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Occurrence of Naegleria and Acanthamoeba in Aquaria
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Samples from 24 aquaria were incubated at 28, 37, and 45°C for the isolation of
Naegleria and Acanthamoeba. Naegleria was the predominant genus (60.9%),
whereas Acanthamoeba represented 15.5% of the isolates. No pathogenic N.
fowleri was identified, although a high number of strains were closely related to
this species. One isolate (Aq/9/1/45D) was compared with an aquarium isolate
(PPMFB-6) from Australia. The Belgian isolate was found to be more related to
N. fowleri, whereas the Australian isolate was closer to N. gruberi.

During recent years, free-living amoebae have
been isolated from such diverse places as surface
waters, swimming pools, drinking water, human
and animal bodies, and the air. Amoebae were
even found in a dialysis unit and in tissue cul-
tures.

Isolates of Naegleria and Acanthamoeba, es-
pecially, have attracted much attention, because
they can cause severe neurological disease in
humans (for a review see ref. 4).
A few attempts have been made to examine

the bacterial population in aquaria, but the
search for parasites has been omitted (9).
Aquaria, however, are water reservoirs present
in many homes, and direct contact exists fre-
quently. In addition, they may often have a high
temperature because they contain tropical
fishes, and they may therefore be a favorable
breeding place for parasites, especially thermo-
philic amoebae such as N. fowleri. A few reports
show that aquaria could be places for human
infections. A possible relationship between Nae-
gleria meningoencephalitis and aquarium con-
tact, where no association with swimming could
be established (1), has been suggested in Aus-
tralia.
There has been a report on fish kills in home

aquaria and in a laboratory aquarium due to
amoebae which were probably Acanthamoeba
(10). Large fish kills in lakes and fishponds have
also been caused by Acanthamoeba (8).

All these observations taken into considera-
tion, it was thought worthwhile to investigate
the incidence of Naegleria and Acanthamoeba
spp. in aquaria, which may be a source for hu-
man infection.

MATERIALS AND METHODS
During the period from October 1976 through

March 1977, 24 aquaria were sampled. Half of them
were located in private houses and in a laboratory,

and the other half were aquaria in a zoological garden
with fishes from all over the world. It is perhaps
appropriate to note that the aquaria are not located in
the laboratory where research is done on the amoebae.
This laboratory is in a separate building, situated at
the other end of town from where the samples are
handled.

Sterile, 500-ml bottles were filled at the surface
without stirring the water. Deposits on glass walls and
deposits from the filtering systems were taken with
sterile cotton swabs. The samples were processed im-
mediately in triplicate and incubated on living Esch-
erichia coli at 28, 37, and 45°C, respectively.

Samples (100 ml each) were filtered through 5.0-,um
(47-mm diameter) cellulose acetate membranes, which
were placed inverted on nonnutrient agar with E. coli.
Samples (1 ml each) were poured on nonnutrient agar
with E. coli, and the excess fluid was allowed to
evaporate. Deposits were inoculated on nonnutrient
agar with E. coli without treatment. Bacteria growing
aerobically at 37°C were enumerated by the standard
plate count.
Amoebae isolated at the three incubation temper-

atures were identified by morphological examination
of trophozoites and cysts with phase-contrast and
differential-interference microscopy (7). The transfor-
mation of amoebae to flagellates was examined. The
genera of amoebae not belonging to Naegleria and
Acanthamoeba were not identified.
To identify pathogenic N. fowleri, Naegleria iso-

lates were transferred to an axenic medium which
selectively favors its growth (2). A few Naegleria type
strains were compared with a Naegleria strain isolated
from an aquarium in Australia (1) and with a Nae-
gleria strain isolated at 45°C during this study. They
were compared in terms of their ability to grow at high
temperature on bacteria and to grow axenically and
their ability to destroy Vero cell monolayers (cyto-
pathic effect [CPE]) (3). Also, the serological relation-
ship was investigated with specific antisera (3).

RESULTS
The location, water temperature, pH, and

number of aerobic bacteria in 1 ml of each
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aquarium are listed in Table 1.
All aquaria were found positive for amoebae

at incubation temperatures of 28 and 37°C (Ta-
ble 1).
At 450C incubation, 11 aquaria (45.8%) were

positive for amoebae. In the zoological garden,
66.6% of the fish tanks examined yielded amoe-
bae at 450C, whereas only 25% of the others
were positive. The latter were all located in the
same laboratory.
At 450C, all 34 isolates except one belonged to

the genus Naegleria. All incubation tempera-
tures taken into consideration, Naegleria was

predominant, with 98 of 161 plates positive
(60.9%). Although Acanthamoeba represented
15.5% of the isolates, all other genera taken
together accounted for only 23.6%.
Of 98 positives at 370C incubation, 57 (58.2%)

belonged to the genus Naegleria and 16 (16.3%)
belonged to the genus Acanthamoeba. Of the 16
Acanthamoeba isolates at 370C, 5 (31.2%) came
from water samples, and at 280C incubation
none of the 9 Acanthamoeba isolates came from
water samples. Apparently, Acanthamoeba is
epiphytic rather than planktonic. This is in con-
trast to Naegleria, which has a free-swimming
flagellate form. Naegleria was indeed found in
water samples, 50% of the isolates (11 of 22) at
an incubation temperature of 450C, 45.6% (26 of
57) at 370C, and 42.1% (8 of 19) at 280C. This
almost 50-50 proportion may be explained by
the two life stages of Naegleria, a flagellate
which will be found free-swimming in the water
and an amoebic form attached to substrates.
A value of 16.3% Acanthamoeba positives at

370C is more than that found in surface water,
where only about 4% of the isolates belonged to
the genus Acanthamoeba (J. F. De Jonckheere,
manuscript in preparation). In the latter study,
however, no samples of deposits were taken into
consideration, and also, the isolation procedure
differed. O'Dell (5) found A. polyphaga the pre-

dominant amoeba (64%) in lake bottom samples,
with a peak in late September, whereas other
species of amoebae remained at relatively low
densities throughout the year.

The number of Acanthamoeba found here in
aquaria is also far less than we observed in
swimming pools, where 43.6% of the isolates
belonged to Acanthamoeba (De Jonckheere, in
preparation).

In contrast to swimming pools, where only
7.3% of amoebae isolated at 37 and 45°C be-
longed to Naegleria, I found 65.3% ofthe isolates
at these two temperatures to be Naegleria sp.

Thus, whereasAcanthamoeba is more prevalent
in swimming pools than in aquaria and surface
water, the reverse is true for Naegleria.
A high proportion of Naegleria strains be-

longed to N. gruberi on a morphological basis,
whereas others could not be given a specific
name. They behaved like nonpathogenic N. fow-
leri variants (3): high titer with N. fowleri anti-
sera, growth at 450C on bacteria, CPE in Vero
cell culture with formation of cysts, and non-
pathogenicity for mice.
A strain isolated from a 1-ml sample at 450C

(Aq/9/1/45D) was compared with type strains
of N. fowleri (KUL), N. gruberi (1518/la, BG-
6), a strain that had proven to belong to non-
pathogenic N. fowleri variants (TS-1) (3), and a
strain isolated from a fish tank in Australia and
which also is shown to react at a high titer with
N. fowleri antiserum (PPMFB-6) (1).
When cross-reacted with N. fowleri and N.

gruberi antisera, strains TS-1, PPMFB-6, and
Aq/9/1/45D appeared to be intermediate be-
tween N. fowleri and N. gruberi (Table 2). When
tested for CPE, strains TS-1 and Aq/9/1/45D
destroyed the Vero cell monolayer in 2 to 3 days
with formation of cysts afterwards, as was found
for nonpathogenic N. fowleri variants (3). Strain
PPMFB-6 did not show CPE at all, like N.
gruberi 1518/la (Table 3). However PPMFB-6
could be grown axenically in SCGYEM after
some adaptation like the other nonpathogenic
test strains, except N. gruberi 1518/la. Another
N. gruberi strain, BG-6, also isolated in Aus-
tralia, was cultured axenically and showed CPE
but at a much longer incubation time. Thus,
within N. gruberi, different physiological strains

TABLE 2. Effect of indirect immunofluorescence
technique on Naegleria spp.

Reciprocal titer
Amoeba isolate

KUL Aq/9/1/45D BG-6

N. fowleri KUL 256 128 128
N. lovaniensis Aq/9/1/ 512 1,024 32

45D
TS-1 256 1,024 32

N. gruberi BG-6 32 1,024 1,024
PPMFB-6a 64 1,024 128

a Aquarium isolate from Australia.

TABLE 3. Axenic growth in SCGYEM and CPE in
Vero cell cultures at 37OCa
Amoebae Axenic CPE

N. fowleri KUL + +
N. lovaniensis Aq/9/1/45D +* +*

TS-1 +* +*
N. gruberi 1518/la - -
BG-6 +* +0

Aquarium isolate from Australia +* -

PPMFB-6
a +, Positive (no cysts formed); -, negative; +*,

positive with formation of cysts; +°, CPE after ±2
weeks.
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exist, as was found morphologically (6). There-
fore the N. gruberi species name is still in ques-
tion. When tested at 450C, both N. gruberi
strains and strain PPMFB-6 failed to grow on
bacteria.
Naegleria strain PPMFB-6 from an aquarium

in Australia was different from strain Aq/9/1/
45D from our aquarium in Belgium. Both strains
are, however, nonpathogenic for mice. Although
virulence could be enhanced in N. fowleri that
had lost intranasal infectivity due to axenic cul-
tivation, pathogenicity could not be induced in
strain Aq/9/1/45D, although it is closely related
to N. fowleri (J. F. De Jonckheere, Pathol. Biol.,
in press).
The genus Naegleria appears to enclose dif-

ferent intermediate strains between N. fowleri
and N. gruberi. Acute virulence of a Naegleria
isolate, together with serology of the isolate, are
the criteria for N. fowleri. Ultrastructural differ-
ences and lectin studies of strains TS-1 and Aq/
9/1/45D have resulted in the formation of a new
Naegleria species, N. lovaniensis sp. nov. (Ste-
vens, De Jonckheere, and Willaert, manuscript
in preparation). Four other type strains of N.
lovaniensis sp. nov. were isolated from water
bodies also harboring pathogenic N. fowleri.
Due to the high amount of N. fowleri variants

isolated from aquaria situated in the laboratory,
a few more attempts were made to isolate path-
ogenic N. fowleri. Indeed, these two Naegleria
species have been proven to be very related in
ecology, and therefore they often occur together
(2). Samples (1 ml each) were therefore incu-
bated at 450C to prevent overgrowth of the
slower growing pathogenic N. fowleri by non-
pathogenic variants. These attempts in March
and August of 1977 again yielded no pathogenic
N. fowleri, although 37 more Naegleria strains
were isolated.
No relationship was found between the num-

ber of bacteria and the presence of amoebae in
water samples.

DISCUSSION
Although no pathogenic N. fowleri were iden-

tified, the high concentration of Naegleria
closely related to N. fowleri in aquaria attracted
my attention. Indeed, it has been found in Bel-
gium and in other countries ofEurope that these
Naegleria spp. prefer the same niche and are
therefore also frequently found together (2).

Therefore, fish tanks might indeed be sources
of Naegleria infections, as was thought before
in Australia (1). The Naegleria strain isolated
from an aquarium in Australia was, however,
found to be different from an isolate from an
aquarium in Belgium, the former being more
related to N. gruberi than to N. fowleri.

Also, the frequency of Acanthamoeba spp. in

fish tanks should not be considered unimpor-
tant. Acanthamoeba spp. have been related to
brain infections in debilitated persons and eye
infections in healthy humans. Acanthamoeba is
most probably present as a trophozoite in
aquaria, whereas in swimming pools and drink-
ing water it is probably in cyst form because of
the deleterious effect ofchlorine on trophozoites.
Infection might therefore occur more readily
when contact exists with aquaria than with chlo-
rinated water. Moreover, although Acantha-
moeba is the most abundant amoeba in swim-
ming pools, the actual concentration is lower
than in aquaria.
Acanthamoeba has also been shown to pro-

duce disease in fish (8, 10). In an experimental
study, Acanthamoeba, Vahlkampfia, and Nae-
gleria were isolated from fish tissue; the last two
genera were taken only from organs in direct
water contact (8). All Acanthamoeba isolates
were identified as A. polyphaga. Water samples
of the aquaria during the tests showed the con-
sistent presence of Vahlkampfia sp. Heavy in-
festation of fish with Acanthamoeba can result
in mortality as found in lakes (8) and aquaria
(10).
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