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a b s t r a c t

A survey was designed to know the concentration of Naegleria fowleri in recreational areas in Hornos,
Sonora, during a year. Samples were taken monthly at La Isleta and Las Palmas and the total amoeba
counts were obtained by the most probable number method (MPN). The identification of N. fowleri
was made by PCR. The maximum concentration of total thermophilic amoebae was 9175 MPN/L for La
Isleta and 3477 MPN/L for Las Palmas. Thermophilic Naegleria were present mainly during summer
and fall. October’s concentrations were up to 201 MPN/L, at both places. The maximum concentrations
of N. fowleri were 201 MPN/L and 18 MPN/L for La Isleta and Las Palmas respectively, and were isolated
from August to October. The presence of N. fowleri in these particular natural bodies of water reinforces
the need for adaptation of preventive measures to avoid cases of primary amoebic meningoencephalitis.

� 2010 Elsevier Inc. All rights reserved.

1. Introduction

Free-living amoebae are widely distributed in nature. Within
the genus Naegleria, the species N. fowleri produces a rapid and
fatal infection of the central nervous system (CNS), which is known
as primary amoebic meningoencephalitis (PAM), and occurs in
healthy individuals with recent history of swimming or other
activities in warm water (Cabanes et al., 2001; Schuster, 2002;
De Jonckheere, 2002; Vargas-Zepeda et al., 2005; Visvesvara
et al., 2007). However two other species of the genus, N. australien-
sis and N. italica, have been proven to be pathogenic in laboratory
tests on animals and are considered potentially pathogenic for hu-
mans (De Jonckheere, 2002). The usual habitat of Naegleria fowleri
is in natural or man-made freshwater lakes, thermally polluted
bodies of water, or in inadequately chlorinated domestic or swim-
ming pool supplies where the amoebae can feed upon bacteria and
proliferate (Marciano-Cabral, 1988; Schuster, 2002; De Jonckheere,
2002; Marciano-Cabral et al., 2003).

The identification of pathogenic free-living amoebae in bodies
of water, which can be a risk for acquiring the disease, has taken
great importance at present. French health authorities have advo-
cated a rule that prohibits swimming or playing sports in natural
bodies of water where the presence of N. fowleri reaches concentra-

tions greater than 100 N. fowleri/L (Cabanes et al., 2001; Pringuez,
2001). A legal standard for thermophilic Naegleria in fresh bodies of
water in Western Australia was proposed, based on estimating the
density of thermophilic Naegleria using the most probably number
approach method (Peeler and Macclure, 1992). The proposal in-
cludes a guideline level of 5 thermophilic Naegleria/L of water,
and an action level of 2 thermophilic Naegleria/L, with a corre-
spondingly graduated response (Lugg and Psaila-Savona, 2001).

In Mexico, there are many natural bodies of fresh water used for
recreational purposes. Particularly in Sonora where PAM cases
have been reported (Vargas-Zepeda et al., 2005), it is still contro-
versial to take any restrictive action as closing, or posting public
warnings in bodies of water where qualitative analysis are positive
to Naegleria, and where it is a normal habitat for free-living amoe-
bae. We do not have enough studies to establish quantitative crite-
ria of the number of pathogenic free-living amoebae in natural
bodies of water in order to set actions to reduce the risk of acquir-
ing infections caused by N. fowleri and/or other species pathogenic
to humans. The objective of this study was to monitor the popula-
tion of thermophilic Naegleria spp. and N. fowleri in two different
bodies of water over the course of a year.

2. Materials and methods

The study was realized in two natural bodies of water; La Isleta
with running water (lat. 27� 43’ 57.72’’N, long. 109� 52’ 29.35’’W)
and the lagoon Las Palmas (lat. 27� 45’ 11.83’’N, long. 109� 54’
2.89’’W) which are used as recreational water bodies in resorts.
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Samples were taken monthly from each site from November 2007
to October 2008. One-liter samples were taken from the shore,
removing sediment first and then leaving it to settle a bit (with
the intention of removing attached amoebae from rocks and
plants). With each sampling, water temperature was measured,
and samples were transported to the laboratory at room tempera-
ture. In order to count amoebae by the most probable number
(MPN) method, each sample was homogenized by manual shaking
during 30 s, and five volumes of each 100 and 10 mL were filtered
through 1.2-lm-pore-sized cellulose acetate filters (Millipore); fol-
lowed by seeding from the deposit on the filters onto plates con-
taining non-nutrient agar coated with living Escherichia coli
(NNE) (Page, 1988). Separately, volumes of 1 and 0.1 mL of each
water sample were seeded and spread on NNE plates by quintupli-
cate; all plates were incubated at 45 �C for 5 days, giving enough
time for the amoebae attached to the filters to release and/or cysts
change to trophozoites (Pringuez, 2001). The plates were examined
daily for amoebae growth using an inverted light microscope,
transferring those amoebae with typical characteristics of genus
Naegleria to new plates. This selection was repeated in order to ob-
tain pure cultures on NNE plates. The flagellation test was carried
out to confirm that the isolates belonged to the genus, since species
of Naegleria that grow at 45 �C are positive to this test (Guzmán-
Fierros et al., 2008), and to distinguish them from other thermo-
philic genera. To induce the flagellate transformation, 1–2 mL of
sterile distilled water was added to each plate with the strains in
the form of trophozoites, and incubated at 37 �C for 1–4 h; each
plate was examined hourly by inverted microscopy (Page, 1988).

From those thermophilic isolates positive to the flagellation
test, DNA was isolated from pelleted trophozoites using the UNSET
method (Hugo et al., 1992). The PCR amplification was according to
the manufacturer’s instructions using PuRe Taq™Ready-To-Go™
(Amersham, Biosciences) PCR beads. The primer set used was spe-
cific for N. fowleri, NFFW 50-TGAAAACCTTTTTTCCATTTACA-30 and
NFRW 50-AATAAAAGATTGACCATTTGAAA-3, these sequences are a
slight adaptations made by Johan De Jonckheere (personal commu-
nication) to the ones designed by Pélandakis et al. (2000) to im-
prove specificity. Reaction conditions were 94 �C for 5 min,
followed by 30 cycles of 94 �C for 60 s, 52 �C for 90 s, 72 �C for
120 s, and an extension at 72 �C for 5 min. The PCR products were
visualized on a 2% agarose gel (SIGMA, St. Louis, MO) following
electrophoresis of 20% of the PCR reaction stained with ethidium
bromide (Fig. 1). Amplified PCR products from isolates were

compared with N. fowleri isolated from a PAM case and previously
genotyped (Vargas-Zepeda et al., 2005).

Determination of the MPN of the total thermophilic amoebae
(TTA) was made according to Pernin et al. (1998) and Peeler and
Macclure (1992), by including the number of the repetitions with
a positive growth of amoebae at 45 �C, thermophilic Naegleria
spp. (TN) by counting the repetitions of those which came with
each isolate that tested positive for flagellation, and total N. fowleri
(Nf), by counting the repetitions of those tested positive for flagel-
lation and PCR. After incubation, flagellation and PCR tests, the pat-
tern of positive and negative results was taken, and a standardized
MPN table was consulted to determine the most probable number
of organisms per unit of volume of the original sample (Peeler and
Macclure, 1992). Knowing that at least 50% of amoebae are lost in
filtration (Pernin et al., 1998), final concentrations of amoebae for
volumes of 100 and 10 mL were corrected after to multiply the
MPN value from the table by 2 (Pringuez, 2001). In case of having
two MPN values for the same sample the higher value was taken as
final result.

3. Results and discussion

The interest in studying the concentration of thermophilic Nae-
gleria, specifically N. fowleri, found in natural bodies of water is due
to their great abundance in these recreational places. Even though
there have been cases of PAM in this region, no regulations for the
use of these bodies of water have been made (Vargas-Zepeda et al.,
2005).

Tables 1 and 2 summarize the results of the monitoring of N.
fowleri, thermophilic Naegleria spp. (TN), and total thermophilic
amoebae (TTA) isolated at La Isleta and Las Palmas respectively.
In both places water temperatures ranged from 18 to 22 �C during
winter season, and between 23 and 35 �C during the rest of the sea-
sons; these temperatures are higher at Las Palmas than La Isleta,
probably due to the constant water movement at La Isleta.
Although the term thermophilic is used to name those amoebae
with the ability to grow at 40 �C or higher temperatures (De Jonc-
kheere, 2002), in this paper we use this term to refer to the amoe-
bae that were isolated and grown at 45 �C, given that that was the
temperature of incubation of the samples.

Thus, thermophilic amoebae were isolated along the year in
both sites of the study, with some variations in concentration
and in higher number at Las Palmas; where the water is relatively
calm.

The presence in Sonora of N. fowleri has been already demon-
strated in other studies (Vargas-Zepeda et al., 2005), but the last
survey for N. fowleri in Hornos, Sonora, conducted during June to
October 2004, was negative for this human pathogen, although
Naegleria spp. and other thermophilic amoebae were isolated when
incubated at 42 �C (Guzmán-Fierros et al., 2008). We thought that
the environmental conditions for the growth of N. fowleri in the
places sampled were given, but the negative result prompted us
to repeat the search three years later, including the sampling
throughout the year and just changing the temperature of isolation
(45 �C), the results of which are presenting in this paper.

The principal goal when detecting the presence of the patho-
genic N. fowleri is to find its correlation with the rise of water tem-
perature, but few investigators have tentatively considered the
exact amount of amoebae in the water (Pernin et al., 1998). As
shown in Tables 1 and 2, thermophilic amoebae were isolated
along the year with counts higher at Las Palmas. The highest con-
centration was registered in both sites during October with 9175
MPN TTA/L and 3477 MPN TTA/L for La Isleta and Las Palmas
respectively. The concentrations of thermophilic Naegleria spp.
showed higher prevalence at La Isleta, which were detected in

Fig. 1. Representative agarose gel showing PCR amplification of Naegleria fowleri.
MWM, 100 bp DNA ladder; PC, positive control; Numbers 20–32, designates the
thermophilic Naegleria isolates tested by PCR.
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eight of the months (Table 1); while in Las Palmas, thermophilic
Naegleria spp. were detected in only six of the months (Table 2),
although at higher concentrations than those reported at La Isleta.
Both sites had 201 MPN/L as the highest concentration rate in
October. The presence of N. fowleri was detected (Fig. 1), from
the month of August at both sites; after temperatures reported
were above 30 �C, and prevailed during the following months;
yielding the higher concentrations of 201 MPN/L in La Isleta and
18 MPN/L in Las Palmas in October, which was the month with
the highest reported concentrations in both places. In the study
sites, a total of 984 thermophilic isolates were obtained in both
bodies of water, of which 52% were from La Isleta and 48% from
Las Palmas (Table 3). Ninety-two isolates were positive to flagellate
test, of which 38 were isolated at La Isleta and 54 at Las Palmas. Of
these Naegleria isolates, PCR testing for N. fowleri, was positive for
18 strains, which were isolated during the months of August, Sep-
tember and even in October, when the temperature of the bodies of
water had decreased considerably (Tables 1 and 2). As our main
goal was to identify and to quantify N. fowleri, we did not try to

identify other amoebae. It is interesting to notice that the concen-
tration of N. fowleri in this kind of natural waters represented only
1.8% of the total thermophilic amoebae and 19.5% of the total Nae-
gleria spp. Isolated (Table 3). Pernin et al. (1998) demonstrated by
the MPN method that N. fowleri is found in smaller proportions
compared with the other species of Naegleria, specifically N. lovan-
iensis. Also, in this study it was found that only a 16.2% of the
strains of Naegleria spp. isolated during the study belonged to N.
fowleri (Pernin et al., 1998). The concentration of thermophilic Nae-
gleria spp. showed that the temperature of the natural bodies of
water correlates with the proliferation of the species, although
the low level of presence of N. fowleri it seems to be related to other
factors, including other organisms as was demonstrated in studies
in lakes used to cool down nuclear power plant reactors (Jamerson
et al., 2009).

The monitoring showed the constant fluctuation in the concen-
tration of the total thermophilic amoebae population, and what
months are those where potentially pathogenic amoebae can be
detected. If these results are taken under the criteria of Western
Australian Legal Standard, which are based on two thermophilic
Naegleria/L (Lugg and Psaila-Savona, 2001); some actions should
be taken during most parts of the year. In studies by Cabanes
et al. (2001), it was determined that concentrations greater than
100 N. fowleri/L represent a risk to aquatic activities practiced in
these places. In this study, this limit was exceeded in the month
of October. Unlike other countries, Mexico has not determined
health parameters for risk prevention in natural bodies of water,
reason why it has been reflected in PAM cases reported within

Table 1
Most probable number of total thermophilic amoebae (TTA), thermophilic Naegleria spp. (TN) and Naegleria fowleri (Nf) at La Isleta, Sonora on 2007–2008.

Sampling La Isleta

Temperature of water (�C) MPN TTA/L MPN TN/L MPN Nf/L

100–10 mL 1–0.1 mL 100–10 mL 1–0.1 mL 100–10 mL 1–0.1 mL

15/November/07 23 48 <200 — — — —
14/December/07 21 26 <200 4 — — —
14/January/08 19 >161 201 14 — — —
14/February/08 18 >161 201 10 — — —
14/March/08 19 322 201 — — — —
14/April/08 22 48 <200 — — — —
15/May/08 25 56 <200 22 — — —
13/June/08 30 108 201 4 — — —
11/July/08 29 70 <200 — — — —
15/August/08 31 >161 <200 4 — 4 —
15/September/08 29 >161 1086 4 — 4 —
13//October/08 25 >161 9175 108 201 16 201

—, Not detected.

Table 2
Most probable number of total thermophilic amoebae (TTA), thermophilic Naegleria spp. (TN) and Naegleria fowleri (Nf) at Las Palmas, Sonora on 2007–2008.

Sampling Las Palmas

Temperature of water (�C) MPN TTA/L MPN TN/L MPN Nf/L

100–10 mL 1–0.1 mL 100–10 mL 1–0.1 mL 100–10 mL 1–0.1 mL

15/November/07 25 322 <200 — — — —
14/December/07 22 322 201 — — — —
14/January/08 18 108 <200 4 — — —
14/February/08 18 692 201 — — — —
14/March/08 21 70 407 — — — —
14/April/08 26 16 <200 — — — —
15/May/08 27 26 <200 — — — —
13/June/08 33 322 452 48 — — —
11/July/08 33 184 452 26 — — —
15/August/08 35 322 201 16 — 8 —
15/Sepember/08 33 >161 452 8 — 8 —
13/October/08 29 >161 3477 28 201 18 —

—, Not detected.

Table 3
Free-living amoebae isolated and grown at 45 �C from La Isleta and Las Palmas,
Sonora on 2007–2008.

Free-living amoebae La Isleta Las Palmas Total

Total thermophilic amoebae 493 (52%) 455 (48%) 948
Total Naegleria 38 (41%) 54 (59%) 92
Naegleria fowleri 7 (39%) 11 (61%) 18
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the country (Lares-Villa et al., 2001). This study allowed us to
establish the months in which the concentration of N. fowleri is
detectable in surface waters of this region, and therefore giving
us the ability to carry out preventing measures in these places.
On the other hand, it is still uncertain which factor or factors pro-
mote or control the appearance of N. fowleri besides influence of
temperature in natural waters.
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