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Abstract. Naegleria fowleri causes primary amoebic meningoencephalitis (PAM) which is almost always fatal. Nae-
gleria fowleri is waterborne, and its infections are usually associated with aquatic activities but it can also be transmitted
via the domestic water supply. An increasing number of N. fowleri cases have been reported from Pakistan. Improved
methods for diagnosis are required.We report the utility of polymerase chain reaction (PCR) for the diagnosis ofN. fowleri
in patients suspected of PAM. One hundred and sixteen cases suspected of having PAMwere examined. Cerebrospinal
fluid (CSF) specimens were tested at the Aga Khan University Hospital, Karachi. Nineteen CSF specimens were positive
for N. fowleri using PCR. Naegleria fowleri positive patients had a median age of 28 years and were 84%male and 16%
female. Overall, CSF wet preparation microscopy was performed in 85 (73%) cases and identified that seven specimens
were positive for motile trophozoites. The CSF wet preparation results were available for 15 of the 19 N. fowleri PCR
positiveCSFsamples; seven (40%)wet preparationswere positive.Our data highlight the threat ofN. fowleri infection as a
cause of PAM. It also emphasizes the utility of the PCR-based diagnosis of the amoeba for early diagnosis and man-
agement of the disease.

Naegleria fowleri is a virulent, thermophilic, and free-living
amoeba which causes rare but fatal primary amoebic menin-
goencephalitis (PAM). Naegleria fowleri can be isolated from
soil and fresh water. Naegleria fowleri can proliferate in fresh
water especially in the summer time when higher tempera-
tures are conducive for its growth. Although N. fowleri infec-
tions are most often associated with recent exposure to fresh
water during recreational activities, they have alsobeen caused
by inadequately chlorinated domestic water supply or swim-
ming pools.1,2 Recently, the PAM cases associated with nasal
irrigation using neti pots and ablution practices (ritual nasal
cleansing) have also been diagnosed.3,4

Naegleria fowleri invades the nervous system when con-
taminated water is deeply inhaled via the nose. The amoeba
invades thenasalmucosa,migratesalongnervefibers andenters
the olfactory bulb to reach the cribriform plate, and enters the
brain. Within a few days of exposure, patients present with
headache, fever, nausea, stiff neck, confusion, seizures, and
hallucinations. The disease progresses rapidly, causing death
within an average of 10 days from exposure.5

The first case of N. fowleri was reported from Karachi,
Pakistan, in 2008, in a 25-year-old male who had a history of
swimming in a river, part of the domestic water supply to
Karachi.6Naegleria fowleri has also been shown to be present
in the pipedwater supply of Karachi.7 Additional cases of PAM
diagnosed at Aga Khan University Hospital (AKUH), Karachi,
Pakistan, have been described previously.8,9 PAM can be di-
agnosed using microscopic methods, such as the wet film
preparation of cerebrospinal fluid (CSF), CSF culture, and
amebic antigen detection. In addition, the direct detection of
parasite DNA by polymerase chain reaction (PCR) can be
performed in CSF, biopsy, or tissue specimens. In 2013, im-
proved algorithms for laboratory based and clinical diagnosis
of PAM in severemeningoencephalitis were initiated at AKUH.
Both wet preparation examination of CSF and PCR forN. fowleri

became part of the routine workup at AKUH for cases sus-
pected of PAM. PAM was suspected in patients presenting
with signs and symptoms consistent with Acute Bacterial
Meningitis (ABM) during the hotter months of the year (March
to October, Figure 1). Factors which increase the likelihood of
PAM over ABM include: male in gender, age under 40 years,
and presentation with nausea and seizures. All patients with a
history of fever, headache, andalteredmental statuswere also
screened for PAM. Patients presenting to AKUH in summer
monthswith clinical featurescompatiblewithPAM,weregiven
antibiotics; empiric treatment for PAM was initiated if there
was an anticipated delay in diagnostic confirmation. This
comprised amphotericin B 1.5 mg/kg every 12 hours for
3 days with 1 mg/kg/day intravenous (IV) and 1.5 mg in-
trathecal, azithromycin 10 mg/kg once daily (OD), fluconazole
800mg in 24hours, rifampin600mg IVOD, chlorpromazine up to
2 gm/day, and miltefosine 150 mg/day.
We present a retrospective review of cases who presented

with PAM-like manifestations and a clinical disease course
consistent with PAM at AKUH during May 2014 to October
2015. The study received approval from the Ethical Review
Committee, The Aga Khan University, Karachi. All requests
received for N. fowleri PCR and CSF wet preparation exami-
nations by the Clinical Laboratory, AKUH, during the study
period were evaluated. Accompanying patient history sub-
mitted with each test request was reviewed. As per routine,
laboratory protocol history collected included demographic
information, history of aquatic activities, and clinical history
pertaining to primary symptoms, such as fever, severe head-
ache, vomiting, and seizures.
A total of 116 CSF specimens were received for testing of

suspected PAM by the PCR and/or wet preparation exami-
nation. Patientswere predominatelymale,N=86 (74%),with a
median age of 33.5 years (range, 9–90 years).
For PCR, DNA was extracted from the CSF samples. The

PCRwasperformed usingprimers targeting 16S rRNAgeneof
Naegleria spp. as described previously.10 As an assay control,
a parallel PCR for human RNase P gene was used for sample
(using primers RNAP Forward 59-AGA TTTGGACCTGCGAGC
G-39, RNAP Reverse 59-GAG CGG CTG TCT CCA CAA GT-39,
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RNAP Probe 59-FAM-TTC TGA CCT GAA GGC TCT GCG CG-
BHQ1-39). A microscopic examination was performed by wet
preparations of the CSF specimens. Pseudopodia forming,
actively motile cellular structures were presumptively identi-
fied as Naegleria spp.
Naegleria fowleri PCR was performed for 116 CSF samples

of which 19 (16%) were positive. Ten positive CSF samples
were from 2014, and nine were identified in 2015. Of the
N. fowleri positive subjects, 16 (84%) were males with a me-
dian age of 28.5 years. The three female patients had amedian
age of 22 years. Laboratory testing of the CSF for N. fowleri
PCR was within 24 hours during which the treating physician
was informed in each case.
TheCSFwetpreparationmicroscopywasperformed in85/116

cases and of those tested, seven were positive with motile tro-
phozoites. A comparisonwasmade betweenN. fowleriPCR and
CSF wet preparations results for the same specimens. The CSF

wet preparation data were available for 15 of the 19 PCR positive
cases, of which seven (40%) were positive for Naegleria sp.
CSF findings of patients microbiologically confirmed for

N. fowleri infection (N = 19) were compared with suspected
PAMcaseswith a negative result (N= 97). InN. fowleri positive
cases, total leukocyte counts (TLCs) were elevated with pre-
dominant neutrophils (median, 80%). Also, CSF specimens
from PAM patients had significantly higher TLCs and protein
concentrations but lower glucose concentrations as com-
pared with those from N. fowleri negative patients Table 1.
Presenting symptoms in PAM patients were fever, head-

ache, vomiting, and followed by severe neurological in-
volvement, such as altered consciousness and seizures, and
two patients were found neurologically dead at the time of
presentation. The average duration of illness with the onset of
severe symptoms was 3 days for N. fowleri positive cases.
Most cases12/19 (63%)were reportedduring summermonths

FIGURE 1. PAMcases in2014–2015andaveragemonthlypeak temperaturesKarachi, Pakistan.Bar charts representNaegleria fowlericasesdetected
in 2014–2015. The numbers of positive cases detected each year are indicated. Average monthly temperatures recorded are indicated by a red line.
Positive cases were mostly detected in summers when temperatures were higher (above 30�C). This figure appears in color at www.ajtmh.org.

TABLE 1
Clinical features and CSF analysis results in patients with suspected primary amoebic meningoencephalitis (PAM), Karachi, Pakistan, 2014–2015

Patient characteristic N. fowleri cases (N = 19) Patient with meningitis like illness (N = 97) P values

Median age (years) 28 35 0.557
Gender (%) –

Male 16 (84) 70 (72)
Female 3 (16) 27 (28)

Duration of illness before testing (days) 2–3 1–3 –

Symptoms
Fever (%) 63 51 –

Headache (%) 32 27 –

Seizures (%) 21 32 –

Altered consciousness (%) 53 14 –

Disorientation (%) 10 8 –

*CSF analysis Median values
Glucose, mg/dL 29 (5–264) 73 (5–314) 0.0001†
Protein, mg/dL 326 (27–426) 60 (4–393) 0.0001†
Leukocytes, cells/mm3 1,440 (2–9,000) 30 (2–64,000) 0.012†
Neutrophils, % 80 (30–95) 70 (5–95) 0.18
Lymphocytes, % 20 (5–70) 30 (5–95) 0.181
Red blood cell (RBC), cells/mm3 212 (2–13,460) 90 (2–6,184) 0.227
*Normal values CSF glucose 45–80 mg/dL, Protein 20–40 mg/dL, Leukocytes 0–5 cells/mm3, Red blood cell (RBC) 0–10 cells/mm3.
†Denotes significant differences (P £ 0.05) between N. fowleri confirmed cases and patient with meningitis-like illness, analysis were performed using nonparametric Mann–Whitney U tests.

NAEGLERIA FOWLERI CASES FROM PAKISTAN 1601

http://www.ajtmh.org


(May to September) when average daytime temperatures were
between 33�C and 36�C in Karachi. The PAM patients were
predominantly male (84%) which concurs with other studies;
however, the reason for this predilection tomales isnotclear.11

ElevenPAMcaseswere inpatients at AKUH.SevenPAMcases
were from other parts of Karachi and the Sindh province,
whereas one case was from Lahore, Punjab province.
The 11 PAMpatients at AKUHwere admittedwithin 3–4 days

of the start of initial symptoms which included a severe
headache accompanied by high grade fever. They were all
administered using the PAM antibiotic protocol. However, in
10/11 cases, the disease rapidly progressed to severe illness,
and the patients expired within 3–4 days due to severe neu-
rological damage.
One patient was successfully treated for PAM. The survivor

was a 25-year-old male who presented with a 3-day history of
high grade fever, headache, vomiting, drowsiness, and gener-
alized tonic-clonic seizures. As per AKUH guidelines, he was
administered the PAM treatment protocol. The patient showed
clinical improvement after a week of admission, was mobilized
after 2.5 weeks, and then discharged after 4 weeks. He sub-
sequently made a full recovery within 6 months.
Of the 19PAMcases in this study (2014–2015), only onehad

a history of swimming in a pool. This corresponds with a
previous report fromPakistan which linkedN. fowleri infection
exclusivelywith tapwater exposure.8Over the years, there has
been an upsurge in the number of PAM cases diagnosed
during summer months in Karachi, Pakistan.12 Since the first
confirmed case of N. fowleri in 2008,6 an average of 10 cases
per year have been reported.8,13 This frequency has been
associatedwith the rising temperature of domesticwater (May
to September) and poor chlorination of potable water sour-
ces.14 From April to October, the average temperature in
Karachi remains above 30�C and almost all N. fowleri positive
cases have been diagnosed during this period.15 In 2015, six
PAM cases reported in May and July were again attributed to
hot weather and a heat wave in July when temperatures
soared above 40�C.16

Because of an intermittent water supply, especially in the
populous city of Karachi, water is stored in tanks to ensure
continuous domestic supply. Ghanchi et al.7 suggest that
water stored in overhead tanks during summer months with
negligible chlorine levels can facilitate the propagation of
N. fowleri amebae which can lead to PAM cases.
It is likely that the PAM cases in Pakistan may be under-

reported because of limited facilities for diagnosis and testing,
lack of awareness of this rare infection among clinicians, and
under-resourced health facilities. PAM cases may be mis-
diagnosed as bacterial meningitis. Additionally, difficulty in
identification ofN. fowleri onwet preparationmay lead to delay
in appropriate treatment and management of PAM cases.11

In this N. fowleri endemic region, there is a great need for
improved diagnostics for the amobea. The PCR-based di-
agnosis of CSF is more sensitive than wet preparation ex-
amination and should be the method of choice for N. fowleri
diagnosis. Generally, as PAM presents during the summer
months, there is a need for enhanced chlorination of domestic
water supply to reduce the risk of ameobic growth. Also,

public awareness needs to be raised regarding methods to
reduce the risk of acquiring N. fowleri infection.
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