NORTH-WESTERN JOURNAL OF ZOOLOGY 16 (1): 91-94
Article No.: 192501

©NW]Z, Oradea, Romania, 2020
http.//biozoojournals.ro/nwjz/index.html

A metabarcoding approach detects rare blood parasites in fossorial amphisbaenians
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Abstract. DNA sequencing, using traditional Sanger sequencing methods, has revolutionized parasitology research, with
advancements in both parasite detection and phylogenetic reconstruction. Currently, high-throughput sequencing (HTS)
technologies are available and can be used to screen simultaneously for multiple parasites via a metabarcoding approach, in a
cheaper, faster and still accurate manner. However, the effectiveness of this new tool still needs to be further assessed to determine
the full extent of both its potential and limitations. We employed this approach to detect the presence of blood parasites in fossorial
reptiles. In this way we intended to both validate a recent hypothesis that fossorial reptiles may not be parasitized and to examine
the potency of this technique. We indicate the presence of species of Hepatozoon in Trogonophis wiegmanni, thereby refuting the
hypothesis that these parasites are not present due to the fossorial lifestyle of the host. We also detected a species of Sarcocystis for
the first time in a species of Blanus, further demonstrating the value of the HTS approach.
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DNA sequencing approaches have revolutionized parasitol-
ogy research, with advancements in both parasite detection
and phylogeny reconstruction. Particularly in many endo-
parasite groups, morphological identification is limited by
the presence of few diagnostic characters, and molecular
tools are regularly employed to discern "cryptic species" (e.g.
Perkins 2000; Jorge et al. 2013). The vast majority of such
studies employ traditional DNA Sanger sequencing to am-
plify individual parasites or populations of single species.
The genetic "barcode" is then compared with others to de-
termine genetic similarities. On the other hand, high-
throughput sequencing (HTS) is a metabarcoding approach
that can be used to screen multiple samples and detect para-
site species simultaneously in a cheaper, faster and still accu-
rate manner (e.g. Bik et al. 2012; Aivelo & Medlar 2018;
Greiman et al. 2018). However, such HTS approaches are
still rarely used in parasitology surveys, with the few studies
typically limited to "flagship" host species, such as wolves
(e.g. Lesniak et al. 2018). Limitations to this approach have
been identified, including the lack of appropriate universal
primers, high sequencing errors, challenges regarding con-
tamination and the inability to quantify intensities of infec-
tion (e.g. Aivelo & Medlar 2018), but still more data are
needed to ascertain how effective the approach may be.
Among blood infecting parasites, five groups (eugleno-
zoan flagellates and four groups of apicomplexan parasites)
have been identified (O'Donoghue 2017). They infect all ter-
restrial vertebrate groups and use a variety of invertebrate
vectors such as flies (Diptera), arachnids (ticks, mites) and
leeches. Universal 185 rRNA primers have been widely used
on DNA extracted from vertebrate tissue samples to identify
such parasites in novel hosts (e.g. Harris et al. 2018). Howev-
er, there is still a notable bias in research towards more im-
portant infectious diseases in terms of human or agricultural
economic costs and deaths, with haemosporidians the most
studied order. Among wildlife groups, parasites from birds
and mammals have received considerably more attention
than those from reptiles and amphibians. Some groups of
reptiles, such as amphisbaenians, have barely been investi-
gated (Telford 2009). To date only a single study has em-
ployed a molecular approach to detect apicomplexans from

fossorial amphisbaenians, however, Martin et al. (2016) did
not detect any blood parasites in the fossorial Trogonophis
wiegmanni from Northwest Africa. They proposed possible
explanations for this result, including a lack of observed
mites and ticks as possible ectoparasite vectors, probably as
a result of their burrowing habits, and suggested that fosso-
rial reptiles in general may not be infected with blood para-
sites. This study, however, was performed in a single locali-
ty, and as such, results might not be generalized. Therefore,
we aim here to address more broadly the presence of blood
parasites in fossorial reptiles using an HTS approach to vali-
date the hypothesis of Martin et al. (2016). To do this, we
sampled fossorial amphisbaenian species in the Iberian Pen-
insula, North Africa and Turkey, represented by the genera
Blanus and Trogonophis. Simultaneously the potential limita-
tions of using an HTS approach to detect apicomplexan par-
asites could be ascertained.

A total of 39 amphisbaenian specimens were used in this study (Ta-
ble 1). Twelve samples belonged to the three different genetic line-
ages of T. wiegmanni described in Salvi et al. (2018) and 27 samples
were from at least five species of Blanus, namely, B. cinereus, the B.
strauchi species complex (see Sindaco et al. 2014), B. vandellii, B.
mettetali and B. tingitanus (following the recent taxonomic changes
proposed by Ceriaco & Bauer 2018). Specimens had previously been
included in phylogeographic studies (Sampaio et al. 2015; Salvi et al.
2018), and collection techniques and additional details can be found
in these articles.

DNA was extracted from tail muscle tissue using a high-salt
methodology and libraries for HTS sequencing were prepared fol-
lowing a two-step PCR approach (Kozich et al. 2013). In the first
step, a ~140-170 bp region of the SSU rDNA was amplified using the
eukaryotic universal primers SSU3’F and SSU3'R (Jarman et al.
2013). Reactions included negative and positive controls and cycling
conditions consisted of 20 s at 94 °C, 20 s at 67 °C and 20 s at 72 °C for
35 cycles. Individual PCR products were pooled according to genetic
lineage for T. wiegmanni and to species for Blanus and purified using
a proportion of 0.8 pL. of AMPure (Beckman-Coulter) magnetic beads
to 1 pL of PCR product. In the second PCR step consisting of 55°C
annealing temperature for 10 cycles, unique nucleotide tags were at-
tached to each pool. A final purification was performed using a ratio
of 1.2 pL of beads to 1 uL of PCR product followed by normalization.
Finally, all species/lineages were pooled together and sequenced in
a Miseq (Illumina) sequencing platform.
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Table 1. Specimen code and locality data for the different species and genetic lineages of amphisbaenians
included in this study. Positive samples are shown in bold.

Specimen code Lineage/Species

Latitude/Longitude Locality

DB3686 B. vandellii

DB3690 B. vandellii

DB2295 B. cinereus

DB3683 B. cinereus

DB3685 B. cinereus

DB11915 B. mettetali

DB11971 B. mettetali

DB4300 B. strauchi

DB4301 B. strauchi

DB4302 B. strauchi

DB5169 B. strauchi

DB5180 B. strauchi

DB5838 B. strauchi

DB5842 B. strauchi

DB5844 B. strauchi

DB5845 B. strauchi

DB5846 B. strauchi

DB3544 B. tingitanus

DB3733 B. tingitanus

DB4303 B. tingitanus

DB4849 B. tingitanus

DB4850 B. tingitanus

DB4851 B. tingitanus

DB15369 B. tingitanus

DB15370 B. tingitanus

DB15371 B. tingitanus

DB15372 B. tingitanus

DB14623 Western T. w. wiegmanni
DB14682 Western T. w. wiegmanni
TunT41 Eastern T. w. wiegmanni
DB4 Eastern T. w. wiegmanni
DB5172 T. w. elegans

DB25381 T. w. elegans

DB25275 T. w. elegans

DB25294 T. w. elegans

DB25382 T. w. elegans

DB20108 T. w. elegans

DB4856 T. w. elegans

DB1508 T. w. wiegmanni/T. w. elegans

39.39-7.37 Marvao, Portugal

40.63 -7.39 Celorico da Beira, Portugal
37.14-6.83 Mazagoén, Spain

38.10 -6.70 Castrejon de Capote, Spain
39.86 -8.52 Carvalhao, Portugal

31.08 -8.94 Tamssa, Morocco

31.28 -9.79 Essaouira, Morocco

36.14 29.58 Kastelorizo Island, Greece
36.59 27.17 Nisiros Island, Greece

36.93 27.14 Pserimos Island, Greece
36.60 27.20 Nisyros Island, Greece
36.57 27.19 Nisyros Island, Greece
36.95 27.04 Kalymnos Island, Greece
36.94 27.13 Pserimos Island, Greece
37.00 26.92 Telendos Island, Greece
36.56 27.17 Nisyros Island, Greece
36.60 27.20 Nisyros Island, Greece
34.22-4.05 Tazzeka, Morocco

34.07 -4.12 Bab Bou Idir, Morocco
34.09 -4.11 Taza, Morocco

35.02 -4.80 Chefchaouen, Morocco
34.23 -5.34 Moulay Yacoub, Morocco
34.23 -5.34 Moulay Yacoub, Morocco
34.75 -5.08 Jebel Beni Ider, Morocco
35.57 -5.56 Boumattach, Morocco

35.67 -5.62 Sidi Ali Ben Ali, Morocco
35.67 -5.62 Sidi Ali Ben Ali, Morocco
34.34 -1.99 Jerada, Morocco

34.34 -2.11 Forét de Jerada, Morocco

- Tunisia

36.56 8.75 Bulla Regia, Tunisia

31.74 -9.62 Akermoud, Morocco

33.49 -5.27 El Hajeb to Azrou, Morocco
33.50-5.27 El Hajeb to Azrou, Morocco
33.50-5.27 El Hajeb to Azrou, Morocco
33.69 -4.83 Sefrou to Annoceur, Morocco
31.44 -9.72 Essaouira, Morocco

32.79 -6.96 Oulad Brahim, Morocco
33.63 -4.90 Sefrou, Morocco

Fastq files were analysed with the USEARCH v9.2.64 (Edgar
2010) software. Forward and reverse reads were merged and quality
filtered. Replicate reads and singletons were discarded and unique
sequences clustered into Operational Taxonomic Units (OTUs) re-
moving chimeras. Each OTU was then taxonomically identified us-
ing the BLAST algorithm against the NCBI database.

For the pools where parasites of interest were detected using
HTS, we performed additional PCR amplifications on the single in-
dividuals included in the positive pool using specific parasite pri-
mers to validate the results. In the case of haemogregarines, an 185
rRNA fragment (~600 bp) was amplified for individual samples with
the HepF300/HepR900 primers (Ujvari et al. 2004) with PCR cycling
consisting of 30 s at 94 °C, 30 s at 60 °C and 1 min at 72 °C for 35 cy-
cles. For Sarcocystis species infections, a CO1 fragment (~810 bp) was
further amplified using SF1/SR5 primers (Gjerde 2013). PCRs were
run for 35 cycles for 30 s at 94 °C, 30 s at 54 °C and 1 min at 72 °C. All
new sequences were submitted to GenBank (Accession numbers
MN512148-MN512150).

A single Apicomplexa OTU (comprising 15 sequences) was
identified in the western lineage of T. wiegmanni (n=4) and
was identified as haemogregarine. The 146 bp sequence ob-
tained from HTS gave a 99% similarity (2 nucleotide differ-
ences) with Hepatozoon ayorgbor (EF157822, host species: Py-
thon regius), and 98% similarity (3 differences) with a Hepato-
zoon sp. from a rodent (AB181504). This sequence therefore
seemed to belong to one of the major genetic lineages within
Hepatozoon that infect small mammals, reptiles and amphibi-
ans (Clade H in Maia et al. 2016, proposed as Bartazoon by
Karadjian et al. 2015). A PCR of the 4 individuals from this T.
wiegmanni pool gave a single positive for individual
DB14682. Although this amplification was sequenced and
gave a most similar BLAST search comparison with Hepato-
zoon, the quality of the longer fragment generated was such
that the sequence could not be placed more definitively
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within a phylogenetic framework.

Another OTU (comprising 518 sequences), from the pool
of 10 individuals of the B. strauchi species complex, corre-
sponded to a species of Sarcocystis. The 148bp sequence gave
a 98% similarity with Sarcocystis lacertae (AY015113). In this
case, one individual, B. strauchi (DB5846), successfully ampli-
fied with the HEP primers, and the 560bp fragment showed
2 differences from a species of Sarcocystis from Pristurus
geckos from Oman (KX453662), and three differences from S.
lacertae (AY015113). An 809 bp fragment of the CO1 gene
was also successfully sequenced for the same individual, but
fewer comparative sequences were available on GenBank;
the most similar (94%) was Sarcocystis canis (KX721497).

Our results demonstrate unambiguously the presence of
Hepatozoon species in the amphisbaenid T. wiegmanni. Hepa-
tozoon seychellensis has also been recently described from
caecilians, fossorial amphibians (Harris et al. 2014). Alt-
hough in general, infection by haemogregarines seems less
common in species with burrowing habits, our results sug-
gest that a fossorial lifestyle per se does not prevent infection
with this group of parasites. Mites such as Zeterohercon am-
phisbaenae are known from South American amphisbaenians
(Flechtmann & Johnston 1990), and assessment of mites from
these reptiles in North Africa would be useful to determine
if these are the vectors. Although Martin et al. (2016) did not
observe any parasites, their sampling was limited to small is-
lands off the coast of North Africa. It may be this geographic
aspect that explains the apparent absence of parasites in the
T. wiegmanni samples that they studied, although other
apicomplexan parasites such as Isospora wiegmanniana were
previously found in the same population (Megia-Palma et al.
2015). The number of reads from species of Hepatozoon was
also very low (15). While there is not a direct correlation be-
tween reads and DNA concentrations, they are often consid-
ered linked (e.g. Evans et al. 2016; Clarke et al. 2017). The
low abundance of reads might therefore suggest low parasi-
taemia levels, which in turn could explain why we failed to
obtain a quality sequence from the larger fragment of the 185
rRNA gene. It might also partially explain why, to the best of
our knowledge, these parasites have not previously been re-
ported from this host genus.

As far as we are aware, this is also the first report of a
Sarcocystis infection in any Blanus host species. The limited
variation within 185 rRNA, and the lack of comparative se-
quences for CO1 make it difficult to place the parasite from
B. strauchi in a taxonomic framework. It may well represent a
new species, related to S. lacertae. As additional data be-
comes available for more species, particularly for the CO1
marker, this situation may be more readily resolved.

Our results also demonstrated the value of HTS ap-
proaches in parasite detection studies. Aivelo & Medlar
(2018) highlight four major limitations of metabarcoding.
First, they stress the limited amount of comparative material
available but also highlight how this will diminish as more
studies employ the approach. The second limitation, a lack
of truly universal primers, is more or less of a problem de-
pending on the group of parasites examined. For species of
Hepatozoon, the primers employed amplify DNA sequences
more widely than just the family, as shown in our case of al-
so amplifying sequences for species of Sarcocystis. The third
issue, high sequencing error rates, is also overcome by re-
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sequencing key samples. The short fragment of 185 rRNA
can be used to identify the target groups, that can then po-
tentially be sequenced for either longer fragments or other
genes, as demonstrated here for species of Sarcocystis. The
fourth problem proposed was the cost and expert
knowledge required. Costs are diminishing all the time and
are greatly reduced when many different projects are se-
quenced simultaneously. In our case, the samples from fos-
sorial reptiles were sequenced alongside many other distinct
groups. Our sequencing costs were then trivial compared to,
for example, the high cost of fieldwork necessary to collect
the samples in the first place. Admittedly, in this study the
group sizes were small so that a larger percentage of sam-
ples needed to be re-sequenced conventionally to obtain
longer sequence fragments. However, the approach could be
used with many samples in larger groups, further reducing
costs. Similarly, as bioinformatic pipelines are developed to
deal with HTS, assessment becomes easier and can also be
quickly employed to analyze different projects at the same
time. Compared to the time necessary to learn how to identi-
fy parasites through microscopy, we would suggest that an
HTS approach is actually much easier.

To conclude, we have identified two groups of parasites,
Hepatozoon and Sarcocystis for the first time in these amphis-
baenian hosts. This refutes the hypothesis that these para-
sites are not present due to the fossorial lifestyle of the host.
At the same time, we demonstrate that an HTS metabarcod-
ing approach can effectively be used to screen multiple
Apicomplexan parasites from vertebrate host tissue samples.
Given how widespread collection of such tissue samples is
for phylogeographic analyses of the hosts, more widespread
screening of them for parasites could greatly enhance para-
site detection in non-model organisms.
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