University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Scheelings, TF;Koehler, AV;Gasser, RB

Title:
New records of Hepatozoon and Oswaldofilaria from saltwater crocodiles (Crocodylus
porosus) in Australia

Date:
2024-04

Citation:

Scheelings, T. F., Koehler, A. V. & Gasser, R. B. (2024). New records of Hepatozoon

and Oswaldofilaria from saltwater crocodiles (Crocodylus porosus) in Australia.
International Journal for Parasitology: Parasites and Wildlife, 23, https://doi.org/10.1016/
j-ijppaw.2024.100926.

Persistent Link:
https://hdl.handle.net/11343/353326

License:
cCcBY


CC%20BY

International Journal for Parasitology: Parasites and Wildlife 23 (2024) 100926

Contents lists available at ScienceDirect

International Journal for Parasitology: Parasites and Wildlife

journal homepage: www.elsevier.com/locate/ijppaw

ELSEVIER

New records of Hepatozoon and Oswaldofilaria from saltwater crocodiles
(Crocodylus porosus) in Australia

T. Franciscus Scheelings " Anson V. Koehler, Robin B. Gasser

Melbourne Veterinary School, Faculty of Science, The University of Melbourne, Parkville, Victoria, 3010, Australia

ARTICLE INFO ABSTRACT

Keywords:
Crocodylus porosus
Saltwater crocodile

Diseases affecting wild Australian saltwater crocodiles (Crocodylus porosus) are rarely reported due to the diffi-
culty in capturing animals and obtaining samples. In this investigation, we identified two haemoparasites
(Hepatozoon and a filarial nematode) in saltwater crocodiles in Darwin, Australia. Light microscopic examination

E:e;zszze;sites identified Hepatozoon in 7/7 (100%) wild crocodiles and in 2/20 (10%) of captive ones. When genomic DNAs
Os\I:/al dofilaria from these same samples were further investigated using polymerase chain reaction (PCR)-based sequencing, we
Australia detected Hepatozoon in all 27 blood samples. Using both microscopy and PCR-based sequencing, we detected a

filarial worm (proposed to be Oswaldofilaria) in one of 20 captive crocodiles. The sequence data were compared
with sequence data available in public databases, and phylogenetic analyses indicated that the operational
taxonomic units of Hepatozoon and Oswaldofilaria discovered here in these crocodiles are likely new species. This
study is the first to use molecular tools to explore haemoparasites in Australian saltwater crocodiles and high-
lights the importance of health investigations in poorly studied vertebrate hosts.

1. Introduction

The saltwater crocodile (Crocodylus porosus) is the largest extant
species of crocodilian, with individuals capable of obtaining lengths
exceeding 6 m and a mass of >1000 kg (Webb et al., 2010; Britton et al.,
2012). This species has a broad geographic distribution, with a range
extending from southern India to Sri Lanka, throughout southeast Asia,
east through the Philippines, and south through Indonesia, Papua New
Guinea, the Solomon Islands and the north of Australia (Webb et al.,
2010). In Australia, saltwater crocodiles were almost hunted to extinc-
tion in the first half of the 20th century; however, their populations have
recovered to pre-European settlement levels following their protection
in 1971 (Fukuda et al., 2011). Saltwater crocodiles are aggressive
predators, and as such, there are relatively few proactive studies of the
health and diseases of wild populations in comparison to other Austra-
lian fauna. As apex predators, crocodilians are an important ecological
and evolutionary group of animals (Lourenco-de-Moraes et al., 2023).
Despite the practical difficulties in conducting research on them, un-
derstanding how infectious diseases may play a role in population dy-
namics is imperative to their conservation and warrants greater
scientific investment.

Haemoparasitaemia is a common finding in free-ranging reptiles and
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infections have been reported in all taxa with varying frequencies
(Peirce and Adlard, 2004; Telford, 2009; Vilcins et al., 2009; Herbert
et al., 2010; Scheelings and Rafferty, 2012; Scheelings et al., 2016;
Ungari et al., 2022). However, one group that is poorly represented in
the literature is the Crocodilia, with only scant accounts of haemopar-
asitism occurring in this Order. Hemogregarines have been observed in
crocodilians, with Hemogregarina crocodilinorum commonly found in the
blood of wild American Alligators (Alligator) (Walden et al., 2021).
Undescribed species of Hemogregarina have been reported in freshwater
crocodiles (Crocodylus noveaguineae) and saltwater crocodiles (Ladds
et al., 1995) in New Guinea. Additionally, Hepatozoon spp. Have been
observed in the peripheral blood of freshwater crocodiles (Crocodylus
johnstoni) (Scheelings et al., 2016) and African dwarf crocodiles
(Osteolaemus tetraspis) (Huchzermeyer and Agnagna, 1994). Despite
previous reports of the genus Hemogregarina occurring in crocodilians,
all haemogregarines infecting these species have now been assigned to
the genus Hepatozoon (Smith, 1996).

A second important group of haemoparasites found in crocodilians
are nematodes of the superfamily Filarioidea (order Spirurida), in
particular the genus Oswaldofilaria (Walden et al., 2021). Oswaldofilaria
kanbaya has been reported in saltwater crocodiles (Manzanell, 1986),
O. medemi in smooth-fronted caimans (Paleosuchus trigonatus)
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Fig. 1. A stage of Hepatozoon identified in erythrocytes in blood smears from a
saltwater crocodile (Crocodylus porosus). Stained with Wright’s Giemsa; exam-
ined at 100x magnification; scale bar = 5 pm.

(Marinkelle, 1981), O. bacillaris from spectacled caimans (Caiman croc-
odilus) and black caimans (Melanosuchus niger) (Travassos, 1933), and
O. versterae from Nile crocodiles (Crocodylus niloticus) (Bain et al., 1982).
In each of these cases, parasites were present in the peripheral blood as
microfilariae that had been produced by adult nematodes encysted
elsewhere in the body.

At present, all descriptions of haemoparasites in crocodilians are
based on morphology alone, which is problematic due to the disagree-
ment among some parasitologists on the importance of specific
morphological characteristics, especially for apicomplexan parasites
(Barta et al., 2012). In this investigation, we used classical light micro-
scopy and molecular-phylogenetic approaches to characterise two hae-
moparasites from saltwater crocodiles in Darwin, Australia.

2. Materials and methods
2.1. Ethics statement

This study was approved by The University of Melbourne Office of
Research Ethics and Integrity (Ethics ID: 2022-24808-32226-4), and all
experiments were performed in accordance with relevant guidelines and
regulations. Crocodiles were trapped under the permit 72249 from the
Parks and Wildlife Commission of the Northern Territory, Australia.

2.2. Source of animals

Free-ranging saltwater crocodiles (n = 7) were trapped in various
locations within the Darwin Harbour area, as part of the Northern Ter-
ritory’s Problem Crocodile Management Program (Fukuda et al., 2014)
in April 2023. Crocodiles were captured in marine waters using large
aluminium traps suspended in the water with flotation devices and
baited with sections of wild pig. Traps were checked three times per
week, depending on local tide and ocean conditions. When a crocodile
was found within a trap, it was removed using ropes attached to the jaws
and then restrained by taping the mouth shut and covering the eyes with
gaffer tape. Mobility was further restricted by securing the hind limbs
with ropes. The crocodile was then transported to a central processing
hub for sampling. Following sample collection, the crocodile was
collected by a private enterprise for commercial use. Captive crocodiles
(n = 20) were all sampled at a privately-owned zoological institution in
Darwin. Crocodiles were housed in a large freshwater enclosure and
were manually restrained using ropes and tape in a similar manner to the
wild animals. After sampling, all captive crocodiles were permitted to
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return to their enclosures. Following restraint, 10 ml of blood was
collected from the ventral coccygeal vein via a lateral approach using a
10 ml syringe attached to an 18-gauge needle.

2.3. Preparation of samples and blood smears

Immediately after collection, 250 pL of blood were transferred into a
lithium heparin container (Sarstedt AG & Co., Niimbrecht, Germany)
and the remainder into a gel clot activator tube (Sarstedt AG & Co.,
Niimbrecht, Germany) for blood coagulation. Blood tubes were then
placed into a portable ice pack and taken to the laboratory for pro-
cessing. In the laboratory, blood smears were made by placing a drop
(50 pl) of uncoagulated blood on to a microscope slide and smearing it
with a cover slip (Campbell and Grant, 2022). Slides were stained with
Wright’s Giemsa using an automatic stainer (Siemens Hematek)
(Siemens Australia, Bayswater, Australia). Parasitaemia was determined
by examining blood smears using a light microscope (Leica, Wetzlar,
Germany) at 100-times magnification and by counting the number of
parasites in 1000 erythrocytes. Blood in the plain tube was centrifuged,
the serum was removed, and the remaining red blood cell (RBC) pellet
was stored at —80 °C until molecular analysis was undertaken.

2.4. Molecular analysis

Genomic DNA was extracted from ~200 pl of the RBC pellet by
digestion with proteinase K (10 pg/pl) (Promega, USA) for 5 h at 56 °C
for (using a Thermomixer at 650 rpm) and then purified using the
DNeasy PowerSoil Pro Kit (Qiagen, Netherlands) following the manu-
facturer’s protocol.

PCR was used to amplify distinct gene regions specifically from
apicomplexans (one-step PCR) and filarioid nematodes (two-step, nested
PCR) from the purified genomic DNA sample/s. Each PCR was per-
formed in a volume of 50 pl containing GoTaq Flexi buffer (Promega,
USA), 3.0 mM of MgCly, 200 pM of each dNTP, 50 pmol of each primer, 1
U of GoTaq DNA polymerase (Promega, USA) and 2 pl of genomic DNA
(for single-step PCR) or 1 pl of primary amplicon (for nested PCR).
Known test-positive, test-negative and no-template controls were
included in each PCR run.

For apicomplexans, part of the small subunit of nuclear RNA (SSU;
889 bp) was amplified using the primers HAM-F (forward: 5- GCCAG-
TAGTCATATGCTTGTC-'3) and HepR900 (reverse: 5- CAAATCTAA-
GAATTTCACCTCTGAC-'3) (Ujvari et al., 2004; Criado-Fornelio et al.,
2006; Netherlands et al., 2018). PCR cycling conditions were: an initial
denaturation at 94 °C for 5 min, followed by 35 cycles of denaturation at
94 °C for 30 s, annealing at 61 °C for 30 s, and extension at 72 °C for 120
s, with a final extension step at 72 °C for 5 min.

For filarioid nematodes, part of the mitochondrial cytochrome c
oxidase subunit 1 gene (cox1; 681 bp) was amplified by nested PCR. In
the primary PCR (to amplify a product expected to be ~970 bp), primers
FColextdF1 (forward: 5- TAT AAT TCT GTT YTD ACT A -'3) and
FColextdR1 (reverse: 5- ATG AAA ATG AGC YAC WAC ATA A -'3)
(Lefoulon et al., 2015) were used for amplification from 2 pl of the
genomic DNA sample. In the second PCR, primers COlintF (forward: 5'-
TGA TTG GTG GTT TTG GTA A -'3) and COIintR (reverse: 5'- ATA AGT
ACG AGT ATC AAT ATC -'3) (Casiraghi et al., 2004) were used for
amplification from 1 pl of primary amplicon. For both PCR steps, the
cycling conditions were the same: an initial denaturation at 94 °C for 5
min, followed by 35 cycles of denaturation at 94 °C for 30 s, annealing at
52 °C for 45 s, and extension at 72 °C for 60 s, with a final extension step
at 72 °C for 5 min (Lefoulon et al., 2015).

Following PCR, all amplicons were subjected to conventional
agarose gel electrophoresis (Koehler et al., 2016) to examine the sizes
and intensity of the products. PCR products that represented single
bands of the appropriate size (889 bp or 681 bp) were treated with the
enzymes Exo I (Thermofisher, USA) and a thermosensitive alkaline
phosphatase (FastAP, Thermofisher, USA) to remove primers and then
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91 [~ FJ719819 Hepatozoon sp. Sanborn’s grass mouse, Chile
FJ719816 Hepatozoon sp. Sanborn’s grass mouse, Chile
MH111420 Hepatozoon sp. Vesper mouse, Brazil

92 - 0OMO033663 Hepatozoon sp. Grass mouse, Brazil
MK452252 Hepatozoon griseisciuri Eastern gray squirrel, Canada

MN340274 Hepatozoon sp. Hamster, Turkey
MW664958 Hepatozoon sp. Bush rat, Australia
85 MT919389 Hepatozoon sp. Brown rat, Canary Island
MK452253 Hepatozoon griseisciuri Eastern gray squirrel, Canada
MZ412878 Hepatozoon sp. Field’s horned viper, Iran
MT664754 Hepatozoon sp. House mouse, Afghanistan
62 MN340278 Hepatozoon sp. Vole, Turkey
MN104637 Hepatozoon sciuri Red squirrel, Czech Republic
55 EF157822 Hepatozoon ayorgbor African house snake, Ghana
MZ475989 Hepatozoon ayorgbor Tick, Portugal
KT274178 Hepatozoon ayorgbor Yellow-necked mouse, Croatia
L KF939624 Hepatozoon sp. King ratsnake, China
HM585205 Hepatozoon sp. Black jungle monitor, Thailand
98 |KU680464 Hepatozoon sp. Desert wall gecko, Morocco
KU680456 Hepatozoon sp. Bohme’s gecko, Morocco
MK503647 Hepatozoon sp. Cope’s toad, Brazil
OMO033664 Hepatozoon sp. Gray short-tailed opossum, Brazil
PP112021 Crocodile, Australia
KJ413113 Hepatozoon caimani Yacare caiman, Brazil
MW246123 Hepatozoon caimani Spectacled caiman, Colombia
9 KJ413132 Hepatozoon caimani Yacare caiman, Brazil
EU430234 Hepatozoon sp. Argus monitor Australia
97| "HM585212 Hepatozoon sp. Water monitor, Thailand
MZ208822 Hepatozoon sp. Blunt-nosed viper, Iran
97 OR131324 Hepatozoon sp. Tick, Dog, Iran
MW514214 Hepatozoon cuorae Indochinese box turtle, Viet Nam
MG593275 Hepatozoon ewingi Tick, Horse, Australia

52

90 JN181157 Hepatozoon sipedon N. water snake, Canada
MG519504 Hepatozoon cecilhoarei Natal green snake, South Africa
MG041605 Hepatozoon theileri Delalande’s river frog, South Africa
99 [ MN244528 Hepatozoon catesbianae Green frog, Canada
96 9 MN244529 Hepatozoon clamatae Green frog, Canada

MG041597 Hepatozoon tenuis Greater leaf-folding frog, South Africa
MG041604 Hepatozoon ixoxo Flat-backed toad, South Africa
72 MG041602 Hepatozoon thori Marbled reed frog, South Africa
KP881349 Hemolivia stellata Tick, Cane toad, Brazil
MW514212 Hemolivia cruciata Indochinese box turtle, Viet Nam
MG758137 Hepatozoon banethi Tick, Dog, Australia
2  0Q093602 Karyolysus sp. Common wall lizard, Spain
MK396906 Karyolysus galloti Boettger's lizard, Canary Islands
HQ829439 Hepatozoon felis Asiatic lion, India
MG136688 Hepatozoon martis Beech marten, Croatia
AF176836 Hepatozoon americanum Dog, USA
MKO091088 Hepatozoon canis Dog, Israel
L MW514216 Haemogregarina cyclemydis Eastern black-bridged leaf turtle, Viet Nam
62— HQ224959 Haemogregarina balli Common snapping turtle, Canada
MN879395 Dactylosoma kermiti Guttural toad, South Africa
100 — HQ224957 Dactylosoma ranarum Edible frog, France

P

5.00

Fig. 2. Relationship of a new species of Hepatozoon (bold) identified in erythrocytes from the blood of the saltwater crocodile with representative taxa represented in
the GenBank database, established based on a phylogenetic analysis of sequence data from part of the small subunit of nuclear ribosomal RNA gene (SSU; 889 bp)
employing the neighbour-joining distance method. Branch supports are represented by neighbour-joining bootstrap percentages. Species of Dactylosoma were used
as outgroups.

subjected to bi-directional (Sanger) sequencing using a standard proto-
col (Koehler et al., 2016).

com). Sequences were aligned using the program Muscle (Edgar,
2004), and alignments adjusted manually using the program Mesquite
v.3.61 (Maddison and Maddison, 2017).

Phylogenetic analysis of sequence data was conducted using the
neighbour-joining (NJ) distance method (Saitou and Nei, 1987) in the
program MEGA v.11.0.11 (Tamura et al., 2021). Evolutionary distances
were computed using the ‘number of differences’ method (Nei and

2.5. Phylogenetic analysis

Sequence data obtained were examined for quality and deposited in

the National Center for Biotechnology Information (NCBI) database
under GenBank accession nos. PP112021 and PP117936). The se-
quences obtained were compared with respective sequences in the
GenBank database using the Basic Local Alignment Search Tool (BLAST;
www.ncbi.nlm.nih.gov), and then aligned with suitable reference se-
quences and selected outgroup taxa represented in this database. Se-
quences were compared in a pairwise manner, and sequence identities
recorded using Geneious Prime v. 2023.2.1 software (www.geneious.

Kumar, 2000), including ‘transitions and transversions’ for the nucleo-
tide data. Rates of evolution among sites were considered uniform and
gaps were treated using pairwise deletion. A total of 2000 bootstrap
replicates were performed and are reported as bootstrap support per-
centages (bs). In the analyses, two Dactylosoma species were employed
as outgroups for Hepatozoon species, while two Spirocerca species were
used as outgroups for filarioid nematodes.
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Fig. 3. Microfilaria of a species of Oswaldofilaria in a blood smear from a
saltwater crocodile (Crocodylus porosus). Stained with Wright’s Giemsa; exam-
ined at 100-times magnification; scale bar = 5 pm.

3. Results and discussion

3.1. Characterisation of an apicomplexan reveals a new record of
hepatozoon

Haemogregarines were detected both by light microscopic exami-
nation of blood smears and by molecular methods in free-ranging and
captive saltwater crocodiles (Fig. 1). Light microscopic examination of
blood smears revealed that 7/7 (100%) of wild crocodiles, and 2/20
(10%) captive crocodiles were infected with an intra-erythrocytic hae-
mogregarine parasite. For infected crocodiles, parasites were observed
at a rate of 1-5 parasites per 1000 R BCs. Parasites were sausage-shaped
with a light blue cytoplasm and a central, dark-staining nucleus. The
presence of haemogregarines within erythrocytes resulted in occasional
displacement of the nucleus but no obvious damage to the cell.

All crocodiles were PCR test-positive for apicomplexan DNA. Six
amplicons from both the wild and captive saltwater crocodiles under-
went sequencing and identical apicomplexan sequences were obtained
(GenBank accession no. PP112021). This sequence has the highest
identity (870/889 bp, 98%) to another sequence with GenBank acces-
sion no. EF157822 representing Hepatozoon ayorgbor from an African
house snake (Lamprophis fuliginosus, Ghana, Africa). Phylogenetic anal-
ysis positions our unique apicomplexan sequence (PP112021) amongst
members of the genus Hepatozoon from amphibians, reptiles and mam-
mals, and in the vicinity of a sequence from Hepatozoon caimani - the sole
representative Hepatozoon from a crocodilian in GenBank (Fig. 2).

According to Duszynski et al. (2020), there are four recognised
species of Hepatozoon in crocodilians: Hepatozoon caimani (South
American caimans), Hepatozoon crocodilinorum (American alligator),
Hepatozoon pettiti and Hepatozoon sheppardi (both from Nile crocodiles).
Although intraerythrocytic parasites have been reported in both salt and
freshwater crocodiles (Owens et al., 1988), their clincial significance
remains unknown. Furthermore, it remains uncertain whether these
previously-reported parasites were hepatozoons.

Although we identified and characterised Hepatozoon parasites, we
did not identify any ectoparasites on the crocodiles that might serve as
vectors. In other aquatic reptiles, such as chelonians, leeches have been
identified as important transmitters of haemoparasite infections, even
between phylogenetically distinct hosts (Maricic et al., 2023; Verneau
et al., 2023). Leeches are believed to be the host for H. crocodilinorum
(Khan et al., 1980). Leech infestations have been reported in saltwater
crocodiles, but not in animals originating in Australia (Watermolen,
2021). However, leeches are known to parasitise freshwater crocodiles
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in Australia (Webb and Manolis, 1983), which are sympatric with salt-
water crocodiles across parts of their range, including the Northern
Territory (Cogger, 2014). An interesting aspect of the epidemiology of
the Hepatozoon infections in this study is that crocodiles were sourced
from both freshwater and saltwater environments, as it appears that
leeches do not infect crocodilians residing in saline water (Webb and
Messel, 1977; Montague, 1984). However, this does not rule them out as
a potential vector, as saltwater crocodiles are highly mobile and will
readily move between freshwater and marine environments (Webb
et al., 2010). Thus, it is possible that wild crocodiles became infected
with leeches while inhabiting freshwater sections of rivers or inland
swamps and lakes, and that the leeches were shed as the crocodiles
transitioned into tidal areas. Alternatively, other vectors, such as biting
arthropods, might be responsible for transmitting the parasites, as
observed for tsetse flies and H. pettiti (Hoare, 1932), or mosquitoes and
H. caimani (Pessoa et al., 1972). Future studies of apicomplexan para-
sites in Australian crocodiles should focus on their biology and the
vectors responsible for their transmission.

3.2. Characterisation of a filarioid reveals a new record of oswaldofilaria

A microfilaria (Fig. 3) was detected by microscopy in the blood of
one of the captive saltwater crocodiles examined. This result concurred
with nested PCR results in that one coxl amplicon was obtained
following PCR of X blood genomic samples from the same crocodiles.
The cox1 sequence obtained from this amplicon had 87% (592/681 bp)
identity with the sequence with GenBank accession no. KF692102 rep-
resenting Dirofilaria repens from a mosquito in Germany. Phylogenetic
analysis positions this novel filarioid nematode amongst Oswaldofilarid
species from reptiles (Fig. 4). In reptiles, Oswaldofilarinae, a subfamily
within the Onchocercidae, are key nematodes that parasitises crocodil-
ians, and adult nematodes are found in extraintestinal sites (Walden
et al., 2021). Microfilariae are released into the circulatory system, and
bloodsucking arthropods (e.g., ticks or mosquitoes) become infected
when they take a blood meal and then transmit them further (Walden
et al., 2021). Filarioid infections in reptiles appear to be rarely associ-
ated with clinical disease, and most infections are incidental findings
during necropsy examination of carcasses (Walden et al., 2021). In our
investigation, no post-mortem examinations were conducted on any
animal, such that no definitive statement can be made about tissue
predilection of adult nematodes or whether they were associated with
any pathological changes in the crocodiles. The nematode characterised
here may be O. kanbaya (Manzanell, 1986), but further comparative
studies of adult worms from saltwater crocodiles would be necessary to
test this hypothesis.

4. Conclusions

Here, we discovered two new records of haemoparasites in saltwater
crocodiles in Australia — one a species of Hepatozoon and the other a
species of Oswaldofilaria. Although infection with these genera of par-
asites is not known to be associated with clinical disease in reptiles, no
attempt has yet been made to assess their effects on host physiology,
such that it is unknown whether they are pathogenic or not. An
improved understanding of host-parasite relationships is important,
because, under particular conditions, non-pathogenic parasites can
induce disease and become a cause of concern for population health.
Therefore, future work should focus on the epidemiology and pathoge-
nicity of haemogregarines and filarioid nematodes in wild crocodilians.
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MT800765 Splendidofilaria bartletti Eurasian blackcap, Lithuania

OK631740

MT800770 Eufilaria sylviae garden warbler, Lithuania

Y idofilaria mavis Song thrush, Lithuania

OK480043 Pelecitus copsychi White-rumped shama, Malaysia

AJ544875 Loa loa Human, Cameroon

KP760174 Cardiofilaria paviovskyi Eurasian golden oriole, Bulgaria
OR346688 Cf

sinensis Unknown, Lithuania

MT361687 Mansonella perstans Midges, Cameroon
0Q261693 Mansonella sp. Coati, Brazil

KF692102 Dirofilaria repens Mosquito, Germany
MN564742 Dirofilaria sp. hongkongensis Dog, India
KY828980 Dirofilaria ursi Brown bear, Finland
MK250717 Dirofilaria immitis Dog, Thailand

KX853324 Onchocerca cervipedis moose, Canada
ONB854652 Onchocerca skrjabini Red deer, Switzerland
JX080029 Onchocerca lupi Dog, USA

OP040124 Breinlia boltoni Agile wallaby, Australia

60
OP040134 Breinlia annulipapillata Wallaroo, Australia
ili AP017705 Wuchereria bancrofti Human, Kenya

MK250713 Brugia malayi Dog, Thailand

AJ544872 Setaria labiatopapillosa Cow, Italy
78 KP760180 Dipetalonema gracile Tufted capuchin, Peru

KP760177 Dipetalonema caudispina Red-faced spider monkey, Guyana

KP760210 Yatesia hydrochoerus Capybara, Venezula
KT899871 Acanthoct

spirocauda Harbor seal, USA

KP760192 Litomosoides hamletti Pallas's long-tongued bat, Peru
AM749264 Cercopithifilaria roussilhoni African brush-tailed porcupine, Gabon

73 AB178840 Cercopithifilaria crassa Japanese deer, Japan

AMT749253 Cercopithifilaria minuta Japanese serow, Japan

72 KP760199 Ochoterenella sp. Cane toad, Venezula

MN663141 Neofoleyellides boerewors Mosquito, Venzuela

99 FJ471583 Habronema muscae Horse, Italy
KX868084 Habronema majus Donkey, China
52 KP760204 O: ia chabaudi Amazon lava lizard, Brazil
63 KP760205 Oswaldofilaria petersi Tegu lizard, Peru
PP117936 Crocodile, Australia

MH182623 Icosiella sp. Goliath frog, Cameroon
97 MW055240 Thelazia californiensis Dog, USA
9 0Q988099 Thelazia gulosa Cow, Romania

LC388905 Gongylonema pulchrum Sika deer, Japan
ON641583 Neofoleyellides sp. Chough, China

{ GQ342967 Cylicospirura felineus Bobcat, USA
99 K

F719952 Cylicospirura petrowi Wildcat, Germany

MH634016 Spirocerca vulpis Red fox, Bosnia Herzegovina
99 KJ605489 Spirocerca sp. Red fox, Denmark

[ e—

10.00

Fig. 4. Relationship of a new species of Oswaldofilaria (bold) from the blood of the saltwater crocodile with representative taxa represented in the GenBank database,
established based on a phylogenetic analysis of sequence data from part of the mitochondrial cytochrome ¢ oxidase subunit 1 gene (cox1; 681 bp) employing the
neighbour-joining distance method. Branch supports are represented by neighbour-joining bootstrap percentages. Members of the genus Spirocerca were used
as outgroups.
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