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Strongyloides stercoralis is a soil-transmitted helminth with an unusual life cycle, causing canine and human
strongyloidiasis, mainly endemic in tropical and subtropical areas. Following percutaneous or oral transmission
of infective third-stage larvae in the vertebrate host, the parasite can cause autoinfection, leading to life-long
infection. At present, the transmammary transmission was only assessed in experimentally infested dogs.
Here, we provide observational evidence of S. stercoralis transmammary transmission in puppies suckling from a

truffle dog from Central Italy, from where its presence was neglected.

1. Introduction

With over 50 species, Strongyloides (Rhabditida: Strongyloididae)
nematodes are globally distributed soil-transmitted helminths (STHs),
causing strongyloidiasis in a wide variety of vertebrate hosts (Thams-
borg et al., 2017; Ko et al., 2019). In particular, Strongyloides stercoralis,
the species of zoonotic concern, affects human and canine populations
mostly within tropical and subtropical areas characterised by
low-income and poor hygiene standards (Schar et al., 2013). About
613.9 million people throughout the world are infected and autoch-
thonous human cases are also reported in temperate countries of Europe
and North America (Schar et al., 2013; Buonfrate et al., 2020).

Unlike the other STHs, Strongyloides spp. are amphizoic parasites,
alternating a sexual free-living generation and a parasitic one, repre-
sented only by females shedding eggs by parthenogenesis (Viney, 2016).
Eggs of the parasitic generation hatch when still in host intestine, and
the majority of hatched first-stage larvae (L1) are passed in the faeces
and develop to infective third-stage larvae (L3i) in the soil. However,
some larvae can develop within the same host and cause autoinfection,
both in humans and dogs, leading to a chronic, often life-long, asymp-
tomatic infection. In immunocompromised hosts, clinical complicated
and potentially fatal hyperinfection may occur as a result of autoinfec-
tion, with extra-intestinal and extra-pulmonary larval localization
(Keiser and Nutman, 2004). The L3i of Strongyloides spp. enter the new
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host percutaneously or orally. However, a transmammary route has
been demonstrated for Strongyloides westeri in foals (Abbas et al., 2021),
Strongyloides ransomi in pigs (Stewart et al., 1976), Strongyloides papil-
losus in ewes (Nwaorgu et al., 1990) and Strongyloides fuelleborni in in-
fants (Brown et al., 1977). In addition, dogs experimentally infected
with S. stercoralis transmitted the infection to their pups by the trans-
mammary route (Shoop et al., 2002). Dogs are reservoirs of zoonotic
S. stercoralis mainly in poor socioeconomic context, with prevalence up
to 60% in some communities (Jaleta et al., 2017; Otranto et al., 2017;
Barratt et al., 2019; Bradbury et al., 2021). Conversely, in temperate
areas and high-income countries such as Europe, the seroprevalence of
infection in humans is as low as 3.8% (Starr and Montgomery 2011;
Buonfrate et al. 2018; Ottino et al., 2020). Likewise, canine strongyloi-
diasis has been widely reported, with isolated foci or case reports in
Europe (Strkolcova et al., 2017), including Italy (Riggio et al., 2013;
Zanzani et al., 2014; Paradies et al., 2017; [atta et al., 2019). Knowledge
about the transmission patterns is pivotal for understanding the epide-
miology of the infection and transmammary route, from dam to puppies,
has only been demonstrated in experimental studies (Shoop et al.,
2002). This study aims to report infection by S. stercoralis in suckling
puppies, therefore suggesting for the first time the occurrence of parasite
transmammary transmission in a litter, arising from a naturally infected
mother.
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Fig. 1. Strongyloides stercoralis first stage larva (iodine stained) from a dog faecal sample. GP: genital primordium, RO: rhabditiform oesophagus.

2. Material and methods

In February 2021, two 2-month old puppies (both males) living in a
village 40 km northeast of Rome (42°01°06.98°’N-12°55’33.43"’E, Lazio
Region, central Italy) were screened through a routine coprological
examination at the Laboratory of Parasitology at the Istituto Zooprofi-
lattico Sperimentale del Lazio e della Toscana, Italy. The puppies were
part of a litter of 4 Lagotto Romagnolo breed, usually employed in truffle
hunting, and lived in a courtyard of a house with the dam and another
dog of the same breed. All the dogs were kept in a pen with a concrete
basement. The owner used to remove the faeces daily and to clean
thoroughly the pen with bleach weekly. The faecal samples of the two
puppies were analyzed by direct microscopy, Baermann and flotation
methods for the detection of intestinal and bronchopulmonary parasites.

Briefly, for the Baermann examination, 3 grams of faeces were placed
on double layer gauze and then in a Baermann funnel with 50 ml warm
tap water. After 24 hours, the liquid was transferred into a 15 ml tube
and centrifuge at 600 g for 5 min and the sediment placed on a micro-
scope slide for examination. Faecal flotation with 28 ml of zinc sulphate
solution (ZnSOg, specific gravity = 1.35) was performed on 10 g of
faeces to diagnose other intestinal parasites. After the recovery of
S. stercoralis in the faecal samples of the first two puppies, the faeces of
the bitch, the remaining two puppies and the only dog cohabiting with
them were collected and analysed. In total, 6 dogs, 4 brothers, the
mother and a dog cohabiting with them, were analysed.

Ten larvae from the first two puppies (4 larvae each) and the bitch (2
larvae) were morphologically and morphometrically analyzed. Larval
morphological identification followed the description by Toledo et al.
(2015). Due to the uncommon finding, identification was confirmed via
molecular analyses at the Department of Veterinary Medicine of the
University of Bari. Genomic DNA was extracted from a single larva
isolated by Baermann method from each positive dog and preserved in
70% ethanol, using a commercial kit (QIAamp, DNA Micro Kit, GmbH,
Hilden, Germany) in accordance with the manufacturer’s instruction. A
conventional PCR targeting the cytochrome c oxidase subunit 1 (cox1)
gene was performed, according to the protocol by Hasegawa et al.
(2010) and the amplicons were purified and sequenced using the Taq
Dye Doxy Terminator Cycle Sequencing Kit (v.2, Applied Biosystems,
Foster City, CA) in an automated sequencer (ABI-PRISM 377). Sequences
were compared with those available in the GenBank database by Basic
Local Alignment Search Tool (BLASTn, http://blast.ncbi.nlm.nih.gov/
Blast.cgi).

3. Results
L1 larvae morphological identification as belonging to S. stercoralis

relied on the dimensions (length: 190-260 pm, width: 9-11 pm), on the
presence of a rhabditiform oesophagus occupying the anterior third of

the body and of a clearly visible genital primordium (Toledo et al., 2015)
(Fig. 1).

The cox1 gene sequences of 623bp confirmed S. stercoralis species
identification, with a nucleotide identity of 100% with a free-living
adult of S. stercoralis (GenBank accession n. AJ558163). No other par-
asites or helminthic eggs were isolated by flotation method. Also the
faecal samples from the further two puppies and the bitch were positive
for S. stercoralis. Although larval number was not recorded at Baermann
technique, at visual estimation the number of larvae observed in two of
the puppies was much larger than in the other two puppies as well as in
the bitch. The only dog cohabiting with all the animals above scored
negative. None of the dogs presented any clinical symptoms. The posi-
tive dogs were treated for 10 days (with 100mg mebendazole pro die)
and after 15 day post treatment they scored negative for S. stercoralis by
the Baermann method.

4. Discussion

In the described case, the occurrence of first-stage larvae in the faeces
of the dam and in the four puppies sucking milk strongly supports the
hypothesis of a transmammary transmission of S. stercoralis to puppies.
Other elements supporting this hypothesis are the absence of the para-
site in the cohabiting dog and the concrete basement of the pen and its
management, not favouring the development and survival of free-living
larvae. Considering that truffles dogs sniff in moist ground after raining
(i.e., a suitable environment for the development of S. stercoralis), the
dog herein analysed may have been infected during the field activities in
the wooded areas of Lazio. The absence of clinical signs often occurs in
immunocompetent hosts, both animals and humans, where the first-
stage larvae develop into adult females leading to chronic asymptom-
atic infections (Thamsborg et al., 2017). Although the transmission of
Strongyloides spp. mainly occurs percutaneously and orally, the trans-
mammary route has been reported for S. westeri, S. ransomi, and
S. papillosus (Abbas et al., 2021; Stewart et al., 1976; Nwaorgu et al.,
1990), as well as S. fuelleborni in infants (Brown et al., 1977). Although
the presence of L3i in the milk has not been herein demonstrated, our
data are consistent with previous experimental evidence (Shoop et al.,
2002), in that S. stercoralis passes through milk in lactating animals.

In addition, the risk of infection in humans should not be under-
estimated, considering that infection by STHs, including S. stercoralis,
may occur in people in close contact with soil contaminated by animal
faeces, such as shelter workers or dog breeder (Paradies et al., 2019;
Stufano et el. 2022). In the case of S. stercoralis, the infection in humans
may be of particular relevance, in consideration of the risk of developing
disseminated strongyloidiasis in immunocompromised hosts, although
rare (Rivasi et al., 2006). Indeed, immunosuppressant factors such as the
frequent steroid administration for many different health conditions,
may trigger for the development of hyperinfection by S. stercoralis
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(Cappella et al., 2019; Ortega-Diaz et al., 2020) that can be fatal if not
promptly treated (Ursini et al., 2013).

5. Conclusions

Data herein presented demonstrate that puppies may be infected and
spread S. stercoralis, representing a source of infection primarily for
owners or breeders. This report appears particularly relevant, due to the
lack of knowledge and awareness about this parasite in central Italy,
where its occurrence in dogs was not reported until now. Therefore, both
physicians and veterinarians may not be aware of S. stercoralis’ presence
and consider this potentially clinically relevant parasite in differential
diagnosis.
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