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Simple Summary: Canine leishmaniasis (CanL) is a serious, zoonotic, protozoan disease. CanL is
transmitted from infected dogs to other dogs and to humans after a blood meal taken by sandflies.
Prevention mainly relies on the protection from sandfly bites. Many synthetic pyrethroids are
commercially available as repellents. However, owners and practitioners are often interested in
natural herbal products, which are considered safer and with low environmental impact. This case
reports the lack of effectiveness of a commercial Neem-oil based product, which has long been used
alone, for CanL prevention in a young French bulldog. Neem oil is a plant extract that repels insects
due to one of its components, azadirachtin. Neem-based products are quite frequently used for
prevention of CanL. However, data on their repellent efficacy against sandfly bites are scarce. Based
on the findings of this case report, the topical application of a spray formulation of Neem oil as the
sole product used for prevention of CanL is not recommended.

Abstract: As the spread of canine leishmaniasis (CanL) is increasing throughout the world, the need
for effective agents to prevent its transmission has intensified. In this case report, an intact 1.5-year-old
male French bulldog was presented for treatment of severe, sudden, and constant lameness on his
right hindlimb, which had started approximately four months previously and was unresponsive to
routine nonsteroidal anti-inflammatory drugs. A Neem oil-based product was sprayed three times a
week on the dog’s coat for about fourteen months as the only prophylactic measure against CanL. The
orthopedic examination revealed grade 3–4 lameness and marked atrophy of the thigh muscles with
swollen and painful right stifle joint. The radiological investigation showed polyostotic periosteal
proliferation at both hindlimbs. The diagnosis of CanL was established by examination of fine-
needle aspiration of lymph nodes (left prescapular, right and left popliteal) and immunofluorescence
antibody testing. A leishmanicidal therapeutic protocol was prescribed. Within ten days of starting
the therapy, the dog was significantly less lame, and eight months later radiographic examination
revealed complete regression of the bone lesions. Some owners resort to a naturalistic approach for
CanL prevention, also using products that have not been clinically evaluated. Neem oil is thought
to prevent sandfly bites in dogs. Some laboratory and field studies have identified Neem oil as a
possible alternative herbal drug that is repellent to sandflies. However, the clinical, laboratory, and
radiographic findings clearly show that the Neem oil spray formulation used in this case report
was not an effective means of CanL prevention. There is no clinical evidence in support of Neem
oil-based products for the protection of dogs against CanL transmission. As Neem oil has previously
been shown to be somewhat volatile, this case report suggests that even though it is a very effective
repellent against sandflies, in practice, its effect on the dogs’ coat was only short-lived.
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1. Introduction

Canine leishmaniasis (CanL) is a parasite infection in dogs caused by a flagellate
protozoan belonging to the species Leishmania infantum. Dogs are considered to be a
natural reservoir of the infection, though a number of other mammalian species (verte-
brate hosts) can be infected [1,2]. CanL is endemic in areas of the countries bordering
the Mediterranean Sea and is transmitted by the bite of infected female sandflies acting
as invertebrate hosts. In Italy, these include Phlebotomus perniciosus, Phlebotomus papatasi,
Phlebotomus perfiliewi, Sergentomia minuta, and other Phlebotomus species (Diptera; Psycodi-
dae; Phlebotominae) [3,4]. Hematophagous female sandflies ingest Leishmania amastigotes
(aflagellated form of the parasite) within macrophages during the blood meal on an in-
fected vertebrate host (mostly dogs). After ingestion, amastigotes are released within their
midgut and transform into flagellated promastigotes. These latter then multiply by binary
fission and move to the insect vector’s proboscis. When sandflies harboring Leishmania
promastigotes have the next blood meal on a suitable host, they release promastigotes into
the new host. Promastigotes are phagocytized by macrophagic cells of the skin. Within
macrophages promastigotes lose their flagellum, become amastigotes, and multiply until
the host cell disintegrates. Amastigotes then penetrate new macrophagic cells and the
massive multiplication process is repeated, gradually invading the reticuloendothelial
system of the skin, lymph nodes, spleen, liver, bone marrow, and other body sites.

Other means of transmission include sexual and transplacental transmission, blood
transfusion or blood derivatives from infected donors, organ transplantation, sharing of
contaminated needles, and direct dog-to-dog transmission by wounds or bites [2]. CanL can
be asymptomatic or show a wide range of unspecific clinical signs. If left untreated, it can
lead to serious illness, even death, mostly because of severe kidney injuries [5]. L. infantum
is a zoonotic agent causing visceral and cutaneous leishmaniasis in humans [6,7]. Due to
climate change and the consequent occurrence of suitable vector hosts in new geographical
regions, leishmaniasis is considered an expanding infection [8,9]. Prevention against CanL
mainly relies on protecting against the bite of its insect vectors [10].

Azaridachta indica, commonly called Neem, has been known since ancient times be-
cause every part of the tree (leaves, bark, flowers, seeds) has innumerable medicinal prop-
erties [11,12]. In addition, Neem oil is used as a repellent and insecticide/acaricide for the
control or treatment of a wide variety of parasitic arthropods of veterinary interest [13–25].

The results of some experimental and field studies have shown the repellent activity
of A. indica oil against sandflies [26–30] and some veterinary practitioners in Italy prescribe
the exclusive use of natural products such as Neem oil for the prevention of CanL [31].
However, a search of the literature databases revealed a lack of controlled clinical trials on
the effectiveness of Neem oil for the prevention of CanL in field conditions. In order to fill
this gap, this paper reports a clinical case where bone lesions were observed in a young dog
diagnosed with leishmaniasis and a Neem-based commercial product had been regularly
used for approximately fourteen months as the only prophylactic measure against CanL.

2. Case Report
2.1. Case History

In mid-December 2020, an intact 1.5-year-old male French bulldog was referred to
our Veterinary Hospital due to severe and persistent lameness of his right hindlimb that
had appeared suddenly about four months earlier. From the very beginning, the lameness
had been unsuccessfully treated with different nonsteroidal anti-inflammatory drugs, the
last of which was robenacoxib (1 mg/kg once daily PO). The dog lived and still lives in
Tuscany but had been purchased from a breeder located in Sicily at the age of four months.
The attending veterinarian had prescribed ivermectin and pyrantel pamoate monthly for
the prevention of heartworms and intestinal roundworms, and had applied Neem oil for
protection from any kind of ectoparasites (fleas, ticks, mange) and insect bites (mosquitoes,
sandflies). Since the dog’s arrival in Tuscany (about 14 months earlier), the owner had
sprayed its coat three times a week with a commercially available Neem oil product
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licensed for use in dogs. The product was regularly purchased from a pet shop. The
product contained water, isopropyl alcohol, sodium lauryl ether sulfate, oat amino acids,
A. indica seed oil, phenoxyethanol, Gaultheria procumbens extract, and ethylhexylglycerin.
The owner reported that the attending veterinarian had advised the use of a natural product,
such as Neem oil, as a treatment for parasitic prophylaxis because the dog was periodically
affected by atopic dermatitis.

2.2. Orthopedic Examination and Radiological Findings

The first examination was performed at the orthopedic section of our hospital. Or-
thopedic examination showed grade 3–4 lameness (mainly in the right hindlimb) and
marked atrophy of the thigh muscles, plus a swollen and painful right stifle joint. In
addition, mucous membranes were slightly pale and a generalized mild/moderate lym-
phadenopathy (involving submandibular, prescapular and popliteal lymph nodes) was
detected. A radiological investigation of both hindlimbs was undertaken, with the patient
under general anesthesia. Venous blood gas analysis (Stat Profile Prime PlusTM VET, Nova
Biomedical, Lainate, Milano, Italy) for preanesthetic assessment only showed mild sodium
and anion gap reduction. For general anesthesia, the dog received premedication with
dexmedetomidine (1 mcg/kg IV) and methadone (0.2 mg/kg IM), induction with propofol
(2 mg/kg IV), and maintenance with isofluorane. The radiological investigation revealed
an irregular and continuous periosteal and intramedullary reaction in the proximal and
distal metaphysis of the tibia, more evident on the right than in the left hindlimb, and in the
tarsal bones, mainly in the calcaneus. A similar reaction was evident at the proximal ulnar
metaphysis. Joint effusion and periarticular swelling were observed in the stifle and tarsus
joint, bilaterally. The radiographic pattern was therefore compatible with a prevalently
osteoproliferative, polyostotic and symmetrical pathology, associated with non-erosive
polyarthritis, which in turn was suggestive of a systematic inflammatory pathology due to
protozoan or bacterial infections (leishmaniasis, hepatozoonosis, bacterial osteomyelitis of
hematogenous origin) (Figures 1 and 2).

2.3. Clinical Findings

Once the diagnosis of polyostotic periosteal proliferation at both hindlimbs was
made, the dog was referred to the internal medicine section. The medical history reported
additional data, such as postponed routine booster vaccinations for distemper, hepatitis,
parvovirus, and leptospirosis (vaccinations should have been done two months earlier),
normal appetite and stools, no polyuria/polydipsia, and a few episodes of vomiting during
robenacoxib therapy.

The complex clinical picture included mild hyperthermia (39.6 ◦C), heart rate (HR) of
130 beats per minutes (bpm), respiratory rate (RR) of 44 breaths per minute (brpm), body
condition score (BCS) of 3/9, muscle condition score (MCS) of 1/3, severe generalized
muscle hypotonia especially on the head (bilateral temporal muscle atrophy), bodyweight
(BW) of 12.2 kg, pale pink mucous membranes, hyperkeratosis of the nose and paw pads,
onychogryphosis, interdigital erythema, mild to moderate generalized lymphadenomegaly
of the readily palpable lymph nodes, severe bilateral blepharitis, and finally enlarged and
painful joint of the right stifle (as previously observed).

2.4. Laboratory Findings

The diagnostic plan included complete blood count (CBC) (Idexx ProCyte Dx laser
cell counter, Idexx Laboratories, Westbrook, ME, USA) with peripheral blood smears
stained by May Grundwald Giemsa (Aerospray 7150, Delcon, Grassobbio, BG, Italy),
serum biochemical profile (Liquid chemistry, SAT 450 instrument and dedicated reagents
kits, Assel, Rome, Italy), urinalysis (Idexx VetLab UA) with urine sediment examination,
coagulation profile (STA Compact DOS Stago, with dedicated reagents, Stago, Milan, Italy),
and serum protein electrophoresis (Minicap Flex Piercing, capillary zone electrophoresis,
Sebia, Florence, Italy). Fine-needle aspiration (FNA) of lymph nodes as well as serological



Zoonotic Dis. 2022, 2 98

tests for L. infantum (immunofluorescence antibody test: IFAT) and other vector-borne
pathogens such as Ehrlichia canis, Anaplasma spp, Dirofilaria immitis, and Borrelia burgdorferi
(SNAP 4Dx, IDEXX) were also performed. The IFAT for Leishmania was performed as
described by the World Organization for Animal Health in the Manual of Diagnostic Tests
and Vaccines for Terrestrial Animals, using a cut-off of 1:40 [32].
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crus, including the stifle joint and the tarsus. Note an irregular and continuous periosteal reaction
in the proximal (1) and distal (2) metaphysis of the tibia, more evident on the right, and in tarsus
bones, mostly calcaneus (3). Joint effusion and periarticular swelling of the stifle and tarsus can also
be seen (3).

Results of the CBC revealed normocytic, normochromic, non-regenerative anemia
while the peripheral blood smear showed many erythrocyte rouleaux, some toxic neu-
trophils, many reactive lymphocytes, some activated monocytes, and an adequate platelet
estimate. Results of CBC and blood smears are summarized in Table 1.

The serum biochemical profile showed a high concentration of total proteins and
C-reactive protein. The albumin level was low, while globulin levels were high (Table 2).

Only a mild increase in urinary protein/creatinine ratio and a few hyaline casts were
noted in the urine sediment (Table 3) and a moderate increase in fibrinogen was found in
the coagulation profile (Table 4).

A moderate decrease in albumin and a marked increase in gamma globulin fraction
were observed in the serum protein electrophoresis (Table 5, Figure 3a).

Examination of FNA from the left prescapular lymph node and both the popliteal lymph
nodes showed marked lymphoplasmacellular hyperplasia along with many macrophages
phagocyting bodies compatible with amastygotes of L. infantum (Figure 4).
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Figure 2. Mediolateral radiographs of right (A) and left (B) antebrachium, including the elbow joint
and the carpus. Note a mild increase and inhomogeneity of the medullary radiopacity in the proximal
ulnar metaphysis and olecranon (1).

Table 1. Complete blood count. Results are presented starting from the time of the diagnosis of CanL
to the last check-up.

Parameters & Units Reference Interval D0 * D10 ˆ D31 D89

RBC M/µL 5.65–8.87 4.65 4.31 4.80 6.05
HCT % 37.3–61.7 31.4 28.9 32.8 43.0

HGB g/dL 13.1–20.5 11.2 10.5 11.8 15.4
MCV fL 61.6–73.5 67.0 67.1 68.3 71.1
MCH pg 21.2–25.9 23.9 24.4 24.6 25.5

MCHC g/dL 32.0–37.9 35.7 36.3 36.6 35.8
RDW % 13.6–21.7 14.7 15.2 16.3 14.3

Retics K/µL 10.0–110.0 27.7 24.6 38.4 75.0
Retic-HGB pg 22.3–29.6 26.9 25.9 25.8 25.7

WBC K/µL 5.05–16.76 14.74 11.35 10.72 12.70
NEU seg K/µL 3.7–11.9 11.2 9.31 7.29 8.38

NEU band K/µL 0.0–0.3 0.0 0.0 0.0 0.0
EOS K/µL 0.1–1.35 1.03 0.23 0.64 0.76
BAS K/µL 0.0–0.1 0.0 0.0 0.11 0.0
LYM K/µL 0.7–5.1 1.18 0.91 2.04 3.18
MON K/µL 0.2–1.5 1.33 0.91 0.64 0.38
PLT K/µL 148–484 213 144 192 145

MPV fL 8.7–13.2 12.9 13.0 12.7 14.4
PDW fL 9.1–19.4 14.2 16.4 16.2 19.6
PCT % 0.14–0.46 0.27 0.19 0.24 0.21

PLT estimate adequate adequate inadequate adequate adequate

Notes on blood
smear evaluation

RBC rouleaux Absent +++ +++ Absent Absent
Polychromasia Absent/+ Absent Absent Absent +
Reactive LYM Absent +++ +++ ++ Absent

Activated MON Absent + + ++ Absent
Toxic NEU Absent + Absent Absent Absent

* D0: day of CanL diagnosis, ˆ D10, D31, and D89: days after D0; marks + to +++ indicate the estimated
amount of alterations observed by an experienced clinical pathologist; italics and bold indicate values outside the
reference intervals.
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Table 2. Serum biochemical profile. Results are presented starting from the time of the diagnosis of
CanL to the last check-up.

Parameters & Units Reference Interval D0 * D31 ˆ D89

Creatin phosphokinase IU/L 40–185 236
Lactate dehydrogenase IU/L 20–160 49
Aspartate transaminase IU/L 15–40 60
Alanine transaminase IU/L 20–70 31 37 46
Alkaline phosphatase IU/L 45–250 111 115 95

Gamma glutamyl transferase IU/L 2–11 0.8 1.5 1.6
Amylase IU/L 400–1500 1673

Bilirubin Total mg/dL 0.07–0.3 0.10
Glucose mg/dL 80–125 102 115 129

Cholesterol mg/dL 120–280 134 181 253
Triglyceride mg/dL 25–90 67

Urea mg/dL 15–55 40 37 57
Creatinine mg/dL 0.6–1.5 1.1 1.1 0.9
Total Protein g/dL 5.8–7.8 10.8 8.4 7.1

Albumin g/dL 2.6–4.1 2.1 2.6 4.0
Globulin g/dL 2.5–4.5 8.7 5.8 3.1

A/G ratio 0.6–1.3 0.24 0.45 1.3
Fructosamine µmol/L 170–430 255

C-reactive protein mg/L 0.0–0.3 2.0 0.4
Calcium mg/dL 8.7–11.2 10.9 11.2 11.6

Phosphate mg/dL 2.5–5.0 5.7 4.8
Na mEq/L 146–156 142 146
K mEq/L 3.9–5.5 4.3 4.0

Na/K ratio 26.5–40 33 37
Cl mEq/L 10–122 117 108

HCO3 mEq/L 21–31 25 25
Anion Gap mEq/L 12–24 4.3 17

Mg mg/dL 1.6–2.7 2.0 1.7
Iron mcg/dL 80–190 132

Serum aspect Clear Clear Clear Mild lipemia &
hemolysis

* D0: day of CanL diagnosis; ˆ D31 and D89: days after D0; italics and bold indicate values outside the
reference intervals.

The IFAT was markedly positive with an antibody titer of 1:1280. Serological tests for
other vector borne diseases were negative. A definitive diagnosis of CanL was therefore
made by combining clinical and clinico-pathological signs with results of the FNA and
serological tests.

2.5. Ophthalmological Findings

An ophthalmologist consultation was also arranged. In the eye annexes, severe
blepharitis was detected with multiple small nodules in the palpebral rims, palpebral
oedema, hyperemic conjunctiva, and distichiasis. In both corneas, small central opacity
with instability of the lacrimal film was found.

2.6. Treatment

Treatment for Leishmania infection was commenced with meglumine antimoniate
(50 mg/kg once daily for the initial 10 days given subcutaneously (SC), then 50 mg/kg
every 12 h for a further 20 days SC) and allopurinol (at approximately 10 mg/kg every
12 h PO). The dosage of meglumine antimoniate was initially kept low because of possible
side effects. For the management of joint pain, gabapentin (about 10 mg/kg PO) was
administered as follows: initially every 12 h for three weeks, then once daily for one week,
and finally every other day for another week. A low gabapentin dose frequency was chosen
because for a long time the dog had previously been treated with NSAIDs. In addition, an
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ointment with fatty acid was applied every eight hours to the eyelid of both eyes to provide
relief and resolve clinical signs of blepharitis. A few days after the start of treatment, the
owner was consulted by phone. Since no side effects of meglumine antimoniate were
reported, the dosage was raised to the maximum allowed for the drug. In addition, the
efficacy of gabapentin to reduce the pain was assessed; the dog did not need NSAIDs or
other ongoing analgesia.

Table 3. Urinalysis. Results are presented starting from the time of the diagnosis of CanL to the
last check-up.

Parameters & Units Reference Interval D0 * D31 ˆ D89

Sampling Free catch Free catch Free catch
Color Yellow Dark yellow Yellow Light yellow

Aspect Clear Clear Cloudy Clear
Specific gravity 1015–1045 1049 1038 1058

pH 5.0–7.5 7.0 6.0 5.0
Glucose Neg. Neg. Neg. Neg.
Ketones Neg. Neg. Neg. Neg.

HGB-RBC/mcL Neg. 250 Neg. Neg.
Bilirubin mg/dL Neg. 1 Neg. Neg.

Urobilinogen mg/dL Neg. 1 Neg. Neg.
Protein mg/dL 50 100 Neg. Neg.

UPC ratio < 0.5 0.62 0.06 0.23

Sediment

RBC/HPF 0–5 10 0 0
WBC/HPF 0–5 0 0 0

Epithelial cells/HPF 0-rare 0 1 1
Casts/LPF 0 1 hyaline 0 0

Crystals 0-rare 0 0 0
Bacteria Absent Absent Absent Absent

* D0: day of CanL diagnosis, ˆ D31 and D89: days after D0; italics and bold indicate values outside the
reference intervals.

Table 4. Citrated plasma coagulation profile. Results are presented at the time of the diagnosis of
CanL and at the second follow-up visit.

Parameters & Units Reference Interval D0 * D31 ˆ

Prothrombin time s 5.5–11.4 8.2 7.9
Activated partial

thromboplastin time s 10.6–19.9 16.2 14.8

Fibrinogen mg/dL 125–335 527 263
D-dimer mcg/mL 0.1–0.35 0.11

* D0: day of CanL diagnosis, ˆ D31: days after D0.

2.7. First Follow-Up Visit

After the definitive diagnosis of CanL was made (D0), subsequent periodic check-up
visits were planned: D10, D31, and D89.

At D10, the owner reported a significant improvement in the dog’s lameness, liveliness
and appetite, normal stools, and some episodes of fasting vomiting in the morning. The
clinical findings were BCS of 3/9, MCS of 1/3, BW of 11.2 kg (mild decrease), slight pallor
of the mucous membranes, mild hyperthermia (39.3 ◦C), HR of 120 bpm, RR of 35 brpm.
The hyperkeratosis of nose and paw pads, onicogryphosis, alopecic skin nodule of about
1 cm at the base of the left ear pinna, and blepharitis remained unchanged. The generalized
lymphadenomegaly was reduced. The swelling of the right knee joint was unchanged, but
the pain was less severe than it was before.
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Blood parameters were evaluated. The CBC showed a slightly worsened normocytic,
normochromic, non-regenerative anemia and reduced PLT count. Peripheral blood smear
revealed many RBC rouleaux, some reactive lymphocytes and activated monocytes, and
confirmed an inadequate PLT number (Table 1).

The initial treatment plan with allopurinol was maintained and the dose remained
unchanged, however omeprazole (about 1 mg/kg PO once daily) was added to treat
occasional episodes of fasting vomiting.

Table 5. Serum protein electrophoresis. Results are presented starting from the time of the diagnosis
of CanL to the last check-up.

Parameters & Units Reference Interval D0 * D31 ˆ D89

Albumin % 51–65 20.1 31.8 50.3
α1 globulin % 2–6 4.7 4.0 4.8
α2 globulin % 7–15 11.7 6.7 10.4
β1 globulin % 2–5 5.1 3.4 3.3
β2 globulin % 2–9 2.6 7.0 8.8
β3 globulin % 6–12 4.1 4.7 8.3
γ globulin % 5–15 51.7 42.4 14.1

Albumin g/dL 3.0–4.2 2.0 2.7 3.6
α1 globulin g/dL 0.2–0.3 0.5 0.3 0.3
α2 globulin g/dL 0.6–0.8 1.2 0.6 0.7
β1 globulin g/dL 0.2–0.3 0.5 0.3 0.2
β2 globulin g/dL 0.3–0.4 0.3 0.6 0.6
β3 globulin g/dL 0.5–0.7 4.1 0.4 0.6
γ globulin g/dL 0.6–0.8 5.2 3.6 1.0

A/G ratio 0.6–1.3 0.25 0.47 1.0
Total Protein g/dL 5.5–7.6 10.1 8.4 7.1

* D0: day of CanL diagnosis; ˆ D31 and D89: days after D0; italics and bold indicate values outside the
reference intervals.
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2.8. Second Follow-Up Visit

At D31 (three days after the end of antimonials treatment), the owner reported a
further improvement: the dog appeared more alert, playful, and no longer lame with a
good appetite and normal stools.

The most striking clinical findings were an increase in BCS (5/9), MCS (2/3) and
BW (12.8 kg). Temperature, HR, and RR were within reference intervals (WRI). Mucous
membranes were pink. The hyperkeratosis of the nose and paw pads, onicogryphosis,
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blepharitis and interdigital erythema had improved. Lymph nodes remained palpable but
were no longer enlarged and the right stifle joint was normal.

Zoonotic Dis. 2022, 2, FOR PEER REVIEW 9 
 

Albumin g/dL 3.0–4.2 2.0 2.7 3.6 

α1 globulin g/dL 0.2–0.3 0.5 0.3 0.3 

α2 globulin g/dL 0.6–0.8 1.2 0.6 0.7 

β1 globulin g/dL 0.2–0.3 0.5 0.3 0.2 

β2 globulin g/dL 0.3–0.4 0.3 0.6 0.6 

β3 globulin g/dL 0.5–0.7 4.1 0.4 0.6 

γ globulin g/dL 0.6–0.8 5.2 3.6 1.0 

A/G ratio 0.6–1.3 0.25 0.47 1.0 

Total Protein g/dL 5.5–7.6 10.1 8.4 7.1 

* D0: day of CanL diagnosis; ^ D31 and D89: days after D0; italics and bold indicate values outside 
the reference intervals. 

 
Figure 3. Serum protein electrophoresis graph. From left to right results are presented starting at 
the time of the diagnosis of CanL (D0) (a), at an intermediate point after the first course of antimo-
nials (D31) (b) to the last check-up (D89) (c). 

Examination of FNA from the left prescapular lymph node and both the popliteal 
lymph nodes showed marked lymphoplasmacellular hyperplasia along with many mac-
rophages phagocyting bodies compatible with amastygotes of L. infantum (Figure 4).  
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The complete diagnostic plan was performed to monitor blood and urinary parameters
in response to the 28-day treatment with antimonials. The CBC showed an improvement in
comparison to the previous blood collection (Table 1), with mild normocytic, normochromic,
non-regenerative anemia and normal PLT count. The peripheral blood smear revealed that
RBC rouleaux had disappeared while some reactive lymphocytes and activated monocytes
were still present.

The serum biochemical profile showed an increased concentration of total proteins
and C reactive protein, with a slight increase in amylase and creatine phosphokinase. The
albumin concentration had returned to WRI and there was still a highly increased globulin
concentration (Table 2).

The results of urinalysis were unremarkable (Table 3) and the results of coagulation
profile were WRI (Table 4).

Serum protein electrophoresis revealed a moderate decrease in albumin but there was
still an increase in gamma globulin fraction (Table 5, Figure 3b).

The result of L. infantum serology by IFAT was still positive with a titer of 1:640.
Allopurinol and omeprazole therapy remained unchanged. The analgesic treatment

with gabapentin was continued, but was administered every other day.

2.9. Third Follow-Up Visit

At D89 (approximately two months after the end of antimonial therapy), overall the
dog was doing very well, and was alert and lively. The lameness had disappeared (even
without analgesic therapy) and the vomiting episodes had disappeared since the dog was
now being fed three times a day.

The most striking clinical findings were an increase in MCS (3/3) and BW (14.4 kg).
The temperature, HR, and RR were WRI and the BCS was still 5/9. The mucous mem-
branes were pink, the hyperkeratosis of nose and paw pads, onychogryphosis, interdigital
erythema and bilateral blepharitis had resolved, and the lymph nodes were normal. The
complete diagnostic plan was repeated to monitor the blood and urinary parameters. The
CBC (Table 1), urinalysis (Table 3), and serum protein electrophoresis (Table 5, Figure 3c)
were all WRI, while the serum biochemical profile showed only a slight increase in glucose
and urea concentrations of no clinical significance (Table 2).

The antibody titer to L. infantum by IFAT was still 1:640.
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At this time, a radiological investigation of the bone pathologies was arranged
(Figure 5). Radiological findings after three months of therapy revealed complete dis-
appearance of the bone and joint radiographic lesions previously detected, with complete
regression of the skeletal involvement.
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tarsus. A complete disappearance of the bone and articular radiographic lesions previously described
can be seen.

Therapeutic treatment of the dog was maintained with allopurinol alone (approxi-
mately 10 mg/kg every 12 h PO). In addition, prophylaxis with permethrin spot-on plus
oral afoxolaner and milbemycin was prescribed from March to November (i.e., during the
sandfly activity season). A further follow-up visit was scheduled 3 months later. However,
as this case report was focused on the use of a commercial Neem oil-based product in a
dog for the prevention of CanL, further follow-ups were not included.

3. Discussion

To date more than 800 sandfly species have been identified worldwide [33]. Depending
on the species, they can be found in tropical or subtropical areas of the New and the Old
World, including the Mediterranean basin [33]. Both male and female sandflies feed on
nectar and plant-derived juices. However, females need a blood meal on a vertebrate as
a source of protein for egg production. The sandfly life cycle takes place in soils rich in
organic matter, and passes through distinct stages (egg, four larval stages, pupa, adult),
requiring a minimum of six weeks.

The activity period of the adults, and consequently CanL transmission, is typically
seasonal and nocturnal. In Europe, it spans from April to November, depending on the
latitude. Warmer regions have longer breeding seasons as there are up to three complete
life cycles, i.e., three sandfly generations, between May and September [33,34]. Eggs and
larvae may overwinter even in cold winters, remaining for many months in the diapause
state [35,36]. Most species have a nocturnal circadian activity, or are crepuscular, i.e., they
have peaks of host seeking activity soon after sunset and before dawn [35,37]. During
the day, adult sandflies rest in cool, dark and humid places [36,38]. Species belonging to
the genera Phlebotomus and Lutzomya are responsible for the transmission of CanL in the
Old World and the New World, respectively: thirty-one Phlebotomus species are vectors
of L. infantum [33].
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Sandflies are gradually expanding their range northwards in Europe as global warm-
ing affects their distribution and abundance. As a consequence, new areas of CanL have
been reported in more northerly regions where a suitable vector is present, probably in
connection with the movement of L. infantum infected dogs [39–41]. This case report may
be of particular educational value for small animal practitioners who work in areas where
CanL is not endemic or has a low endemicity as they may be unfamiliar with the clinical
signs of the disease, its correct diagnostic and therapeutic approach, and the most effective
preventive measures.

CanL is endemic in tropical and subtropical regions of the world, including approxi-
mately 50 countries in Europe (especially in the Mediterranean area), Africa, Asia, South
and Central America [1]. A high general prevalence of CanL has been reported in Italy,
with the highest prevalence rate (29.6%) in central regions, followed by southern regions
and islands (28.2%), and with an increasing number of cases (21.6%) in northern areas [42].

The dog in this case report was born in Sicily where he was living up to the age of
4 months, and was then transferred to Tuscany where he had lived up to the time of the
veterinary visit (1.5-year-old). Tuscany and Sicily are traditionally known as regions of
central and southern Italy which are endemic and highly endemic for L. infantum infection,
respectively [43,44]. It is therefore not surprising that the dog was exposed to the risk of
CanL transmission. It is very likely that the dog acquired CanL in Tuscany as it had spent
most of its life in this region, resulting in a much longer exposure to the risk of infected
sandfly bites. Nonetheless, considering the long incubation period of CanL, the infection
could also have occurred in Sicily and the possibility of a congenital infection cannot be
ruled out either. In addition, dogs older than one year of age have been reported to have a
higher prevalence of L. infantum infection [45].

Classically, CanL leads to a high prevalence of subclinical infections [5]. When the
infection results in disease, clinical signs are not specific. The most common clinical signs
include generalized lymphadenopathy, weight loss, splenomegaly, polyuria/polydipsia,
fever, vomiting, diarrhea, chronic colitis, and cutaneous lesions, such as nonpruritic exfolia-
tive dermatitis, with or without alopecia [5] and ulceration, often located on several bony
prominences [2]. These are generally associated with ocular lesions, epistaxis, hyperglob-
ulinemia, hypoalbuminemia, and mild to moderate non-regenerative anemia. However,
kidney disease may be the only clinical manifestation. When it occurs, it can progress
from mild proteinuria to nephrotic syndrome or end-stage renal disease, and chronic renal
failure is the most common cause of death in CanL [5]. Systemic disease can have both
joint and bone localization, and be characterized by proliferative bone changes [46]. In
Leishmania infected dogs, joint lesions have not been reported frequently, and lameness with
associated polyarthritis [47–52] or synovitis [53] have been reported even less frequently.
When the joint localization coincides with polyarthritis, this has been reported as being
either non-erosive or erosive [46], is associated with soft tissue swelling [46,54,55], and with
a tendency for a bilateral localization [46,55]. Bone involvement has only been reported in a
limited number of cases. When they were reported, lesions were mostly characterized by pe-
riosteal proliferation, which can be solid and smooth or irregular, and by an increase of the
intramedullary opacity, generally occurring close to the nutrient foramen [46,55,56]. Bone
involvement can also be associated with cortical and/or medullary osteolysis [47,56–58].
Both joint and bone lesions have been reported to mostly involve the appendicular skeleton,
although localization on the pelvis and occipital bone has been described [46,55].

This report describes a case of CanL in a young (1.5-year-old) dog, which was pre-
sented for further evaluation of long-lasting lameness with osteoarticular involvement
and polyostotic periosteal proliferation. CanL should therefore be considered as part of
the differential diagnosis of persistent lameness that is unresponsive to routine therapy,
particularly in dogs that live or travel in areas endemic for CanL. The present case report
may also help small animal veterinarians in the diagnosis and treatment of joint and bone
lesions that can sometimes appear in dogs with leishmaniasis.
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The first objective of CanL control is to interrupt L. infantum transmission from infected
to uninfected dogs. As a general rule, in endemic areas, sandfly bites are prevented by
applying repellents/insecticides regularly. These are usually in the form of impregnated
collars, spot-on and spray formulations which are applied during the sandflies’ activity
season (from April to November). This is currently the most effective preventive strategy
against CanL. Pyrethroids are commercially available in different formulations in Italy
and are licensed for topical use in dogs. These include permethrin, deltamethrin, and
flumethrin, which are sold in various associations with imidacloprid, fipronil, dinotefuran,
or pyriproxyfen [59]. A number of studies have assessed the efficacy of pyrethroids to
prevent sandfly bites, thus reducing the risk of CanL transmission [60–64]. Recently, the
insecticidal efficacy of a single oral administration of fluralaner against P. perniciosus has
been reported [65].

An immune prevention strategy has also been investigated, and four CanL vaccines
have been commercialized. Their reported efficacy in the prevention of active infection
ranges from 68.4% to 80%, and the protection against clinical disease varies from 92.7% to
95%. This means that the use of these vaccines reduces the appearance and severity of clini-
cal signs; however, the level of protection conferred by vaccination is not satisfactory [66].
Moreover, commercially approved vaccines can serologically mask dogs that have been
infected after vaccination and in any case every single infected dog represents a potential
source of L. infantum infection to other dogs and to humans.

To date, the most effective way to control CanL consists of the simultaneous applica-
tion of topical pyrethroids combined with a vaccination that does not interfere with the
most widely used serological diagnostic tests [66]. Additional measures to reduce CanL
transmission include keeping dogs indoors from dusk to dawn during the whole sandfly
activity season [5], the use of long-lasting insecticidal sprays within houses and animal
shelters [67], the protection of doors and windows by nets with a small mesh (2–3 mm) [68],
and the use of insecticide-treated mosquito-nets [67]. Furthermore, reducing microhabitats
favorable to sandflies, such as piles of wood and stones, is also recommended in the vicinity
of houses and in other locations where dogs spend time [5].

A report has been published detailing 47 populations of sandflies with confirmed resis-
tance and 28 populations considered tolerant to one or more insecticides worldwide, includ-
ing DDT in addition to dieldrin, methoxychlor, propoxur, lambdacyhalothrin, malathion,
benzene hexachloride, permethrin, deltamethrin, and bendiocarb [69]. With the spread of
insecticide resistance, managing the risk of CanL transmission by synthetic repellents and
insecticides will become increasingly problematic.

There is therefore increasing interest in finding new, safe, and effective insecticides.
A possible approach consists of focusing on the repellent and insecticide effects of plant-
derived products to control the risk of sandfly bites. Some researchers have reported that
Neem oil has repellent activity against sandflies [26–30]. Moreover, results of a survey on
best practices and guideline awareness for diagnosis, treatment, follow-up, and prevention
of CanL among 456 Italian veterinary practitioners reported that some practitioners (1.7%)
exclusively prescribe natural products such as Neem oil for the prevention of CanL [31].
On the one hand, the results of all the above experimental and field studies uniformly show
that the repellent activity of single applications of 2% and 5% Neem oil against sandflies
is high. However, these results also suggest that, unfortunately, Neem oil is somewhat
volatile, thus the persistence of its repellent effect is limited to a duration of a few hours.
As a consequence, it can be assumed that any repellent effect exerted by a Neem oil-based
product will likely be short-lived after application on dogs.

Neem-oil based products are sold at different concentrations and in different formula-
tions (spray, spot-on, collar, shampoo, ear drops, mosquito coil) in pet shops and on the
internet for the prevention or treatment of parasitic infections. All are sold with claims of ef-
ficacy, although scientifically sound data on their efficacy have never been published. There
is also considerable variation in the treatment regimens for these products even though they
have never been tested clinically. This suggests that the efficacy claimed is only intended to
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make these products appear more attractive to consumers. Consequently, although Neem
oil seems to be effective in repelling sandflies [26–30], small animal veterinarians should
not be recommending its sole use for the prevention of CanL.

Based on the main findings of this clinical case report, at present, veterinarians should
only be recommending the use of Neem-oil as an adjuvant treatment in combination with
other traditional repellents and insecticides that have been shown to be effective in reducing
the risk of CanL transmission [58–64].

4. Conclusions

Consumers are using more and more herbal products as it is believed, often erro-
neously, that these products are more natural and therefore safer. This belief is of concern
as regards the use of phytotherapeutic drugs licensed for use in veterinary medicine and
commercially available as over-the-counter products.

This case report shows that owners’ awareness regarding the possible limitations of
herbal therapies, especially as far as antiparasitic and repellent products, might be lacking
and may often be overlooked by veterinary practitioners. This case report suggests that
there may be a great need to educate owners on the reliable use of Neem oil and natural
repellents, in order to improve the awareness of the limitations of their prophylactic role and
the potential risks of their use for CanL prevention. It is the responsibility of veterinarians
to provide dog owners with comprehensive advice regarding the use of phytotherapy and
to ensure it is appropriate and effective. Currently, before commercial Neem oil-based
products can be effectively used for the prevention of CanL, further studies are needed to
definitely assess (prospectively or retrospectively) their protection rate and the duration of
this protection against sandfly bites when applied on dogs’ coats.
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