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Simple Summary: To the best of the authors” knowledge, the comorbidity of lymphoma and subse-
quent Leishmania infection, occurring as a complication during chemotherapy, has not been previously
reported. Lymphoma, the side effects of chemotherapy, and leishmaniasis can lead to overlapping
laboratory abnormalities. This uncommon and complex condition is thus a diagnostic challenge. This
especially applies to veterinarians working in regions characterized by low or no endemicity and
who might be unfamiliar with correct diagnostic and therapeutic approaches. We therefore believe
that the present case report may be deemed of particular educational value.

Abstract: Dogs with lymphoma are at risk of developing clinical complications due to immunosup-
pression and side effects of chemotherapy. Clinical reports of concurrent lymphoma and leishmaniasis
are rare and confined to single cases of comorbidity at presentation. Herein, we describe a case of
lymphoma during maintenance chemotherapy in which bone marrow cytology showed myelodys-
plasia associated with leishmaniasis. The dog was a seven-year-old intact female Parson Russel
Terrier with a two-week history of generalized lymphadenopathy. Diagnosis of multicentric high-
grade B-cell lymphoma stage Va was carried out with cytological and cytofluorimetric assays of
external lymph nodes, abdominal ultrasound, chest radiology, and lymphoid blasts blood smear
examination. The dog lived and had traveled in endemic areas of Leishmania with uninterrupted
prevention against sand fly bites by an insecticide-impregnated collar and presented seronegativity
to Leishmania at presentation. Chemotherapy for lymphoma was successful and the patient achieved
complete remission. Approximately eight months after the diagnosis, a persistent pancytopenia
was assessed. Unexpectedly, Leishmania amastigotes were identified in the bone marrow. Combined
treatment rounds were administered with antileishmanial and antineoplastic drugs for approximately
eight months. Eventually, lymphoma relapsed and became unresponsive to chemotherapy, and the
dog was euthanatized. Canine lymphoma overlapping with subsequent Leishmania infection as a
complication is rare and lacks specific clinical manifestations. A delayed diagnosis of leishmaniasis
may occur. We suggest considering leishmaniasis as part of the differential diagnosis of persistent
pancytopenia in dogs with lymphoma, particularly in dogs who reside or travel to endemic areas,
when treatment fails or abnormal laboratory findings are present.
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1. Introduction

Lymphomas are a group of blood malignancies originating from lymphocytes that can
affect all lymphoid organs, as well as other tissues. There are more than 30 different known
types of canine lymphoma, varying in aggressiveness, survival rates, and clinical signs.
The four most common types of lymphoma in dogs are typically characterized by the site of
occurrence: (1) Multicentric, which occurs in multiple sites; (2) alimentary, which originates
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in the digestive system; (3) mediastinal, which arises within the chest; and (4) extranodal,
which can involve the kidneys, central nervous system, skin, or other tissues. Multicentric
lymphoma is by far the most common in dogs, accounting for more than 80% of diagnosed
canine lymphomas [1,2]. In this type of lymphoma, lymph nodes throughout the body
are affected, and, in many cases, the most obvious clinical manifestation is their rapid
enlargement. Later in the course of the disease, when there are multiple large lymph nodes,
dogs may show general signs of illness, including weakness, fever, loss of appetite, and
dehydration. Grade and stage are important prognostic factors for lymphoma. Indolent or
low-grade forms develop slowly, and dogs may show very few signs of the disease [3-5].

Leishmaniasis is a vector-borne parasitic infection caused by the protozoa of the genus
Leishmania that includes a group of more than 20 species, mainly affecting humans and dogs.
Many studies on leishmaniases have emphasized that dogs are primary hosts that naturally
infect insect vectors and transmit the infection; however, a number of other vertebrate
species, including cats, can also be infected [6,7]. In Mediterranean countries, including
Italy, dogs are infected by the species Leishmania infantum. Dogs are the most important
reservoir of this zoonotic species and transmission from dog-to-dog or from dog-to-human
occurs through bites of infected female sand flies [8]. Non-vectorial, less common routes of
transmission between dogs include venereal and transplacental transmission or infection
through blood transfusion from infected donors [8]. Macrophages are considered the main
host cells for the parasite. Leishmania amastigotes live and multiply within macrophages by
binary fission. Infected cells can be lysed by multiplying amastigotes, which then spread
toward uninfected cells [9]. Immune-mediated mechanisms, associated with a marked
antibody response that does not confer protective immunity, are responsible for most of
the pathological features in canine leishmaniasis (CanL) [9]. The clinical picture ranges
from inapparent subclinical infections to systemic disease, with a highly variable spectrum
of clinical manifestations. These may include weight loss, exercise intolerance, lethargy;,
epistaxis, skin abnormalities, lymphadenomegaly, ocular disease (keratoconjunctivitis,
uveitis), splenomegaly, and onychogryphosis. Skin abnormalities may include localized
or generalized exfoliative dermatitis, cutaneous ulcers, and hyperkeratosis. Other clinical
findings may include polyuria and polydipsia due to kidney involvement and lameness
due to joint injuries [9,10]. The disease is potentially fatal [9,10]. The prevalence of CanL is
expected to increase in some countries over the next decades. In fact, some studies have
reported the presence of suitable insect vectors and autochthonous cases in previously
Leishmania-free European regions, such as Germany [8], Hungary [11], and northeast
Italy [12]. This phenomenon is mainly caused by the introduction and local transmission
of the parasite due to a northward vector expansion toward traditionally vector-free
areas [10-12].

Although multicentric lymphoma and leishmaniasis are the main differential diag-
noses in dogs presenting with generalized lymphadenomegaly [13], little attention has been
paid to the pathological implications of their comorbidity. A search in the PubMed database
revealed that the prevalence of Leishmania infection in dogs diagnosed with lymphoma is
unknown at present. In single cases previously reported in the literature, lymphoma and
leishmaniasis existed simultaneously at presentation [2,14-16]. Therefore, the appearance
of leishmaniasis during the chemotherapy regimen remains a rare clinical scenario in
veterinary medicine. The presence of one disease may eclipse another and thereby provide
a challenge to small animal veterinary clinicians. Herein, we present a case of an associ-
ation between multicentric large B-cell lymphoma and subsequent CanL that occurred
as a clinical complication during chemotherapy for lymphoma with a 252-day follow-up
period. The aim of this case report is to improve the current knowledge concerning this
medical condition.
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2. Case Report
2.1. Case History

At the end of January 2019, a seven-year-old intact female Parson Russel Terrier was
referred to our veterinary teaching hospital, as two weeks previously, her veterinarian
had found a generalized lymphadenopathy. The dog lived in Tuscany, a region of central
Italy known to be an endemic area for L. infantum, and wore a slow release imidaclo-
prid/flumethrin impregnated collar without interruption.

2.2. Clinical and Laboratory Findings and Treatment

Upon clinical examination, the dog showed no particular clinical signs related to the
main problem. The diagnostic plan included a complete blood count (CBC; ProCyte Dx®
IDEXX blood cell counter, IDEXX Laboratories, Milan, Italy) that revealed the occurrence
of lymphoid blasts in the peripheral blood (1.63 K/uL over 7.30 K/uL of total WBC;
RR 5.05-16.7) and mild thrombocytopenia (110 K/uL RR 148-484), although the white
blood cell (WBC) count was within the reference interval (WRI). The serum biochemical
profile (Analyzer SAT 450%®, Medical System, Guidonia, Rome, Italy, with their dedicated
kits) revealed a mild increase in aspartate amino transferase (AST 88 U/L; RR 15-40)
and alanine amino transferase (ALT 137 U/L; RR 20-70), a consistent increase in lactic
dehydrogenase (LDH 736 U/L; RR 20-160) and iron (282 mcg/dL; RR 80-190), and a
decrease in total protein (5.5 g/dL; RR 5.8-7.8) and globulins (1.5 g/dL; RR 2.5-4.5). The
serum protein electrophoresis (Interlab Pretty, agarose gel, Sebia, Bagno a Ripoli, FI, Italy),
coagulation profile (STA Compact DOS Stago, Milan, Italy; dedicated kits), and urinalysis
(IDEXX VetLab UA, IDEXX Laboratories, Milan, Italy, and manual microscopic examination
of the urine sediment performed by an experienced clinical pathologist), including the
protein/creatinine ratio (Analyzer SAT 450®, Medical System, Guidonia, Rome, Italy, with
their dedicated kits) were WRI. Several explorable lymph nodes were biopsied and the
cytological exam was compatible with large cell high-grade lymphoma (all the cytology
was stained with an automatic slide stainer Aerospray Wescor, Delcon, Milan, Italy, using
May-Griinwald-Giemsa staining and evaluated by an experienced clinical pathologist).

A cytofluorimetric assay (Beckman Coulter® Cytomics FC 500, Beckman Coulter Life
Sciences, Cassina dei Pecchi, MI, Italy, and dedicated reagents and kits) on the fine-needle
biopsies of external lymph nodes [17] revealed the prevalence of B-cell lymphocytes (posi-
tive to CD79 94.3% and CD21 92.6%). An abdominal ultrasound evidenced an increased
volume of all abdominal lymph nodes (meseraic, portal, pancreatic, duodenal, and medial
iliac). The chest radiology highlighted an increase in the sternal and cranial mediastinal
lymph nodes. The serology screenings with the indirect fluorescence antibody test (IFAT)
for Ehrlichia canis and L. infantum were negative. The IFAT protocols employed for E. canis
and L. infantum were performed as previously described by other authors [18,19]. The final
diagnosis was multicentric large B-cell high-grade lymphoma stage Va [3,5].

In February 2019, the dog began treatment with chemotherapy: CHOP protocol,
namely, cyclophosphamide, doxorubicin, vincristine, and prednisolone as induction phase
for nine weeks, then vincristine, chlorambucil, and melphalan for maintenance [20].

Eight months later (at the beginning of September), during a routine monthly check
with the dog in clinical complete remission (CR) for lymphoma, a CBC revealed a periph-
eral blood pancytopenia. Side effects due to antineoplastic drugs used in maintenance
chemotherapy were suspected. The pancytopenia continued to be consistently persistent
for nearly another two months (see footnote of Table 1), but the owner was not experienced
enough to easily recognize the progression of this disorder. Finally, at the end of Octo-
ber, additional clinicopathological tests were performed, including serum biochemistry,
coagulation profile, serum protein electrophoresis (SPE), serum symmetric dimethylargi-
nine, urinalysis, and bone marrow cytology (BMC). The results of all these investigated
parameters were WRI or unremarkable. For BMC examination, smears were stained
with May-Griinwald-Giemsa and examined by an experienced clinical pathologist. The
BMC showed adequate cellularity for megakaryocyte, myeloid, and erythroid cells. More-
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over, macrophages showed increased erythrophagocytosis, while a large number were
infected by Leishmania amastigotes, which were also found extracellularly (Figure 1a,b).
Real-time polymerase chain reaction (RT-PCR) on the BMC sample was carried out to
identify the Leishmania species and to evaluate the parasite burden following the method
reported by Trotta et al. [21]. In addition to L. infantum, other vector-borne diseases were
investigated, including Anaplasma phagocytophilum /platys, Babesia spp., Bartonella spp.,
Ehrlichia canis, Hepatozoon spp., and Rickettsia spp. according to the methods described by
Trotta et al. [21,22] and Solano-Gallego et al. [23]. As expected, the PCR resulted positive
for L. infantum (347.6 K/mL copies of kinetoplasts), while other vector-borne diseases were
not detected. Anti-Leishmania antibodies showed an IFAT titer of 1:1280. Therefore, the
final diagnosis was consistent with myelodysplasia and CanL. The dog was then treated
with meglumine antimoniate (100 mg/kg/day divided into two equal doses daily, for four
weeks, SC) and allopurinol (10 mg/kg BID, PO). In addition, a minimal dose of antineo-
plastic drugs (chlorambucil 0.2 mg/kg, twice a week, PO), together with supplements
(B-complex vitamins and omega-3, PO), were administered.

2.3. Clinical Follow-Up and Treatment

In order to progressively monitor the dog’s health status after the unexpected diagno-
sis of overlapping CanL (D0) as a complication, a series of occasional check-up visits were
planned as follows: D14, D24, D35, D62, D85, D115, D128, D207, and D250. The laboratory
results at each scheduled follow-up visit are shown in Table 1.

After two weeks of leishmanicidal treatment (D14), the CBC was still showing pan-
cytopenia, while the urinalysis showed a urine specific gravity (USG) of 1011 and no
crystalluria due to allopurinol therapy.

After a further 10 days (D24), a check-up was scheduled, and the CBC again showed per-
sistent pancytopenia, while the urinalysis was equivalent to the previous one (USG of 1011).

Four days after the end of the treatment with antimonials (D35), the CBC showed an
improvement in erythrocyte and thrombocyte values, the biochemical profile and SPE were
unremarkable, and the IFAT titer for Leishmania decreased to 1:320. At this point, filgrastim
was added to the treatment protocol for four days (due to the leukopenia), keeping the
administration of allopurinol unchanged. After one week, a CBC was performed by the
referring veterinarian, which showed a slow but gradual improvement in erythrocyte and
leucocyte numbers (RBC 5.24 K/uL, RR 5.50-8.50; WBC 3.51 K/uL, RR 6.00-17.00; PLT
53 K/uL, RR 200-500).

Approximately two months after the CanL diagnosis (D62), the CBC showed a fur-
ther improvement in erythrocyte and leucocyte counts, the PLT count was almost un-
changed, and for the first time microcytosis was observed. At this time point, domperidone
(0.5 mg/kg/day, PO) was prescribed for 28 days. The explorable lymph nodes were still
of normal size.

Nearly three months after CanL diagnosis (D85), the CBC showed a further improve-
ment in erythrocyte, mild leukopenia neutropenia related, a decrease in PLT count, and
worsening of microcytosis. The BMC was thus performed again. The cellularity was
still good and the myeloid/erythroid ratio was mildly increased. Several clusters of
macrophages infected by Leishmania amastigotes were found again. In comparison to the
previous BMC, extracellular amastigotes were not detected. The RT-PCR for Leishmania on
this BMC sample showed a lower number of copies (128.8 K/mL) and the IFAT titer had
risen to 1:1280. Another anti-Leishmania drug was introduced (miltefosine 2 mg/kg/day,
four weeks, PO), in addition to allopurinol (10 mg/kg BID, PO), chlorambucil (0.2 mg/kg,
twice a week, PO) and supplements (B-complex vitamins and omega-3, PO). After approxi-
mately three weeks of domperidone treatment that started at D62, the dog was still in CR
from lymphoma.
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Table 1. Complete blood count results found in a seven-year-old intact female Parson Russel Terrier first diagnosed with multicentric large B-cell high-grade lymphoma and eight months

later diagnosed with unexpected Leishmania infection (CanL), which occurred as a clinical complication during chemotherapy. The results are presented starting from the time of CanL

diagnosis to the time of euthanasia, during a 252-day follow-up period.

Parameters and Units ~ Reference Ranges Do * D14t D24 D35 D62 D85 D115 D128 D207 D250
RBC M/uL 5.65-8.87 4.74 4.48 4.58 522 5.83 6.20 6.35 5.92 7.00 6.72
HCT% 37.3-61.7 31.4 29.3 29.0 32.7 35.7 37.1 38.7 36.0 41.9 40.2
HGB g/dL 13.1-20.5 10.5 9.6 9.5 10.7 11.6 12.2 12.9 12.2 14.1 14.1
MCV fL 61.6-73.5 66.7 65.4 63.3 62.6 61.2 59.8 60.9 60.8 59.9 59.8
MCH pg 21.2-25.9 222 214 20.7 20.5 19.9 19.7 20.3 20.6 20.1 21.0
MCHC g/dL 32.0-37.9 334 32.8 32.8 32.7 32.5 329 33.3 339 33.7 35.1
RDW% 13.6-21.7 19.8 19.5 20.4 22.0 22.9 24.1 241 23.5 23.3 24.3
Retics K/puL 10.0-110.0 35.6 19.3 29.3 49.1 29.7 45.3 30.5 26.0 42.7 28.9
Retic-HGB pg 22.3-29.6 19.2 21.0 19.4 21.2 19.2 20.2 23.5 23.7 224 25.3
WBC K/uL 5.05-16.76 2.59 2.96 2.54 2.47 4.03 3.56 4.34 1.84 5.05 15.34
NEU seg K/pL 3.7-11.9 1.76 2.43 1.93 1.98 2.74 2.78 3.39 0.96 4.17 10.74
NEU band K/uL 0.0-0.3 0.00 0.00 0.05 0.00 0,00 0.00 0.04 0.00 0.05 0.00
EOS K/uL 0.1-1.35 0.00 0.00 0.00 0.10 0.00 0.07 0.04 0.00 0.05 0.00
BASK/uL 0.0-0.1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LYMK/uL 0.7-5.1 0.36 0.36 0.46 0.30 1.05 0.43 0.69 0.66 0.50 414
MON K/uL 0.2-1.5 0.47 0.18 0.10 0.10 0.24 0.28 0.17 0.22 0.25 0.46
PLT K/uL 148-484 37 67 72 81 77 43 41 47 116 68
MPV fL 8.7-13.2 13.9 12.9 13.9 12.9 12.3 12.1 11.0 10.3 11.2 10.0
PLT estimate Adequate Inadequate Inadequate  Inadequate  Inadequate  Inadequate  Inadequate  Inadequate  Inadequate  Inadequate  Inadequate

t Do: Day of CanL diagnosis, CBC reported at DO is similar to values of three previous CBCs at weekly intervals; 1 D14 onward: Days after DO; in italics are the values outside the reference ranges.
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(a) (b)

Figure 1. Bone marrow cytology in a seven-year-old intact female Parson Russel Terrier diagnosed with multicentric B-cell

lymphoma eight months earlier, showing macrophages with many intracellular Leishmania infantum amastigotes at 400 x

(a) and 1000 % (b) magnification (black solid arrows). Extracellular amastigotes (black punctuated arrows) can also be seen
(May-Griinwald-Giemsa stain).

At D115 (last day of miltefosine therapy), the physical examination revealed a relapse
of lymphadenopathy in submandibular and popliteal lymph nodes. In the CBC, mild neu-
tropenia and thrombocytopenia were still present, as well as microcytosis. The lymphoma
relapse was confirmed with lymph nodes cytology and an intravenous treatment with
vincristine at 0.6/sqm was resumed after approximately five months of IV chemotherapy
interruption. At that time, the CD4/CDS8 ratio was carried out (0.9, RI 2-1.05) and the PCR
for Leishmania on lymph node aspirate was positive.

At D128 (two weeks after the vincristine administration), the lymphadenopathy was
still present (stable disease), as well as microcytosis, severe neutropenia, and thrombocy-
topenia. In order to manage the relapse of lymphoma, L-asparaginase was introduced at
400 UI/kg three times every three weeks. In addition, a new cycle of meglumine antimoni-
ate (100 mg/kg/day divided into two equivalent doses, for four weeks, SC) was given and
the treatment with allopurinol was never interrupted after TO (10 mg/kg BID, PO). As part
of the clinical follow-up and because of the COVID-19 lockdown, the referring veterinarian
was contacted by telephone for updates on the dog’s health condition. According to the
telephone reports, treatment with L-asparaginase led to CR of lymphoma.

Nearly seven months after the CanL diagnosis (D207), a mild lymphadenopathy was
found and cytology of the lymph nodes by a May—Griinwald-Giemsa stain smear con-
firmed the relapse of high-grade multicentric lymphoma (Figure 2a,b). The CBC showed
microcytosis, though both the RBC and WBC parameters were WRI, while thrombocytope-
nia was still present. A few circulating lymphoid blasts were also found. The results from
the serum biochemical profile, SPE, and urine were unremarkable. The IFAT titer had de-
creased to 1:160. In addition to the continuous administration of allopurinol (10 mg/kg BID,
PO) and supplements (B-complex vitamins and omega-3, PO), a combination of nucleotide
and hexose PO was used. For the lymphoma, lomustine was prescribed (60 mg/sqm every
three weeks, PO) as a rescue therapy. Due to the current difficulty of finding this drug in
Italy, the first dose was administered three weeks after the prescription.
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(a) (b)

Figure 2. Lymph node cytology in a seven-year-old intact female Parson Russell Terrier diagnosed with multicentric B-cell

lymphoma 15 months earlier, showing a large amount of medium and large centroblastic lymphoid cells, along with a few
normal lymphocytes and several damaged cells as a sign of lymphoma relapse at 400 x (a) and 1000x (b) magnification
(May-Griinwald-Giemsa stain).

Finally, more than 18 months after the diagnosis of lymphoma and approximately
eight and a half months after the diagnosis of CanL (D250), the CBC showed microcytosis,
mild thrombocytopenia, and some circulating lymphoblasts. Although the treatment with
lomustine initially reduced the size of lymph nodes for approximately two weeks, a new
relapse of lymphoma followed, with severe lymphadenopathy (progressive disease) and
severe upper airway dyspnea, as observed upon clinical examination on D250. A few
days later, the owner decided to interrupt any type of further diagnostic and therapeutic
procedures and the dog was euthanized by the referring veterinarian.

Survival in dogs with primary nodal diffuse large B-cell lymphoma is defined as the
time in days from the initiation of CHOP to death from any cause [24]. Overall, the dog
in this case report survived 538 days from the start of CHOP until death by euthanasia,
including 252 days with the coexistence of lymphoma and leishmaniosis. In this period of
approximately eight and half months, the quality of life was well-maintained, although
moderate lymphadenopathy was still present.

3. Discussion

As reviewed by Schwing et al. [25], the association between Leishmania and malignan-
cies has been previously reported in humans and, to a much lesser extent, in dogs. In a
literature review on humans evaluating 37 cases and involving 44 patients, Kopterides
et al. [26] found the following four types of associations between Leishmania and malignant
disorders: (1) Leishmaniasis mimicking a malignant disorder, such as lymphoma; (2) leish-
maniasis developing as a difficult infection to diagnose and treat among patients receiving
chemotherapy for various malignancies; (3) simultaneous diagnosis of leishmaniasis and a
neoplastic disorder in the same tissue samples of immunocompromised patients; and (4) di-
rect involvement of leishmaniasis in the pathogenesis and occurrence of malignant lesions,
especially of the skin and mucous membranes. By arbitrarily applying the classification
of Kopterides et al. [26] to dogs, the comorbidity of multicentric B-cell lymphoma and
leishmaniasis observed in our study can thus be included within the second group. Previ-
ous cases in veterinary medicine have mainly reported an association between Leishmania
and canine transmissible venereal tumor [27-31]. Other sporadic cases have reported the
simultaneous presence of Leishmania and fibrosarcoma [14], perianal or adrenocortical
adenoma [14,32], blood malignancies such as multiple myeloma [33] and acute myeloid
leukemia [34], or different types of lymphomas located in various body sites [2,14-16]. To
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the best of our knowledge, this is the first reported case of leishmaniasis as an unexpected
diagnosis during the evaluation of pancytopenia in a dog undergoing chemotherapy.

It has been shown that L. infantum triggers a series of bone marrow abnormalities
in infected dogs, including dysplastic changes and erythrophagocytosis [15]. It has thus
been suggested that the prolonged antigenic stimulation and chronic immunosuppression
that typically occurs in dogs chronically infected with Leishmania can play a crucial role in
the etiopathogenesis of some hematopoietic malignancies, such as T-cell lymphoma [15]
and acute myeloid leukemia [34]. However, all dogs in previously reported cases were
found to be chronically infected with Leishmania at the same time as the diagnosis of the
tumor [2,14-16]. Therefore, since infections with Leishmania and tumors were diagnosed
concurrently, it is difficult to speculate whether Leishmania infection might have occurred
before or after the development of the tumoral forms. In contrast, the above-mentioned hy-
pothesis cannot be applied to our case, since the initial seronegativity to IFAT for Leishmania
at the time of lymphoma diagnosis clearly indicated that a multicentric B-cell lymphoma
was pre-existing to the infection. It is possible that in our case, the association between
lymphoma and subsequent leishmaniasis may have occurred simply by chance. However,
an increased index of suspicion is needed in endemic areas for dogs taking drugs that
strongly suppress the reproduction of cancer cells. It is possible that the comorbidity of
lymphoma and Leishmania is seriously underestimated in dogs, as its epidemiology has
not been widely verified. Guidelines do not recommend routine diagnostic screening for
Leishmania in lymphoma-affected dogs. Instead, our case report suggests that the possible
overlap of subsequent leishmaniasis should be suspected and properly investigated in
dogs with multicentric large B-cell lymphoma and possible exposure to Leishmania. Leish-
maniasis should therefore be ruled out during the treatment of tumoral forms and, if found,
should be treated accordingly. Prospective and larger studies are needed to further define
whether there are clinical pictures that justify adding leishmaniasis to the list of possible
clinical complications occurring in the course of lymphoma and chemotherapy in dogs.

Pancytopenia is a medical condition in which there is a decrease in the number of
circulating red blood cells, white blood cells, and platelets. Pancytopenia can develop
in dogs for many different causes, including myelosuppression due to the side effects
of chemotherapy [35,36], leishmaniasis [36,37], and primary or secondary myelodyspla-
sia [38,39]. Moreover, malignant lymphoma is one of the major conditions associated with
secondary myelodysplastic syndromes in dogs, which can be directly associated with the
disease or be the result of chemotherapeutic drugs [39]. Analysis of morphological changes
in the bone marrow of dogs with leishmaniasis has shown that megakaryocytes presented
marked dysplasia [37]. In the present case report, multicentric lymphoma, chemotherapy
treatment, and complication with subsequent CanL were three conditions present simulta-
neously, all together leading to the development and worsening of both myelodysplasia
and consequent pancytopenia. Initially, pancytopenia was misdiagnosed as a consequence
of chemotherapy drugs administered for seven months. Afterward, the underlying causes
of pancytopenia were investigated by BMC and were found to be consistent with myelodys-
plasia and Leishmania infection. Other possible causes of myelodysplasia and pancytopenia
in dogs (Anaplasma phagocytophilum /platys, Babesia spp., Bartonella spp., Ehrlichia canis,
Hepatozoon spp., and Rickettsia spp.), were ruled out with RT-PCR. Our case report shows
that the presence of persistent pancytopenia in dogs treated for lymphoma in endemic areas
makes it necessary to rule out leishmaniasis. This underlines that the presentation and
clinical course of leishmaniasis may be overlooked in lymphoma-affected dogs, resulting in
delayed diagnosis and treatment. Moreover, diagnosis of leishmaniasis may be delayed or
even totally missed, especially during chemotherapy, due to the initial negativity of serolog-
ical tests unless specific diagnostic methods are routinely employed. This emphasizes the
need to systematically monitor dogs treated with antineoplastic drugs for Leishmania infec-
tion when pancytopenia is present. This might help to accelerate establishing a diagnosis.

The diagnosis of CanL mainly relies on several serological techniques that determine
antibody levels, PCR-based tests developed to detect and amplify Leishmania DNA in blood
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and tissues, and the demonstration of parasites by direct visualization with BMC [9,10].
Bone marrow biopsy is the gold standard for the diagnosis of leishmaniasis, as well as for
ruling out other causes of pancytopenia [40]. Early diagnosis of CanL is crucial for the
treatment and outcome of the infection. It is likely that the cell-to-cell spread of Leishmania
amastigotes within macrophages of lymphoma affected dogs might be enhanced by the
humoral and cellular immunosuppression status caused, in turn, by both the lymphoma
and chemotherapy, thus decreasing the life expectancy. However, despite the overlap of
subsequent leishmaniasis occurring during chemotherapy, the survival time (538 days) of
the dog of this case report was close to or even longer than the average life expectancy of
dogs diagnosed with lymphoma. In fact, median survival times of 6-12 months [4], less
than two years in more than 89% of cases [41], and 218 days [3] have been reported in the
literature, depending on treatment plans and lymphoma types. In another study on 98
dogs with chemotherapy protocols, 43.9% and 10.2% of them were still alive after one and
two years from the initiation of CHOP, respectively, with a median overall survival time of
341 days (range 41-1068) [24].

Initially, the dog in this case report was seronegative to anti-Leishmania antibodies by
IFAT. Later, CanL was unexpectedly diagnosed at the end of October, almost two months
after the initial onset of pancytopenia at the beginning of September. It is likely that the
infection had only been ongoing for a few months. Indeed, the activity season of sand
flies and, consequently, the risk of L. infantum transmission in Italy span from spring
(April-May) to autumn (October-November), depending on regional climatic conditions,
when adults are found in large numbers and bite suitable vertebrate reservoir host species
of the parasite for a blood meal [42,43]. Our patient had always lived in central Italy, which
is an area traditionally considered endemic for CanL, and previous trips to other Italian
areas where the infection is endemic were also reported. For this reason, the dog received
uninterrupted preventive treatment from sand fly bites with an insecticide-impregnated
collar. The effectiveness of collars impregnated with insecticide for reducing the incidence
of CanL has been evaluated in field studies (with a protection range of 69-96%), which
emphasize the importance of their uninterrupted use, constituting a more effective method
than commercial vaccines [42-46]. In our case, the dog regularly wore a slow-release
imidacloprid/flumethrin collar with a reported efficacy of 93.4% (range 90.5-100%) [43];
thus, the clinical suspicion of Leishmania infection was overlooked. Furthermore, the
dog in this case report shared the same home environment and traveled together with
its mother, which continuously wore the same type of collar to prevent sand fly bites
and was seronegative to IFAT for Leishmania. This suggests that the protection from a
dog collar in definitely preventing or reducing the risk of Leishmania transmission varies
from dog-to-dog. Moreover, the residual risk of infected sand fly bites can never be fully
eliminated, especially in immune-depressed patients. To the best of the authors’ knowledge,
whether the effectiveness of insecticide-impregnated collars to prevent Leishmania infection
is reduced in lymphoma-affected dogs has not been explored.

CanL has been detected in kenneled foxhounds from 18 USA states and two Canadian
provinces [47]. Moreover, a likely autochthonous case has been reported in the U.K. [48].
Although sand fly species that transmit Leishmania are not present in these regions [47,49,50],
dog-to-dog transmission has been established [47,48]. This strongly suggests that Leishmania
infection can maintain itself within groups of infected dogs. In addition, dog owners and
breeders increasingly travel with their pets or import animals from abroad. The risk of
delaying or missing CanL diagnosis in highly susceptible dogs must not be underestimated.
Indeed, a low index of suspicion is to be expected among small animal veterinary clinicians
in areas characterized by low or no endemicity, mostly with respect to dogs lacking a
history of residence in or travel to known endemic areas. Moreover, since veterinary
practitioners may be unfamiliar with specific diagnostic tests and drug treatments in these
regions, the diagnosis and treatment of CanL could be complicated or even unfeasible.
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4. Conclusions

This case report illustrates how sometimes, a disease may hide another one, leading
to misdiagnosis or delayed diagnosis because of similar clinical signs and laboratory
abnormalities. Multicentric large B-cell lymphoma, side effects of chemotherapy, and
Leishmania infection may be characterized by pancytopenia, which makes it difficult to
distinguish between them. The comorbidity of different etiologies for pancytopenia can
be diagnostically challenging. In this case report, there was no evidence to suspect the
presence of underlying leishmaniasis when the dog was evaluated seven months after the
diagnosis of lymphoma. At first, pancytopenia was incorrectly attributed to chemotherapy
treatment. However, the persistence of pancytopenia for approximately two months led us
to consider alternative causes. The diagnosis of underlying myelodysplasia and Leishmania
infection by BMC explained the pancytopenia. The overall survival time of this dog affected
with both lymphoma and Leishmania falls within the range reported in previous studies on
multicentric lymphoma [3,4,41], and the coexistence of leishmaniosis did not significantly
affect its survival.

To summarize, the aim of this case report was to raise awareness regarding the in-
creased risk of exposure to leishmaniasis in dogs affected by hematological malignancies
that live or travel through Leishmania endemic areas. An additional aim was to emphasize
the pathological implications associated with the coexistence of multicentric B-cell lym-
phoma, chemotherapy, and the overlapping subsequent Leishmania infection as a clinical
complication. The concurrence of lymphoma and subsequent Leishmania infection can
lead to a misdiagnosis in dogs with the onset of pancytopenia during chemotherapy, thus
delaying diagnosis and appropriate treatment for leishmaniasis and favoring L. infantum
transmission. Specific diagnostic procedures are essential for the final diagnosis and should
be performed upon early suspicion.
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