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A study on the occurrence of Dirofilaria immitis and its vectors was carried out in order to assess the
prevalence of the disease in dogs in previously non-endemic areas of southern Italy. Blood samples
(n = 385) and mosquitoes (n = 1540) were collected in two dog shelters and analysed by Knott’s test
and duplex real-time PCR, respectively. Dirofilaria immitis was the most prevalent filarioid (44.2%), while
Culex pipiens was the most prevalent mosquito species (68.8%). This high prevalence of D. immitis infec-
tion confirms this location as one of the most hyperendemic foci of dirofilariosis in Europe.

© 2020 Australian Society for Parasitology. Published by Elsevier Ltd. All rights reserved.

Dirofilaria immitis (Leidy, 1856) and Dirofilaria repens, Railliet
and Henry, 1911, are parasitic filarioids (Spirurida, Onchocercidae)
distributed worldwide and transmitted by mosquitoes to a wide
range of animal species including humans (Otranto et al., 2009;
Dantas-Torres and Otranto, 2013, 2020). In particular, D. immitis,
the causative agent of canine and feline heartworm disease
(HWD) is distributed in tropical and temperate regions (Otranto
etal., 2009), whereas D. repens, the agent of subcutaneous dirofilar-
iosis (SCD), in continental and eastern European countries (Genchi
et al., 2009; Otranto et al., 2009; Capelli et al., 2018). In humans,
these filarial species mainly cause pulmonary, subcutaneous and
ocular dirofilarioses (Otranto and Eberhard, 2011; Simén et al.,
2012). The majority of human cases of infection by Dirofilaria
spp. is associated with D. repens in Europe and D. immitis in the
Americas (Dantas-Torres and Otranto, 2013). A strong relationship
has been demonstrated between human cases and a high preva-
lence of SCD in dogs, indicating the strong zoonotic boundaries
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of this infection (Otranto et al., 2011). Up to 70 mosquito species
included in the genera Aedes, Ochlerotatus, Anopheles and Culex
are putative or competent vectors of Dirofilaria spp. (Eldridge and
Edman, 2000). However, the main vectors of D. immitis are Culex
pipiens and Aedes albopictus (Genchi et al., 2009; Otranto et al.,
2009). In Italy, differing from D. repens, which is distributed
throughout the whole country (Otranto et al., 2009), D. immitis
has long been regarded as endemic mostly in the northern Po Val-
ley regions, with a prevalence of up to 80% in dogs (Otranto et al.,
2009). However, from 1999 to 2009, an inverted trend has been
reported with a reduced number of cases of HWD in northern Italy
and new cases in dogs from southern Italy (Otranto et al., 2009).
This trend could have been due to the effect of chemoprophylaxis
in endemic areas, which is not routinely carried out in southern
regions (Mendoza-Roldan et al., 2020). Although some cases of
HWD have been reported in southern Italy (Piantedosi et al.,
2017), comprehensive epidemiological data are not yet available.
Therefore, a study on the epidemiology of D. immitis and its vectors
is timely, both to avoid spread of the disease through animal pop-
ulations and to reduce zoonotic risk.

0020-7519/© 2020 Australian Society for Parasitology. Published by Elsevier Ltd. All rights reserved.
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The aims of this study were to assess: (i) the prevalence of
canine dirofilariosis in southern Italy where the infection has never
been regarded as endemic, (ii) the mosquito vector population
composition in two foci of infection, and (iii) the occurrence of
Dirofilaria spp. in mosquito populations, in an effort to define their
role in the epidemiology of the infection.

The protocol of this study was approved by the ethical commit-
tee of the Department of Veterinary Medicine of the University of
Bari, Italy (Prot. Uniba 8/19). From April to June 2019, blood sam-
ples were collected in two dog shelters in southern Italy. Dog shel-
ters differed in the buildings’ structure and environment (i.e.
irrigation channels, rich in reed bed and vegetation, presence of
other animals such as birds, reptiles and amphibians) as well as
the number of dogs kept. The first shelter (n = 316 dogs), site 1
(40° 36’ 30.3"N, 17° 59’ 40.0"E, Brindisi), was built in a wetland
area, 3.0 km from the nearest coastal area. The second shelter
(n = 220 dogs), site 2 (40° 25’ 09.6”N, 18° 09’ 56.1”E, Lecce), is
located in a dry and windy area, 8.0 km from the nearest coastal
area.

An overall estimated minimum sample size of 385 shelter dogs
was enrolled based on the following assumptions: population of
shelter dogs (n = 536), a confidence limit of 95%; an expected
prevalence of 20% and confidence interval of 2.88%. All dogs which
were a minimum of 7 months of age were included in the study
(i.e. n = 6 dogs, 1.6%). A clinical examination was conducted for
each animal, in order to establish their health status. Anamnestic
data (e.g. age, sex, breed, clinical signs such as weight loss, fever,
etc.) and previous treatments were recorded in each animal’s file
together with their individual microchip number.

Whole blood (2 mL) was collected in vacuum containers with
EDTA from each dog and processed by a modified Knott’s test for
the detection of microfilariae (mfs) as previously described
(Knott, 1939). Two aliquots of the sediment were transferred onto
two slides (i.e. 2 x 50 pL) and covered with two cover slips. The
count of the mfs was based on the average of the counts of the
two slides. Dogs with a microfilaremic load greater than or equal
to 3000 mfs/100 pL were considered highly microfilaremic. Five
mfs for each sample were identified using morphometrical keys
(Kelly, 1973).

From May to November 2019, mosquito specimens were col-
lected from both sites. Sampling was performed between 17:00 h
and 08:00 h at weekly and biweekly intervals at sites 1 and 2
respectively, with greater frequency during the warmer part of
the season. Active adult mosquitoes were collected by CDC light
traps (Centers for Disease Control and Prevention, Atlanta, USA)
(n = 8) and BG sentinel-2 mosquito traps (Biogents, Regensburg,
Germany) (n = 4), baited with dry ice and BG lure, respectively. Fur-
thermore, fed mosquitoes were collected from each doghouse at
site 1, once each week between 08:00 h and 11:00 h, using electric
mosquito aspirators (i.e. InsectaVac Aspirator, BioQuip Products,
California, USA). During the entire sampling period, traps were
switched within each building. CDC light traps were placed out-
doors, on the perimeter of the dog shelters, while the BG
sentinel-2 mosquito traps were placed indoors or next to the dog
cages. After each sampling, the collection bags were kept at
—4 °C, until transfer to the laboratory. All the specimens were iden-
tified using morphological keys (Severini et al., 2009). Fed female
mosquitoes were kept in cages for 21 days under temperature-
controlled conditions (28 + 1 °C), 90% relative humidity and fed
with 10% sucrose solution until their dissection in saline solution
for the detection of Dirofilaria spp. larvae (Severini et al., 2009).
Females that naturally died during the rearing were immediately
dissected. All dissected mosquitoes were stored in 70% alcohol in
plastic tubes (1.5 mL) for further molecular analyses. Five Ae.
albopictus specimens were raised from eggs and used as negative
controls for the molecular analysis. The minimum infection rate

(MIR) was calculated by the standard formula: number of positive
pools/total number of mosquitoes in pools tested x 1000 (Ferreira
et al., 2015). The estimated rate of infection (ERI), which is adjusted
for pooled samples, was calculated by the formula: ERI=1 — (1 —
x/m)"* where x is the number of positive pools; m the number of
examined pools and k the average number of specimens in each
pool (Cowling et al., 1999). All parameters such as temperature,
relative humidity, rainfall and wind speed were recorded for each
mosquito collection site (see below).

Single mosquito specimens were removed from 70% ethanol
and freeze-thawed in 50 pL of DNA extraction buffer (20 mM
Tris-HCI pH = 8; 100 mM ethylenediaminetetraacetic acid and 1%
sodium dodecyl sulphate), cycled twice for 15 min between
100 °C and —80 °C. Next, specimens were homogenised, without
separating the different anatomical parts, and single specimen ali-
quots (10 pL) were pooled until a maximum of 10 specimens per
pool. Female mosquito pools were made based on the specific
criteria: species, site of collection from the dog shelter and
collection date. Genomic DNA was extracted from the pools using
an in-house method (Latrofa et al., 2017) and tested by duplex
real-time PCR (qPCR) as described in 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
gPCR assay was established by melting curve analysis as described
in Latrofa et al. (2012).

Meteorological data [i.e. temperature (°C), relative humidity (%),
monthly rainfall (mm), wind speed (m/s)] were acquired from the
climatological database of the “Agenzia Regionale per la Preven-
zione e la Protezione dell’Ambiente” of Apulia, Italy.

Data regarding the prevalence of Dirofilaria spp. in dogs and
mosquito populations were recorded in a Microsoft Excel spread-
sheet and analysed by Quantitative Parasitology 3.0 software for
the subsequent statistical analyses (Rozsa et al., 2000). The associ-
ation between the category variables in dog population (i.e. sex,
age, weight, time in the dog shelter), in mosquitoes collected and
the positive results for Dirofilaria spp. were analysed using contin-
gency tables and y? values were calculated. Odds ratio (OR) values
were calculated at a 95% confidence interval (CI). P values <0.05
were considered significant.

Of 385 dogs, 189 (49.1%; 95% CI: 0.44-0.54) tested positive for
Dirofilaria spp. and, specifically, 109 (46.2%; 95% CI: 0.39-0.52)
and 80 (53.7%; 95% Cl: 0.46-0.62) from sites 1 and 2, respectively,
with an overall D. immitis positivity rate of 44.2%. Conversely, the
overall prevalence of D. repens was 7%. The prevalence of each Diro-
filaria spp. based on the collection site, together with the average
length of circulating mfs, is reported in Table 1. An overall number
of 83 dogs (43.9%) were highly microfilaremic (i.e.
>3000 mfs/100 pL of blood), while 106 dogs (56.1%) showed a
lower microfilaremia. In 73 of 106 dogs (38.6%) the mfs count
was lower or equal to 100 mfs/100 pL of blood. Age (OR = 0.36,
%% =11.32; P < 0.001) and time in the dog shelter (OR = 0.38,
%% =11.10; P < 0.001) were statistically significant as risk factors
for dirofilarial infection. In particular, adult dogs over 3 years of
age as well as dogs kept in the shelter for more than 2 years were
at a higher risk of Dirofilaria spp. infection than young dogs (<3
years) or dogs living in the shelter for less than 2 years. Conversely,
sex (OR = 0.68, x? = 3.56; P > 0.05), weight (OR = 0.71, ¥ = 1.09;
P > 0.05) and sampling site (OR = 0.75, y* = 1.83; P > 0.05) were
not statistically significant risk factors. Of the 1564 mosquitoes col-
lected from both sites, 1150 were females, of which 190 (12.2%)
were engorged. Eleven species belonging to five different genera
were identified (Table 2), with Cx. pipiens the most prevalent one
(n =791, 68.8%). During dissection of the live specimens, mfs were
found in one specimen of Culiseta annulata (Fig. 1A-C), but no filar-
ial larvae were found when dissecting mosquitoes kept for 21 days
under laboratory conditions (n = 60). Out of 216 mosquito pools
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Table 1

Prevalence and confidence interval (95% CI) of Dirofilaria spp. infection in dog populations from site 1 and site 2, and the average length of the microfilariae detected in dogs’ blood

samples using a modified Knott’s test.

Sampling site (number of animals)  Dirofilaria immitis Dirofilaria repens Co-infection

n (%) 95% CI Average length (um)+* o n (%) 95% ClI Average length (um)+ o n (%) 95% CI
Site 1 (n = 236) 91(38.6) 0.32-0.45 311.96 +28.79 14 (5.9) 0.35-0.96 364.53 + 16.85 4(1.7) 0.01-0.04
Site 2 (n = 149) 71 (47.7) 0.40-0.56 29497 + 13.93 5(3.4) 0.01-0.07 354.93 + 8.71 4(2.7) 0.01-0.6

Table 2

Number of female mosquito specimens and positive pools molecularly tested for Dirofilaria spp. together with the average number of mosquitoes per pool, minimal infection rate,
percentage of estimated rate of infection, confidence interval (95% CI) and positivity to Dirofilaria immitis and Dirofilaria repens.

Mosquito species No. mosquitoes  No. pools positive/tested Mean no. mosquitoes per pool MIR (/1000) ERI (%) 95% CI D. immitis  D. repens
Culex pipiens 791 13/106 7.46 16.4 1.74 0.009-0.028 + -
Aedes caspius 154 5/29 5.31 325 3.49 0.012-0.073 + -
Coquillettidia richiardii 86 5/24 3.58 58.1 6.30 0.023-0.131 + -
Aedes albopictus 40 1/8 5.0 25.0 2.63 0.001-0.133 + -
Culiseta annulata 27 2/13 2.10 74.1 7.50 0.013-0.237 + -
Aedes detritus 6 1/6 1.0 166.7 16.00  0.086-0.589 - +
Other species® 46 0/30 1.53 - — - - -
Total 1150 27/216 539 235 24 0.016-0.034 + +

# Includes unidentifiable mosquito specimens and other mosquito species (i.e. Culiseta longiaerolata, Anopheles maculipennis sensu lato, Anopheles claviger, Aedes mariae and

Aedes vexans) scored negative for Dirofilaria spp.

Fig. 1. Dissection of a live specimen of Culiseta annulata, collected from a doghouse in site 1 and observed to be positive for Dirofilaria immitis. (A) Morphological details of the
specimen’s abdomen and wings; (B) head and thorax of Cs. annulata after the dissection; (C) microfilaria of D. immitis detected after dissection of the specimen.

tested by qPCR, 26 scored positive for D. immitis and one for D.
repens with an overall MIR of 23.47 (95% CI: 0.016-0.034). The
overall ERI (i.e. the probability of a single positive mosquito spec-
imen) was 2.4%. The MIR and the ERI are reported for each mos-
quito species in Table 2. The mean meteorological values
obtained monthly at site 1 and site 2, respectively, were as follows:
26 £ 3 °C and 27 £ 2 °C of mean environmental temperature, 66%
and 70% of mean relative humidity, 0.005 mm and 0 mm of mean
rainfall and 1.48 m/s and 1.89 m/s of mean wind speed.

The high prevalence of D. immitis infection in shelter dogs (i.e.
44.2%) indicates that the examined area is one of the most hyper-
endemic for dirofilariosis recorded in Europe. Indeed, using a mod-
ified Knott’s test and/or molecular analysis, prevalence rates
ranging from 2.6% (i.e. 5/191) to 36% (i.e. 9/25) have been detected
in dog populations from Spain (Diosdado et al., 2018) and Slovakia
(Miterpakova et al., 2018), respectively. This data could be due to

both the increase in the presence of competent vectors in a suitable
environment and to the absence of chemoprophylaxis treatments
in an area where practitioners are not aware of HWD. Accordingly,
the invasive species Ae. albopictus and the common species Cx.
pipens, both of which are known as competent vectors for D. immi-
tis (Genchi et al., 2009), were present in both shelters, with Cx. pip-
iens the most prevalent mosquito species collected during the
study period. On the other hand, historically, the high prevalence
of infection in hyperendemic areas (e.g. 58.9% in Spain, Montoya
et al, 1998; 22-80% in northern Italy, Otranto et al., 2009)
decreased after the regular use of preventative treatments
(Diosdado et al., 2018). Thus, the absence of chemoprophylaxis
treatment could be a major driver for the spread of infection,
mostly in a confined animal population such as that of shelters.
In fact, in the absence of any preventive treatment, shelter dogs
represent a suitable source for the spread of parasites (Otranto
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et al.,, 2017). This is also demonstrated by the higher risk of infec-
tion in adult dogs (>3 years) and those kept in the shelter for more
than 2 years. Nonetheless, the overall prevalence of D. immitis
recorded (i.e. 44.2%) is even higher than that reported in other
dog populations living in shelters (i.e. 11.8% in France; Laidoudi
et al., 2019) or in breeding facilities (i.e. 36% in Slovakia;
Miterpakova et al., 2018). Conversely, the prevalence of D. repens
infection (i.e. 7%) is in the range of that previously recorded in
southern Italy (i.e. 1.5-12%; Capelli et al., 2018). Considering that
the diagnosis of dirofilarial infection has been herein performed
by Knott’s test, the prevalence data presented may be underesti-
mated as suggested in previous studies (Miterpakova et al.,
2018), where higher prevalences of HWDs were recorded by the
detection of heartworm antigens (i.e. 64% in Slovakia,
Miterpakova et al., 2018).

Although the highest prevalence of dirofilariosis infection (i.e.
53.7%) was found at site 2, the largest mosquito population, in
terms of the number of collected specimens and species composi-
tion, was registered at site 1. This suggested that more favourable
environmental conditions occurred in the latter site for the devel-
opment of Aedes spp., competent vectors of the parasite. The over-
all MIR (i.e. 23.47/1000) recorded is lower than that reported in
Portugal (i.e. 31/1000, Ferreira et al., 2015), whereas the MIR based
on the positive pools of each species and, in particular, of Aedes
detritus (i.e. MIR = 166.7/1000), is higher than that previously
recorded for the same species (i.e. 43.5/1000, Ferreira et al.,
2015). Although this infection rate is used for large numbers of
samples (>1000 caught mosquitoes), the low average number of
mosquitoes per pool (i.e. up to 7.46 specimens) used in this study
still provides an accurate index of the rate of infection in the exam-
ined mosquito population (Gu et al., 2003). On the other hand, the
overall ERI, representing an estimation of infected mosquito spec-
imens collected from both sites (i.e. 2.4%), indicates a higher rate of
infection than that previously reported in northern Italy (0.057%;
Latrofa et al., 2012), but lower than in Portugal (3.21%; Ferreira
et al., 2015). Aedes detritus (i.e. ERI = 16%), followed by Cs. annulata
(i.e. ERI = 7.5%) and Coquillettidia richiardii (i.e. ERI = 6.3%) were the
most infected species by D. immitis in the study area of South-
eastern Italy, although only a few specimens were collected for
each species. On the contrary, Cx. pipiens (i.e. ERI = 1.74%) and Aedes
caspius (i.e. ERI = 3.49%) confirmed their roles as vectors of D. immi-
tis, as previously recorded in North-eastern Italy (Latrofa et al.,
2012). Indeed, these mosquito species were the most represented
at sites 1 and 2 suggesting their primary role in the transmission
of D. immitis in both the examined areas. In contrast to previous
reports, Anopheles maculipennis sensu lato and Aedes vexans scored
negative for D. immitis (Ferreira et al., 2015). This data, together
with the absence of L3 at the dissection of the reared mosquitoes,
may depend also on the large number of highly microfilaremic
dogs (i.e. 43.9%) herein detected with up to 3000 mfs/ 100 pL of
blood. This condition could be not compatible with the survival
of the majority of the mosquito species, representing a limiting fac-
tor for the vectorial capacity (Coluzzi, 1964). This phenomenon
represents a biological paradox in which in a limited hyperen-
demic area for dirofilariosis, such as the shelter, the transmission
of the parasite is reduced due to the hyper-infection of the vectors.
Dirofilaria repens DNA was detected in one pool of Ae. detritus (i.e.
ERI = 0.1%), confirming its role as a competent vector of this species
(Capelli et al., 2018). During the dissection of live specimens, D.
immitis mfs were found in one Cs. annulata, however further stud-
ies are needed to investigate its vector competence and potential
role in the transmission of this filarial species (Otranto et al.,
20009; Sulesco et al., 2016).

In conclusion, based on the above data, dirofilariosis should no
longer be considered an emerging, but rather an endemic, disease
in southern Mediterranean regions. Given the zoonotic potential of

this parasite, strategic chemoprophylaxis treatments against
canine dirofilariosis are needed to minimise the risk of infection
for humans and animals in southern Mediterranean regions, which
had long been considered non-endemic areas.
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