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A B S T R A C T

Lizards and other reptiles are increasingly gaining popularity as pets worldwide. These animals may be 
commonly parasitized by species of mites such as Ophionyssus natricis, which are deleterious, also because of their 
role as vectors of pathogens, including zoonotic ones. Treatment options are limited and may not be completely 
resolutive or safe. The aim of the present study was to assess the efficacy of afoxolaner (NexGard®; Boehringer 
Ingelheim, Germany) in a collection of mite-infested captive-bred lizards that were housed in mixed enclosures 
with other reptile classes, in a zoological park located in southern Italy. Lizards were clinically examined and 
weighed, and mite infestations were assessed on the animals and in their enclosures (environment). All animals 
were treated with a dose of 2.5 mg afoxolaner per kilogram body weight (2.5 mg/kg) administered orally. All 
animals were examined pre-treatment (T0) and at various time points post-treatment (T1, 24 h; T2, 14 days; T3, 
28 days). The collected mites were morphologically identified at the species level and the species identity also 
confirmed molecularly and phylogenetically. Animals were morpho-molecularly screened for hemoparasites, 
endoparasites and vector-borne pathogens. Overall, 28 lizards were screened, and Leishmania infantum was 
detected in a Sudan plated lizard. Moreover, 6 (21.4 %) lizards had at least one mite. Mites were identified as 
O. natricis and Pterygosoma inermis infesting Indonesian blue-tongued skinks and Roughtail rock agamas, 
respectively. No mites were found on hosts after T1, and at T3 no mites were observed in the environment. No 
side effects were observed in the treated lizards. A single oral administration of afoxolaner at 2.5 mg/kg was a 
safe treatment in lizards and 100 % effective for the treatment and prevention of common mite species 
infestations.

1. Introduction

Herpetological medicine, the area dealing with the health of reptiles 
and amphibians, has been increasingly growing in knowledge and 
research, in order to offer the best medicine based specialized care and 
welfare to these non-traditional companion animals (NTCA; Wensley 
et al., 2016). Within the class Reptilia, lizards (Sauria: Squamata) have 
progressively gain popularity, and overall, reptiles are nowadays one of 
the most prevalent NTCAs in European and American markets, with 
more than 9 million animals being owned in both regions (Valdez, 

2021). Despite the rising numbers of these reptiles in households, their 
susceptibility to ectoparasites and the subsequent effects on their health 
and behavior are still poorly understood. Mite and tick infestations in 
reptiles may cause significant discomfort, leading to dermatitis, dys
ecdysis, behavioral alterations, and potentially death (Mendoza-Roldan 
et al., 2020a, 2023). Lizards may be parasitized by several mite species, 
some of which have highly species-specific behavior, such as Pter
ygosomatids species like Hirstiella diolli and Hirstiella stamii, which 
commonly infest green iguanas (Iguana iguana) (Farmaki et al., 2013) 
and Pterygosoma spp. which are associated with Agamidae lizards 
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(Fajfer, 2020). On the other hand, in captive conditions, lizards may also 
be infested by generalist species of mites, such as Ophionyssus natricis, 
which mainly infest snakes and may also infest humans 
(Mendoza-Roldan et al., 2023). Importantly, O. natricis is a vector of 
hemogregarines pathogens (i.e. Hepatozoon spp.) as well as of potential 
zoonotic pathogens such as Aeromonas hydrophila, Rickettsia spp. of the 
spotted fever group (Mendoza-Roldan et al., 2021a, 2021b). The great 
diversity of lizard species kept in captivity might further complicate the 
epidemiological picture linked to the wide range of mites that can 
parasitize them combined with the vector capacity. This scenario ham
pers the selection of appropriate treatments and effective management. 
Indeed, non-pharmacological strategies implemented to reduce the risk 
of mite infestations may be environmental measures, including 
increasing the temperature (>50 ◦C) as well as a decreasing humidity 
(<50 %), (Wozniak and DeNardo, 2000). In addition, isolation and 
quarantine of infested animals, disinfection and cleaning of the enclo
sure are also warranted (Divers and Mader, 2005). Importantly, the 
above control measures must be run frequently, considering that some 
mite species, such as O. natricis, can survive for up to three months in the 
environment without feeding on blood (Wozniak and DeNardo, 2000; 
Šlapeta et al., 2017). Conversely, safe pharmacological acaricidal 
treatment options in lizards remain scarce, being organophosphates, 
carbamates, pyrethrin or pyrethroid sprays, as well as ivermectin in
jections or sprays used (Mader et al., 1986; Harvey-Clark, 1995; Mader, 
1995; d’Ovidio et al., 2023; Farmaki et al., 2013; Hellebuyck et al., 
2012). For the drugs above, both safety and effectiveness of these 
treatment methods have not been thoroughly assessed. For instance, 
single whole-body application of 0.25 % Fipronil solution were 
considered safe and effective treatment for the reduction of parasitic 
burden in captive green iguanas infested by Hirstiella sp. mites, with no 
adverse reactions observed (Farmaki et al., 2013). Although these clin
ical observational studies are important, the lack of pharmacokinetic 
research hinders a comprehensive understanding of the toxicity of 
treatments and the appropriate frequency at which the treatment should 
be administered.

Isoxazolines, such as afoxolaner (NexGard® Boehringer Ingelheim, 
Germany) have demonstrated high safety and efficacy against various 
ectoparasite species, exhibiting no or minimal side effects when 
compared to other substances (Zhou et al., 2022). This compound was 
used to treat natural O. natricis infestation in captive snakes, and a single 
oral administration (i.e., 2.5 mg/kg) demonstrated to be a safe treatment 
with 100 % efficacy in eradicating the mite infestation 
(Mendoza-Roldan et al., 2023). Based on this previous study, and due to 
the necessity of new pharmacological mite control in lizards, the present 
study aimed to assess the efficacy of oral administration of afoxolaner 
against mite infestation in six different captive lizard species, as well as 
analyze drug concentration in plasma, and perform clinical follow-ups to 
determine the outcomes of the treatment.

2. Material and methods

2.1. Ethics statement

Protocols for reptile handling and sampling were approved by the 
Commission for Bioethics and Animal Welfare of the Department of 
Veterinary Medicine of the University of Bari, Italy (approval number 
23/2023). The off-label use of afoxolaner was based on the European 
legal cascade authorizing the use of a veterinary formulation in another 
species when there is no existing registered product for the same indi
cation in this species.

2.2. Animal screening and afoxolaner administration

The study took place in Fasano, Brindisi, Italy at the Zoosafari 
(40◦50′00.6″N,17◦20′18.96″E) a private zoo extending over 140 ha. The 
study focused on the Reptile House area, a room of around 700 square 

meters housing a variety of reptiles in mixed enclosures, invertebrates, 
and fish. During routine visits, the veterinarians observed the presence 
of mites in different lizard species and contacted the Parasitology unit of 
the Veterinary Medicine faculty, from the University of Bari, Italy. Prior 
to the pharmacological study 28 lizards of different species (Table 1) 
were clinically examined, blood samples were taken using the ventral 
coccygeal vein (Fig. 1A) and all animals and their environments (en
closures) were assessed for mite infestations (Fig. 1B). The blood was 
placed in 1.5 ml Eppendorf tubes, preserved at − 20 ◦C and blood smears 
for hemoparasites (Telford, 2009) were performed using Diff-Quik 
staining and subsequently evaluated using an optical microscope 
(LEICA DM LB2, Germany). When possible, fecal samples were collected 
and stored in 1.5 ml Eppendorf at 4 ◦C. Due to the low volume obtained 
per individual lizard (~50 μl), all samples were only analyzed micro
scopically through direct smear (using saline solution) to observe motile 
protozoa, helminths, acanthocephalans, and pentastomids, as well as a 
flotation test with a low-density solution was performed (saturated 
ZnCl2 solution, specific gravity 1.35) (Pasmans et al., 2008; Cervone 
et al., 2016).

All animals were treated with afoxolaner (NexGard®), administered 
orally, at a dose as close as possible to 2.5 mg/kg based on the animal’s 
weigh, using 11.3 mg tablets [for small dogs (2–4 kg)] or 68 mg [for 
medium to large dogs (10–25 kg)] (Table 1). Animals were examined 
pre-treatment (T0) and at various post-treatment time points (T1, 24 h; 
T2, 14 days; T3, 28 days) to evaluate the presence of mites. At each time 
point, all animals were physically examined to assess mite presence, and 
the overall health of the animals, in order to determine any clinical sing 
compatible with adverse events. As isoxazolines have been associated to 
mainly neurological adverse effects in dogs (Bates et al., 2024), a 
throughout neurologic examination was performed to each animal 
(Mariani, 2007). In addition, the environment of the enclosure was daily 
checked for mites during routinely cleaning and maintenance by one of 
the authors (ML) as well as at each time point. No other environmental 
treatments were used to assess afoxolaner efficacy and avoid any 
interaction.

2.3. Pharmacokinetics of afoxolaner in sauria

Ten lizards were selected for pharmacokinetic follow-up (i.e., two 
Broadleysaurus major, two Iguana iguana, two Tiliqua gigas, two Cyclura 
cornuta and one Salvator merianae, Tubinambis rufescens) from which 
plasma was collected in the abovementioned time points (Table 1).

A specific analytical technique was developed using liquid chroma
tography and tandem mass spectrometry (LC-MSMS), based on (Kilp 
et al., 2016). Plasma samples (0.2 ml) were extracted with 100 mg 
QuEChERS salts (4 g MgSO4and 1 g NaCl) and 0.275 ml acetonitrile. 
Each sample was spiked with an internal standard (fluralaner) at a 
constant concentration for quantification. All samples were mixed for 1 
min and centrifuged at 8000 g for 5 min. The supernatant layer was 
collected and used for analysis. The LC-MSMS equipment was the Agi
lent 1260 Affin-ity II Prime LC system, equipped with a 6470A 
triple-quadrupole mass spectrometer (Agilent Technologies France, Les 
Ulis, France). The column used was a VWR Lichrospher 100 C18e (100 
mm × 4 mm ID, dp 5 μm). The mobile phase consisted of a mixture of 
acetonitrile and water (with solution A: ammonium carbonate 10 mM, 
pH 9) and was dispensed at 0.5 ml/min using a graded elution scheme 
(0–5 min: water 70 %, solution A 30 %; 5 min: water 90 %, solution A 10 
%; 5.5–11 min: water 70 %, solution A 30 %). The total run time was 11 
min. Afoxolaner was detected using the negative ion mode (precursor 
ion, 3 ions produced). The method was validated according to current 
standards. To cover matrix effects, samples were quantified by com
parison with spiked samples on the same day. Linearity was checked 
between 2 and 100 μg/l and only accepted if r2 > 0.99.

Descriptive statistics (mean, median, standard deviation, minimum, 
and maximum) were calculated for each time point (T1, T2, and T3) to 
evaluate plasma concentration trends and interindividual variability. To 
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assess whether pharmacokinetic profiles differed among species, non- 
parametric Kruskal–Wallis rank sum tests were performed separately 
for each time point, reporting the chi-squared statistic (χ2), degrees of 
freedom (df), and p-value (p). All statistical analyses were conducted in 
R version 4.5.0 (R Core Team, 2025), using the tidyverse v2.0.0 for data 
processing. Line plots with standard deviation error bars were generated 
using ggplot2 v3.5.2 to illustrate mean plasma concentrations per spe
cies over time. Species were grouped by taxonomic families using 
facet-based visualization (facet_wrap).

2.4. Ectoparasite identification

Mites were collected and stored in Eppendorf tubes with absolute 
ethanol and genomic DNA (gDNA) was extracted from each mite indi
vidually, using an in-house protocol (Chomczynski, 1993), that avoid 
mite destruction and preserve the cuticule (Mendoza-Roldan et al., 
2019). Mites were then clarified and mounted on slides in Hoyer’s me
dium (Krantz and Walter, 2019) and morphologically identified using 
dichotomous keys (Fain and Bannert, 2000; Fajfer, 2020).

To assess the parasitic burden of mites, descriptive statistics were 

calculated using Quantitative Parasitology software, version 3.0 (Rózsa 
et al., 2000). The prevalence, average abundance (i.e., the number of 
mites per the total number of hosts) and intensity (i.e., the number of 
mites per the number of infested hosts) of the infestation were 
calculated.

2.4.1. Molecular screening
gDNA of mites was submitted to conventional PCRs (cPCR) assay 

targeting a 480 bp fragment of the endogenous 18S rRNA gene a frag
ment of ~700 bp of the cox1 gene (Otto and Wilson, 2001). gDNA of 
blood and mites was submitted to cPCR for screening Anaplasmataceae 
agents using 16S rRNA gene (~345 bp, Martin et al., 2005), Rickettsia 
spp. using gltA gene (~400 bp, Wójcik-Fatla et al., 2009) and Apicom
plexa using 18S rRNA (~460–520 bp, Gubbels et al., 1999). gDNA of 
blood was submitted to two real-time qPCRs (Francino et al., 2006; 
Latrofa et al., 2021) and cPCR (Sadlova et al., 2022) for Leishmania 
detection. cPCR results were observed in 2 % agarose gel stained with 
GelRed (VWR International PBI, Milan, Italy) and visualized on a 
Chemidoc imagining system (Bio-Rad Laboratories, Hercules, CA, USA). 
Amplicons were purified using an enzymatic method (Exol; Thermo 

Table 1 
Species of lizards (scientific name) sampled, sex, weight (in Kg), clinical observations, presence/absence of ectoparasites and intensity, tablet size of afoxolaner used 
and animals selected for pharmacokinetics.

Family Species Sex Weight Tablet size of 
afoxolaner used

Clinical status Ectoparasites 
(intensity)

Sample collection for 
pharmacokinetics

Gerrhosauridae Sudan plated lizard Broadleysaurus 
major

M 0.365 11.3 Healthy No Yes

Broadleysaurus 
major

M 0.350 11.3 Healthy No –

Broadleysaurus 
major

M 0.340 11.3 Healthy No –

Broadleysaurus 
major

M 0.400 11.3 Healthy No –

Broadleysaurus 
major

M 0.450 11.3 Respiratory 
signs

No Yes

Agamidae Roughtail rock 
agama

Laudakia stellio M 0.130 11.3 Healthy Yes (2) 
Pterygosoma 
inermis

–

Laudakia stellio F 0.100 11.3 Healthy Yes (6) 
P. inermis

–

Laudakia stellio M 0.140 11.3 Healthy Yes (3) 
P. inermis

–

Laudakia stellio F 0.100 11.3 Dorsal skin 
lesion

Yes (1) 
P. inermis

–

Amboina sail-finned 
lizard

Hydrosaurus 
amboinensis

F 0.350 ​ Healthy No –

​ ​ ​ ​ ​ ​ ​ ​ ​
Teiidae Argentine black and 

white tegu
Salvator merianae M 1.5 68 Healthy No Yes
Salvator merianae F 2.5 68 Healthy No –

Red tegu Tupinambis 
rufescens

F 2.280 68 Healthy No Yes

Tupinambis 
rufescens

M 2.5 68 Healthy No –

​ ​ ​ ​ ​ ​ ​ ​
Iguanidae ​ Cyclura cornuta M 1.5 68 Healthy No Yes

Rhinoceros iguana Cyclura cornuta F 1.5 68 Skin lesion No –
​ Cyclura cornuta F 1.5 68 Healthy No Yes
​ Cyclura cornuta F 1.5 68 Healthy No –
​ Cyclura cornuta M 1.5 68 Healthy No –
Green iguana Iguana iguana M 0.990 68 Healthy No –

Iguana iguana F 0.800 68 Healthy No Yes
Iguana iguana M 0.900 68 Healthy No Yes
Iguana iguana M 0.900 68 Healthy No –
Iguana iguana M 0.901 68 Healthy No –
Iguana iguana F 0.902 68 Healthy No –

Varanidae Cuming’s water 
monitor

Varanus cumingi F 5 68 Healthy No –

Scincidae Indonesian blue- 
tongued skinks

Tiligua gigas F 0.350 11.3 Healthy Yes (8) 
Ophionyssus 
natricis

Yes

Tiligua gigas F 0.350 11.3 Healthy Yes (3) 
O. natricis

Yes
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Fisher Scientific, Waltham, MA, USA) and were sequenced using Sanger 
methodology in an automated sequencer (ABI-PRISM 377; Applied 
Biosystems, Thermo Fisher Scientific). Consensus sequences were con
structed with Geneious software version 11.14 and compared with those 
available in the GenBank database using the Nucleotide Basic Local 
Alignment Search Tool (nBLAST) (available at https://blast.ncbi.nlm. 
nih.gov/Blast.cgi). For phylogenetic inference, sequences from the 
present study were aligned with those retrieved from GenBank using 

MAFFT software version 7 (Katoh et al., 2018). The best evolutionary 
model was chosen under the Akaike Information Criterion (AIC) using 
CIPRES gateway (available at https://www.phylo.org/). Maximum 
likelihood phylogenetic analyses with 8000 bootstraps were performed 
using iqTree gateway (Trifinopoulos et al., 2016). The phylogenetic tree 
edition and rooting (outgroup) were performed using TreeGraph 2.0 
beta software (Stöver and Müller, 2010).

3. Results

The 28 lizards enrolled in this study belonged to the Agamidae, 
Gerrhosauridae, Iguanidae, Teiidae, Scincidae, and Varanidae families 
(Table 1). Animals had different sizes and body weights, from 100 g 
(Laudakia stellio) to 5 kg (Varanus cumingi), with a mean body weight of 
1.07 ± 1.05 kg. Out of the eight species screened, two had mite in
festations, L. stellio and T. gigas, the latter individuals were housed with a 
carpet python (Morelia spilota) that also was infested with mites. Overall, 
screened lizards were apparently healthy, with two animals (i.e., 
L. stellio and C. cornuta) with skin lesions and one (i.e., B. major) with 
respiratory clinical signs (Table 1). None of the 28 blood smears (Fig. 2) 
and fecal samples examined had visible hemoparasites and endopara
sites, respectively. All pathogens molecularly screened were negative, 
except for one sample (i.e., B. major) that resulted positive at qPCR 
targeting the kinetoplast DNA of Leishmania infantum (mean cycle 
threshold 35.99 ± 1). Despite additional attempts, no amplification was 
obtained at cPCR for further molecular characterization. Of the 28 an
imals screened, 6 were found to have at least one mite [21.4 %; 95 % 
confidence interval (CI): 40.9–82.9 %]. The mean infestation intensity 
was 3.83 (95 % CI: 2–5.67) and mean abundance was 0.82 (95 % CI: 
0.29–1.75). Two T. gigas were parasitized by Ophionyssus natricis 
(Fig. 3A) and four L. stellio by Pterygosoma inermis (Fig. 1B; Fig. 3B; 
Table 1). Two gDNA from each mite species were randomly selected for 
sequencing, and results from 18S rRNA of samples obtained from T. gigas 
showed 100 % of query coverage and identity with several O. natricis 
(Acession number [AN] PP493245, MT163330), while results from 
sample obtained from two L. stellio showed 100 % of query coverage and 
92 % of identity with a Pterygosomatidae sp. (AN ON555737). 

Fig. 1. Clinical examination and samplings performed in lizards. A) Blood 
sampling from ventral coccygeal of an Iguana iguana; A) Ectoparasite (red ar
rows) collection from the ventral abdomen of Laudakia stellio.

Fig. 2. Blood smears from different saurian species. A) Laudakia stellio; B) Salvator merianae; C) Iguana iguana; D) Varanus cumingi. Red arrows showing the het
erophils. Scale bars 20 μm.
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Phylogenetic analyses clustered sequences obtained from T. gigas with 
other O. natricis sequences, within the Macronyssidae clade, while se
quences obtained from L. stellio clustered with the sequence of a Pter
ygosomatidae species, within the Anystoidea mites’ clade (Fig. 4).

Following treatment, mites were observed in the enclosures after T1, 
but none were found on the lizards. From T2 up to T3 mites were no 
longer observed on animals nor in the environment. No related adverse 
events were recorded after oral administration of afoxolaner in any of 
the lizards. Afoxolaner availability in the plasma was found at different 
concentrations in samples collected from the 10 lizards sampled after 24 
h up to day 28 (Table 2; Fig. 5). At 24h post oral administration (T1), all 
sampled lizards had plasma afoxolaner concentrations ranging from 56 
to 722 ng/ml, with a mean value of 309.5 ng/ml. Plasma concentrations 
of afoxolaner decreased in all animals after 24h post oral administration. 
All lizards had detectable plasma concentration levels of afoxolaner at 
day 14 (i.e. T3) ranging from 5.02 ng/ml in I. iguana, to 330.57 ng/ml in 
a Cyclura cornuta. At day 28, most lizards, except for three iguanids, still 
had detectable plasma concentration afoxolaner (i.e. T4; mean of 64.7 
ng/ml) ranging from 7 ng/ml in T. gigas to 144.7 ng/ml in a B. major 
(Table 2, Fig. 5).

Descriptive statistics revealed substantial interindividual variability 
in plasma afoxolaner concentrations, particularly at T1 (24 h post- 
treatment), with values ranging from 56.0 to 722.7 ng/ml (mean ±
SD: 309.5 ± 222.3 ng/ml). This variation remained evident at later time 
points, though to a lesser extent (T2: 5.02–330.6 ng/ml; T3: 7.08–145.0 
ng/ml) (Table 3).

No statistically significant differences were observed among species 
at T1 (χ2 = 5.18, df = 5, p = 0.394), T2 (χ2 = 3.05, df = 5, p = 0.692), or 
T3 (χ2 = 2.36, df = 4, p = 0.670), suggesting that systemic exposure to 
afoxolaner was broadly comparable across the different lizard species 
analyzed.

4. Discussion

Results from this study demonstrated the efficacy and safety of 
afoxolaner in different species of lizards. Indeed, a single oral adminis
tration of afoxolaner at a dose of 2.5 mg/kg had no adverse effects in any 
of the eight species of lizards treated and eliminated the natural infes
tation of two different, yet common, mite species. Importantly, as 
demonstrated by the concentration of afoxolaner in plasma up to day 28 
post administration, the acaricidal efficacy and duration is comparable 
to that of mammals and snakes. Moreover, this study is the first to 
demonstrate the usefulness of isoxazolines in lizards, representing an 
alternative less stressful treatment that could avoid environmental 
strategies which could potentially target other invertebrates and leave 
residual toxicity.

The species of lizards screened represent families of pet reptiles that 
are commonly kept in Europe (Valdez, 2021). Moreover, in Italy most of 
these families of saurians (i.e., Agamidae, Iguanidae, Scincidae and 
Teiidae) have been screened for ectoparasites (Cervone et al., 2016; 
Mendoza-Roldan et al., 2019). Endoparasites have also been previously 
assessed in most of these families of saurians in Italy, identifying the 
presence of mostly non-pathogenic parasites, such as coccidia and 
oxyurids (Papini et al., 2011). The absence of endoparasites in the liz
ards investigated may be due to the established routine deworming 
program of the zoological collection or to the low amount of volume of 
feces collected (Rinaldi et al., 2012). Moreover, hemoparasites such as 
hemogregarines (i.e., Hepatozoon) are commonly found in wild caught 
animals, rather than captive bred, which is the case of most lizards 
analyzed in this study (Halla et al., 2014). Hence, even though hemo
parasites were not detected, morpho-molecular screening is important 
and warranted to address the risk of introduction of parasites that may 
affect the autochthonous and allochthonous herpetofauna, especially 
when they are housed in mixed enclosures. Moreover, molecular 
screening of zoonotic pathogens is also recommended, especially in 
zoological settings where different species of animals are kept together 
possibly being blood source of shared arthropod vectors, such as 
mosquitoes, sand flies and ticks (Tuten et al., 2012; Hrnková et al., 2021; 
Pereira et al., 2023). The detection for the first time of L. infantum in the 
Sudan plated lizard may be explained by the fact that the zoological park 
herein assessed is in a hyper-endemic area in Apulia region, endemic for 
canine leishmaniosis (Mendoza-Roldan et al., 2020b). Accordingly, 
L. infantum was previously detected in tigers (Panthera tigris) and in sand 
flies in the same zoological park (Iatta et al., 2020), as well as in gek
konid and lacertid lizards from the same area (Mendoza-Roldan et al., 
2022). All the above, along with the fact that Sergentomyia minuta sand 
flies, a typically herpetophilic species, were already found infected with 
L. infantum in the same hyperendemic context (Iatta et al., 2020), sug
gest that reptiles could be occasionally infected being non-natural hosts. 
In this case, although afoxolaner does not prevent against the trans
mission of Leishmania spp. if applied at a populational strategy level, it 
may reduce the incidence of infection, as seen in previous shelter dog 
studies (Panarese et al., 2021; Otranto et al., 2024). Future entomo
logical studies are needed to address if the population of sand flies may 
diminish also in this herpetological context.

On the other hand, the present study further validated the use of 
afoxolaner in herpetological collections for the prevention, control and 
potential eradication of mite infestations when applied in the whole 
population at risk (Mendoza-Roldan et al., 2023). This strategy requires 
the selection of a safe product, such as afoxolaner, which has shown a 
high safety threshold with no adverse effects up to 5 times the maximum 
exposure dose in dogs (Drag et al., 2014). In addition, within the iso
xazoline group, neurologic adverse events in dogs (e.g., ataxia, muscle 
tremor and convulsion) are lower than those reported for other iso
xazolines (Bates et al., 2024). Given the limited number of animals, and 
that hematological and biochemical parameters were not performed, 
results from this study suggest that afoxolaner may be used in lizards 
with no apparent adverse effects, yet further studies are warranted to 

Fig. 3. Morphological features of collected mites. A) ventral view of female 
Ophionyssus natricis; B) ventral view of female Pterygosoma inermis. Scale bars A 
20 μm; B 100 μm.
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fully assess the safety of isoxazolines in reptiles.
While O. natricis is commonly found in captive snakes worldwide 

(Orlova et al., 2024), it has been previously identified in wild Tiliqua 
skinks (Norval et al., 2021). Thus, skinks may be sentinels of mixed 
infestations, when the presence in snakes may be low, being competent 
hosts. Moreover, the catholic or generalist feeding behavior of 
O. natricis, which may also in certain conditions feed on humans, stresses 
and validates the need for a populational treatment with afoxolaner 
(Amanatfard et al., 2014). Conversely, although Pterygosomatidae mites 
have a low pathogenic effect on their saurian hosts, skin lesions have 
been recorded in humans following infestation with mites from iguanas 
(d’Ovidio et al., 2023). The mites Pterygosoma inermis identified herein, 
represent the first record of their presence in Italy, being originally 
described from Egypt (Fajfer et al., 2016).

Considering the confirmed acaricidal efficacy in lizards of a single 
dose of afoxolaner given orally, and the fact that it was also efficacious 

when administered to snakes via prey food (Mendoza-Roldan et al., 
2023), afoxolaner may also be possibly given to lizards via their food (i. 
e., insects, meat or fruits and vegetables) reducing the need of stressing 
handling to apply topical acaricides (d’Ovidio et al., 2023). Importantly, 
afoxolaner had a rapid onset of absorption and persistency for several 
weeks, thus preventing future infestations of mites that feed on treated 
animals [i.e., persistent (residual) efficacy; Otranto et al., 2021]. This 
single strategy may reduce the number of environmental disinfections, 
that may be also toxic for the animals (Mendoza-Roldan et al., 2023). 
This is an important aspect to consider also when animals are kept in a 
zoological setting where visitors are constantly crossing these 
environments.

As previously observed in dogs and snakes, plasma levels were suf
ficient to be effective against ectoparasites at least for a month (Letendre 
et al., 2014; Mendoza-Roldan et al., 2023), except for iguanids that 
seemed to have a higher systemic clearance. Nonetheless, considering 
that Iguanids are generally more frequently parasitized by Pter
ygosomatid mites, that complete their whole cycle in a single host (Kalúz 
and Literák, 2019), as fleas and ixodid ticks, which afoxolaner has a 90 
% lethal dose (LD90) of 20 ng/ml and 110 ng/ml, respectively (Letendre 
et al., 2014), treatment with oral afoxolaner may also eliminate all type 
of ectoparasites. The above is also supported by the fact that the mean 
plasma concentration of afoxolaner in iguanids at T1 was 453.5 ng/ml. 
The reasons why iguanids may have a lower plasma half-life of afox
olaner remain unknown. Future studies with iguanids are advocated to 
better understand their particularities with isozaxolines pharmacoki
netics. Despite results found in most iguanids, and the fact that phar
macokinetics was assessed in only 10 lizards, still the results suggest that 
the plasma concentration after 28 days post oral administration was 
enough to prevent new mite infestations in screened lizards.

Fig. 4. Maximum-likelihood phylogenetic trees of 18S rRNA genes of mites Ophionyssus natricis and Pterygosoma inermis. Bootstrap values (>40 %) are shown near 
the nodes. Ixodes ricinus was used as outgroup. Scale bar indicates nucleotide substitution per site. Sequences of this study are in bold.

Table 2 
Plasma concentration levels of afoxolaner from 10 sampled lizards are given for 
the four time points (i.e., T0, T1, T2, T3).

Family Lizard species T0 T1 T2 T3

Gerrhosauridae Broadleysaurus major 0 64.46 27.92 12,87
Broadleysaurus major 0 342.06 162.77 144,64

Teiidae Salvator merinae 0 348.40 277.55 141,53
Tupinabis rufescens 0 389.54 148.81 90,74

Iguanidae Cyclura cornuta 0 722.67 330.57 <LOQa

Cyclura cornuta 0 308.70 7.50 <LOQ
Iguana iguana 0 201.01 5.02 <LOQ
Iguana iguana 0 581.65 75.16 25,91

Scincidae Tiligua gigas 0 56.02 14.91 7,08
Tiligua gigas 0 80.24 52.56 30,44

a Limit of Quantification.
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5. Conclusion

Results from the present study confirmed that a single oral dose of 
afoxolaner is efficacious in eliminating and preventing infestations with 
two common mite families (Pterygosomatidae and Macronyssidae) in 
lizards kept under captive conditions. Additionally, using this single 
strategy in all housed animals may prevent future mite infestations, 
without the need of environmental control methods, also potentially 
reducing the hematophagous dipteran population (i.e., sand flies and 
mosquitoes), hence lessening the risk of transmission of Leishmania, 
which was detected for the first time in a Gerrhosauridae lizard. More
over, the efficacy and potential safety of afoxolaner in lizards warrants 
its use during quarantine as an initial ectoparasitic treatment, in order to 
avoid mite and tick introduction to an animal collection. Results herein 
showcased suggest that monthly oral administration, also potentially via 
food, can control and prevent infestations with common mites of lizards, 
some of which have zoonotic potential.
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Fig. 5. Plasma concentration of afoxolaner over time in six lizard species. Each panel represents a different lizard family (Gerrhosauridae, Iguanidae, Scincidae, and 
Teiidae). Colored lines represent the mean concentration per species across four time points (T0, T1, T2, T3), with vertical bars indicating standard deviation. Peak 
plasma levels were observed at T1 (24 h post-treatment), followed by progressive decline.

Table 3 
Descriptive statistics of plasma afoxolaner concentrations (ng/ml) in lizards at each sampling time point. Number of lizards, mean, standard deviation, median, 
minimum, and maximum values are reported for each time point (T1, T2, and T3).

Time Point N (lizards) Mean (ng/ml) Standard deviation Median Minimum Maximum

T1 (24 h) 10 309.5 222.3 325.0 56.0 722.7
T2 (14 days) 10 110.3 116.9 63.9 5.02 330.6
T3 (28 days) 7 64.7 60.1 30.4 7.08 145.0
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Wójcik-Fatla, A., Szymanska, J., Wdowiak, L., Buczek, A., Dutkiewicz, J., 2009. 
Coincidence of three pathogens [borrelia burgdorferi sensu lato, Anaplasma 
phagocytophilum and babesia microti] in ixodes ricinus ticks in the Lublin macroregion. 
Ann. Agric. Environ. Med. 16, 151–158.

Wozniak, E.J., DeNardo, D.F., 2000. The biology, clinical significance and control of the 
common snake mite, Ophionyssus natricis, in captive reptiles. J. Herpetol. Med. Surg. 
10 (3), 4–10.

Zhou, X., Hohman, A.E., Hsu, W.H., 2022. Current review of isoxazolines 
ectoparasiticides used in veterinary medicine. J. Vet. Pharmacol. Therapeut. 45, 
1–15.

J.A. Mendoza-Roldan et al.                                                                                                                                                                                                                   International Journal for Parasitology: Parasites and Wildlife 27 (2025) 101103 

8 

http://refhub.elsevier.com/S2213-2244(25)00068-9/sref1
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref1
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref2
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref2
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref3
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref3
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref3
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref4
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref4
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref5
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref5
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref6
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref6
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref6
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref7
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref7
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref8
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref8
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref8
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref8
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref9
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref9
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref10
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref10
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref10
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref11
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref11
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref11
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref11
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref12
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref12
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref12
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref13
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref13
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref13
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref14
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref14
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref15
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref15
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref16
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref16
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref17
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref17
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref17
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref18
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref18
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref18
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref19
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref19
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref19
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref20
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref20
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref20
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref21
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref21
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref21
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref22
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref22
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref23
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref23
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref23
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref23
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref24
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref24
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref24
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref25
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref25
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref26
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref26
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref27
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref27
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref28
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref28
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref29
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref29
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref29
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref30
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref30
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref30
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref31
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref31
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref31
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref32
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref32
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref32
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref32
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref33
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref33
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref34
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref34
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref34
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref35
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref35
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref35
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref35
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref36
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref36
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref36
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref37
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref37
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref37
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref38
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref38
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref38
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref38
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref38
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref38
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref39
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref39
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref39
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref40
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref40
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref40
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref40
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref41
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref41
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref41
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref41
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref42
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref42
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref43
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref43
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref44
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref44
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref44
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref44
https://www.R-project.org/
https://www.R-project.org/
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref46
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref46
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref46
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref47
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref47
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref48
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref48
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref48
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref49
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref49
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref50
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref50
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref51
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref51
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref52
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref52
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref52
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref53
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref53
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref54
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref54
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref55
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref55
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref56
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref56
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref56
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref56
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref57
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref57
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref57
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref58
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref58
http://refhub.elsevier.com/S2213-2244(25)00068-9/sref58

	Efficacy and safety of afoxolaner (NexGard®) in a collection of captive-bred lizards for the treatment and control of mite  ...
	1 Introduction
	2 Material and methods
	2.1 Ethics statement
	2.2 Animal screening and afoxolaner administration
	2.3 Pharmacokinetics of afoxolaner in sauria
	2.4 Ectoparasite identification
	2.4.1 Molecular screening


	3 Results
	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of interest
	Acknowledgments
	References


