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ABSTRACT

Feline dirofilariosis mainly differs to canine dirofilariosis because of the great response of
the animal against the worm infection (Dirofilaria immitis), producing an intense lung
inflammatory reaction, developing what is known as “Heartworm Associated Respiratory
Disease” (HARD). This inflammation can alter the vasculature and bronchial structure of the
lung. Computed tomography (CT) is increasingly present in veterinary medicine, being helpful
in the diagnosis of feline thorax pathologies. The measurement of the bronchial lumen to
pulmonary artery (BA), bronchial lumen to pulmonary vein (BV) and pulmonary vein to
pulmonary artery (PV/PA) ratios are of great relevance to recognise changes in the different
pulmonary structures. The aim of this study was to analyse these ratios in cats naturally infected
with D. immitis in order to evaluate the damages this disease generates in this species.
Considering the age, breed and sex data, 24 animals were analysed to assess the BA, BV and
PV/PA measurements with CT scan, differentiating between animals diagnosed with HARD
(18) and healthy animals (6). Significant changes were not observed in the diameter of the
arteries of infected cats, thus not showing signs of pulmonary hypertension. Contrarily, bronchi
were affected, so the BA ratio could be used to determine those altered in cats with
bronchiectasis due to respiratory pathologies. The BV ratio has not been previously described
in cats, so these results could serve as reference values for future investigations. Furthermore,
it was observed that 4 lung lobes were affected, so this ratio could also be useful to detect
bronchial lumen alterations. The PV/PA ratio did not show significant differences for any of
the lung lobes between the studied groups, since neither the artery nor the vein were affected
by the disease. Therewith, BA and BV ratios could be of usefulness when the bronchial
structure is altered by HARD, and might be practical in the diagnosis of the disease in endemic

areas. Even so, more studies should be carried out to support these results.

INTRODUCTION

Dirofilariosis is a severe cardiopulmonary disease caused by the nematode Dirofilaria
immitis (Montoya-Alonso & Carreton-Gomez, 2012). This disease mainly affects canines,
being these the natural hosts. Meanwhile, cats are considered atypical hosts, since they can also
become infected (Ettinger et al., 2017). Likewise, it is possible the transmission of the parasite
to humans, thereby constituting a zoonosis (Simoén et al., 2012). Its transmission happens
through Culicidae mosquitoes of the Aedes, Culex or Anopheles genera, but Culex pipiens and

Culex theileri are the species present in Spain. Additionally, this parasite characteristically hosts
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an endosymbiotic bacterium, Wolbachia pipientis, which constitutes a key role in the
pathogenicity of the disease (Montoya-Alonso & Carretdn-Goémez, 2012).

The disease has a global
distribution, being more
common in tropical and
semitropical regions, where high
temperatures and humidity are
present, since this favours the
development of the mosquito

population. Spain is one of the

0%
0.1-0.9%
1-4.9%
5-10%
= 10-15%
- >15%

countries  with  the  best

conditions for the development Figure 1. Seroprevalence map for D. immitis in cats in Spain.
of the parasite, with a mean Source: Montoya et al., 2022a

prevalence of 6.47% in the canine species and a seroprevalence of 9.4% in the feline species.
Moreover, the Balearic Islands (prevalence of 10.87% in the canine species, and 16% of
seroprevalence in the feline species) and the Canary Islands (prevalence of 11.58% in the canine
species, and a seroprevalence of 19.2% in the feline species) are considered hyperendemic areas
(Montoya-Alonso et al., 2022a; Montoya-Alonso et al., 2022b).

The life cycle of D. immitis is similar both in the cat and in the dog, but with certain
differences due to the biological characteristics of the cat. The cat, as a non-natural host, has an
inherent resistance to the infection, therefore being more resistant than the dog. For that reason,
most of the immature larvae die when they reach the lungs, developing just a few of them
(Rothrock, 2013). Thus, between 2 and 4 adult parasites most commonly develop in the cat
(European Society of Dirofilariosis and Angiostrongylosis [ESDA], 2017), whereas the parasite
load in the dog is variable, but much greater (Montoya-Alonso & Carreton-Gémez, 2012).
Additionally, cats seldom present circulating microfilariae (10 — 20%) (Stannard, 2015), and,
otherwise, they last for only a short period of time, usually no more than 228 days post-infection
(Rothrock, 2013). This low incidence of microfilaraemia in cats is often due to single-sex worm
infections (Stannard, 2015), impeding the reproduction of the larvae. Another influential factor
in the amicrofilaraemia is the own immune-mediated response of the animal which kills them
(Rothrock, 2013). (Table 1).
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Table 1. Main differences between feline and canine dirofilariosis

CAT DoG
Longevity of worms 2 — 4 years 5— 7 years
Number of worms 2 —4 worms most common  Variable parasite burden
Resistance to infection More resistant to infection  Less resistant to infection
Affected organs Lungs Lungs and heart
Ectopic infections More frequent than in dog Very unusual
Single-sex infections Common Unusual

Persistent: present for
years, even after death of
adult worms
Very common

Transient: present for about
Microfilaremia a month
Seen only in 20% of cats

Source: Montoya & Carreton, 2012; Stannard, 2015. Own elaboration

In the cat, the arrival of the immature larvae (L5) to the pulmonary arteries, approximately
3 months post-infection (Blagburn, 2019), leads to an acute inflammatory reaction in the lung,
and this originates the activation of the pulmonary intravascular macrophages (PIMs), which
are absent in the pulmonary vascular bed of the dogs (Ware & Ward, 2020). Following this
response, most of the juvenile worms die, if not all, constituting the first presentation stage in
the cat, what is known as “Heartworm Associated Respiratory Disease” (HARD) (Walden &
Estrada, 2019). This gives rise to a set of clinical findings associated with the pulmonary
changes that occur because of the death of the larvae, among them eosinophilic and neutrophilic
pneumonia, and proliferative lesions of the pulmonary arteries and bronchioles. Furthermore,
there can be oedema as a result of the increased vascular permeability of the lung and
hyperplasia of alveolar type Il cells, which produce surfactant, being more widespread in cats
than dogs, and hampering the correct alveolar exchange of oxygen (Ware & Ward, 2020). It
has been noted that when the immune system of the cat kills the immature larvae, large amounts
of Wolbachia pipientis are released, resulting in a great antibody response against this
bacterium. Thus, it is possible that Wolbachia spp. plays also an important role in the

characteristic HARD inflammatory reactions (Morchon et al., 2004; Turb et al., 2012).

Those immature larvae that survive the immune response of the cat can develop into the
adult stage. It has been proven that the adult parasites decrease the activity of the PIMs (Dillon
et al., 2008), so the pulmonary inflammation decreases, and the symptoms usually minimise or
disappear (Ware & Ward, 2020). The adult parasites can reproduce 7-8 months post-infection
(Rothrock, 2013). Once the adult worms develop, the “chronic heartworm disease” (HWD)
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starts, the second stage of the disease. As the adult parasites die, the PIMs are reactivated
(Dillon et al., 2008), again causing an intense pulmonary inflammation. The disintegration of
the dead worms, and fragments being swept along the small arterioles, can produce an acute
damage due to pulmonary thromboembolism. For this reason, the presence of a single adult

worm in the cat can have fatal consequences (Stannard, 2015).

Cats that survive may have permanent damage, as the living adults can generate villous
endarteritis, fibrosis of the vascular intima and hypertrophy of the vascular wall in the
pulmonary arteries (Montoya-Alonso & Carreton-Gomez, 2012), manifesting narrowed and
tortuous pulmonary vessels. Besides, cats have a smaller pulmonary arterial tree, hence less
pulmonary collateral circulation, and consequently favouring pulmonary infarction with
infections of small number of adult worms (Rothrock, 2013). Previous studies have shown that
parasitised cats are not prone to developing right ventricular hypertrophy, as it occurs in dogs;
but there can be a loss of the collagen content in the myocardium of the right ventricle, related
to the severity of the pulmonary disease (Winter et al., 2017). Additionally, caval syndrome
and tricuspid valve regurgitation are uncommon manifestations (Rothrock, 2013). Lastly,
unlike the dog, it has been reported more frequently in cats aberrant migrations of the parasite,
reaching the eye, central nervous system, systemic arteries and subcutaneous tissue (ESDA,
2017).

The reported clinical signs in both presentation forms of the disease are considered very
similar to other pathologies, as feline asthma and chronic bronchitis, being confused and
misdiagnosed frequently (Rothrock, 2013). During these stages, the cat can show respiratory
symptoms as coughing and/or dyspnoea, mainly. Occasionally, gastrointestinal symptoms, as
vomiting unrelated to food intake, or neurological signs, may be present. Also, a lot of cats are
asymptomatic or have unspecific clinical signs. Sudden death caused by pulmonary
thromboembolism has been reported in up to 20% of the affected cats (ESDA, 2017; Blagburn,
2019; American Heartworm Society, 2020; Ware & Ward, 2020). (Table 2).
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Table 2. More frequent clinical signs in feline cardiopulmonary dirofilariosis

CLINICAL SIGNS FREQUENCY

Dyspnoea 48%
Cough 38%
Vomiting 16-33%
Sudden death 10-20%
Neurological signs 14%
Asymptomatic 28%

Source: Montoya & Carreton, 2012. Own elaboration

As for the feline cardiopulmonary dirofilariosis diagnosis, it is considered much more
complicated than in the canine species, since cats are usually asymptomatic and, even showing
symptoms, they are not pathognomonic of the disease, being on occasion unspecific (ESDA,
2017). In endemic areas, this disease should be included in the differential diagnoses of cats
with compatible symptoms (Montoya-Alonso & Carreton-Gomez, 2012). To reach the final
diagnosis, a combination of several tests is needed, among which are included serological

techniques, thoracic radiographies and echocardiography (Ware & Ward, 2020).

Since cats seldom have microfilaraemia, its analysis, through thick blood smear or the
Knott test, is not considered a first-choice test (American Heartworm Society, 2020).

Antigen rapid tests are highly specific, so a positive result indicates the animal has the
infection (American Heartworm Society, 2020). However, false negative results are possible in
cats due to single-sex infections, when such commercial test only detects adult females;
presence of immature or juvenile larvae; low worm burden; as well as the formation of antigen-
antibody complexes (Ware & Ward, 2020). In spite of all of this, a negative result should not
be considered definitive to rule-out the disease if there is suspicion of it, so results should only
be recorded as “positive” or “no antigen detected” (NAD) (ESDA, 2017; American Heartworm
Society, 2020).

Antibody tests against D. immitis show exposure to the parasite as early as 2-3 months
post-infection, since it detects antibodies against a superficial protein of L4 (Ware & Ward,
2020). However, a positive result indicates exposure to the parasite, but it does not differentiate
between immature or mature forms, nor it assures there is still an infection (Stannard, 2015).
Thus, with a positive test, complementary tests should be done to support such result in order

to confirm the diagnosis of feline cardiopulmonary dirofilariosis or HARD (Ware & Ward,
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2020). This technique could be carried out with an indirect Enzyme-Linked Immunosorbent
Assay (ELISA), where the antibodies against the parasite in the animal are detected, being one

of the most used serologic tests globally.

Echocardiography to detect adult worms in cats is a useful complementary test, but it can
be more challenging than in dogs, since they do not usually have a high worm burden,
hampering the visualisation of them (Montoya-Alonso & Carreton-Gomez, 2012). Adult
parasites in cats are primarily located in the main pulmonary arteries, followed by the right
ventricle and atrium, and, less frequently, vena cava (DeFrancesco et al., 2001; Stannard, 2015).
It is important to investigate all the possible locations, since they can go unnoticed due to low
worm burden (American Heartworm Society, 2020). According to DeFrancesco et al., 2001,
the use of echocardiography for the diagnosis of feline heartworm disease in cats can obtain a

positive result in 40% of the animals involved.

Thorax radiography is a very effective tool to evince compatible findings with
dirofilariosis, rule-out other differential diagnoses and, also, assess the severity of the disease
and monitor its evolution (American Heartworm Society, 2020). Radiographic anomalies do
not necessarily go in keeping with the severity of the disease and are present in over 50% of the
cats with dirofilariosis (Ware & Ward, 2020). As for the radiographic findings, there can be an
increase and higher tortuosity of the main and peripheric pulmonary arteries. The main segment
of the pulmonary artery is not usually visible in cats, since it is also located more medial
compared to dogs, hidden by the cardiac silhouette (Montoya-Alonso & Carreton-Goémez,
2012; Ware & Ward, 2020). Caudal lobal arteries are normally prominent, especially the right
sided ones, since it is where worms are commonly found, better appreciated in the dorsoventral
projection (Montoya-Alonso & Carreton-Goémez, 2012; Ware & Ward, 2020).

Focal, multifocal or diffuse bronchointerstitial lung patterns can be appreciated. Other
findings include pulmonary infiltrates due to pulmonary thromboembolism, as well as
hyperinflation of the lungs. Less frequently observed is pleural effusion, pneumothorax, or lung
lobe consolidation. In seldom occasions, an enlargement of the right ventricle can be
distinguished, especially when there is right-sided heart failure (Montoya & Carreton, 2012;
American Heartworm Society, 2020; Ware & Ward, 2020). Nevertheless, the morphological
changes in some cases are minor or not appreciated in the thoracic radiographies. Moreover,
these findings can disappear within months, leaving no infection evidence through radiological
study (Stannard, 2015).
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According to various scientific articles, computed tomography (CT) is gaining increasing
importance as a diagnostic tool for multiple thorax diseases. In the feline species, it has already
been used for the description of lung lesions and patterns caused by several respiratory
pathologies, such as feline asthma (Masseau et al., 2015), feline Aelurostrongylosis (Dennler
et al., 2013; Lacava et al., 2017), mycobacteriosis (Major et al., 2015), and even for the
description of primary lung neoplasms (Aarsvold et al., 2015; Nunley et al., 2015).

Despite its high economic cost, CT has higher sensitivity to detect lesions than radiography,
since the structures are overlapped in the latter, hampering its visualisation (Prather et al.,
2005). One of the assets of this diagnostic test is the possibility of creating 3D or multiplane
reconstructions in order to have a spatial display and better assessment of the desired anatomical
structures. It has also been observed that several factors affect in how the structures will be seen
using a contrast medium (contrast enhancement), whether from the patient itself, the injection
duration or the velocity of the injection, among others (Drees et al., 2014).

Unlike thoracic radiographies, it has been proven that CT is a very useful technique for the
identification of bronchiectasis and pulmonary hypertension created by precapillary causes,
which are very frequent in cardiopulmonary dirofilariosis (Cannon et al., 2013).

In human medicine, CT has a great diagnostic value, since it allows to see and assess lung
lesions and nodules associated with D. immitis (Oshiro et al., 2004; Takei et al., 2015).
Additionally, this technique is considered the gold standard for the diagnosis of pulmonary
thromboembolism in humans (Nikolaou et al., 2010). As the CT utility has been demonstrated,
it has been used more frequently in veterinary medicine to complement the diagnosis of
cardiopulmonary dirofilariosis through the standardisation of measurements and assessment of

cardiopulmonary and vascular findings.

The presence of the parasite in the pulmonary vasculature generates proliferative
endarteritis (Montoya-Alonso & Carreton-Gomez, 2012). Also, the sudden death of the parasite
produces pulmonary thromboembolisms, worsening the vascular damage. Therefore, the
pulmonary vascular and bronchial structures are an important subject of study to consider in
this pathology. Thus, through previous studies, it has been noted that the relation obtained from
the diameter of both the pulmonary trunk and the aorta can be useful to estimate pulmonary
hypertension from moderate to severe in dogs parasitised with D. immitis (Matos-Rivero et al.,
2022a). Furthermore, it has also been evaluated the pulmonary vein to pulmonary artery ratio

(PV/PA) with CT in canine cardiopulmonary dirofilariosis (Matos-Rivero et al., 2022b), since
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it allows to detect pulmonary arterial dilation caused by the nematode. As for the bronchus to
pulmonary artery ratio (BA), it is also described in clinically healthy dogs (Cannon et al., 2009).
Research have been conducted using the BA ratio in dogs infected with D. immitis to evaluate

the pulmonary hypertension (Matos-Rivero et al., 2021).

However, in the feline species, there are rather few studies done without animal
experimentation to analyse pulmonary lesions and findings associated with D. immitis through
CT scan. It is only relatively recently when it was described the relation between the bronchus
and pulmonary artery in cats with normal lungs, demonstrating its utility to differentiate
abnormal bronchi in diseased cats (Reid et al., 2012). Likewise, it has been studied bronchial
lumen to vertebral body and pulmonary artery to vertebral body ratios in healthy cats (Lee-
Fowler et al., 2017). Both previous studies were useful to subsequently analyse the same

relations in D. immitis-infected cats, by using tomographic images (Lee-Fowler et al., 2018).

Contrarily, it has not been previously evaluated the bronchial lumen to pulmonary vein
(BV), bronchial lumen to pulmonary artery (BA), nor pulmonary vein to pulmonary artery
(PV/PA) ratios in naturally infected cats with D. immitis. The knowledge extracted from these
relations could be useful to know the changes associated with the disease.

1. OBJECTIVES
Evaluate the relations obtained from the BA, BV and PV/PA ratios in a group of feline
patients naturally infected with D. immitis through CT scan study, in order to analyse the lesions

caused by the worm.
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MATERIAL AND METHODS

1. Animals

In this study, 24 cats were included, 10 of which were male (41.7%) and 14 female (58.3%).
Blood samples from each animal were recollected, including identification data (age, sex and
breed) and clinical history. The studied patients ranged from 1 to 15 years old, with an average
of 4.32 years. Additionally, all animals showed a similar body weight, being 3.42 kg the average
weight. Also, thoracic radiological studies with two projections (right lateral and ventrodorsal)
were performed, and it was analysed both hematologic and renal parameters of all patients

before going through the general anaesthesia, in order to check the adequate health status.

The study was carried out at the Veterinary Clinical Hospital of the University of Las
Palmas de Gran Canaria (ULPGC), and the laboratory of the Department of General Pathology
of the ULPGC Veterinary Faculty, between May 2022 and May 2023.

Also, a series of inclusion and exclusion criteria were applied to the feline patients of the
study (Table 3).

Table 3. Inclusion and exclusion criteria for the feline patients

INCLUSION CRITERIA EXCLUSION CRITERIA

Animals above 6 months of age Animals under 6 months of age
Does not take prevention against D. immitis Takes prevention against D. immitis
Not on medication when taking the blood Under medication when taking the blood

sample nor when performing the CT scan ~ sample and/or when performing the CT scan

2. Sample collection and assays
The blood samples of the patients, drawn from the cephalic, femoral or jugular vein, were
recollected in 2 ml syringes and 21G needles. Afterwards, it was introduced in serum tubes and

centrifuged. The serum was kept at -20°C until its subsequent study.

To detect 1gG antibodies against D. immitis present in the serum samples of each cat, an
indirect ELISA technique was performed (in-house ELISA, UranoVet SL, Barcelona, Spain),

following the instructions of the manufacturer.
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Firstly, the serum samples were diluted in the
sample diluent buffer (1:100 dilution). Then, 100 pl
of each sample was added in the wells of the ELISA
plate, which are coated with D. immitis recombinant
antigens (Figure 2). This way, if the sample had
specific antibodies against the parasite, these would
bind to the antigens in the plate. After 20 minutes, a
first well wash was performed to remove the
components that did not bind specifically to the
antigens.

Figure 2 ELISA protocol execution Afterwards, it was added in each well 100 pL of
conjugate, which is an enzyme-linked (peroxidase

[HRP]) antibody that binds specifically to the sample antibodies. A second wash step was
performed after a 10-minute incubation and, thereupon, the substrate (TMB) was added, a
chromogen that produces a blue colour when oxidised, in this case by the action of the
peroxidase enzyme. Thus, the wells with antibodies against D. immitis will turn blue, being the

colour intensity in proportion to the amount of

antibodies in the sample.

Finally, 100 ul of stop solution (sulphuric acid)
was added in each well to make the reading easier,
turning the blue colour to yellow (Figure 3). The

absorbances (or optical density) were read in a

spectrophotometer at 450 nm. Figure 3. Plate after adding the stop solution

According to the instructions of the manufacturer, the samples with a Cut-Off >1 were
considered positive to the presence of antibodies against D. immitis, whereas those analysed

patients with a diagnostic value <1 were negative.
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3. CT scan image analysis

Figure 4. Feline patient in sternal
recumbency for the CT scan exam

/2

Images were obtained using a helical CT scan (Canon
Toshiba Astelion, Canon Medical Systems, Tokyo,
Japan). Cats were positioned with their head cranially, in
sternal recumbency for image acquisition (Figure 4). The
anaesthetic protocol was the same for all animals, which
included midazolam 1V 0.2 mg/kg (Midazolam, B. Braun
Medical, Barcelona, Spain) and butorphanol IV 0.2 mg/kg
(Torphadine®, Dechra, Northwich, England) as
premedication agents, and induction with propofol IV 0.6
mg/kg (Propofol Lipuro®, B. Braun VetCare, Barcelona,
Spain). Cats were intubated and anaesthesia was
maintained with sevoflurane 2.5% (SevoFlo®, Zoetis,
Louvain-la-Neuve, Belgium). Patients were automatically

ventilated (General Electric, 9100c NXT — SCIL, Boston, USA) during all the procedure, and

vital signs were monitored.

A non-iodinated contrast agent was injected intravenously at a dose of 600 mgl/kg

(Xenetix®, Guerbet, Roissy, France) before the acquisition of images. The lung window
(window level [WL] -500; window width [WW] 1400) was used for the visualisation and

measurement of the lumen of

all

bronchi, pulmonary arteries and veins.
CT images were obtained and
reconstructed with a thickness of 1 mm
(pitch factor 0.94) and with a soft tissue
and bone/lung algorithm. The original
data obtained from a transverse plane
were used to generate a sagittal and
dorsal  multiplanar  reconstruction
(MPR). Measurements were made in
the transverse plane at the following
locations, according to previously
stablished protocols (Reid et al., 2012;

Lee-Fowler et al., 2018): left cranial
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Figure 5. CT image in lung-algorithm (transverse plane) of the
thorax of an infected cat at the level between T9 and T10. The
lines designate the measurements of the pulmonary artery,
bronchial lumen and pulmonary vein (from lateral to medial,
respectively) of the right caudal lobe. The left of the patient is
to the right of the image.
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(cranial segment) and right cranial lobes at T4—T5; middle and left cranial (caudal segment)
lobes at T6-T7; and accessory, left caudal and right caudal lobes at T9-T10 (Figure 5)
intervertebral spaces. The structures were measured transversely. The evaluation of the images
was made using the analysis software OsiriX MD. All measurements were carried out by a

single researcher.

4. Ethical statement
Owners were informed and gave their consent to participate in this study. The study was

carried out according to the actual European legislation for the animal protection.

5. Statistical analysis
For the categorical variables, frequencies and percentages were analysed. Differences in
parameters between groups were evaluated with the nonparametric test Pearson’s chi-square

and, only for the 2x2 tables, the Fisher exact test was applied.

For the continuous variables, the differences in parameters between groups were evaluated

with Mann-Whitney/Kruskall-Wallis/Friedman/Wilcoxon tests, due to the low sample size.

All multiple comparisons were adjusted by the Bonferroni correction. All contrasts were
accompanied by the effect size estimate to complete the interpretation of the results. The
classification of the magnitude of the effect was the following:

- For the continuous variables, Cohen’s d: small (d = 0.2 — 0.4), medium (d = 0.5 — 0.8)
and large (d > 0.8)

- For the categorical variables, Cramér’s V: negligible (0.00 — 0.09), weak (0.10 — 0.29),
moderate (0.30 — 0.49) and strong (> 0.50)

Different significance levels were used in the analyses (1% (a=0.01), 5% (a=0.05), 10%
(0=0.1)).

Data was analysed using SPSS Base 25.0 Software for Windows.
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RESULTS

1. Descriptive study
Based on the serologic results of the animals studied, 18 (75%) were seropositive (Group
A), therefore diagnosed with HARD; whereas 6 (25%) were seronegative (Group B), and so

were used as healthy animals to have knowledge of the normal physiology.

Significant differences were not observed for the sex, breed, weight and age of any group.
Contrarily, there were differences on the clinical signs, so the negatives were asymptomatic and

all the positive had respiratory symptoms (Table 4).

Table 4. Data of the 24 cats enrolled in the study including clinically healthy cats and cats with
cardiopulmonary dirofilariosis.

RESULT OF THE ELISA TECHNIQUE

Negative .
0) 0) =
Total (N%) (N%) Positive (N%o) p-value
24 (100.0%) 6 (100.0%) 18 (100.0%)
14 (58.3%) 3 (50.0%) 11 (61.1%) 0.633*
10 (41.7%) 3 (50.0%) 7 (38.9%)
24 (100.0%) 6 (100.0%) 18 (100.0%)
20 (83.3% 4 (66.7% 16 (88.9%
0 (83.3%) (66.7%) 6 (88.9%) 0.185!
1 (4.2%) 1 (16.7%) 0 (0.0%)
3 (12.5%) 1 (16.7%) 2 (11.1%)
24 (100.0%) 6 (100.0%) 18 (100.0%)
0, 0, 0,
SYMPTOMS 6 (25.0%) 6 (100.0%) 0 (0.0%) 0.000"; 1.0002
18 (75.0%) 0 (0.0%) 18 (100.0%)
5 24 6 18
ODY 3.42 3.18 3.76 .
WEIGHT 2.84 2.50 3.00 0.280
ko) 4.55 3.30 4.80
24 6 18
4.32 3.78 4.35 3
AGE 2.34 1.02 2.56 0.673
8.99 8.36 9.62

1 Pearson’s Chi square p-value; 2 Cramer’s V p-value; ® Mann-Whitney p-value

2. Comparison of the ratios
A total of 168 sets of ratios (BA, BV and PV/PA) were obtained for all the lung lobes of
the studied cats.

To differentiate between lobes, significant differences in the BA and BV ratios existed for
the cranial segment of the left cranial lung lobe, for both the negative and positive cats by the
ELISA technique (Mann-Whitney U=96, p 0.003 and U=86 p 0.033, respectively). This way,
the median values were higher in the positive cats: BAmedian Negatives (RI) = 0.77 [0.68,0.80]
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and BAmedian positives (RI) = 1.00 [0.84,1.33]; BVmedian Negatives (RI) = 0.99 [0.83,1.07] and
BVmedian positives (RI) =1.21 [1.01,1.85] (Figure 6); both effects had a large size (d>0.8).

1.60
1.40 1.39
1.20
1.00
0.80

og% Negative
0.60 =@=—Positive
0.40
0.20

0.00
Pulmonary Bronchus Pulmonary BA BV PV/PA
artery vein

Figure 6. Line chart with median values of the pulmonary artery, bronchus, pulmonary
vein and ratios of the cranial segment of the left cranial lung lobe.

In the right cranial lung lobe, significant differences between the BA and BV distributions
for the seronegatives and seropositives were observed (Mann-Whitney U=88, p 0.022 and U=82
p 0.066, respectively), so the median values were greater in the positives: BAmedian Negatives
(R1) = 0.73 [0.65,0.78] and BAmedian positives (RI) = 1.13 [0.80,1.55]; BVmedian Negatives (RI)
=0.98 [0.88,1.09] and BV median positives (RI) = 1.36 [0.94,1.62] (Figure 7); both effects with
a large size (d>0.8).
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Figure 7. Line chart with median values of the pulmonary artery, bronchus, pulmonary
vein and ratios of the right cranial lung lobe.

For the caudal segment of the left cranial lung lobe, significant differences were appreciated
for the obtained BA and BV ratios in the negative and positive cats by the ELISA technique
(Mann-Whitney U=88, p 0.022 and U=82 p 0.066, respectively). Therefore, the median values
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were greater in the positives: BAmedian Negatives (RI) = 0.75 [0.68,0.81] and BAmedian pOsitives
(R1) = 0.99 [0.79,1.48]; BVmedian Negatives (RI) = 1.01 [0.89,1.15] and BVmedian positives (RI)
=1.25[1.03,1.66] (Figure 8). For BA, the effect size was large, whereas for BV it was medium

size.
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Figure 8. Line chart with median values of the pulmonary artery, bronchus, pulmonary
vein and ratios of the caudal segment of the left cranial lung lobe.

The right middle lung lobe showed significant differences between the BA and BV relations
for the negative and positive cats by the ELISA technique (Mann-Whitney U=98, p 0.002 and
U=88 p 0.022, respectively), so the median values were greater in the positives: BAmedian
negatives (RI) = 0.71 [0.63,0.77] and BAmedian positives (RI) = 1.00 [0.89,1.24]; BVmedian
negatives (RI) = 0.94 [0.88,1.10] and BV median positives (RI) = 1.14 [1.06,1.66] (Figure 9). For
BA, both effects had a large size (d>1).
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Figure 9. Line chart with median values of the pulmonary artery, bronchus, pulmonary
vein and ratios of the right middle lung lobe.
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In the case of the left caudal lung lobe, significant differences only existed for the BA
relations for the seronegative and seropositive cats (Mann-Whitney U=82, p 0.066), where the
median values were greater in the positives: BAmedian Negatives (RI) = 0.72 [0.70,0.83] and
BAmedian positives (RI) = 0.97 [0.80,1.33] (Figure 10); both with large effect size (d>1).
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Figure 10. Line chart with median values of the pulmonary artery, bronchus, pulmonary
vein and ratios of the left caudal lung lobe.

For the right caudal lung lobe, there were significant differences between the distributions
of BA for the negative and positive cats by the ELISA technique (Mann-Whitney U=87, p
0.027). Median values were greater in the positives: BAmedian Negatives (R1) = 0.74 [0.62,0.80]
and BAmedian positives (RI) = 1.06 [0.71,1.38], showing a large effect size. Differences also
existed between groups for PA (U=24, p 0.047) and PV (U=24, p 0.047), where values were
smaller in the positive cats (Figure 11).
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Figure 11. Line chart with median values of the pulmonary artery, bronchus, pulmonary
vein and ratios of the right caudal lung lobe.
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Lastly, no significant differences existed between groups for any studied parameter in the

accessory lung lobe (Figure 12).
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Figure 12. Line chart with median values of the pulmonary artery, bronchus, pulmonary
vein and ratios of the accessory lung lobe.

DISCUSSION

The D. immits immature larvae trigger an intense lung eosinophilic reaction, which may
lead to clinical symptomatology (cough, dyspnoea and tachypnoea, primarily) and radiological
signs. Even though cats act as atypical hosts in the D. immitis biological cycle, it has been
proven a seroprevalence of 9.4% in Spain (Montoya et al., 2022a). Its diagnosis is rather
complicated due to its similarity with other pathologies of the lower respiratory tract (feline
asthma, chronic bronchitis, among others). Thus, the detection of feline cardiopulmonary
dirofilariosis has proved to be a tough challenge for many veterinary clinicians, being even

underdiagnosed in many places (Rothrock, 2013).

Currently, one the most used serological techniques worldwide for its diagnosis
(presumptive and/or definitive) is the ELISA technique, since it allows to detect specific
antibodies against the parasite. Additionally, this test has been mainly used for incidence and
seroprevalence studies (Montoya-Alonso et al., 2011, 2014, 2016, 2017; Villanueva-Saz et al.,
2021). Other diagnostic tests (antibodies commercial test [Heska®], Knott test, PCR) have also
been widely used for the knowledge of prevalences or isolated cases of parasitised cats with D.
immitis (Venco et al., 2008; Park et al., 2014; Pana et al., 2020; Schéfer et al., 2021). However,
the rapid test for the detection of antibodies against D. immitis (Heska® Solo Step FH;

FeliCheck-3, VetExpert) is not commercially available in all countries. Also, PCR and the Knott
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test are used for the diagnosis of microfilaraemia, so its usefulness for feline cardiopulmonary
dirofilariosis is limited.

Computed tomography is extensively available in veterinary medicine, with a key role in
the diagnosis of thoracic diseases in small animals, mainly for the absence of overlapping of
thoracic structures and a greater contrast resolution (Armbrust et al., 2012). Multiple studies
have already demonstrated its ability to evidence feline thorax pathologies (Henninger, 2003;
Dennler et al., 2013; Aarsvold et al., 2015; Major et al., 2015; Lacava et al., 2017; Panopoulos
et al., 2019). For cats infected by D. immitis, it has been seen that tomographic images show
restrictive lung disease, with an increase in the interstitial density and decrease of the total lung

volume, where both the bronchi and the pulmonary arteries are damaged (Dillon et al., 2014).

In this study, the distribution of the relations obtained by the BA, BV and PV/PA ratios in
all lung lobes for the seronegative and seropositive animals were compared. For Group B,
significant differences did not exist between lobes in any ratio studied. However, there was

between the different lung lobes for the different ratios in the Group A animals.

Regarding the ratio obtained through the bronchial lumen and the pulmonary artery (BA),
it has been determined a normal range in dogs of 0.8 — 2.0. With this, bronchi can be considered
abnormal in those canine patients that show a BA value > 2.0 (Cannon et al., 2009). It has been
demonstrated that adult nematodes in the canine species damage the vascular lumen and the
elasticity of the pulmonary arteries, blocking the blood flow, and, thus, generating precapillary
pulmonary hypertension. Therefore, those dogs that present moderate-severe pulmonary
hypertension due to D. immitis are exposed to BA relations < 0.8 (Matos-Rivero et al., 2021).
In humans, a BA relation > 1 has been accepted as superior limit to differentiate normal from
dilated bronchi (Hansell, 1998; McGuinness & Naidich, 2002; Reid et al., 2012). Likewise, it
has also been described the BA ratio in healthy cats, with amean of 0.71 £ 0.1. A relation >0.91
is considered as abnormal bronchi in the feline species (Reid et al., 2012). BA ratio in patients
with feline asthma has also been studied, where significant differences were not observed as
compared to healthy cats (0.93 £ 0.21 and 0.86 + 0.12, respectively) (Won et al., 2017).
Nevertheless, a low sample size was presented in the aforementioned study (16 healthy cats and
4 clinically asthmatic cats), as well as variation between breeds, which would justify this

absence of significant relation between groups.

Based on the results obtained in this study, significant differences were seen between

Group A and Group B cats for the BA ratio in all lung lobes, except for the accessory lobe.
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When comparing lung lobes, only seropositive cats showed differences, being the smallest
value presented in the accessory lung lobe.

In previous studies, the BA ratio has been assessed in experimentally infected cats, where
the bronchial diameter was greater in the right middle and caudal segment of the left cranial
lung lobes (Lee-Fowler et al., 2018). By contrast, in this study the dilation of the bronchial
lumen was mainly seen in the caudal lung lobes. As defined in prior studies, those lung lobes
are usually the most affected, since it is where the inflammatory reaction is mainly generated
(Montoya-Alonso & Carreton-Gomez, 2012).

Additionally, this preliminary study noticed only significant differences of the BA ratio in
the right cranial and left caudal lung lobes (Lee-Fowler et al., 2018). In accordance with their
results, they concluded that the BA ratio is less reliable when sick cats present changes in both

the pulmonary artery and the bronchus, thus generating variations in this ratio.

Notwithstanding, the BA relation in the present study was greater in all lung lobes of all
sick cats analysed, as against to the last described values (Lee-Fowler et al., 2018). This may
be due to the fact that the lumen of the arterial vasculature is not that compromised in cats
exposed to the parasite, as compared to the healthy cats. On the other hand, the bronchial lumen
of Group A cats was increased in size, which influences the ratio incrementing the value.
Moreover, all values, barring the accessory lobe (0.89), were over 0.91, the suggested upper
cut-off limit to distinguish between cats apparently healthy from those with bronchial disease
(Reid et al., 2012). Thereupon, these results reinforce the bronchial reaction that may be

generated by the parasite involvement.

Furthermore, diverse investigations have assessed the normal bronchial and pulmonary
vascular structures in different terrestrial mammals (Ishag, 1980; Caccamo et al., 2007; Cooley
etal., 2013; Monteiro & Smith, 2014). Knowing the morphology and physiology of the airways
is crucial to distinguish the lung diseases. As regards to cats, it has been observed that
pulmonary veins are frequently superior in diameter to the bronchial structure (Panopoulos et
al., 2019). However, the BV relation has not been described formerly in the feline species. Its
use may be of usefulness in cats with venous pulmonary congestion because of cardiac
pathologies, poisonings or acute inflammations, as well as to detect bronchial lumen dilation
due to a lower respiratory tract pathology that damages its architecture. In the present study,
significant differences existed between seropositive and seronegative cats in the cranial and

caudal segment of the cranial left, right cranial and right middle lobes. Between lung lobes,
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only animals in Group A presented differences, where the lower values belonged to the
accessory lung lobe. Therefore, for the aforementioned lobes, these results could be useful as

reference values.

Meanwhile, the PV/PA ratio has been greatly utilised in radiological and
echocardiographic studies for the diagnosis of venous congestion or pulmonary hypertension
(Day & Schull, 2008; Merveille et al., 2015; Roels et al., 2019). Concretely in the feline species,
it has had greater relevance for the diagnosis of left-sided congestive heart failure in
hypertrophic cardiomyopathy by echocardiographic study (PV/PA > 0.5) (Patata et al., 2020).
Additionally, it has shown major repercussion in the canine species for the diagnosis of venous
pulmonary congestion caused by myxomatous mitral valve disease (cut-off limit PV/PA 1.7,
PV/PA of healthy animals 1.0) (Merveille et al., 2015; Birettoni et al., 2016) and for the
diagnosis of pulmonary hypertension by various aetiologies (Roels et al., 2019, 2021).
Likewise, this relation has also been used in the canine species in CT study for the diagnosis of
pulmonary hypertension caused by pulmonary fibrosis in West Highland White Terriers
(Soliveres et al., 2021), and, on the other hand, precapillary pulmonary hypertension due to D.
immitis (0.68 + 0.18) (Matos-Rivero et al., 2022). In the meantime, previous investigations have
estimated the diameter of pulmonary veins and arteries using CT in cats free of respiratory
symptoms, without implementing the relation PV/PA for the feline species (Panopoulos et al.,
2019). In these studies, it has been noticed that the pulmonary venous structures own a smaller
architecture as compared to the adjacent pulmonary arterial vasculature, as opposed to the
canine species (Panopoulos et al., 2019).

In the present study, the PV/PA ratio was analysed, where no significant differences were
found for any lung lobe for Groups A and B, nor when comparing lung lobes. These results can
derive as the pulmonary arteries from the seropositive cats were not so affected compared to
the seronegative cats, so alterations in the PV/PA ratio were not observed. A larger feline
population could be of great utility to understand if this species could also develop pulmonary

hypertension, as it does in the canine cardiopulmonary dirofilariosis.

This study is the first one to describe the relations BA, BV and PV/PA in cats naturally
infected with dirofilariosis, in all lung lobes. Nonetheless, it presents limitations regarding
certain aspects. The low sample number stands out among them, since the greater the population
studied, the more solid the conclusions. Moreover, it is not possible to have knowledge of the

exposure time to the parasite nor worm burden in the seropositive cats, with the possibility that
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some studied patients were not as affected as others, thus their vascular and bronchial
measurements not as altered. Furthermore, a positive antibody result against D. immitis can
indicate both an active or passive infection. That is, the animal could have HARD, HWD or
have recently gone through an infection. In this study, it was not possible to exactly determine
what was the case of each animal, being another main limitation. Regarding anaesthesia, the
respiratory cycle where images are obtained is key, since ratios obtained using bronchial
measurements at the end of expiration are smaller to those obtained in inspiration (Makara et
al., 2013). Likewise, pulmonary vessels can also be influenced by the respiratory cycle where

images are acquired (Lee et al., 2022).

In spite of this, these results are of interest to continue investigating bronchial and
pulmonary vasculature alterations in cats naturally infected with D. immitis. Additionally, due
to its difficulty in diagnosis, it is necessary to consider different measures and tests to suspect
or presumptively diagnose this pathology in endemic areas. These results also give special
importance to the bronchial affection generated by the parasite, being a differential factor in

relation to the pathology in the canine species.
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CONCLUSIONS

This is the first study to describe values for the BA, BV and PV/PA ratios for all lung lobes
in cats naturally infected with D. immitis. Based on the results obtained, bronchi were the most
affected structures. Thusly, BA and BV ratios can be useful when the bronchial lumen shows
alterations in respiratory pathologies, such as HWD or HARD. These results could be of benefit
to be included in a diagnostic plan in endemic areas, in order to achieve an appropriate
management. Nevertheless, due to the limitations of the study, the results require a cautious

approach. More studies should be carried out with a higher sample size to support these results.

Part of the results of this study were presented in: XXI1 AVEPA-GTA Congress (April 21-
22, 2023 — Bilbao).

XXII Congreso de Especialidades Veterinarias
ta 91994l 2023-BILBAD
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