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ABSTRACT
The dog hookworm Ancylostoma caninum (Nematoda, Ancylostomatidae) is a blood-feeding intestinal
parasitic nematode and can cause ancylostomiasis in humans. In this study, the complete mitochon-
drial genome of this anthropozoonotic hookworm was sequenced through Illumina deep sequencing
technology. The whole genome was 13,721bp in length and encoded 36 genes including 12 protein-
coding genes, 22 transfer RNAs, and 2 ribosomal RNAs. Phylogeny revealed that A. caninum grouped
with species from Ancylostomatinae and separated from species of Bunostominae in the family
Ancylostomatidae. Amongst the subfamily Ancylostomatinae, three dog-originated A. caninum, regard-
less of isolate origins, clustered together and were more closely related to the cat hookworm A. tubae-
forme and the human hookworm A. duodenale than to the dog/cat hookworm A. ceylanicum and the
sea lion hookworm Uncinaria sanguinis. Taken together, the cumulative mitochondrial DNA data
provides insights into phylogenetic studies among Ancylostomatidae nematodes.
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The dog hookworm Ancylostoma caninum (Nematoda,
Ancylostomatinae) is a blood-feeding intestinal parasitic
nematode and can cause zoonotic ancylostomiasis in almost
all mammalian hosts including humans (Bowman et al. 2010).
Adult hookworms parasitize in the intestines of dogs and
shed millions of eggs to the environment through faeces.
The eggs embryonate, develop and hatch as first stage larvae
(L1) outside, and then the L1 molt twice through to the
second stage (L2) and infective third stage larvae (iL3) that
are capable of infecting dogs and humans. In dogs,
A. caninum is regarded as a leading cause of acute, poten-
tially fatal haemorrhagic enteritis in young puppies (Mulinge
et al. 2019). Human infections typically relate to the larval
migration of A. caninum under the skin and can cause cuta-
neous larvae migrans known as creeping eruptions (Prociv
and Croese 1996). In addition, A. caninum was also sporadic-
ally reported to cause eosinophilic enteritis because its larvae
can develop into pre-adult, non-patent worms in human
intestines (Landmann and Prociv 2003). Recent increased
molecular-based epidemiological evidence highlights that A.
caninum and A. ceylanicum are emerging as important hel-
minthic zoonosis in the Asia Pacific countries including
Cambodia (Inpankaew et al. 2014), Laos (Sato et al. 2010),
Malaysia (Ngui et al. 2012), Solomon Islands (Bradbury et al.

2017), Thailand (Jiraanankul et al. 2011), Australia (Smout
et al. 2017) and China (Dai et al. 2009; Liu et al. 2013).
However, current diagnosis of this zoonotic infection is still
largely based on faecal microscopy and often misdiagnosed
even by experienced microscopists due to the inability to
morphologically distinguish A. caninum eggs from those of
other hookworms (Monis et al. 2002). Therefore, it has
become urgent to obtain a more efficient and reliable
approach to identify A. caninum infection for clinical diagno-
sis and epidemiological investigation, and achieving this goal
is foreseeable only through utilization of molecular method-
ologies (Rehman et al. 2017). Mitochondrial DNA (mtDNA) is
regarded as an efficient molecular marker and has been
widely used for species-specific identification and differenti-
ation of many zoonotic nematodes (Hu et al. 2004; Hu and
Gasser 2006). Herein, we reported the complete mitochon-
drial genome sequence of a representative A. caninum
from China and added novel mtDNA data to this zoo-
notic nematode.

The parasite samples were obtained from an infected stray
dog housed in an animal shelter at Wenjiang (30�440N,
103�550E), Sichuan Province of Southwest China, after treat-
ment with pyrantel pamoate. After morphological identifica-
tion, all worms (n¼ 5) were identified as A. caninum females
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according to the taxonomic key of Burrows (1962). One
worm specimen was used for DNA extraction, and the others
were fixed in 5% formalin solution and archived in the
Parasitological Museum of Sichuan Agricultural University
(Sichuan, China) under collection numbers XY2018_7-10.
Total genomic DNA was isolated and sequenced using the
Illumina HiSeq platform (Novogene, Tianjin, China). The mito-
chondrial genome assembly and gene annotation were per-
formed as previously described (Xie et al. 2019).

The complete mitochondrial genome of A. caninum was
13,721 bp in length (GenBank accession no. MN215971) with
77.2% AT and encoded 12 protein-coding genes, 22 tRNA
genes, and 2 rRNA genes. All genes were unidirectionally
transcribed on the same strand, typical for other nematodes
reported so far. Among the 12 protein-coding genes, except
cox3 and nad5 deduced to use an incomplete stop codon ‘T’,
the rest were predicted to use the typical TAA or TAG as the
stop codons. Twenty-two tRNA genes ranged from 52 bp
(tRNA-Pro) to 59 bp (tRNA-Ile) in length. Both 12S and 16S
rRNAs were 695 bp and 960 bp in length, respectively, and
located in the positions between tRNA-Glu and tRNA(UCN)-Ser
and between tRNA-His and nad3, respectively. Three non-
coding regions, namely NC1 (also known as AT-rich region;
267 bp), NC2 (104 bp) and NC3 (86 bp), were placed between
tRNA-Ala and tRNA-Pro, between nad4 and cox1 and
between nad3 and nad5, respectively, similar to other hook-
worm species, suggesting their conservation and function in
regulation of transcription and control of DNA replication
(Clayton 1991).

A maximum-likelihood (ML) phylogeny was reconstructed
on a concatenated amino acid dataset of 12 protein-coding
genes from 21 hookworms, using species of Strongylidae as
outgroup. As shown in Figure 1, the phylogenic tree placed
A. caninum together with species from Ancylostomatinae and
separated from species of Bunostominae with high bootstrap
confidence, supporting that the Ancylostomatinae and

Bunostominae are monophyletic groups in the family
Ancylostomatidae. Amongst the subfamily Ancylostomatinae,
A. caninum from China and Australia were more closely
related to each other than to that from Japan; nevertheless,
these three dog-originated A. caninum clustered together
and showed a closer genetic relationship to A. tubaeforme
(cat hookworm) and A. duodenale (human hookworm) than
to A. ceylanicum (dog/cat hookworm) and Uncinaria sanguinis
(sea lion hookworm), consistent with recent molecular studies
(Shi et al. 2017, 2018). In summary, the sequenced A. cani-
num mtDNA provides insights into phylogenetic studies
among Ancylostomatidae nematodes.
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