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Environmental Contamination with Salmonella enterica 
in Homes with Pet Reptiles, Minnesota 2003-2018    



Sources of Salmonella

Foodborne sources are most common

• Retail meat
• Raw milk or dairy products
• Contaminated vegetables or 

drinking water

Zoonotic transmission well-known

• Poultry
• Cattle
• Swine
• Pet reptiles



Reptile-Associated Salmonellosis Cases, Minnesota, 
2003–2018*, n = 312
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Reptile-Associated Salmonellosis (RAS) in MN, 1996-2011

• Approximately 3.5% of Salmonella cases in Minnesota can be 
attributed to reptiles 

• 47% of cases reported contact with lizards; 20% snakes; 19% 
turtles; 14% with multiple types of reptiles

• 31% of RAS cases were under the age of 5

• 17% of Minnesota RAS cases occurred in infants (< 1 year of age)

• Most reported no direct contact with the reptile

Whitten, ZPH 2014



Enteric Disease Surveillance in Minnesota

• Human cases are reportable to MDH by HCPs and bacterial 
isolates must be sent by clinical labs to MDH-PHL 

• MDH-PHL confirms the isolate and performs serotyping and 
molecular subtyping

• Pulsed-field gel electrophoresis subtyping (PFGE)

• Whole genome sequencing (WGS)



Salmonella Isolation and PFGE matches

• Pulsed-Field Gel 
Electrophoresis (PFGE)

• Lyse DNA with enzymes

• DNA fragments are 
separated in a gel based 
on mass and charge

• Pattern of fragments is 
DNA fingerprint
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Enteric Disease Surveillance in Minnesota

• Concurrently, MDH staff interview the case with a 
standard questionnaire

• Illness history, travel history, food history, water 
exposure, and animal contact for the 7 days before 
illness onset





Supplemental Reptile Questionnaire

– Type of reptile (s)

– Setting of exposure

– Housing and feeding

– Who handles the reptile

– Where habitat is cleaned

– Do you want your reptile(s) 
tested for Salmonella?
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RAS Cases with Associated Reptile Stool Sampling, MN 2003–2018*
(n = 312) 

312 RAS cases

161 (52%) stool kits sent to test reptile

102 (63%) stool kits returned to 
MDH-PHL

59 (37%) stool kits were not returned to 
MDH-PHL

93 (91%) reptile samples positive for 
Salmonella

9 (9%) reptile samples negative for Salmonella

57 (61%) reptile isolates yielded the same Salmonella 
serotype as the human isolate

33 (35%) reptile samples yielded a different Salmonella serotype 
than the human isolate

51 (89%) reptile isolates matched the human 
isolate by serotype and PFGE subtype

6 (11%) reptile isolates yielded the same 
serotype, but a different PFGE subtype



Reptile Environmental Sampling Project 

• When the same Salmonella serotype was isolated from the reptile as 
the case-isolate, and if the 2 isolates were indistinguishable by PFGE: 

• Case offered environmental sampling of home

• Convenience sample:

• Case specimen collection date < 2 months prior to home visit

• Within 1 hour drive from MDH

• Reptile sampling is ongoing: home sampling occurred from 2003-
2015



Reptile Environmental Sampling Project: Objectives

• Document the home environment as a potential 
source of Salmonella infection for RAS cases

• Particularly for those cases who reported no direct 
contact with the pet reptile in the 7 days prior to 
illness onset





Reptile Environmental Sampling Project: Results

• Households sampled = 15

• Median time to sampling = 24 days (range, 12-78 days)

• In 15 of 15 households, Salmonella isolates were 
identified that were PFGE matches to the case-isolate

• In 11 (73%) of 15 households, other Salmonella species 
were also identified



Reptile Environmental Sampling Project: Results

• 94 (35%) of 271 total samples were positive for any Salmonella

• 46 (49%) of the 94 Salmonella isolates were PFGE-matches to 
the case-isolate

• Median of 5 Salmonella-positive samples per household        
(range 2 to 22 samples)

• Median of  3 Salmonella-positive PFGE-matching samples 
per household (range, 1 to 7 samples)



Reptile Environmental Sampling Project: Results

• 19 (12%) of 153 household surfaces were positive for any 
Salmonella

• 10 (53%) of the 19 household surfaces were a Salmonella 
serotype and PFGE subtype match to the case and reptile 
isolates

• A median of 1 household surface per household (range, 0-2) 
had a Salmonella serotype and PFGE subtype match to the 
case and reptile isolates 



Salmonella Contamination by Location
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Reptile Environmental Sampling Project: Results

• 12 of 15 households had a vacuum cleaner

• 8 (67%) of 12 vacuum contents positive for any 
Salmonella 

• 7 of 8 households had case/reptile/vacuum contents 
Salmonella PFGE matches

• 1 household: different serotype isolated

• 1 household: PFGE match and different serotype 
isolated



What’s in your 
vacuum cleaner?



What’s in your vacuum cleaner?

• Haddock 1994: Association between infant salmonellosis cases and 
Salmonella contamination of vacuum dust (OR 3.13 (CI = 1.32-7.5). 
Some infant salmonellosis cases may result from home 
environment 

• Haysom 2003: 4% of “normal” household vacuums positive for 
Salmonella. Bacteria survive up to 2 months in vacuum dust –
useful indicator of environmental contamination in the home

• Rice 2003: Prevalence of Salmonella in vacuum bags. 27% when 
occupational exposure (farm) and 4% when no known exposure 



Who are the people?

• 1 index cases associated with each household:

• 64% female

• Median age 8 years (range, 1 month to 40 years)

• 50% hospitalized for a median of 3 days (range 2-13 days)

• Cases associated with 9 (60%) households reported no direct 
contact with the pet reptile

• 4 of these cases were infants <1 year of age



What are the stories?

• 3-month-old baby with Salmonella Ealing

• Staying with mom at grandma’s house

• Grandma is a herpetologist and does reptile 
rehabilitation out of her home

• >50 reptiles in the home

• 2 friends also acquired Salmonella infections

• Initiated our reptile-home project



Household # 1, 2003: 
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* 9 different Salmonella serotypes found



• 3-month-old baby with Salmonella ssp IV

• Visited aunt who runs an in-home 
daycare, 5 days prior to illness onset

• Aunt’s daycare had 2 bearded dragons, 
hermit crabs, and fish

• Daycare had been granted a waiver to 
allow reptiles

What are the stories?



Household # 8, 2012:
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• 17 people with Salmonella ssp IV 
infections following church pot-luck dinner

• Eating gravy was associated with illness

• Asymptomatic gravy- preparer owned two 
bearded dragons

• Foodborne outbreak resulted from 
environmental contamination of home 

What are the stories?

Vacuum cleaner bag from 
Household 5: Salmonella IV, 

and Salmonella Labadi Lowther, ZPH 2011



Household # 5, 2009: 

Bearded Dragon Outbreak
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Discussion for Herp Lovers

• Keep reptiles in an area separate from general living spaces and use 
infection control precautions to move between the reptile area and 
your home

• Boots and outerwear that stay in the reptile area

• Disposable gloves to clean habitats and handle reptiles

• Sinks for feeding and cleaning habitats in the reptile area, ideal 

• Separate handwashing sink with paper towels in the reptile area, 
ideal

• Risk to infants and young children is real -- take precautions to protect 
them



Conclusions for Public Health

• Children most affected

• Environmental component important

• Indirect transmission common

• Educational materials at point of sale should emphasize the 
importance of environmental contamination and indirect contact

• CDC recommendation is well founded: reptiles should not be 
kept in homes with children under 5 years of age



Preventing Pet Associated Zoonoses: Zoonoses Education 
Coalition 
CDC’s Healthy Pets, Healthy People Website      www.cdc.gov/healthypets

http://www.cdc.gov/healthypets


Tory Whitten, MPH



Thank you!

Contact us anytime at ZDU@state.mn.us


