USING BINOMIAL PROBABILITY CALCULATIONS
DURING CLUSTER INVESTIGATIONS
Scenario: You have had 10 Salmonella serotype X cases with the same PFGE pattern reported to
your health department in the last week. Initial interviews do not reveal any obvious commonalities
(e.g., restaurants, gatherings); therefore, you suspect a retail food item. Indeed, a majority of cases in
this cluster do report eating a couple of different food items, but you aren’t certain how unusual the
reported consumption rates might be. So, how should you proceed to advance hypotheses?
Population based case-control studies have historically been used in these situations. However,
recruiting representative controls for these studies is very resource intensive, and with the increasing
use of cell phones, often very difficult. As a result, the use of binomial probability calculations
(Bernoulli trials) has emerged as a way to quickly assess potential exposures during cluster
investigations. Here are some key points for using binomial probability calculations during cluster
investigations, based on the Minnesota Department of Health’s (MDH) experience.
Data Needed to Calculate Binomial Probabilities
 Total number of cases in the cluster
 Number of cases in the cluster who ate the food item of interest
 The background consumption rate of that food item
o Getting background consumption rate data is the trickiest part of this whole process. Rarely do
perfectly suitable (i.e., specific, current, and geographically representative) background food
consumption data exist for a given food item. Usually, we have to use various less than perfect
sources (see below) and recognize the limitations.
Sources of Background Food Consumption Rate Estimates
 FoodNet Population Survey Atlas of Exposures, 2006-2007
 Aggregated Case Surveillance Data
o Minnesota data for sporadic Salmonella and E. coli O157 cases

Considerations for Choosing Background Food Consumption Rate Estimates
 Recent data are preferred, as food consumption patterns can change over time.
 Characteristics of the cluster cases
o If cases have distinct gender, age, or racial/ethnic characteristics, background estimates
should be derived from similar populations (like matching in traditional case-control studies)
o Regional variability - food consumption patterns can vary across states/regions
 Seasonal variation in consumption of particular food items
 Use of sporadic case data for background rates could bias towards the null

If you are using sporadic case interview data for background consumption estimates, observed
consumption rates for known vehicles (e.g., ground beef for E. coli O157) may be higher than in
to the general population; this could limit your ability to find a statistically significant association
even if that food item is the source of the outbreak.
 If no data are available for the specific food item of interest, you can use data for a similar food
item, or make an educated guess (it is best to be conservative and err on the high side). The
beauty of using this model is that you can plug in a variety of background estimates and see how
they might change (or not change) your conclusion.
o

Interpretation and Next Steps
 Interpretation of a binomial probability calculation goes like this: by chance alone, how likely are
we to find x of n people (or more) eating a given food item? In the example below, we have a
cluster of 10 cases, and we are evaluating a food item with an estimated background
consumption rate of 25%. Let’s say 8 of our 10 cluster cases reported eating that food item. The
probability of at least 8 cases eating that food item by chance alone is 0.004. Is this enough to
conclude that the food item is the cause of the outbreak? Not usually, but what it does indicate is
that efforts to confirm the hypothesis (e.g., through informational trace backs, food testing) are
reasonable to pursue.

Can the Binomial Probability Method be used in Restaurant-specific Studies?
When you have an outbreak at a specific restaurant, the binomial probability method can be used,
but it is not appropriate to use general background consumption rate data, such as those derived
from the FoodNet Population Survey, for comparison. Instead, data sources need to be specific to that
restaurant, and could include data from restaurant sales records such as online orders or transaction
records. If data from patron interviews (including well-meal companions, reservation lists, or credit card
receipts) is available, a traditional case-control study design can be used.

Binomial Calculator Resources
 Epi Info 7.0 – under StatCalc - Binomial
 Oregon Binomial Probability Worksheet
Additional Resources:
Hazelnut Case Study
KFC case Study
http://www.cifor.us/documents/CIFORGuidelinesChapter5.pdf
http://mnfoodsafetycoe.umn.edu/
CIFOR, Second Edition of the CIFOR Guidelines for Foodborne Disease
Outbreak Response, Chapter 5 (see page 156 for 5.2.4.1.5: Use of the
FoodNet Atlas of Exposures)

http://mnfoodsafetycoe.umn.edu/

