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Learning objectives:

1. Increase knowledge of several important waterborne infections, 
including routes of transmission, risk factors for severe disease, and 
management

2. Understand facility-based, patient-directed, and public health 
approaches to risk mitigation for waterborne infection

3. Review opportunities for improving public health through 
wastewater surveillance
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Connections 
Gram negative sepsis in patient with neutropenic fever

Diarrhea in patient with HIV/AIDS, CD4 < 100 cells/mL 

Pneumonia in older male smoker with COPD, Type 2 
diabetes mellitus, and chronic kidney disease

images from CDC resources
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Pruritic, tender skin nodules and low-grade fever in 
otherwise healthy individualOHSU 
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Legionella pneumophila

Pneumonia in older male smoker with COPD, Type 2 diabetes 
mellitus, and chronic kidney disease
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Bellevue-Stratford Hotel

OHSU 
CPD



Legionella

• > 60 species and > 70 serogroups
• L pneumophila serogroup 1 most 

prevalent in US

• Environmental reservoir:  water & soil

• Thermal range: 20-45°C

• Clinical presentation
Legionnaires’ disease
• Mortality ~ 10%
• At risk population:  age > 50, 

former/current smoker, chronic 
lung disease, 
immunocompromised

• Incubation period: 2-10 days 
(median 4-6 days)

Pontiac fever

images from CDC resources

• Diagnostics
• Legionella antigen 

• PCR

• Culture - BCYE

• Treatment
• Fluoroquinolones

• Macrolides

Suggestive features:
• GI symptoms
• Hyponatremia
• Failure to respond to 

treatment for pneumonia 
with beta-lactam 
monotherapy

OHSU 
CPD



Legionellosis epidemiology

Geographic variability

Han XY. Applied and Environmental Microbiology 2019https://www.cdc.gov/legionella/php/surveillance/index.html
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Legionella infection should be considered in 
any patient presenting with pneumonia.

• While infection can be acquired in healthcare settings, the majority of 
cases occur sporadically (community-acquired pneumonia).

• Tip offs:  season (summer/fall), during known outbreaks, known or 
potential exposure to contaminated water source (e.g., hot tub, birthing 
pool, fountain, air conditioning system and cooling towers), soil/potting 
mix/compost exposure

• Whom to test?  
• All patients with moderate/severe CAP or with CAP requiring hospitalization
• CAP or nosocomial pneumonia with known/possible exposure (e.g., outbreak) 
• Immunocompromised patients with pneumonia
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Legionella ecology

Image adapted from CDC resources:  www.cdc.gov/legionella
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Environmental risk factors

• Stagnancy (“dead legs”)

• Temperature deviation

• Biofilm 

Hamilton KA, et al. Water Research 2018
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Mitigation and monitoring in the healthcare setting

• Engineering controls: 

• Supply water infrastructure

• Temperature & pH controls 

• Biocide (eg., chlorine)

• Environmental culturing (*variability in practice)

• Supplemental controls:  point-of-use filters, flushing (often employed in the context 
of an outbreak)
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What should trigger concern for 
healthcare-associated infection?

• Patient with relapsed AML after 
allogeneic HCT in 2023

• Admitted mid-March 2025 

• New O2 requirement, progressive 
hypoxia, new multifocal 
consolidations on CT (HD 4)

urine Legionella antigen + (HD 5)
• Late Feb/early March: travel with 

exposures: humidifiers, hot tub

• Early March: travel to Palm Desert

• 2 days prior to admission: infusion clinic 
visit with increase in cough & malaise → 
NP swab PCR+ coronavirus 229E and 
OC43

Several infusion clinic visits in early March

OHSU 
CPD



Gram negative sepsis in patient with neutropenic fever

Pseudomonas aeruginosa

Folliculitis after hot tub exposure
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• Healthy patient in their 30s, presents 
with tender, pruritic papules on trunk 
& extremities accompanied by low-
grade fever

• Hot tube exposure the day prior to 
illness onset

• Patient with acute myelogenous leukemia, 
hospitalized for chemotherapy, neutropenic 
for 1 week (on levofloxacin prophylaxis) → 
neutropenic fever and sepsis

• Blood cultures with growth of P aeruginosa, 
rapidly progressive pneumonia, shock 
requiring transfer to the ICU + intubation

Image from UpToDate
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Pseudomonas hot tub folliculitis

• Infection of the upper portion of 
follicles

• Clinical presentation:  numerous 
edematous, erythematous perifollicular 
papules and pustules, often pruritic, 
onset 8-48 hours post-exposure

• Increased risk:  female sex, length of 
exposure, skin trauma

• Management:  
• Immunocompetent:  self-limited, 

supportive care with spontaneous 
resolution in 1-2 weeks

• Immunocompromised:  at risk for systemic 
infection, antibiotics may be warranted 

Prevention:

• CDC recommends the following 
disinfectant and pH levels:
• Chlorine > 3 parts per million (ppm or 

mg/L); bromine: 4–8 ppm
• pH: 7.0–7.8

• Shower after hot tub use & wash 
swimsuit before next use

• Avoid shaving/hair removal 
immediately before using hot tub

Spernovasilis N, et al. Skin manifestations of Pseudomonas aeruginosa infections Curr Opin Infect Dis 2021
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Waste-water drain sites and P aeruginosa infection in the 
healthcare setting

• Increasing appreciation of wastewater 
drain sites as source for healthcare-
associated outbreaks with multi-drug-
resistant Gram-negative bacilli, esp. P 
aeruginosa

Kizny Gordon AE, et al. Clin Infect Dis. 2017
Carling PC. Infect Control Hosp Epidemiol. 2018

• Risk factors/liabilities 
• Faucet spouts flowing directly into drain

• Storage of patient care items on counter 
adjacent to sink

• Shallow bowl depth

• High water flow rate

Kotay SM, et al. Applied and Environmental Microbiology 2019

Gestrich SA, et al. Infect Control Hosp Epi 2018
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OHSU experience
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Cryptosporidium parvum

Diarrhea in patient with HIV/AIDS, CD4 < 100 cells/mL 
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https://www.portland.gov/water/water-quality/cryptosporidium
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30s-year-old with Type 1 DM and history of ESRD, s/p deceased-donor 
kidney transplant in December 2023 

• Diarrhea onset ~2 weeks post-transplant
• Diarrhea (non-bloody, liquid stools every 1-1.5 hours) followed by cramping 

and nausea

• Stool testing 19 days after diarrhea onset

• No ill contacts.  Did not dine out.  Washed fruits/vegetables with 
vinegar solution.  Drank tap water from faucet.  Last recreational 
water exposure was swimming in river in Medford area in August.
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Cryptosporidium

• Intracellular protozoan parasite

• Main species responsible for human disease: 
C parvum
• C hominis (formerly C parvum genotype 1) → 

mainly humans
• C parvum (formerly C parvum genotype 2) → 

animals and humans

CDC
images from CDC resources
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Cryptosporidium

Clinical presentation

• Watery diarrhea 

• Malaise, nausea/vomiting, cramping, and 
low-grade fever

• Up to 30% asymptomatic

• Immunocompromised hosts:  can result in 
protracted diarrhea

• Incubation period ~ 7-10 days 

Diagnosis

• Microscopy (modified acid-fast stain)

• Fecal immunoassay (DFA)

• PCR (included in GI multiplex panel)

* Routine ova and parasite examination low yield for 
detection of cryptosporidia oocysts

Treatment

• Supportive care 

• Transplant: reduce immune suppression if able + 
nitazoxanide (or paromomycin +/- azithromycin)

• HIV: ART to restore immune function (CD4 >100) 
+/- antibiotic
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Cryptosporidium outbreaks & incidence

Largest US waterborne disease outbreak (to date): 
Milwaukee, WI in 1993

• 285 laboratory-confirmed infections

• Estimated 403,000 people had watery 
diarrhea attributed to this outbreak!!

Mac Kenzie WR, et al. A massive outbreak in Milwaukee of Cryptosporidium infection transmitted through the public 
water supply. N Engl J Med 1994 

2019 CDC report: 823,000 illnesses/year in the US, < 2% reported to CDC
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https://www.cdc.gov/healthy-swimming/prevention/index.html
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Bull Run Watershed 

Bull Run Reservoir 2 Bull Run Reservoir 1 
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EPA Long Term 2 Enhanced Surface Water 
Treatment Rule 

2012-2017: PWB granted a variance to 
requirements by OHA

December 2017: Variance revoked due to 
a series of low-level detections of 
Cryptosporidium in early 2017

2017-2027: Bilateral Compliance 
Agreement with OHA, pending 
completion of the new filtration facility 

• Diversion pool, soil erosion area, and sanitary facility inspections
• Tributary stream and wildlife scat monitoring
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https://www.portland.gov/water/water-quality/test-results#toc-cryptosporidium
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https://www.portland.gov/water/documents/bull-run-interim-measures-watershed-report-water-year-2024/download
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https://public.tableau.com/app/profile/oregon.public.health.division.acute.and.communicable.disease.pre/viz/WeeklyC
ommunicableDiseaseReport/ACDPWeeklyReport
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https://public.tableau.com/app/profile/oregon.public.health.division.acute.and.communicable.disease.pre/viz/202
2SelectedReportableCommunicableDiseaseSummary/TableofContents
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https://www.portland.gov/water/bullruntreatment/filtration/about#toc-project-overview
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What should you advise your patients?
• Yearly reminder regarding risk: “People with compromised immune systems may 

wish to take the precautions listed below."

https://www.portland.gov/water/water-quality/cryptosporidium#toc-
protecting-yourself-from-cryptosporidium-in-drinking-water
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Where did our patient acquire Cryptosporidium?
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• Cryptosporidium – extremely chlorine-tolerant

• Legionella & Pseudomonas – persist in biofilm → protected from 
inactivation, amplify when disinfectant concentrations aren’t adequate 
& when water temperature is warm (25-42C)

Vulnerabilities  
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https://www.trythisteaching.com/2015/04/glass-half-full-or-half-empty/
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Wastewater surveillance, a brief history 

Figure 1. Timeline of advances in wastewater surveillance. Using wastewater to monitor disease dates back to the 
1850s, but modern methods were not developed until the 1990s. The COVID-19 pandemic brought wastewater 
surveillance to the public eye, and the CDC formed a national surveillance system in 2020.

https://sitn.hms.harvard.edu/flash/2023/something-in-the-sewage-what-watching-our-wastewater-can-tell-us-about-infectious-diseases/
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Wastewater surveillance, circa 2025

https://www.cdc.gov/nwss/about.htmlsite accessed 2.7.2025
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https://www.cdc.gov/nwss/rv/COVID19-nationaltrend.html

site accessed 4.16.2025
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https://public.tableau.com/app/profile/oregon.public.health.division.acute.and.communicable.disease.pre/viz/OregonsRVPWast
ewaterMonitoring/Mainpage
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Correlation between clinical and wastewater SARS-
CoV-2 genomic surveillance, Oregon, USA

Kaya D,…Sutton M, et al.  Emerg Infect Dis 2022 

Gratitude to Melissa Sutton, OHA
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Wastewater surveillance – opportunities, shortcomings, and 
potential applications

Advantages:

- Does not require direct patient contact or invasive procedures

- Can be applied to communities and/or diseases, even if people are not 
presenting to healthcare for diagnosis

- Can provide lead time to community surge

However, 20% of US households, including many tribal and rural communities, are 
not connected to a sewer line.

Vision for a national wastewater surveillance system

“When evaluating potential targets for future wastewater surveillance, CDC should 
consider three criteria: (1) public health significance of the threat, (2) analytical 
feasibility for wastewater surveillance, and (3) usefulness of community-level 
wastewater surveillance data to inform public health action.”

2023, National Academies of Sciences, Engineering, and Medicine
https://nap.nationalacademies.org/catalog/26767/wastewater-based-disease-surveillance-for-public-health-action
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Summary

• There are local/regional, institutional, and population-based 
variations in risk for waterborne infection.

• The threat and impact of waterborne infection is typically 
proportional to host vulnerability.

• Prevention of waterborne infection relies on protocols and processes 
to mitigate risk.

• Wastewater surveillance for infectious diseases is an evolving 
epidemiologic tool.
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