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Abstract 

Background  Endemic lizards of the genus Gallotia are of high ecological value to the terrestrial ecosystem of the 
archipelago of the Canary Islands, being potent seed spreaders as well as an important component of the diet of 
other vertebrates. The endemic lizard Gallotia galloti in Tenerife has recently been reported to be a paratenic host of 
Angiostrongylus cantonensis, an invasive metastrongylid with zoonotic potential that is associated with rats as defini‑
tive hosts. However, microscopic examination of G. galloti  tissue samples also revealed the presence of other metas‑
trongylid larvae inside granulomas on the liver of this reptile. The aim of this study was to investigate the presence of 
helminths other than A. cantonensis in tissues of G. galloti from Tenerife.

Methods  A multiplex-nested PCR targeting the internal transcribed spacer 1 was designed that enabled the species-
specific detection of A. cantonensis, Angiostrongylus vasorum, Aelurostrongylus abstrusus, Crenosoma striatum and 
Crenosoma vulpis. Liver samples from 39 G. galloti were analysed.

Results  Five  metastrongylids were detected: A. cantonensis (15.4% of samples analysed), A. vasorum (5.1%), Ae. 
abstrusus (30.8%), C. striatum (30.8%) and undetermined metastrongylid sequences (12.8%). Co-infection was highly 
prevalent among the lizards which tested  positive.

Conclusions  The study provides a new specific tool for the simultaneous detection of a range of metastrongylids 
of veterinary importance as well as new data on the circulation of metastrongylids in an ecosystem dominated by 
lizards.
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Background
Nematodes of the superfamily Metastrongyloidea are 
characterised by an indirect life-cycle involving gastro-
pods (or less frequently annelids) as intermediate hosts 
in which third-stage (L3) larvae develop [1]. Although the 
presence of a gastropod intermediate host is essential in 
the life-cycle of these nematodes, the definitive hosts are 
commonly infected by ingestion of a vertebrate paratenic 
host, such as amphibians, reptiles, rodents and shrews. 
Moreover, an invertebrate transport host can be involved, 
such as crustaceans or insects in the case of the parasitic 
nematode Angiostrongylus cantonensis [43].

The survival of L3 larvae in vertebrate tissues and the 
importance of the paratenic hosts for the circulation 
of metastrongylid parasites across ecosystems is evi-
dent from studies on the most studied nematode spe-
cies. Angiostrongylus cantonensis, the rat lungworm, has 
been found infecting fish, frogs, toads, snakes, lizards 
and monitor lizards [2, 4, 34, 39, 44], and the ingestion 
of such poikilothermic hosts is responsible for a propor-
tion of human infections [17, 25]. The case of Angios-
trongylus vasorum parasitising canids, the common frog 
Rana temporaria and domestic chicken were proven to 
be paratenic hosts under experimental conditions; how-
ever, there are no records of naturally infected paratenic 
hosts, probably due to the paucity of detection methods 
[6, 33]. In a number of different studies, Aelurostrongylus 
abstrusus, the cat lungworm, was experimentally trans-
mitted to mice, chickens, ducklings, frogs, toads, snakes 
and lizards [1, 13, 16, 18, 27], but only the striped field 
mouse Apodemus agrarius has been found to be naturally 
infected [20]. For many metastrongyloids, the existence 
of paratenic hosts has either not been studied or not con-
firmed, such as, for example, Crenosoma striatum and 
Crenosoma vulpis, lungworm of hedgehogs and canids, 
respectively.

The recent emergence of zoonotic A. cantonensis in 
Tenerife, the largest island of the Canary Islands, has 
received much attention due to the proximity of the 
island to continental Europe. The species has been 
detected in rats and molluscs [14, 29], as well as in a para-
tenic host, the endemic lizard Gallotia galloti[2]. Among 
other metastrongylids recorded in the Macaronesian 
archipelago, C. striatum is commonly found in the Alge-
rian hedgehog Atelerix algirus of Lanzarote [40], larvae 
from A. vasorum and Ae. abstrusus have been morpho-
logically identified in molluscs from Tenerife [41] and 
a case of ocular affection for Gurltia paralysans was 
reported in a cat of unknown origin in Tenerife [42].

Our recent study empirically demonstrated the pres-
ence of metastrongylid larvae other than those of A. can-
tonensis in liver samples of G. galloti [2]. The aim of the 
present study was to develop the appropriate molecular 

tool and to investigate the diversity of metastrongylid 
helminths exploiting endemic lizards of Tenerife as para-
tenic hosts.

Methods
Sample preparation
Thirty-six liver samples from the G. galloti lizards previ-
ously studied by Anettová et al. [2] were used in the pre-
sent investigation. Briefly, specimens of G. galloti were 
captured in Tegueste (Tenerife, Canary Islands, Spain) 
and euthanised at the Instituto Universitario de Enferme-
dades Tropicales y Salud Pública de Canarias (IUETSPC). 
Liver samples were obtained during dissection and pre-
served in absolute ethanol for molecular analysis. DNA 
was isolated from the tissue samples using the Qiagen 
DNEasy Blood & Tissue Kit (Hilden, Germany) with the 
following modifications: 25  μl of proteinase K and lyse 
phase extended to overnight.

Molecular techniques
A nested PCR approach that provided higher sensitiv-
ity and specificity was chosen for the detection of A. 
cantonensis, A. vasorum, Ae. abstrusus, C. striatum and 
C. vulpis. Universal primers amplifying the entire inter-
nal transcribed spacer 1 (ITS1) region of all the metas-
trongylid nematodes included in this study were used 
for the first round of PCR [38]. For the second round, 
species-specific primers were designed based on multi-
ple sequence alignment of the ITS1 of A. cantonensis, A. 
vasorum, Ae. abstrusus, C. striatum and C. vulpis using 
sequences available in GenBank and Geneious Prime® 
version 2019.2.1 software [24]. To facilitate the identifi-
cation of products following gel electrophoresis, the size 
of the product for each targeted species differs by > 40 
nt (Table 1). Both rounds of PCRs were performed using 
the Qiagen Multiplex PCR plus Kit under the follow-
ing conditions: 95 ºC for 15  min to enable the Hotstart 
activation, followed by 35 cycles of 94 ºC for 30 s, 57 ºC 
for 90 s and 72 ºC for 90 s, with a final step of 72 ºC for 
10 min. The reaction was performed in a total volume of 
25  μl, containing 2  μM of each primer, 12.5  μl of Mul-
tiplex PCR Master Mix and 1  μl of DNA template. The 
specificity of the technique was confirmed by using DNA 
of helminths from each species with all the primers sepa-
rately and the same multiplex set-up. Amplified products 
of the multiplex PCR were visualised in 2% agarose gel, 
at 75 V for at least 90 min, and the separated bands were 
later purified using the Gel/PCR DNA Fragments Extrac-
tion Kit (Geneaid Biotech Ltd., New Taipei City, Taiwan)  
and sent for capillary sequencing using the amplification 
primers to Macrogen Europe BV (Amsterdam, The Neth-
erlands). The obtained sequences were assembled and 
edited using the Geneious Prime® 2019.2.1 software [24] 
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and identified by BLASTn analysis of the NCBI GenBank 
database. All unique sequences were deposited into Gen-
Bank under accession numbers OP210306-11.

Results
The multiplex-nested PCR confirmed the presence 
of DNA of four of the five helminth species investi-
gated. Sequencing of the products of the expected sizes 
revealed, in addition to the already known presence of A. 
cantonensis in G. galloti livers, two samples positive for 
the DNA of A. vasorum (5.6%) and 12 samples (33.3%) 
positive for Ae. abstrusus DNA;  12 samples (33.3%) pre-
sented the DNA of C. striatum. A PCR product of the 

size corresponding to that in the C. vulpis assay was not 
detected in any of the tested samples, but an additional 
band slightly above the C. striatum PCR product was 
observed in five samples (13.8%) (Fig.  1). BLAST analy-
ses of its sequence showed MG878893-4 (assigned as 
Crenosoma sp. in GenBank) as the most closely related 
sequences with 94.2% and 93.2% similarity, both detected 
in slugs in Germany [26]. In the case of A. cantonensis, 
six samples tested positive by the multiplex PCR, in com-
parison of the nine detected in the very same set of 36 
livers by quantitative PCR [2]. In total, 27 samples were 
positive for at least one metastrongylid nematode (75%). 
Co-infections were highly prevalent, and 14 (38.9%) of 

Table 1  Primers designed for the multiplex-nested PCR analysis and the molecular weights of the resulting products

ITS1 Internal transcribed spacer 1
a Detection method for C. striatum and C. vulpis share the forward primer

PCR Round Primer Sequence (5′–3′) Product size (bp)a Speciesa

1 ITS1_F1674 GTC​GTA​ACA​AGG​TAT​CTG​TAG​GTG​

ITS1_58SR4 TAG​CTG​CGT​TTT​TCA​TCG​ATA​

2 ITS1_Canto_F3 AAC​AAC​TAG​CAT​CAT​CTA​CGTC​ 642 Angiostrongylus cantonensis

ITS1_Canto_R1 CAT​CCT​GTG​TAT​CTC​GTT​CC

ITS1_Aeluro_F1 GCT​TTG​ATC​AAC​GAG​AAA​CC 537 Aelurostronylus abstrusus

ITS1_Aeluro_R2 CAT​ACG​TGC​ACA​GTA​TAA​TCTC​

ITS1_Vasor_F1 CTC​ATC​GTC​ATC​ATC​GTT​ATAG​ 492 Angiostrongylus vasorum

ITS1_Vasor_R1 ACC​ATA​TTC​AGT​AGT​CAT​TGTC​

ITS1_Creno_s_R2 GTA​CCA​CGT​AAC​ACA​CGA​ 377  Crenosoma striatum

ITS1_Creno_F2 TCT​GGA​ATT​TTT​GTG​GAT​TGG​

ITS1_Creno_v_R1 GCT​ACT​TAT​CAA​GTA​AGC​TAGC​ 299 Crenosoma vulpis

Fig. 1  Representative result of the multiplex-nested PCR of DNA-spiked samples showing the identifying/differentiation power of the assay in a 
2% agarose gel with 1-kb Plus DNA ladder molecular weight marker (New England Biolabs, Ipswich, MA, USA). In terms of size of the respective 
products, the 642-bp band represents Angiostrongylus cantonensis, the 537-bp band represents Aelurostronylus abstrusus, the 392-bp band 
represents Angiostrongylus vasorum and the 377-bp band represents Crenosoma striatum; in the case of unidentified metastrongylid, an additional 
band around 300 bp appeared (lanes 4, 6). Lanes: 1 A. cantonensis + Ae. abstrusus + C. striatum; 2 A. cantonensis + Ae. abstrusus + A. vasorum + C. 
striatum; 3 Ae. abstrusus + A. vasorum + C. striatum, 4, 6 A. cantonensis + unidentified metastrongylid; 5, 7 A. cantonensis + A. vasorum + C. striatum; 8, 
9 C. striatum only
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the total lizard samples analysed tested positive for more 
than one helminth (Fig. 2).

Discussion
Reptiles are known to serve as paratenic hosts of A. can-
tonensis (Radomyos et  al. 1994, [2] as well as of other 
metastrongylid nematodes and can be a source of infec-
tion in wild or domestic animals or humans when eaten 
raw or undercooked [17, 23].

Trophic transmission is a common route of parasitic 
helminths’ circulation in the environment. These para-
sites often reproduce in large vertebrates, which allow 
them to increase their growth capacity as well as provid-
ing longer lifespans. Many larger vertebrates are preda-
tors occupying high tropic positions and therefore have 
limited direct contact with free-living larval stages of hel-
minths or with their eggs. Thus, the nematodes infecting 
such definitive hosts tend to have an additional host in 
their life-cycle. The existence of paratenic hosts within 
one parasite life-cycle not only increases the survival of 
its larval stages, but also facilitates its transmission into 
these hosts at higher tropic levels [35]. Paratenesis, the 
transmission of larvae from a paratenic host to other 
hosts, is a key ecological adaptation in the transmission 
of metastrongylids to carnivorous mammals, as they are 
unlikely to feed on gastropods but commonly hunt other 
animals, such as rodents or reptiles [1].

Reptiles are important components of the food webs 
in many ecosystems and, as such, they are function as 
paratenic hosts in the life-cycles of various helmiths. 
As examples, Australian snakes and dwarf monitor liz-
ards are hosts for physalopterid nematodes [21, 22]; 
Nile monitor lizards harbour species of Dracunculus [7]; 

Trichinella papuae and T. zimbabwensis have been found 
infecting reptile species in equatorial regions [37]; Ani-
sakis sp. type I is able to infect green turtles (Chelonia 
mydas) and crocodiles are also believed to be paratenic 
hosts of this nematode [8, 28]; water snakes (Nerodia 
sipedon) have been reported harbouring species of Eus-
trongylides [9]; and Monitor lizards are a paratenic host 
of A. cantonensis, being responsible for outbreaks of 
eosinophilic meningitis in humans following the inges-
tion of organs of these large saurians [34].

Metastrongylid larvae are expected to be found mostly 
in liver tissue in paratenic hosts and, to a lesser extent, in 
muscles and connective tissues [10, 20, 31]. Based on a 
field study on Varanus bengalensis infected with A. can-
tonensis (Radomyos et al. 1994), we decided to use liver 
tissue for our search of metastrongylids using a refined 
molecular method, as the concentration of larvae and 
the probability of detection is believed to be the highest 
in this tissue. Since the liver has a special immune status 
and is one of the organs most frequently infected by par-
asites due to its ability to preferentially induce tolerance 
over immunity, the liver may be utilised by parasites in 
general to evade host immunity [11]. In the present study, 
we not only confirmed that the endemic lizard G. gal-
loti serves as paratenic host of various metastrongylids, 
but we also reported a novel sensitive and specific diag-
nostic tool that distinguishes a range of metastrongylid 
nematodes.

To our knowledge, this is the first study to demon-
strate the presence of well-identified larvae of metastron-
gylids other than A. cantonensis in tissues of naturally 
infected reptiles. In our study, 75% of Gallotia lizards 
were positive for at least one metastrongylid nematode, 

Ae. abstrusus
6 

C. striatum
7 

A. cantonensis
2 

A. vasorum
1 

2 

1 

1 1 Crenosoma sp. 
3 

4 

Fig. 2  Diagrammatic presentation of co-occurrence of detected species of metastrongylids as detected by the multiplex-nested PCR in liver 
samples of Gallotia galloti 
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and co-infections were common. These results suggest 
the high importance of these hosts in the circulation of 
metastrongyloids. Interestingly, sequence analyses also 
proved the presence of species whose presence, until this 
investigation, was unknown for the island of Tenerife 
or the Canary archipelago as such, thereby demonstrat-
ing the value of reptiles as sentinels in the active sur-
veillance of metastrongyloids of medical and veterinary 
importance.

The common presence of A. abstrusus in Tenerife liz-
ards (one third of the lizards examined were positive for  
A. abstrusus DNA) contrasts with the lack of data on 
infection on cats, the definitive hosts of this nematode, in 
Tenerife. The cats of the archipelago have been recorded 
to prey on Gallotia species [30],  and colonies of feral cats 
should be investigated to determine the real extent of 
this parasite in the island. Local veterinary practitioners 
should take aelurostrongyliasis into consideration when a 
cat presents respiratory disease, especially in cases where 
the animal is allowed to hunt wildlife freely.

We also report the presence of the hedgehog parasite 
C. striatum on Tenerife for the first time. Its presence has 
been suspected due to the high abundance of the Algerian 
hedgehog A. algirus in the island and a previous record of 
C. striatum in the archipelago [3, 40]. Our results extend 
current knowledge on the life-cycle of C. striatum, sug-
gesting an involvement of the vertebrate paratenic host. 
The diet of A. algirus in the Canary Islands has not been 
properly studied, but studies in continental Africa show 
that it consists mainly of arthropods, although avail-
ability of prey is a key factor determining diet selection, 
with reptile remnants occasionally found in their faeces 
[12, 32]. Therefore, predation of Gallotia lizards cannot 
be excluded as a source of infection by C. striatum, espe-
cially in the terrestrial ecosystem of the Canary Islands 
which is relatively poor in insects.

Among the two parasites of canids included in this 
study, C. vulpes was absent, but A. vasorum was detected 
in two lizards examined. Our data corroborate previous 
experimental infections of frogs and chicken [6, 33] and 
extend the spectrum of paratenic host of A. vasorum. 
Larvae morphologically identified as A. vasorum were 
previously reported from Tenerife molluscs [41]; how-
ever, clinical infections of dogs by A. vasorum have not 
been reported in Tenerife to date and deserve further 
attention. Interestingly, our data suggest the presence of 
an undetermined metastrongylid species infecting G. gal-
loti, but further genetic, and morphological analyse are 
needed on this helminth, as only a partial region of the 
ITS1 gene was amplified during this study.

Undoubtedly, the ecosystem of the Canary Islands is 
characterised by a dominance of reptiles in its terres-
trial fauna, as Gallotia species are found inhabiting every 
ecosystem between 0 and 3000  m a.s.l. [36]. The high 
population densities and omnivorism of G. galloti prob-
ably underlie the high prevalence of parasites observed. 
However, it is probable that reptiles also play an impor-
tant role in the transmission cycles of metastrongyloids 
in more complex continental ecosystems. Specifically in 
Mediterranean regions of Europe, where peri-domestic 
species of reptiles reach very high abundances, these 
hosts are most probably source of infection by metas-
trongylids of genera Aelurostrongylus and Troglostrongy-
lus in cats.

Conclusions
The multiplex-nested PCR reported here is a highly spe-
cific tool that enables detection of co-infections, which is 
an improvement on the traditional methods of detection 
of metastrongylids that rely on morphology and generic 
PCRs [15, 41]. This method can be broadly applied and 
allows the determination of metastrongyloid species of 
veterinary and public health importance in new areas and 
hosts. Apart from its specificity and sensitivity, the design 
of this new multiplex-nested PCR allows the identifica-
tion of the studied nematodes without sequencing, which 
makes it a valuable tool, especially when large sample 
sets need to be screened. This approach can also be easily 
adapted to the pathogens prevalent in a specific region; 
for example primers ITS1_Troglo_F1 (5′-CGA​CAT​GTG​
ATC​TGT​TGT​GA-3′) and ITS1_Troglo_R4 (5′-TAC​ATT​
TGC​ATG​TAC​ATC​CAC-3′) have been designed for the 
detection of Troglostrongylus brevior, with a product size 
of 579 bp. However, the approach cannot be used to dis-
tinguish between A. cantonensis and A. mackerrasae and 
further analysis should be done to determine the identity 
of the amplified fragment in areas of co-existence in Aus-
tralia [5]. Also, for clear differentiation of the resulting 
bands, the second-round PCR can be split into two inde-
pendent runs targeting fewer species. Additionally, the 
technique could be applied in wildlife samples to evaluate 
hotspots of transmissions of metastrongylids, which is 
especially interesting in the case of zoonotic A. canton-
ensis as identification of foci of eosinophilic meningitis 
could aid practitioners to identify the causative agent. 
Overall, this new approach for the detection of metas-
trongylid parasites constitutes an improvement from tra-
ditional methods of larval identification due to its high 
sensitivity, its ability to detect co-infections, its capacity 
to provide results quickly with little manipulation of the 
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samples and its application to different tissues, all leading 
to the identification of new intermediate and paratenic 
hosts.
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