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Highlights

» We describe the first confirmed fatal case of abdairangiostrongyliasis in a dog.

« Angiostrongylus costaricensidentity was confirmed by morphology, histologydan
molecular characterization of target genes.



» Our data indicate that dogs naturally infectedAbgostaricensisnay shed larvae in their
faeces

» This is the first evidence of a naturally infectimy acting as definitive host féx.
costaricensis

ABSTRACT

Angiostrongylus costaricensis the zoonotic agent of abdominal angiostrongidian several
countries in North and South America. Rodents aoegnized as the main definitive hostsAof
costaricensis but other wildlife species can develop patenecatibns. Although several human
cases have been described in the literature, taeofaomestic animals in the epidemiology of the
infection is not clear. Here we review the literatavailable orA. costaricensisn mammals and
describe the first confirmed fatal case of abdoineragiostrongyliasis in a 4-month-old dog,
presented with intestinal perforation, peritonaisd faecal shedding of first-stage larvae. Parasite
identity was confirmed by morphology, histology amdblecular characterization of target genes.
This is the first record of a naturally infectedgdacting as a definitive host fét. costaricensis
These data suggest that dogs may potentially spingadarasite in urbanized areas.

1. Introduction

The genusAngiostrongylus(Strongylida, Angiostrongylidae) includes at ledst species of
nematodes infecting the lungs and blood vesseks wdriety of mammals including insectivores,
rodents, felids and canidé&riderson, 2000; Spratt, 201p Angiostrongylus costaricensis the
zoonotic agent of abdominal angiostrongyliasis,ctwas originally described in 1971 in a human
patient from Costa RicaVorera and Céspedes, 1971 Later, A. costaricensisvas reported in
several countries of the Americas, from the Uniftdtes to Argentina, with the description of
nearly 200 human cases occurring within this ggagcal range Graeff-Teixeira et al., 1991;
Pena et al., 1995; Romero-Alegria et al., 20L4Human infections have also been reported from

Africa (Zaire) and Europe (France and SpaRrero-Alegria et al., 20131



Adult nematodes of\. costaricensiseside in the mesenteric arteries of rodents, wierales lay
their eggs, which hatch in the intestine, and -Btsige larvae (L1) are passed in the environment
with the faecesAnderson, 2000. To continue the life-cycle, the L1 need to bgested or actively
penetrate the tissue of an intermediate host winee moult twice to the third-stage larvae (L3),
which is the infective stage for the definitive t®oéThiengo, 1996).In the definitive host, L3
follow two principal migratory routes after infeati: i) through the lymphatic/venous-arterial
system, ofi) through the venous portal systeliofa and Lenzi 1995, 2005; Spratt, 2005

In Costa Rica the most important intermediate ladsf. costaricensigs the veronicellid slug
Vaginulus plebeiugMorera and Ash, 1970; Morera, 1973; Morera et al.1988, while at least 12
rodent species have been implicated as definitbgdiMorera, 1973; Tesh et al., 1973with the
cotton rat Sigmodon hispidygeing the most widesprefldorera and Cepsedes, 197%1Humans
acquire the infection via the consumption of inéectmolluscs (mainly slugs of the family
Veronicellidae), or vegetables contaminated by &@ased in their slime trail&Jbelaker et al.,
1980. However, the risk of humans to be infected byreRased in the environment has been
considered of minor importan¢€owie, 2013 although the snail-to-snail transmission of L3 ha
been reported as a survival strategy for some roataat (i.e.Aelurostrongylus abstrusuand
Troglostrongylus brevigrin the same family of\. costaricensigColella et al., 2015)In spite of
the zoonotic relevance @i costaricensishumans represent a dead-end host for this paragiich
does not reach adulthood. In additigh, costaricensishas been reported parasitizing zoo-born
siamangs Hylobates syndacttyllis night monkeys Aotus nancymage free-ranging raccoons
(Procyon loto)j and opossumsDidelphis virginiang in the United StatedMiller et al., 2006),
although faecal shedding of L1 was not demonstritedny of these species. However, viable L1
are shed by naturally infected white-nosed coltasia narick (Monge et al.,, 1978 and by
captive non-human primateSly et al., 1982 Brack and Schropel, 1995Berrocal et al., 1997.
Arroyo et al. (1998)described a fatal case of abdominal angiostroagigiin a dog, presumptively

infected byA. costaricensisbut without any parasitological descriptions.dradn, an experimental



infection study suggested that adult dogs may biéalda reservoir hosts in the domestic
environmentRodriguez et al., 2002, representing a potential risk of infection famhmans.

Here we describe a fatal case of canine abdomipbstrongyliasis caused By costaricensigand
report, for the first time, the faecal sheddingAofcostaricensid.1 in a naturally infected dog.
Clinical, haematological and pathological data ateo reported along with the molecular
characterization ofA. costaricensispecimens collected during post-mortem examinatibthe
same animal.

2. Clinical presentation and diagnostic procedures

On November 2014 a 4-month-old French poodle malgiing 1.1 kg and bought in a pet shop in
San José (Costa Rica) was hospitalized in a priveterinary clinic with a history of 7 days of
hemorrhagic diarrhoea and occasional vomitus stheefirst day of its purchase. The dog was
cachectic, dehydrated, anaemic and intermittergtigargic. It had a large abdomen with acute
abdominal pain and no fever. At the faecal exanonathe animal scored negative for helminth
eggs (by direct faecal smear and flotation methodagmatology confirmed anaemia (red blood
cells: 2.24 M/uL; haematocrit: 15.5%; haemogloldint gr/dL), and moderate neutropenia (2.5
K/uL). Blood biochemistry revealed hypoglycaemidu¢gse: 70 mg/dl) and hypoproteinaemia
(total protein: 4 gr/dl) and high urea nitrogen @@/dl) and alanine aminotransferase (85 U/L)
levels. Radiograph of the abdomen and abdominakhadtund showed prominent intestinal
distension with abundant pneumo-faecal materialth@ large intestine. A radiopaque image
resembling intussusception with intestinal obstarctwas also observed in the caudal dextral
guadrant of the abdomen. The dog received symptomigatment and fluid therapy. At the
exploratory laparotomy, necrotic ileocaecal lesiarese observed along with intestinal perforation
of the distal ileum. The liver showed a yellowisllgdiscoloration. A resection (approximately 6
cm in length) around the ileal lesion and subsegaeastomosis was performed. The following
day, the general condition degenerated and thelgagwithin 48 h after the surgery.

2.1 Anatomopathological findings



Post-mortem examination performed at the Veterirgsfyool of the National University of Costa
Rica revealed the presence of suppurative exuaditeu{ 25 ml) in the abdominal cavity. The
abdominal wall had small aggregates of fibrin wasociated peritonitis. The lungs, liver, kidneys
and spleen were congested. The intestinal seroamlgmat the ileocaecal junction) was focally
thickened with presence of greyish tissue areasvauitifocal fibrin aggregation. Mesenteric lymph
nodes were enlarged to twice the normal size aethberhagic (Fig. 1). The intestinal mucosa was
eroded with multifocal petechial and a slightly g@ece of fibrin. Mesenteric arteries were dilated
by adult parasites. Coprological examination penfed by Baermann test on faeces collected at
necroscopy revealed the presence of nematode lariampathologically, the intestinal mucosa
showed segments of massive coagulative necrosissociation with degenerated nematode larvae
and eggs. The lamina propria was diffusely thickebg profuse inflammatory infiltrate composed
of large amounts of macrophages with presence dathedpid macrophages, neutrophils,
lymphocytes, plasma cells and eosinophils (Figs3)2)nflammatory infiltrates extended through
the mucosa, thenuscularisexterna serosa and the associated adipose tissue. Meddyaisis of
the submucosa was present at some parts of tha.il€tansmural necrotizing pyogranulomatous
and eosinophilic inflammation was more prominenttrsg terminal part of the ileum (Fig. 2).
Sections of nematodes in different stages of dgwedémt were observed in the superficial mucosa,
lamina propria, submucosajuscularis externaand serosa of the intestine (Figs. 2,3) Adipose
tissue and mesenteric lymph nodes were associaitd pnominent eosinophilic infiltrates and
multifocal multinucleated foreign body type multoleated giant cell with up to 12 nuclei. The
liver showed several foci of granulomatous inflamioraassociated with nematode sections. Adult
nematodes were also detected in the lumen of dilatesenteric arteries, occluding partially or
completely the arterial lumen, featured by granwtous and eosinophilic perivasculitis with
moderate thickening of endothelium and tunica meddult nematodes from mesenteric arteries
were stored in 70% ethanol and clarified in lacepdl to be identified. Adult worms and L1

obtained by Baermann technique were morphologicdéntified asA. costaricensidased on the



species-specific features describedMorera and Céspedes (1971)and Rebello et al. (2013)
Histopathologically, characteristics of nematodetisas obtained from the ileum at laparoscopy
were compatible with those @&&. costaricensisextracted from vessels as describedGiraeff-
Teixeira et al. (1991)

2.2 Molecular analyses

The nematode identity was confirmed molecularlyspgcific amplification of 12S and 18S gene
fragments according to previously described metlomies Patterson-Kane et al., 2009; Otranto

et al., 201). Briefly, following genomic extraction from a gjle specimen using a commercial kit
(DNeasy Blood & Tissue Kit, Qiagen, GmbH, Hildengréany), 12S (~300 bp) and 18S (~1700
bp) gene fragments were amplified and ampliconewesolved in (2%) agarose gel, purified and
sequenced directly in an automated sequencer (AB&M 377).Sequences were determined from
both strands and compared with those availableanBank™ dataset by Basic Local Alignment
Search Tool (BLAST - http://blast.ncbi.nlm.nih.gBldst.cgi) @Altschul et al., 1997. The BLAST
analysis of the 12S and 18S sequences produced smensed 96% and 100% homology,
respectively, to those available in GenB&hKAccession number: LK939409 for 12S, LK942974
for 18S).

3. Discussion

The results of this study indicate, for the fiigte, that dogs naturally infected By costaricensis
may shed larvae in their faeces, therefore acting definitive host for this nematode. Althouigh
costaricensid.1 were already found in the faeces of an expentaily infected dogRodriguez et
al., 2003, data on the role of this animal as a spreadénefnfection has never been demonstrated
under natural conditions. To date, a variety of mmaian species (e.g., non-human primates,
raccoons, opossum and procyonids) have been inv@gedead-end hosts in the life-cyclefof
costaricensisand therefore this nematode may represent a tfueaiildlife animals Miller et al.,

2008.



The severity of the clinical presentation in theydeerein observed was not consistent with the
clinical signs described in a previous caBedriguez et al., 2002) This apparent difference in
clinical presentation might be due to the fact tih& dog here examined was much younger than
that reported byRodriguez et al. (2002)and consequently a juvenile animal may be more
susceptible to the infection #y. costaricensisThis hypothesis is also supported by the casertrep
of a 9-month-old puppy presumptively infected Adycostaricensishat displayed a severe clinical
presentation characterized by abdominal pain andeara Arroyo et al., 1989.

From an epidemiological standpoint, the identifimat of dogs as definitive hosts foA.
costaricensisand the occurrence of L1 shedding in urbanized aray be of public health concern.
Indeed, the presence of rodents, slugs and snditeiperidomestic area represents a risk for dog t
acquire infections, and, eventually, to human b&ing

In addition, this is the first molecularly confirchecase of a dog naturally infected By
costaricensisand indicating that this species of animals mdyaaa reservoir host in the domestic
environment. Additional studies are required toedsan the role of dogs in the epidemiologyfof
costaricensisn areas where this zoonotic nematode is endemic.
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Figure legends

Fig. 1. Enlarged mesenteric lymph nodes and iliocaecal osmcwith multifocal areas of
haemorrhage.

Fig. 2. Cross sections of adult worms in the mesentertenyarof the iliocaecal segment;
pyogranulomatous inflammation at the intestinabsars evident. HE.

Fig. 3. Migration of larvae ofA. costaricensigarrow) within the ileal wall in association with

granulomatous inflammation (asterisk). HE.
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