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ABSTRACT: Haemogregarines are the most commonly reported hemoparasites in reptiles. In 

this work we analyzed samples from 572 individuals of 6 species of the Wall Gecko genus 

Tarentola from European and African countries adjacent to the Mediterranean Sea, as well as the 

Macaronesian islands. Screening was done using haemogregarine-specific primers for the 18S 

rRNA gene. Positive amplifications were sequenced, so that the diversity of the haemogregarines 

from these hosts could be assessed within a phylogenetic framework. The results from the 

phylogenetic analysis show that within Tarentola, the detected parasites are comprised of at least 

4 distinct main lineages of Hepatozoon spp. In clades A and B, the new sequences clustered 

closely together with the ones previously known from individuals of the genus Tarentola and 

other species of geckos, but also with those from other vertebrate host groups including skinks, 

snakes and rodents. Clade C included a sample from Tarentola angustimentalis of the Canary 

Islands. This sequence is the first molecular characterization of these haemogregarines in this 

archipelago. Until now, this lineage had only been found in lacertids, skinks and snakes, so this 

infection extends the host range for this clade. Lastly, in the newly detected clade D, the 

retrieved parasite sequences form a group currently identified as exclusive of geckos. Our results 

show that geckos of Tarentola spp. harbor a great diversity of haemogregarines but also that 

further sampling and other tools, including a multi-locus approach using faster evolving genetic 
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markers, and identification of definitive hosts, are needed to better understand the biology, 

diversity and distribution of these parasites. 

Most groups of parasites have received little attention from biologists and, as a result, 

much of their biodiversity remains to be described or even detected (Morrison, 2009). Parasite 

systematics is mostly based on morphological features and lifecycles, which are generally 

difficult to assess, but molecular approaches have helped boost knowledge concerning their 

biology, particularly regarding their diversity and phylogenetic relationships (Ghai and 

Chapman, 2012). One of the main constraints in the study of parasites is still the limited amount 

of comparative genetic data available from different host species and geographical areas, 

especially from wild populations. 

Reptiles are hosts of several groups of haemogregarines, with the genus Hepatozoon the 

most commonly reported (Telford, 2009). This genus is widely distributed around the world, 

infecting all groups of terrestrial vertebrates and a range of hematophagous arthropods, 

alternating between these 2 types of hosts during their lifecycle (Smith, 1996). Molecular tools 

have helped uncover unknown biodiversity, as well as unexpected phylogenetic patterns and 

various incongruences within the current taxonomy of haemogregarines, suggesting the need for 

its revision. For example, a recent study based on the 18S rRNA gene shows Karyolysus within a 

paraphyletic Hepatozoon (Haklová-Kočíková et al., 2014). Likewise, the genus Hepatozoon 

might be paraphyletic with respect to Hemolivia (Barta et al., 2012; Harris et al., 2014a; 

Kvičerová et al., 2014). In the genus Tarentola, several studies have reported the presence of 

haemogregarines using microscopy (Elwasila, 1989; Smith, 1996; Rabie and Hussein, 2014), and 

more recently using molecular screening (Maia et al., 2011). Here, we analyzed nearly 600 

samples from several species of the Wall Gecko genus Tarentola of the Mediterranean Basin and 
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the Canary Islands for the presence of these parasites using haemogregarine-specific primers to 

assess the diversity and distribution of Hepatozoon spp. in this group of hosts. 

Tissue samples of 572 wild individuals of 6 species of Tarentola from multiple localities 

distributed across the Mediterranean region and Macaronesian Islands (see Fig. 1 for sample 

distribution) were analyzed. Geckos were identified in the field, and GPS coordinates taken. 

Tissue samples were from tail tips, and stored in 96% ethanol for subsequent molecular analysis. 

All individuals were released after sampling in the place of collection. Parasite detection was 

performed through PCR, using the primers HepF300 and HepR900 (Ujvari et al., 2004), which 

were designed to amplify a region of about 600 bp of the 18S rRNA gene of haemogregarines. 

For details on DNA extraction and PCR protocol, see Harris et al. (2011). Afterwards, a second 

pair of primers, EF and ER (Kvičerová et al., 2008), which amplifies a larger region of the 18S 

rRNA gene (about 1,500 bp), was used on the subset of samples positive for haemogregarine 

infections, to increase the number of molecular characters for phylogenetic analysis. Conditions 

for this second method of PCR amplification are the same as detailed in Kvičerová et al. (2008). 

PCR amplicons were purified and sequenced by an external company (Beckman Coulter 

Genomics, Europe) and their identity assessed by comparison to the GenBank database. Some of 

the obtained sequences, however, could not be included because of the poor quality. For the 

phylogenetic analyses, sequences were aligned using the ClustalW algorithm (Thompson et al., 

1994) implemented in Geneious v6.0.6 (Drummond et al., 2012), and nucleotide evolutionary 

model was selected in jModelTest 0.1 (Posada, 2008). Phylogenetic relationships were estimated 

using both the Maximum Likelihood (ML) and Bayesian Inference (BI) methods. ML and BI 

analyses were conducted in PhyML 3.0 (Guindon et al., 2010) and Mr. Bayes v.3.1 (Huelsenbeck 

and Ronquist, 2001), respectively. For more information on the set parameters, see Tomé et al. 
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(2014). The included new sequences of haemogregarines were deposited in GenBank under 

accession numbers xxxxxx to xxxxxx (to be added after acceptance). Prevalence was expressed 

as the percentage of infected samples in the samples analyzed. Differences in the frequency of 

infection between European and African samples were estimated using Fisher’s exact test. For 

this analysis only the dataset from Tarentola mauritanica was used given that it was the most 

screened host species and also the only with a distribution in both continents. 

From the screened specimens, 42 individuals from 6 species were found to be infected 

with haemogregarines identified as Hepatozoon spp. Overall prevalence was 7.3% and the values 

varied across host species with infected individuals (4.8-36.4%, see Table I). Geographically, 

infections in T. mauritanica were significantly more frequent in North Africa than in Europe (P < 

0.001). Results from the phylogenetic analysis indicate that Tarentola spp. harbor a high 

diversity of haemogregarine parasites identified as Hepatozoon sp., distributed across 4 main 

clades, although the majority of sequences retrieved were part of 2 lineages previously identified 

from a wide range of hosts (clades A and B). Both BI and ML phylogenetic analyses gave 

overall similar estimates of phylogenetic relationships, with the same main lineages present. For 

the pair of primers EF and ER, only a limited number of usable sequences of Hepatozoon spp. 

were obtained. Nevertheless, a phylogenetic analysis was attempted with 12 new, longer 

sequences (not shown). The alignment for this second method of PCR amplification was 1,449 

bp long and included 43 other sequences from the GenBank database (including Hepatozoon spp. 

detected from various vertebrate host groups). The resulting phylogeny was consistent with that 

obtained with the pair of primers HepF300 and HepR900, indicating the 600 bp fragment is 

sufficiently representative to discern phylogenetic relationships based on the 18S rRNA for this 

group of parasites, as has been previously suggested (Maia et al., 2012). For the shorter 
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fragment, 35 good sequences were obtained, but only unique haplotypes were used for the 

further analyses. Sequence alignment was 578 bp long and consisted of 105 sequences, 15 of 

which corresponded to the new haplotypes. 

In clade A, new sequences clustered with those of Hepatozoon spp. from a wide array of 

vertebrate hosts, including geckos, lizards, snakes and rodents. However, relationships within 

this clade are unresolved (Fig. 2). The 6 new sequences, although identical, came from 

specimens of 3 different species (3 sequences from Tarentola deserti, 2 from Tarentola 

ephippiata and 1 from T. mauritanica) and from 5 different locations in North Africa (from near 

the southeastern border of Morocco to northwestern Libya), indicating that this same haplotype 

is widespread (Fig. 1). ML bootstrap value for clade A was low (38%), contrasting with the high 

support using the BI method (for which the posterior probability was 99%). Within clade B, the 

new sequences, including the only positive obtained from continental Europe, grouped with an 

already published sequence, forming a monophyletic group of Hepatozoon spp. from Tarentola 

spp., most of them from North Africa (Tarentola boehmei, T. deserti, T. ephippiata, Tarentola 

fascicularis and T. mauritanica). However, the more closely related available sequences to this 

lineage correspond to specimens of Hepatozoon spp. infecting skinks and snakes from the Indian 

Ocean region (the skink Trachylepis wrightii and the snake Lycognathophis seychellensis from 

the Seychelles, and the snakes Madagascarophis colubrinus and Ithycyphus oursi from 

Madagascar). This suggests that clade B has a wide geographical extension, from western 

Morocco and the Iberian Peninsula to the Indian Ocean Islands. As such, sampling from different 

reptiles of the in-between area may reveal further diversity of these parasites and help better 

resolve the phylogenetic relationships within this clade. Regarding clade C, only one of the 

retrieved sequences clustered in this lineage. This clade was previously found only in lacertids, 
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skinks and snakes from North Africa, the Iberian Peninsula and Oman. The new sequence, found 

infecting a specimen of Tarentola angustimentalis (Canary Islands), expands the host range of 

this clade to geckos and represents the first lineage of this parasite identified using molecular 

methods for the Canary Islands. As Morocco is the closest landmass to this archipelago and most 

probably constitutes the mainland origin of these host species (Rato et al., 2012), it is plausible 

that the same could be true for the parasites they carry. On the other hand, and since we only 

were able to detect a single individual infected, we do not discard this could also be a dead-end 

host (i.e., a host that is not part of its normal lifecycle) of a strain that normally infects lacertids, 

skinks and snakes. Further studies will be needed to confirm this, and if not, investigate if this 

strain also infects lacertids and skinks from the archipelago. Clade C also includes sequences 

from forms morphologically identified as Karyolysus spp. (Haklová-Kočíková et al., 2014). This 

represents another example of discrepancy between morphological characters and phylogenetic 

reconstructions based on DNA sequence data. The genus Karyolysus is named after the distortion 

and apparent lysis that gametocytes cause to the nucleus of host erythrocytes (Telford, 2009). 

Further sampling, using both genetic and morphological approaches would be necessary to 

elucidate the validity of morphological characters used to distinguish among haemogregarine 

genera, their relationships and to reassess the taxonomy of this group of parasites. Lastly, in 

clade D, 12 sequences of Hepatozoon spp. detected in Wall Gecko specimens from the Maghreb 

region (T. boehmei, T. ephippiata and T. mauritanica) clustered with Hepatozoon spp. of geckos 

from Oman (Asaccus platyrhynchus and Hemidactylus hajarensis) (Maia, 2015). This is, to date, 

the only clade exclusive for geckos and is distantly related to previously known groups, 

representing an important finding in reconstructing the evolutionary relationships of this group of 

parasites. 
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Although a large number of haemogregarine lineages from reptile hosts have already 

been detected, with each additional study, new lineages are still found. Our results indicate that 

geckos of the genus Tarentola host a high diversity of these parasites belonging to at least 4 

distinct main lineages, in some cases further subdivided into different haplotypes. Such a high 

diversity was also observed in geckos from Brazil (Harris et al., 2014b). Moreover, although 

there are several studies regarding the occurrence of haemogregarine parasites in Tarentola 

species across the Mediterranean, they are mostly based exclusively on morphology (Elwasila 

1989; Smith, 1996; Rabie and Hussein, 2014 and references within; but for a molecular study see 

Maia et al., 2011). Combined approaches, using both molecular and morphological tools, will be 

fundamental to increasingly get a better picture of the relationships of these parasites, their host 

specificity and how they are distributed. Still, interpretation is complicated by the apparent lack 

of congruence between the phylogeny of the parasite with that of the vertebrate hosts, geographic 

distribution or ecology. For instance, in a same host species and geographical region different 

lineages of Hepatozoon can be found; as example, 2 samples of T. boehmei from the same 

location harbor distantly related Hepatozoon spp., specifically haplotypes of clades B and D. On 

the other hand, the same parasite lineage can appear in distant geographic regions and different 

host species, as in the case of the detected genotype from clade A. Furthermore, in most cases the 

current state of knowledge is not sufficient to discern biogeographical patterns, as there is still 

limited sampling, insufficient genetic markers, unknown invertebrate vectors and inadequate 

taxonomy. Clearly, further screening and faster-evolving markers are needed. Only then can the 

diversity and relationships of this group of parasites be fully understood, species confidently 

described and a detailed revision of the taxonomy possible. 
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Figure 1. Map of the geographical distribution of the sampled individuals. Black dots indicate 

screened samples negative for Hepatozoon parasites, while open circles correspond to samples 

positive for Hepatozoon parasites which were excluded from the phylogenetic analyses given the 

poor quality of the obtained sequences and, as such, have no clade assigned. Squares indicate 

positive samples included in the phylogenetic analyses, with different filling patterns 

corresponding to the distinct clades identified (open squares – clade A, horizontal hatch – clade 

B, diagonal hatch – clade C, and crossed hatch – clade D), as also seen in Figure 2. Note that 

some samples are geographically overlapped. 
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Figure 2. Tree of the estimated phylogenetic relationships based on the BI analysis of the 18S 

rRNA gene. The selected evolutionary model was the TVM+G and both BI and ML analyses 

were performed. The Bayesian posterior probabilities are given above the nodes, while bootstrap 

values are given below. When support values are 100%, this is indicated with a plus sign. New 

sequences identified in this study are highlighted in bold, with the number of sequences per 

species indicated in parentheses. The clades referred in the text and Figure 1 are identified on the 

right of the tree by the corresponding letters and box filling pattern. Some branches were 

collapsed for aesthetical purposes. GenBank accession numbers of sequences in the collapsed 

branches are: AY252108, HQ734807, JX531921, KC342524, KC342527, KC696564, 

KJ408522, KJ408529, KM234612, KM234615 (Hepatozoon spp. of reptile hosts), AF176837, 

HQ224960, HQ224962, KJ599676 (Hepatozoon spp. of amphibian hosts), AF176836, 

AY461375, AY628681, AY731062, DQ111754, EF222257 and HQ829446 (Hepatozoon spp. of 

carnivore hosts). 
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Table I. Number of individuals screened (N screened), number of infected samples (N 

infected) and correspondent prevalence (number of infected samples by the number of 

screened analyzed host samples). N screened and N infected are shown for each 

Tarentola species analyzed, in total (bold) and per country (in smaller font). 

Additionally, for Tarentola mauritanica the prevalence and numbers per 

continent/region are calculated. The results for the overall total of samples are also 

presented. 

 

HOST SPECIES N SCREENED N INFECTED PREVALENCE (%) 

T. angustimentalis 19 1 5.3 

Macaronesian Islands    

Spain  19 1 5.3 

T. boehmei 39 6 15.4 

Africa    

Morocco 39 6 15.4 

T. deserti 76 7 9.2 

Africa    

Algeria 14 0  

Morocco 58 7  

Tunisia 4 0  

T. ephippiata 11 4 36.4 

Africa    

Morocco 9 4  

Western Sahara 2 0  

T. fascicularis 21 1 4.8 

Africa    

Egypt 19 1  

Libya 2 0  

T. mauritanica 406 23 5.7 

Africa 174 22 12.5 

Algeria 15 1  

Libya 5 1  

Morocco 142 19  

Table Click here to download Table 15-908R1 table 1 2016.docx 



Tunisia 22 1  

Europe 220 1 0.5 

Croatia 8 0  

France 4 0  

Greece 9 0  

Italy 63 0  

Portugal 17 0  

Spain 119 1  

Macaronesian Islands 2 0 0 

Spain  2 0  

OVERALL TOTAL 572 42 7.3 
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