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ARTICLE INFO ABSTRACT

Keywords: Dirofilariosis by Dirofilaria immitis and Dirofilaria repens is endemic in dogs from countries of the Mediterranean

Dirofilariasis basin. Both species may infect humans, with most of the infected patients remaining asymptomatic. Based on the

gumans recent description of the southernmost hyperendemic European focus of heartworm disease in dogs from the
0gs

Pelagie archipelagos, we performed a serological and molecular survey in human population of that area. Human
blood samples were collected in the islands of Linosa (n=101) and Lampedusa (n=296) and tested by ELISA and
molecular test for the detection of D. immitis and D. repens. Samples were also screened for filarioid-associated
endosymbionts, Wolbachia sp. The seroprevalence of D. immitis and D. repens was, respectively, 7.9% and
3.96% in Linosa, and 7.77% and 19.93% in Lampedusa. Out of 397 human blood samples tested molecularly, 4
scored positive (1%) for Dirofilaria spp. by qPCR (i.e., three for D. immitis and one for D. repens) and 6 (1.5%) for
Wolbachia. Of the qPCR positive for Dirofilaria spp., only D. repens was amplified by cPCR and was positive for
Wolbachia. In the phylogenetic analysis, the sequence of Wolbachia detected in D. repens positive samples clus-
tered along with other C supergroup filarioids. Our results overlap with the recent prevalence data collected on
dogs from the same area, where D. immitis is prevalent in Linosa and D. repens prevails in Lampedusa. Molecular
detection of D. immitis in human blood is quite unusual considering that humans are dead-end hosts for dirofi-
larial infection and most of the human cases described so far in Europe were ascribed to D. repens. An integrative
diagnostic approach using serum analysis and Wolbachia detection is also presented. In endemic areas for canine
dirofilarioses humans are exposed to the infection, suggesting the importance of One Health approach in diag-
nosing, treating and controlling this zoonotic parasitosis.

Canine heartworm disease
Vector-borne zoonosis
One Health

1. Introduction

Dirofilaria immitis and Dirofilaria repens are widespread filarioids of
dogs with occurrence in cats, ferrets, wild carnivores and humans, being
both filarioids of major medical and veterinary concern, transmitted via
the bite of infected mosquitoes (Dantas-Torres and Otranto, 2020;
Panarese et al., 2020). Zoonotic cases of dirofilarioses have increased in
the last decades paralleling the presence in endemic areas and also
correlating with the new foci of infection in previously non endemic

areas (Dantas-Torres and Otranto, 2020; Genchi and Kramer, 2020).
Indeed, many factors have been implicated in the spreading of dir-
ofilarioses, such as the relocation of dogs from endemic to non-endemic
areas (e.g., from southern endemic areas of Europe to the northern ones)
and the introduction of suitable allochthonous mosquito vectors (e.g.,
Aedes albopictus in the late ‘80s in Italy; Otranto et al., 2009). Humans
act as dead-end hosts of both species of Dirofilaria, mainly D. repens in
Europe and D. immitis in the USA (Dantas-Torres and Otranto, 2013).
Human cases of D. immitis are scarce thought few reports were recorded
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in Europe (Avellis et al., 2011). Nonetheless, the zoonotic implication of
these infections is relevant considering that soon after the inoculation by
the mosquitoes, larvae may migrate throughout human tissues causing
ocular, skin and pulmonary nodular lesions, often being erroneously
diagnosed as pulmonary carcinomas (Gabrielli et al., 2021). Therefore,
understanding the distribution and occurence of human cases of dir-
ofilarioses is of relevance in differentially diagnosing the subcutaneous
and/or pulmonary nodules or other suspected clinical presentations
(Oliva et al., 2019). The global distribution of both Dirofilaria spp.
overlaps with that of the mosquito vectors (>70 species) belonging to
the genera Aedes/Ochlerotatus, Anopheles and Culex (Eldridge and
Edman, 2000). In Italy, Culex pipiens and Aedes albopictus are the main
species implicated in the transmission of the infections (Otranto et al.,
2009). Of note, their distribution, along with the lack of chemopro-
phylactic treatments in non-endemic regions have been considered as a
major cause for the expansion of the infection, mainly in southern Italian
regions (Otranto et al., 2009; Mendoza-Roldan et al., 2020).

Currently, hyperendemic foci of D. immitis infection in dogs are
described in Apulia region (southern Italy) (Panarese et al., 2020a;
Panarese et al., 2020b), as well as in the Pelagie archipelagos, with a
prevalence of 58.9% for D. immitis and 7.9% for D. repens in Linosa and
Lampedusa, respectively (Brianti et al., 2021). The latter finding rep-
resents the southernmost focus of the infection and triggered the sci-
entific interest in investigating the exposure of asymptomatic patients
living in a confined/close environment (i.e., Linosa and Lampedusa)
where many interactions among humans, dogs and cats occur. This
condition, which is typical of small islands, was further enhanced by
limited movements of humans due to the COVID-19 pandemic re-
strictions. Under the above circumstances, the detection of Wolbachia
has been suggested as a further test to refine the diagnosis of human
dirofilarioses. These obligatory endosymbionts of filarioids play a major
role in the pathogenesis of both acute and chronic filariasis; therefore,
they have been targeted for the treatment and indirect diagnosis of these
parasitosis (Turba et al., 2012; Manoj et al., 2021). Hence, the current
study adopted an integrated approach including serology, molecular
detection of filarioids and their endosymbionts Wolbachia.

2. Materials and methods
2.1. Ethical statement

The study on humans was conducted in accordance with ethical
principles (Declaration of Helsinki) and the research protocol was
approved by the Ethical Committee of the University Hospital of
Palermo, Italy (n. 8/2020).

2.2. Study site and sample collection

Study sites have been described elsewhere (Brianti et al., 2021).
Briefly, Lampedusa (20.2 sq km) and Linosa (5.4 sq km) are two small
islands of the Pelagie archipelago, almost equidistant from Italian and
Tunisian coasts and populated by nearly 300 and 6000 inhabitants,
respectively. From July to October 2020, 346 human blood samples
(n=245 from Lampedusa and n=101 from Linosa) were collected from
patients without any specific clinical signs and sent to the Parasitology
unit of the Department of Veterinary Medicine, University of Bari (Italy)
and Department of Public Health and Infectious Diseases, Sapienza
University of Rome (Italy). Written informed consent was obtained from
the participants and samples were received from human analysis labo-
ratory (Lampedusa) or purposefully collected under the frame of this
study (Linosa), for health check analyses.

2.3. Detection of antibodies

Human serum samples were tested to assess the exposure to
D. immitis and D. repens by a home-made enzyme-linked immunosorbent
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assay (ELISA) based on somatic antigens of both Dirofilaria species
(Simon et al., 1991; Tasic-Otasevic et al., 2014). Antigens were isolated
from worms obtained by necropsy of naturally infected dogs, washed,
macerated and sonicated (three cycles of 70 kHz, 30 s) in sterile saline
solution (Prieto et al., 1997). The homogenate was centrifuged at 16,
000 x g for 30 min. The supernatant was dialyzed against 0.01 M PBS,
pH 7.2. The protein concentration was measured (Bradford, 1976) and
ELISA microplates were coated with antigens at final concentration of
0.8 pg/pL. Following the protocols performed in previous surveys
(Esteban-Mendoza et al., 2020; Otasevic et al. 2014), sera were tested in
solid-phase ELISA at dilution 1:80 and 1:150 to detect anti-D. repens and
anti-D. immitis IgG antibodies, respectively. Goat anti-human-IgG-
anti-human IgG (H + L) conjugated to horseradish peroxidase (Sig-
ma-Aldrich, MO, USA) was used as a secondary antibody at 1:40000
dilution in both cases. Optical density (OD) was measured at 492 nm
(Easy-Reader, Bio Rad, CA, USA). The cut-off points (OD = 1.12 for DiSA
and OD = 1.03 for DrSA) was established by calculating the mean value
+ 3 standard deviations (3SD) of 30 serum samples obtained from
clinically healthy humans (negative controls).

2.4. Molecular testing

Genomic DNA (gDNA) was extracted from human blood samples
using the commercial kit GenUPgDNA (Biotechrabbit GmbH, Hennigs-
dorf, Germany) according to the manufacturer’s instructions. All sam-
ples were molecularly tested for Dirofilaria spp. by duplex real-time PCR
(gPCR) as previously described (Latrofa et al., 2012). All DNA samples
were tested in duplicate, and positive and negative controls were
included in each qPCR run. The specificity of the qPCR assay was
established by melting curve analysis as described in Latrofa et al.
(2012). gPCR positive samples were amplified in conventional PCR
(cPCR) using filarioid primers targeting 12S rRNA and cytochrome c
oxidase subunit 1 (cox1) as previously described (Otranto et al., 2011).
Blood and the filarioid positive samples were also tested for the endo-
symbiont, Wolbachia targeting 16S rRNA gene by gPCR (Willems et al.,
1999) and cPCR (Werren and Windsor, 2000) respectively.

All amplified PCR products were visualized in 2% agarose gel con-
taining Gel Red®nucleic acid gel stain (VWR International PBL,Milan,
Italy) and documented in Gel Logic 100 (Kodak, New York, NY, U.S.A.).
The PCR products were purified and sequenced in both directions using
the same primers, employing the Big Dye Terminator v.3.1 chemistry in
a 3130 Genetic analyzer (Applied Biosystems, Foster City, CA, U.S.A.) in
an automated sequencer (ABI-PRISM 377). Nucleotide sequences were
edited, aligned and analyzed using BioEdit and compared with available
sequences in the GenBank using Basic Local Alignment Search Tool
(BLAST; http://blast.ncbi.nlm.nih.gov/Blast.cgi). All sequences were
aligned using the ClustalW program (Larkin et al., 2007) and compared
with those available in GenBank using the BLASTn tool (http://blast.
ncbi.nlm.nih.gov/Blast.cgi).

2.5. Phylogenetic analyses

Wolbachia sequence targeting 16S rRNA gene obtained from the
D. repens positive sample was phylogenetically analysed with the se-
quences available in the GenBank database. Phylogenetic relationships
were inferred using Maximum Likelihood (ML) method based on Kimura
2-parameter model (Kimura, 1980) with discrete Gamma distribution
(+G) to model evolutionary rate differences among sites selected by
best-fit model (Kumar et al., 2018). Evolutionary analyses were con-
ducted on 1000 bootstrap replications using the MEGA X software
(Tamura et al., 2013). Homologous sequences from Ehrlichia ruminan-
tium and Ehrlichia chaffeensis were used as outgroups (NR074513,
AF147752).
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2.6. Statistical analysis

Exact binomial 95% confidence intervals (95% CI) were established
for D. immitis and D. repens positive proportions using GraphPad Prism v.
8.0.0 (GraphPad Software, San Diego, CA, USA). Thus, a weighted
generalized linear model (GLZ) with a binomial distribution was used to
model D. immitis or D. repens positivity (prevalence) in the two study
islands, i.e., Lampedusa and Linosa. Following Mendoza-Roldan et al.,
(2020), a GLZ with two fixed factors was employed: y = Xf3 + ¢, where y
is the vector of the observation (i.e., the serological outcome: pos-
itive = 1, negative = 0), X is the incidence matrix, /3 is the vector of the
fixed effects (i.e., the Dirofilaria study species and the surveyed island),
and ¢ is the vector of the random residual effects (¢=0.05).

OD values for D. immitis and D. repens from serological tests (pooled
data from both islands) were compared using the Wilcoxon’s rank sum
test (a=0.05). OD values from Dirofilaria spp.-positive samples from
Lampedusa and Linosa (pooled D. immitis and D. repens data) were
compared using the Wilcoxon’s rank sum test (o« =0.05). Furthermore,
OD values for D. immitis and D. repens from serological tests were
analyzed separately for each island relying to the Dunn’s test with
Bonferroni correction (2x=0.05). All analyses were carried out using
JMP® 11 (SAS Institute, Cary, NC, USA), with a p-value<0.05 consid-
ered as statistically significant.

3. Results

Overall, 77 out of 397 patients (19.4%, 95% CI: 15.7-23.6) were
positive to Dirofilaria spp. In particular, 31 were positive to D. immitis
(7.8%, 95% CI: 5.5-10.9), 63 to D. repens (15.9%, 95% CIL: 12.6-19.9)
and 17 to both species (4.3%, 95% CI: 2.6-6.8) by serology and/or
molecular tests. None of the individuals sampled reported specific
medical conditions potentially compatible to dirofilariosis. Of the 31
patients positive to Dirofilaria spp. 6 (1.5%) presented anti- Dirofilaria
spp. antibodies titers higher than 2.0.

The overall prevalence of Dirofilaria spp. was significantly different
among the two islands, being higher in Lampedusa over Linosa
(#?=10.491; d.f.=1; p=0.0112). Concerning the Dirofilaria species
involved, analyzing pooled data from the two islands, the seropositivity
for D. immitis was significantly higher than that for D. repens (y°=12.727;
d.f.=1; p<0.0001).

However, analyzing Dirofilaria spp. seroprevalence data separately
for each species and island, we noted significant differences (y°=30.698;
d.f.=3; p<0.0001) in that, D. repens was significantly more prevalent in
Lampedusa (59/296=; 19.93%, 95% CIL: 15.7-24.97) than in Linosa
(n=4/101; 3.96%, 95% CI: 1.4-9.75) (y°=18.115; d.f.=1; p<0.0001).
On the other hand, no significant differences were noted about D. immitis
prevalence in Linosa (n=8/101; 7.9%, 95% CI:3.7-15.2) over Lamp-
edusa (n=23/296; 7.77%, 95% CI. 5.2-11.4) (,1/2:0.002; d.f.=1;
p=0.968).

Pooled data from the two Dirofilaria species showed higher OD me-
dian values characterizing the study samples from Lampedusa over
those from Linosa (Z=-2.204; d.f.=1; p=0.028) (Figure 1a). On the other
hand, data from both islands showed that the median OD values for
D. immitis and for D. repens did not differ significantly (Z=-0.519; d.f.=1;
p=0.604) (Figure 1b-c). The minimum and maximum OD values for
samples positive for D. immitis and D. repens in the two islands are
detailed in Table 1.

Out of 397 human blood samples tested molecularly, 4 scored posi-
tive (1%, 95% CI: 0.4-2.6) for Dirofilaria spp. by qPCR. In particular,
three samples were positive for D. immitis and one for D. repens by
melting-curve analysis, showing specific melting peaks corresponding to
Tm of D. immitis (i.e., mean Tm= 75°C) and D. repens (i.e., mean Tm=
69°C). Six individuals (1.5%; 95% CI: 0.7-3.2) scored positive for Wol-
bachia by qPCR. In addition, from the screened samples that scored
qPCR-positive for Dirofilaria spp., only D. repens was amplified by cPCR
and also scored positive for Wolbachia.
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Fig. 1. OD values of serological tests for detecting Dirofilaria immitis and Dir-
ofilaria repens in human blood samples from Lampedusa and Linosa islands,
southern Italy. (a) Analyzing pooled data from the two Dirofilaria species,
seroprevalence was higher in Lampedusa over Linosa. (b) Analyzing pooled
data from the two islands, no significant differences were detected between the
two Dirofilaria species. (¢) OD data analyzed separately for each Dirofilaria
species and study island. Red box plots indicate the median (solid line) within
each box and the range of dispersion (lower and upper quartiles and outliers);
means and standard errors are represented by green lines and blue T-bars,
respectively. The asterisk indicates a significant difference (p<0.05); ns=not
significant; the same letters each boxplot indicate the lack of significant dif-
ferences among groups (a-b: Wilcoxon’s rank sum test; ¢: Dunn’s test with
Bonferroni correction, p>0.05).
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Table 1

Number and percentage (within brackets) of human blood samples scoring
serological positive for D. immitis and D. repens in the Lampedusa and Linosa
islands (southern Italy), along with the mean, minimum and maximum optical
density (OD) recorded. Within each row, different superscript letters after
prevalence numbers indicate that they differ significantly (GLZ, binomial dis-
tribution, p<0.05).

Dirofilaria Lampedusa island Linosa island
species Number Mean OD (nm) Number Mean OD (nm)
(%) (min-max) (%) (min-max)
D. immitis 8% (7.90%) 1.340 (1.095- 23% 1.173 (1.092-
2.016) (7.77%) 1.273)
D. repens 59 1.358 (1.028- 3.96° 1.100 (1.044-
(19.93%) 2.456) (4.0%) 1.219)

In the phylogenetic tree of the 16S rRNA gene of Wolbachia the
sequence detected in D. repens positive human clustered within the clade
including other sequences of C supergroup Wolbachia from filarioids,
supported by high bootstrap value (Figure 2). Representative Wolbachia
sequence obtained in the current study was deposited in GenBank
(accession number: MZ477525).

4. Discussion

Our results suggest that humans living in the islands of Lampedusa
and Linosa (Pelagie archipelago) are exposed to both Dirofilaria spp.,
overlapping the distribution of dogs (Brianti et al., 2021). In particular,
while the difference in prevalence of D. immitis infection in humans
(7.8%) in Linosa and Lampedusa is not statistically different, D. repens
was more prevalent in Lampedusa. This picture overlaps the prevalence
of both species in dogs from Lampedusa and Linosa, with D. repens
recorded in Lampedusa and D. immitis in Linosa (Brianti et al., 2021).
Conversely, the presence of human patients positive at the serology for
D. repens in Linosa is suggestive of human traveling between the two
islands.

The overall seroprevalence of D. repens and D. immitis in the human
population sampled in this study is higher than those recently recorded
elsewhere. For example, from a total of 450 patients tested in Romania
and Moldova, 10.9% presented a positive response to antigen tests, with
the seroprevalence only for D. immitis (i.e., 10.8%) and only 0.2% for
D. repens (Ciuca et al., 2018). Similarly, 5.11% and 6.4% of tested pa-
tients in Mexico and in the Canary Islands, respectively, were seropos-
itive for D. immitis (Cabrera et al., 2018; Zumaquero et al., 2020).
D. repens is considered the main causative agent of human dirofilariosis
in Europe (Otranto et al., 2013; Tasi¢-Otasevic et al., 2015; Genchi and
Kramer, 2020), which has been herein confirmed by the high seropre-
valence (19.93%) recorded for this species in Lampedusa. Conversely,
this pattern has not been observed in Linosa, where the seropositivity for
D. immitis was higher than that of D. repens, most likely associated to the
hyperendemicity of D. immitis in dogs from this island.

The circulation of Dirofilaria spp. in humans was also confirmed by
the molecular detection of D. immitis in two samples from Linosa and one
sample each for D. immitis and D. repens from Lampedusa. The molecular
detection of D. immitis in human blood can be regarded as unusual
considering that humans are dead-end hosts for dirofilarial infection
with around 30 cases of patients, with or without clinical signs, detected
positive at molecular or morphological isolation and identification of
the parasite (Pampiglione et al., 2009; Genchi & Kramer, 2020). The
molecular positivity to D. immitis could be due to the presence of somatic
material of worms in the peripheral bloodstream (Latrofa et al., 2012).
In addition, since humans are dead-end hosts for D. immitis, chances of
finding the microfilaria in peripheral circulation is low or null (Simon
et al., 2012). Therefore, the possible reason for the positivity of
D. immitis at blood examination is the highly sensitive of the qPCR test
that could detect as few as a single microfilaria (Fink et al., 2011).

Conversely, D. repens may develop to adults in humans (Kramer
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et al., 2007; Poppert et al., 2009; Damle et al., 2014) occasionally pro-
ducing microfilaraemia (Simon et al., 2012). This may be the reason of
molecular detection of D. repens in sampled humans also by cPCR. Un-
doubtedly, the use of more invasive procedures, such as biopsies, and
professional skills needed for the accurate morphological identification
of the worm after biopsy makes the diagnosis of dirofilariasis a complex
task (Simon et al., 2012). Under the above circumstances, the endo-
symbiont Wolbachia screening may also serve as an alternative/addi-
tional method for the diagnosis of dirofilariasis. Filarioids use Wolbachia
for embryogenesis, development, fertility and longevity of the adult
worm (Bandi et al., 1998; Simon et al., 2012; Lustigman et al., 2014;
Manoj et al., 2021). This endosymbiont is released into the circulation
and stimulate the host immune system, producing inflammation and
immune response (Simon et al., 2012; Lustigman et al., 2014). However,
the presence of Wolbachia in six human blood samples may also be
associated with other filarioids of zoonotic importance (e.g., Onchocerca
lupi), though it is highly improbable in the studied contexts. Hence, in
areas where many filarioids occur in sympathry it is advisable to use
more than one diagnostic methods, such as serum analysis and Wolba-
chia detection. Phylogenetic analyses of Wolbachia detected from
D. repens positive human placed it along with other C group filarioids,
especially with those of D. repens in a monophyletic clade, suggesting the
importance of this endosymbiont in diagnosis.

Irrespective of the diagnostic methods used, molecular positivity to
D. immitis in blood of humans further suggests the raising concern of
active human infection with this species of filarioid, which can be mis-
diagnosed as D. repens (Foissac et al., 2013), being the latter considered
the main causative agent of human dirofilariasis in Italy (Pampiglione
etal., 2001; Gabrielli et al., 2021). Though, D. immitis has been related to
nodules in lungs with no clinical sings (Avellis et al., 2011) dermato-
logical findings (i.e., skin nodules, edema, subcutaneous lesions) and
ocular lesions have also been found (Avellis et al., 2011; Foissac et al.,
2013). Moreover, the serological results overlap with the most prevalent
species of Dirofilaria in dogs for each island (i.e., D. repens in Lampedusa
and D. immitis in Linosa), which is further confirmed by the molecular
data. Nonetheless, the potential cross-reactivity of serological tests
advocate for an integrative diagnosis with a morpho-molecular
approach given that sole serological test can be misleading or less
specific/sensitive.

5. Conclusion

Overall, the present study demonstrates the human exposure to
D. immitis and D. repens in Linosa and Lampedusa islands. Particularly,
the presence of higher seroprevalence of D. immitis in Linosa could be
due to the hyperendemic status for canine heartworm demonstrated in a
previous study (Brianti et al., 2021). The molecular confirmation of
Dirofilaria spp. in 4 human samples also demonstrates that these para-
sites are currently circulating among dogs, people, and insect vectors in
the study area. Herein, an integrative approach including the detection
of Wolbachia endosymbionts is suggested as an alternative/additional
diagnostic method for dirofilariasis. This is the first study reporting
these parasites and their Wolbachia endosymbionts in humans from
Linosa and Lampedusa, advocating measures of prevention and control
regarding canine and human population in these islands.
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