CRYPTIC DIVERSITY IN INTESTINAL PROTISTS
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Summary:

In the past few years our understanding of genetic variation within
and between species of intestinal parasitic profists has changed
significantly. New species names have been assigned and others
have been dropped in response fo new data. In this review,

| summarise these findings and discuss their implications for future
studies. In several cases the findings suggest that caution needs fo
be exercised to prevent premature conclusions being reached.

KEY WORDS : Blastocystis, Dientamoeba, Entamoeba, Cryptosporidium,
ribosomal DNA.

ryptic genetic diversity has been in the headlines

in recent times. Most of the attention has been

paid to discoveries made through the efforts to
“barcode” animals. This has led to the discovery of
cryptic species in many groups, from birds to insects.
Barcoding in this context consists of PCR amplification
of a portion of the mitochondrial genome of an orga-
nism, generation of a single pass sequence from the
product, and database or phylogenetic comparisons
using the sequence data obtained (Hebert et al., 2003).
While the identification of cryptic species has generated
excitement and surprise among the zoological frater-
nity, it will have come as no surprise to any of us wor-
king on unicellular parasites, especially those working
on organisms with “limited” morphology, where such
discoveries have been ongoing for a number of years.
Several years ago I reviewed the status of cryptic diver-
sity in intestinal protists (Clark, 2000). Since that time
a number of additional findings have been made that
deserve wider attention as they have implications
beyond the limits of the genera they represent.
Starting in the 1970s, all studies on Dientamoeba fra-
gilis used the isolate Bi/PA which was cultured by Bala-
muth from the faeces of a symptomatic female in 1940s
(Balamuth, 1946). This isolate was used for antigenicity
studies (Dwyer, 1972a, 1972b, 1974) and antibody pro-
duction (Chan et al., 1993) and later the small subunit
ribosomal RNA gene (SSU-rDNA) was sequenced (Sil-
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berman et al., 1996). In part this focus on one isolate
was because it was available from the American Type
Culture Collection and in part it was because many
researchers found it difficult to establish new strains
in culture. In 2000, it was shown that two genetic
variants of D. fragilis exist in humans (Johnson & Clark,
2000) and subsequent sequencing has shown the SSU-
rDNA divergence to be substantial (ca 4 %) (Stark et al.,
2005a). Subsequently, several groups have used PCR
and either restriction fragment length polymorphism or
sequencing to study the distribution and diversity of
D. fragilis across the world. What is most remarkable
is that with one exception, all infections studied since
2000 have involved the “new” genotype (Johnson &
Clark, 2000; Peek et al., 2004, Windsor et al., 2004;
Stark et al., 2005a, 2005b). In other words, Bi/PA is not
representative of the majority of D. fragilis circulating
in the human population. Is this observation important?
Perhaps not, but it does mean that the conclusions of
all studies performed on Bi/PA must be viewed with
some caution as the results may not always apply to
the more common D. fragilis genotype.

Fortunately, the abundance of the “new” genotype of
D. fragilis meant that its existence was quickly iden-
tified and researchers developing tools for DNA-based
diagnosis were able to incorporate this information into
their methodology. If the reverse had been true, how-
ever, it is possible that the existence of a divergent,
minor variant might have been missed. This could have
happened in the case of a recently uncovered E. histo-
Iytica-like organism.

The existence of two distinct organisms within what
was being called E. histolytica based on morphology
was recognised almost 30 years ago (Sargeaunt et al.,
1978) and the recognition of E. histolytica and E. dispar
as distinct species was given WHO approval in 1997
(Anonymous, 1997a, 1997b). Many DNA-based tools for
the differentiation of E. histolytica and E. dispar have
been developed and tested over the years and their
specificity has been unquestioned as has the unifor-
mity and integrity of the two species. This view has been
challenged by two recent papers describing an amoeba
from macaques that is virulent in animal models (Tachi-
bana et al., 2007; Takano et al., 2007). Both groups
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used sequencing of several genes to show that this
amoeba is specifically related to but distinct from
E. bistolytica. The SSU-rDNA differs from that of E. bis-
tolytica by 0.8 %, almost 50 % of the divergence bet-
ween E. histolytica and E. dispar. Analysis of all other
genes studied to date shows the same result — these
amoebae fall outside the range of variation encompas-
sed by E. histolytica from humans. One group has pro-
posed that this amoeba is a “subspecies” of E. histoly-
tica (Takano et al., 2007) while the other has proposed
that it should be accorded species status and proposed
revival of the name E. nuttalli (Tachibana et al., 2007).
I tend to agree with the latter.

Why is this finding of concern? It illustrates the poten-
tial for important variation being overlooked if dia-
gnosis is based on PCR amplification alone. In the case
of E. nuttalli, every pair of PCR primers examined that
were thought to be specific for E. histolytica would also
amplify a homologous product from this new amoeba.
Without sequencing we would never have suspected that
these isolates represented a new organism and they
would have simply been identified as E. bhistolytica. In
this case it seems that the new species does not nor-
mally infect humans. Extensive isoenzyme analyses of
human isolates performed in the 1970s and 1980s
would have identified any E. nuttalli infections had they
been found, as the genetic divergence between the
hexokinase and glucose phosphate isomerase genes of
E. histolytica and E. nuttalli would be predicted to result
in significant migration differences (Tachibana et al.,
2007).

Traditionally, classification of Entamoeba species has
been based on cyst morphology and host. For the most
part, molecular data have upheld these identifications
despite the paucity of morphological variation and
uncertainty of host specificity in this genus. There have
been, however, some exceptions. A survey of intesti-
nal parasitic protists in Hué, Vietnam (Blessmann et al.,
2002), found a large percentage of individuals to be
infected with a uninucleated cyst-producing Entamoeba.
Such infections are generally regarded as rare in humans
so domestic animals in the same region were screened
to try and identify a zoonotic source. Local pigs were
also found to be infected with a uninucleated cyst pro-
ducer (Clark et al., 2006). Based on the host and the
cyst such organisms would traditionally be assigned to
the species E. polecki. However, SSU-TDNA sequencing
showed the pig amoeba to be only distantly related to
both previously studied E. polecki isolates and the
human amoeba from Hué. Indeed it proved to be spe-
cifically related to E. gingivalis, a non-cyst-producing
inhabitant of the human mouth (Clark er al., 20006).
While this finding may tell us something about the evo-
lutionary history of E. gingivalis, it also illustrates that
traditional criteria for species identification by micro-
scopy can be very misleading and result in important
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diversity being overlooked. The pig amoeba has been
assigned the pre-existing name E. suis which had fallen
into disuse as a synonym for E. polecki.

Entamoeba also provides an illustration of a dilemma
facing researchers working on a variety of parasite
groups — when does a genetic difference become a spe-
cies difference? In organisms that appear to be largely
if not exclusively asexual this is a somewhat philoso-
phical question. In my opinion the decision to assign
new names to organisms should be a question of utility
and clarity. The decision to revive the name E. dispar
(Diamond & Clark, 1993) was justified on the basis of
differentiating a non-invasive parasite from one that can
cause serious disease and death. Isolates of the two
species formed discrete and consistent clades and they
could be distinguished easily using any number of mar-
kers. The same situation does not always apply. In
humans, four distinct types of uninucleated cyst-pro-
ducing Entamoeba infections have been identified (Ver-
weij et al., 2001). One of these has also been found
in monkeys, a second has been found in pigs, and a
third has been found in both pigs and ostriches (Clark
et al., 2000). Traditionally, based on the host species,
the first type would have been called E. chattoni and
the second E. polecki, while the third has been des-
cribed as E. struthionis (Ponce Gordo et al., 2004 ), des-
pite having been previously found in humans. These
organisms are genetically very closely related, although
more divergent than E. histolytica and E. dispar. None
appear to be host specific nor do any appear to cause
disease. In my opinion there is no justification in this
case for assigning different species names to this group
of four organisms and I believe they should all be refer-
red to as E. polecki, the name that has priority (Clark
et al., 2000). Only people like myself who are inter-
ested in genetic diversity will care that four types exist
and these can just as easily be identified as E. polecki
types 1-4.

Precedent exists for this approach in the genus Enta-
moeba where significant genetic variation exists within
other species, specifically E. coli, E. gingivalis and E. mosh-
kouskii (Clark & Diamond, 1997). Using SSU-rDNA res-
triction fragment length polymorphism analysis (ribo-
printing) several discrete variants were identified in each.
Most variation has been identified in E. moshkovskii and
it appears that additional sampling may show it to consist
of a “bush” of variants rather than the few discrete bran-
ches defined initially (Silberman, personal communica-
tion). Again, based on SSU-rDNA sequence divergence,
some of these variants differ by more than E. bistoly-
tica and E. dispar but in my opinion there is no justi-
fication for erecting new species. The same applies to
the two genotypes of D. fragilis discussed earlier. How-
ever, it should be noted that these opinions are based
on current knowledge and should our views of these
organisms change so may the need for a new nomen-
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clature. Such was the case in Cryptosporidium where
the two variants of C. parvum were shown to have dis-
tinct epidemiological and infection characteristics, as
well as molecular divergence, and are now known as
C. parvum and C. hominis (Morgan-Ryan et al., 2002).
The last few years have seen a dramatic increase in our
understanding of genetic variation in Blastocystis. In
this parasite the existing nomenclature has proven to
be problematic in several ways. Originally, all human
infections were ascribed to B. hominis. Infections in
other animals were mostly termed Blastocystis sp. but
species names were erected for organisms in some
hosts — for example B. ratti and B. galli from rats and
chickens, respectively, as well as several from reptiles
(Yoshikawa et al., 2004). However, extensive analysis
of SSU-rDNA sequences by several groups has shown
that the situation is complicated (Arisue et al., 2003;
Abe, 2004; Yoshikawa et al., 2004; Noél et al., 2005;
Menounos et al., 2007; Parkar et al., 2007; Stensvold et
al., 2007b). Nine subtypes can be defined among mam-
mal and bird isolates, all of which have been identi-
fied in humans. Nested within this variation are linea-
ges with species from reptiles, which do not grow at
37° C and clearly represent distinct species. So the situa-
tion was taxonomically unworkable and could only be
resolved by abandoning the use of species names for
animal and bird isolates, including human isolates, and
referring to them all as Blastocystis sp. (Stensvold et al.,
2007a). Whether species names will eventually be assi-
gned to each of the nine subtypes is unclear. Again the
justification for this is questionable and at present the
subtype identification system appears to be adequate.
It is worth pointing out that the situation in Blastocystis
only became clear after extensive sampling in many
hosts and SSU-rDNA sequence analysis. The result has
been a clear picture of variation in this genus and we
can have confidence that the nine groups identified are
stable. Tt is possible that additional minor subtypes may
be uncovered but the taxonomy is flexible enough to
incorporate them.

An overview of studies on these parasitic protists high-
lights the need for caution in several areas. Too much
reliance on a single reference isolate without a survey
of diversity can be misleading as important variation can
be missed — indeed the reference isolate may prove to
be atypical. Independent confirmation of “species-spe-
cific” PCR results should be considered when organisms
are found in new or atypical hosts — the primer bin-
ding sites may be conserved but that need not be true
of the rest of the gene. Morphological identification of
parasites alone cannot be relied on for making epide-
miological links. Extensive sampling coupled with
sequence analysis may be required to obtain a clear pic-
ture of genetic variation in an organism — what appear
to be discrete lineages may disappear when more data
become available. Finally, I feel strongly that species

Parasite, 2008, 15, 317-320

Xh EMOP, August 2008

CRYPTIC DIVERSITY IN INTESTINAL PROTISTS

names need to be useful and that this should be the
primary motivation for any changes in nomenclature.
They should clarify rather than obscure relationships.

After submission of this manuscript a third report of E. nut-
talli was published — Suzuki J., KOBAYASHI S., MURATA R., YANA-
GAWA Y. & Takeuchr T. Profiles of a pathogenic Entamoeba
bistolytica-like variant with variations in the nucleotide
sequence of the small subunit ribosomal RNA isolated from
a primate (De Brazza’s Guenon). Journal of Zoo Wildlife Medi-
cine, 2007, 38, 471-474.
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