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Background:  Escherichia coli O157 is a leading cause of diarrhea, hemorrhagic 
colitis, and hemolytic uremic syndrome (HUS).  In July 2003, the Colorado state 
health department identified an outbreak of E. coli O157: NM (nonmotile) in 
Colorado based on patients with matching pulsed-field gel electrophoresis (PFGE) 
isolates.  We investigated this outbreak with the objectives of identifying the 
outbreak cause, implementing control measures and preventing future outbreaks. 
 

Methods:  We conducted a 1:2 matched (sex, age range) case-control study, 
using sequential-digit dialing.  Case-patients were Colorado residents with a PFGE-
matched E. coli O157 isolate and illness onset during July 18–30, 2003.  We 
obtained food histories from patients for the week before illness, and from controls 
for the week before cases’ illness peak. 
 

Results:  Among 13 case-patients, median age was 24 years (range: 19–64); 54% 
were female; 77% had hemorrhagic colitis; and the
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hCase definition – CO resident with onset July 18–30, 2003 
– E. coli O157 isolate with outbreak PFGE pattern 

 

h1:2 matched (sex and age range) case-control study 
 

hSequential digit dialing tied to cases’ phone number 
 

hFood histories – Cases: the week before illness onset 
– Controls: the week before cases’ peak illness onset 

 

hPFGE sub-typing using 2 restriction enzymes 
 

hTrace back – CO Consumer Protection Division  
– Food and Drug Administration (FDA)  
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Cases of E. coli O157:NM by Onset Date — Colorado, 
July 2003 
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hCO and MN outbreaks of E. coli O157 were most likely  
    caused by contaminated alfalfa seeds  

 

– Distinct outbreaks due to matching E. coli O157 strains 
 

– Only alfalfa sprout consumption was associated with  
        E. coli O157 infection in each outbreak 

 

– Alfalfa sprouts traced back to the same seed distributor 
        and exporter in each outbreak 
 

hFDA guidelines for seed decontamination 
– Calcium hypochlorite (20,000 PPM) solution 

    production with enforcement of FDA decontamination  
    guidelines  
 

hAdditional research in alfalfa seed decontamination is     
    needed 
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Bivariate Analysis of Selected Food Items from Colorado 

estigation of E. coli O157:NM Outbreak 

ood Item Cases 
who ate  

Controls 
  who ate 

MORa      CIb

lf sprouts    8 / 13     2 / 26    8.0 1.6–77.3 
ed grapes    6 / 13     4 / 26    9.0 0.9–374 

Carrots  10 / 13   11 / 26    4.0 0.8–20.6 

Hamburger    7 / 13   18 / 26    0.4 0.1–2.7 
 
a MOR = Mantel-Haenszel matched odd’s ratio;  b CI = Exact 95% confidence interval 

h8 case-patients (green boxes) ate alfalfa sprouts traced to 
   – 5 food establishments (orange boxes) traced to 
   – 2 alfalfa sprout distributors (purple boxes) traced to 
   – 1 sprouter (yellow box) traced to  
   – 1 seed distributor (red box) 

 

hThe same seed distributor was implicated in the MN outbreak 
 

hTrace-back did not include the seed producer in Australia  
– No memorandum of agreement between countries 
 

hNo implicated sprouts or seeds available to culture 
 

hThe CO sprouter complied with FDA guidelines for seed 
    decontamination 

RESULTS DISCUSSION 

BACKGROUND 

METHODS 
      CO 3 
      CO 4 
      CO 5 
      CO 6 
      CO 7 
      CO 8 
      CO 9 
      CO 10 
      CO 11 
      CO 12 
      CO 13 

      MN 1 
      MN 2 
      MN 3 
      MN 4 
      MN 5 
      MN 6 
      MN 7 

REFERENCES 
 median duration was 6 days 
ths or cases of HUS occurred.  
led consuming, were associated 
ce interval=1.6–77.3).  Colorado 
case-isolates from a January 
k in Minnesota.  The same seed 
ta tracebacks.  No implicated 
he Colorado sprouter reported 
elines. 

the same seed distributor 
s in Minnesota and Colorado. 

 outbreaks.  Research is needed 
lfa sprouts should be 
y high-risk groups, including 

sed persons. 

h department implicated 
es of E. coli O157 
artment identified 13 
) 
PFGE) pattern matched 

ak cause, implement 
future outbreaks 

Date 7/16 7/17 7/18 7/19 7/20 7/21 7/22 7/23 7/24 7/25 7/26 7/27 7/28 7/29 7/30 7/31

Onset Date (July, 2003)

 
Characteristics and Clinical Features of 13 Colorado 
Case-Patients with E. coli O157:NM Infection 
 
 

Characteristic            No.   (%)  

Median age (range), years            24     (19 – 64) 
Female 
 

             7     (54) 

Clinical Features  
Abdominal cramps            13     (100) 
Diarrhea            12     (92) 
Bloody diarrhea            10     (77) 
Hospitalized              1     (8) 
HUS              0     (0) 

 
 

Closely-Related PFGE Patterns Among Colorado and 
Minnesota Case-Isolates Suggest Common Source of 
Infection 
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 – Soak and agitate seeds for 10 minutes 
 

BUT 
hGuidelines are not enforced1

    – MN sprouter did not comply with guidelines 
 

hGuidelines are not completely effective2,3

– CO sprouter reported compliance with guidelines 
 

 
 
 

hPossible recall bias– Patient interviews closer to exposure 
– Case-patients more motivated to identify cause 
– But, case-patients seemed unaware of risk of produce 

 

hPossible bias in selection of controls  
– 46% response rate among potential controls 
 

hNo implicated sprouts or seeds available to culture 
 

 
 
 
 

hRaw alfalfa sprouts should be considered potentially  
    contaminated and potentially harmful 
 

hHigh-risk persons including the elderly, young children, and
    immunocompromised persons should avoid raw alfalfa  
    sprouts 
 

hRaw alfalfa sprouts should not be served at nursing homes, 
    hospitals, or child-care facilities  
 

hConsider more stringent regulation of alfalfa sprout  

 
hCase-patients were significantly more likely to have eaten 
    alfalfa sprouts than controls 
 

hUsing exact multiple logistic regression – only alfalfa  
    sprouts were significant (Conditional Maximum Likelihood 
    Estimate 7.4, CI 1.4–74) 
 
Trace-Back Investigation of Alfalfa Sprouts Associated 
with Colorado E. Coli O157:NM Outbreak 
Cases     
 

 
 
 

               
 
 
Retail 
Food          R3 denies              R5 denies         ? 
Establishment                 sprouts                                          sprouts                    
                                                                                                                                                  
           
                                     Sprout Distributor       
 

 
 

                                                                Sprouter 
 

 
 
                                                   Seed Distributor 
 
 
 
 
 

                        Seed Producer 
 
 

Seed Distributor 
 
 
 
 
 

                        Seed Producer 
 
 

  2   4   5   6   7   8   9 10 11 12 13

R1 R2 R3 R4 R5 R6 R7 R8 R9

D2

 S

SD

 P

  1   3

D1

Minnesota
Sprouter 

 
 

  
 
 
 
 

LIMITATIONS 

CONCLUSIONS 

R = retail food establishment; ? = unable to question establishment;  D = sprout distributor;  S = sprouter;   
SD = seed distributor; P = seed producer;       = Cases did not report alfalfa sprout consumption or retail  
food establishment was not linked to the implicated seed distributor   
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