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Presenter
Presentation Notes
Hi, I am Marika Mohr.  I have a Master of Science degree in Preventive Medicine from The Ohio State University and 17 years of work experience at the Ohio Department of Health.  Since 2000, I have been a member of the Outbreak Response and BT Investigation Team.   I became an R.N. in 2012. 
I teach sanitarians, nurses and other local public health personnel methods of outbreak investigation, including food and waterborne pathogens, statistical methods and environmental assessment techniques. 
I also serve as a resource for local health departments and the general public on common communicable diseases and not so common emerging infections in a variety of settings including healthcare, institutions and the community.  
School settings from pre-schools to universities, are included in the institutional category.  Notable waterborne outbreaks that I have worked on include:
Legionella in a Manufacturing Plant (water)
Cryptosporidium in a Factory (water)
Harmful Algal Blooms (multiple statewide)
Copper poisoning (drinking fountain)



Outline 
• Background of the big three waterborne 
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• Cryptsporidium 
• Giardia 
• Legionella 

• Myth or fact 
• Case studies 

 
 



Enteric – Cryptosporidium 
• Cryptosporidium 

– Symptoms: Diarrhea, 
abdominal cramps, 
bloat 

– Vehicles: Food, person-
2-person, water 

Photo Credit:  http://www.visualphotos.com 
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Organism  – Cryptosporidium, a parasite
Reservoir  – Humans, animals, water
Exit - Fecal
Transmission includes – fomites, food, person-2-person, water, zoonotic.
Entry - Oral
Incubation period – 3 to 14 days. 
Duration – 2 to 6 weeks
Vulnerable Host  – Everyone
First Discovered  –
Methods that may remove some or all of Cryptosporidium from drinking water are: Boiling (Rolling boil for 1 minute) has a very high effectiveness in killing Cryptosporidium;Filtration has a high effectiveness in removing Cryptosporidium when using an absolute less than or equal to 1 micron filter (NSF Standard 53 or 58 rated "cyst reduction / removal" filter);
Disinfection with iodine or chlorine is not effective in killing Cryptosporidium;
Disinfection with chlorine dioxide has a low to moderate effectiveness in killing Cryptosporidium;
Combination filtration and disinfection has a very high effectiveness in removing and killing Cryptosporidium when used with chlorine dioxide and an absolute less than or equal to 1 micron filter (NSF Standard 53 or 58 rated "cyst reduction / removal" filter).




Cryptosporidium 
Lifecycle 

Photo Credit:  http://www.cdc.gov 
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Life cycle of Cryptosporidium parvum and C. hominis. �Cryptosporidium stages were reproduced from Juranek DD. Cryptosporidiosis. In: Strickland GT, editor. Hunter’s Tropical Medicine and Emerging Infectious Diseases, 8th ed. Philadelphia: WB Saunders; 2000. Originally adapted from the life cycle that appears in Current WL, Garcia LS. Cryptosporidiosis. Clinc Microbiol Rev 1991;4:325-58.
Sporulated oocysts, containing 4 sporozoites, are excreted by the infected host through feces and possibly other routes such as respiratory secretions . Transmission of Cryptosporidium parvum and C. hominis occurs mainly through contact with contaminated water (e.g., drinking or recreational water). Occasionally food sources, such as chicken salad, may serve as vehicles for transmission. Many outbreaks in the United States have occurred in waterparks, community swimming pools, and day care centers. Zoonotic and anthroponotic transmission of C. parvum and anthroponotic transmission of C. hominis occur through exposure to infected animals or exposure to water contaminated by feces of infected animals . Following ingestion (and possibly inhalation) by a suitable host , excystation occurs. The sporozoites are released and parasitize epithelial cells (, ) of the gastrointestinal tract or other tissues such as the respiratory tract. In these cells, the parasites undergo asexual multiplication (schizogony or merogony) (, , ) and then sexual multiplication (gametogony) producing microgamonts (male) and macrogamonts (female) . Upon fertilization of the macrogamonts by the microgametes (), oocysts (, ) develop that sporulate in the infected host. Two different types of oocysts are produced, the thick-walled, which is commonly excreted from the host , and the thin-walled oocyst , which is primarily involved in autoinfection. Oocysts are infective upon excretion, thus permitting direct and immediate fecal-oral transmission.




Water Filtration 

Table Credit:  http://cdc.gov 
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Filtering tap water: Many but not all available home water filters remove Cryptosporidium. Some filter designs are more suitable for removal of Cryptosporidium than others. Filters that have the words "reverse osmosis" on the label protect against Cryptosporidium. Some other types of filters that function by micro-straining also work. Look for a filter that has a pore size of 1 micron or less. This will remove microbes 1 micron or greater in diameter (Cryptosporidium, Giardia). There are two types of these filters — "absolute 1 micron" filters and "nominal 1 micron" filters but not all filters that are supposed to remove objects 1 micron or larger from water are the same. The absolute 1 micron filter will more consistently remove Cryptosporidium than a nominal filter. Some nominal 1 micron filters will allow 20% to 30% of 1 micron particles (like Cryptosporidium) to pass through. 
NSF-International (NSF) does independent testing of filters to determine if they remove Cryptosporidium. To find out if a particular filter is certified to remove Cryptosporidium, you can look for the NSF trademark plus the words "cyst reduction" or "cyst removal" on the product label information. You can also contact the NSF at 789 N. Dixboro Road, Ann Arbor, MI 48113 USA, toll free 800-673-8010 or 888-99-SAFER, fax 734-769-0109, email info@nsf.org, or visit their Web site at www.nsf.org/certified/DWTU/. At their Web site, you can enter the model number of the unit you intend to buy to see if it is on their certified list, or you can look under the section entitled "Reduction claims for drinking water treatment units - Health Effects" and check the box in front of the words "Cyst Reduction." This will display a list of filters tested for their ability to remove Cryptosporidium. 
Because NSF testing is expensive and voluntary, some filters that may work against Cryptosporidium have not been NSF-tested. If you chose to use a product not NSF-certified, select those technologies more likely to reduce Cryptosporidium, including filters with reverse osmosis and those that have an absolute pore size of 1 micron or smaller.
Note:
Filters collect germs from water, so someone who is not immunocompromised should change the filter cartridges. Anyone changing the cartridges should wear gloves and wash hands afterwards. Filters may not remove Cryptosporidium as well as boiling does because even good brands of filters may sometimes have manufacturing flaws that allow small numbers of Cryptosporidium to get in past the filter. Selection of NSF-Certified filters provides additional assurance against such flaws. Also, poor filter maintenance or failure to replace the filter cartridges as recommended by the manufacturer can cause a filter to fail.




Enteric – Giardia 
• Giardia 

– Symptoms: Diarrhea, 
abdominal cramps, 
bloat 

– Vehicles: Food, person-
2-person, water 

– Complications: Delay 
physical & mental 
growth & development 

Photo Credit:  http://www.swvhreno.com/blog/2012/05/24/giardia-parasitic-protozoa/ 
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Organism  – Giardia, a parasite
Reservoir  – Humans, animals
Exit - Fecal
Transmission includes – fomites, food, person-2-person, water, zoonotic.
Entry - Oral
Incubation period – 1 to 3 weeks. 
Duration – 2 to 6 weeks
Vulnerable Host  – Everyone
First Discovered  – This protozoan was initially named Cercomonas intestinalis by Lambl in 1859. It was renamed Giardia lamblia by Stiles in 1915 in honor of Professor A. Giard of Paris and Dr. F. Lambl of Prague.
Complications  – Giardiasis can cause weight loss and failure to absorb fat, lactose, vitamin A and vitamin B12.
In children, severe giardiasis might delay physical and mental growth, slow development, and cause malnutrition.
Tips for preventing the spread
Practice good hygiene
Avoid water (drinking or recreational) that may be contaminated
Avoid eating food that may be contaminated
Prevent contact and contamination with feces (poop) during sex




Giardia  
Lifecycle 
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Cysts are resistant forms and are responsible for transmission of giardiasis. Both cysts and trophozoites can be found in the feces (diagnostic stages) . The cysts are hardy and can survive several months in cold water. Infection occurs by the ingestion of cysts in contaminated water, food, or by the fecal-oral route (hands or fomites) . In the small intestine, excystation releases trophozoites (each cyst produces two trophozoites) . Trophozoites multiply by longitudinal binary fission, remaining in the lumen of the proximal small bowel where they can be free or attached to the mucosa by a ventral sucking disk . Encystation occurs as the parasites transit toward the colon. The cyst is the stage found most commonly in nondiarrheal feces . Because the cysts are infectious when passed in the stool or shortly afterward, person-to-person transmission is possible. While animals are infected with Giardia, their importance as a reservoir is unclear.



Well 



Examples of Water Quality Indicators 

• Total Coliforms 
• Fecal Coliforms 
• pH 
Are they good indicators for Cryptosporidiosis 
and Giardia? 
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Examples of Water Quality Indicators:
Total Coliforms
Coliform bacteria are microbes found in the digestive systems of warm-blooded animals, in soil, on plants, and in surface water. These microbes typically do not make you sick; however, because microbes that do cause disease are hard to test for in the water, "total coliforms" are tested instead. If the total coliform count is high, then it is very possible that harmful germs like viruses, bacteria, and parasites might also be found in the water. 
Fecal Coliforms / Escherichia coli (E. coli)Fecal coliform bacteria are a specific kind of total coliform. The feces (or stool) and digestive systems of humans and warm-blooded animals contain millions of fecal coliforms. E. coli is part of the fecal coliform group and may be tested for by itself. Fecal coliforms and E. coli are usually harmless. However, a positive test may mean that feces and harmful germs have found their way into your water system. These harmful germs can cause diarrhea, dysentery, and hepatitis. It is important not to confuse the test for the common and usually harmless WQI E. coli with a test for the more dangerous germ E. coli O157:H7.
pH
The pH level tells you how acidic or basic your water is. The pH level of the water can change how your water looks and tastes. If the pH of your water is too low or too high, it could damage your pipes, cause heavy metals like lead to leak out of the pipes into the water, and eventually make you sick.



Top 5 Causes of Waterborne Outbreaks in 
Private Groundwater Wells 

1.Hepatitis A (CDC, CDC-Water) 
2.Giardia intestinalis (CDC, CDC-Water) 
3.Shigella spp. (CDC, CDC-Water) 
4.E. coli 0157:H7 (CDC, CDC-Water, EPA) 
5.Tied for 5th: 
 Campylobacter jejuni (CDC, CDC-Water) and 
 Salmonella serotype Typhimurium (CDC, CDC-Water) 
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Over 15 million U.S. households obtain their drinking water from private wells , which are not covered by the United States Environmental Protection Agency (EPA) regulations that protect public drinking water systems. Although the United States has one of the safest drinking water supplies in the world, sources of drinking water can still become contaminated through naturally occurring chemicals and minerals (for example, arsenic, radon), local land use practices (for example, pesticides, chemicals, animal feeding operations), malfunctioning wastewater treatment systems (for example, sewer overflows), and other sources. Contamination of a private well can impact not only the household served by the well, but also nearby households using the same aquifer.
Owners of private wells are responsible for ensuring that their water is safe from contaminants. Private wells should be checked every year for mechanical problems, cleanliness, and the presence of coliform bacteria, nitrates, and any other contaminants of local concern. A local health department or water well systems professional can help ensure delivery of high-quality water from an existing well or, if needed, help locate and construct a new well in a safer area.




Respiratory - Legionella 
• Legionella 

– Symptoms: Pneumonia 
– Vehicles: Drinking water, 

recreational water, water 
not intended for drinking 

– No person-2-person 
– Complications: 

• Lung failure 
• Death (5-30%) 

 
Photo Credit:  http://www.swvhreno.com/blog/2012/05/24/giardia-parasitic-protozoa/ 
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Organism  – Legionella
Reservoir  – Stagnant warm water
Exit - Respiratory
Transmission includes –water.
Entry - Respiratory
Incubation period – # to # weeks. 
Duration – 2 to 6 weeks
Vulnerable Host  – Everyone
First Discovered  – Legionnaire’s Disease (LD) is an infectious respiratory and/or lung disease caused by a group of bacteria called Legionella sp., and among all of its “family members”, Legionella pneumophila is the most common species found. This bacteria was first identified in 1976 in America, during the 58th annual convention of the American Legion. In milder manifestations, a non-pneumonial illness is called Pontiac Fever.
Complications  – Lung failure, death.
Tips for preventing the spread
Avoid exposure to fine mist aerosols




Legionella 
Lifecycle 

Photo Credit:  http://newsarchive.asm.org/oct00/figs/fig1f2.htm 
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The environmental life cycle of L. pneumophila within protozoa. 1. L. pneumophila from biofilms with other bacteria, or in suspension infecting protozoa. 2. Following entry, L. pneumophila resides in a membrane-bound vacuole that recruits host cell organelles such as the mitochondria and the rough endoplasmic reticulum and does not fuse with lysosomes. dot/icm and pmi mutants fuse to lysosomes 3B. L. pneumophila replicates within this specialized vacuole and reaches large numbers 3A. 4. The infectious particle is not known but may include excreted legionella-filled vesicles, intact legionella-filled amoebae, or free legionellae that have lysed their host cell. 5. Transmission to humans occurs via mechanical means, such as faucets and showerheads. Infection in humans occurs by inhalation of the infectious particle and establishment of infection in the lungs. 6. Legionellae that have escaped their host cell may survive in suspension for long periods of time, reinfect other protozoa, or recolonize biofilms.



Legionella Transmission 
• Transmission is from environmental sources 

– No person-to-person transmission 
 

• Inhalation or aspiration of Legionella-contaminated water 
 

• Bodies of freshwater may contain Legionella but the 
concentration is usually too low to cause disease 
 

• Manmade water systems have the 3 conditions necessary for 
Legionella growth and transmission: 
– Heat 
– Stasis 
– Aerosolization 

 



Legionella Detection in Water 
Samples 
• Select a laboratory that is proficient at performing the culture of 

Legionella from environmental water samples 
– Which species will be tested for? 
– Rapid testing not recommended 
– Concentration of water samples 

 
 

• ELITE program from CDC 
– “Environmental Legionella Isolation Techniques Evaluation” 
– Laboratories that elect to complete this program and pass the testing 

are listed on the ELITE website by state 
– www.cdc.gov/legionella/elite-intro.htm 

 
Photo Credit:  http://www.cdc.gov 



Legionella Guidance from CDC 
• Definitions of Legionella outbreak: 

– 2 or more associated cases of lab-confirmed Legionella 
• Temporal association of cases 
• Maintenance of water systems 
• Testing of patients with health-care associated pneumonia 
• Epidemiologic investigation associated cases 
• Contact state health department if assistance is needed 
• State will contact CDC at local health department’s request 
• No recommendation on routine culturing of facility water for 

Legionella in the absence of an outbreak investigation 

 



Outline 
• Background of the big three waterborne 

pathogens 
• Cryptsporidium 
• Giardia 
• Legionella 

• Myth or fact 
• Case studies 

 
 



Myth or Fact? 
Most 
Legionella 
outbreaks 
originate in 
building 
heating & 
cooling 
systems  

Photo Credit:  http://www.huffingtonpost.co.uk/2012/06/07/legionnaires-disease-outbreak-suspected-cases-increases-to-37_n_1578486.html 
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Although many Legionella outbreaks have been attributed to building heating and cooling systems, literature indicates that the majority of all Legionella outbreaks are related to a building's domestic hot water system. The domestic hot water system in buildings such as hospitals, schools, nursing homes, etc. provide an excellent environment for Legionnaires' disease bacteria. Warm water temperatures, stagnant areas, dead ends, pipe corrosion, etc. cause the essential ingredients for potential bacteria growth. The movement of continuously circulated water ensures a supply of nutrients for the bacteria. 


http://www.google.com/url?sa=i&rct=j&q=legionella+cooling+tower&source=images&cd=&cad=rja&docid=oDEw9WKjCjX5UM&tbnid=ey06OVgDnNiEzM:&ved=0CAUQjRw&url=http://www.huffingtonpost.co.uk/2012/06/07/legionnaires-disease-outbreak-suspected-cases-increases-to-37_n_1578486.html&ei=-XJDUZrUIMrs0gHLpYGgCQ&bvm=bv.43828540,d.dmg&psig=AFQjCNGme38KpA69s35HCO3A6-ZH2hpXZQ&ust=1363461233358142


Myth or Fact 
Chlorine  
can not kill 
Cryptosporidium 
or Giardia. 
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Myth: - a pool must be free of crypto if it recently underwent the hyperchlorination procedure to kill crypto. While hyperchlorination will kill any crypto that is in the pool, as soon as another contagious child gets in the water, which may be a matter or hours or days later, the pool could have crypto in it again.
Fact: - although standard levels of chlorine don't kill crypto and hyperchlorination doesn't kill crypto on an ongoing basis, other technologies may help keep pools safe, including in-line ultraviolet light radiation, ozone systems, chlorine dioxide use, or improved filtration.



http://www.google.com/url?sa=i&rct=j&q=chlorine&source=images&cd=&cad=rja&docid=W1OLKvPGKJ0KIM&tbnid=TT1clIUwfinrsM:&ved=0CAUQjRw&url=http://www.kipnews.org/2011/05/14/chlorine/&ei=kntDUeKhEsGZ0QHPkIHICQ&bvm=bv.43828540,d.dmg&psig=AFQjCNEsRFNGWLNP7BARHIA8xat08p3pRA&ust=1363463338862256


Myth or Fact 
You can't get 

Legionella 
from a 
shower 
head.  
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Many sites and sources claim that you can't get Legionella from a shower head but this is not true. New low flow shower heads break up the water into a fine mist which can be inhaled. The mist can transport Legionella bacteria into the lungs, which is the ideal location for Legionella growth. 




Myth or Fact 
Legionella is more 
likely to be 
associated with 
man-made water 
systems than 
naturally occurring 
water systems. 



Myth or Fact 
Ohio Department 
of Health does not 
test for Giardia 
and 
Cryptosporidium 
in water samples. 
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• Case studies 

 
 



Case Studies 
Test my well, please! 
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When to have your well tested
At a minimum, check your well every spring to make sure there are no mechanical problems; test it once each year for total coliform bacteria, nitrates, total dissolved solids, and pH levels. If you suspect other contaminants, you should test for those as well. However, spend time identifying potential problems as these tests can be expensive. The best way to start is to consult a local expert, such as the local health department, about local contaminants of concern. You should also have your well tested if:
There are known problems with well water in your area
You have experienced problems near your well (i.e., flooding, land disturbances, and nearby waste disposal sites)
You replace or repair any part of your well system
You notice a change in water quality (i.e., taste, color, odor)
�Who should test your well
State and local health or environmental departments often test for nitrates, total coliforms, fecal coliform, volatile organic compounds, and pH (see above). Health or environmental departments, or county governments should have a list of the state-certified (licensed) laboratories in your area that test for a variety of substances.
For more information, visit one of the links below or contact your local health department or the EPA Safe Drinking Water Hotline at (800) 426-4791.
Well Water Information Based on Where You Live (United States Environmental Protection Agency)
State Certified Drinking Water Laboratories (United States Environmental Protection Agency)




Responsibility of Public Health 
(Local & State): 
 – Ensure health and safety of 

residents, workers & 
visitors to their jurisdiction 

– Surveillance, reporting & 
investigation 

– Prevention and control   

 – Give guidance or consultation  
– Provide resource materials 
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What is the role of environmental health in preventing waterborne outbreaks?




In Conclusion 
Keep in mind the connection between illnesses 

and the environment 
– Advocate for clean water 
– Promote up-to-code wells 
– Test when appropriate 
– Educate the public on safe water 
– And – know that you and your work make 

a difference 
 



Resources 
• Your local health department 

– https://odhgateway.odh.ohio.gov/lhdinformationsystem
/Directory/GetMyLHD  

• Ohio Department of Health 
– www.odh.ohio.gov  

• Centers for Disease Control and Prevention (CDC) 
– www.cdc.gov  

 

https://odhgateway.odh.ohio.gov/lhdinformationsystem/Directory/GetMyLHD
https://odhgateway.odh.ohio.gov/lhdinformationsystem/Directory/GetMyLHD
http://www.odh.ohio.gov/
http://www.cdc.gov/


Thank you! 
  Please contact the Outbreak Response & 

Bioterrorism Investigation Team (ORBIT) at 
614-995-5599, if you have questions. 

Please call your local health department to 
report an outbreak. 
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