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INVESTIGATION OF FOODBORNE DISEASES
Mehrdad Tajkarimi
(Materials from Maha Hajmeer)
It all starts with one or more sick people.
The text (Procedures to Investigate Food borne IlIness, 5th ed., International
Association for Food Protection, Ames, |A, 1999) tells how to organize the
food borne disease surveillance system that should already be in place when
the illness complaint arrives. Time will not permit covering the “Investigate
Outbreaks’ section of the text in lecture. Please read this and the “ Seek
Sources’ section, to provide an orientation for the data analyss
activities on which we will focus.
Note that the procedures are heavily oriented to restaurant-associated
incidents. All the same, the hazard analysis and flow diagram portions of the
procedure will remind you of the HACCP and risk analysis methods that we
have aready considered briefly. There are aso potentially useful
instructions for on-the-spot food analyses and for collection of clinical and
food samples for laboratory analysis, which will not be part of our
epidemiological exercises in class. Here, we focus on the “Analyze Data’
aspect. Because the discussion does not coincide with that of the whole text,
please note that the numbers of the tables and figure that came from the text
have been left as they were, rather than assigning them in the order of
citation in this handout.

ANALYZE DATA

Thefirst task isto obtain a(at least preliminary) diagnosis.

The preliminary diagnosis should later be confirmed by a laboratory
diagnosis, but this is not always done, and is sometimes not even attempted.
Many foodborne disease outbreaks are of “undetermined etiology.” The
problem with unknown agents obviously does not exist when case-control
studies are used to identify risk factors in sporadic foodborne diseases.

The first diagnosis is made based on signs and symptoms reported by the
patient(s) — see Table B (pp. 100-124) in the text.

From the reports, a summary is prepared as shown in the following table
(Table 3 of text, p. 46) and compared to the known signs and symptoms for
various foodborne diseases until a reasonably good match is found.
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Table 3. Frequency of signs and symptoms

Signs and symptoms Number of cases Percent
Diarrhea 260 88
Abdominal cramps 122 41
Fever 116 39
Nausea 105 35
Headache 68 23
Muscular aches 56 19
Chills 55 19
Vomiting 42 14

When a diagnosis has been made, the investigator will know from the
literature what the range of incubation timesis.

From the disease histories, the time of onset of disease for individual
patients is obtained; these are plotted as shown in the figure below (Fig. 3, p.
45, in the text). The time interval on the X axis should be no more than 1/4
of the incubation period of the disease. The incubation time is subtracted
from the median time of onset to find the time of exposure.

The reason that the median rather than the mean time is used is that the times
of onset usually have a skewed distribution.

The incubation period may have to be estimated from the “span of onsets’
(period from the first person’s onset till the last person’s onset) and applied
as above, if thereis no firm diagnosis. For a single-incident outbreak (i.e., al
of those ill were exposed on the same occasion or meal), the span of onsets
islikely to be approximately equal to the incubation period of the illness.
Obviously, this does not work if, for example, people bought contaminated
food at retail and ate it on various days thereafter.

With good luck, the time of exposure will represent a common meal, such as
a banquet or picnic shared by the patients — and a number of other people.
This may be done with ameal attendance-attack rate table (Table 4, p.48).
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Table 4. Histories af meal attendance and attack rates

Ate/drank D1d not eat/drink

Attack Attack  Dhff P
Day/ I Well Total rate® Il Well Total rate® in Rel.  wal-
meal {(a) (b) (atb) (%) () (d) (ctd) (%) rates” risk?  ue

I/16B 32 100 152 34 38 94 152 38 -4 09 035
L 8% 130 239 37 21 44 63 32 +5 1.15 035
D 87 130 237 37 23 44 67 34 +3 1.07 083
I/17B 56 105 161 33 34 89 143 38 -3 092 0.67
L 106 145 251 42 4 54 38 7 +35 6.1 <107°

D 78 130 208 38 32 64 06 33 +5 1.13 037
*al(ath) = 100
" e/(e+d) = 100
“ [a/(a+b)] - [c/(ctd)]
d[a/(at+b)] = [c/(c+d)]
® p refers to statistical significance (see p. 56 et seq. in text)

The next step is to identify as many as possible of the people who
participated in the meal and get them to fill out food history questionnaires
(e.g., Form C2, p. 75 of the text). If most of those who attended can be
identified, the food history data are summarized in afood-specific attack rate
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table as shown below (Table 5, p. 48 of text; Form K1, p. 88). Differencesin
attack rates among people who ate and people who did not eat a specified
food item are then compared.

One is looking for the greatest difference in or ratio of attack rates. For
different reasons, one seldom finds attack rates that are either 100% or 0%.

Table 5. Food-specific attack rate table

Ate/drank Did not eat/drnink

Attack Attack Diff Rela-
Food/ Il Well Total rate® Il Well Total rate® in tive
beverage (a) (b) (ath) (%) (¢ (d) (ctd) (%) rates” msk®  pvalue®

Tutkey 97 36 133 73 2 3 1 § 65 91 =0.000001
Dressing 88 33 121 73 11 26 37 30 43 15 0.000005
Peas mo28 105 73 2 31 53 42 +£31 18 00002
Rolls 0 16 66 6 49 43 92 53 423 14 0.006

Pumpkin 22 14 36 61 77 45 122 63 -2 10 09
pie

Milk 12 6 18 67 87 53 140 62 +5 11 09
Coffee 9 39 9 60 40 20 60 67 -7 09 05

wbede See footnotes to Table 4.

If many of the people who attended the meal cannot be accounted for, or for
other reasons, it may be necessary to locate controls (well) who match theill
persons according to selected criteria and get food histories from them.
Then, one produces a “Case-control vehicle exposure table” (Table 6, p. 50
of text; Form K2, p. 89).



Table 6. Case-control exposures
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Cases (I11)

Controls (Well)

Dad Dad

not not Duaff.
Food/ Ate eat Total Percent Ate eat Total Percent m Ordds
beverage (a) () (a+c)exposed® (b) (d) (b+d) exposed” percent® ratio? p value®
Turkey o7 2 99 o8 36 23 59 61 =37 30.1 =0.0000001
Dressing 88 11 99 89 33 26 59 56 +33 6.3  0.000006
Peas 722 99 78 28 31 59 47 +31 39 00002
Rolls 50 49 99 51 1l 43 59 27 +24 2.7 0,007
Pumplkin 22 77 99 22 14 45 59 24 —2 1.0 098

pie

Milk 12 87 99 12 6 53 59 10 +2 1.2 091
Coffee 59 40 99 60 39 20 59 66 —6 09 05

*a'fat+c) = 100
® bi(b+d) = 100
< {[a/(atc)] - [b/(b+d)]} = 100

2 ad'be

® p refers to statistical significance (see p. 36 et seq. in text)

Sometimes two or more food items are suspect, like the turkey and dressing

in the previous table.

If there are enough food-intake histories, one can do a more detailed,
stratified analysis by cross tabulation, as shown in the next table (Table 7, p.
51 of the text). Data for this purpose come from Form D2 (page 77) or Form
C2 (p. 75), which permit matching cases as to whether the person ate one
food, the other, both, or neither.
Here, people are divided into two groups: those who ate turkey and those
that did not; each group is then subdivided into groups of people who ate
dressing and those who did not.

Ia]i‘le 7. Shraniffed analyvsis comparing _food-specific arfack rares for earing and noi eaiing fwo
Joodals
St Drid ot eat Totals
dressumg dressumg
SAte turkes puill 28 oy
ESell 33 3 £l
Total 121 12 33
Fercent 11l 73 75 ]
IDid mot eat o Lol] 2 g
turkens
el Lo} 23 >3
Total Lo} x5 25
Fercemnt 111 Lo} =2 a8
Total n Bz 11
el 33 S
Total 121 37
FPercent ill 73 =]
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One sees that eating turkey was the principal determinant, with quite similar
ilIness rates for those who ate turkey, whether or not they also ate dressing.
Not all outbreaks of food borne disease occur in connection with common
meals. Some result from foods eaten in restaurants by different people at
different times; others result from foods bought in retaill shops and
supermarkets.

If it is possible to identify some suspect foods, a food preference attack rate
table (Table 8, p. 52 in the text), as shown on the following page, can be
very useful.

Table 8. Food preference aitack rate table

Always or usnally eat (Purchaszed Mever eat (INot purchased
within meubation period) within incubation period)
Attack Attack  Percent
Food M “Well Total rate (%) I Well Total rate (%) difference
Milk, Brand A 17 116 133 12.8 5 20 25 2000 =12
Milk, Brand B 9 g5 24 8.6 13 31 G4 203 -10.7
Cheese, Brand X 22 102 124 17.7 0 34 34 0.0 +17.7
Cheese, Brand ¥ 20 125 145 13.8 2 11 13 154 -1.6
Cheese, Brand 2 17 100 117 14.5 5 36 41 122 +2.3

The food preference approach is also used with illnesses such as hepatitis A
that have such long incubation periods that most of the victims may not be
able to remember exactly what they ate at a given meal more than a month
earlier.

In investigating a food borne outbreak caused by participation in a common,
contaminated meal, one is in fact doing a “retrospective cohort study.” The
attempt is to identify as many exposed and unexposed people as possible and
see what the exposure did to them.

When we investigate waterborne, diseases, we generally use a case-control
study approach because it is impossible to identify and interview the large
number of people involved.

When we study sporadic cases of food borne disease that mostly are much
more common than outbreak-associated cases (cf. CDC vs. CAST statistics),
we also use the case-control study approach.

Alternately, pulsed-field gel electrophoresis (PFGE) “fingerprints’ from
sporadic bacterial infections are now being compared in some states. When
fingerprints from multiple cases match, it is sometimes possible to do
follow-up interviews that identify a food as a common source of the
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infections, even though epidemiological evidence to suggest this had
otherwise been lacking.

Statistical Calculations

Acquaint yourself with the use and calculation of Relative Risk and Odds
Ratio (no confidence intervals). Practice the chi-square and Fisher’'s Exact
Test calculations for a couple of examples.

Note that the last sections of the text address how to try to end an outbreak
(public notification) and to use the findings to limit or prevent recurrences.
These are important, but will not be discussed.

An Outbreak of Gastroenteritis

On Saturday, May 22, a group of 11 men met a a summer camp for a
planning session before the opening of the camp. The wives of four of the
men accompanied the group to serve lunch and supper and to spend their
leisure time playing bridge. They arrived at the camp about 10:00 am. and
left immediately after supper.

The lunch consisted of bread, butter, cold turkey, potato salad, milk, and
Jell-0 and was served at 12:30 p.m. The supper included fruit cocktail, baked
ham, cold asparagus, bread, coffee, and ice cream and was served promptly
at 6:00 p.m. All foods except the coffee were prepared or purchased on the
day before by the wives and carried to the camp mess facilities.

That evening, 8 of the 15 people who spent the day together and shared the
common foods becameill. All were recovered within 48 hours. Data on each
person are attached. Using these materials, perform the following:

1. Using the Symptom Tally Work Sheet, determine the most commonly
occurring symptoms.

2. Prepare, on the Epidemic Curve Tally Sheet, atally of the times of onset.
Prepare a graph to illustrate the epidemic curve

3. Using the Attack Rate Work Sheet, calculate the attack rate for each food
served.

4. Prepare, on the Incubation Curve Tally Sheet, a tabulation of the possible
Incubation times.

On the basis of this additional evidence, what diseaseisit likely to be?

5. Try to explain how the food became infective (see text of food history).
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Foods saten
Parson Lunch | Supper Onsat Symptons
o 1l Cold hokey Baked ham T30 pm. Abd cramps
M-23 Potato salad Bread Dhanhea
Mhlk Coffes
Ice cream
MNo. 2 Bread Frnut cocktail Mot i1l
M4 Bouttar Bakad ham
Potato salad Bread
Mhlk Ice cream
No. 3 Bread Frut cocktal S0 pm. [Harmhea
g-22 Bouttar Bakad ham Vonuting
Cold hokey Cold asparagnas Headache
Potfato salad Bread Abd cramps
Ak
Tall-o
a4 Cold hokey Frut cocktal Mot 111
F-37 Mhlk Cold asparagus
Tall-o Coffes
Mo 5 Cold hokey Frut cocktal 10230 pom. Marmhea
F-29 Poiato salad Baked ham
Mhlk Cold asparagus
Coffes
Ice cream
Ma. & Bread Frnut cocktzil Mot i1l
M-52 Potato salad Bakead ham
Tall-o Coffes
Ice cream
Bread
Mo, 7 Bread Frut cocktal B30 pm. Vomitmg
M-32 Butter Baked ham Dhamhea
Cold hokey Cold asparagus
Potato salad Coffes
Nhlk Ice cream

Tall-o




PHR25007
P-9

Pearzon sty Suxpper On=at Sroptonns
No. B Cold ke Bakad hamnn It 111
F-31 i Cold asparagns
Bread
Coffes
Ice creanm
o, 9 Biread Frait cockeanl 10-00 poa. DCraryhes
B0 Buottex Bread Abd cramaops
Cold hiokey Coffea
Potaro salad Ic= crezin
i
JTell-o
o, 1D Bread Fruait cocktanl ITot 111
BA-30 Biuttax Bakead ham
Potato salad Cold asparagwms
Bt 1 Ic= crezin
Jell-o
Io. 11 Cold ke Frut cocktail 215 pom. Daambaa
F-28 Bt 1 Baked hanm
J=ll-o Cold asparagns
Ice creanm
o, 12 Bread Frair cockt=nl ITovt 111
i P £24 Buottex Bakad hamnn
Potatc salad Cold asparagns
bt Coffes
J=ll-o Ice crezan
Mo, 13 Bread Frut cocktanl B30 pon Darrhea
B B Buttar Bakad hane Albd cramogs
it Cold asparagzas Bloody stools
Jell-o Coffes
Ic= crezin
Mo, 14 Br=ad Frut cocktanl It 11l
MI-35 Buttax Cold asparagwms
it Coffes
Jell-o
Fersam I T ooncdy Semprper Oim=at I Sy oo toanys
Mo, 15 Bread Bakad kuayws IZ2-30 pooom Triaryiusaa
ITi-42 Baxttex Bread
Cold tondoes CoiTes

Potato salad
i 0

Ice cresnm

ST NPT OGS TATT W

SHWIPT O

TATT Y

NIMNWEER

Abdoayumnz=l crairgys

Drarrhea

ormna e

Headachs

Eloodsy stool

Fewvexr

TOTATL




EPIDENMTC CTTRWE TAT T W

PHR25007

P- 10

TINE OF OMNSET

TATLILY OF OMNSETS

MNUNBER

T - TE9

B:00 - 859

Q-0 - 9-59

1000 - 10:59

11:00 - 11:59

12:00 - 125
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INCUBATION CURVE TATLY SHEET

Person

MNMumbar

Lumch to onsat (h)

Supper to onsat (h)
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