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Overview 

 Salmonellosis and reptiles 
 
 U.S. reptile and bearded dragon industries 
 
 Salmonella Cotham and Salmonella Kisarawe 

outbreak investigation 
 

 Recommendations for public health officials, the 
reptile industry and reptile owners 



 Most common bacterial enteric illness in United States 
 1.2 million illnesses per year 
 Multiple sources 

 Food and water 
 Animal contact  

 
 11% due to animal contact, or zoonotic 

 Direct or indirect 
 Highest morbidity and mortality among enteric zoonoses 
 Children disproportionately affected 

 
 
 

 

Salmonellosis 



Reptile-Associated Salmonellosis 

 Salmonella normal gut flora for reptiles 
 

 Human infections 
 Contact with fecal matter from reptile 
 Direct or indirect animal contact 
 Serious illnesses can result 

 
 Young children often at higher risk 

 Certain reptiles marketed toward young 
children 

 Environmental contamination 
 



Reptile Industry 
 $1.0 to $1.4 billion in earned revenues for reptile 

products 
 

 U.S. households (2013–2014 APPA Survey) 
 5.6 million own a reptile 
 11.5 million reptiles total 
 Increasingly popular pets – fastest growing sector 

 
 Reptile owners 

 First-time and novice owners 
 Enthusiasts 
 Hobbyists 

 
 

 

 
       

  

• The Modern Reptile Industry, Georgetown Economic Services LLC (2011) 
• American Pet Products Association: http://www.americanpetproducts.org 
• Descriptive Analysis Report of Wild Reptile Imports to the United States (2004 – 2009); USDA /APHIS/VS/CEAH 

http://www.americanpetproducts.org/


Reptile Industry 
 Reptile Producers 

 Large-scale (mass) breeders 
 Small-scale breeders and specialty morphs 
 Hobbyists and part-time breeders 

 
 Import / Export 
 
 Distribution and sales 

 Wholesalers and distributors 
 Pet superstores 
 Pet stores 
 Reptile shows 
 Online 

• The Modern Reptile Industry, Georgetown Economic Services LLC (2011) 
• American Pet Products Association: http://www.americanpetproducts.org 
• Descriptive Analysis Report of Wild Reptile Imports to the United States (2004 – 2009); USDA /APHIS/VS/CEAH 

http://www.americanpetproducts.org/


Reptile Industry 

• U.S. Fish & Wildlife Service - LEMIS 

 U.S. reptile exports and imports (Jan 2009–Apr 2014) 
     

 Shipments: ~80,000 
 
 Reptiles: >50 million 



Pet Bearded Dragon Industry 



Inland Bearded Dragon 
Pagona vitticeps 

 Native to Australia 
 

 Lifespan 
 3–10 years (or more)  

 

 Size 
 12–24 inches 

 

 Pet industry breeding population 
 Australia prohibits export of native wildlife 
 Original breeding stock smuggled out of country 

* Smithsonian National Zoological Park, Inland Bearded Dragon Fact Sheet 

Source: http://beardeddragon.org 



U.S. Bearded Dragon Industry 

• U.S. Fish & Wildlife Service - LEMIS 

  2009–2013 exports and imports:  
 

 Overall 153% increase in bearded dragon numbers 
 

 Net import of bearded dragons 



Inland Bearded Dragon 
Pagona vitticeps 

 Increasingly popular pet 
 Docile 
 Pleasing colors 
 Easy to keep 
 “Personality” 

 
 Retail 

 Entry-level reptile 
 Sold as juveniles 

 
 Hollywood effect 

* Smithsonian National Zoological Park, Inland Bearded Dragon Fact Sheet 

Source: http://pikdit.com/i/big-dreams/ 



Salmonella Cotham and Salmonella 
Kisarawe outbreak investigation 



One Health 
 

 

 One Health approach 
 Detection 
 Control 
 Prevention 

 
 Integration of human, animal, and environmental health 



Initial Notification 
January 22, 2014 

 Wisconsin Division of Public Health 
 11 cases of Salmonella Cotham since January 2012 
 10/11 (91%) reported bearded dragon exposure 
 Median age of 4 years 

 

 Five households purchased at pet retail chains 
 

 Two infants linked to same bearded dragons 
 

 Isolated from bearded dragon in case household 
 

 
 



Digging for Background 
 SEDRIC data on Salmonella Cotham 
 114 isolates uploaded to PulseNet since 2004 
 Median age 1 year old (<1 – 79) 
 Rare serotype 
 

 Temporal increase in isolates 

Is
ol

at
es

 

Year 



The Chase Continues… 
 Isolated from lizards 

 Isolated from bearded dragon and 8 month old infant 



Laboratory Based Enteric Disease Surveillance 
(LEDS) 

 Human Salmonella isolates (1964–2014) 
 1,720,978 total  
 221 (0.01%) Cotham 
 First isolate in 1994 

 

 Non-human Salmonella isolates (1968–2012) 
 542,986 total 
 Five (0.001%) Cotham 
 First isolate in 2000 
 Two from reptiles 



An Outbreak is Born… 
 

 Case definition 
 Diarrheal illness in a person 
 Clinical specimen yielding Salmonella Cotham isolate 
 All matching cases from January 1, 2012 



International Scope 

 UK – at least one case with bearded dragon exposure 
 
 Germany – nine cases with information 
 8/9 (89%) reptile exposure 
 6/8 (75%) bearded dragons 

 
 Canada – nine cases, four with information 

 4/4 (100%) reptile exposure 
 3/4 (75%) bearded dragons 
 

 Mostly children and infants 



Early Outbreak Description 
 133 cases of Salmonella Cotham 
 Onset dates ranged from February 20, 2012 until 

March 17, 2014 
 32 states 
 Median age 2 years (<1–79) 
 52% female 
 48 PFGE patterns 

Source: www.foodpoisonjournal.com/ 



National Veterinary Services Laboratories (NVSL) 

 One Health investigation 
 

 Offer of assistance for specimen testing 
 Salmonella isolation 
 Serotyping 
 PFGE 
 Antimicrobial resistance testing 



Traceback 
 Pet Industry Partnership 
 Traceback 
 Primarily through Company A – halted sales in response 
 Limited from other retail chains 
 Purchase date ranges and store locations 

 PIJAC – emergency alert issued 



SEDRIC Traceback 



Supplemental Questionnaire 



Salmonella Kisarawe 
 Bearded dragon serotype in separate investigation 

 

 NVSL reported five from January 2012 
 All in bearded dragons 

 

 WI identifies past isolates 
 Human case (2010) – household  
     had three bearded dragons  
 

 TX case patient bearded dragon 
 Isolated both Salmonella Cotham  
     and Salmonella Kisarawe 

Source: www.beardeddragon.org 



*n=166 includes reported and estimated dates as of July 21, 2014  

Persons Infected with Salmonella Cotham or 
Salmonella Kisarawe, by Date of Illness Onset* 





Characteristics of Persons Infected with  
Salmonella Cotham and Kisarawe  

Demographics # n (range) % 
Age, median 3 (<1 - 79) n/a 
Age, ≤5 years 93 165 56 
Female 92 165 56 

Outcomes  # n % 
Hospitalizations  44  118 37 
Hospitalizations, 
≤5 years 26 44 59 



 
Characteristics of Persons Infected with  

Salmonella Cotham and Kisarawe 

Exposures # n % 
Any Reptile 86 104 83 
Lizard 87 112 78 
Bearded Dragon 71 94 76 
Lizard and 
Bearded Dragon 71 74 96 

P <0.001 



Onsite Breeder Sampling 



Sampling Protocol 

 Sample Types 
 Bedding 
 Cloacal swab 
 Egg 
 Environmental swab 
 Droppings 
 Feed 
 Tissue 
 Water 



Sampling Protocol 








Sampling Results 

Salmonella spp. 
Sample Location # Pos n % 
Breeder A  77 89 87 
Breeder B 154 186 83 
Breeder C 30 108 28 
Retail A 59 71 83 
Total 320 454 71 



Sampling Results 

Salmonella 
Cotham Kisarawe 

Sample Location # Pos % # Pos % 
Breeder A (n=89) 14 16 8 9 
Breeder B (n=141) 13 9 7 5 
Breeder C (n=108) 2 2 2 2 
Retail A (n=71) 17 24 6 9 
Total (n=409) 46 11 23 6 



Results by Sample Type 

Salmonella spp. 
Sample Type # Pos n % 
Bedding 19 23 83 
Cloacal swab 12 42 29 
Egg 34 40 85 
Environmental swab 128 167 77 
Droppings 59 71 83 
Feed 5 19 26 
Tissue 59 71 83 
Water 4 21 19 
Total 320 454 71 



  Recommendations for Stakeholders 



One Health Approach to Zoonotic Salmonellosis  
Prevention and Control 

 Industry 
 

 Consumers 
 

 Health 
professionals 



Recommendations for Industry: 
Breeding Facilities 

 Retain a veterinary consultant 
 

 Biosecurity 
 Cleaning and disinfection 
 Personal protective equipment 
 Improved pest control  
 Improved husbandry 
 Employee workflow  

controls 
 

 Critical control points 
 Egg incubation 
 Juvenile handling 
 Environmental controls 

 

 Routine monitoring and 
 evaluation 
 

www.beardeddragon.org 



Recommendations for Industry 

 Strengthen the National Reptile Improvement Plan 
 Focus on Best Management Practices for breeders and retail 
 Include monitoring requirements 
 Increase industry education 

 
 
 
 
 
 
 

 Increased consumer education 
 Point of sale 
 Specialty workshops 
 Retail educational materials 
 One Health - support public / private partnerships 



Recommendations for Consumers 
 Do not let reptiles roam in 

household 
 

 Wash your hands right after  
 Touching reptiles 
 Contacting anything in the area 

where they live and roam 
 Cross-contamination 

 

 Certain groups should not  
handle reptiles 
 Children younger than 5 years of age 
 Older adults 
 People with weak immune systems 



Recommendations for Consumers 

 Clean reptile equipment or 
materials outside the house 
 

 Do not 
 Snuggle or kiss reptiles 
 Touch your mouth, eat, or           

drink around reptiles 
 

 Avoid household 
environmental contamination 
 Do not let your reptile roam in 

the household 

Source: www.beardeddragon.org 



Recommendations for Health Professionals - 
Increasing Awareness 

AAP News 2013; Vol. 34, No. 7
  

COCA 



Gastrointestinal Diseases from Animals Website 
http://www.cdc.gov/zoonotic/gi/ 



Conclusions 
 Human salmonellosis associated with pet 

reptiles is an important and preventable public 
health issue 
 Serious human illness 
 Young children, people with weakened immune 

systems, seniors at higher risk for serious illness 
 

 Prevention and control depends on a One Health 
approach 
 

 Interventions at breeding facilities and retail 
stores to reduce human illnesses 
 

 Industry actions and public education critical for 
improvements 
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Thank You 

 
For more information please contact Centers for Disease Control and Prevention 
 
1600 Clifton Road NE, Atlanta, GA  30333 
Telephone: 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348 
E-mail:  cdcinfo@cdc.gov  Web:  http://www.cdc.gov 
 
The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of 
the Centers for Disease Control and Prevention. 

National Center for Emerging and Zoonotic Infectious Diseases 
 Division of Foodborne, Waterborne, and Environmental Diseases 
 



Supplemental Questionnaire results of Persons 
Infected with Salmonella Cotham and Kisarawe  

Reptile Ownership # n % 
Owned reptile previously 15 22 68 
Lizard ownership >1 year 13 14 93 
Reptile and Salmonella 
awareness 

23 32 72 

Husbandry # n % 
Bearded dragon roams 
outside its enclosure 

8 29 28 

Bearded dragon ill w/in 2 
weeks prior to patient 
illness 

1 29 3 



Reptile Industry 

• U.S. Fish & Wildlife Service - LEMIS 

 U.S. reptile exports and imports (Jan 2009 – Apr 2014) 
     

 Shipments: 82,142 
 
 Reptiles: 51,119,380 
 



U.S. Bearded Dragon Industry 

• U.S. Fish & Wildlife Service - LEMIS 

 U.S. Bearded Dragon Exports and Imports 
(Jan 2009 – Apr 2014) 

     
 Shipments: 1,417 
 
 Dragons: 259,967 

 



Antimicrobial Susceptibility Testing (AST) 

 Wisconsin Division of Public Health 
 Single isolate resistant to 11 different antimicrobials 
 Confirmed by CDC/NARMS 
 Ceftriaxone resistant 
 5 month old patient 
 

 Additional NARMS AST Results 
 10 human isolates from 7 states pan-susceptible 
 2 bearded dragon isolates pan-susceptible 



Sampling Scope 
 Direct sampling at Breeders A, B, C 

 

 Breeder A 
 Receives hatchlings for grow-out from Breeder B 
 Bearded dragons purchased from Breeder D 
 Isolated from rest of stock 
 Cannot rule out cross-contamination 

 Indirect sampling of Breeder B and Breeder D 
 

 Retail Store A 
 Bearded dragons from stores in 33 states 

 

 All testing conducted by NVSL using standard 
methodology 
 Some samples were not serotyped 
 No appreciable antimicrobial resistance 



Sampling Protocol 

 CDC has no approved 
reptile sampling protocol 
 

 Guidelines developed 
through CDC, NVSL, and 
state collaboration 
 

 Naval Medical Research 
Unit (NAMRU-6) 
 Lima, Peru 
 All sampling at Breeder B 
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