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Summary. Four vahlkampfiid amoebae were isolated from freshwater samples taken on the island of Tenerife. Ribosomal DNA sequence
analysis identified two isolates to belong to the genus Naegleria, representing novel species with their closest relatives N. gallica and
N. philippinensis respectively. The two other isolates bel ong to the genus Vahlkampfia and represent also novel species, with astheir closest
relatives V. avara and V. inornata respectively. The new Vahlkampfia spp. are more divergent from their nearest relatives than the new
Naegleria spp. are to their closest relatives. The latter is probably due to the already high number of described Naegleria spp. in contrast
to the few known Vahlkampfia spp. There are no morphological featuresin these new species of either genus that allow their identification.
Only molecular typing can discriminate species within the vahlkampfiids.
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INTRODUCTION

Since the discovery that Naegleria fowleri can
cause fatal disease in man alot of searchesto find this
free-living pathogen in the environment has led to the
recognition of a high diversity of species in the genus
Naegleria (for an overview see De Jonckheere 2002,
2004). Although large parts of the world have been
sampled to look for the presence of Naegleria spp. still
alot of geographic areas have not been covered. In one
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of these areas not covered, Madagascar, a recent case
of PAM indicatesN. fowleri isalso present on thisisland
(Jaffar-Bandjee et al. 2005).

Also other vahlkampiids have acquired an interest
because of their possible implication in keratitis. How-
ever, amoebic keratitis is due to Acanthamoeba spp.
and the implication of other free-living amoebae in the
disease remains controversial (De Jonckheere 2002).

Recently areport was published on the occurrence of
Acanthamoeba strainsin Tenerife, Canary Islands, Spain
(Lorenzo-Morales et al. 2005). There is no information
on the presence of Naegleria on this island, and no
cases of PAM are known from this place. | have,
therefore, tried to isolate vahlkampfiids from freshwater
on this island. Such an investigation has become quite
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easy because of the quick and accurate identification of
new isolates using ITS and 5.8S rDNA sequences for
the identification of Naegleria (De Jonckheere 1998)
and other vahlkampfiids (De Jonckheere and Brown
2005).

MATERIALS AND METHODS

Samples of freshwater sediments were taken at different siteson
theisland of Tenerife, Spain, beginning of March 2005. Water bodies
sampled were three agricultural water reservoirs in concrete, one
disused and almost empty barrage, a small river and awater display
near the swimming pool of ahotel (Table 1). Kept for aweek at room
temperature, the samples were inoculated onto plates with non
nutrient (NN) agar plates coated with Escherichia coli (Page 1988).
The sealed plates were incubated at room temperature (RT), 37°C
and 42°C.

Only isolates that showed the typical vahlkampfiid morphology
werefurther investigated. To be sureto have pure culturestheisol ates
were subcultured several times by cutting a piece of agar with the
migrating ring of amoebae and placing it upsidedown on afresh plate.
Isolates grown from 37°C plates were tested for growth at 42°C.
Flagellate formation was tested in distilled water (DW) at RT.

DNA was isolated from pelleted trophozoites using the UNSET
method (Hugo et al. 1992). The ITS1, 5.8S and ITS2 rDNA were
PCR-amplified using the ITS forward primer and the ITS reverse
primer, corresponding to the 3' end of the SSU rDNA and the 5’ end
of thelarge subunit (LSU) rDNA, respectively (De Jonckheere 2004).
Two pairs of ITS primers were employed, one pair designed for
amplifying from Naegleria spp. specificaly (De Jonckheere 1998)
and a second less specific pair for amplifying from vahlkampfiid
speciesin general (De Jonckheere and Brown 2005). The PCR prod-
uct was sequenced (each strand in opposite direction) with the
amplification primers without cloning with a Beckman CEQ2000
sequencer using the CEQ Dye Terminator Cycle Sequencing kit
(Beckman Coulter Inc., Fullerton, CA, USA).

The 5.8S rDNA sequences of vahlkampfiid isolates other than
Naegleria were aligned with those of published vahlkampfiid genera
(De Jonckheere 2004, De Jonckheere and Brown 2005) using the
programme Clustal X (Thompson et al. 1997). The total 1TS1, 5.8S
and I TS2 sequences of the Naegleriaisolateswere aligned with those
of published sequences of other Naegleria which haveidentical 5.8S
seguences. Thealignment was manually adjusted. Phylogenetic trees
were constructed using the DNAPARS (parsimony), DNADIST
(distance matrix), NEIGHBOR (neighbor-joining and UPGMA),
FITCH, KITSCH, DNAML and SEQBOOQOT (bootstrapping) pro-
grams of the PHYLIP (version 3.572c) package (Felsenstein 1989).

The complete I TS sequences have been deposited in EMBL with
the accession numbers AJ973124 till AJ973127.

RESULTS

Isolation and morphological genus identifica-
tion. There were so many amoeba isolates overgrowing

each other on the plates at RT that they could not be
cultured separately for identification. At 37°C two
Naegleria isolates were recovered and one other
vahlkampfiid genus (Table 1). At 42°C one isolate,
bel onging to another vahlkampfiid genusthan Naegleria,
was recovered. The vahlkampfiids were isolated from
the samples of an agricultural water reservoir in con-
crete, the barrage and the small stream. Subculture at
42°C of the strains isolated at 37°C yielded growth for
strain T3(37), not for strains TE1(37) and TE4(37). The
two Naegleria isolates TEL(37) and TE3(37) trans
formed readily into flagellates when suspended in DW,
the two other vahlkampfiid isolates did not.

Molecular identification. The two Naegleria iso-
lates, TEL(37) and TE3(37), have identical 5.8S rDNA
sequence which correspond to that of N. gruberi senso
strictu, N. pringsheimi, N. italica, N. clarki,
N. australiensis, N. tihangensis, N. philippinensis,
N. mexicana, N. gallica, N. endoi and N. laresi (De
Jonckheere 2004). But it is the ITS2 sequence that
determines the species (De Jonckheere 2002, 2004).
Strain TEL(37) has the same sequence length of 170 bp
for the ITS2 (Table 2) as N. gallica (De Jonckheere
2004) and N. dunnebackei (Visvesvara et al. 2005). It
differs in the ITS2 sequence by two bp substitutions
from N. gallica (Table 3) and four bp substitutions from
N. dunnebackei. | propose the name N. canariensis,
denoting the name of the Canary Islands, Spain, from
wherethe strain wasisolated. The I TS2 sequence length
of 110 bp (Table 2) in strain TEL(37) is not detected in
any described Naegleria sp. Its ITS2 sequence differs
by 5 bp from N. philippinensis (Table 4), 6 bp from
N. endoi and N. byersi, 7 bp from N. mexicana and 13
from N. gruberi sensu stricto. | propose the name
N. tenerifensis, denoting the name of thelde of Tenerife,
Spain, from where the strain was isolated.

Strain TE3(42) represents a new vahlkampfiid with
unigue ITSL, 5.8S and ITS2 sequences (Table 2). Its
closest relative is V. avara (Table 5) with which it
clusterswith all methods used in trees based on the 5.8S
rDNA sequences (Fig. 1), but thereis alot of sequence
differencein all parts sequenced (Table 5). | proposethe
name V. ciguana, denoting the name of the place from
where the strain was isolated, Embalso de Ciguana in
Tenerife, Spain. Strain TE4(37) represents a new
vahlkampfiid with unique 1TS1, 5.8S and ITS2 se-
guences (Table 2). Its closest relative is V. inornata
(Table6), withwhichit clusterswith all methodsused in
trees based on the 5.8S rDNA sequences (Fig. 1), but
there is an enormous sequence difference in ITS1 and
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Table 1. Amoeba isolation at 37°C, and morphological vahlkampfiid identification in samples from Tenerife.

Sample Place Amoebagrowth vahlkampfiid identification Enflagellation
TE1 Buenavista del Norte (WR) + Naegleria +

TE2 Buenavista del Norte (WR) - NA NA

TE3 Embalso de Ciguana + Naegleria* +

TE4 Rio Orchilla + vahlkampfiid -

TE5 San Miguel (WR) + - NA

TE6 Adeje (hotel water display) + - NA

WR - agricultural water reservoir in concrete.

* also a vahlkampfiid isolate at 42°C.

Table 2. Lengths (in bp) of 1TS1, 5.8S and ITS2 rDNA sequences of strains and proposed new species names.

Isolate ITS1 5.8S ITS2 Total Closest relative Proposed new species
TEL(37) 33 175 170 378 N. gallica N. canariensis n. sp.
TE3(37) 33 175 110 318 N. philippinensis N. tenerifensis n. sp.
TE3(42) 31 155 161 347 V. avara V. ciguana n. sp.
TEA4(37) 141 153 368 662 V. inornata V. orchilla n. sp.

Table 3. Sequence lengths (in bp) of N. gallica and strain TE1 (37)

(differences from N. gallica in parenthesis).

Table 5. Sequence lengths (in bp) of V. avara and strain TE3 (42)
(differences from V. avara in parenthesis).

N. gallica N. canariensis n. sp V. avara V. ciguana n. sp.

Capd60 strain TE1 (37) CCAP1588/1A strain TE3 (42)
ITS1 33 ITS1 28 31 (5 substitutions, 3 insertions)
5.8S 175 5.8S 155 155 (13 substitutions)
ITS2 170 170 (2 substitutions)  1TS2 152 161 (32 substitutions, 9 insertions)

Table 4. Sequence lengths (in bp) of N. philippinensis and strain
TE3 (37) (differences from N. philippinensis in parenthesis).

Table 6. Sequence lengths (in bp) of V. inornata and strain TE4 (37)
(differences from V. inornata in parenthesis).

N. philippinensis N. tenerifensis n. sp. V. inornata V. orchillan. sp.

RJTM strain TE3 (37) CCAP1588/2 strain TE4 (37)
ITS1 33 33 (0) ITS1 320 141 (almost no overlap)
58S 175 175 (0) 5.8S 154 153 (36 substitutions, 6 indels)
ITS2 113 110 (2 substitutions, 3 deletions)  ITS2 185 368 (almost no overlap)
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Fig. 1. Phylogenetic tree inferred from comparisons of the 5.8S
rDNA sequences using the Kimuratwo-parameter correction and the
neighbor-joining method. Only bootstrap values higher than 50% are
indicated at the nodes, except for Vahlkampfia avara - V. ciguana.
The distance corresponding to 10 changes per 100 nucleotide posi-
tionsisindicated by the bar.

ITS2 (Table 6). | propose the name V. orchilla, denoting
the name of the place from where the strain was
isolated, Rio Orchillain Tenerife, Spain.

Light microscopy of the two Naegleria isolates.
Both isolates T1(37) and T3(37) havetypical Naegleria
cysts, round with pores (not shown). No angular type
cysts are observed. The cysts become empty and non-
viable very quickly on the agarose plates. When grown
at 42°C (strain TE3(37) only) the cysts are much more
variable in shape and size.

Light microscopy of the two Vahlkampfia iso-
lates. Isolate T3(42) has mostly circular cysts (diameter
8.0-16.5 um) with asmooth outer wall to which bacteria
stick (Fig. 2). Cysts are often loosely aggregated, em-
bedded in detritus and bacteria. Amoebae sedimented by
centrifugation show a pink colour. Isolate TE4(37) has
cysts (diameter 8.0-20 um) that are more variable in
form, circular and reniform, to angular, and size (Fig. 3)
with a smooth outer wall. In the biggest cysts two or
three nuclei are frequently observed. Cysts are often
loosely aggregated. Amoebae sedimented by centrifuga-
tion show a pink colour.

Figs 2, 3. 2 - cysts of Vahlkampfia ciguana n. sp. with phase
contrast; 3 - cysts of Vahlkampfia orchilla n. sp. with phase contrast.
Scalebars: 10 um.

Naegleria canariensis n. sp.

Diagnostic summary. The trophozoites have the
typical appearance of Naegleria spp. and they can be
induced to transform into flagellates. The cysts have a
round shape with pores in the walls as for most other
described Naegleria spp. The strain grows at 37°C but
not at 42°C.

Because of the morphological similarity of the cysts
with those of other Naegleria spp. molecular identifica-
tion is required. The species can be identified from the
I TS2 sequence, which differs by 2 bp substitutions from
that N. gallica. The ITS1 and 5.8S rDNA sequence is
identical to that of N. gallica. The sequenceisavailable
from EMBL under accession N° AJ973124.

The type strain TEL(37) was isolated from a water
reservoir in Tenerife, one of the islands of the Canary
Islands, from which the name was chosen.

Naegleria tenerifensis n. p.

Diagnostic summary. The trophozoites have
the typical appearance of Naegleria and they can
be induced to transform into flagellates. The cysts
have a round shape with pores in the walls as for
most other described Naegleria sp. The strain grows at
42°C.

Because of the morphological similarity of the cysts
with those of other Naegleria spp. molecular identifica-
tion is required. The species can be identified from the
ITS2 sequence, which differs by 2 bp substitutions and



3 bp deletions from that N. philippinensis. The ITS1
and 5.8S rDNA sequence is identical to that of
N. philippinensis. The sequence is available from
EMBL under accession N° AJ973125.

The type strain TE3(37) was isolated from a water
reservoir in Tenerife, from which the name was chosen.

Vahlkampfia ciguana n. sp.

Diagnostic summary. The trophozoites have the
typical appearance of vahlkampfiid amoebae and could
not be induced to transform into flagellates. The cysts
have around shape without poresinthewalls. Thestrain
grows at 42°C. A pink colour is observed.

Because morphology does not allow identification to
generawithin the Vahlkampfiidae, except for Naegleria,
molecular identification is required. The species can be
identified from the ITS1, 5.8Sand I TS2 sequences. The
5.8SrDNA sequence demonstrates the strain belongs to
the genus Vahlkampfia and that its closest relative is
V. avara. The sequence is available from EMBL under
accession N° AJ973126.

The type strain TE3(42) was isolated from a water
reservoir in Tenerife, Embalso de ciguana, from which
the name was chosen.

Vahlkampfia orchilla n. sp.

Diagnostic summary. The trophozoites have the
typical appearance of vahlkampfiid amoebae and they
can not be induced to transform into flagellates. The
cystshavearound toirregular shapewithout poresinthe
walls. The strain grows at 37°C but not at 42°C. A pink
colour is observed.

Because morphology does not allow identification to
generawithin the Vahlkampfiidae, except for Naegleria,
molecular identification is required. The species can be
identified from the ITS1, 5.8Sand I TS2 sequences. The
5.8SrDNA sequence demonstrates the strain belongsto
the genus Vahlkampfia and that its closest relative is
V. inornata. The sequence is available from EMBL
under accession N° AJ973127.

The type strain TE4(37) was isolated from ariver in
Tenerife, Rio Orchilla, from which the name was cho-
sen.

DISCUSSION

It has been shown that in the genus Naegleria strains
within the same species have identical 1TS2 sequences
(De Jonckheere 2004). Only in two species, N. byers
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and N. andersoni, a difference of one bp is detected in
the ITS2 of one strain in each species. Two Naegleria
spp. have been described which differ by only two bpin
the ITS2 sequence. Naegleria australiensis has a
closely related species, which was caled originadly a
sister species, later the spavariant, and then a subgroup
of N. australiensis. It was finally given species status,
N. tihangensis , and differs by an insert of only two T's
in the ITS2 compared with that of N. australiensis
(De Jonckheere 2002). Unlike N. australiensis, which
ispathogenicin experimental animals, thereisnoindica
tion that N. tihangensis is pathogenic.

Itis, therefore, through the sequence of the ITS2 that
it can be concluded that the two Naegleria isolates from
the island of Tenerife are new species, as they differ
from described species by 2 bp (1.2%) and 5 bp (4.5%)
respectively. Both have round cysts with pores which
are not distinguishable from those of their closest rela-
tives N. gallica strain Capd60 (Pussard and Pons 1979)
and N. philippinensis strain RITM (Matias et al. 1990)
respectively. The cysts of strain Capd60 were also
reported to need frequent subculturein order to survive,
just as these two new isolates from Tenerife. The max.
growth temperature of N. gallica is 37°C, and also the
new species N. canariensis grows at this temperature,
not at 42°C. The max. growth temperature of
N. philippinensis is 40°C, while the new species
N. tenerifensis, its closest relative, grows at 42°C.

Alsoin the case of the two new Vahlkampfia isolates
itisvery difficult to seethe differencesin cyst morphol-
ogy between the new isolates and those of the three
established Vahlkamfia spp., i.e. V. avara, V. inornata
(Page 1967) and V. signyensis (Garstecki et al. 2005).
Page (1967) reported that the cysts of V. avara collect
more debris, asis found in the related V. ciguana, and
that the cysts of V. inornata are more variable in shape,
asisfound in the related V. orchilla. Only the sequence
results disclose that these two new isolates are to be
considered two new species. Based on rDNA se-
guences, V. avara and V. inornata were the only two
Vahlkampfia spp. of the 7 investigated, which remained
within the genus (De Jonckheere and Brown 2005). The
cysts of the only other molecular valid Vahlkampfia sp.,
V. signyensis, are always spherical and are often loosely
aggregated and/or embedded in detritus (Garstecki et al.
2005). Vahlkampfia avara grows at 37°C while the
new species V. ciguana, strain TE3(42), grows at 42°C,
but V. signyensis, within the same cluster, grows at 20°C
only. The latter was isolated from Antarctica, which
probably explains this low temperature tolerance.
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In the cluster of V. avara, V. ciguana and
V. signyensis al have a5.8SrDNA length of 155 bp and
the latter two differ by almost the same number of bp
from V. avara (8.5% sequence divergence). In the other
Vahlkampfia cluster V. inornata has a 5.8S rDNA
length of 154 bp and V. orchilla 153 bp (27.5% sequence
divergence). There is also a lot more sequence differ-
ence in the ITS1 and ITS2 between the latter two
species than there is between V. ciguana and V. avara.
In genera, the new Vahlkampfia spp. are more diver-
gent from their nearest relatives than the new Naegleria
spp. are to their closest relatives. The latter is probably
due to the already high number of described Naegleria
spp. in contrast to the low number of Vahlkampfia spp.
discovered until now
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