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SP EC IFIC A TIO N S

T ra in in g  O b je c tiv e s
A fter tak ing th is  l e s s o n , the stu dent w ill be ab le  to:

1. sp e c ify  th e w a y s in w hich  S a lm o n ella  and S ta p h y lo c o c c u s  organ ism s contam inate food and a ffe c t  
hum ans, and the co n d it io n s  favorable to their growth and spread;

2. con struct an A ttack  R ate T a b le , u s in g  a C a se  H is to r ie s  and Summary T ab le;
3. id e n tify  the in fe c t iv e  food  in a food-borne d is e a s e  ep id em ic , u s in g  an A ttack  R ate T able;
4. determ ine the tim e of consum ption  of the in fe c t iv e  food; and
5. apply b a s ic  te ch n iq u e s  for determ in ing the sou rce o f outbreak in a ty p ica l food-borne d is e a s e  ep idem ic.

P rim ary  T ra in e e  P apu la tio n
San itarian s

Secondary T ra in e e  P opu lation
P u b lic  H ealth  n u r ses , p h y s ic ia n s , and re la ted  h ea lth  p erson n el

In d iv id u a liz a tio n  Provided
1. There i s  no tim e lim it; ea c h  stu dent m ay p roceed  through the le s s o n  at h is  own rate o f sp eed .
2. B r ie f rem edial in stru ction  on the “ m edian”  i s  provided  for th o se  who n eed  it.
3. A lthough th is  le s s o n  h a s  b een  d es ig n e d  for in te n s iv e  stu dy  by “ b eg in n in g ”  stu d e n ts , it  can be u sed  

very e f fe c t iv e ly  for rev iew  by more ad vanced  s tu d en ts . For re v iew  on ly , study the “ dem onstration”  
p a g e s  and sk ip  “ p r a c t ic e ”  p a g e s  (th e s e  p a g e s  w ill  be o b v io u s to you).

4. The le s s o n  can be u se d  to b e s t  ad vantage during tim e s m ost co n v en ien t to the student.

A pproxim ate L earn in g  T im e
E x p e r ien ce  h a s  show n that th is  l e s s o n  requ ires from lV 2 to 2 B  h ours a ctu a l study tim e (no tim e lim it im plied).

R e s tric tio n s  and L im ita tio n s
1. S tudents should  be a b le  to com pute p erc en ta g es  and read and con struct sim p le  graphs (h istogram s) 

and determ ine m ed ian s. A s a refresher, rem edial e x e r c is e s  are provided.
2. S tudents should  h a v e  gen eral and elem entary  fam iliarity  w ith  su ch  c o n c e p ts  a s  b a cte r ia l growth, 

ep id e m ics , sa n ita tio n  procedures, and Am erican e a tin g  h a b its .
3. S tudents sh ould  b e  a b le  to read at the c o l le g e  le v e l.
4. When p o s s ib le , s tu d e n ts  u s in g  th is  l e s s o n  sh ould  be ap prised  o f the s p e c ia l  c h a r a c te r is t ic s  of th is  

in s tru ctiv e  m ethod and adm onished  to fo llo w  in stru ctio n s  p r e c ise ly  — to respond and to u s e  the A n sw e r  
B o o k le t  a s  d irec ted . For maximum e f f e c t iv e n e s s ,  the le s s o n  should  be fo llo w ed  up a s  soon  a s  p o s s ib le  
with actua l fie ld  ex p er ien ce .

R esu lts  of F ie ld  T ryo u ts  — see in s id e  back cover
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read carefully

HOW TO USE THIS LESSON

1. In this lesson you will learn by actually using the techniques and procedures 
being presented. If you read carefully and perform the simple operations a s  
you are instructed, you will seldom give an incorrect answer. You will need 
only th is booklet and a pencil. The lesson will require from one-and-a-half 
to two-and-a-half hours to complete.

2. Take each page and section as it comes. Master each step  before moving on.

3. Make any computations (and other notes) in the margins.

4. Before leaving a page, CHECK and CORRECT the answers you have given. 
If you make an error, be sure you know why.

5. Answers are provided in a special Answer Booklet inserted in the front of 
this booklet. Throughout the lesson, avoid looking a t an answer until you 
have given your own. Use the Answer Booklet to check and correct all your 
answers as  you finish each page.

I f  you have not already taken the Answer Booklet out, take it out NOW.



SALMONELLOSIS INVESTIGATION

INTRODUCTION

Diarrhea and abdominal cramps are the dominant symptoms in Salmonella (pro
nounced: Sal-mo-ne/-la) gastroenteritis (salm onellosis). They are usually accom
panied by vomiting, ch ills, and fever. Salmonellosis is  milder than most forms of 
bacterial diarrhea, and the stool is  usually not bloody. The illness usually runs 
its  course in three days.

The causative agents are several varieties of Salmonella bacteria. They are 
found in the in testines of almost all poultry and hogs. If the human ingests 
salm onellae in suffic ient quantity, he usually gets sick in about 18 hours (12- 
to-24 hours is  the range).

Salmonellae are transmitted in animal food products, or by certain other foods 
that come in contact with them. Salmonellae are also transmitted by infected 
humans who do not wash their hands well after a bowel movement, and who then 
handle food. Any food that contains salm onellae is  contaminated, but these 
bacteria grow only in certain vulnerable foods. When salmonellae increase to 
such quantities as to make people sick, the host food is  said to be an infective  
food.

Salmonellosis is  rarely fatal except in elderly people. It is  commonly found in 
homes where food is not handled properly, and Public Health agencies have done 
very little  to prevent these cases. However, by applying proper sanitary oper
ating procedures, an outbreak of salm onellosis can be controlled in a place 
where food is prepared for public consumption. Procedures taught in this lesson 
can be used in investigating other forms of food-borne disease.

* In th is  le s s o n  the term “ v u ln er a b le”  is  synonym ous w ith  “ p o ten tia lly  h a za rd o u s”  in 
PH S P u b lica tio n  N o. 934 .
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INVESTIGATION PROCEDURES

READ THIS CAREFULLY, BUT DO NOT TRY TO MEMORIZE ANY PART OF IT.
CHECK EACH PARAGRAPH WHEN YOU HAVE READ IT CAREFULLY ENOUGH TO UNDERSTAND.

1. A salm onellosis epidemic is  first suspected when cases  of diarrhea 
are reported to the local health department. These reports most 
often are made by private physicians and institutional authorities, 
although they may come from laboratories and individuals. The 
symptoms described are frequently typical enough to suggest the 
presence of a strain  of Salmonella.

2. A public health worker interviews all suspected  cases, and he 
seeks information that would uncover other cases  not reported.

3. He then finds the average time of the onset (beginning) of the 
symptoms. Since it takes from 12-to-24 hours, or an average of 
18, for salm onellae to incubate, he subtracts to find the time he 
suspects  the infective food was eaten.

4. Next, he questions patients to see  where they ate a t the suspected 
eating time. They will usually have eaten a t one particular place.

5. He then computes the percentage of sick people that ate each food 
served at that time. He compares th is with the percentage of sick 
people that did not eat each food. A high percentage of sick people 
will have eaten the infective food and a markedly lower percentage, 
if any, will not have eaten the infective food.

.6. If he cannot find a common eating place at the suspected eating 
time, he tries to discover some other common source of food by 
examining other ways in which the patients are alike. For example, 
if the patients are all businessm en, they may have eaten the same 
cheese dip a t a cocktail party.

7. The whole purpose of the investigation is  to discover the infective 
food so that the source of infection or method of contamination can 
be understood and additional cases and future outbreaks prevented. 
The exercises that follow will teach you how to analyze the field 
data in such an investigation.

.8. A final diagnosis of salm onellosis must be confirmed by laboratory 
te s ts . 3



Food is  INFECT/FE when it contains enough infectious organisms to make a 
person sick (INFECTED). Food can become INFECTIVE only

i f  (1) it is  VULNERABLE (able to support growth of infectious organisms), 

and (2) it gets CONTAMINATED (some infectious organisms get into or on it), 

and (3) its  TEMPERATURE is  right (for growing infectious organisms),

for (4) adequate TIME (from when it gets contaminated to when it is  eaten) 
for it to grow enough organisms to make it INFECTIVE.

SALMONELLAE are infectious organisms, but they can make food INFECTIVE 
only

i f  (1) the food is  VULNERABLE

and (2) it gets CONTAMINATED 

and (3) its  TEMPERATURE is  right 

for (4) adequate TIME

Typically, vulnerable foods are moist 
and have a high protein content. Some 
vulnerable foods: cheese, beans, meat, 
eggs, dairy products. (P ickled  foods 
and dry breads are not vulnerable.)

Salmonellae must get into it or on it. 

Anywhere between 4 5 °F. and 7 75°F. 

Organisms multiply enough in 4 hours.

Salmonellae —as shown above — multiply at TEMPERATURES ranging from 45°F. 
to 7 75°F. Approximately four hours is  adequate TIME for the organisms to mul
tiply enough to make a contaminated food INFECTIVE. Now, look at what 
happens to salm onellae at temperatures outside  that temperature range:

ABOVE J40°F. Heat kills salm onellae in approx
imately 12 minutes.

“ Proper cooking” means heating 
foods to temperatures above 140°F. 
for at least 12 minutes.

4

BELOW 45°F. Salmonellae do not multiply (i.e ., “ Refrigerating” means cooling
contaminated food will not become and then keeping foods colder
infective): than 45°F.

but cold does not kill salmonellae
(i.e ., infective food w ill remain
infective);

and when allowed to warm, the or
ganisms will multiply.



Look at each SITUATION described below and show (by filling in the blanks or 
scratching out the unnecessary words) what CONCLUSION you would draw. 
Refer to the information on page 4 if necessary.

SITUATION CONCLUSION

1 Vulnerable food got contaminated with salm onellae and the 
organisms multiplied enough to make the food infective.

The organism had been in the food for hours at least, 
at a temperature of between °F. and °F. during 
that time.

2 Vulnerable food contaminated with salm onellae was put 
into a refrigerator one hour after becoming contaminated. In 
30 minutes the temperature of the food was below 45°F.

After it had been in the refrigerator 2Vi hours, the food WOULD/ 
WOULD NOT (scratch one) be safe for immediate eating.

After seven hours in the refrigerator, the food WOULD/WOULD 
NOT be safe for immediate eating.

3. Food that had gotten contaminated was allowed to stand at 
room temperature (65° to 75° F .) for five hours.

This food is  almost certain to have become , 

but only if it were a food.

4. Food that had become infective was put in a refrigerator. After several hours, th is food WOULD/WOULD NOT be safe 
to eat.

5. Food that had become infective was put on the kitchen table 
and left.

Properly cooking this food la te r WOULD/WOULD NOT make it 
safe to eat.

6. Food known to be infective was boiled for 15 minutes and 
then put in the refrigerator and left for nine hours.

This food, when taken from the refrigerator, WOULD/WOULD 
NOT be safe for immediate eating.

T his food, six hours after being taken from the refrigerator, 
WOULD/WOULD NOT be safe  to eat if not re-contaminated.

Check (V ) the VULNERABLE foods below — remember salm onellae are most 
likely to grow and multiply in m oist, high protein foods.

chicken salad  

milk 

custard

.coffee

.cottage cheese 

.pork

potato salad  

.s liced  bread 

.oranges

.celery

.pickled p igs’ feet 

.carbonated beverages

. turkey 

•eggnog 

hamburger

REMEMBER TO LOOK AT THE ANSWER BOOKLET 
CHECK AND CORRECT YOUR ANSWERS



Salmonellae normally live in the intestines of POULTRY and HOGS and get into 
a few poultry eggs before they are laid. When any vulnerable food contacts or 
contains gut products of hogs or poultry, or eggs, it can become contaminated 
and grow infective quantities of Salmonella organisms.

T Y P IC A L  MEANS OF CO NTAM IN ATIO N AND B A C T E R IA L  GROWTH TO IN F E C T IV E  STA TE

*

C hicken  is c leaned; 
liv e r  and in te s tin e s  
are removed. L iv e r  
touches in te s tin e s .

L iv e r  is kept in a 
bawl un til put in a 
pan ta caak.

Bowl is rinsed but not 
thoroughly cleaned .

A few  rem aining s a l-  
m an ellae  contam inate  
potato sa lad  made in 
bow l.

Turkey is c leaned; 
in te s tin e s  are re
moved, but same sa l- 
m anellae  rem ain.

D ressing  is stuffed  
in turkey and becomes 
contam inated.

T u rkey is heated ta 2 5 0 °F . Sa lm anellae  in d ress-
Tem perature of d ressing ing are not k ille d ,
goes ta only 1 10°F .

Food will become 
infective if 
allowed to stand 
how long?

--------- or more hours

at ______ 0 to ______°F.

Check the vulnerable foods below. Remember: vulnerable foods are moist, high 
protein foods; vinegar and other acids kill Salmonella organisms or prevent 
growth and multiplication.

liver oysters baked potato . milk

pork potato salad pickled eggs . French bread

duck chicken gizzard sausage . pickled p igs’

6



DID YOU REMOVE THE ANSWER BOOKLET FROM THE FRONT OF THIS BOOK, AND HAVE 
YOU CHECKED AND CORRECTED YOUR ANSWERS ON PAGE 6? IF NOT, DO IT NOW.

Check the foods below from which there is  a reasonable possib ility  that a person 
would get salm onellosis. Remember that pork and poultry products are always 
suspect.

1. Stuffed turkey cooked at low temperature for a short time.

2. A piece of chicken liver accidentally  got into a ja r of 
pickles two days before the p ick les  were eaten.

3. Milk that picked up a few salm onellae from dirty hands and 
after 5 hours was put in the refrigerator and allowed to 
stand for 24 hours at 38°F.

4. An infected baker rinsed his hands lightly after a bowel 
movement and then handled confectionery cream to make 
cream puffs; these  were left in a warm display cabinet 
for six hours.

5. Salmon patties prepared by clean hands.

6. Rare pork prepared by clean hands.

7. Rare chicken livers  prepared by clean hands.

8. Rare sirloin steak  prepared by clean hands.



CONSTRUCTING AND INTERPRETING THE ATTACK RATE TABLE

Shown below is an ATTACK RATE TABLE prepared as an aid in identifying 
infective foods. It lis ts  the vulnerable foods served to 110 persons at a banquet; 
it is  assumed that one or more of the foods might be infective. Once the ATTACK 
RATE TABLE is  prepared, it is  used as follows:

1. For each food listed , find the per
centage of those who did eat the 
particular food and la ter got sick. 
Look in this column-

2. Then compare the percentage just 
located with the % of those who 
did not eat the particular food 
but got sick anyway. Look in this 
column------

A T T A C X ^ A T E  t a b l e

Vulnerable

Food

Persons Who D I^ E A T  
Vulnerable F o o a \

Persons Who Did N ^ T  Eat 
Vulnerable FooaS^

Sick Well Total
Attack

Rate
%

Sick Well Total
Attack

Rate
%

baked ham 19 56 75 25% 30 5 35 86%
custard 45 15 60 /7 5 ^ 4 46 50 M
jello 20 35 55 29 26 55 la r
cole slaw 48 58 106 4̂ % 1 3 4 25%
baked beans 45 55 100 45&v 4 6 10 40%

potato salad 25 45 70 36%
k

16 40 60%

The infective food will show the greatest difference between the two attack- 
rate percentages. Note that the larger of the two percentages of the infective 
food MUST always be in the FIRST percentage column.

The probable infective food as indicated by the ATTACK RATE TABLE is 
__________________ NOTE: Laboratory examination of the suspected infec
tive food is necessary for final confirmation of the finding in the TABLE.



When an outbreak occurs, the public health worker inter
views both the sick and the well persons who a te  the meal 
suspected of having caused salm onellosis. He asks them 
what foods they ate, and he enters the information he gets 
from them on a case-history questionnaire.

From the questionnaires he prepares a SUMMARY TABLE 
something like the one shown on the right (tab les can 
vary in form). He puts a check mark (yj) for each person, 
sick or well, who DID EAT the particular food; he puts 
an X-mark if the person questioned did NOT ea t the food.

Now, look at the SUMMARY TABLE and answer these  
questions:

How many sick persons did eat ( \/)  turkey? _______

How many well persons did not (X) eat peas? ______

The total numbers of sick and well persons who did eat 
and those who did not eat the various foods are taken from 
the SUMMARY TABLE and used to construct an ATTACK 
RATE TABLE-

NOW YOU DO THIS: In the ATTACK RATE TABLE a l
ready started, compute the percentage of all the sick  per
sons who did eat each food. For example, of the 57 persons 
who a te  turkey, 49 got sick. Divide 49 by 57; th is gives 
.859 or .86; .86 multiplied by 100 gives the attack rate 
percentage of 86%. This one has been done for y ou—you 
make the computations and complete the column in the 
TABLE.

NOW YOU DO THIS: Compute the attack rate percentage 
of sick persons who did not eat each food. Enter the per
centages in the appropriate column.

The infective food will have the greatest difference  be
tween its two percentages. Remember that the higher of 
the two percentages must be for those who did eat the food.

T he probable in fe c tiv e  food is



SUMMARY TABLE

Sick Persons Well Persons

co
JO
V
0- tu

rk
ey

pe
as

ch
ee

se
 s

al
ad

m
ilk

cu
st

ar
d

P
er

so
n

tu
rk

ey

o4)
Q. ch

ee
se

 s
al

ad

m
ilk

cu
st

ar
d

S 1 V V V V X W 1 X V V V V
S 2 X V X V X W 2 V X V X V
S 3 V V V X V W 3 X V V V X

S 4 V X V X X W 4 V X X V V
S 5 X V V V V ' W 5 X V V X V
S 6 i v X V X X W 6 V V X X V
S 7 V V V V X W 7 V X V V V

XS 8 I V X Iv X [ V , W 8 L x , V V V

A T T A C K  RATE TABLE

Persons Who D ID  EAT Persons Who Did NOT Eot
Vulnerable Vulnerable Food Vulnerable Food

Food Attack Attack
Sick W ell Total Rate Sick Well Total Rate

% %

turkey 49 8 57 86% 3 40 43

peas 16 24 40 36 24 60

cheese salad 50 46 96 2 2
1

4

milk 36 20 56 16 28 4 4

custard 22 45 67 30 3 33

9



SUMMARY TABLE

I
*

£V)

' i m
ac

ar
on

i

J c
re

am
 p

ie

S 1 X V V
S 2 V V V
S 3 V X V
S 4 X V X
S 5 X V V
S 6 V V V
S 7 X V V
S 8 V X V
S 9 X V V
S 10 X V V

W 1 V V V
W 2 V X V
W 3 V X X
W 4 X X V
W 5 V X V
W 6 X V V
W 7 V X V
W 8 V X V
W 9 V X v 1
W 10 V X V

Total 20 Persons

S 1, S 2, e tc ., are 
the s ick persons

W 1, W 2, e tc ., are 
the w e ll persons

10



On the left is  a SUMMARY TABLE prepared by a public health worker. This is 
a case where 20 persons ate at a business luncheon, and 10 of them later had 
diarrhea suspected of being salm onellosis.

Using the SUMMARY TABLE, you prepare an ATTACK RATE TABLE and com
pute the attack rate percentages.

REMEMBER: A “ \ / ”  indicates that the food being considered was eaten by 
the person.

An “ X” indicates that the food being considered was not eaten 
by the person.

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EAT  
Vulnerable Food

Persons Who Did NOT Eat 
Vulnerable Food

Sick Well Total
Attack

Rate
%

Sick Well Total
Attack

Rate

Notice that a total here
added to its  corresponding total here
will equal the total number of persons
here. Use this to check your work.

According to the findings of the ATTACK 
RATE TABLE, the infective food is



Salmonellae usually take about 18 hours to make a person sick. If the median 
time at which patien ts got sick was 6:30 AM, January 2, 1962, you would su s
pect that the infective food was consumed 18 hours earlier, or around -------------
(PM/AM) the day before. Thefefore, a reasonable assumption is  that the infected 
persons ate lunch at the same place on January 1, 1962.

When we have computed the SUSPECTED EATING TIME we question the patien ts 
and find out where they ate a t that time. Usually we find some one place where 
they all ate a meal. Then we bring them a menu from that establishm ent to find 
out what vulnerable foods they ate. We do th is because we can’t trust the 
patien t’s memory/honesty (underline the better answer).

Next, we must find others who ate the suspected meal, but who did not get sick. 
We also  interview them to find out what ------------------------------- foods they ate.

II



CASE HISTORIES AND SUMMARY TABLE

P la c e  of exposure (estab lish m en t, e tc .):
__________ Acme Bakery_________
Date of outbreak: 1/4/62 Vulnerable

Foods
Pe

rs
on

S
ic

k
(y

es
 o

r 
no

)

E
at

in
g

 t
im

e
(d

at
e 

an
d 

ho
ur

)

D
at

e 
an

d 
ho

ur
o

f 
si

ck
ne

ss
 

on
se

t

e
c

la
ir

cr
ea

m
 p

u
ff

 
|

ch
ee

se
 c

ak
e

S 1 yes 1/3 10 PM 1/4 8 PM X X V

S 2 yes 1/3 8PM 1/4 8 AM X X V

S 3 yes 1/3 5 PM 1/4 6 AM X V X
S 4 yes 1/3 7PM 1/4 9 AM V X V

S 5 yes 1/3, 3 PM 1/4 4 AM X V V

S 6 yes 1/3 8 PM 1/4 10 AM X X V

S 7 yes 1/3 7PM 1/4 5 AM X V V

S 8 yes 1/3 6 PM 1/4 7 AM X X V

S 9 yes 1/3 5 PM 1/4 8 AM X X V

S10 yes 1/3 4 PM 1/4 9 AM V X V
S ll yes 1/3 5 PM 1/4 8 AM X V X

W 1 no 1/3 6 PM X V X
W 2 no 1/3 8 PM X V X
W 3 no 1/3 9 PM v X V

W 4 no 1/3 4PM V V X
W 5 no 1/3: 8 PM X V X
W 6 no 1/3 2 PM X V X
W 7 no 1/3 6 PM X X V

W 8 no 1/3 3 PM X V X
W 9 no 1/3 5 AM V V X

TOTAL 20 PERSONS



If a food is  infective, two things must be true:

1. A large percentage of those who got sick did eat the food.

2. A small percentage (if any) of those who got sick did not eat the 
food. Actually, they may not remember exactly what they ate, or 
their sickness may have come from something entirely different.

This information is  gotten from case  histories taken from both the sick 
and well who ate at or from a common place of exposure (party, bakery, 
etc.). The information is  summarized on a form like the one on the left — 
CASE HISTORIES AND SUMMARY TABLE. The common place of exposure 
indicated by the table shown on this page i s ____________________________

Now, you  find the SUMMARY TABLE and use it to prepare an ATTACK 
RATE TABLE and complete the analysis.

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EA T 1 
Vulnerable Food |

Persons Who Did NOT Eat 
Vulnerable Food

Sick Well Total
Attack

Rate
%

Sick Well Total
Attack

Rate
%

The probable infective food is



DETERMINING MEDIAN ONSET TIME AND PROBABLE MEAL

The MEDIAN, like all averages, is  a measure of central tendency; 
it is the midpoint of a series  of ordered values. If there are five 
people whose heights are 4’, 4 ’6 ” , 5’, 6 \  and 6 ’2”, the midpoint 
of the ordered series is 5’; therefore the median height is  5’. 
This can be illustrated this way ----  ■ —  .
The third person is the exact midpoint; the third person is 5’ 
tall; therefore the median height is 5’.

SERIES OF 
5  PEOPLE

MIDPOINT
2  PEOPLE BELOW 2  PEOPLE ABOVE

The 
is 2 

The

graph on the right shows that in a group of old pencils one is  1” long, one 
’ long, etc. There are 18 pencils; count them (add numbers in parentheses)

drawing illustra tes  the midpoint of 18:

MIDPOINT
9 PENCILS BELOW

SERIES OF 
18 PENCILS

o 9 PENCILS ABOVE

A A A A A

1111
1IIi u

1111
—

i
i
i im iif ii i i
m m m m m i

— — —

m H i m i unim ■ H■

2" 3" 4" 4" 4" 4" 4" 5" 5" 5" 6" 6" 6" 7" 7" 8"

We see that the midpoint fa lls 
between the ninth and tenth 
pencils. Since both are 5” long, 
the median is  5” . All th is in
formation is  on the graph — 
you find it there ■ ... ..... »

l* 2" 3" 4« 5" 6" 7" 8" 9" 10" 11'

LENG TH OF PE N C ILS

i[5)
_ s (4)

B (3)
__ VAm

- ̂  2fAj j ( 2)
[T7i) .(i!> \m § |||  (1)

2" 3" 4" 5" 6" 7’ 8

LENG TH OF PENC ILS

IF YOU DO NOT UNDERSTAND HOW TO FIND THE MEDIAN 
AND READ A GRAPH, TURN TO PAGE 32.

Look at the graph on the left. There are 25 pencils, and the midpoint of 25 i: 
13. Find the thirteenth pencil in order o f length; the median length is ________

CHECK AND CORRECT YOUR ANSWER
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Eleven cases of salm onellosis-like diarrhea are reported. The public health 
worker interviews all persons involved, plots a graph of the onset times 
of symptoms, and determines the MEDIAN ONSET TIME. Making a graph 
is important because in more advanced epidemiology — beyond the scope of 
this lesson —the shape of the “epidemic curve” is  a valuable source of 
information.

a. According to the graph how 
many persons became sick 
at 7 AM? -------------------

b. The median onset time is 
shown to be ---------------------  .

c. The suspected eating time 
can be found by subtracting 
18 hours from the median 
onset time and i s -----AM/PM.

d. Therefore the probable meal
(breakfast, lunch, or supper) 
is  --------------------------------------

on Jan. ---------------------------  .

e. Complete the appropriate form to complete the analysis.

The probable infective food is ________________________

GRAPH OF ONSET TIMES

□PPppPP1
Meclian Ons et T ime: 8 AM

t G□
11I

1Ij | I
liiiiiiM

12 1 2 3 4 5 6  7 8 9  10
M AM AM AM AM AM AM AM AM AM AM 

HOUR OF SICKNESS ONSET
DATE:_________  MEDIAN TIME: ______

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EA T  
Vulnerable Food

Persons Who Did NOT Eat 
Vulnerable Food

Sick We// Total
Attack

Rato
%

Sick Well Total
Attack

Rate
%

milk 10 8 18 56% 1 1 2 50%
hamburger 9 2 11 82% 2 7 9 22%

hot dogs

CASE HISTORIES AND SUMMARY TABLE

Place of exposure (establishment, etc.):
_______ Joe’s Snack Bar______________
Date of outbreak: 1/3/62 Vulnerable

Foods

Pe
rs

on

S
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k
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no
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E
at
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g
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(d
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6 h
am

b
u
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er

 
|

VICn
o

c
-c

S 1 yes 1/2 1PM 1/3 7 AM V V X

S 2 ves 1/2 1PM 1/3 8 AM V V X
s t yes 1/2 12 1/3 7 AMI V V X
S 3 yes 1/2 2 PM 1/3 8 AM V V X
S 5 yes 1/2 11AM 1/3 6 AM!! v X V

S 6 yes 1/2 1PM 1/3 7 AM X V X

S 7 ' yes 1/2 2PM 1/3 8 AM1 V V X

S 8 yes 1/2 2PM 1/3 9 AM V X V

S 8 1 yes 1/2 3 PM 1/3 10 AM V V X

S10 <•yes 1/2 2PM 1/3 8 AM V V X
s n  :! yes 1/2 1PM 1/3 8 AM V V X

=

W 1 no 1/2 2 PM V X V

W 2 no 1/2 5PM V X V

W 3 no 1/2 5 PM V X V

W 4 no 1/2 3 PM V X V

W 5 no 1/2 3 PM X V X
W 6 no 1/2 5 PM V V X
W 7 no 1/2 1PM V X V

W 8 no 1/2 4 PM V X V

W 9 no 1/2 2 PM V X V

TOTAL 20 PERSONS
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Twelve patrolmen living in a state-police barracks have been reported sick 
with diarrhea resembling salm onellosis. The public health worker gets a 
cusc history on each patient. (He also  co llects  a stool specimen for 
laboratory verification of the tentative diagnosis of salm onellosis.) He 
plots a graph of their onset times.

a. Use the data in the CASE HISTORIES AND SUMMARY TABLE here --------
to plot the GRAPH OF ONSET TIMES here -----------------------------------

b. The median onset time is —

c. The probable meal is  (check
one): ______ breakfast

______ lunch

supper

Date:

d. Complete the analysis, using 
all the proper forms. The 
probable infective food is

GRAPH OF ONSET TIMES

NU
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PE
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UI
 

o»

12 1 2 3 4 5 6  7 8 9  10 
M AM AM AM AM AM AM A M A M A M A M  

HOUR OF SICKNESS ONSET 
DATE: MEDIAN TIME:

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EA T  
Vulnerable Food

Persons Who Did NO T Eat 
Vulnerable Food

Sick W ell Total
Attack

Rate
%

Sick W ell Total
Attack

Rate
%

com beef 3 2 5 60% 9 6 15 60%
pudding 8 1 9 89% 4 7 11 36%
pork & beans

CASE HISTORIES AND SUMMARY TABLE

P la c e  of exposure (e s ta b lis h m e n t, e tc .):
Inst. Kitchen St. Police Barracks

Date of outbreak: 2/8/62 Vulnerable

1 » 1
Food s

Pe
rs

on

S
ic

k
(y

es
 o

r 
n

c

E
at

in
g

 t
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(d
at

e 
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 b
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f

p
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d
d
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g
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 &
 b

eq
ns

-S. 1 ves 2/7 12 NT 2/8 6 AM X V V

-S..2 ... ves 2/7 11AM 2/8 4 AM X X V

S l _ ves 2/7 1PM 2/8 7 AM X V V

S 4 yes 2/7 12 NT 2/8 7 AM X V X
S 5 yes 2/7 12 NT 2/8 6 AM V X V

S 6 yes 2/7 11AM 2/8 5 AM X X V

S 7 yes 2/7 1PM 2/8 7 AM X V V

S 8 yes 2/7 11AM 2/8 6 AM X X V
S 9 yes 2/7 1 PM 2/8 8 AM V V V

sio yes 2/7 12 NT 2/8 7 AM X V V
S ll yes 2/7 1PM 2/8 7 AM V X'

S12 yes 2/7 1 PM_ 2/8 8 AM X \ i_

W 1 no 2/7 11AM X-
i p
X

=
\

W 2 no 2/7 11AM X X \

W 3 no 2/7 11AM V V X
W 4 no 2/7 12 N X X \
W 5 no 2/7 1PM X X V

W 6 no 2/7 1 PM y _ X V

W 7 no 2/7 12 N X T \
W 8 no 2/7 12 N tx X 1 \

TOTAL 20 PERSONS
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Tw elve women are su sp e c te d  of hav ing  sa lm o n e llo sis . They are a ll in te r
view ed, and the time of on se t of d iarrhea is  noted.

a. P lo t the graph of the on se t tim es.

b. The probable m eal is  (check):

b reak fa st

lunch

supper

Date: -----------------------------------

c. When you know the su sp e c te d  
ea ting  time and probable 
m eal, you then in terv iew  the 
p a tien ts  to find where they 
a te  a t th a t tim e. In th is  
c a se  they  a te  a t (w here?)

d. Com plete the an a ly s is . The 
probable in fec tiv e  food is

GRAPH OF ONSET TIMES

HOUR OF SICKNESS ONSET 
DATE:_________  MEDIAN TIME:

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EAT  
Vulnerable Food

Persons Who Did NOT Eat 
Vulnerable Food

Sick Well Total
Attack

Rate
%

Sick Well Total
Attack

Rate
%

cream pie 10 1 11 91% 2 T 9 22%
cheese dip 3 2 5 60% 9 6 15 60%
cream cheese 
sandwich 8 2 10 80% 4 6 10 40%
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Place  of exposure (estab lishm en t, e tc .):

CASE HISTORIES AND SUMMARY TABLE

Woman’s Club Meeting in a Home
Date of outbreak: 3/5/62 Vulnerable

Foods

Pe
rs

on

S
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k
(y

es
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r 
no
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E
at
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g

 t
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e 
(d

at
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 c
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w
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S 1 yes 3/4 12' N 3/5 4 AM X V X

-S 2 ves 3/4 12 N 3/5 6 AM V X V

S 3 yes 3/4 12 N 3/5 7 AM V X V

S 4 yes 3/4 12 N 3/5 6 AM V X V

S 5 yes 3/4 12 N 3/5 6 AM X V X

S 6 yes 3/4 12 N 3/5 7 AM V X V

S 7 yes 3/4 12 N 3/5 5 AM V X X

S 8 yes 3/4 12 N 3/5 7 AM V X V

S 9 yes 3/4 12 N 3/5 7 AM V X V

S10 yes 3/4 12 N 3/5 8 AM V V X

S ll yes 3/4 12 N- 3/5 7 AM V X V

S12 yes 3/4 12 N" 3/5 8 AM |V X V
■■■

W 1 no 3/4 12,N X V X
W 2 no 3/4 12 N X X V

W 3 no 3/4 12 N- V X X
W 4 _ no 3/4 12 N X X X
W 5 no 3/4 12 N- X X V

W 6 no 3/4 12 N X X X
W 7 no 3/4 12 N X V X
W 8 no 3/4 12 N X X X

TOTAL 20 PERSONS



Eleven children are reported sick. Use the m aterials and information 
furnished to find the probable infective food.

a. The infective food is ---------------------------------------------- -

b. The probable meal i s ------------------------------------ -— o n --------------------------

c. The infective food was eaten at (where?) -------------------------------------------

GRAPH OF ONSET TIMES

7
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0  5i/i

£  4

2 3
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z

1

12 1 2 3 4 5 6  7 8 9  10 
M AM AM AM AM AM AM A M A M A M A M  

HOUR OF SICKNESS ONSET 
DATE: MEDIAN TIME:

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EAT  
Vulnerable Food

Persons Who Did N O T Eat 
Vulnerable Food

Sick W ell Total
Attack

Rate
%

Sick Well Total
Attack

Rate
%

chicken 3 2 5 60% 8 7 15 53%
potato salad 7 3 10 70% 4 6 10 40%
pecan pie 10 4 14 71% 1 5 6 17%



CASE HISTORIES AND SUMMARY TABLE

PI ace of exposure (es ta b lis h m e n t, e tc .):

Date of outbreak: 4 / 3 /6 2 Vulnerable
Foods

Pe
rs

on

S/
cf
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at
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S 1 ves 4 / 2  12 N 4 /3  6 AM X X V

S 2 yes 4 / 2  12 N" 4 /3  5 AM X V V

S 3 yes 4 / 2  12 N" 4 /3  7 AM V X V

S 4 yes 4 / 2  12 N 4 /3  6 AM V V V

S 5 yes 4 / 2  12 N 4 /3  4 AM X V X

S 6 yes 4 / 2  12 N 4 /3  6 AM X X V

S 7 yes 4 /2  12 N 4 /3  5 AM X V V

S 8 yes 4 /2  12 N 4 /3  5 AM V X V

S 9 yes 4 /2  12 N 4 /3  1 AM X V V

S10 ves 4 /2  12 N" 4 /3  5 AM X V

V
V

\S l l yes 4 / 2  12 N 4 /3  6 AM X
........ = .

W 1 no 4 /2  12 N X X X

W 2 no 4 / 2  12 N X Y \

W 3 no 4 / 2  12 N V X V

W 4 no 4 /2  12 N X X Y

W 5 no 4 /2  12 N- X v X
W 6 no 4 / 2  12 N X X \

W 7 no 4 / 2  12 N V X \

W 8 no 4 / 2  12 N ' X V X

W 9 no 4 /2  12 N- X ( \ \

TOTAL 20 PKKSONS
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USING THE INDUCTIVE PROCESS

Sometimes case h istories do not make it obvious that infected persons ate at 
the same place. When this happens, the public health worker must apply a ll he 
knows about each patient to discover where the infective food came from. He 
goes through the inductive process to piece together small, seemingly unrelated 
known facts, such as age, sex, religion, occupation, e tc ., to arrive at the 
unknown — the place of exposure. The process is  illustrated in the four examples 
that follow:

Example One. Thirty persons are reported sick, but case  h istories do not show 
a common eating place for breakfast, lunch or supper. The public health worker 
makes a distribution chart of the patients by age and sex.

DISTRIBUTION CHART: AGE & SEX OF PATIENTS
SEX

Male Fem ale

1-3 lW 'W  II jWTJHT
4-6

7-9

10-12

13-15

16-18

over 18 M r  hi

The chart shows that all patients are women or children. The public health 
worker reasons that it is  likely that the patients ate the infective food at a 
party, possibly a birthday party for one of the children, since they are all about 
the same age.

He then returns to h is  patients and discovers that they attended the same party 
at about the suspected eating time. He finds out what vulnerable foods were 
served, makes a SUMMARY TABLE, and identifies the infective food.



Given below are the reasoning and conclusions of the public health worker before 
he reached his final conclusion in the case  of the 30 women and children ju s t 
considered. He is  asking, “What is  a likely place of exposure for these  persons, 
whose homes are scattered  across the city?” Examine h is  reasoning and put a 
check mark (V) beside each statem ent that seem s reasonable to you. If all seem 
reasonable, check all of them.

REASONING: ----------If bakery, dairy, or canned goods had been bought and
eaten in separate homes, children of other ages and men 
would probably a lso  have eaten those foods.

CONCLUSION: The patients ate at the same place, not in their separate  homes.

REASONING: ----------P a tien ts  would probably report having eaten in a public
restaurant.

----------If a restaurant were the place of exposure, men and children
of other ages would a lso  have eaten the infective food and 
been reported sick.

CONCLUSION: The infective food did not come from a public restaurant.

REASONING: ______ It is  rare for such a group, composed of persons living
in separate homes, to be fed exclusively by an institution. 
This possib ility  will be investigated when better possi
b ilities  have been ruled out.

CONCLUSION: The infective food probably did not come from an institu tional 
kitchen.

REASONING: ______ Women and children sometimes gather for parties and group
functions and eat something other than a meal.

---------- The ages of the children suggest a birthday party.

CONCLUSION: The patien ts ate the infective food at a private party.

When the most reasonable conclusion has been reached, the public health worker 
returns to the patien ts to verify h is conclusion and begin the procedure of making 
an attack rate analysis.

DON’T FORGET
CHECK AND CORRECT YOUR ANSWERS



Example Two: Forty cases  of what seems to be salm onellosis are reported among 
people living in various parts of the city. The h istories reveal no common eating 
place at the suspected eating time. The public health worker looks for some 
other trait common to most of the group.

FINDINGS: Of the persons reporting sick, 62% work in the kitchen and dining 
room of a local hospital, but they have their meals a t home. Most 
of the rest of the sick are members of the hospital group’s immediate 
families. However, no hospital patients or other personnel became 
sick.

Check the one conclusion that seems most reasonable:

----------a. The infective food was probably eaten at the hospital.

----------b. Contaminated food not yet in the infective sta te  could have been
taken home and on the way it could have grown a dangerous 
salmonella concentration (become infective) before it was re
frigerated again.

-----------c. T he p a tien ts  probably got the  food a t a public res tau ran t.

From the best conclusion above it seems likely that the food came from what 
place (check one below)?

----------public restaurant

______ private banquet

----------the institutional (hospital) kitchen

______ dairy (home delivery)

----------bakery (home delivery)
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Example Three: F ifteen women came down with salm onellosis. All of them re
ported having eaten their regular meals in their own homes during the period in 
which they might have eaten the infective food. The public health worker finds 
these things to be true about the patients:

a. They are all adult women.

b. They are all Jew ish.

c. They are all housewives.

He concludes that the women were probably infected by food that came from 
what place (check one below)?

______ public restaurant

----------private party or club meeting

----------dairy (home delivery)

______ bakery (home delivery)

----------institu tional kitchen

----------private banquet
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Example Four: Twelve cases are reported, and all the patients ate their regular 
meals at home during the 12-to-24-hour incubation time. Below are data collected 
on them. Examine the data.

PERSON SEX RAC E R E L I G . OCCU P A ’ N AGE

SI M w Prot. student 14
S 2 M w Cath. student 14
S3 M W Prot. student 12
S 4 M W Jew student 13
S 5 M W Prot. student 13
S 6 M W Prot. student 13
S 7 M W Prot. preacher 26
S 8 M W Prot. student 14
S 9 M W Prot. student 12
S10 M W Cath. student 13
S l l M W Prot. student 14
S 12 M W none student 13

Check the place that the patients probably got infected:

----------public restaurant

----------banquet

----------party or meeting

----------institutional kitchen

----------dairy

----------bakery
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STAPHYLOCOCCAL FOOD POISONING

INTRODUCTION

READ FOR UNDERSTANDING

Some types of staphylococci are even more common causes of food-borne d isease  
than are the salm onellae. The symptoms produced by the two bacteria are 
similar: both induce nausea, vomiting, and diarrhea. However, there are charac
te ris tic  differences:

DISTINGUISHING SYMPTOMS

onset fever duration

Staphylococcal abrupt with no fever 24 hours
poisoning severe prostration

Salmonellosis gradual with le ss  
severe prostration

with fever 72 hours

Unlike salm onellae, staphylococci are not normally c lassed as in testinal
organisms, but thrive in the mucous areas of the human nose and mouth, on the 
skin, in pimples, in skin lesions and under the fingernails. In protein foods 
handled by a carrier of the food-poisoning types, the organisms w ill grow to 
dangerous quantities in four or more hours, depending on the temperature.

Also unlike Salmonella, the Staphylococcus organism does not infect man d irect
ly. Rather, it produces an enterotoxin (a poison affecting the gastrointestinal 
tract) that causes the symptoms. The enterotoxin is  thermostable, that is , it 
is  not destroyed by heat. Therefore cooking food in which the toxin has been 
formed will not make it safe. Any food that contains staphylococcal enterotoxin 
must be destroyed.

INVESTIGATING A STAPHYLOCOCCAL EPIDEMIC

The procedures for collecting and analyzing field data in a staphylococcal 
food-borne epidemic are virtually the same as for salm onellosis. A notable 
difference is in the incubation time of the two d isea ses  —in staphylococcal 
poisoning there is a 2-to-8-hour incubation time, the median being about 3 hours. 
Therefore the suspected eating time is usually the most recent meal.
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The table below shows the characteristics of Salmonella and Staphylococcus as 
food-borne pathogens. Study the table carefully and note the differences and sim i
larities. Then answer the questions below.

B A CTERIA C H IE F  SOURCES M U L T IP L IE S CA USATIVE AG EN T IN C U B A TIO N  TIME DE STR U C TIO N  O F  
C A USATIVE AG EN T

SALMONELLAE
POULTRY 
& HOGS

W  MOSTLY IN

DIRECTLY BY 
SALMONELLA 
ORGANISMS

12 to 24 HOURS 

AVG: 18 HOURS

TEMPERATURE 
ABOVE 140°

HIGH PROTEIN

STAPHYLOCOCCI

HUMAN NOSE, 
MOUTH, NAILS, 
PIMPLES, etc.

also  COWS

^  FOODS
in 4 or more HOURS

at 45-to-115°F
AN ENTEROTOXIN 
PRODUCED BY 
STAPHYLOCOCCI

2 to 8 HOURS 

AVG: 3 HOURS

NONE!
HEAT CANNOT 
DESTROY THE 
ENTEROTOXIN. 
COOKING DOES 
NOT HELP.

1. Which bacteria can be transmitted to food by sneezing?____________________

2. If you boiled milk containing enterotoxin produced by staphylococci, would
the milk then be safe? ------------------

3. If the median outbreak time of the d isease  was 5 PM, what would be the su s
pected eating time if the causative agent was staphylococcal enterotoxin?

4. Is celery a vulnerable food for staphylococcal enterotoxin? _____________

5. Which bacteria thrive under fingernails?___________________________

6. Fever is more characteristic  of salm onellae/staphylococci. (scratch one)

7. Severe prostration is  more characteristic  of the d isease  produced by 
salm onellae/staphylococci. (scratch one)



Complete the table below .

BA CTERIA C H IE F  SOURCES M U L T IP L IE S C A U S A TIV E  A G EN T IN C U B A T IO N  TIM E D E S TR U C TIO N  O F  
C A U S A TIV E  A G E N T

SALMONELLAE
POULTRY 
& HOGS

^  MOSTLY IN

DIRECTLY BY 
SALMONELLA 
ORGANISMS

----- to -------HOURS

AVG: -------- HOURS

TEMPERATURE 

ABOVE °F.

HUMAN NOSE, ^
^ ^ H IG H  PROTEIN

STAPH
MOUTH, NAILS, 
PIMPLES, etc.

also  COWS

W  FOODS 
in -------or more HOURS

a t ___° t o ___°F.
AN ENTERO -----t o ------- HOURS

NONE!

THE ENTEROTOXIN 
IS THERMOSTABLEPRODUCED BY 

STAPHYLOCOCCI AVG: --------HOURS

Read the completed table to make sure you understand it before you answ er the 
questions.

1. Which bacteria thrive in the nose of humans?_________________________________

2. Which pathogen would be more likely to be found in unpasteurized milk?

3. When milk has been made toxic by staphylococcal enterotoxin, will pasteuriz

ing make it safe for drinking?-----------------

4. If an outbreak of staphylococcal food poisoning occurred at noon, what would

be the probable meal?_________________________

5. Fever is  more characteristic  of which d isease?______________________________

6. Severe prostration is  more characteristic  of which d isease?----------------------------

25



Complete the table below.

BA C TER IA C H IE F  SOURCES M U L T IP L IE S C A USATIVE AG EN T IN C U B A TIO N  TIM E D ESTR UC TIO N O F  
CAUSATIVE AG EN T

SALMONELLAE
POULTRY 
& HOGS

^  MOSTLY IN

DIRECTLY BY 
SALMONELLA 
ORGANISMS

-----to  --------HOURS

AVG: ----------HOURS

^ ^ H IG H  PROTEIN
W  FOODS 
in ------ or more HOURS

at ---- °to ___°F.
AN t"  HOURS

AVG: -------- HOURS

CHECK AND CORRECT YOUR ANSWERS
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TERMINOLOGY
In the three brief exercises that follow, you will review the terms used in this
lesson. Read the definitions carefully. As you read, relate the terms to what
you now know about epidemiological procedures.

1. Onset: The beginning of the symptoms of s ickness.

2. Suspected Eating Time: The day and hour suspected of being the time that 
the infective or toxic food was eaten.

3. Attack Rate: A rate (percentage) arrived a t by dividing the total number of 
persons exposed to risk into the total number that got sick.

4. Vulnerable Food: Moist, high protein food liable to grow salm onellae or 
staphylococci. (Also called potentially hazardous food.)

5. Salmonellae: The bacteria causing salm onellosis. (Remember how to spell it.)

6. Summary Table: A count of the sick and well persons who ate (and did not 
eat) each of the vulnerable foods.

7. Contaminated Food: A food that contains bacteria, but not necessarily  enough 
to make a person sick.

8. Infective Food: A food that is  contaminated with bacteria (e.g ., salm onellae) 
which have grown to sufficient quantities to make a person sick.

9. Toxic Food: A food that contains an enterotoxin (produced by bacteria, e.g., 
staphylococci) that causes food poisoning.

10. Incubation Period: The time it takes (e.g ., 12-to-24 hours for salm onellosis) 
for d isease  to manifest itse lf  after infective or toxic food is  ingested.

11. Staphylococcus: A bacterium, a strain of which produces an enterotoxin which 
in turn causes a food-borne gastroenteritis.

12. Enterotoxin: A poisonous (toxic) substance which is produced in vulnerable 
foods by some stra ins of Staphylococcus.
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In the blanks provided write the appropriate terms
answers have been given to help you.

1. The bacteria causing salm onellosis:

2. A count of the sick and well persons who 
ate (and did not eat) each of the vulnerable 
foods:

3. Bacteria that produce a 24-hour gastroenteri
tis  characterized by severe prostration, 
nausea, and vomiting, but no fever:

4. The time it takes (e.g ., 12-to-24 hours for 
salm onellosis) for a d isease  to manifest 
its e lf  after the infective or toxic food is  
ingested:

5. The beginning of the symptoms of sickness:

6. A food that contains bacteria (e .g ., sal- 
monellae) which have grown to sufficient 
quantities to make a person sick:

7. The day and hour suspected of being the 
time the infective or toxic food was eaten:

8. The percentage arrived at by dividing the 
number of persons exposed to risk into the 
number of persons that got sick:

9. A toxic substance produced by staphylococci:

10. Moist, high protein food liab le to grow 
salm onellae or staphylococci:

11. A food that contains bacteria, but not nec
essarily  enough to make a person sick:

12. A food that contains an enterotoxin:



for the  d e fin itio n s . P a r tia l

(check spelling)

table

period

food

time

rate

food

food

food
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In the blanks provided, write the appropriate terms for the definitions. You’re on 
your own this time.

1. A food that contains bacteria, but not nec
essarily  enough to make a person sick: --------------------------------------

2. The percentage arrived at by dividing the 
number of persons exposed to risk into the
number that got sick: --------------------------------------

3. A food that contains bacteria (e .g ., sal- 
monellae) which have grown to sufficient
quantities to make a person sick: --------------------------------------

4. The beginning of the symptoms of sickness: _________________________

5. A count of the sick and well persons who 
ate (and did not eat) each of the vulnerable
foods: --------------------------------------

6. The time it takes (e .g ., 12-to-24 hours for 
salm onellosis) for a d isease  to m anifest it
se lf  after the infective or toxic food is
ingested: _________________________

7. A food that contains an enterotoxin: _________________________

8. The day and hour suspected  of being the
time the infective or toxic food was eaten: _________________________

9. Moist, high protein food liab le to grow
salm onellae or staphylococci: _________________________

10. The organisms that cause salm onellosis: _________________________

11. Bacteria that cause gastroenteritis by
secreting a toxic substance: _________________________

12. The toxic agent secreted  by this organism: _________________________

TH E  END
31



REMEDIAL EXERCISE ON MEDIANS AND GRAPHS

If you have a lis t of numbers or measures, the MEDIAN is  the one that fa lls in 
the middle when they are put in a series. Though similar to the mean, the 
MEDIAN is  not exactly the same as the mean (or what is  commonly referred to 
as  the “average”).

To find the MEDIAN you must first arrange the numbers or measures in se 
quence; for example, from small to large. Look at this lis t of 14 lengths:

In random order: 3” , 6” , 8” , 7” , 6” , 8” , 5” , 2” , 4” , 3” , 1” , 2” , 1” , 3”

The same lengths MIDPOINT
arranged in a 
“series  of ordered ---- 7 lengths bel ow— — 7 lengths above—
values” becomes: 1”, 1”, 2”, 2”, 3”, 3”, 3”, 4” , 5” , 6”, 6”, 7” , 8”, 8” 

*
MEDIAN LENGTH = 3 .5”

Notice that the middle value —or MIDPOINT — is  between 3” and 4” ; therefore
the median length is  3.5

-

Another random lis t of MIDPOINT
14 lengths has been — 7 lengths below —►- 7 lengths above---- ►-
arranged in 2” , 2”, 2” , 3”, 3”, 4”, 4” , ^  4” , 5”, 6”, 6”, 7” , 8”, 9”
sequence. *

MEDIAN LENGTH = 4”
Notice that the MIDPOINT falls between 4”  and 4” ; therefore the median 
length is  4” . (NOTE: It is  not 4.5” )

MIDPOINT
These 17 lengths have --------8 lengths below-----►- --------8 lengths above-----*-
been put in sequence: 1”, 2”, 2”, 2”, 3” , 3” , 3”, 4”, 4”, 4”, 5”, 5” , 6”, 6” , 7”, 8” , 9” 

*
MEDIAN LENGTH = 4”

The midpoint is  exactly on 4” ; therefore the median length is 4” .

CONTINUE ON NEXT PAGE
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A series  of ordered values can also  
be shown in the form of a graph. 
Take, for example, the la s t lis t of 
17 lengths (repeated h e re ) ----------------

MIDPOINT
8 lengtihs below— ► 

2” 2” 2” 3 ”  3”  3”  4’ 4”  4’
- 8  lengths above-------------- i
5”  5”  6”  6”  7”  8”  9 ’

2” 3” 4”

When the lengths that are alike are 2” 3” 4” 5” 6”
“ stacked” on top of each other, the

----------------------- ► 1”  2” 3” 4” 5”  6”  7” 8”  9’

Now, add a few lines and headings 
to the lengths arranged in “ s ta c k s ,”  
and you have a graph like this

how many 
times the 

lengths 
_ occur

A

,this says that the length 2” occurs 
3 times in the series

T S
2 ”  3 ”  4 ”
-4-

4 ” 5 ”  6 ”

1”  2”  3”  4 ”  5”  6 ”  7

3" 4" 5" 6"
01

these  are the lengths that occur

A more finished version of the same 
graphic representation is  shown here

Notice that you can s till find the 
midpoint and median by either “count
ing the blocks” in order of occurrence 
or adding together the frequency of 
occurrence of each of the lengths.
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Now, le t’s consider the graph on page 
13 that apparently gave you trouble.

The series of 18 pencils (in sequence 
from shortest to longest) is repeated 
he re ------------------------------------------------

MIDPOINT

Again, by stacking the various pencil 
lengths that are alike, we will get a 
rough graph like th is o n e -----------------

how many 
times each 

pencil length 
occurs

i r
I

t
1
1" 5

it

i

r  i i "  6

L r  5
i

i"  6 "  7 "

1i M ;r  :1 "  l r  5i”  i
I--------1

5 " 7

1-------

8

1" 2" 3" 4" 5" 6" 7" 8" 9"

pencil lengths that occur

This is the more familiar version of 
the graph as it appears on page 13; 
you should now be able to use it to 
find that the midpoint falls between 
the ninth and tenth pencils and that 
the median is  therefore 5”  — the 
length of both those pencils ------------

RETURN TO P. 13-COM PLETE THE EXERCISE
1 - 2 -  3" 4" 5" 6" 7" 8" 9" 10" 11"

LENGTH OF PENCILS







ANSWER BOOKLET
FOR

FOOD-BORNE DISEASE INVESTIGATION: ANALYSIS OF FIELD DATA
An Instructive Communication

Examine th is Answer Booklet carefully before you 
begin the lesson, then put it aside. You should 
check a ll your work (as you finish each page) 
against the correct answers in th is booklet. 

Correct any m istakes made.





ANSWERS PAGE 5

1. __hours; between - ^ S -  0 F. and — LL 5° F.

2. WOULD be safe; WOULD be safe

3. m f g c - H / e .  ; / u l n e r a h l e .  food
(NOTE: food becomes infectiv e ; people become infected)

4. WOULD NOT be safe

5. WOULD make it safe

6. WOULD be safe; WOULD be safe

chicken salad S  cottage cheese v ' ' . turkey

✓

✓ . custard _^  potato salad . hamburger

If  you made errors, go back and study page 4.

ANSW ERS-PAGE 6

or more hours at 5 S _ °  to _LL5l  °f .

l / ' _  liver ✓ . duck — ^  potato salad —___sausage

^  — pork oysters S  chicken gizzard S '  milk

ANSW ERS-PAGE 7

S . . .  1. 3. S  4. ft ^  7-

ANSW ERS-PAGE 8

The probable infective food is . ^ U L 5 * t o t r d ________



ANSWERS-PAGE 9

sick persons did eat turkey.

well persons did not eat peas.

The probable infective food is t u r  k e j f

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EAT  
Vulnerable Food

Persons Who Did NOT Eat 
Vulnerable Food

Sick Well Total
Attack

Rate Sick W ell Total
Attack

Rate
%

turkey 49 8 57 86% 3 40 43 7%

peas 16 24 40 1*0% 36 24 60 60%

cheese salad 50 46 96 5 2% 2 2 4 50”

milk 36 20 56 6 4 % 16 28 44 3 6 %

custard 22 45 67 .3 3 % 30 3 33 91”

ANSW ER S-PA G E 10

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EAT  
Vulnerable Food

Persons Who Did NOT Eat 
l Vulnerable Food

Sick W ell Total
Attack | 

Rate 
%

Sick Well
Attack 

Total ' Rote 
%

b e e f  s t e w 4 8 1 2 3 3 % 6 2 1 6' 7 5 °

m a c a r o n i 8 2 10 80% 2 8 io  :o

c r e a m  f i e 9 9 18 50% | 1 1  2  • S O '

The probable infective food is _IYV f t . C- CL f*Q r \  l



ANSWERS-PAGE 11

The infective food was consumed (eaten) at around 1 2 / .3 Q  p m

We can’t trust the patient’s —|fWtf ̂ W O —  

Interview to find out what t / u t n e r g b l foods they ate.

ANSW ERS-PAGE 12

The common place of exposure is B a - k c r y

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EAT  
Vulnerable Food

Persons Who Did NOT Eat 
Vulnerable Food

Sick Well Total
Attack

Rate
%

Sick Well Total
Attack

Rate
%

e c l a i r ■ 2 3 5 1 ,0 % 9 6 1 5 6 0 %

c r e a m  f u f f k> 7 1 1 3 6 % 7 2 9 7 8 %

c h e e s e  c a k e 9 2 1 1 8 2 % 2 7 9 2 2 %

The probable infective food is



ANSWERS-PAGE 13

"'he midpoint is the 13th pencil; this pencil is 4 ”  long; therefore, the 
median length is _.

If  you answered incorrectly, go to page 32 and study the remedial 
exercises (again if necessary, and especially the last example on 
page 32).

ANSW ERS-PAGE 14

a. 3 A l U A & V \

k ‘ S A M o r j = n. - M 3 f e 2

-  2 - P l Y \

ATTACK RATE TABLE

Vulnerable

Food

Persons Who DID EAT  
Vulnerable Food

Persons Who Did NOT Eat 
Vulnerable Food

Sick Well Total
Attack

Rate
%

Sick Well Total
Attack

Rate
%

milk 10 8 18 56% 1 1 2 50%
hamburger 9 2 11 82% 2 7 9 22%
hot dogs 2 7 9 22% 9 2 11 82%



AHSWERS-PAGE 15

*
&

i3

GRAPH OF ONSET TIMES

HOUR OF SICKNESS ONSET
DATE: 2 / 8 / 6 2  MEDIAN TIME; 7  A M

b. 7 A i n

c . _^ ___ lunch

DATE:

d-

A T T A C K  RATE TABLE

Vulnerable

Food

Persons Who DID EA T  
Vulnerable Food

Persons Who Did NO T Eat 
Vulnerable Food

Sick Well Total
Attack

Rate
%

Sick Well Total
Attack

Rate

corn beef 3 2 5 60% 9 6 15 60%
pudding 8 1 9 89% 4 7 11 36%
pork & beans 1 0 7 1 7 5 9 % 2 1 3 6 7 %



ANSWERS--PAGE 16

GRAPH OF ONSET TIMES

HOUR OF SICKNESS ONSET
DATE: 3 / 5 / 6 2  MEDIAN TIME: 7 A M

b. Probable meal: lunch on

Place: lO o m a v O s  c ixS lb  i f l  Q . K 0 r v 0 .g -

d. Probable infective food is  C.T“ g3 .V Y \ p i e .



ANSW ERS-PAGE 17

a. The infective food is &-Y\,—^  V _

b. The probable meal is —( ------------ on

c. Eaten at C K v b  Vr

GRAPH OF ONSET TIMES

HOUR OF SICKNESS ONSET
DATE: 4 /3 /62  MEDIAN TIME: 6 AM

ANSW ERS-PAGE 19

The reasoning is good for every conclusion reached. You should have 
checked all the blanks.

ANSW ERS-PAGE 20

S _

b. (This is the best conclusion under the circum stances.) 

the institutional kitchen



ANSWERS-PAGE 21

private party or club meeting

EXPLANATION: 1. Group has no persons of non-Jewish denominations 
and no men or children—rule out public restaurant.

2. No other members of family (husband, children) got sick—rule 
out home deliveries from dairy and bakery.

3. All regular meals were eaten at home—rule out private ban
quet or institutional kitchen, both of which usually serve 
meals.

ANSW ERS-PAGE 22

party or meeting

EXPLANATION: 1. All regular meals were eaten at home—rule out 
public restaurant, banquet, institutional kitchen.

2. No one e lse  in family got s ick—rule out home dairy and
bakery deliveries.

ANSWERS-PAGE 24

1.

ANSWERS-PAGE 25

Check your table by the one 
on page 24 of the lesson.

2. . A O _________________________

^ ------

r  2.PIYV 3. n o

d n o 4 b r e < x k ^ o . ! > * V

s. S ' h i p V v y c l * f a l n r t o n e l V o s ( s

6 S g A m o  rv<2

7 . OC.nC.C.L f>5» I tw  ^
'  ^



ANSWERS-PAGE 26

B A CTERIA C H IE F  SOURCES M U L T IP L IE S C A U S A TIVE A G EN T IN C U B A TIO N  TIM E D E S TR U C TIO N  O F  
C A U S A TIV E  A G EN T

SALMONELLAE
POULTRY 
& HOGS

^  MOSTLY IN 
^  HIGH PROTEIN

DIRECTLY BY 
SALMONELLA 
ORGANISMS

12Lto HOURS 

AVG: f<?. HOURS

T E ^ P E R . A T H R f  

/U 5o Y £  ( 4 0 ° ^
g

STAPHYLOCOCCI

tfu m  aat 
m o a T V + ,N ^ lL^  
PIM PLE’S, C+-C-.

a l s o  C O W l $

r  FOODS 
in T. or more HOURS

at 151° to ZZ£°F.
a m  g / v j r E R p r o X l / M -^ - to  HOURS 

AVG: ^  HOURS

A f O l O E

ANSWERS-PAGE 29

i. s a lm o n *  IV a e

3. c a l

4. tn cu b a -K o rv  . period

5. .o n S - g - t _______________

6. i n V e a - t l y - e - _____ food

7 susp«<Ved

8. _______________

.tim e

rate

A N SW ER S-PA G E 31

l .  gonVam lnaV 4o»i. 

9 a V V A t k  r a l« .

o ^ n t e r  © V o x a v v \n4«<Vlve. r̂c»exi.

m  v u l n e r a b l e . food 4 o n s e t

l i .  c o n ’V a . food q 4*O Lble

12. -Vo y . \ o . ______________ food 6. irvau.\oocV \ o *> per vcxi

7. / h a y A c  4 q q <̂ ___

8. e ^ V l n j  U r y c

9. v>ul n e r oAol* \o c xk

10. s a l m o n e l l a * .

11. l o  t o  d t v

12. g r v ^ e r p t o K \ f v





PARKLAWN HEALTH LIBRARY

RESULTS OF FIELD TRYOUTS
T he ta b le  b elow  sum m arizes data on the u s e  of the le s s o n  by a w id e range  
of tr a in ee s  under " f ie ld ”  c o n d it io n s . F ie ld  tryout lo c a t io n s  and p a rtic ip a n ts  
w ere aa fo llo w s:

88 sa n ita r ia n s  and veter in a r ia n s, C ity H ea lth  Departm ent, M ilw au kee, W is.
19 sa n ita r ia n s  and p ub lic h ea lth  n u r se s , C ity  H ealth  D epartm ent,R oanoke, 

V s ., tryout arranged by the S an ita tion  T ra in in g  S ectio n , V irgin ia  
S tate H ealth  Departm ent.

40 sa n ita r ia n s  and p u b lic  h ea lth  n u r se s , C ity  H ea lth  Departm ent, 
Richm ond, V a ., tryout arranged by th e S an ita tion  T ra in in g  S ectio n , 
V irgin ia  S ta te  H ealth  Departm ent.

36 aan itarians, vec to r  control t e c h n ic ia n s , and p u b lic  h ea lth  n u r se s , C ity  
H ealth  D epartm ent, N orfolk, V a.; tryout arranged by the San ita tion  
T rain ing S ectio n , V irgin ia  S ta te  H ealth  D epartm ent.

39 sa n ita r ia n s , h ea lth  o f f ic e r s , p u b lic  h ea lth  n u r ses , and veter in a r ia n s, 
S tate D epartm ent of H ea lth , T renton , N .J .; tryout arranged by the  
D epartm ent’s  D iv is io n  o f  S p e c ia l  C o n su lta tio n  S e r v ic e s .

6 5  sa n ita r ia n s , h ea lth  o ff ic e r s , p ub lic h ea lth  n u r ses , ve ter in a r ia n s, and 
m edica l te c h n ic ia n s , C ity  H ea lth  Departm ent, B lo o m fie ld , N .J .; tryout 
arranged by the D iv is io n  o f  S p e c ia l C o n su lta tio n  S e r v ic e s , N ew  J e r se y  
S ta te  D epartm ent o f H ealth .

31 graduate s tu d e n ts , S ch oo l o f  M ed ic in e, D epartm ent o f E p id em io logy  
and P u b lic  H ealth , Y a le  U n iv ers ity , N ew  H aven , Conn.

3 2031 00035521 1
T he f ie ld  tryouts w ere con d ucted  in a formal c la ssro o m  se t t in g . An In stru c
t iv e  C om m unications U n it re p r e se n ta t iv e  g a v e  gen era l in s tr u c tio n s  on th e  
u s e  o f the m a ter ia ls  and o b serv ed  ea c h  tryout. E ach  tr a in ee  w a s  g iv en  a 
p a ck a g e  co n ta in in g  an a p p lica tio n  form, a p r e - le s so n  te s t ,  a cop y  o f the  
le s s o n ,  a p o s t - le s s o n  te s t , and a q u e stio n n a ire  (for th e stu d e n t to sp e c ify  
in t e r e s ts  and re lev a n t background ed u ca tio n  and e x p e r ie n c e  and e x p r e ss  
h is  re a ctio n  to u s in g  l e s s o n s  o f th is  type). T h e pre- and p o s t - le s s o n  t e s t s  
w ere th e sam e; cr ed it on th e p o s t - le s s o n  t e s t  w a s g iv en  on ly  for a n sw er s  
that conform ed e x a c t ly  to m ateria l tau gh t in the le s s o n ;  on th e p r e - le s so n  
t e s t ,  cr ed it w a s g iven  for a ll a n sw er s  th at w ere com patib le  w ith th e le s s o n .

O f the 318 tr a in ee  p a rtic ip a n ts , 246 com pleted  the f ie ld  tryout. R e a so n s  
for n ot co m p letin g  the le s s o n  ranged from la c k  o f  in te r e s t  to la c k  o f tim e. 
P a r t ic ip a t io n  w a s e s s e n t ia l ly  volun tary , but too o ften  the tr a in e e s  had not 
been  properly b riefed  on w hat w a s  to tak e p la c e . A lso , u s in g  th e s e  m ate
r ia ls  in  a formal c la ssro o m  s e t t in g  under any tim e r e s tr ic t io n s  i s  contrary  
to recom m ended u s e  ( s e e  S p e c if ic a t io n s  on th e in s id e  front co v er).

T h e 2 44  p a rtic ip a n ts  (in  the ta b u la tio n ) are grouped a cco rd in g  to p ro fe s s io n  
or occ u p a tio n . T h e sa n ita r ia n s  rep r esen t th e  primary tra in ee  popu lation; 
th e n u r se s  and other re la ted  h ea lth  p erso n n e l, th e sec o n d a ry  tr a in ee  popu
la tio n . T h e s e  three groups are su b -d iv id e d  a cc o rd in g  to the s tu d e n ts ’ 
ed u ca tio n  le v e ls  and y ea r s  o f e x p e r ie n c e  in  p u b lic  h ea lth .

KEY TO ed u ca t io n  L e v e l  1; c o l le g e  graduate e x p e r i e n c e  A: 5 or more y ea r s
GROUPING L e v e l  2: 1-3 years  o f c o l le g e  B: l e s s  than 5 y ea r s

L e v e l  3: h igh  s c h o o l graduate
D A T A  F R O M  S E V E N  F I E L D  T R Y O U T S  O F  ‘ ‘ F O O D - B O R N E  D IS E A S E  I N V E S T I G A T I O N :  A N A L Y S I S  O F  F I E L D  D A T A ”

T yp e of Student Number P r e - T e s
median

t Scores  
range

P o s t - T e
median

st Scores  
range

L es so n
median

C om pletion  Tim e*  
range

S anitarians
A 43 13% 0-6 9 % 89% 3 3 -  99% lh r . 45  min. lh r .  1 m in .—2 h rs. 3 5 m in.

L e v e l 1
B 46 13% 0 -6 6 % 87.5% 4 0 -1 0 0 % 1 hr. 40  min. 4 8 m in .—2 h r s . 20 m in.

29 27% 0-9 3 % 82% 4 2 -  98% lh r . 51 min. lh r .  1 5 m in .—2 h r s . 50 m in.
L e v e l 2

B 11 11% 0 -3 4 % 94% 4 4 -1 0 0 % lh r . 57 min. 1 hr. 26 m in .— 2 h r s . 45m in .

T , o A 26 16.5% 0-3 7 % 87% . 1 7 -  98% 2 hrs. 10 m in. 1 hr. 1 2 m in .— 4 hrs. 20 m in .
L e v e l  3 —  

B 13 4% 0-3 3 % 86% 2 7 -  96% 2 hrs. 1 hr. 2 0 min. —3 hrs.

N u rses

T , 1 A 7 28% 1 2-65% 92% 7 4 -  97% 2 h r s .2 V2min. 1 hr. 4 0 m in .—2 h r s . 30 min.
B 10 27% 2 -63% 93% 8 2 -  99% lh r . 42 min. lh r . —2 h rs .

A 14 ■ 0.5% 0-4 2 % 70.5% 8 -  98% 1 h r.4 7 l/2m in. lh r .  3 m in .—2 h rs. 35 min.
L e v e l 2

B 8 14% 0 -2 1 % 92.5% 4 4 -  99% lh r . 38 min. 1 hr. 5 m in .—2 hrs.

Other R e la ted  
H ealth  P er so n n e l t

A 16 44% 0 -85% 95.5% 7 2 -1 0 0 % 1 hr.26y2m in. 50 min. —2 hrs.
L e v e l 1

B 21 31% 3-6 5 % 97% 8 5 -1 0 0 % lh r . 40 m in. 55m in . —lh r . 55m in .
* L e s s o n  c o m p le tio n  tim e  unknow n for 28 s tu d e n ts .
t  In c lu d e s  p h y s ic ia n s ,  v e te r in a r ia n s ,  h e a l th  o f f ic e r s ,  m e d ic a l te c h n ic ia n s ,  a p h a rm a c is t ,  a v e c to r  c o n tro l te c h n ic ia n ,  a b io lo g is t ,  a m e d ic a l adm in i t r  it r. 

a p u b lic  h e a l th  a n a ly s t ,  an d  g ra d u a te  s tu d e n ts  in  th e  d e p a rtm e n t o f ep id em io lo g y  an d  p u b l ic  h e a l th .
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