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P

rimary amoebic meningoencephalitis (PAM) is a rare but
fulminant disease leading to diffuse haemorrhagic necrotising meningoencephalitis, and has a very poor prognosis.1
Naegleria fowleri is the causative agent. At Townsville Hospital, our
ﬁrst conﬁrmed case of PAM was an 18-month-old girl from a rural
location in North Queensland who presented with fever, seizures
and an altered level of consciousness.2 Organisms resembling
Naegleria spp. were seen on microscopy of cerebrospinal ﬂuid
(CSF). Despite aggressive therapy with multiple antimicrobial
agents, the patient died within 72 hours of presentation. An older
sibling of the patient had presented with a similar syndrome
several years earlier and had died of an undifferentiated meningitic
illness. The sibling was retrospectively suspected to also have
had PAM.2

Our second conﬁrmed patient presented in early 2015. A previously well 12-month-old boy from a nearby West Queensland
cattle-farming area had had a 36-hour history of fevers, rhinorrhoea and frequent emesis, which progressed to lethargy
and irritability. Before arrival at the local rural hospital, he had
a toniceclonic seizure lasting 3e5 minutes. On arrival he
appeared drowsy, had mottled skin, a blanching maculopapular rash, which may not necessarily have been related
to PAM, and a central capillary reﬁll of 3e4 seconds. He was
treated with intravenous antibiotics for presumed bacterial
meningitis. Given the remote location and clinical suspicion of
elevated intracranial pressure, lumbar puncture was not performed. On arrival at Townsville Hospital, his Glasgow Coma
Scale score was 8/15, he was increasingly febrile, and had an
evolving maculopapular rash. Broad spectrum antimicrobial
therapy was subsequently started for presumed meningoencephalitis. Within 18 hours of leaving home, he had no spontaneous respiratory effort, reduced tone, up-going plantar
reﬂexes and ﬁxed pupils.

We also searched the Queensland Health Communicable Diseases
Branch and the Communicable Diseases Network Australia
databases for Australian cases, but, as N. fowleri infection is not a
notiﬁable disease, this returned a low yield.

History of Naegleria fowleri
In 1899, the Austrian scientist Franz Schardinger published the ﬁrst
description of an amoeba that transforms into a ﬂagellate, with
drawings of the amoeba, cysts and ﬂagellates. In 1912, Alexeieff
coined the name Naegleria, but physicians at the time thought that
the genus did not cause disease in humans.3 It was not until the late
1960s that Naegleria was implicated as the cause of PAM by the
work of Adelaide pathologists Malcolm Fowler and Rodney
Carter, and of South Australian rural general practitioner Robert
Cooter. In 1965, it was ﬁrst proposed that the organism entered the
CSF through the cribriform plate after Fowler isolated the organism in autopsy specimens. Following communication of his ﬁndings, Cooter and colleagues were able to directly observe the live
amoeba in a CSF sample from a 10-year-old boy who presented
with meningoencephalitis.4,5

We searched the PubMed database using the terms “Naegleri”,
“fowleri” and “meningitis”. No time period was speciﬁed. The
James Cook University eJournal database was searched for
historical information.

N. fowleri lives and multiplies in warm freshwater areas, and
acquisition is often associated with water-based recreational activities.6 Infection may occur when contaminated water is ﬂushed
into the nasal cavity. After penetrating the nasal mucosa and
passing through the cribriform plate, trophozoites migrate along
the olfactory nerve directly into brain tissue. Cases are almost
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Neuroimaging showed diffuse cerebral oedema with progressive
dilation of the ventricular system on sequential studies. An external
ventricular drain was placed because of clinical instability, and CSF
microscopy showed motile trophozoites on a wet preparation and
Giemsa stain, consistent with N. fowleri. The patient was commenced
on intrathecal amphotericin, with no improvement in his clinical
state. The organism seen in the CSF was conﬁrmed after the patient’s
death by polymerase chain reaction (PCR) analysis as being
N. fowleri. When reviewing the patient’s history, it was noted that, as
in previous cases, he lived on a property that used untreated and
unﬁltered bore water domestically, to which he had multiple
potential exposures, including via water play with hoses and
bathing.

Summary
 Primary amoebic meningoencephalitis (PAM) is a fulminant,
diffuse haemorrhagic meningoencephalitis caused by
Naegleria fowleri, with an almost invariably fatal outcome.
 In Australia and the developed world, PAM remains a rare
disease, although it is very likely that large numbers of cases
go undetected in developing countries. N. fowleri is a thermophilic, free-living amoeba with a worldwide distribution. It
is acquired when contaminated fresh water is ﬂushed into
the nose and penetrates the central nervous system via the
cribriform plate.
 Clinical features are similar to those of bacterial meningitis,
but it does not respond to standard therapy and rapid progression to death occurs in most cases. Some survivors have
been reported; these patients received early treatment with
amphotericin B in combination with a variety of other
medications.
 Our review describes the local and worldwide experience of
this disease and its clinical features, and discusses the associated diagnostic challenges. We hope that by detailing the
local response to a recent case, and the outcomes of our
public health campaign, we can improve the knowledge of this
rare disease for doctors working in rural and remote Australia.
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Treatment

3 Great Artesian Basin

Given the limited data available, there are no set
guidelines for antimicrobial therapy; however, it can be
extrapolated from cases of patients who have survived
that combination therapy with multiple anti-parasitic
agents is required.
In 1969, Carter was able to demonstrate the sensitivity of
the organism to amphotericin B (AMB) and it has
remained the mainstay for treatment of PAM to this
day.22 AMB has been used in all patients who have
survived the illness.23 N. fowleri is highly sensitive to
AMB in vitro with a minimum amoebicidal concentration
of 0.01 mg/mL,24 and no resistance has been reported.
Conventional AMB is preferred to liposomal forms as it
can be given intrathecally as well as intravenously.
Despite this, only a few patients have survived.25
Other antifungal drugs, such as miltefosine and the
azoles, have all shown in vitro activity against
N. fowleri.22-24 Miconazole has synergistic activity when
combined with AMB, and ﬂuconazole is used as ﬁrst line
in combination therapy.
Miltefosine is a protein kinase B inhibitor that was originally developed as an antineoplastic agent. It also has
anti-parasitic activity and is used for the treatment of
leishmaniasis. Schuster and colleagues26 reported that
miltefosine showed in vitro activity against free-living
amoebae, including N. fowleri, Acanthamoeba spp. and
B. mandrillaris. Recently, miltefosine has been used in the
treatment of Acanthamoeba granulomatous amoebic
encephalitis and PAM. Linam and colleagues27 described
the case of a child treated for PAM with combination
therapy including amphotericin, miltefosine, ﬂuconazole
and rifampicin, who survived with no signiﬁcant
neurological sequelae.
Rifampicin is commonly used in the treatment of PAM;
however, it has variable central nervous system penetration and poor efﬁcacy in vitro.24 It may also reduce the
efﬁcacy of the azole drugs due to cytochrome P450
interactions. Although azithromycin has shown some
in vitro and in vivo activity against N. fowleri, the other
macrolides are less effective.9 Atypical agents such as the
diamidines and chlorpromazine have been studied in
animal models but have yet to be utilised clinically.24,28

The Great Artesian Basin, from which bore water comes, covers a vast area of rural
Australia. Western Queensland has a particularly wide coverage, and rural
properties use bore water extensively.
Source: Australian Government Department of Sustainability, Environment, Water, Population and
Communities, 2011. Available at http://www.agriculture.gov.au/water/national/great-artesianbasin (accessed Aug 2016). u

Public health

The public health hypothesis was that:



There had been no form of treatment for apparently clean
water.



In recent years, among young families with modern water facilities, there were many more opportunities for water to be
forced into a vulnerable (non-immune) child’s nose at pressure.



Simple ﬁltration and disinfection of all water for washing and
playing would prevent child deaths on these properties.

The public health dilemma was whether health promotion for a
single, rare disease could be cost-effective or gain traction among
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Hot artesian bore water and long surface pipelines promote
large concentrations of N. fowleri, which can be sucked into
water pipes from sediments, particularly in drought years.
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As described, our patient was probably the third child to die with
PAM in 14 years in a small area with a tiny population on remote
Queensland cattle stations. As a response to the third death, a
public health investigation found large numbers of N. fowleri at the
patient’s homestead. In this district, water was sourced from deep
artesian bores at about 60 C (Box 3) and cooled in open surface
dams before being piped hundreds of metres on the surface to
households, keeping water temperatures high. It was noted that
the cases described in North Queensland were of children too
young to be swimming in surface waters, the assumption being
that they contracted the disease in the home environment. There
had never been water treatment or ﬁltration in the homesteads for
generations; the clarity and taste of the bore water had often been a
source of pride for owners. The difference in the present era of rural
life was the advent of modern facilities, allowing the heated bore

water to be pressurised via taps, hoses, toys and showerheads and
delivered directly into the homestead.

3
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rural people possibly reluctant to accept an expensive treatment of
their water. Untreated surface water can also lead to a whole
spectrum of gastrointestinal diseases, even if these were not
familiar to the remote communities. It was decided that a health
promotion campaign about domestic water ﬁltration and treatment
could protect not only from PAM but also from a range of other
diseases.
The family of our second conﬁrmed patient embarked on a rural
education campaign of their own to prevent any further deaths
from PAM or other waterborne diseases, culminating in an episode
of the television series Australian Story in November 2015.29 To
coincide with this story, public health physicians gave a series of
talks to communities and health staff across a wide area of outback
Queensland. To follow up the face-to-face campaign, Queensland
Health released a safe water booklet with advice on cost-effective
ﬁltration and disinfection.30 As a result, many rural properties
and some small towns are installing water treatment equipment for
the ﬁrst time. The South Australian and Western Australian
governments have online education resources speciﬁcally targeting rural communities at risk of amoeba acquisition,31,32 with the
primary focus on prevention. The aim of the Queensland public
health booklet was to provide a more comprehensive education
document for water treatment in rural communities.30
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