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ABSTRACT 

Naegleria fowleri (N fowleri), the freshwater amoeba known to cause primary amoebic meningoencephalitis (PAM), is 
historically found in the southern United States and Central America. Increased incidence of this rare, deadly, and often 
misdiagnosed illness in northern states causes concern that N fowleri is expanding northward due to climate change, 
posing a greater threat to human health in new regions where PAM has not yet been documented. This case study 
provides an example of public health nurses incorporating environmental health data into communicable disease 
investigations, demonstrating how public health professionals, health care providers, and individuals living in northern 
climates can work together to prevent, detect, and treat N fowleri infection. 

INTRODUCTION 

Communicable Disease Investigation Case Study 

During a recent summer, a public health nurse (PHN) working at a 
local public health department in the northern midwest United 
States received notice from the infection control nurse (ICN) at the 
local hospital of a suspected bacterial meningitis case. A female in 
her mid-30s, and mother of a young child, was unconscious upon 
arrival to the local emergency department via emergency medical 
services transport, having recently developed neurological symp- 
toms including severe headache, photosensitivity, nausea, and 
confusion. Her long-term personal medical history included a bicy- 
cle accident 10 years prior that caused facial trauma and septum 
deviation. 

The PHN immediately opened a communicable disease investiga- 
tion under the case classification suspect bacterial meningitis. The 
PHN interviewed the patient’s spouse via phone regarding poten- 
tial sources of exposure. Responses to investigative questions 
(including close contact with other symptomatic individuals prior 
to and since symptom onset and contact tracing based upon bacte- 
rial meningitis communicability guidelines) were unremarkable. 

However, the spouse and child had experienced confirmed or po- 
tential direct contact with the mother’s oral secretions that would 
merit medication to prevent the development of illness. As the 
PHN broadened questions to capture other activities occurring in 
the 2 weeks prior to symptoms, the spouse stated that 4 days ago 
the family had traveled to a public-access beach at a freshwater 
lake in a neighboring county where the patient swam and sub- 
merged her head. The PHN coordinated the prescription of post- 
exposure medication to prevent the development of illness in 
household contacts via their primary care providers, educated the 
family to watch for signs and symptoms of bacterial meningitis, 
and instructed them to report symptoms immediately for rapid 
treatment should they occur. 

Diagnostic Test Results 

Cerebrospinal fluid (CSF) cultures yielded no bacterial growth, and 
CSF findings were also inconsistent with bacterial infection. No 
viral infection was detected in CSF; however, conventional labora- 
tory techniques may fail to detect infectious agents, leaving up to 
60% of presumed viral encephalitis cases unexplained.1 The case 
classification in the communicable disease reporting system was 
then updated to suspect viral (aseptic) meningitis (Table 1). The 
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  Primary amoebic meningoencephalitis2,3,4 Bacterial meningitis5,6 Viral (aseptic) meningitis7,8 

Organism N fowleri amoeba (protozoan) Most common: Most common: 
Neisseria meningitidis, Streptococcus Non-polio enteroviruses; may also 
pneumoniae, and Haemophilus influenza be caused by measles, mumps, 
Group B varicella-zoster, Epstein-Barr,  

influenza, and other viruses 

Source/ Reservoir Warm, untreated freshwater/soil Humans Humans 

Mode of  Contact of contaminated water to nasal Spread by respiratory droplet or direct Transmission varies by virus;  
transmission membrane; not infectious via ingestion contact with respiratory secretions; shar- infection may occur in contacts 

ing cups or utensils, kissing, coughing but is unlikely to cause meningitis. 

Incubation period Range 1-9 days (median 5 days) after  Range 1-10 days (median 3-4 days) after Varies by virus 
exposure exposure    

Period of  Not contagious from person to person Immediately following symptom onset Varies by virus 
communicability   until at least 24 hours after treatment    

with appropriate antibiotics 

Signs/Symptoms Stage 1: Severe frontal headache, fever, Fever, headache, and stiff neck in  Fever, headache, stiff neck,  
nausea/vomiting meningococcal meningitis cases,  photophobia, somnolence,  
Stage 2: Stiff neck, seizures, altered mental (sepsis and rash in meningococcemia) nausea, irritability, vomiting,  
status, hallucinations, coma   anorexia, lethargy 

Prognosis Usually fatal (94.6-97%); postmortem diag- 10-15% mortality; up to 20% of survivors Usually resolves spontaneously in 
nosis experience long-term disability including 7-10 days 
  loss of limb(s), deafness, nervous system   

problems, or brain damage 

ICN reported to the PHN that the patient’s condition was  

worsening, increasingly inconsistent with viral meningitis, and the 

infectious disease team used the working diagnosis of meningoen-

cephalitis, but diagnostic testing remained inconclusive. 

Public Health Nursing Actions 

As the infectious disease team manages aspects of direct patient 

care and treatment of communicable disease, the public health 

department is responsible for considerations of disease transmis-

sibility and outbreak prevention. In this case, given the absence of 

detectable pathogens, the patient’s deteriorating condition, no 

known symptomatic contacts, and the continued search for nonin-

fectious causes, the PHN has a set of expected interventions. These 

include prophylaxis coordination for close contacts, symptom  

education for the family, preparations for rapid close-contact 

treatment response and outbreak case management, community 

surveillance of other potential cases, and follow-up with the ICN 

for confirmatory updates as details emerge. 

The PHN was faced with 3 possible outcomes impacting case re-

porting and management. If symptoms resolve spontaneously, 

leading the infectious disease team to conclude the cause was like-

ly viral, the patient will recover and the case may be closed under 

the classification confirmed viral (aseptic) meningitis. If a nonin-

fectious cause is identified, the case may be closed under the  

classification viral (aseptic) meningitis—not a case regardless of 

patient outcome. However, if the PHN were to leverage the inter-

disciplinary nature of public health practice to pursue the patient’s 

environmental exposure as a potential cause of meningoencephali-

tis, an effective treatment method may be found for the patient. 

With support from the medical director, the PHN chose to consult 

the Bureau of Infectious Diseases at the state department of health 

for expertise related to potential meningoencephalitis cases of 

unknown etiology in humans related to exposure to fresh water.  

Possible Cause 

The state department of health contacted the Centers for Disease 

Control and Prevention (CDC). The CDC offered the state depart-

ment of health a small number of collected case reports from the 

southern United States and Central America describing patients 

with similar neurological symptoms who had a recent history of 

swimming in warm freshwater ecosystems. Case reports indicated 

the cause of infection was the amoeba Naegleria fowleri  

(N fowleri).  

Naegleria fowleri and Primary Amoebic Meningoencephalitis 

N fowleri is a thermophilic amoeba occurring in warm, untreated 

freshwater, soil, and dust that is known to cause primary amoebic 

meningoencephalitis (PAM) in humans. Primary amoebic menin-

goencephalitis is a necrotizing, hemorrhagic, and often fatal me-

ningoencephalitis occurring most frequently in healthy children 

and young adults with a history of recent contact with untreated 

fresh water.9 

Not infectious through oral ingestion, water vapor, or human-to-

human transmission,10 N fowleri infects by entering the nose via 

contaminated water, crossing the nasal membrane, and following 

the olfactory nerve through the cribriform plate to the brain.9,11 

The incubation period typically ranges from 1 to 9 days (median  

5 days) after exposure.2 The rapid onset of neurological symptoms 

may be categorized as early (flu-like symptoms including head-

ache, fever, nausea, and vomiting) or late (central nervous system 

signs including stiff neck, seizures, altered mental status, halluci-

nations, and coma).2,3 Cerebrospinal fluid analysis may resemble 

Table 1. Epidemiological Comparison of Primary Amoebic Meningoencephalitis, Bacterial Meningitis, and Viral (Aseptic) Meningitis 
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bacterial meningitis (high opening pressures, elevated white 

blood cell counts, and elevated protein levels). Abnormal imaging 

results are present in most cases but are not diagnostic for amoe-

bic infection.2 Disease progression is often too rapid for pre-

mortem diagnosis and intervention, leading to case fatality in 1 to 

18 days (median 5 days) after symptom onset.2 While a treatment 

regimen including the current gold standard medication for free-

living amoeba infections, miltefosine, and therapeutic hypother-

mia have been successful in some cases, PAM is usually fatal 

(94.6% to 97%) and often diagnosed postmortem.9,11-13 

Naegleria fowleri Life Cycle and Transmission 

N fowleri has 3 stages: cyst, trophozoite, and ameboflagellate.  

The thermophilic N fowleri is most prolific in water temperatures 

up to 115 °F (46 °C) but is tolerant of even higher temperatures 

for short periods, making it able to easily withstand human fever. 

If environmental conditions become cold, nutrient depleted, or 

dry, the trophozoite can revert to a non-feeding form for protec-

tion from freezing water temperatures.14 

Because N fowleri infects via the nasal membrane, activities that 

push contaminated water into the nasal cavity are epidemiologi-

cally associated with infection. This includes swimming, splashing, 

and submersion in naturally occurring bodies of freshwater, such 

as lakes, ponds, hot springs, and reservoirs15 (Figure 1). In addi-

tion to geographical changes in recent years, novel routes of trans-

mission have been documented, including warm hose water,  

lawn water slide and splash pad use, and exposure of the nasal 

membrane to tap water from private well systems, which has been 

known to occur when using a nasal irrigation device at home.16,17 

18Figure 1. Transmission of Naegleria fowleri to a Human Host  
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Naegleria fowleri Incidence and Climate Change 

Historically, N fowleri cases in the US have been known to occur in 

southern states, but recent data indicate an increased incidence 

since 2010 in northern states such as Minnesota, Indiana, and 

Missouri.2,16,19,20 The incidence of N fowleri infections is historical-

ly rare; 138 PAM cases were reported in the US from 1962 to 2015 

with a range of 0 to 8 cases annually.16 Patients have been pre-

dominantly male (76%) and less than or equal to 18 years of age 

(83%, N = 142).2  

Climate change data indicate consistent increases in surface water 

temperatures, increasing the likelihood that N fowleri will pose a 

greater threat to human health in regions with a history of occur-

rence and new regions where PAM has not yet been document-

ed.13,19-22 Despite its rarity, the severity of illness and poor patient 

outcomes make the increased incidence of PAM in northern cli-

mates an emerging health concern. Combined with increased inci-

dence in northern climates, untrained and unaware public health 

professionals and health care providers may exacerbate pro-

longed diagnostic periods and delay time-sensitive treatment in 

what is ultimately a quick decline for PAM patients.  

Case Study Outcome 

Acting in the role of liaison between direct care personnel and 

state/national public health entities, the PHN obtained and  

relayed evidence pertinent to the case for health care provider 

review. Information regarding miltefosine availability and dosage 

were communicated from the CDC team (this product has since 

become commercially available). The patient responded favorably 

to the medication. Two weeks after symptom onset, she recovered 

with minimal neurological damage and was able to resume a high 

quality of life with her family. 

Primary Amoebic Meningoencephalitis  Prevention 

Effective treatment is essential when confronting PAM, but  

tertiary prevention is only one aspect of proactive care. When 

confronting any condition of public health importance, be it a re-

portable communicable disease, rare illness of environmental 

etiology, or chronic disease impacting a substantial portion of the 

population, interventions focused on secondary and primary pre-

vention are crucial. Below are recommendations for public health 

professionals, health care providers, and individuals to take re-

garding N fowleri in northern regions. 

Public health professionals: In northern climates, consider moni-

toring warm, freshwater recreational sites for presence of  

N fowleri amoebae.9 As repeated cases have been documented in 

the same freshwater lake over years, perform public education 

and outreach to inform visitors to freshwater recreational sites.16  

Integrate environmental exposure screening into meningitis case 

investigation protocols; if PAM is suspected, immediately contact 

the Centers for Disease Control and Prevention at (800) 232-4636 

in concert with the health care provider. 

Health care providers: Incorporate environmental exposure 

screening into initial patient assessment for suspect meningitis 

cases. Regardless of geography, consider PAM in the differential 

diagnosis for meningitis16 and, if suspected, immediately contact 

the public health department. 

Individuals: When swimming in freshwater, do not splash or sub-

merge your head. Maintain adequate chlorine concentrations in 

water distribution systems, especially those with elevated  

temperatures, to inactivate N fowleri cysts and trophozoites.16 If 

neurological symptoms occur, seek care quickly and report envi-

ronmental exposures if applicable.  

PUBLIC HEALTH IMPLICATIONS  

Within the last century, Ohio temperatures have increased ap-

proximately 1 °F and up to 2.35 °F in the northeastern portion of 

the state.23 The popularity of Ohio’s state parks, of which 71% 

offer freshwater swimming access and 97% allow fishing,24 in-

creased due to the COVID-19 pandemic. Ohio public health profes-

sionals should take note of the incidence of N fowleri infections in 

northern states including Indiana, Iowa, and Minnesota, as well as 

common vacation destinations for Ohioans where N fowleri infec-

tion has been reported, such as Virginia, North Carolina, South 

Carolina, Georgia, and Florida.10 

Increased incidence of N fowleri in northern climates is but one of 

many ways climate change threatens human health and merits 

novel education of health care providers. Health care providers, 

especially those working in northern climates, should be prepared 

for increases in waterborne and vector-borne diseases, air quality 

issues, extreme weather events, impacts on food production, and 

temperature-related death and illness.25 It is crucial for nurses in 

public health and direct care settings to seamlessly collaborate 

when providing patient care for those with reportable communi-

cable diseases and their contacts, especially those with suspected 

environmental exposures.  

REFERENCES 

1. Kennedy P, Quan PL, Lipkin W. Viral encephalitis of unknown cause: 

current perspective and recent advances. Viruses. 2017;9(6):138.  

https://doi.org/10.3390/v9060138 

2. Capewell LG, Harris AM, Yoder JS, et al. Diagnosis, clinical course, and 

treatment of primary amoebic meningoencephalitis in the United 

States, 1937-2013. J Pediatric Infect Dis Soc. 2014;4(4):e68-e75. 

https:/doi.org/10.1093/jpids/piu103 

3. Centers for Disease Control and Prevention. Illness & Symptoms | 

Naegleria fowleri. Published 2019.  

https://www.cdc.gov/parasites/naegleria/illness.html 

4. Texas Health and Human Services. Primary Amebic Meningoencephali-

tis. March 3, 2021.  

https://dshs.texas.gov/IDCU/disease/primary_amebic_menigo 

encephalitis/Primary-Amebic-Meningoencephalitis.aspx 

5. Centers for Disease Control and Prevention. Meningococcal disease: 

Technical and clinical information. Published 2019.  

https://www.cdc.gov/meningococcal/clinical-info.html 

https://doi.org/10.3390/v9060138
https:/doi.org/10.1093/jpids/piu103
https://www.cdc.gov/parasites/naegleria/illness.html
https://dshs.texas.gov/IDCU/disease/primary_amebic_menigoencephalitis/Primary-Amebic-Meningoencephalitis.aspx
https://dshs.texas.gov/IDCU/disease/primary_amebic_menigoencephalitis/Primary-Amebic-Meningoencephalitis.aspx
https://www.cdc.gov/meningococcal/clinical-info.html


 
Ohio Journal of Public Health, Vol. 5, Issue 2   ISSN: 2578-6180 

COMMENTARY/POLICY 

ojph.org Ohio Public Health Association 
5 

 

6. Florida Department of Health. Bacterial meningitis.  

http://orange.floridahealth.gov/programs-and-services/infectious-

disease-services/epidemiology/_documents/bacterial-meningitis.pdf 

7. Mbaeyi S, Duffy J, McNamara LA. (2021). Meningococcal Disease. In 

Hall E, Wodi AP, Hamborsky J, et al. (Eds.), Pinkbook: Epidemiology 

and Prevention of Vaccine-Preventable Diseases. (14th ed.). Centers 

for Disease Control and Prevention. Public Health Foundation.  

https://www.cdc.gov/vaccines/pubs/pinkbook/mening.html 

8. Centers for Disease Control and Prevention. Viral meningitis. CDC. 

Published 2019.  

https://www.cdc.gov/meningitis/viral.html 

9. Visvesvara GS, Moura H, Schuster FL. Pathogenic and opportunistic 

free-living amoebae: Acanthamoebaspp., Balamuthia mandrillaris, 

Naegleria fowleri, and Sappinia diploidea. FEMS Immunol Med Micro-

biol. 2007;50(1):1-26.  

https://doi.org/10.1111/j.1574-695x.2007.00232.x 

10. Centers for Disease Control and Prevention. Sources of infection & risk 

factors | Naegleria fowleri | CDC. Published October 20, 2021.  

https://www.cdc.gov/parasites/naegleria/infection-sources.html#:~: 

text=Naegleria%20fowleri%20is%20naturally%20found 

11. Yoder JS, Eddy BA, Visvesvara GS, Capewell L, Beach MJ. The epidemiol-

ogy of primary amoebic meningoencephalitis in the USA, 1962–2008. 

Epidemiol Infect. 2009;138(7):968-975.  

https://doi.org/10.1017/s0950268809991014 

12. Centers for Disease Control and Prevention. Treatment | Naegleria 

fowleri. Published 2019.  

https://www.cdc.gov/parasites/naegleria/treatment.html 

13. Maciver SK, Piñero JE, Lorenzo-Morales J. Is Naegleria fowleri an 

emerging parasite? Trends Parasitol. Published online November 

2019.  

https://doi.org/10.1016/j.pt.2019.10.008 

14. Centers for Disease Control and Prevention. Pathogen & environment | 

Naegleria fowleri | CDC. Published March 22, 2019. h 

ttps://www.cdc.gov/parasites/naegleria/pathogen.html#env-three 

15. Centers for Disease Control and Prevention. CDC - DPDx - Free living 

amebic infections: Causal agents. Published August 23, 2019.  

https://www.cdc.gov/dpdx/freelivingamebic/index.html 

16. Cope JR, Ali IK. Primary Amebic Meningoencephalitis: what have we 

learned in the last five years? Curr Infect Dis Rep. 2016;18(10):31.  

https://doi.org/10.1007/s11908-016-0539-4 

17. Boy dies from brain-eating amoeba found at Texas splash pad. AP 

NEWS. Published September 27, 2021.  

https://apnews.com/article/health-texas-centers-for-disease-control-

and-prevention-463a4b8be3488aeefaa9fa8e61d4035e 

18. Centers for Disease Control and Prevention Division of Parasitic Dis-

eases. Naegleria fowleri. Published 2022.  

https://www.cdc.gov/dpdx/freelivingamebic/modules/

Nfowleri_LifeCycle_lg.jpg 

19. Gharpure R, Gleason M, Salah Z, et al. Geographic range of recreational 

water–associated primary amebic meningoencephalitis, United States, 

1978–2018 - Volume 27, Number 1—January 2021 - Emerging Infec-

tious Diseases Journal - CDC.  

https://doi.org/10.3201/eid2701.202119 

20. Centers for Disease Control and Prevention. Number of case-reports of 

primary amebic meningoencephalitis by state of exposure | Naegleria 

fowleri | CDC. Published September 29, 2020.  

https://www.cdc.gov/parasites/naegleria/state-map.html 

21. Kemble SK, Lynfield R, DeVries AS, et al. Fatal Naegleria fowleri infec-

tion acquired in Minnesota: possible expanded range of a deadly ther-

mophilic organism. Clin Infect Dis. 2012;54(6):805-809.  

https://doi.org/10.1093/cid/cir961 

22. Stahl LM, Olson JB. Environmental abiotic and biotic factors affecting 

the distribution and abundance of Naegleria fowleri. FEMS Microbiol 

Ecol. Published online November 26, 2020.  

https://doi.org/10.1093/femsec/fiaa238 

23. United States Environmental Protection Agency. Climate indicators 

explorer: US and global temperature – rate of temperature change in 

the United States, 1901-2020. 2021.   

https://edap.epa.gov/public/extensions/CCIDataViewer/

CCIDataViewer.html 

24. Ohio Department of Natural Resources. The guide to Ohio state parks. 

Accessed March 8, 2023.  

https://ohiodnr.gov/static/documents/parks/Ohio-State-Parks-

Brochure.pdf  

25. Rehr, RC, Perkowitz RM, ecoAmerica. Moving forward: A guide for 

health professionals to build momentum on climate action. 2019. 

Washington, DC.  

https://climateforhealth.org/wp-content/uploads/2020/06/CFHMFG-

web.pdf 

 

http://orange.floridahealth.gov/programs-and-services/infectious-disease-services/epidemiology/_documents/bacterial-meningitis.pdf
http://orange.floridahealth.gov/programs-and-services/infectious-disease-services/epidemiology/_documents/bacterial-meningitis.pdf
https://www.cdc.gov/vaccines/pubs/pinkbook/mening.html
https://www.cdc.gov/meningitis/viral.html
https://doi.org/10.1111/j.1574-695x.2007.00232.x
https://www.cdc.gov/parasites/naegleria/infection-sources.html#:~:text=Naegleria%20fowleri%20is%20naturally%20found
https://www.cdc.gov/parasites/naegleria/infection-sources.html#:~:text=Naegleria%20fowleri%20is%20naturally%20found
https://doi.org/10.1017/s0950268809991014
https://www.cdc.gov/parasites/naegleria/treatment.html
https://doi.org/10.1016/j.pt.2019.10.008
https://www.cdc.gov/parasites/naegleria/pathogen.html#env-three
https://www.cdc.gov/parasites/naegleria/pathogen.html#env-three
https://www.cdc.gov/dpdx/freelivingamebic/index.html
https://doi.org/10.1007/s11908-016-0539-4
https://apnews.com/article/health-texas-centers-for-disease-control-and-prevention-463a4b8be3488aeefaa9fa8e61d4035e
https://apnews.com/article/health-texas-centers-for-disease-control-and-prevention-463a4b8be3488aeefaa9fa8e61d4035e
https://www.cdc.gov/dpdx/freelivingamebic/modules/Nfowleri_LifeCycle_lg.jpg
https://www.cdc.gov/dpdx/freelivingamebic/modules/Nfowleri_LifeCycle_lg.jpg
https://doi.org/10.3201/eid2701.202119
https://www.cdc.gov/parasites/naegleria/state-map.html
https://doi.org/10.1093/cid/cir961
https://doi.org/10.1093/femsec/fiaa238
https://edap.epa.gov/public/extensions/CCIDataViewer/CCIDataViewer.html
https://edap.epa.gov/public/extensions/CCIDataViewer/CCIDataViewer.html
https://ohiodnr.gov/static/documents/parks/Ohio-State-Parks-Brochure.pdf
https://ohiodnr.gov/static/documents/parks/Ohio-State-Parks-Brochure.pdf
https://climateforhealth.org/wp-content/uploads/2020/06/CFHMFG-web.pdf
https://climateforhealth.org/wp-content/uploads/2020/06/CFHMFG-web.pdf



