$0*%
-(*-=%/3"%#03",.%-((-67*%'6%-.@-6+*%A0*6%-6.%A0*(*%/3"%-(*%$3%
!**$%A'$0%,3+-,%3&&'+'-,#%-6.%+36$-+$#%A0*6%/3"%-(('@*%'6%$0*%&'*,.;%
B3"%!"#$%-((-67*%$(-@*,=%,3.7'67=%-6.%,3+-,%$(-6#>3($-$'36;%5-6/%
-7*6+'*#%-6.%3(7-6'C-$'36#%0-@*%#$('+$%->>(3@-,%>(3+*##*#%-6.%
)".7*$-(/%,'!'$#%$0-$%/3"%!"#$%&3,,3A;%<&%/3"%-(*%$(-@*,'67%$3%
-63$0*(%+3"6$(/=%/3"%A',,%6**.%-%>-##>3($%-6.%3&$*6%-%@'#-;%B3"%
#03",.%-,#3%$-D*%+-(*%3&%>*(#36-,%!-$$*(#%)*&3(*%/3"%,*-@*=%
*#>*+'-,,/%'&%$0*%'6@*#$'7-$'36%'#%,'D*,/%$3%)*%,*67$0/;%

Step 2: Establish the existence of an outbreak 

?6%outbreak 3(%-6%epidemic%'#%$0*%3++"((*6+*%3&%!3(*%+-#*#%3&%
.'#*-#*%$0-6%*E>*+$*.%'6%-%7'@*6%-(*-%3(%-!367%-%#>*+'&'+%7(3">%3&%
>*3>,*%3@*(%-%>-($'+",-(%>*('3.%3&%$'!*;%F#"-,,/=%$0*%+-#*#%-(*%
>(*#"!*.%$3%0-@*%-%+3!!36%+-"#*%3(%$3%)*%(*,-$*.%$3%36*%-63$0*(%
'6%#3!*%A-/;%5-6/%*>'.*!'3,37'#$#%"#*%$0*%$*(!#%3"$)(*-D%-6.%
*>'.*!'+ '6$*(+0-67*-),/=%)"$%$0*%>"),'+%'#%!3(*%,'D*,/%$3%$0'6D%
$0-$%*>'.*!'+%'!>,'*#%-%+('#'#%#'$"-$'36;%G3!*%*>'.*!'3,37'#$#%
->>,/%$0*%$*(!%*>'.*!'+%$3%#'$"-$'36#%'6@3,@'67%,-(7*(%6"!)*(#%3&%
>*3>,*%3@*(%-%A'.*%7*37(->0'+%-(*-;%%<6.**.=%$0*%H'+$'36-(/%3&%
I>'.*!'3,37/%.*&'6*#%3"$)(*-D%-#%-6%*>'.*!'+%,'!'$*.%$3%,3+-,'C*.%
'6+(*-#*%'6%$0*%'6+'.*6+*%3&%.'#*-#*=%*;7;=%@',,-7*=%$3A6=%3(%+,3#*.%
'6#$'$"$'36;JK%
%
<6%+36$(-#$%$3%3"$)(*-D%-6.%*>'.*!'+=%- cluster%'#%-6%-77(*7-$'36%3&%
+-#*#%'6%-%7'@*6%-(*-%3@*(%-%>-($'+",-(%>*('3.%A'$03"$%(*7-(.%$3%
A0*$0*(%$0*%6"!)*(%3&%+-#*#%'#%!3(*%$0-6%*E>*+$*.;%L0'#%
-77(*7-$'36%3&%+-#*#%#**!#%$3%)*%"6"#"-,=%)"$%&(*M"*6$,/%$0*%>"),'+%
9-6.%#3!*$'!*#%$0*%0*-,$0%-7*6+/:%.3*#%63$%D63A%$0*%.*63!'6-$3(;%
N3(%*E-!>,*=%$0*%.'-763#'#%'6%36*%6*'70)3(033.%3&%&3"(%-.",$#%A'$0%
+-6+*(%!-/%)*%.'#$"()'67%$3%(*#'.*6$#%)"$%!-/%A*,,%)*%A'$0'6%$0*%
*E>*+$*.%,*@*,%3&%+-6+*(%3++"((*6+*=%.*>*6.'67%36%$0*%#'C*%3&%$0*%
>3>",-$'36=%$0*%$/>*#%3&%+-6+*(=%-6.%$0*%>(*@-,*6+*%3&%('#D%&-+$3(#%
-!367%$0*%(*#'.*6$#;%
%
46*%3&%$0*%&'(#$%$-#D#%3&%$0*%&'*,.%'6@*#$'7-$3(%'#%$3%@*('&/%$0-$%-%
+,"#$*(%3&%+-#*#%'#%'6.**.%-6%3"$)(*-D;%G3!*%+,"#$*(#%$"(6%3"$%$3%)*%
$("*%3"$)(*-D#%A'$0%-%+3!!36%+-"#*=%#3!*%-(*%#>3(-.'+%-6.%
"6(*,-$*.%+-#*#%3&%$0*%#-!*%.'#*-#*=%-6.%3$0*(#%-(*%"6(*,-$*.%+-#*#%
3&%#'!',-(%)"$%"6(*,-$*.%.'#*-#*#;%
%
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!"#$%&'%()#%*+,#,%(-.$%/-(%(/%0#%()#%,+1#%2&,#+,#3%()#%$-10#.%/'%
*+,#,%1+4%$/(%#5*##2%6)+(%()#%)#+7()%2#8+.(1#$(%$/.1+774%,##,%&$%
+%*/18+.+07#%(&1#%8#.&/29%%:#.#3%+,%&$%/()#.%+.#+,%/'%#8&2#1&/7/;43%
()#%/0,#."#2%&,%*/18+.#2%6&()%()#%#58#*(#29%<)#%#58#*(#2%$-10#.%
&,%-,-+774%()#%$-10#.%'./1%()#%8.#"&/-,%'#6%6##=,%/.%1/$(),3%/.%
'./1%+%*/18+.+07#%8#.&/2%2-.&$;%()#%8.#"&/-,%'#6%4#+.,9%>/.%+%
$/(&'&+07#%2&,#+,#3%()#%#58#*(#2%$-10#.%&,%0+,#2%/$%)#+7()%
2#8+.(1#$(%,-."#&77+$*#%.#*/.2,9%>/.%/()#.%2&,#+,#,%+$2%*/$2&(&/$,3%
()#%#58#*(#2%$-10#.%1+4%0#%0+,#2%/$%7/*+774%+"+&7+07#%2+(+%,-*)%
+,%)/,8&(+7%2&,*)+.;#%.#*/.2,3%1/.(+7&(4%,(+(&,(&*,3%/.%*+$*#.%/.%0&.()%
2#'#*(%.#;&,(.&#,9%?)#$%7/*+7%2+(+%+.#%$/(%+"+&7+07#3%+%)#+7()%
2#8+.(1#$(%1+4%-,#%.+(#,%'./1%,(+(#%/.%$+(&/$+7%2+(+3%/.3%
+7(#.$+(&"#743%*/$2-*(%+%(#7#8)/$#%,-."#4%/'%8)4,&*&+$,%(/%
2#(#.1&$#%6)#()#.%()#4%+.#%,##&$;%1/.#%*+,#,%/'%()#%2&,#+,#%()+$%
-,-+79%>&$+7743%+%,-."#4%/'%()#%*/11-$&(4%1+4%0#%*/$2-*(#2%(/%
#,(+07&,)%()#%0+*=;./-$2%/.%)&,(/.&*+7%7#"#7%/'%2&,#+,#9%
%
!"#$%&'%()#%*-..#$(%$-10#.%/'%.#8/.(#2%*+,#,%#5*##2,%()#%#58#*(#2%
$-10#.3%()#%#5*#,,%1+4%$/(%$#*#,,+.&74%&$2&*+(#%+$%/-(0.#+=9%
@#8/.(&$;%1+4%.&,#%0#*+-,#%/'%*)+$;#,%&$%7/*+7%.#8/.(&$;%
8./*#2-.#,3%*)+$;#,%&$%()#%*+,#%2#'&$&(&/$3%&$*.#+,#2%&$(#.#,(%
0#*+-,#%/'%7/*+7%/.%$+(&/$+7%+6+.#$#,,3%/.%&18./"#1#$(,%&$%
2&+;$/,(&*%8./*#2-.#,9%A%$#6%8)4,&*&+$3%&$'#*(&/$%*/$(./7%$-.,#3%/.%
)#+7()*+.#%'+*&7&(4%1+4%1/.#%*/$,&,(#$(74%.#8/.(%*+,#,3%6)#$%&$%'+*(%
()#.#%)+,%0##$%$/%*)+$;#%&$%()#%+*(-+7%/**-..#$*#%/'%()#%2&,#+,#9%
B/1#%+88+.#$(%&$*.#+,#,%+.#%+*(-+774%()#%.#,-7(%/'%1&,2&+;$/,&,%/.%
7+0/.+(/.4%#../.9%>&$+7743%8+.(&*-7+.74%&$%+.#+,%6&()%,-22#$%*)+$;#,%
&$%8/8-7+(&/$%,&C#%,-*)%+,%.#,/.(%+.#+,3%*/77#;#%(/6$,3%+$2%1&;.+$(%
'+.1&$;%+.#+,3%*)+$;#,%&$%()#%$-1#.+(/.%D$-10#.%/'%.#8/.(#2%
*+,#,E%1+4%,&1874%.#'7#*(%*)+$;#,%&$%()#%2#$/1&$+(/.%D,&C#%/'%()#%
8/8-7+(&/$E9%
%
?)#()#.%+$%+88+.#$(%8./07#1%,)/-72%0#%&$"#,(&;+(#2%'-.()#.%&,%$/(%
,(.&*(74%(&#2%(/%"#.&'4&$;%()#%#5&,(#$*#%/'%+$%#8&2#1&*%D1/.#%*+,#,%
()+$%#58#*(#2E9%B/1#(&1#,3%)#+7()%+;#$*&#,%.#,8/$2%(/%,1+77%
$-10#.,%/'%*+,#,3%/.%#"#$%+%,&$;7#%*+,#%/'%2&,#+,#3%()+(%1+4%$/(%
#5*##2%()#%#58#*(#2%/.%-,-+7%$-10#.%/'%*+,#,9%A,%$/(#2%#+.7&#.3%()#%
,#"#.&(4%/'%()#%&77$#,,3%()#%8/(#$(&+7%'/.%,8.#+23%+"+&7+0&7&(4%/'%
*/$(./7%1#+,-.#,3%8/7&(&*+7%*/$,&2#.+(&/$,3%8-07&*%.#7+(&/$,3%
+"+&7+07#%.#,/-.*#,3%+$2%/()#.%'+*(/.,%+77%&$'7-#$*#%()#%2#*&,&/$%(/%
7+-$*)%+%'&#72%&$"#,(&;+(&/$9%
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Step 3: Verify the diagnosis 

!"#$%#&'$('#)*$+#,-./-%0$'"#$1-20%3(-(*$-($453(#5/$5-%6#1$'3$+#,-./-%0$
'"#$#&-('#%4#$3.$2%$37'8,#269$:%$.24'*$3.'#%$'"#(#$';3$('#)($2,#$
211,#((#1$2'$'"#$(2<#$'-<#9$=#,-./-%0$'"#$1-20%3(-($-($-<)3,'2%'>$
?2@$'3$#%(7,#$'"2'$'"#$1-(#2(#$"2($8##%$),3)#,5/$-1#%'-.-#1*$(-%4#$
43%',35$<#2(7,#($2,#$3.'#%$1-(#2(#A()#4-.-4B$2%1$?8@$'3$,75#$37'$
5283,2'3,/$#,,3,$2($'"#$82(-($.3,$'"#$-%4,#2(#$-%$,#)3,'#1$42(#(9$
$
C-,('*$,#+-#;$'"#$45-%-425$.-%1-%0($2%1$5283,2'3,/$,#(75'(9$:.$/37$
"2+#$D7#('-3%($2837'$'"#$5283,2'3,/$.-%1-%0($?.3,$#&2<)5#*$-.$'"#$
5283,2'3,/$'#('($2,#$-%43%(-('#%'$;-'"$'"#$45-%-425$2%1$#)-1#<-3530-4$
.-%1-%0(@*$2(6$2$D725-.-#1$5283,2'3,-2%$'3$,#+-#;$'"#$5283,2'3,/$
'#4"%-D7#($8#-%0$7(#19$:.$/37$%##1$()#4-25-E#1$5283,2'3,/$;3,6$
(74"$2($43%.-,<2'-3%$-%$2$,#.#,#%4#$5283,2'3,/*$FGH$3,$3'"#,$
4"#<-425$3,$8-3530-425$.-%0#,),-%'-%0*$3,$)35/<#,2(#$4"2-%$
,#24'-3%*$/37$<7('$(#47,#$2$(7..-4-#%'$%7<8#,$3.$2)),3),-2'#$
()#4-<#%(*$-(352'#(*$2%1$3'"#,$5283,2'3,/$<2'#,-25$2($(33%$2($
)3((-85#9$
$
I#43%1*$<2%/$-%+#('-02'3,($J$45-%-4-2%($2%1$%3%A45-%-4-2%($J$
.-%1$-'$7(#.75$'3$+-(-'$3%#$3,$<3,#$)2'-#%'($;-'"$'"#$1-(#2(#9$:.$/37$
13$%3'$"2+#$'"#$45-%-425$82460,37%1$'3$+#,-./$'"#$1-20%3(-(*$8,-%0$2$
D725-.-#1$45-%-4-2%$;-'"$/379$!256-%0$1-,#4'5/$;-'"$(3<#$)2'-#%'($
0-+#($/37$2$8#''#,$7%1#,('2%1-%0$3.$'"#$45-%-425$.#2'7,#(*$2%1$"#5)($
/37$'3$1#+#53)$2$<#%'25$-<20#$3.$'"#$1-(#2(#$2%1$'"#$)2'-#%'($
2..#4'#1$8/$-'9$:%$211-'-3%*$43%+#,(2'-3%($;-'"$)2'-#%'($2,#$+#,/$
7(#.75$-%$0#%#,2'-%0$"/)3'"#(#($2837'$1-(#2(#$#'-3530/$2%1$(),#219$
!"#/$<2/$8#$285#$'3$2%(;#,$(3<#$4,-'-425$D7#('-3%(>$K"2'$;#,#$
'"#-,$#&)3(7,#($8#.3,#$8#43<-%0$-55L$K"2'$13$they$'"-%6$427(#1$
'"#-,$-55%#((L$F3$'"#/$6%3;$2%/3%#$#5(#$;-'"$'"#$1-(#2(#L$F3$'"#/$
"2+#$2%/'"-%0$-%$43<<3%$;-'"$3'"#,($;"3$"2+#$'"#$1-(#2(#L$
$
!"-,1*$(7<<2,-E#$'"#$45-%-425$.#2'7,#($7(-%0$.,#D7#%4/$
1-(',-87'-3%(9$H,#$'"#$45-%-425$.#2'7,#($43%(-('#%'$;-'"$'"#$
1-20%3(-(L$C,#D7#%4/$1-(',-87'-3%($3.$'"#$45-%-425$.#2'7,#($2,#$
7(#.75$-%$4"2,24'#,-E-%0$'"#$()#4',7<$3.$-55%#((*$+#,-./-%0$'"#$
1-20%3(-(*$2%1$1#+#53)-%0$42(#$1#.-%-'-3%(9$!"#(#$45-%-425$
.,#D7#%4/$1-(',-87'-3%($2,#$43%(-1#,#1$(3$-<)3,'2%'$-%$#('285-("-%0$
'"#$4,#1-8-5-'/$3.$'"#$1-20%3(-($'"2'$'"#/$2,#$.,#D7#%'5/$),#(#%'#1$-%$
'"#$.-,('$'285#$3.$2%$-%+#('-02'-3%M($,#)3,'$3,$<2%7(4,-)'9$
$
$

$
$
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A case definition is a 
standard set of criteria for 
deciding whether an 
individual should be 
classified as having the 
health condition of 
interest.  

 

Step 4: Construct a working case definition 

!"#$%&"'&()*)+),*")%"$"%+$*'$-'"%&+",("#-)+&-)$"(,-"'&#)')*."/0&+0&-"
$*")*')1)'2$3"%0,23'"4&"#3$%%)()&'"$%"0$1)*."+0&"0&$3+0"#,*')+),*",("
)*+&-&%+5"!"#$%&"'&()*)+),*")*#32'&%"#3)*)#$3"#-)+&-)$"$*'"6"
7$-+)#23$-38")*"+0&"%&++)*.",("$*",2+4-&$9")*1&%+).$+),*"6"
-&%+-)#+),*%"48"+):&;"73$#&;"$*'"7&-%,*5"<0&"#3)*)#$3"#-)+&-)$"%0,23'"
4&"4$%&'",*"%):73&"$*'",4=&#+)1&":&$%2-&%"%2#0"$%">(&1&-" "?@!A"
BC@C!DE;F">+0-&&",-":,-&"3,,%&"4,/&3":,1&:&*+%"7&-"'$8;F",-"
>:8$3.)$%"B:2%#3&"7$)*E"%&1&-&"&*,2.0"+,"3):)+"+0&"7$+)&*+G%"2%2$3"
$#+)1)+)&%5F"<0&"#$%&"'&()*)+),*":$8"4&"-&%+-)#+&'"48"+):&"B(,-"
&H$:73&;"+,"7&-%,*%"/)+0",*%&+",(")33*&%%"/)+0)*"+0&"7$%+"I":,*+0%E;"
48"73$#&"B(,-"&H$:73&;"+,"-&%)'&*+%",("+0&"*)*&J#,2*+8"$-&$",-"+,"
&:73,8&&%",("$"7$-+)#23$-"73$*+E"$*'"48"7&-%,*"B(,-"&H$:73&;"+,"
7&-%,*%"/)+0"*,"7-&1),2%"0)%+,-8",("$"7,%)+)1&"+24&-#23)*"%9)*"+&%+;"
,-"+,"7-&:&*,7$2%$3"/,:&*E5"K0$+&1&-"+0&"#-)+&-)$;"+0&8":2%+"4&"
$773)&'"#,*%)%+&*+38"+,"$33"7&-%,*%"2*'&-")*1&%+).$+),*5"
"
<0&"#$%&"'&()*)+),*":2%+"*,+")*#32'&"+0&"&H7,%2-&",-"-)%9"($#+,-"
8,2"$-&")*+&-&%+&'")*"&1$32$+)*.5"<0)%")%"$"#,::,*":)%+$9&5"D,-"
&H$:73&;")(",*&",("+0&"087,+0&%&%"2*'&-"#,*%)'&-$+),*")%"+0$+"
7&-%,*%"/0,"/,-9&'")*"+0&"/&%+"/)*."/&-&"$+".-&$+&-"-)%9",("
')%&$%&;"',"*,+"'&()*&"$"#$%&"$%">)33*&%%"$:,*."7&-%,*%"/0,"
/,-9&'")*"+0&"/&%+"/)*."/)+0",*%&+"4&+/&&*5555F""L*%+&$';"'&()*&"$"
#$%&"$%">)33*&%%"$:,*."7&-%,*%"/0,"/,-9&'")*"+0&"($#)3)+8"/)+0"
,*%&+"4&+/&&*M5F"<0&*"#,*'2#+"+0&"$77-,7-)$+&"$*$38%)%"+,"
'&+&-:)*&"/0&+0&-"+0,%&"/0,"/,-9&'")*"+0&"/&%+"/)*."/&-&"$+"
.-&$+&-"-)%9"+0$*"+0,%&"/0,"/,-9&'"&3%&/0&-&5"
"
N)$.*,%&%":$8"4&"2*#&-+$)*;"7$-+)#23$-38"&$-38")*"$*")*1&%+).$+),*5"
!%"$"-&%23+;")*1&%+).$+,-%",(+&*"#-&$+&"')((&-&*+"#$+&.,-)&%",("$"#$%&"
'&()*)+),*;"%2#0"$%"#,*()-:&';"7-,4$43&;"$*'"7,%%)43&",-"%2%7&#+;"
+0$+"$33,/"(,-"2*#&-+$)*+85"<,"4&"#3$%%)()&'"$%"#,*()-:&';"$"#$%&"
2%2$338":2%+"0$1&"3$4,-$+,-8"1&-)()#$+),*5"!"#$%&"#3$%%)()&'"$%"
7-,4$43&"2%2$338"0$%"+87)#$3"#3)*)#$3"(&$+2-&%",("+0&"')%&$%&"/)+0,2+"
3$4,-$+,-8"#,*()-:$+),*5"!"#$%&"#3$%%)()&'"$%"7,%%)43&"2%2$338"0$%"
(&/&-",("+0&"+87)#$3"#3)*)#$3"(&$+2-&%5"D,-"&H$:73&;")*"+0&"4,H",*"
7$.&"OJCO;"8,2"#$*"%&&"+0&"P$*"!:&-)#$*"Q&$3+0"R-.$*)S$+),*"
BP!QRE"-&#,::&*'&'"#$%&"'&()*)+),*"(,-":&*)*.,#,##$3"
')%&$%&5I?"Q&-&"8,2"#$*"%&&"+0&"')((&-&*+"#$+&.,-)&%"+0$+"P!QR"2%&%"
(,-"+0)%"')$.*,%)%5

"
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!

!
"#!$%&!'($)*&+,!-&$$.#/0!$%&!.#1&-$./+$'*-!2'(34!#&&4!$'!-5&6.78!
$.9&!+#4!53+6&!$'!6'953&$&!$%&!'($)*&+,!6+-&!4&7.#.$.'#:!;'*!
&<+953&0!.7!.#1&-$./+$.#/!+#!&5.4&9.6!'7!9&#.#/'6'66+3!9&#.#/.$.-!
.#!=+9+,'0!$%&!6+-&!4&7.#.$.'#!9./%$!)&!$%&!63.#.6+3!7&+$(*&-!+-!
4&-6*.)&4!.#!$%&!)'<!2.$%!'#-&$!)&$2&&#!>+#(+*8!+#4!?5*.3!'7!$%.-!
8&+*!+9'#/!*&-.4&#$-!+#4!1.-.$'*-!'7!=+9+,':!
!
@3+--.7.6+$.'#-!-(6%!+-!6'#7.*9&4A5*')+)3&A5'--.)3&!+*&!%&357(3!
)&6+(-&!$%&8!5*'1.4&!73&<.).3.$8!$'!$%&!.#1&-$./+$'*-:!?!6+-&!9./%$!
)&!$&95'*+*.38!63+--.7.&4!+-!5*')+)3&!'*!5'--.)3&!2%.3&!3+)'*+$'*8!
*&-(3$-!+*&!5&#4.#/:!?3$&*#+$.1&380!+!6+-&!9+8!)&!5&*9+#&#$38!
63+--.7.&4!+-!5*')+)3&!'*!5'--.)3&!.7!$%&!5+$.&#$B-!5%8-.6.+#!4&6.4&4!
#'$!$'!'*4&*!$%&!6'#7.*9+$'*8!3+)'*+$'*8!$&-$!)&6+(-&!$%&!$&-$!.-!
&<5&#-.1&0!4.77.6(3$!$'!')$+.#0!'*!(##&6&--+*8:!;'*!&<+953&0!2%.3&!
.#1&-$./+$.#/!+#!'($)*&+,!'7!4.+**%&+!'#!+!6*(.-&!-%.50!.#1&-$./+$'*-!
(-(+338!$*8!$'!.4&#$.78!$%&!6+(-+$.1&!'*/+#.-9!7*'9!-$''3!-+953&-!
7*'9!+!7&2!+773.6$&4!5&*-'#-:!"7!$%&!$&-$-!6'#7.*9!$%+$!+33!'7!$%'-&!
6+-&A5+$.&#$-!2&*&!.#7&6$&4!2.$%!$%&!-+9&!'*/+#.-90!7'*!&<+953&!
#'*'1.*(-0!$%&!'$%&*!5&*-'#-!2.$%!6'95+$.)3&!63.#.6+3!.33#&--!+*&!+33!
5*&-(9&4!$'!)&!5+*$!'7!$%&!-+9&!'($)*&+,!+#4!$'!)&!.#7&6$&4!2.$%!
$%&!-+9&!'*/+#.-9:!C'$&!$%+$!2%.3&!$%.-!+55*'+6%!.-!$85.6+3!.#!$%&!
D#.$&4!E$+$&-0!-'9&!6'(#$*.&-!5*&7&*!$'!+6F(.*&!3+)'*+$'*8!-+953&-!
7*'9!&1&*8!+77&6$&4!5&*-'#0!+#4!'#38!$%'-&!2.$%!+!5'-.$.1&!
3+)'*+$'*8!$&-$!+*&!6'(#$&4!+-!$*(&!6+-&-:!
!
?!6+-&!4&7.#.$.'#!.-!+!$''3!7'*!63+--.78.#/!-'9&'#&!+-!%+1.#/!'*!#'$!
%+1.#/!$%&!4.-&+-&!'7!.#$&*&-$0!)($!7&2!6+-&!4&7.#.$.'#-!+*&!GHHI!
+66(*+$&!.#!$%&.*!63+--.7.6+$.'#-:!E'9&!5&*-'#-!2.$%!9.34!.33#&--!
9+8!)&!9.--&40!+#4!-'9&!5&*-'#-!2.$%!+!-.9.3+*!)($!#'$!.4&#$.6+3!
.33#&--!9+8!)&!.#63(4&4:!J&#&*+3380!&5.4&9.'3'/.-$-!-$*.1&!$'!
&#-(*&!$%+$!+!6+-&!4&7.#.$.'#!.#63(4&-!9'-$!.7!#'$!+33!'7!$%&!+6$(+3!
6+-&-0!)($!1&*8!7&2!'*!#'!false-positive!6+-&-:!K'2&1&*0!$%.-!.4&+3!

Meningococcal Disease — PAHO Case Definition 
 
Clinical case definition 
An illness with sudden onset of fever (>38.5°C rectal or >38.0°C axillary) and 
one or more of the following: neck stiffness, altered consciousness, other 
meningeal sign or petechial or puerperal rash. 
 
Laboratory criteria for diagnosis 
Positive cerebrospinal fluid (CSF) antigen detection or positive culture.  
 
Case classification 
Suspected: A case that meets the clinical case definition. 
Probable: A suspected case as defined above and turbid CSF (with or without 

positive Gram stain) or ongoing epidemic and epidemiological link to a 
confirmed case. 

Confirmed: A suspected or probable case with laboratory confirmation. 

Source: Pan American Health Organization. Case Definitions Meningococcal Disease. 
Epidemiological Bulletin 2002; 22(4):14–5. 
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!"#$%&#'()'*"#+,&-#.%/#,0'+1(,2#3'",#4,5!$!&!%$"#%5&,$#+!""#
!$5,3&,4#1,%1(,#)6%#6'7,#+!(4#%/#$%#"*+1&%+"2#8,3'9",#&6,*#6'7,#
(!&&(,#/,'"%$#&%#8,#&,"&,4-##
#

#
More About Case Definitions 

 
Early in an investigation, investigators may use a “loose” or sensitive case definition that includes confirmed, 
probable, and possible cases to characterize the extent of the problem, identify the populations affected, and 
develop hypotheses about possible causes. The strategy of being more inclusive early on is especially useful in 
investigations that require travel to different hospitals, homes, or other sites to gather information, because 
collecting extra data while you are there is more efficient than having to return a second time. This illustrates an 
important axiom of field epidemiology: Get it while you can. Later on, when hypotheses have come into sharper 
focus, the investigator may tighten the case definition by dropping the “possible” and sometimes the “probable” 
category. In analytic epidemiology, inclusion of false-positive cases can produce misleading results. Therefore, to 
test these hypotheses by using analytic epidemiology (see Step 8), specific or tight case definitions are 
recommended. 
 
Other investigations, particularly those of a newly recognized disease or syndrome, begin with a relatively specific 
or narrow case definition. For example, acquired immunodeficiency syndrome (AIDS) and severe acute respiratory 
syndrome (SARS) both began with relatively specific case definitions. This ensures that persons whose illness meets 
the case definition truly have the disease in question. As a result, investigators could accurately characterize the 
typical clinical features of the illness, risk factors for illness, and cause of the illness. After the cause was known and 
diagnostic tests were developed, investigators could use the laboratory test to learn about the true spectrum of 
illness, and could broaden the case definition to include those with early infection or mild symptoms. 

#
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Step 5: Find cases systematically and record 

information  

!"#$%&'(#')*+,'*-#.)$/#%0&1*')2"#)*'#1*%034&#&%#&4'#)&&'$&,%$#%5#
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;%<'8'*-#&4'#6)"'"#&4)&#7*%.7&#&4'#6%$6'*$#)*'#%5&'$#%$+/#)#".)++#

)$(#0$*'7*'"'$&)&,8'#5*)6&,%$#%5#&4'#&%&)+#$0.1'*#%5#6)"'":#=01+,6#
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7*)6&,&,%$'*"#)$(#5)6,+,&,'"#@#74/",6,)$"A#6+,$,6"-#4%"7,&)+"-#)$(#
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B$8'"&,3)&%*"#.)/#6%$(06&#<4)&#,"#"%.'&,.'"#6)++'(#"&,.0+)&'(#%*#
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&4'#.'(,)#.)/#4)8'#)+*')(/#"7*')(#&4'#<%*(:#C%*#'>).7+'-#,$#)$#
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F0'"&,%$:
DG
#
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 Identifying information!"#"$%&'("%))*'++("%$)",'-'./0$'"
$1&2'*"3+"'++'$,3%-"34"3$5'+,36%,0*+"$'')",0"70$,%7,".%,3'$,+"
40*"%))3,30$%-"81'+,30$+"%$)",0"$0,349",/'&"04"-%20*%,0*9"
*'+1-,+"%$)",/'"01,70&'"04",/'"3$5'+,36%,30$!":%&'+"%-+0"
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01,2*'%;!"?1..-'&'$,%*9"7-3$37%-"3$40*&%,30$("+17/"%+"
)1*%,30$"04"3--$'++"%$)"</',/'*"/0+.3,%-3>%,30$"0*")'%,/"
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+'=("7%+'"7-%++3437%,30$("',7!("</3-'"'%7/"*0<"*'.*'+'$,+"%")344'*'$,"
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Table 6.5 Line Listing of Demographic, Clinical, and Exposure Characteristics of 22 Cases of Bioterrorism-
Related Anthrax—United States, 2001  

Case 
No. 

Onset 
Date, 
2001 

Date of 
Anthrax 

Diagnosis 
by Lab 
Testing Statea 

Age 
(yrs) Sexa Racea 

Occu- 
pationa 

Case 
Statusb 

Anthrax 
Presentationb Outcome Diagnostic Testsa 

1 9/22 10/19 NY 31 F W NY Post 
employee 

Suspect Cutaneous Alive Serum IgG reactive 

2 9/25 10/12 NY 38 F W NBC anchor 
assistant 

Confirmed Cutaneous Alive Skin biopsy IHC+ /  
serum IgG reactive 

3 9/26 10/18 NJ 39 M W USPS 
machine 
mechanic 

Suspect Cutaneous Alive Serum IgG reactive 

4 9/28 10/15 FL 73 M W, H AMI 
mailroom 
worker 

Confirmed Inhalational Alive Pleural biopsy IHC+ /  
serum IgG reactive 

5 9/28 10/18 NJ 45 F W USPS mail 
carrier 

Confirmed Cutaneous Alive Skin biopsy IHC+ and PCR+ 
/ serum IgG reac. 

6 9/28 10/12 NY 23 F W NBC TV news 
intern 

Suspect Cutaneous Alive Serum IgG reactive 

7 9/29 10/15 NY 0.6 M W Child of ABC 
employee 

Confirmed Cutaneous Alive Skin biopsy IHC+ /  
blood PCR+ 

8 9/30 10/4 FL 63 M W AMI photo 
editor 

Confirmed Inhalational Dead Cerebrospinal fluid culture +

9 10/1 10/18 NY 27 F W CBS anchor 
assistant 

Confirmed Cutaneous Alive Skin biopsy IHC+ / serum 
IgG reactive 

10 10/14 10/19 PA 35 M W USPS mail 
processor 

Confirmed Cutaneous Alive Blood culture + / serum IgG 
reactive 

11 10/14 10/28 NJ 56 F B USPS mail 
processor 

Confirmed Inhalational Alive Blood PCR+ / pleural fluid 
cytology IHC+ / serum IgG 
reactive 

12 10/15 10/29 NJ 43 F A USPS mail 
processor 

Confirmed Inhalational Alive Pleural fluid IHC+ /  
bronchial biopsy IHC+ / 
serum IgG reactive 

13 10/16 10/21 VA 56 M B USPS mail 
worker 

Confirmed Inhalational Alive Blood culture + 

14 10/16 10/23 MD 55 M B USPS mail 
worker 

Confirmed Inhalational Dead Blood culture + 

15 10/16 10/26 MD 47 M B USPS mail 
worker 

Confirmed Inhalational Dead Blood culture + 

16 10/16 10/22 MD 56 M B USPS mail 
worker 

Confirmed Inhalational Alive Blood culture + 

17 10/17 10/29 NJ 51 F W Bookkeeper Confirmed Cutaneous Alive Skin biopsy IHC+ and PCR+ 
/ serum IgG reactive 

18 10/19 10/22 NY 34 M W, H NY Post mail 
handler 

Suspect Cutaneous Alive Skin biopsy IHC+ 

19 10/22 10/25 VA 59 M W Government 
mail 
processor 

Confirmed Inhalational Alive Blood culture + 

20 10/23 10/28 NY 38 M W NY Post 
employee 

Confirmed Cutaneous Alive Skin biopsy culture + 

21 10/25 10/30 NY 61 F A Hospital 
supply 
worker  

Confirmed Inhalational Dead Pleural fluid and blood 
culture + 

22 11/14 11/21 CT 94 F W Retired at 
home 

Confirmed Inhalational Dead Blood culture + 

!"#$%"&'%#()*+%,-$%,.()/0!+%"1$%"&'%1&)2&3+%45$%4&6623.7!6/!+%85$%8/)9/6/!+%:;$%:/2<)/=<%(>%;(.?@A/!+%B:$%B!)3.!60+%;C$%
;(66&=</=?<+%,$%>&@!.&+%B$%@!.&+%D$%'E/<&+%F$%A.!=*+%5$%52/!6+%D$G$%'E/<&%'/<E%G/2H!6/=%&<E6/=/<3+%"#$%"&'%#()*+%"F;$%
"!</(6!.%F)(!0=!2</69%;(@H!63+%5BI$%5@&)/=!6%B&0/!%I6=J+%KL4L$%K6/<&0%L<!<&2%4(2<!.%L&)7/=&+%;FL$%;(.?@A/!%F)(!0=!2</69%
L32<&@+%4;M$%H(.3@&)!2&%=E!/6%)&!=</(6+%IG;$%/@@?6(E/2<(=E&@/=!.%2<!/6/69+%N%H(2/</7&+%I9O$%/@@?6(9.(A?./6%OJ%
A;!2&%2<!<?2%!60%!6<E)!P%H)&2&6<!</(6%!)&%0&2=)/A&0%/6%<E&%!6<E)!P%2?)7&/..!6=&%=!2&%0&>/6/</(6%/6%<E&%B&<E(02%2&=</(6J%
%
Source: Jernigan DB, Raghunathan PL, Bell BP, Brechner R, Bresnitz EA, Butler JC, et al. Investigation of bioterrorism-related 
anthrax, United States, 2001: epidemiologic findings. Emerg Infect Dis 2002;8:1019–28. 
%
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Step 6: Perform descriptive epidemiology 

!"#$%&'()**+,-'.%-#%/'-0'%&-)1'%2-34%#'31+3#5-)#4-5)'.%23#5-6)03$-
3#1"27)'3"#-"#-'.%-&%20"#0-83'.-'.%-430%)0%-30-'"-0+0'%7)'3$)**+-
4%0$236%-0"7%-"1-'.%-9%+-$.)2)$'%230'3$0-"1-'."0%-&%20"#0:-;.30-
&2"$%00,-3#-8.3$.-'.%-"('62%)9-30-$.)2)$'%23<%4-6+-'37%,-&*)$%,-)#4-
&%20"#,-30-$)**%4-descriptive epidemiology:-='-7)+-6%-2%&%)'%4-
0%>%2)*-'37%0-4(23#5-'.%-$"(20%-"1-)#-3#>%0'35)'3"#-)0-)443'3"#)*-
$)0%0-)2%-34%#'313%4-"2-)0-#%8-3#1"27)'3"#-6%$"7%0-)>)3*)6*%:-
-
;.30-0'%&-30-$23'3$)*-1"2-0%>%2)*-2%)0"#0:--

 ?(77)23<3#5-4)')-6+-9%+-4%7"52)&.3$->)23)6*%0-&2">34%0-)-
$"7&2%.%#03>%-$.)2)$'%23<)'3"#-"1-'.%-"('62%)9-@-'2%#40-
">%2-'37%,-5%"52)&.3$-430'236('3"#-A&*)$%B,-)#4-'.%-
&"&(*)'3"#0-A&%20"#0B-)11%$'%4-6+-'.%-430%)0%:--

 C2"7-'.30-$.)2)$'%23<)'3"#-+"(-$)#-34%#'31+-"2-3#1%2-'.%-
&"&(*)'3"#-)'-2309-1"2-'.%-430%)0%:--

 ;.%-$.)2)$'%23<)'3"#-"1'%#-&2">34%0-$*(%0-)6"('-%'3"*"5+,-
0"(2$%,-)#4-7"4%0-"1-'2)#073003"#-'.)'-$)#-6%-'(2#%4-3#'"-
'%0')6*%-.+&"'.%0%0-A0%%-?'%&-DB:--

 E%0$23&'3>%-%&34%73"*"5+-4%0$236%0-'.%-8.%2%-)#4-8."7-
"1-'.%-430%)0%,-)**"83#5-+"(-'"-6%53#-3#'%2>%#'3"#-)#4-
&2%>%#'3"#-7%)0(2%0:--

 F)2*+-A)#4-$"#'3#(3#5B-)#)*+030-"1-4%0$23&'3>%-4)')-.%*&0-
+"(-'"-6%$"7%-1)73*3)2-83'.-'."0%-4)'),-%#)6*3#5-+"(-'"-
34%#'31+-)#4-$"22%$'-%22"20-)#4-73003#5->)*(%0:-

Time 
;2)43'3"#)**+,-)-0&%$3)*-'+&%-"1-.30'"52)7-30-(0%4-'"-4%&3$'-'.%-'37%-
$"(20%-"1-)#-%&34%73$:-;.30-52)&.,-$)**%4-)#-epidemic curve,-"2-
epi curve-1"2-0."2',-&2">34%0-)-037&*%->30()*-430&*)+-"1-'.%-
"('62%)9G0-7)5#3'(4%-)#4-'37%-'2%#4:-;.%-$*)003$-%&34%73$-$(2>%,-
0($.-)0-'.%-"#%-0."8#-3#-C35(2%-H:I)-12"7-)#-"('62%)9-"1-
!"#$%&'##"('&)'*+,"-0%2"'+&%-F#'%23'3430,-52)&.0-'.%-#(76%2-"1-
$)0%0-6+-4)'%-"2-'37%-"1-"#0%'-"1-3**#%00:-
-
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Figure 6.2a Outbreak of Salmonella Enteritidis Gastroenteritis—
Maryland, 2003 (Epidemic Curve by 12-Hour Intervals) 
 

 
Source: Castel AD, Blythe D, Edwards L, Totaro J, Shah D, Moore M. A large outbreak of 
Salmonella Enteritidis infections associated with crabcakes at a church fundraiser–
Maryland, 2003. Presented at 53rd Annual Epidemic Intelligence Service Conference, April 
19-23, 2004, Atlanta.  
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Figure 6.2b Outbreak of Salmonella Enteritidis Gastroenteritis— 
Maryland, 2003  (Epidemic Curve by 6-Hour Intervals) 

 
Source: Castel AD, Blythe D, Edwards L, Totaro J, Shah D, Moore M. A large outbreak of 
Salmonella Enteritidis infections associated with crabcakes at a church fundraiser–
Maryland, 2003. Presented at 53rd Annual Epidemic Intelligence Service Conference, April 
19-23, 2004, Atlanta.  
&
Figure 6.2c Outbreak of Salmonella Enteritidis Gastroenteritis— 
Maryland, 2003  (Epidemic Curve by One Day Intervals) 

&
Source: Castel AD, Blythe D, Edwards L, Totaro J, Shah D, Moore M. A large outbreak of 
Salmonella Enteritidis infections associated with crabcakes at a church fundraiser–
Maryland, 2003. Presented at 53rd Annual Epidemic Intelligence Service Conference, April 
19-23, 2004, Atlanta.  
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Figure 6.2d Outbreak of Salmonella Enteritidis Gastroenteritis—
Maryland, 2003  (Epidemic Curve by 6-Hour Intervals)  

!
Source: Castel AD, Blythe D, Edwards L, Totaro J, Shah D, Moore M. A large outbreak of 
Salmonella Enteritidis infections associated with crabcakes at a church fundraiser–
Maryland, 2003. Presented at 53rd Annual Epidemic Intelligence Service Conference, April 
19-23, 2004, Atlanta.  

 
Interpreting an epidemic curve.!"#$!%&'()!()$*!&+!&+)$'*'$)&+,!-+!
$*&.$/&0!01'2$!&(!)3!03+(&.$'!&)(!32$'-44!(#-*$5!"#$!(#-*$!3%!)#$!
$*&.$/&0!01'2$!&(!.$)$'/&+$.!67!)#$!$*&.$/&0!*-))$'+!8%3'!
$9-/*4$:!03//3+!(31'0$!2$'(1(!*'3*-,-)$.;:!)#$!*$'&3.!3%!)&/$!
32$'!<#&0#!(1(0$*)&64$!*$'(3+(!-'$!$9*3($.:!-+.!)#$!/&+&/1/:!
-2$'-,$:!-+.!/-9&/1/!&+016-)&3+!*$'&3.(!%3'!)#$!.&($-($5!
!
=+!$*&.$/&0!01'2$!)#-)!#-(!-!()$$*!1*(43*$!-+.!-!/3'$!,'-.1-4!
.3<+!(43*$!8-!(3>0-44$.!log-normal!01'2$;!&(!0#-'-0)$'&()&0!3%!-!
point-source!epidemic!&+!<#&0#!*$'(3+(!-'$!$9*3($.!)3!)#$!(-/$!
(31'0$!32$'!-!'$4-)&2$!6'&$%!*$'&3.5!?+!%-0):!-+7!(1..$+!'&($!&+!)#$!
+1/6$'!3%!0-($(!(1,,$()(!(1..$+!$9*3(1'$!)3!-!03//3+!(31'0$!
3+$!&+016-)&3+!*$'&3.!$-'4&$'!8@&,1'$!A5B;5!
!
?+!-!*3&+)>(31'0$!$*&.$/&0:!-44!)#$!0-($(!3001'!<&)#&+!3+$!
&+016-)&3+!*$'&3.5!?%!)#$!.1'-)&3+!3%!$9*3(1'$!&(!*'343+,$.:!)#$!
$*&.$/&0!&(!0-44$.!-!continuous common-source!epidemic:!-+.!
)#$!$*&.$/&0!01'2$!#-(!-!*4-)$-1!&+()$-.!3%!-!*$-C5!=+!&+)$'/&))$+)!
03//3+>(31'0$!$*&.$/&0!8&+!<#&0#!$9*3(1'$!)3!)#$!0-1(-)&2$!
-,$+)!&(!(*3'-.&0!32$'!)&/$;!1(1-447!*'3.10$(!-+!&''$,14-'47!D-,,$.!
$*&.$/&0!01'2$!'$%4$0)&+,!)#$!&+)$'/&))$+0$!-+.!.1'-)&3+!3%!
$9*3(1'$!-+.!)#$!+1/6$'!3%!*$'(3+(!$9*3($.5!?+!)#$3'7:!-!
propagated!epidemic!E!3+$!(*'$-.!%'3/!*$'(3+>)3>*$'(3+!<&)#!
&+0'$-(&+,!+1/6$'(!3%!0-($(!&+!$-0#!,$+$'-)&3+!E!(#314.!#-2$!-!
($'&$(!3%!*'3,'$((&2$47!)-44$'!*$-C(!3+$!&+016-)&3+!*$'&3.!-*-'):!61)!
&+!'$-4&)7!%$<!*'3.10$!)#&(!04-((&0!*-))$'+5!



Investigating an Outbreak 
        Page 6-29 

Figure 6.3 Typical Epi Curves for Different Types of Spread 

!
Adapted from: European Programme for Intervention Epidemiology Training  [Internet]. 
Solna, Sweden: Smittskyddsinstitutet  [updated 2004 Sep 27; cited 2006 Sep 22] Available 
from: http://www.epiet.org/course/Presentations/2004/04-Outbreak investigation/03- 
Outbreak investigation-filer/frame.htm 
!
Figure 6.4 Number of Cases of Acute Hemorrhagic Conjunctivitis, By 
Month and Week of Report—Puerto Rico, August 7–October 30, 2003 

!
Adapted from: Acute hemorrhagic conjunctivitis outbreak caused by Coxsackievirus A24–
Puerto Rico, 2003. MMWR 2004;53:632–4. 
 
"#!$%&'(!)*%+',!&-'!'./('0/1!123+'!#-%4#!4-'3'!5%2!)3'!/$!&-'!
$)&23)6!1%23#'!%7!&-'!'./('0/18!9%$#/('3!&-'!'./('0/1!123+'!%7!
)12&'!-'0%33-):/1!1%$;2$1&/+/&/#!/$!<2'3&%!=/1%,!#-%4$!/$!>/:23'!
?8@8!A7!5%2!%$65!-)(!()&)!&-3%2:-!B''C!DE,!&-)&!/#,!&-3%2:-!.%/$&!
",!5%2!0/:-&!1%$162('!&-)&!&-'!%2&*3')C!/#!#&/66!%$!&-'!2.#4/$:,!
4/&-!0%3'!1)#'#!&%!1%0'8!F$!&-'!%&-'3!-)$(,!/7!5%2!-)(!()&)!
&-3%2:-!.%/$&!G,!5%2!0/:-&!;2(:'!&-)&!&-'!%2&*3')C!-)#!.')C'(!)$(!
0)5!#%%$!*'!%+'38!
!



Investigating an Outbreak 
        Page 6-30 

!"#$%&'#'$("&($'(&)*$&+&,($-&.$/#$01'($&'$2)34,-&(25#$&'$("#$45#,&66$
+&((#,)7$8)$#&,6.$%&'#$-&.$,#+,#'#)($&$/&%9:,41)*$4,$1),#6&(#*$
%&'#;$&$'41,%#$43$("#$#+2*#-2%;$4,$&$+#,'4)$<"4$<&'$#=+4'#*$
#&,62#,$("&)$-4'($43$("#$%&'#'$>34,$#=&-+6#;$("#$%449$<"4$(&'(#*$&$
*2'"$"41,'$/#34,#$/,2):2):$2($(4$("#$/2:$+2%)2%?7$@2-26&,6.;$6&(#$%&'#'$
-&.$,#+,#'#)($1),#6&(#*$%&'#';$%&'#'$<2("$64):$2)%1/&(24)$+#,24*';$
'#%4)*&,.$%&'#';$4,$+#,'4)'$#=+4'#*$6&(#,$("&)$-4'($4("#,'$>34,$
#=&-+6#;$'4-#4)#$#&(2):$6#3(45#,'?7$A)$("#$4("#,$"&)*;$("#'#$
41(6.2):$%&'#'$'4-#(2-#'$,#+,#'#)($-2'%4*#*$4,$#,,4)#41'$*&(&7$
866$41(62#,'$&,#$<4,("$#=&-2)2):$%&,#3166.$/#%&1'#$23$("#.$&,#$+&,($
43$("#$41(/,#&9;$("#.$-&.$"&5#$&)$#&'26.$2*#)(232&/6#$#=+4'1,#$("&($
-&.$+42)($*2,#%(6.$(4$("#$'41,%#7$
$
B)$&$+42)(C'41,%#$#+2*#-2%$43$&$9)4<)$*2'#&'#$<2("$&$9)4<)$
2)%1/&(24)$+#,24*;$("#$#+2*#-2%$%1,5#$%&)$/#$1'#*$(4$2*#)(23.$&$
629#6.$+#,24*$43$#=+4'1,#7$D)4<2):$("#$629#6.$+#,24*$43$#=+4'1,#$
&664<'$.41$(4$&'9$E1#'(24)'$&/41($("#$&++,4+,2&(#$+#,24*$43$(2-#$'4$
.41$%&)$2*#)(23.$("#$'41,%#$43$("#$#+2*#-2%7$
$
!4$2*#)(23.$("#$629#6.$+#,24*$43$#=+4'1,#$3,4-$&)$#+2*#-2%$%1,5#$
43$&)$&++&,#)($+42)($'41,%#$#+2*#-2%F$
$ G7$ H449$1+$("#$&5#,&:#$&)*$-2)2-1-$2)%1/&(24)$+#,24*'$43$

("#$*2'#&'#7$!"2'$2)34,-&(24)$%&)$/#$341)*$4)$*2'#&'#$3&%($
'"##('$&5&26&/6#$4)$("#$B)(#,)#($4,$2)$("#$!"#$%"&'"('
!"))*#+,-.&/'0+1/-1/1'2-#*-&3IJ$

$ I7$ B*#)(23.$("#$+#&9$43$("#$41(/,#&9$4,$("#$-#*2&)$%&'#$&)*$
%41)($/&%9$4)$("#$4C&=2'$4)#$&5#,&:#$2)%1/&(24)$+#,24*7$
K4(#$("#$*&(#7$

$ L7$ @(&,($&($("#$#&,62#'($%&'#$43$("#$#+2*#-2%$&)*$%41)($/&%9$("#$
-2)2-1-$2)%1/&(24)$+#,24*;$&)*$)4(#$("2'$*&(#$&'$<#667$

$
B*#&66.;$("#$(<4$*&(#'$<266$/#$'2-26&,;$&)*$,#+,#'#)($("#$+,4/&/6#$
+#,24*$43$#=+4'1,#7$@2)%#$("2'$(#%")2E1#$2'$)4($+,#%2'#;$<2*#)$("#$
+,4/&/6#$+#,24*$43$#=+4'1,#$/.;$'&.;$IMN$(4$OMN$4)$#2("#,$'2*#$43$
("#'#$*&(#';$&)*$("#)$&'9$&/41($#=+4'1,#'$*1,2):$("2'$<2*#)#*$
+#,24*$2)$&)$&((#-+($(4$2*#)(23.$("#$'41,%#7$
$
B)$&$'2-26&,$3&'"24);$23$("#$(2-#$43$#=+4'1,#$&)*$("#$(2-#'$43$4)'#($
43$266)#''$&,#$9)4<)$/1($("#$%&1'#$"&'$)4($.#($/##)$2*#)(232#*;$("#$
2)%1/&(24)$+#,24*$%&)$/#$#'(2-&(#*$3,4-$("#$#+2*#-2%$%1,5#7$
@1/(,&%($("#$(2-#$43$4)'#($43$("#$#&,62#'($%&'#'$3,4-$("#$(2-#$43$
#=+4'1,#$(4$#'(2-&(#$("#$-2)2-1-$2)%1/&(24)$+#,24*7$@1/(,&%($("#$
(2-#$43$4)'#($43$("#$-#*2&)$%&'#$3,4-$("#$(2-#$43$#=+4'1,#$(4$
#'(2-&(#$("#$-#*2&)$2)%1/&(24)$+#,24*7$!"#'#$2)%1/&(24)$+#,24*'$
%&)$/#$%4-+&,#*$<2("$&$62'($43$2)%1/&(24)$+#,24*'$43$9)4<)$
*2'#&'#'$(4$)&,,4<$("#$+4''2/262(2#'7$



Investigating an Outbreak 
        Page 6-31 

!
EXAMPLE: Interpreting an Epidemic Curve 

 
Consider, for example, the outbreak of hepatitis A illustrated by the epidemic curve in Figure 6.5. The incubation 
period for hepatitis A ranges from 15 to 50 days (roughly 2 to 7 weeks), with an average incubation period of 28–30 
days (roughly one month).  Because cases can occur from 15 to 50 days after exposure, all cases from a point source 
exposure should occur within a span of 50 – 15 = 35 days. 
 

Figure 6.5 Hepatitis A from Sub Shop—Massachusetts, 2001 

 
Adapted from: Foodborne transmission of hepatitis A–Massachusetts, 2001. MMWR 2003;52:565–7. 

 
Is this epidemic curve consistent with a point-source epidemic? (That is, do all of the cases occur with one incubation 
period?) 

Yes. The date of onset of the first case was during the week of October 28. The date of onset of the last 
known case was during the week of November 18, less than one month later. All of the cases occur within 
the range of incubation periods expected for a point source exposure. Therefore, the epidemic curve can be 
used to identify the likely period of exposure. 

 
What is the peak of the outbreak or the median date of onset? 

Both the peak of the outbreak and the median case occurred during the week of November 4. 
 
When is the likely date(s) of exposure, based on one average incubation period prior to the peak (median date) of 
the outbreak? 

Since both the peak and the median of the outbreak occurred during the week of November 4, the most 
likely period of exposure was a month earlier, in early October. 

 
When is the beginning of the outbreak? 

The earliest case occurred during the week of October 28. 
 
When is the likely dates of exposure, based on the minimum incubation period before the first case? 

Subtracting 2 weeks from the week of October 28 points to the week of October 14. 
 
Thus you would look for exposures during the weeks of October 7 and 14, plus or minus a few days. This turned out 
to be the exact period during which a restaurant employee, diagnosed with hepatitis A in mid-October, would have 
been shedding virus while still working. In summary, the graph reflects an outbreak (number of cases clearly in 
excess of usual) beginning during the week of October 28, peaking during the week of November 4, and ending 
during the week of November 18. Based on these data and knowledge of the incubation period of hepatitis A, the 
period of exposure was probably in early to mid-October. 

!
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Figure 6.6 Cases of Pneumonia by Room, Nursing Home A—New Jersey, 
2001 

'
Adapted from: Tan C. A preventable outbreak of pneumococcal pneumonia among 
unvaccinated nursing home residents in New Jersey during 2001. Infect Control Hosp 
Epidemiol 2003;24:848–52. 
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Figure 6.7 Desk Locations of Persons with Nasal Swabs Positive for 
Bacillus anthracis, Hart Building—Washington, DC, 2001 

 
Adapted from: Lukacs SL, Hsu V, Harper S, Handzel T, Hayslett J, Khabbaz R,,et al. 
Anthrax outbreak averted: public health response to a contaminated envelope on Capital 
Hill–Washington, DC, 2001. Presented at 51st Annual Epidemic Intelligence Service 
Conference, April 22-26, 2004, Atlanta.  
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Figure 6.8 Cases of Human Granulocytic Ehrlichiosis by County— 
Wisconsin, May 1996–December 1998  

 
Source: Ramsey AH, Belongia EA, Gale CM, Davis JP. Outcomes of treated human 
granulocytic ehrlichiosis cases. Emerg Infect Dis 2002;8:398-401. 
  
Figure 6.9 Rates of Human Granulocytic Ehrlichiosis by County, 
Wisconsin—May 1996–December 1998  

)
Source: Ramsey AH, Belongia EA, Gale CM, Davis JP. Outcomes of treated human 
granulocytic ehrlichiosis cases. Emerg Infect Dis 2002;8:398-401. 



Investigating an Outbreak 
        Page 6-36 

Person 
!"#$#%&'$()#&(*+,*-,&"',*.&/$'#0,/1,2'$3*+,2$*4(5'3,#,5'3%$(2&(*+,
*-,6"*7,&"',%#3'82#&('+&3,#$',#+5,6"*,(3,#&,$(309,:'$3*+,
%"#$#%&'$(3&(%3,&"#&,#$',.3.#;;1,5'3%$(/'5,(+%;.5',/*&","*3&,
%"#$#%&'$(3&(%3,<#='>,$#%'>,3'?>,#+5,7'5(%#;,3&#&.3@,#+5,2*33(/;',
'?2*3.$'3,<*%%.2#&(*+>,;'(3.$',#%&(4(&('3>,#+5,.3',*-,7'5(%#&(*+3>,
&*/#%%*>,#+5,5$.=3@9,A*&",*-,&"'3',(+-;.'+%',3.3%'2&(/(;(&1,&*,
5(3'#3',#+5,*22*$&.+(&('3,-*$,'?2*3.$'9,
,
B"',&6*,7*3&,%*77*+;1,5'3%$(/'5,"*3&,%"#$#%&'$(3&(%3,#$',#=',#+5,
3'?,/'%#.3',&"'1,#$','#3(;1,%*;;'%&'5,#+5,/'%#.3',&"'1,#$',*-&'+,
$';#&'5,&*,'?2*3.$',#+5,&*,&"',$(30,*-,5(3'#3'9,C'2'+5(+=,*+,&"',
*.&/$'#0>,*%%.2#&(*+>,$#%'>,*$,*&"'$,2'$3*+#;,%"#$#%&'$(3&(%3,
32'%(-(%,&*,&"',5(3'#3',.+5'$,(+4'3&(=#&(*+,#+5,&"',3'&&(+=,*-,&"',
*.&/$'#0,7#1,#;3*,/',(72*$&#+&9,D*$,'?#72;'>,(+4'3&(=#&*$3,*-,#+,
*.&/$'#0,*-,"'2#&(&(3,A,7(="&,%"#$#%&'$()',&"',%#3'3,/1,(+&$#4'+*.3,
5$.=,.3',#+5,3'?.#;,%*+&#%&3>,&6*,*-,&"',"(=",$(30,'?2*3.$'3,-*$,
&"#&,5(3'#3'9,E+4'3&(=#&*$3,*-,#,3%"**;8/#3'5,=#3&$*'+&'$(&(3,
*.&/$'#0,7(="&,5'3%$(/',*%%.$$'+%',/1,=$#5',*$,%;#33$**7>,#+5,/1,
3&.5'+&,4'$3.3,&'#%"'$,*$,*&"'$,3&#--9,
,
F#$;1,(+,#+,(+4'3&(=#&(*+>,(+4'3&(=#&*$3,7#1,$'3&$(%&,&"',5'3%$(2&(4',
'2(5'7(*;*=1,&*,+.7/'$3,*-,%#3'39,G*6'4'$>,(+,7#+1,
%($%.73&#+%'3,&"',(+4'3&(=#&*$3,#;3*,%#;%.;#&',$#&'3,<+.7/'$,*-,
%#3'3,5(4(5'5,/1,&"',2*2.;#&(*+,*$,+.7/'$,*-,2'*2;',#&,$(30@9,
H.7/'$3,(+5(%#&',&"',/.$5'+,*-,5(3'#3',#+5,#$',.3'-.;,-*$,2;#++(+=,
#+5,3'$4(%',5';(4'$19,I#&'3,#$','33'+&(#;,-*$,(5'+&(-1(+=,=$*.23,6(&",
';'4#&'5,$(30,*-,5(3'#3'9,,

Summarizing by time, place, and person 
J-&'$,%"#$#%&'$()(+=,#+,*.&/$'#0,/1,&(7'>,2;#%'>,#+5,2'$3*+>,(&,(3,
.3'-.;,&*,3.77#$()',6"#&,1*.,0+*69,D*$,'?#72;'>,5.$(+=,#+,
(+4'3&(=#&(*+,*-,#+,*.&/$'#0,*-,K'=(*++#($'3L,5(3'#3',(+,K*.(3(#+#>,
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*+,&"',5'3%$(2&(4','2(5'7(*;*=19MN,O2'%(-(%#;;1>,&"','2(5'7(%,%.$4',
(+5(%#&'5,&"#&,&"',*.&/$'#0,6#3,/#3(%#;;1,*4'$>,/'%#.3',+*,+'6,
%#3',"#5,/''+,$'2*$&'5,(+,&"',2$'4(*.3,&6*,6''039,B"',#--'%&'5,
2*2.;#&(*+,"#5,#,=$'#&'$,2$*2*$&(*+,*-,2'$3*+3,6"*,6'$',/;#%0>,
-'7#;'>,1*.+=>,#+5,;'33,;(0';1,&*,37*0',&"#+,2'$3*+3,(+,#,&12(%#;,
K'=(*++#($'3L,*.&/$'#09,B"'$',#22'#$'5,&*,/',+*,%;.3&'$(+=,/1,
'(&"'$,$'3(5'+%',*$,6*$03(&'>,#+5,+*,%*++'%&(*+,6(&",'?2*3.$',&*,
&"',&*6+L3,%**;(+=,&*6'$39,B".3>,&"',(+4'3&(=#&*$3,6'$',-*$%'5,&*,
5'4';*2,+'6,"12*&"'3'3,#/*.&,#,3*.$%',*-,K'=(*++#($'3L,5(3'#3',&*,
'?2;#(+,&"(3,*.&/$'#09,
,
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“Round up the usual 
suspects.”  

- Capt. Renault 
(Claude Rains) to his 
policemen after Rick 
Blaine (Humphrey 
Bogart) had just shot 
a Nazi officer, 
Casablanca, 1942 

Step 7: Develop hypotheses 
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When the epidemiology 
does not fit the natural 
pattern, think unnatural, 
i.e., intentional. 

!

"#$%&!'%(%&)!(*&(%'&+!,-*.)!-#*)%''*'#+/0!#&$%+)#1,)*'+!+2*.34!
(*&+#4%'!#&)%&)#*&,3!4#++%/#&,)#*&!*5!,&!#&5%()#*.+!*'!(2%/#(,3!
,1%&)!62%&!)'7#&1!)*!4%)%'/#&%!)2%!(,.+%!*5!,&!*.)-'%,89!:&!
#&)%&)#*&,3!,()0!*&%!6#)2!%#)2%'!)%''*'#+)!*'!('#/#&,3!#&)%&)0!+2*.34!
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#&!+%$%',3!3*(,3!'%+),.',&)+0!-.)!(*.34!&*)!#4%&)#57!,&7!(*//*&!
#&1'%4#%&)+!*'!4#+)'#-.)#*&!+7+)%/9A<!:!7%,'!3,)%'0!,!/%/-%'!*5!,!
3*(,3!(.3)!,4/#))%4!)2,)!)2%!(.3)!2,4!#&)%&)#*&,337!(*&),/#&,)%4!)2%!
+,3,4+!-,'+!6#)2!!"#$%&'##"(*'1,&#+/+9!;2%!3%++*&!3%,'&%4!#+!)2,)!
62%&!)2%!%@#4%/#*3*17!4*%+!&*)!5#)!)2%!.+.,3!*'!&,).',3!@,))%'&+!*5!
)',&+/#++#*&0!#&$%+)#1,)*'+!+2*.34!)2#&8!,-*.)!#&)%&)#*&,3!/*4%+!*5!
)',&+/#++#*&9 

 
Table 6.6 Epidemiologic Clues to Bioterrorism 

 
 1. Single case of disease caused by an uncommon agent (e.g., glanders, smallpox, viral hemorrhagic fever, inhalational or 

cutaneous anthrax) without adequate epidemiologic explanation 
 2. Unusual, atypical, genetically engineered, or antiquated strain of an agent (or antibiotic-resistance pattern) 
 3. Higher morbidity and mortality in association with a common disease or syndrome or failure of such patients to respond 

to usual therapy 
 4. Unusual disease presentation (e.g., inhalational anthrax or pneumonic plague) 
 5. Disease with an unusual geographic or seasonal distribution (e.g., tularemia in a non-endemic area, influenza in the 

summer) 
 6. Stable endemic disease with an unexplained increase in incidence (e.g., tularemia, plague) 
 7. Atypical disease transmission through aerosols, food, or water, in a mode suggesting deliberate sabotage (i.e., no other 

physical explanation) 
 8. No illness in persons who are not exposed to common ventilation systems (have separate closed ventilation systems) 

when illness is seen in persons in close proximity who have a common ventilation system 
 9. Several unusual or unexplained diseases coexisting in the same patient without any other explanation 
 10. Unusual illness that affects a large, disparate population (e.g., respiratory disease in a large population may suggest 

exposure to an inhalational pathogen or chemical agent) 
 11. Illness that is unusual (or atypical) for a given population or age group (e.g., outbreak of measles-like rash in adults) 
 12. Unusual pattern of death or illness among animals (which may be unexplained or attributed to an agent of bioterrorism) 

that precedes or accompanies illness or death in humans 
 13. Unusual pattern of death or illness among humans (which may be unexplained or attributed to an agent of bioterrorism) 

that precedes or accompanies illness or death in animals 
 14. Ill persons who seek treatment at about the same time (point source with compressed epidemic curve) 
 15. Similar genetic type among agents isolated from temporally or spatially distinct sources 
 16. Simultaneous clusters of similar illness in noncontiguous areas, domestic or foreign 
 17. Large number of cases of unexplained diseases or deaths 

Source: Treadwell TA, Koo D, Kuker K, Khan AS. Epidemiologic clues to bioterrorism. Public Health Reports 2003; 118:92–8. 
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!"#$%&'(!")*+!,$)%,"'!%-'(.%,/.0"'1+)/".%"'2$,3.4,',35/.,.6$(."$"'
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Step 8: Evaluate hypotheses epidemiologically 
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)+$-):$.0.&$","'4")'!%!05,$(')+$-):$.0.&5',.',)",',3)$/'35+.,3)")";'
B3)'#)5'9)!,4/)'.9'!%!05,$(')+$-):$.0.&5'$"'!'(.:+!/$".%'&/.4+;'
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+)/".%"'2$,3',3)'expected'+!,,)/%'!:.%&'%.%(!")"'./'4%)6+.")-'
+)/".%";'P5'(.:+!/$%&',3)'.8")/A)-'2$,3')6+)(,)-'+!,,)/%"='
)+$-):$.0.&$","'(!%'-),)/:$%)'23),3)/',3)'.8")/A)-'+!,,)/%'-$99)/"'
"48",!%,$!005'9/.:'23!,'"3.40-'8)')6+)(,)-'!%-='$9'".='85'23!,'
-)&/));'O%'.,3)/'2./-"=')+$-):$.0.&$","'(!%'4")'!%!05,$('
)+$-):$.0.&5'2$,3'$,"'3!00:!/#'(.:+!/$".%'&/.4+',.'E4!%,$95'
/)0!,$.%"3$+"'8),2))%')6+."4/)"'!%-'-$")!")='!%-',.',)",'
35+.,3)")"'!8.4,'(!4"!0'/)0!,$.%"3$+";'B3)',2.':.",'(.::.%'
,5+)"'.9'!%!05,$(')+$-):$.0.&5'",4-$)"'4")-'$%'9$)0-'$%A)",$&!,$.%"'



Investigating an Outbreak 
        Page 6-40 

!"#$"#%"&'(#)%*+#$)&,&"%$'%-.*#'$!/.$)!'#0)&/%"&1$'%-.*#'2$!'$
.#')"*3#.$*/$%,#$4&11&5*/6$'#)%*&/'7$

Retrospective cohort studies 
8$"#%"&'(#)%*+#$)&,&"%$'%-.9$*'$%,#$'%-.9$&4$),&*)#$4&"$!/$&-%3"#!:$
*/$!$';!112$5#110.#4*/#.$(&(-1!%*&/2$'-),$!'$!/$&-%3"#!:$&4$
6!'%"&#/%#"*%*'$!;&/6$5#..*/6$6-#'%'$4&"$5,*),$!$)&;(1#%#$1*'%$&4$
6-#'%'$*'$!+!*1!31#7$</$!$)&,&"%$'%-.92$%,#$*/+#'%*6!%&"$)&/%!)%'$#!),$
;#;3#"$&4$%,#$.#4*/#.$(&(-1!%*&/$=#7672$5#..*/6$6-#'%'>2$
.#%#";*/#'$#!),$(#"'&/?'$#@(&'-"#$%&$(&''*31#$'&-")#'$!/.$+#,*)1#'$
=#7672$5,!%$4&&.$!/.$."*/:'$#!),$6-#'%$)&/'-;#.>2$!/.$/&%#'$
5,#%,#"$%,#$(#"'&/$1!%#"$3#)!;#$*11$5*%,$%,#$.*'#!'#$*/$A-#'%*&/$
=#7672$6!'%"&#/%#"*%*'>7$
$

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Method for calculating risk 
ratio:  
 

Attack rate (risk) 
in exposed group 
 
Attack rate (risk) 
in unexposed group 

$

84%#"$)&11#)%*/6$'*;*1!"$*/4&";!%*&/$4"&;$#!),$!%%#/.##2$%,#$
*/+#'%*6!%&"$)!1)-1!%#'$!/$!%%!):$"!%#$4&"$%,&'#$#@(&'#.$%&$=#7672$
5,&$!%#>$!$(!"%*)-1!"$*%#;$!/.$!/$!%%!):$"!%#$4&"$%,&'#$5,&$5#"#$
/&%$#@(&'#.7$B#/#"!1192$!/$#@(&'-"#$%,!%$,!'$%,#$4&11&5*/6$%,"##$
),!"!)%#"*'%*)'$&"$)"*%#"*!$*'$)&/'*.#"#.$!$'%"&/6$'-'(#)%C$
D7$ E,#$!%%!):$"!%#$*'$,*6,$!;&/6$%,&'#$#@(&'#.$%&$%,#$*%#;7$
F7$ E,#$!%%!):$"!%#$*'$1&5$!;&/6$%,&'#$/&%$#@(&'#.2$'&$%,#$
.*44#"#/)#$&"$"!%*&$3#%5##/$!%%!):$"!%#'$*'$,*6,7$

G7$ H&'%$&4$%,#$)!'#0(!%*#/%'$5#"#$#@(&'#.$%&$%,#$*%#;2$'&$%,!%$
%,#$#@(&'-"#$)&-1.$I#@(1!*/J$&"$!))&-/%$4&"$;&'%2$*4$/&%$!112$
&4$%,#$)!'#'7$

! !
Relative and attributable risk. K&;;&/192$%,#$*/+#'%*6!%&"$
)&;(!"#'$%,#$!%%!):$"!%#$*/$%,#$#@(&'#.$6"&-($%&$%,#$!%%!):$"!%#$*/$
%,#$-/#@(&'#.$6"&-($%&$;#!'-"#$%,#$!''&)*!%*&/$3#%5##/$%,#$
#@(&'-"#$=#7672$%,#$4&&.$*%#;>$!/.$.*'#!'#7$E,*'$*'$)!11#.$%,#$risk 
ratio$&"$%,#$relative risk7$L,#/$%,#$!%%!):$"!%#$4&"$%,#$#@(&'#.$
6"&-($*'$%,#$'!;#$!'$%,#$!%%!):$"!%#$4&"$%,#$-/#@(&'#.$6"&-(2$%,#$
"#1!%*+#$"*':$*'$#A-!1$%&$D7M2$!/.$%,#$#@(&'-"#$*'$'!*.$/&%$%&$3#$
!''&)*!%#.$5*%,$.*'#!'#7$E,#$6"#!%#"$%,#$.*44#"#/)#$*/$!%%!):$"!%#'$
3#%5##/$%,#$#@(&'#.$!/.$-/#@(&'#.$6"&-('2$%,#$1!"6#"$%,#$"#1!%*+#$
"*':2$!/.$%,#$'%"&/6#"$%,#$!''&)*!%*&/$3#%5##/$#@(&'-"#$!/.$
.*'#!'#7
$
E!31#$N7O$*/)1-.#'$.!%!$4"&;$!/$*/+#'%*6!%*&/$&4$!/$&-%3"#!:$&4$
"#$%&'($$#$E9(,*;-"*-;$6!'%"&#/%#"*%*'$4&11&5*/6$!$)&;(!/9?'$
,&1*.!9$3!/A-#%$*/$P#)#;3#"$FMMG7QM$$8(("&@*;!%#19$DGR$(#"'&/'$
!%%#/.#.$%,#$(!"%92$!/.$&4$DDN$5,&$5#"#$*/%#"+*#5#.2$RO$=QST>$
;#%$%,#$)!'#$.#4*/*%*&/7$U&&.0'(#)*4*)$!%%!):$"!%#'$4&"$%,&'#$5,&$
.*.$!/.$.*.$/&%$#!%$#!),$&4$S$*%#;'$'#"+#.$&/19$!%$%,*'$3!/A-#%$!"#$
("#'#/%#.7$
$
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!"#$%&'(%")*+,$%)-%#&&#".%/#&(0%#,)$1%&')0(%2')%#&(%&'(%03("4-4(5%
4&(,0%#$5%")$045(/%&'(%&'/((%"/4&(/4#%*40&(5%)$%&'(%3/(64)+0%3#1(7%
8'4"'%4&(,%0')20%&'(%'41'(0&%#&&#".%/#&(9%:0%&'(%#&&#".%/#&(%*)2%
#,)$1%3(/0)$0%$)&%(;3)0(5%&)%&'#&%4&(,9%8(/(%,)0&%)-%&'(%<=%
"#0(>3#&4($&0%(;3)0(5%&)%&'#&%-))5%4&(,9%% 

 
Table 6.7 Attack Rates By Items Served at Company A’s Holiday Banquet—Virginia, December 2003 
 
 
 Number of Persons who ATE Number of Persons who DID NOT EAT 
Food Items                Specified Food                                      Specified Food                          Risk 
Served  Ill      Not Ill        Total   Attack Rate  Ill       Not Ill        Total      Attack Rate Ratio 
  
Beef 53 28 81 65% 4 31 35 11% 5.7 
Ravioli 43 35 78 55% 14 24 38 37% 1.5 
Cajun sauce* 19 11 30 63% 37 48 85 44% 1.5 
Pesto cream* 37 29 66 56% 19 30 49 39% 1.4 
California rolls* 21 14 35 60% 34 44 78 44% 1.4 
Mushrooms* 32 26 58 55% 24 31 55 44% 1.3 
Broccoli* 34 30 64 53% 22 29 51 43% 1.2 
Carrots* 34 30 64 53% 23 28 51 43% 1.2 
Potatoes* 39 41 80 49% 17 17 34 50% 1.0   
 
*Excludes 1 or more persons with indefinite history of consumption of that food. 
 
Source; Jani AA, Barrett E, Murphy J, Norton D, Novak C, Painter J, Toney D. A steamship full of trouble: an outbreak of Salmonella 
Typhimurium DT 104 gastroenteritis at a holiday banquet–Virginia, 2003. Presented at 53rd Annual Epidemic Intelligence Service 
Conference, April 19-23, 2004, Atlanta.  %

%
?((-@%2'4"'%'#5%&'(%'41'(0&%#&&#".%/#&(%#,)$1%&')0(%2')%#&(%4&@%&'(%
*)2(0&%#&&#".%/#&(%#,)$1%&')0(%2')%545%$)&%(#&%4&@%#$5%")+*5%
#"")+$&%-)/%#*,)0&%#**%A<B%)-%<=C%)-%&'(%"#0(0@%2#0%4$5((5%&'(%
"+*3/4&7%D'(%5#&#%0')24$1%&'(%/(*#&4)$0'43%E(&2(($%#$%(;3)0+/(%#$5%
540(#0(%#/(%)-&($%5403*#F(5%4$%#%&2)>EF>&2)%&#E*(7%D'(%-)**)24$1%
&2)>EF>&2)%&#E*(%0')20%&'(%5#&#%-)/%E((-%#$5%1#0&/)($&(/4&407%
%  

Table 6.8 Risk of Gastroenteritis By Consumption of Beef—Virginia, December 2003 
%
 

  Ill Not Ill Total Attack Rate (Risk) 

Yes 53 28 81 65.4% 
Ate beef? 

No 4 31 35 11.4% 

 Total 57 59 116 49.1% 

Risk ratio = 65.4 / 11.4 = 5.7 

Proportion of cases exposed = 53 / 57 = 93.0% 
Population attributable risk percent = (49.1 - 11.4) / 49.1 = 76.7%  

 
Source; Jani AA, Barrett E, Murphy J, Norton D, Novak C, Painter J, Toney D. A steamship full of trouble: an outbreak of 
Salmonella Typhimurium DT 104 gastroenteritis at a holiday banquet–Virginia, 2003. Presented at 53rd Annual Epidemic 
Intelligence Service Conference, April 19-23, 2004, Atlanta.  
 %

D'(%/40.%/#&4)%40%"#*"+*#&(5%#0%&'(%/#&4)%)-%&'(%#&&#".%/#&(0%)/%/40.0@%
47(7@%G<7HI%54645(5%EF%JJ7HI@%2'4"'%(K+#*0%<7=7%D'40%/40.%/#&4)%
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!"#!$%&'()&*%&)+',(-"().*-)%&')&*')/''0).',')123)&!4'()4-,')5!6'57)
&-)/'$-4')!55)&*%")&*-(').*-)#!#)"-&)'%&)&*')/''02)
)

)
Method for calculating 
population attributable risk 
percent:  
 

( ARP  -  ARU ) 

ARP 

ARP   = Attack rate (risk) in 
total population 

ARU  = Attack rate (risk) in 
unexposed group 

)

8-"(!#',!"9)&*')&*!,#)$,!&',!-")5!(&'#)'%,5!',:)"-&!$')&*%&)%54-(&)%55)
;1<)-=&)-0)13>)-0)&*')$%('()$-=5#)/')%$$-="&'#)0-,)/7)&*')/''02)
?-4')!"@'(&!9%&-,()=(')%)4-,')A=%"&!&%&!@')%++,-%$*)%"#)$%5$=5%&')
%)+-+=5%&!-")%&&,!/=&%/5'),!(6)+',$'"&)0-,)'%$*)0--#2)B*')+-+=5%&!-")
%&&,!/=&%/5'),!(6)+',$'"&)#'($,!/'()&*')+,-+-,&!-")-0)!55"'(()!")&*')
'"&!,')(&=#7)+-+=5%&!-")&*%&)$-=5#)/')%&&,!/=&%/5')&-)%)9!@'")
'C+-(=,':)%((=4!"9)&*%&)&*-(').*-)/'$%4')!55)!")&*')="'C+-('#)
9,-=+)%"#)%)(!4!5%,)+,-+-,&!-")!")&*')'C+-('#)9,-=+)4=(&)/')
%&&,!/=&%/5')&-)(-4'&*!"9)'5('2)B*')+-+=5%&!-")%&&,!/=&%/5'),!(6)
+',$'"&)4%7)%$&=%557)/')%")="#','(&!4%&')!")4%"7)-=&/,'%6(:)(!"$')
!&)#-'()"-&)&%6')!"&-)%$$-="&)(=$*)$-44-")-$$=,,'"$'()%()$,-((D
$-"&%4!"%&!-")-0)0--#()-,)(%4+5!"9)-0)%)(+-=('E()#!(*2)B*')
+-+=5%&!-")%&&,!/=&%/5'),!(6)+',$'"&)0-,)/''0).%()3F23G);('')B%/5')
F2H>:)4=$*)*!9*',)&*%")&*%&)0-,)%"7)-&*',)0--#2)
!
Statistical significance testing. I*'")%")'C+-(=,')!()0-="#)&-)*%@')
%),'5%&!@'),!(6)#!00','"&)0,-4)J2K:)4%"7)!"@'(&!9%&-,()$%5$=5%&')%)
$*!D(A=%,')-,)-&*',)&'(&)-0)(&%&!(&!$%5)(!9"!0!$%"$')&-)#'&',4!"')&*')
5!6'5!*--#)-0)0!"#!"9)%")%((-$!%&!-")%()5%,9')-,)5%,9',)-")&*')/%(!()
-0)$*%"$')%5-"'2)L)#'&%!5'#)#'($,!+&!-")-0)(&%&!(&!$%5)&'(&!"9)!()
/'7-"#)&*')($-+')-0)&*!()5'((-":)/=&)&*')0-55-.!"9)&'C&)+,'('"&()
(-4')6'7)0'%&=,'()%"#)0-,4=5%(2)
))
B-)&'(&)%")%((-$!%&!-")0-,)(&%&!(&!$%5)(!9"!0!$%"$':)%((=4')0!,(&)&*%&)
&*')'C+-(=,')!()"-&),'5%&'#)&-)#!('%(':)!2'2:)&*'),'5%&!@'),!(6);MM>)
'A=%5()J2K2)B*!()%((=4+&!-")!()6"-.")%()&*')null hypothesis2)B*')
alternative hypothesis:).*!$*).!55)/')%#-+&'#)!0)&*')"=55)
*7+-&*'(!()+,-@'()&-)/')!4+5%=(!/5':)!()&*%&)'C+-(=,')!()%((-$!%&'#)
.!&*)#!('%('2)N'C&:)$-4+=&')%)4'%(=,')-0)%((-$!%&!-":)(=$*)%()%)
,!(6),%&!-)-,)-##(),%&!-2)B*'")$%5$=5%&')%)$*!D(A=%,')-,)-&*',)
(&%&!(&!$%5)&'(&2)B*!()&'(&)!"#!$%&'()&*')+,-/%/!5!&7)-0)0!"#!"9)%")
%((-$!%&!-")%()(&,-"9)%()-,)(&,-"9',)&*%")&*')-"')7-=)*%@')-/(',@'#)
!0)&*')"=55)*7+-&*'(!().','),'%557)&,=':)&*%&)!(:)!0)!"),'%5!&7)&*')
'C+-(=,')/'!"9)&'(&'#).%()"-&),'5%&'#)&-)&*')#!('%('2)B*!()
+,-/%/!5!&7)!()$%55'#)&*')p-value2)L)@',7)(4%55)+D@%5=')4'%"()&*%&)
&*')-/(',@'#)%((-$!%&!-")-$$=,()-"57),%,'57)!0)&*')"=55)*7+-&*'(!()!()
&,='2)O0)&*')+D@%5=')!()(4%55',)&*%")(-4')$=&-00)&*%&)*%()/''")
(+'$!0!'#)!")%#@%"$':)$-44-"57)K2K1)-,)1G:)7-=)#!($%,#)-,),'P'$&)
&*')"=55)*7+-&*'(!()!")0%@-,)-0)&*')%5&',"%&!@')*7+-&*'(!(2)
)
B%/5')F2Q)(*-.()&*')(&%"#%,#)"-&%&!-")0-,)%)&.-D/7D&.-)&%/5'2) 

 
)
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Table 6.9 Standard Notation of a Two-By-Two Table 
 

 Ill Well Total Attack Rate (Risk) 

Exposed a b a+b = H1 a / a+b 

Unexposed c d c+d = H0 c / c+d 

Total a+c=V1 b+d=V2 T V1 / T 
 
!
!

!
!
!

One formula for the chi-square 
test: 
 

T(ad-bc)2 

 

H1 x H0 x V1 x V2 

"#$!%&'(!)&%%&*!'(+(,'(,)+-!($'(!.&/!0+(+!,*!+!(1&2342(1&!(+3-$!
./&%!+*!&5(3/$+6!,'!(#$!)#,2'75+/$!($'(8!"&!+99-4!(#,'!($'(:!)+-)5-+($!
(#$!)#,2'75+/$!'(+(,'(,):!(#$*!-&&6!59!,('!)&//$'9&*0,*;!92<+-5$!,*!+!
(+3-$!&.!)#,2'75+/$':!'5)#!+'!"+3-$!=8>?8!@,*)$!+!(1&2342(1&!(+3-$!
#+'!>!0$;/$$!&.!./$$0&%:!+!)#,2'75+/$!-+/;$/!(#+*!A8BC!)&//$'9&*0'!
(&!+!92<+-5$!'%+--$/!(#+*!?8?D8!"#,'!%$+*'!(#+(!,.!4&5!9-+**$0!(&!
/$E$)(!(#$!*5--!#49&(#$','!,.!(#$!92<+-5$!,'!-$''!(#+*!?8?D:!4&5!)+*!
0&!'&!,.!4&5/!<+-5$!.&/!)#,2'75+/$!,'!;/$+($/!(#+*!A8BC8!F$)&;*,G$:!
#&1$<$/:!(#+(!(#$!)#,2'75+/$!+*0!',%,-+/!($'('!+/$!;5,0$'!(&!#$-9!
4&5!%+6$!+!0$),',&*!+3&5(!+!#49&(#$','8!H#,)#$<$/!0$),',&*!4&5!
%+6$:!4&5!%+4!3$!/,;#(!&/!4&5!%+4!3$!1/&*;8!I&5!)&5-0!)+-)5-+($!
+!92<+-5$!(#+(!,'!*&(!-$''!(#+*!?8?D!+*0!)&*'$75$*(-4!.+,-!(&!/$E$)(!
(#$!*5--!#49&(#$',':!1#,)#!%+4!(5/*!&5(!(&!3$!(/5$8!"#,'!&.($*!
&))5/'!1#$*!+!'(504!#+'!/$-+(,<$-4!.$1!9$&9-$8!"#$!&99&',($!)+*!
+-'&!&))5/!J!+!92<+-5$!-$''!(#+*!?8?D!)+*!+)(5+--4!3$!+!)#+*)$!
.,*0,*;!/+(#$/!(#+*!(#$!(/5$!$K9-+*+(,&*!&.!(#$!&5(3/$+68!  

Table 6.10 Table of Chi-Squares  
 
 Degrees Probability 
 of Freedom .50 .20 .10 .05 .02 .01 .001   
 1 .455 1.642 2.706 3.841 5.412 6.635 10.827 
 2 1.386 3.219 4.605 5.991 7.824 9.210 13.815 
 3 2.366 4.642 6.251 7.815 9.837 11.345 16.268 
 4 3.357 5.989 7.779 9.488 11.668 13.277 18.465 
 5 4.351 7.289 9.236 11.070 13.388 15.086 20.517 
 10 9.342 13.442 15.987 18.307 21.161 23.209 29.588 
 15 14.339 19.311 22.307 24.996 28.259 30.578 37.697 
 20 19.337 25.038 28.412 31.410 35.020 37.566 43.315 
 25 24.337 30.675 34.382 37.652 41.566 44.314 52.620 
 30 29.336 36.250 40.256 43.773 47.962 50.892 59.703  
!
!

!

L&*',0$/!(#$!;+'(/&$*($/,(,'!+*0!3$$.!)&*'5%9(,&*!0+(+!9/$'$*($0!
,*!"+3-$!=8B8!"#$!/$-+(,<$!/,'6!,'!D8M:!1#,)#!%&'(!$9,0$%,&-&;,'('!
1&5-0!0$$%!+!N'(/&*;O!+''&),+(,&*!3$(1$$*!$K9&'5/$!+*0!0,'$+'$8!
P*!+00,(,&*:!(#$!92<+-5$!,'!$K)$$0,*;-4!'%+--:!-$''!(#+*!?8??>:!+*0!
.+/!-$''!(#+*!(#$!)&%%&*-4!5'$0!)5(&..!&.!?8?D8!@&!(#$!
,*<$'(,;+(&/'!/$E$)($0!(#$!*5--!#49&(#$','!Q(#+(!3$$.!1+'!*&(!
+''&),+($0!1,(#!,--*$''R!+*0!+0&9($0!(#$!+-($/*+(,<$!#49&(#$','!Q(#+(!
3$$.!1+'!,*0$$0!+''&),+($0!1,(#!,--*$''R8!P*!(#,'!&5(3/$+6:!(#$!
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!""#$%!&%#'()*&+**'(*!&%',()**-(!&(&.*()!'/0*&(!'1(,!"&2#*'&*2%&%"(
+!"()#&.("&2#',(34456789(!'1("&!&%"&%$!::;("%,'%-%$!'&(3<(=(>7>>?97((
(
@.*($.%A"/0!2*(&*"&(+#2B"(+*::(%-(&.*('0C)*2(#-(<*#<:*(%'(&.*("&01;(
%"(,2*!&*2(&.!'(!)#0&(D>7(E#2("C!::*2("&01%*"F(!(&*"&($!::*1(&.*(E%".*2(
GH!$&(@*"&(C!;()*(C#2*(!<<2#<2%!&*7(I*$!0"*(&.*(E%".*2(GH!$&(
@*"&(%"(&*1%#0"(&#($!:$0:!&*F(:*&(G<%(J'-#(#2(!'#&.*2($#C<0&*2(
<2#,2!C(<*2-#2C(&.*($!:$0:!&%#'"(-#2(;#07(
(
Confidence intervals. K'(!:&*2'!&%L*(&#($!:$0:!&%',(!(<AL!:0*(%"(
$!:$0:!&%',(!($#'-%1*'$*(%'&*2L!:7(K(M6N($#'-%1*'$*(%'&*2L!:F(&.*(
%'&*2L!:(0"*1(C#"&($#CC#':;();(*<%1*C%#:#,%"&"F($#22*"<#'1"(&#(!(
<5>7>6($0&A#--7(J'('#'A&*$.'%$!:(&*2C"F(!($#'-%1*'$*(%'&*2L!:(-#2(!(
2%"B(2!&%#(%"(&.*(2!',*(#-(L!:0*"(#-(&.*(2%"B(2!&%#($#'"%"&*'&(+%&.(&.*(
1!&!(%'(!("&01;7(K(+%1*($#'-%1*'$*(%'&*2L!:(%'1%$!&*"(&.!&(&.*("&01;(
%"($#'"%"&*'&(+%&.(!(+%1*(2!',*(#-(L!:0*"F(%7*7F(&.*("&01;(%"('#&(L*2;(
<2*$%"*(%'(1*"$2%)%',(&.*("&2*',&.(#-(&.*(!""#$%!&%#'(32%"B(2!&%#9(
)*&+**'(*H<#"02*(!'1(1%"*!"*7(K('!22#+($#'-%1*'$*(%'&*2L!:(
%'1%$!&*"(&.!&(&.*(2%"B(2!&%#(%"(-!%2:;(<2*$%"*7(O#'"%1*2(!,!%'(&.*(
,!"&2#*'&*2%&%"(1!&!(%'(@!):*(P7Q7(@.*(M6N($#'-%1*'$*(%'&*2L!:(-#2(
&.*(2%"B(2!&%#(#-(678(2!',*1(-2#C(R7R(&#(?S7P7(@.%"($#'-%1*'$*(
%'&*2L!:(%'1%$!&*"(&.!&(&.*("&01;(%"($#'"%"&*'&(+%&.(2%"B(2!&%#"(-#2(&.*(
)**-T,!"&2#*'&*2%&%"(!""#$%!&%#'(%'(&.!&(2!',*7(
(
I*$!0"*(!($#'-%1*'$*(%'&*2L!:(<2#L%1*"(C#2*(%'-#2C!&%#'(&.!'(!(<A
L!:0*(1#*"F(C!';(C*1%$!:(!'1(*<%1*C%#:#,%$(U#02'!:"('#+(<2*-*2(
$#'-%1*'$*(%'&*2L!:"(&#(<AL!:0*"7(V#+*L*2F(%'(&.*(#0&)2*!B("*&&%',F(
&.*(1%--*2*'$*(C!;()*(%22*:*L!'&7(J-(&.*(#)U*$&%L*(#-(!'(#0&)2*!B(
%'L*"&%,!&%#'(%"(&#(%1*'&%-;(&.*($0:<2%&("0$.(!"(!($#'&!C%'!&*1(-##1F(
!(2*:!&%L*(2%"B(!'1(<AL!:0*(C!;(1#(U0"&(!"(+*::(!"(!(2*:!&%L*(2%"B(!'1(
$#'-%1*'$*(%'&*2L!:7(

Case-control studies 
K($#.#2&("&01;(%"(-*!"%):*(#':;(+.*'(&.*(<#<0:!&%#'(%"(+*::(1*-%'*1(
!'1($!'()*(-#::#+*1(#L*2(!(<*2%#1(#-(&%C*7(V#+*L*2F(%'(C!';(
#0&)2*!B("*&&%',"F(&.*(<#<0:!&%#'(%"('#&(+*::(1*-%'*1(!'1("<**1(#-(
%'L*"&%,!&%#'(%"(%C<#2&!'&7(J'("0$.("*&&%',"F(&.*($!"*A$#'&2#:("&01;(
)*$#C*"(&.*("&01;(1*"%,'(#-($.#%$*7(
(
J'(!($!"*A$#'&2#:("&01;F(&.*(%'L*"&%,!&#2(!"B"()#&.($!"*A<!&%*'&"(!'1(
!($#C<!2%"#'(,2#0<(#-(<*2"#'"(+%&.#0&(1%"*!"*(3W$#'&2#:"X9(!)#0&(
&.*%2(*H<#"02*"7(Y"%',(&.*(%'-#2C!&%#'(!)#0&(1%"*!"*(!'1(*H<#"02*(
"&!&0"F(&.*(%'L*"&%,!&#2(&.*'($!:$0:!&*"(!'(odds ratio(&#(/0!'&%-;(&.*(
2*:!&%#'".%<()*&+**'(*H<#"02*(!'1(1%"*!"*7(E%'!::;F(!(<AL!:0*(#2(
$#'-%1*'$*(%'&*2L!:(%"($!:$0:!&*1(&#(!""*""("&!&%"&%$!:("%,'%-%$!'$*7(
(
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Choosing controls. !"#$%&#'()$($)%*%+*'#,+-$./-0%'.1&23%-$#%-4%
."#%5-'.%(56-/.*$.%&#+('(-$'%('%&#+(&($)%7"-%."#%+-$./-0'%'"-10&%
8#9%:"#%+-$./-0'%51'.%$-.%"*;#%."#%&('#*'#%8#($)%'.1&(#&3%81.%
'"-10&%/#6/#'#$.%."#%6-610*.(-$%($%7"(+"%."#%+*'#'%-++1//#&9%<$%
-."#/%7-/&'3%."#2%'"-10&%8#%'(5(0*/%.-%."#%+*'#'%#=+#6.%."*.%."#2%
&-$>.%"*;#%."#%&('#*'#9%:"#%+-$./-0'%6/-;(&#%."#%0#;#0%-4%#=6-'1/#%
2-1%7-10&%#=6#+.%.-%4($&%*5-$)%."#%+*'#,6*.(#$.'%(4%."#%$100%
"26-."#'('%7#/#%./1#9%<4%#=6-'1/#%('%51+"%5-/#%+-55-$%*5-$)%
."#%+*'#,6*.(#$.'%."*$%*5-$)%."#%+-$./-0'3%(9#93%."#%-8'#/;#&%
#=6-'1/#%*5-$)%+*'#,6*.(#$.'%('%)/#*.#/%."*$%#=6#+.#&%#=6-'1/#%
6/-;(&#&%82%."#%+-$./-0'3%."#$%#=6-'1/#%('%'*(&%.-%8#%*''-+(*.#&%
7(."%(00$#''9%
%
<$%6/*+.(+#3%+"--'($)%7"-%."#%5-'.%*66/-6/(*.#%+-$./-0%)/-16%('%
5*2%8#%?1(.#%&(44(+10.9%%<$%*&&(.(-$3%($;#'.()*.-/'%51'.%+-$'(&#/%
0-)('.(+*0%(''1#'3%'1+"%*'%"-7%.-%+-$.*+.%6-.#$.(*0%+-$./-0'3%)*($%
."#(/%+--6#/*.(-$3%#$'1/#%."*.%."#2%*/#%4/##%-4%&('#*'#3%*$&%-8.*($%
*66/-6/(*.#%#=6-'1/#%&*.*%4/-5%."#59%<$%*%+-551$(.2%-1.8/#*@3%*%
/*$&-5%'*560#%-4%."#%"#*0."2%6-610*.(-$%5*23%($%."#-/23%8#%."#%
8#'.%+-$./-0%)/-169%<$%6/*+.(+#3%"-7#;#/3%6#/'-$'%($%*%/*$&-5%
'*560#%5*2%8#%&(44(+10.%.-%+-$.*+.%*$&%#$/-009%A-$#."#0#''3%5*$2%
($;#'.()*.-/'%*..#56.%.-%#$/-00%'1+"%B6-610*.(-$,8*'#&C%+-$./-0'%
."/-1)"%&(*0($)%-4%/*$&-5%.#0#6"-$#%$158#/'%($%."#%+-551$(.2%-/%
."/-1)"%*%"-1'#"-0&%'1/;#29%
%
D."#/%+-55-$%+-$./-0%)/-16'%+-$'('.%-4E%

 A#()"8-/'%-4%+*'#,6*.(#$.'3%
 F*.(#$.'%4/-5%."#%'*5#%6"2'(+(*$%6/*+.(+#%-/%"-'6(.*0%7"-%
&-%$-.%"*;#%."#%&('#*'#%($%?1#'.(-$3%

 G/(#$&'%-4%+*'#,6*.(#$.'9%
%
!"(0#%+-$./-0'%4/-5%."#'#%)/-16'%5*2%8#%5-/#%0(@#02%.-%6*/.(+(6*.#%
($%."#%'.1&2%."*$%/*$&-502%(&#$.(4(#&%6-610*.(-$,8*'#&%+-$./-0'3%
."#2%5*2%$-.%8#%*'%/#6/#'#$.*.(;#%-4%."#%6-610*.(-$9%<4%."#%+-$./-0%
)/-16%('%'2'.#5*.(+*002%&(44#/#$.%4/-5%."#%+*'#%)/-16%($%+#/.*($%
7*2'3%*%./1#%*''-+(*.(-$%8#.7##$%#=6-'1/#%*$&%&('#*'#%5*2%8#%
5(''#&%-/%*%'61/(-1'%*''-+(*.(-$%5*2%8#%-8'#/;#&%8#.7##$%*%$-$,
+*1'*0%#=6-'1/#%*$&%&('#*'#9%H%'2'.#5*.(+%&(44#/#$+#%8#.7##$%
+*'#'%*$&%+-$./-0'%."*.%/#'10.'%($%*%5('.*@#$%#'.(5*.#%-4%."#%
*''-+(*.(-$%8#.7##$%#=6-'1/#%*$&%&('#*'#%('%+*00#&%*%bias9%
%
!"#$%&#'()$($)%*%+*'#,+-$./-0%'.1&23%2-1%51'.%+-$'(&#/%*%;*/(#.2%
-4%-."#/%(''1#'%*8-1.%+-$./-0'3%($+01&($)%"-7%5*$2%.-%1'#9%I*560#%
'(J#%4-/510*'%*/#%*;*(0*80#%.-%"#06%2-1%5*@#%."('%&#+('(-$9%<$%
)#$#/*03%."#%5-/#%'18K#+.'%L+*'#,6*.(#$.'%*$&%+-$./-0'M%($%*%'.1&23%
."#%#*'(#/%(.%7(00%8#%.-%4($&%*%'.*.('.(+*002%'()$(4(+*$.%*''-+(*.(-$9%
%
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!"#$%&'#($'%)*+$,'-"'./0$12/#3$%#0'#(/#'./%'+$'$%,-44$5'3%'/'0#)56'30'
43*3#$5'+6'#($'037$'-"'#($'-)#+,$/89':-,'$;/*24$&'3%'/'(-023#/4&'"-),'
-,'"3<$'./0$0'*/6'.-%0#3#)#$'/%'-)#+,$/89':-,#)%/#$46&'2-#$%#3/4'
.-%#,-40'/,$')0)/446'24$%#3")49'=%'/%'-)#+,$/8'-"'>?'-,'*-,$'./0$0&'
-%$'.-%#,-4'2$,'./0$'@344')0)/446'0)""3.$9'=%'0*/44$,'-)#+,$/80&'6-)'
*3A(#')0$'#@-&'#(,$$&'-,'"-),'.-%#,-40'2$,'./0$9'=%.4)53%A'*-,$'#(/%'
"-),'.-%#,-40'2$,'./0$'30',/,$46'@-,#('#($'$""-,#'3%'#$,*0'-"'
3%.,$/03%A'#($'0#/#30#3./4'2-@$,'-"'6-),'3%<$0#3A/#3-%9'
'
B0'/%'$;/*24$&'.-%035$,'/A/3%'#($'-)#+,$/8'-"'C$A3-%%/3,$0D'
530$/0$'#(/#'-..),,$5'3%'C-)303/%/'5$0.,3+$5'/#'#($'$%5'-"'E#$2'F9'
=%<$0#3A/#-,0'$%,-44$5'GH'./0$12/#3$%#0'3%#-'/'./0$1.-%#,-4'0#)569'
I($6'/40-'$%,-44$5'#@-'.-%#,-40'2$,'./0$&'/'#-#/4'-"'>J'.-%#,-409'
K03%A'5$0.,32#3<$'$235$*3-4-A6&'#($'3%<$0#3A/#-,0'535'%-#'0$$'/%6'
.-%%$.#3-%'@3#('#($'#-@%D0'</,3-)0'.--43%A'#-@$,09'K03%A'/%/46#3.'
$235$*3-4-A6&'#($'3%<$0#3A/#-,0'5$#$,*3%$5'L)/%#3#/#3<$46'#(/#'
./0$12/#3$%#0'/%5'.-%#,-40'@$,$'/+-)#'$L)/446'$;2-0$5'#-'.--43%A'
#-@$,09'M-@$<$,&'./0$12/#3$%#0'@$,$'"/,'*-,$'438$46'#-'0(-2'/#'/'
2/,#3.)4/,'A,-.$,6'0#-,$&'/0'0(-@%'3%'#($'"-44-@3%A'#@-1+61#@-'
#/+4$9N>'

''
Table 6.11 Exposure to Grocery Store A Among Cases and Controls, Legionellosis Outbreak—Louisiana, 
1990 '
 
 Cases Controls Total  

Exposed 25 28 53  

Unexposed 2 26 28  
 
Data Source: Mahoney FJ, Hoge CW, Farley TA, Barbaree JM, Breiman RF, Benson RF, McFarland LM. Communitywide outbreak of 
Legionnaires' disease associated with a grocery store mist machine. J Infect Dis 1992;165:736–9. 
'
 
 
Method for calculating the 
odds ratio: 
 

Number of exposed cases 
X 

Number of unexposed controls 

Number of exposed controls 
X 

Number of unexposed cases 
 

OR 
 

ad / bc 

 
Odds ratios. =%'*-0#'./0$1.-%#,-4'0#)53$0&'#($'2-2)4/#3-%'30'%-#'
@$44'5$"3%$5&'/%5'#($'#-#/4'%)*+$,'-"'2$-24$'$;2-0$5'O-,'
)%$;2-0$5P'#-'/'0)02$.#$5'<$(3.4$'-,'0-),.$'30'%-#'8%-@%9'Q3#(-)#'
/'2,-2$,'5$%-*3%/#-,&'/##/.8',/#$0'./%%-#'+$'./4.)4/#$59'=%'#($'
$;/*24$'/+-<$&'03%.$'#($'3%<$0#3A/#-,0'535'%-#'8%-@'(-@'*/%6'
.-**)%3#6',$035$%#0'535'-,'535'%-#'0(-2'/#'R,-.$,6'E#-,$'B&'#($6'
.-)45'%-#'./4.)4/#$'/##/.8',/#$0'-,'/',308',/#3-9':-,'/'./0$1.-%#,-4'
0#)56&'#($'*$/0),$'-"'/00-.3/#3-%'-"'.(-3.$'30'#($ odds ratio9'
:-,#)%/#$46&'"-,'/',/,$'530$/0$'0).('/0'4$A3-%$44-030'/%5'*-0#'-#($,'
-)#+,$/81/00-.3/#$5'530$/0$0&'#($'-550',/#3-'",-*'/'./0$1.-%#,-4'
0#)56'/22,-;3*/#$0'#($',$4/#3<$',308'#(/#'@-)45'(/<$'+$$%'"-)%5'3"'
/'.-(-,#'0#)56'(/5'+$$%'"$/03+4$9'
'
'
'
'

'''' ''' ''' '

'' '''' '
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!"#$%&&'$()*+%$,%($-(%.#(/$0*%(#$1$+'$.)2.32)*#&$)'4$
$

56$x$57$8$59$:$5$;$<<=7$
$

1>$%&&'$()*+%$%,$<<$+'$?3+*#$2)(@#A$+>&+.)*+>@$*")*$'"%BB+>@$)*$
-(%.#(/$0*%(#$1$C)'$'*(%>@2/$)''%.+)*#&$C+*"$&#D#2%B+>@$
2#@+%>#22%'+'=$!"#'#$&)*)$C%32&$'##E$*%$+>&+.)*#$*")*$B#('%>'$
#:B%'#&$*%$-(%.#(/$0*%(#$1$")&$<<=7$*+E#'$*"#$%&&'$%,$&#D#2%B+>@$
2#@+%>#22%'+'$*")>$B#('%>'$>%*$#:B%'#&$*%$*")*$'*%(#=$
$
!%$*#'*$*"#$'*)*+'*+.)2$'+@>+,+.)>.#$%,$*"+'$,+>&+>@A$)$."+F'?3)(#$*#'*$
.)>$G#$.%EB3*#&$3'+>@$*"#$,%(E32)$'"%C>$#)(2+#(=$$
$
H%($-(%.#(/$0*%(#$1A$*"#$."+F'?3)(#$+'4$
$
$ ;$$$9<$:$I56$:$57$J$59$:$5K5$

$ $$$$$$$$$6L$:$59$:$5M$:$6N$

$ ;$59A6MOAM<7$8$5A<7LA7M5$
$
$ ;$<L=P5$
$
Q#,#((+>@$*%$!)G2#$7=<PA$)$."+F'?3)(#$%,$<L=P5$.%((#'B%>&'$*%$)$BF
D)23#$2#''$*")>$P=PP<=$1$BFD)23#$*"+'$'E)22$+>&+.)*#'$*")*$*"#$>322$
"/B%*"#'+'$+'$"+@"2/$+EB(%G)G2#A$)>&$*"#$+>D#'*+@)*%('$(#R#.*#&$*"#$
>322$"/B%*"#'+'=$!"#$O6S$.%>,+&#>.#$+>*#(D)2$()>@#&$,(%E$5=L$*%$
M9=M=$12*"%3@"$*"+'$.%>,+&#>.#$+>*#(D)2$+'$?3+*#$C+&#$)>&$+>.23&#'$)$
C+&#$()>@#$%,$D)23#'$.%EB)*+G2#$C+*"$*"#$&)*)$+>$*"#$'*3&/A$+*$&%#'$
>%*$+>.23&#$*"#$>322$"/B%*"#'+'$D)23#$%,$<=P=$
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Step 9: Reconsider, refine, and re-evaluate hypotheses 

!"#$%&'"(&)*+,-("(*+&./-0&'1.)0-0$2)&.2)0-(%)-'"%)3)(*."45-67.0-.0-
8(%&./'*(%*+-&%')-.#-&7)-7+8$&7)0)0-9)%)-"$&-9)**-#$'"1)1-(&-&7)-
$'&0)&5-:&-.0-("-(;.$2-$#-#.)*1-)8.1)2.$*$4+-&7(&-.#-+$'-/(""$&-
4)")%(&)-4$$1-7+8$&7)0)0-<#$%-);(28*),-=+-&(*>."4-&$-0$2)-/(0)?
8(&.)"&0-$%-*$/(*-0&(##-("1-);(2."."4-&7)-1)0/%.8&.3)-)8.1)2.$*$4+-
("1-$'&*.)%0@,-&7)"-8%$/))1."4-&$-("(*+&./-)8.1)2.$*$4+,-0'/7-(0-(-
/(0)?/$"&%$*-0&'1+,-.0-*.>)*+-&$-=)-(-9(0&)-$#-&.2)5-
-
A7)"-("(*+&./-)8.1)2.$*$4+-.0-'"%)3)(*."4,-%)&7.">-+$'%-
7+8$&7)0)05-B$"0.1)%-/$"3)"."4-(-2))&."4-$#-&7)-/(0)?8(&.)"&0-&$-
*$$>-#$%-/$22$"-*.">0-$%-3.0.&."4-&7).%-7$2)0-&$-*$$>-(&-&7)-
8%$1'/&0-$"-&7).%-07)*3)05-B$"0.1)%-")9-3)7./*)0-$%-2$1)0-$#-
&%("02.00.$"5-
-
C"-."3)0&.4(&.$"-$#-("-$'&=%)(>-$#!"#$%&'($$#!D')"/7)"-."-E7.$-
.**'0&%(&)0-7$9-(-%));(2."(&.$"-$#-7+8$&7)0)0-/("-=)-8%$1'/&.3)5-:"-
&7(&-."3)0&.4(&.$",-(-/(0)?/$"&%$*-0&'1+-#(.*)1-&$-.28*./(&)-("+-
8*('0.=*)-#$$1-0$'%/)-(0-(-/$22$"-3)7./*)5-:"&)%)0&."4*+,-(**-/(0)?
7$'0)7$*10-='&-$"*+-FGH-$#-/$"&%$*-7$'0)7$*10-."/*'1)1-8)%0$"0-
(4)1-GIJKI-+)(%05-67)-."3)0&.4(&$%0-&7'0-=)4("-&$-/$"0.1)%-
3)7./*)0-$#-&%("02.00.$"-&$-97./7-+$'"4-(1'*&0-9)%)-/$22$"*+-
);8$0)15-L+-(0>."4-(=$'&-1%'4-'0)-."-(-0)/$"1-/(0)?/$"&%$*-0&'1+,-
&7)-."3)0&.4(&$%0-.28*./(&)1-2(%.M'("(-(0-&7)-*.>)*+-3)7./*)5-
N(=$%(&$%+-("(*+0&0-0'=0)O')"&*+-.0$*(&)1-&7)-$'&=%)(>-0&%(."-$#!")!
D')"/7)"-#%$2-0)3)%(*-0(28*)0-$#-2(%.M'("(-8%$3.1)1-=+-/(0)?
8(&.)"&05FK-
-
P3)"-97)"-("-("(*+&./-0&'1+-.1)"&.#.)0-("-(00$/.(&.$"-=)&9))"-("-
);8$0'%)-("1-1.0)(0),-&7)-7+8$&7)0.0-2(+-"))1-&$-=)-7$")15-Q$%-
);(28*),-."-&7)-."3)0&.4(&.$"-$#-N)4.$""(.%)0R-1.0)(0)-<6(=*)-
S5GG@,-97(&-(=$'&-T%$/)%+-U&$%)-C-*.">)1-.&-&$-1.0)(0)V-67)-
."3)0&.4(&$%0-(0>)1-/(0)?8(&.)"&0-("1-/$"&%$*0-7$9-2'/7-&.2)-&7)+-
08)"&-."-&7)-0&$%)-("1-97)%)-&7)+-9)"&-."-&7)-0&$%)5-!0."4-&7)-
)8.1)2.$*$4./-1(&(,-&7)-."3)0&.4(&$%0-9)%)-(=*)-&$-.28*./(&)-&7)-
'*&%(0$"./-2.0&-2(/7.")-&7(&-08%(+)1-&7)-#%'.&0-("1-3)4)&(=*)05-67.0-
(00$/.(&.$"-9(0-/$"#.%2)1-."-&7)-*(=$%(&$%+,-97)%)-&7)-$'&=%)(>-
0'=&+8)-$#-&7)-N)4.$""(.%)0R-1.0)(0)-=(/.**'0-9(0-.0$*(&)1-#%$2-&7)-
9(&)%-."-&7)-2.0&-2(/7.")R0-%)0)%3$.%5KI-
-
U$2)&.2)0-(-2$%)-08)/.#./-/$"&%$*-4%$'8-.0-"))1)1-&$-&)0&-(-2$%)-
08)/.#./-7+8$&7)0.05-Q$%-);(28*),-."-2("+-7$08.&(*-$'&=%)(>0,-
."3)0&.4(&$%0-'0)-("-.".&.(*-0&'1+-&$-"(%%$9-&7).%-#$/'05-67)+-&7)"-
/$"1'/&-(-0)/$"1-0&'1+,-9.&7-2$%)-/*$0)*+-2(&/7)1-/$"&%$*0,-&$-
.1)"&.#+-(-2$%)-08)/.#./-);8$0'%)-$%-3)7./*)5-:"-(-*(%4)-/$22'".&+-
$'&=%)(>-$#-=$&'*.02-."-:**."$.0,-."3)0&.4(&$%0-'0)1-&7%))-0)O')"&.(*-
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!"#$%!&'()&*+#(,-.$#+(&+.-$'(./0+(1$+2$1.!*$3+4'+(1$+/.)#(+#(,-05+
.'2$#(.6"(&)#+!&78")$-+$98&#,)$#+&/+!"#$%8"(.$'(#+"'-+!&'()&*#+
/)&7+(1$+6$'$)"*+8,:*.!+(&+.78*.!"($+"+)$#(",)"'(3+4'+"+#$!&'-+#(,-0+
(1$0+!&78")$-+)$#(",)"'(+$98&#,)$#+&/+!"#$%8"(.$'(#+"'-+1$"*(10+
)$#(",)"'(+8"()&'#+(&+.-$'(./0+"+#8$!./.!+7$',+.($75+"+7$"(+"'-+
!1$$#$+#"'-;.!13+4'+"+(1.)-+#(,-05+.'2$#(.6"(&)#+,#$-+)"-.&+
:)&"-!"#(+"88$"*#+(&+.-$'(./0+1$"*(10+)$#(",)"'(+8"()&'#+;1&+1"-+
$"($'+(1$+.78*.!"($-+#"'-;.!13+<&78")$-+(&+!"#$%8"(.$'(#+;1&+1"-+
"*#&+$"($'+(1$+#"'-;.!15+!&'()&*#+;$)$+7&)$+*.=$*0+(&+1"2$+"2&.-$-+
(1$+&'.&'#+(1"(+!"7$+;.(1+(1$+#"'-;.!13+>08$+?!"#$%&'()(*+!
,$&*#(-*++;"#+(1$'+.-$'(./.$-+/)&7+"+8"'+&/+*$/(&2$)+#",(@$-+
&'.&'#+,#$-+(&+7"=$+&'*0+(1"(+8")(.!,*")+#"'-;.!13AA+
+
B.'"**05+)$!"**+(1"(+&'$+)$"#&'+(&+.'2$#(.6"($+&,(:)$"=#+.#+)$#$")!13+
?'+&,(:)$"=+7"0+8)&2.-$+"'+C$98$).7$'(+&/+'"(,)$D+(1"(+;&,*-+:$+
,'$(1.!"*+(&+#$(+,8+-$*.:$)"($*0+:,(+/)&7+;1.!1+(1$+#!.$'(./.!+
!&77,'.(0+!"'+*$")'+;1$'+.(+-&$#+1"88$'+(&+&!!,)3+B&)+$9"78*$5+
(1$+&,(:)$"=+&/+E$#(+F.*$+2.),#+.'+G,$$'#5+F$;+H&)=5+.'+IJJJ+;"#+
8)&78(*0+.'2$#(.6"($-+(&+-$($)7.'$+(1$+$9($'(+&/+(1$+&,(:)$"=+"'-+
).#=+/"!(&)#+/&)+-.#$"#$+#&+"88)&8)."($+!&'()&*+7$"#,)$#+!&,*-+:$+
-$2$*&8$-+"'-+.78*$7$'($-3AK++L&;$2$)5+!"8.("*.M.'6+&'+(1.#+
,'/&)(,'"($+C$98$).7$'(+&/+'"(,)$5D+.'2$#(.6"(&)#+!&'(.',$-+(&+
/&**&;+(1$+8"(.$'(#+(&+-$($)7.'$+(1$+8$)#.#($'!$+&/+46N+"'-+(1$+
8)&6'&#.#+&/+8"(.$'(#+,8+(&+(;&+0$")#+"/($)+.'/$!(.&'3AO5AP+>1,#5+(1$+
.'2$#(.6"(.&'#+)$#,*($-+'&(+&'*0+.'+(1$+-$2$*&87$'(+&/+"88)&8)."($+
!&'()&*+"'-+8)$2$'(.&'+#()"($6.$#5+:,(+"*#&+.'+.'!)$"#$-+='&;*$-6$+
":&,(+"+1$"*(1+8)&:*$7+'&(+8)$2.&,#*0+#$$'+&)+#(,-.$-+.'+(1$+
E$#($)'+1$7.#81$)$3+
+
E1$'+"'+&,(:)$"=+&!!,)#5+;1$(1$)+.(+.#+)&,(.'$+&)+,',#,"*5+
!&'#.-$)+;1"(+Q,$#(.&'#+)$7".'+,'"'#;$)$-+":&,(+(1"(+8")(.!,*")+
-.#$"#$+"'-+;1"(+=.'-+&/+#(,-0+0&,+7.61(+-&+.'+(1.#+#$((.'6+(&+
"'#;$)+#&7$+&/+(1&#$+Q,$#(.&'#3+>1$+!.)!,7#("'!$#+7"0+"**&;+0&,+
(&+*$")'+7&)$+":&,(+(1$+-.#$"#$5+.(#+7&-$#+&/+()"'#7.##.&'5+(1$+
!1")"!($).#(.!#+&/+(1$+"6$'(5+1&#(+/"!(&)#5+"'-+(1$+*.=$3+

Step 10: Compare and reconcile with laboratory and 

environmental studies 

E1.*$+$8.-$7.&*&60+!"'+.78*.!"($+2$1.!*$#+"'-+6,.-$+"88)&8)."($+
8,:*.!+1$"*(1+"!(.&'5+*":&)"(&)0+$2.-$'!$+!"'+!&'/.)7+(1$+/.'-.'6#3+
>1$+*":&)"(&)0+;"#+$##$'(."*+.'+:&(1+(1$+&,(:)$"=+&/+#"*7&'$**&#.#+
*.'=$-+(&+7").R,"'"+"'-+.'+(1$+S$6.&'$**&#.#+&,(:)$"=+()"!$-+(&+(1$+
6)&!$)0+#(&)$+7.#(+7"!1.'$3+H&,+7"0+)$!"**+(1"(+(1$+.'2$#(.6"(.&'+
&/+8'$,7&'."+"7&'6+"(($'-$$#+&/+"'+?7$).!"'+S$6.&'+!&'/$)$'!$+
.'+T1.*"-$*81."+.'+IJPO+(1"(+6"2$+S$6.&''".)$#U+-.#$"#$+.(#+'"7$+
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!"#$%&'$(&%#)*+,+*$(&-./+'+$0%')/$"$%+!$&,1"%)#-$!"#$)#&/"'+*$)%$
'2+$/"3&,"'&,4$#&-+$#)5$-&%'2#$/"'+,678$$
$
9%:),&%-+%'"/$#'0*)+#$",+$+;0"//4$)-.&,'"%'$)%$#&-+$#+'')%1#6$
<2+4$",+$&='+%$2+/.=0/$)%$+5./")%)%1$!24$"%$&0'3,+">$&((0,,+*6$?&,$
+5"-./+@$)%$'2+$)%:+#')1"')&%$&=$'2+$&0'3,+">$&=$!"#$%&'#ABCDEFD$
"-&%1$:)#)'&,#$'&$"$(&0%'4$="),@$'2+$+.)*+-)&/&1)#'#$!+,+$"3/+$'&$
)*+%')=4$&%+$:+,4$#',&%1$,)#>$="('&,$G$(&%#0-.')&%$&=$3+:+,"1+#$
!)'2$)(+$.0,(2"#+*$=,&-$"$:+%*&,$)%$H&%+$I6$9%:),&%-+%'"/$
)%#.+(')&%$&=$'2+$="),1,&0%*#$)*+%')=)+*$/"(>$&=$(2/&,)%"')&%$&=$'2+$
!+//$#0../4)%1$!"'+,$'&$'2"'$H&%+6$?0,'2+,-&,+@$'2+$!+//$!"#$=&0%*$
'&$3+$(/&#+$'&$'2+$-"%0,+$.)'#$"%*$"$#+.')($'"%>$=&,$'2+$!&,>+,J#$
*&,-)'&,46$?/&0,+#(+)%$*4+$.&0,+*$)%'&$'2+$3"'2,&&-$&=$'2+$*&,-$
=&0%*$)'#$!"4$)%'&$'2+$!+//$!"'+,@$,+:+"/)%1$(,&##K(&%'"-)%"')&%6$
?)%"//4@$/"3&,"'&,)"%#$!+,+$"3/+$'&$(0/'0,+$!"#$%&'$=,&-$'2+$!+//@$'2+$
#0../4$/)%+@$"%*$'2+$'".$"'$H&%+$I67L$<20#$'2+$+.)*+-)&/&1)(@$
+%:),&%-+%'"/@$"%*$/"3&,"'&,4$",-#$&=$'2+$)%:+#')1"')&%$
(&-./+-+%'+*$&%+$"%&'2+,@$"%*$/+*$'&$"%$)%+#("."3/+$(&%(/0#)&%$
'2"'$'2+$!+//$2"*$3++%$(&%'"-)%"'+*$"%*$!"#$'2+$#&0,(+$&=$'2+$
&0'3,+">6$
$
M2)/+$4&0$-"4$%&'$3+$"%$+5.+,'$)%$'2+#+$&'2+,$",+"#@$4&0$("%$2+/.6$
N#+$"$("-+,"$'&$.2&'&1,".2$!&,>)%1$&,$+%:),&%-+%'"/$(&%*)')&%#6$
O&&,*)%"'+$!)'2$'2+$/"3&,"'&,4@$"%*$3,)%1$3"(>$.24#)("/$+:)*+%(+$
'&$3+$"%"/4H+*6$

Step 11: Implement control and prevention measures 

P%$-&#'$&0'3,+">$)%:+#')1"')&%#@$'2+$.,)-",4$1&"/$)#$(&%',&/$&=$'2+$
&0'3,+">$"%*$.,+:+%')&%$&=$"**)')&%"/$("#+#6$P%*++*@$"/'2&012$
)-./+-+%')%1$(&%',&/$"%*$.,+:+%')&%$-+"#0,+#$)#$/)#'+*$"#$Q'+.$BB$
)%$'2+$(&%(+.'0"/$#+;0+%(+@$)%$.,"(')(+$(&%',&/$"%*$.,+:+%')&%$
"('):)')+#$#2&0/*$3+$)-./+-+%'+*$"#$+",/4$"#$.&##)3/+6$<2+$2+"/'2$
*+.",'-+%'J#$=),#'$,+#.&%#)3)/)'4$)#$'&$.,&'+('$'2+$.03/)(J#$2+"/'2@$#&$
)=$"..,&.,)"'+$(&%',&/$-+"#0,+#$",+$>%&!%$"%*$":")/"3/+@$'2+4$
#2&0/*$3+$)%)')"'+*$+:+%$3+=&,+$"%$+.)*+-)&/&1)($)%:+#')1"')&%$)#$
/"0%(2+*6$?&,$+5"-./+@$"$(2)/*$!)'2$-+"#/+#$)%$"$(&--0%)'4$!)'2$
&'2+,$#0#(+.')3/+$(2)/*,+%$-"4$.,&-.'$"$:"(()%"')&%$("-.")1%$
3+=&,+$"%$)%:+#')1"')&%$&=$2&!$'2"'$(2)/*$3+("-+$)%=+('+*6$
$
O&%=)*+%')"/)'4$)#$"%$)-.&,'"%'$)##0+$)%$)-./+-+%')%1$(&%',&/$
-+"#0,+#6$F+"/'2(",+$!&,>+,#$%++*$'&$3+$"!",+$&=$'2+$
(&%=)*+%')"/)'4$)##0+#$,+/+:"%'$'&$(&//+(')&%@$-"%"1+-+%'$"%*$
#2",)%1$&=$*"'"6$?&,$+5"-./+@$)%$'2+$',+"'-+%'$&=$'03+,(0/&#)#$R<ST@$
'2+$,+/"')&%#2).$3+'!++%$'2+$."')+%'$"%*$'2+$2+"/'2(",+$!&,>+,$)#$
+5',+-+/4$)-.&,'"%'$3+("0#+$&=$'2+$#+,)&0#$(&%#+;0+%(+#$&=$
',+"'-+%'$=")/0,+6$P=$."')+%'$)%=&,-"')&%$)#$*)#(/&#+*$'&$
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!"#!$%&'()*+,-*'.&".,/($%&!$,$%*,-#$(*"$0.,-*'1(..(&"2,$%*,-#$(*"$,
1#3,4*,.$(51#$()*+,&',*6-*'(*"7*,'*8*7$(&",9'&1,9#1(:3,#"+,
9'(*"+.2,:&.*,#,8&42,&',4*,*;(7$*+,9'&1,%&!.("5<,=&'*&;*'2,$%*,
%*#:$%7#'*,/&'>*',1#3,:&.*,$%*,$'!.$,&9,$%*,-#$(*"$2,/%(7%,7#",
#99*7$,#+%*'*"7*,$&,?@,$'*#$1*"$<,?%*'*9&'*2,7&"9(+*"$(#:($3,A,$%*,
'*.-&".(4(:($3,$&,-'&$*7$,#,-#$(*"$0.,-'(;#$*,("9&'1#$(&",A,(.,
7'($(7#:,(",?@,7&"$'&:,#"+,1#"3,&$%*',.($!#$(&".<BC,
,
D",5*"*'#:2,7&"$'&:,1*#.!'*.,#'*,!.!#::3,+('*7$*+,#5#(".$,&"*,&',
1&'*,.*51*"$.,(",$%*,7%#(",&9,$'#".1(..(&",E#5*"$2,.&!'7*2,1&+*,&9,
$'#".1(..(&"2,-&'$#:,&9,*"$'32,&',%&.$F,$%#$,#'*,.!.7*-$(4:*,$&,
("$*';*"$(&"<,G&',.&1*,+(.*#.*.2,$%*,1&.$,#--'&-'(#$*,("$*';*"$(&",
1#3,4*,+('*7$*+,#$,7&"$'&::("5,&',*:(1("#$("5,$%*,#5*"$,#$,($.,
.&!'7*<,H,-#$(*"$,/($%,#,7&11!"(7#4:*,+(.*#.*,.!7%,#.,
$!4*'7!:&.(.2,/%*$%*',.31-$&1#$(7,&',#.31-$&1#$(72,1#3,4*,
$'*#$*+,/($%,#"$(4(&$(7.,4&$%,$&,7:*#',$%*,("9*7$(&",#"+,$&,'*+!7*,$%*,
'(.>,&9,$'#".1(..(&",$&,&$%*'.<,G&',#",*";('&"1*"$#:,$&6(",&',
("9*7$(&!.,#5*"$,$%#$,'*.(+*.,(",.&(:2,$%*,.&(:,1#3,4*,
+*7&"$#1("#$*+,&',7&;*'*+,$&,-'*;*"$,*.7#-*,&9,$%*,#5*"$<,
,
I&1*,("$*';*"$(&".,#'*,#(1*+,#$,4:&7>("5,$%*,1&+*,&9,
$'#".1(..(&"<,D"$*''!-$(&",&9,+('*7$,$'#".1(..(&",1#3,4*,
#77&1-:(.%*+,43,(.&:#$(&",&9,.&1*&"*,/($%,("9*7$(&"2,&',
7&!".*:("5,-*'.&".,$&,#;&(+,$%*,.-*7(9(7,$3-*,&9,7&"$#7$,#..&7(#$*+,
/($%,$'#".1(..(&"<,I(1(:#':32,$&,7&"$'&:,#",&!$4'*#>,&9,("9:!*")#J
:(>*,(::"*..,(",#,"!'.("5,%&1*2,#99*7$*+,'*.(+*"$.,7&!:+,4*,
cohorted2,$%#$,(.2,-!$,$&5*$%*',(",#,.*-#'#$*,#'*#,$&,-'*;*"$,
$'#".1(..(&",$&,&$%*'.<,K*%(7:*,4&'"*,$'#".1(..(&",1#3,4*,
("$*''!-$*+,43,*:(1("#$(&",&',+*7&"$#1("#$(&",&9,$%*,;*%(7:*<,G&',
*6#1-:*2,7&"$#1("#$*+,9&&+.,.%&!:+,4*,+(.7#'+*+2,#"+,.!'5(7#:,
*L!(-1*"$,(.,'&!$("*:3,.$*'(:()*+,$&,-'*;*"$,$'#".1(..(&"<,M99&'$.,$&,
-'*;*"$,9*7#:J&'#:,$'#".1(..(&",&9$*",9&7!.,&",'*#''#"5("5,$%*,
*";('&"1*"$,$&,'*+!7*,$%*,'(.>,&9,7&"$#1("#$(&",(",$%*,9!$!'*,#"+,
&",7%#"5("5,4*%#;(&'.2,.!7%,#.,-'&1&$("5,%#"+,/#.%("5<,G&',
#('4&'"*,+(.*#.*.2,.$'#$*5(*.,1#3,4*,+('*7$*+,#$,1&+(93("5,
;*"$(:#$(&",&',#(',-'*..!'*2,#"+,9(:$*'("5,&',$'*#$("5,$%*,#('<,?&,
("$*''!-$,;*7$&',4&'"*,$'#".1(..(&"2,1*#.!'*.,1#3,4*,+('*7$*+,
$&/#'+,7&"$'&::("5,$%*,;*7$&',-&-!:#$(&"2,.!7%,#.,.-'#3("5,$&,
'*+!7*,$%*,1&.L!($&,-&-!:#$(&",$%#$,1#3,7#''3,N*.$,O(:*,;('!.<,
,
I&1*,.(1-:*,#"+,*99*7$(;*,.$'#$*5(*.,-'&$*7$,-&'$#:.,&9,*"$'3<,G&',
*6#1-:*2,4*+,"*$.,#'*,!.*+,$&,-'&$*7$,.:**-("5,-*'.&".,9'&1,4*("5,
4($$*",43,1&.L!($&*.,$%#$,1#3,$'#".1($,1#:#'(#<,H,+*"$(.$0.,1#.>,
#"+,5:&;*.,#'*,("$*"+*+,$&,-'&$*7$,$%*,+*"$(.$,9'&1,#,-#$(*"$0.,
4:&&+2,.*7'*$(&".2,#"+,+'&-:*$.2,#.,/*::,$&,-'&$*7$,$%*,-#$(*"$,9'&1,
$%*,+*"$(.$<,N*#'("5,&9,:&"5,-#"$.,#"+,.:**;*.,#"+,!.*,&9,(".*7$,
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!"#"$$"%&'(!"'!")*++"%,",'&*'!",-)"'&."'!/01'*2'34+"',/0"(0"'(%,'
5"0&'6/$"'7/!-0'/%2")&/*%8''
'
9*+"'/%&"!7"%&/*%0'(/+'&*'/%)!"(0"'('.*0&:0',"2"%0"08';())/%(&/*%0'
#!*+*&"',"7"$*#+"%&'*2'0#")/2/)'(%&/<*,/"0'&.(&'#!*&")&'(=(/%0&'
/%2")&/*%8'9/+/$(!$4>'#!*#.4$()&/)'-0"'*2'(%&/+($(!/($',!-=0>'
!")*++"%,",'2*!'7/0/&*!0'&*'+($(!/(?"%,"+/)'(!"(0>',*"0'%*&'
#!"7"%&'"@#*0-!"'&.!*-=.'+*0A-/&*'</&"0'<-&',*"0'#!"7"%&'/%2")&/*%'
2!*+'&(1/%='!**&8'

Step 12: Initiate or maintain surveillance 

B%)"')*%&!*$'(%,'#!"7"%&/*%'+"(0-!"0'.(7"'<""%'/+#$"+"%&",>'
&."4'+-0&')*%&/%-"'&*'<"'+*%/&*!",8'C2'0-!7"/$$(%)"'.(0'%*&'<""%'
*%=*/%=>'%*D'/0'&."'&/+"'&*'/%/&/(&"'()&/7"'0-!7"/$$(%)"8'C2'()&/7"'
0-!7"/$$(%)"'D(0'/%/&/(&",'(0'#(!&'*2')(0"'2/%,/%='"22*!&0>'/&'0.*-$,'
<"')*%&/%-",8'E."'!"(0*%0'2*!')*%,-)&/%='()&/7"'0-!7"/$$(%)"'(&'&./0'
&/+"'(!"'&D*2*$,8'F/!0&>'4*-'+-0&')*%&/%-"'&*'+*%/&*!'&."'0/&-(&/*%'
(%,',"&"!+/%"'D."&."!'&."'#!"7"%&/*%'(%,')*%&!*$'+"(0-!"0'(!"'
D*!1/%=8'C0'&."'%-+<"!'*2'%"D')(0"0'0$*D/%=',*D%'*!>'<"&&"!'4"&>'
0&*##/%=G'B!'(!"'%"D')(0"0')*%&/%-/%='&*'*))-!G'C2'0*>'D."!"'(!"'
&."'%"D')(0"0G'H!"'&."4'*))-!!/%='&.!*-=.*-&'&."'(!"(>'/%,/)(&/%='
&.(&'&."'/%&"!7"%&/*%0'(!"'="%"!($$4'/%"22")&/7">'*!'(!"'&."4'
*))-!!/%='*%$4'/%'#*)1"&0>'/%,/)(&/%='&.(&'&."'/%&"!7"%&/*%0'+(4'<"'
"22")&/7"'<-&'&.(&'0*+"'(!"(0'D"!"'+/00",G'
'
9")*%,>'4*-'%"",'&*'1%*D'D."&."!'&."'*-&<!"(1'.(0'0#!"(,'*-&0/,"'
/&0'*!/=/%($'(!"('*!'&."'(!"('D."!"'&."'/%&"!7"%&/*%0'D"!"'&(!="&",8'
C2'0*>'"22")&/7"',/0"(0"')*%&!*$'(%,'#!"7"%&/*%'+"(0-!"0'+-0&'<"'
/+#$"+"%&",'/%'&."0"'%"D'(!"(08'
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!
!
 
 
 
 
Epi-X is the CDC’s Web-
based communications 
solution for public health 
professionals. Through 
Epi-X, CDC officials, state 
and local health 
departments, poison 
control centers, and other 
public health professionals 
can access and share 
preliminary health 
surveillance information 
quickly and securely. Users 
can also be actively 
notified of breaking health 
events as they occur. Key 
features of Epi-X include: 
 Scientific and editorial 

support 
 Controlled user access  
 Digital credentials and 

authentication 
 Rapid outbreak 

reporting 
 Peer-to-peer 

consultation. 

Step 13: Communicate findings 

"#!$%&'(!)$!*&'+!,-!('.'/%+0'$&!%1!2!3%004$)32&)%$#!+/2$!2$(!
3%004$)32&)$5!6)&7!&7%#'!67%!$''(!&%!8$%6!(49)$5!&7'!
)$.'#&)52&)%$!)#!39)&)32/:!;7'!1)$2/!&2#8!)#!&%!#40029)<'!&7'!
)$.'#&)52&)%$-!)&#!1)$()$5#-!2$(!)&#!%4&3%0'!)$!2!9'+%9&-!2$(!&%!
3%004$)32&'!&7)#!9'+%9&!)$!2$!'11'3&).'!02$$'9:!;7)#!
3%004$)32&)%$!4#42//=!&28'#!&6%!1%90#>!!

 An oral briefing for local authorities:!?1!&7'!1)'/(!
)$.'#&)52&%9!)#!9'#+%$#)@/'!1%9!&7'!'+)('0)%/%5=!@4&!$%&!
()#'2#'!3%$&9%/-!&7'$!&7'!%92/!@9)'1)$5!#7%4/(!@'!2&&'$('(!@=!
&7'!/%32/!7'2/&7!24&7%9)&)'#!2$(!+'9#%$#!9'#+%$#)@/'!1%9!
)0+/'0'$&)$5!3%$&9%/!2$(!+9'.'$&)%$!0'2#49'#:!A1&'$!&7'#'!
+'9#%$#!29'!$%&!'+)('0)%/%5)#&#-!#%!1)$()$5#!04#&!@'!
+9'#'$&'(!)$!3/'29!2$(!3%$.)$3)$5!12#7)%$!6)&7!2++9%+9)2&'!
2$(!B4#&)1)2@/'!9'3%00'$(2&)%$#!1%9!23&)%$:!;7)#!
+9'#'$&2&)%$!)#!2$!%++%9&4$)&=!1%9!&7'!)$.'#&)52&%9#!&%!
('#39)@'!672&!&7'=!()(-!672&!&7'=!1%4$(-!2$(!672&!&7'=!
&7)$8!#7%4/(!@'!(%$'!2@%4&!)&:!;7'=!#7%4/(!+9'#'$&!&7')9!
1)$()$5#!)$!2!#3)'$&)1)32//=!%@B'3&).'!12#7)%$-!2$(!&7'=!
#7%4/(!@'!2@/'!&%!('1'$(!&7')9!3%$3/4#)%$#!2$(!
9'3%00'$(2&)%$#:!

 A written report:!?$.'#&)52&%9#!#7%4/(!2/#%!+9'+29'!2!
69)&&'$!9'+%9&!&72&!1%//%6#!&7'!4#42/!#3)'$&)1)3!1%902&!%1!
)$&9%(43&)%$-!@23859%4$(-!0'&7%(#-!9'#4/&#-!()#34##)%$-!2$(!
9'3%00'$(2&)%$#:!C=!1%902//=!+9'#'$&)$5!
9'3%00'$(2&)%$#-!&7'!9'+%9&!+9%.)('#!2!@/4'+9)$&!1%9!
23&)%$:!?&!2/#%!#'9.'#!2#!2!9'3%9(!%1!+'91%902$3'!2$(!2!
(%340'$&!1%9!+%&'$&)2/!/'52/!)##4'#:!?&!#'9.'#!2#!2!9'1'9'$3'!
)1!&7'!7'2/&7!('+29&0'$&!'$3%4$&'9#!2!#)0)/29!#)&42&)%$!)$!
&7'!14&49':!D)$2//=-!2!9'+%9&!&72&!1)$(#!)&#!62=!)$&%!&7'!+4@/)3!
7'2/&7!/)&'92&49'!#'9.'#!&7'!@9%2('9!+49+%#'!%1!3%$&9)@4&)$5!
&%!&7'!8$%6/'(5'!@2#'!%1!'+)('0)%/%5=!2$(!+4@/)3!7'2/&7:!

!
?$!9'3'$&!='29#-!&7'!+4@/)3!72#!@'3%0'!0%9'!2629'!%1!2$(!
)$&'9'#&'(!)$!+4@/)3!7'2/&7:!?$!9'#+%$#'-!7'2/&7!('+29&0'$&#!72.'!
02('!59'2&!#&9)('#!)$!2&&'0+&)$5!&%!8''+!&7'!+4@/)3!)$1%90'(:!E2$=!
7'2/&7!('+29&0'$&#!#&9).'!&%!3%004$)32&'!()9'3&/=!6)&7!&7'!+4@/)3-!
4#42//=!&79%457!&7'!0'()2-!@%&7!(49)$5!2$!)$.'#&)52&)%$!2$(!67'$!
&7'!)$.'#&)52&)%$!)#!3%$3/4('(:!
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Summary 
!"#$%&'()*+,,"%*-%&."&/#012*3+#*&4&%1*+"#$%&'(*,+5&)*#+*0678#9*$"#*+-*#8+)&*#8'#*:+9*;"$06,*8&'0#8*
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