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Objectives

Background: Pathogenic free-living amebae (FLA) can cause 
serious CNS, eye, skin, and organ disease in humans. Disease is 
complicated by lack of streamlined diagnostic methods as well as by 
gaps in understanding the treatment and pathogenesis of these 
infectious agents. 

1. Discuss the epidemiology and pathogenesis of FLA: 
Acanthamoeba, Balamuthia, Naegleria, and Sappinia.

2. Present examples of case reports associated with FLA.

3. Promote awareness about FLA diagnostic and treatment options.



What are free-living amebae (FLA)?

Obligatory Facultative

• Parasite is physiologically dependent 

from its host

• Parasite cannot survive if isolated from 

its host

• Free-living organism

• Capable of becoming parasitic



Pathogenic FLA

Over 100 species of FLA

Four genus are pathogenic: Acanthamoeba spp., Balamuthia 
mandrillaris, Naegleria fowleri, and Sappinia diploidea

• Eukaryotic, aerobic, mitochondriate organisms

• Stages: cyst and trophozoite; Naegleria also has a flagellate stage

• Ubiquitous in freshwater, soil, and air
• Nature
• Built environment
• Hospitals

• Infection
• Inhalation
• Eye contact
• Skin lesions

Mushtaq, et al. Naegleria fowleri, the causative agent of primary amoebic 
meningoencephalitis 2016



Diseases caused by FLA

Acanthamoeba spp.

• Granulomatous amebic encephalitis (GAE), keratitis, cutaneous 

lesions, nasopharyngeal, pulmonary, and kidney damage

• Mostly an opportunistic pathogen, keratitis in immunocompetent 

individuals

Balamuthia mandrillaris

• GAE, skin, and lung infections

Naegleria fowleri

• Primary amebic meningoencephalitis (PAM)

Sappinia diploidea

• Only one human infection has been reported leading to brain disease



The concern

• Rare group of diseases
• Low incidence high mortality

• Disease in immunocompetent and immunocompromised

• Affect mostly children and young adults

• Lack of well-established recommend treatment and diagnostic 
protocols

• Early diagnosis is critical
• Aggressive rapid-progressing disease

• Non-specific clinical presentation

• Lack of familiarity, protocols, or SOP in labs can cause delays in diagnosis

• High number of cases in the state of TX



Granulomatous amebic encephalitis (GAE)

• Caused by Acanthamoeba spp. and B. mandrillaris

• Cases reported: ~200 due to B. mandrillaris and ~15 due to 
Acanthamoeba spp.

• Portal of entry: skin lesions or respiratory tract

• Environmental reservoir: freshwater, soil, humidifiers, tap water

• Case fatality rate: 90%-94%



GAE Case report

• 82-year-old man

• 2-week history of generalized weakness

• History of B-cell lymphoma, 10 years remission

• Aphasia, right-side weakness, and altered mental status

• MRI: abnormality in left paramedian frontal lobe (A)

• CSF: ↑protein, 455 nucleated cells
• 22% neutrophils, 46% lymphocytes

• Culture negative

• Cytology: no malignant cells

• Unresponsive to treatments

• Second MRI (B); Died 9-days later



GAE Case report, cont. 

• Autopsy showed liquefactive necrosis (C)

• Brain biopsy showed trophozoites and cysts (D)

• PCR identified Acanthamoeba spp. 

• Possible source of infection: exposure to soil from potted-plants



GAE Pathophysiology

• Acanthamoeba GAE: immunocompromised, chronically ill, diabetic

• Balamuthia GAE: healthy and immunocompromised

• Exposure → blood → brain

• Dissemination to other organs

• Incubation period: not clear
• Weeks to months

• Personality changes, aphasia, 
fever, seizures, headache, facial 
asymmetry

• Often misdiagnosed as 
bacterial/viral encephalitis or 
brain tumor



GAE Pathophysiology, cont. 

• Necrosis results from actively 
feeding amebae that cause direct 
brain damage and inflammation

• Focal lesions in basal ganglia, 
midbrain, brain stem, or cerebral 
hemispheres

• Amebae localize in perivascular 
spaces in the parenchyma

Stidd, et al. GAE Caused by Balamuthia in an immunocompetent girl, 2012



GAE Diagnosis

• CSF: normal glucose, ↑ protein 

• Brain lesions observed by CT and MRI – nonspecific 

• Most diagnoses made at autopsy
• Brain tissue biopsy – H&E stain
• Immunofluorescence and immunohistochemistry
• PCR and real-time PCR
• Culture

• Treatment
• Problematic
• In-vitro efficacy of combination drugs: rifampin, azoles, pentamidine, 

isethionate, sulfadiazine, flucytosine, azithromycin, miltefosine, and 
caspofungin



Acanthamoeba keratitis (AK)

• Caused by Acanthamoeba spp. (A. castellanii)

• Cases reported: 3,000 cases in immunocompetent individuals

• Portal of entry: improper use of contact lenses, corneal trauma, eye 
lesions

• Environmental reservoir: contact lens solution, freshwater, soil and 
dust

• Case fatality rate: Not estimated, can result in permanent blindness
• Certain studies report: 1.2 cases per million adults



AK Case report

• 26-year-old male

• Severe eye pain, photophobia, and tearing in his left eye

• Wore “cat’s eye” contact lenses from flea market 2 days ago
• Stored in ReNu contact lens solution in a new case

• Diagnosed with a corneal abrasion

• Treated with gatifloxacin hourly for 4 days

• Referred to a University Eye Center



AK Case report, cont.

• Chemosis, corneal edema, and dense stromal ring infiltrate

• Corneal scrapping culture showed growth of Acanthamoeba 

• Treatment: propamidine isethionate and gatifloxacin

• Increased pain, unable to comply with treatment

• Hospitalized
• Keratoplasty 

• Developed non-pupillary block angle closure glaucoma

• Required trabeculectomy

• Left eye visual acuity 20/200, no follow-up



AK Pathophysiology

• Eye infection

• Clinical manifestations: redness, lacrimation, foreign body 
sensation, photophobia, and ring infiltrates

• Damage is the result of trophozoite-mediated cytolysis of the cornea

• Destruction of corneal epithelium and stroma leading to 
inflammation

• Keratoneuritis with branching infiltrates of amebae along the corneal 
nerves to the anterior stroma causing hypopyon, blindness, and 
enucleation

Corneal nerves: structure, contents and function, Linda J. Muller



AK Diagnosis

• Misdiagnosed for viral keratitis 

• Gold standard: culture on CHOC, BAP 
and NA with E. coli overlay

• Phase contrast, bright field, and confocal 
microscopy

• PCR and real-time PCR

• Treatment
• Biguanidines, chlorhexidine, and diamidines 

(propamidine isethionate Brolene)

• Hourly administration for 3 days, then every 
3h for 3-4 weeks

An update on Acanthamoeba keratitis, Jacob Lorenzo-Morales



Primary amebic meningoencephalitis (PAM)

• Caused by Naegleria fowleri

• Cases reported: 381 cases, USA, Pakistan, and Mexico, children

• Portal of entry: inhalation of water

• Environmental reservoir: warm freshwater, swimming pools, 
geothermal waters, warm ponds, potable water

• Case fatality rate: 95%



PAM Case report 1

• 9-year-old male

• 1-day history of headache on the right side; and fever

• Swam in a lake 10-days before the onset of symptoms

• Day 1
• Fever and lethargy
• Acyclovir 
• Unresponsive → Intubated 

• Day 2
• Stiff neck, lethargy
• Cloudy CSF; negative for bacteria and fungi

• Day 3
• Empiric therapy with ceftriaxone and corticosteroids
• CT scan: diffused cerebral edema, anisocoria

• Day 6
• Patient expired; autopsy performed



PAM Case report 2

• 12-year-old female

• Unremarkable clinical history

• Admitted to the ER with a 3-day history of headache, lethargy, fever, 
nausea, and vomiting

• Normal head CT scan

• Lumbar puncture: Gram stain and Wright Giemsa

• Treatment
• Amphotericin B/Rifampin/Azithromycin /Fluconazole/Miltefosine

• Recovered
• 52-days



PAM Case report 2, cont.

CSF cytospin – Wright-Giemsa

CSF cytospin – Gram stain



PAM Case report 2, 
cont.



PAM Pathophysiology

• Inhalation of water with amebae

• Attaches to nasal mucosa → olfactory 
nerves → cribriform plate → olfactory 
bulbs → necrotizing 
meningoencephalitis

• Direct brain tissue damage
• Formation of food cups

• Hydrolyses, phospholipases, 
neuraminidase

• Innate immune system response

Corneal nerves: structure, contents and function, Linda J. Muller



PAM Pathophysiology, cont. 

• Clinical onset 2-8 days post infection

• Meningitis-like illness resulting from lytic necrotic hemorrhage

• Lesions around the base of the orbitofrontal and temporal love, base 
of brain, and hypothalamus

• Death 3-7 days after onset

Centers for Disease Control and Prevention



PAM Diagnosis

• Factors leading to poor prognosis

• Diagnosis is often performed postmortem
• Histopathological examination

• IHC, IIF, PCR

• Culture

• Antemortem diagnosis
• CSF cytospin

• IHF, IIC, PCR

• Successful diagnosis relies on proper knowledge of 
available testing methodologies and protocols



PAM Diagnosis – CSF Direct visualization

• Use fresh unrefrigerated CSF

• Wet mount can show trophozoites 15-30 μm

• Cytospin: 5,000g for 5 min

• Stain: Wright-Giemsa, H&E, and trichome

• Gram stain is not recommended 

• Do not heat-fix slides

Lethal encounters: The evolving spectrum of amebic meningoencephalitis, Sandra G. Gompf



PAM Diagnosis – Brain biopsy

• Fresh unfixed brain tissue if available to test immediately

• Fixed in 10% neutral buffered formalin

• Stain with H&E, PAS, trichrome, or Wright-Giemsa

• Amebae measure 15-30 μm with granular and vacuolated plasma 
and single dense karyosome

Pharmacy students’ knowledge assessment of Naegleria, Sadia Shakeel



PAM Diagnosis – Antigen detection

• IIF and IHC at the CDC

• Use polyclonal or monoclonal antibodies that detect Naegleria in 
CSF or brain

• FITC-conjugated or immunoperoxidase-labeled secondary 
antibodies

• MALDI-TOF for research use

Centers for Disease Control and Prevention



PAM Diagnosis – Nucleic acid detection

• Gold standard 

• PCR targets the 5.8S ribosomal DNA gene, the ITS1/ITS2, or the 
18S rRNA gene sequences

• CDC uses a triplex real-time PCR to detect Acanthamoeba,           
B. mandrillaris, and N. fowleri

• CDC requirements
• 0.1g of fresh unfixed tissue or 0.2mL CSF

• Routine turnaround time 7-days

• Prompt communication → same-day results

• Next-gen sequencing

• LAMP assay

Fatal Naegleria fowleri meningoencephalitis, Italy, Paola E. Cogo



• Culture
• Growth after 1-2 days at 37°C in nonnutrient agar with E. coli
• Axenic culture, Nelson, SCGYEM, and PYNFH

• Serology
• Population studies
• Prevalence of antibody titers in healthy adults, children, and 

hospitalized 
• ELISA, Western blot, and immunofluorescence

• Environmental testing
• Culture
• PCR
• Not routinely performed in clinical investigations

PAM Diagnosis – Other



Sappinia amebic encephalitis (SAE)

• Identified as a pathogen in 2003

• Healthy 38-year-old man 

• Loss of consciousness, visual disturbance, headache, and seizures

• MRI showed mass in in posterior left temporal love

• Craniotomy was performed

• Necrotizing hemorrhagic inflammation with FLA

• IIF ruled out other FLA

• Treated with anti-amebic drugs azithromycin,                   
pentamidine, itraconazole, and flucytosine

• Patient survived 



Sappinia diploidea

• Brain biopsy 
• Hemorrhagic necrosis

• Angiodestructive inflammatory infiltrate

• PMNs, lymphocytes, and Mϕ

• Amebae: binucleated, large cytoplasmic vacuole, with phagocytosed cells

• Paraffin sections sent to the CDC
• Negative results

• Unable to isolate viable amebae



Morphological characteristics

• TEM revealed unique morphology not known to other amebae
• Goodfellow et al: “Flattened double nucleoli that are joined together”



Sappinia diploidea

• First isolated in 1908 in Germany from lizard feces

• In 1958, isolated from elk feces in Wyoming

• Last repository was discarded in 1980

• Possible route of infection
• Patient worked as a coastguardsman and lived in a small farm in TX

• Exposure to grazing farm animals

• Sinus infection prior encephalitis onset

• Possible inhalation of the amebae



SAE hallmarks

• Tumor-like mass brain lesion in healthy person

• Central necrosis, hemorrhage, inflammatory exudate without 
eosinophils or granuloma

• Perivascular and diffuse presence of amebae

• Binucleated amebae stained with H&E some with ingested cells

• Trophozoites display red speckled pattern with PAS

• Favorable prognosis after treatment with anti-amebic drugs



Are FLA an emerging group of pathogens?

• Naegleria – increase in reported cases since 2000

• Not clear if incidence is increasing or if due to increased recognition

• PAM qualifies as an emerging infectious disease – climate change



PAM Patterns

• More male than female cases

• Most cases in patients under 20 years old



Naegleria and climate

• Found in natural or artificial warm water areas

• Most common in regions where average annual temperature ranges 
between 15°C and 18°C

• Other factors
• Salinity

• Nutritional availability

• Amebae pathogens

• Competitors



Naegleria thriving conditions

• Grows at temperature range of 30°C to 46°C

• Cysts can survive at 4°C for 6 months

• Viable at saline concentrations up to 1.4% to 2%

• Mostly found floating in biofilms at the surface of water

• Isolated from groundwater and potable water



Potential for Naegleria being emerging

• Currently, PAM displays summer seasonality – warmer global 
temperatures

• Increased cases throughout the year

• New cases in areas not previously reported

• Presence in potable water: Neti pot, ablution

Centers for Disease Control and Prevention



Diagnosis of Naegleria. In-submission. Rojo, Rajendran,, Salazar



Conclusion

• Many labs will not encounter a case of FLA infection

• Fast diagnosis is critical to increase survival of the patient

• Familiarize with clinical presentation

• Availability of diagnostic test

• Availability of miltefosine

• Prevalence not completely clear

• Emerging infectious disease

• Proficiency testing

• Standard operating procedures

• Access CDC resources
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