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Primary amebic meningoencephalitis (PAM) is a rare,
often fatal brain infection caused by the free-living ameba,
Naegleria fowleri (1). Infection is typically associated with
recreational water activities; however, using tap water when
performing nasal irrigation is also a risk factor for PAM (2—4).
Improperly maintained municipal water and recreational vehi-
cle (RV) water systems can be a source of waterborne disease;
CDC recommends the use of distilled, sterile, or boiled and
cooled tap water for nasal irrigation.* Household safe water
practices can help prevent waterborne illness associated with
RV water systems. This report describes a fatal case of N. fowleri
infection associated with improper use of a nasal irrigation
device with suspected contaminated tap water from an RV.

Investigation and Outcomes

Case Identification

A previously healthy woman aged 71 years developed severe
neurologic symptoms, including fever, headache, and altered
mental status within 4 days of using a nasal irrigation device
filled with tap water from an RV’s water system at a camp-
ground in Texas. Despite medical treatment for a suspected
PAM infection, the patient developed seizures and subse-
quently died 8 days after symptom onset. Laboratory testing
at CDC confirmed the presence of N. fowleri in the patient’s
cerebrospinal fluid.

Identification of Potential Sources of Contamination

An epidemiologic investigation conducted by the Texas
Department of State Health Services included a review of the
patient’s medical and exposure history. The patient had no
recreational exposure to fresh water; however, she had report-
edly performed nasal irrigation on several occasions using
nonboiled water from the RV potable water faucet during
the 4 days before illness onset. This practice suggested two
water sources of concern. The first was the RV’s potable water
tank, which flowed directly to the faucets and shower when
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a municipal water connection was unavailable. The tank had
been filled with water collected on an unknown date before
the patient’s purchase of the RV 3 months earlier. The second
potential source of contamination was the municipal water
system, which was connected by a hose and water filter to the
RV potable water system, bypassing the tank, at the time the
patient used it for nasal irrigation.

Environmental Sampling

To evaluate these water sources, investigators collected
12 environmental samples. These samples included the
patient’s nasal irrigation squirt bottle; 1 liter of water from the
RV water heater; swabs from the RV shower head and kitchen
and bathroom sink faucets; one large volume (approximately
4 gal [15 L]) ultrafiltered water sample and one swab of the
RV potable water tank; one large volume (approximately 26 gal
[100 L]) ultrafiltered water sample and one swab from the
campsite municipal water where the RV connected; the RV
external water filter; the RV municipal connection hose; and
another large volume (approximately 26 gal [100 L]) ultrafil-
tered water sample from a low flow (i.e., dead-end) campsite
municipal water connection.

Testing for N. fowleri and Water Quality

Physical and chemical water quality parameters were
assessed at the time of sampling, and all samples were tested
for N. fowleri at CDC. No N. fowleri DNA or viable ameba
were detected in any environmental samples collected at the
campsite water sources or in the RV water system. However,
the total chlorine and monochloramine (i.e., disinfectant)
levels in the low flow campsite municipal distribution system
sample (both <0.04 mg/L) were below the minimum disinfec-
tant residual levels recommended by the Texas Commission
on Environmental Quality (0.50 mg/L monochloramine or
total chlorine).” In addition, the presence of free ammonia,
lower pH (<8.5), and unequal concentrations of active disin-
fectant (measured as a concentration of monochloramine) and
total chlorine (which represents all forms of chlorine, includ-
ing less effective forms) at the campsite where the RV was
connected indicated suboptimal disinfection efficacy, which

T Total chlorine, monochloramine, free ammonia, total ammonia, and nitrite
levels were tested at the time of sampling using a Hach SL1000 portable parallel
analyzer and portable colorimeter with the following results: in the water at the
campsite where the RV was connected, monochloramine = 0.05 mg/L, total
chlorine = 0.63 mg/L, pH = 7.74, free ammonia = 0.18 mg/L, total
ammonia = 0.28 mg/L, and nitrite >0.69 mg/L. In the water at the low flow
campsite (dead-end), monochloramine <0.04 mg/L, total chlorine <0.04 mg/L,
pH = 7.50, free ammonia = 0.11 mg/L, total ammonia = 0.11 mg/L, and
nitrite = 0.65 mg/L.

U.S. Department of Health and Human Services | Centers for Disease Control and Prevention | MMWR | May 29, 2025 | Vol.74 | No.19


https://www.cdc.gov/naegleria/prevention/sinus-rinsing.html?CDC_AAref_Val=https://www.cdc.gov/parasites/naegleria/ritual-ablution.html

Morbidity and Mortality Weekly Report

Summary
What is already known about this topic?

Primary amebic meningoencephalitis (PAM) is a rare, often fatal
brain infection caused by the free-living ameba Naegleria
fowleri. Using tap water for nasal irrigation is a risk factor

for PAM.

What is added by this report?

A fatal case of PAM occurred in an otherwise healthy adult
woman who used tap water obtained from her recreational
vehicle (RV) in a nasal irrigation device. Although N. fowleri was
not isolated from the RV water supply, the water was found to
be inadequately disinfected.

What are the implications for public health practice?

This case highlights the importance of following recommended
nasal irrigation practices. Improperly maintained RV water
systems can be a source of waterborne disease, including PAM.

might have led to biofilm growth. Biofilm can grow when
water becomes stagnant or disinfectant residuals are depleted,
resulting in pathogen growth. Although no test for the pres-
ence of biofilms exists, biofilms can act as a protective shield
for pathogenic microorganisms, including bacteria and amebas
such as V. fowleri, making the amebas less susceptible to disin-
fectant (5). Further, the turbidity (i.e., the cloudiness of water)
measured at taps and inside the RV was significantly higher
(range = 1.26-4.32 nephelometric turbidity units [NTUs])S
than that recommended for drinking water (<1.0 NTU),
suggesting a disinfection breakdown. Insufficient disinfectant
residual entering the RV and high turbidity at the point of use
might have contributed to the presence of thermophilic ameba,
although these were not detected in the samples tested.

Preliminary Conclusions and Actions

Nasal irrigation using tap water remains the suspected route
of exposure, given the absence of other identified nasal water
exposure and the concerning quality of the campground
municipal water and RV tap water at the time of sampling.
Failure to isolate the organism from the samples collected
might be explained by the fact that sampling occurred 23 days
after the patient used the water for nasal irrigation, and the
environmental conditions might have differed from those pres-
ent when infection occurred. In addition, the pathogen might
have been present at the time of sampling but at levels below

STurbidity was measured using a Hach 2100P turbidity meter in a CDC
laboratory. The Environmental Protection Agency requires that turbidity not
exceed 1 NTU in systems using conventional or direct filtration. Measured
municipal campground water = 1.26 NTU at the dead-end connection and
1.54 NTU at the RV connection; RV tap water = 1.95 NTU at the bathroom
sink tap and 4.32 N'TU at the kitchen sink tap.
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the detection limit. Whether the municipal water system or
the RV potable water tank was the source of contamination is
unknown, because the tank might have contaminated the RV
potable water system before connection to the campground
municipal water system.

This case reinforces the potential for serious health risks
associated with improper use of nasal irrigation devices, as
well as the importance of maintaining RV water quality and
ensuring that municipal water systems adhere to regulatory
standards. Following recommended nasal irrigation practices,
which include using distilled, sterilized, or boiled and cooled
tap water for nasal irrigation, is critical to reducing the risk
for illness. Because of this investigation, Texas public health
officials and CDC waterborne disease experts collaborated to
create recommendations for safer RV water usage and storage
to mitigate the risk for waterborne diseases associated with RV
water systems (Supplementary Figure).

Acknowledgments

Attorney General of Texas, Consumer Protection Division; Texas
Public Health Region 7, Texas Department of State Health Services;
Bell County Public Health District.

Corresponding author: Jasen Kunz, jkunz@cdc.gov.

1Emerging and Acute Infectious Disease Unit, Texas Department of State Health
Services; 2Division of Foodborne, Waterborne, and Environmental Diseases,
National Center for Emerging and Zoonotic Infectious Diseases, CDC;
3Department of Infectious Diseases, Baylor Scott & White Medical Center,
College Station, Texas.

All authors have completed and submitted the International
Committee of Medical Journal Editors form for disclosure of potential
conflicts of interest. No potential conflicts of interest were disclosed.

References

—

. Visvesvara GS, Moura H, Schuster FL. Pathogenic and opportunistic
free-living amoebae: Acanthamoceba spp., Balamuthia mandrillaris,
Naegleria fowleri, and Sappinia diploidea. FEMS Immunol Med
Microbiol 2007;50:1-26. PMID:17428307 https://doi.
org/10.1111/].1574-695X.2007.00232.x

2. Shakoor S, Beg MA, Mahmood SF, et al. Primary amebic

meningoencephalitis caused by Naegleria fowleri, Karachi, Pakistan. Emerg
Infect Dis 2011;17:258-61. PMID:21291600 https://doi.org/10.3201/
eid1702.100442

3.Yoder JS, Straif-Bourgeois S, Roy SL, et al. Primary amebic

meningoencephalitis deaths associated with sinus irrigation using
contaminated tap water. Clin Infect Dis 2012;55:¢79-85. PMID:22919000
https://doi.org/10.1093/cid/cis626

4. CDC. Notes from the field: primary amebic meningoencephalitis

associated with ritual nasal rinsing—St. Thomas, U.S. Virgin Islands,
2012. MMWR Morb Mortal Wkly Rep 2013;62:903. PMID:24226628

5. Miller HC, Wylie ], Dejean G, et al. Reduced efficiency of chlorine

disinfection of Naegleria fowleri in a drinking water distribution biofilm.

Environ Sci Technol 2015;49:11125-31. PMID:26287820 https://doi.

org/10.1021/acs.est.5b02947

U.S. Department of Health and Human Services | Centers for Disease Control and Prevention | MMWR | May 29, 2025 | Vol.74 | No.19


https://stacks.cdc.gov/view/cdc/178019#tabs-3the
mailto:jkunz@cdc.gov
https://pubmed.ncbi.nlm.nih.gov/17428307
https://doi.org/10.1111/j.1574-695X.2007.00232.x
https://doi.org/10.1111/j.1574-695X.2007.00232.x
https://pubmed.ncbi.nlm.nih.gov/21291600
https://doi.org/10.3201/eid1702.100442
https://doi.org/10.3201/eid1702.100442
https://pubmed.ncbi.nlm.nih.gov/22919000
https://doi.org/10.1093/cid/cis626
https://pubmed.ncbi.nlm.nih.gov/24226628/
https://pubmed.ncbi.nlm.nih.gov/26287820
https://doi.org/10.1021/acs.est.5b02947
https://doi.org/10.1021/acs.est.5b02947

Morbidity and Mortality Weekly Report

The Morbidity and Mortality Weekly Report (MMWR) Series is prepared by the U.S. Centers for Disease Control and Prevention (CDC) and is available

free of charge in electronic format. To receive an electronic copy each week, visit MMWR at hitps:/fwww.cde.gov/mmuwr/index. html.

Readers who have difficulty accessing this PDF file may access the HTML file at https://www.cdc.gov/mmwr/index2025.html. Address all inquiries about
the MMWR Series to Editor-in-Chief, MMWR Series, Mailstop V25-5, CDC, 1600 Clifton Rd., N.E., Atlanta, GA 30329-4027 or to mmwrq@cdc.gov.

All material in the MMWR Series is in the public domain and may be used and reprinted without permission; citation as to source, however, is appreciated.
MMWR and Morbidity and Mortality Weekly Report are service marks of the U.S. Department of Health and Human Services.
Use of trade names and commercial sources is for identification only and does not imply endorsement by the U.S. Department of Health and Human Services.

References to non-CDC sites on the Internet are provided as a service to MM WR readers and do not constitute or imply endorsement of these organizations
or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the content of these sites. URL addresses
listed in MMWR were current as of the date of publication.

ISSN: 0149-2195 (Print)


https://www.cdc.gov/mmwr/index.html
https://www.cdc.gov/mmwr/index2025.html
mailto:mmwrq@cdc.gov



