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Abstract

The current standard treatment for canine leishmaniosis (CanL), N-methylglucamine anti-

moniate (MGA) given with allopurinol, is not fully effective and may cause adverse effects

and drug resistance. In vitro and in vivo studies have shown that nucleotides, administered

alone or with AHCC, offer benefits in the treatment of CanL. This study examines the effects

of a new immunomodulatory treatment protocol in which dietary nucleotides and AHCC are

added to the recommended standard treatment. Out of 160 sick dogs with naturally occur-

ring clinical leishmaniosis recruited, 97 were randomized to a supplement (n = 47) or control

(n = 50) group. All dogs received an initial 28-day course of MGA and 365-day course of allo-

purinol. From day 0 to day 730, dogs in the control group additionally received a placebo,

while dogs in the supplement group received Impromune (Bioiberica S.A.U., Esplugues de

Llobregat, Spain), an oral supplement providing 32 mg/kg nucleotides and 17 mg/kg AHCC

daily. After 2 years, five dogs had relapsed in the supplement group (18.5%) while seven did

so in the control group (22.6%). Over time, animals in both groups showed significant

improvements in body weight, LeishVet clinical stage, clinical score, and anti-Leishmania

antibodies. Adding the supplement to the standard protocol resulted in further significant

improvements, namely in reducing the parasite load and urinary protein/creatinine ratio,

improving IRIS stage, lowering serum creatinine levels on day 30, deceasing urine turbidity

on day 365, and improving weight gain on day 545. The daily intake of the supplement over

two years proved safe and well tolerated. Our study confirms the efficacy of the recom-

mended standard treatment for CanL, but also reveals that by adding Impromune additional

benefits are obtained, especially reduced parasitemia and improved renal function.
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Citation: Miró G, Segarra S, Cerón JJ, Ferrer L,

Solano-Gallego L, Montell L, et al. (2024) New

immunomodulatory treatment protocol for canine

leishmaniosis reduces parasitemia and proteinuria.

PLoS Negl Trop Dis 18(12): e0012712. https://doi.

org/10.1371/journal.pntd.0012712

Editor: Camila I. de Oliveira, Instituto Goncalo

Moniz-FIOCRUZ, BRAZIL

Received: March 9, 2024

Accepted: November 19, 2024

Published: December 19, 2024

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pntd.0012712
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Author summary

The leishmaniases are a group of neglected tropical diseases caused by protozoa that affect

humans and other animals, whose world distribution areas are currently expanding due

to climate change and globalization, among other factors. As dogs are the main reservoir

of infection by the parasite, controlling the disease in this species should help minimize

infection spread and reduce the prevalence of leishmaniasis in humans. Unfortunately,

current treatment for sick dogs is not fully effective and there are reports of associated

side effects and drug resistance. The results of this clinical trial in sick dogs indicate that

adding an oral supplement (Impromune, Bioiberica S.A.U., Esplugues de Llobregat,

Spain) containing nucleotides and AHCC to the standard treatment regimen for canine

leishmaniosis serves to reduce the parasite load and improve kidney function. Accord-

ingly, we would recommend this new immunomodulatory treatment protocol as a tool to

optimize the global management of leishmaniasis in a One Health approach.

Introduction

The leishmaniases are a group of complex diseases that affect different hosts, including

humans, companion animals, livestock, and wildlife in many world regions. With the current

rise in global temperatures due to climate change and increased movement of people and ani-

mals, this is now an emerging zoonosis expanding to non-endemic countries, and a public

health concern for the years to come. In addition, the leishmaniases have been included in the

list of neglected diseases [1–9]. Canine leishmaniosis (CanL) caused by Leishmania infantum
is a major global zoonosis that can be fatal to dogs and humans. The prevalence of CanL in

endemic areas can be as high as 30% to 50% in dogs, which are considered the main reservoir

of infection [1,10,11].

Today, PCR-based molecular assays are among the main laboratory methods used for the

diagnosis of infection and follow-up of patients with CanL [12]. Quantifying the Leishmania
parasite load provides very relevant information on a particular case and is also important

from a public health standpoint in relation to infection transmission.

Chemotherapy is a key strategy for the clinical management of CanL, and subcutaneous N-

methylglucamine antimoniate (MGA) given for 4 to 6 weeks combined with oral allopurinol

for at least 6 months is so far the most effective treatment. This combination of drugs with

leishmanicidal (MGA) and leishmaniostatic (allopurinol) properties is the standard treatment

recommended in the guidelines for the practical management of CanL issued by the LeishVet

group [13] and Canine Leishmaniasis Working Group [14], although other options have also

been shown effective, such as the combination treatment miltefosine and allopurinol [15–19].

However, while these rather expensive treatments may achieve clinical cure in a high percent-

age of treated dogs, parasitological cure is not observed in sick dogs. In addition, the most

commonly used therapies can lead to side effects such as xanthine urolithiasis, renal minerali-

zation, nephrolithiasis due to allopurinol [20–22], azotemia and/or proteinuria along with

pain and inflammation at the MGA injection site [13,23,24], and dysorexia, vomiting, and

mild self-limiting diarrhea due to miltefosine [13,16]. Further, treatment failure is quite com-

mon, and relapses are frequent. Drug resistance has been also reported [25–33], although there

is controversy over this matter and the link between treatment failure and drug resistance is

still unclear [34].

Given the importance of mounting an appropriate immune response to avoid relapse in

CanL, a treatment approach including the use of immunomodulators has been suggested as a
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future strategy [35–38]. Modulating the immune response seems an adequate way of clinically

managing these dogs, given that the immune system plays a key role in disease progression

[39–42]. In line with this rationale, some studies have explored the potential benefits of nucleo-

tides and AHCC as treatment for CanL [43–46]. Nucleotides are low molecular weight bioac-

tive compounds which are naturally found in all foods of animal and vegetable origin as free

nucleotides and nucleic acids. Under normal conditions, de novo endogenous synthesis is

enough to cover the nucleotide needs of animals including humans. A dietary nucleotide sup-

ply, however, becomes essential when the body is not able to produce enough to meet demands

[47–49]. Products obtained from brewer’s yeast are rich in nucleotides. Hence, yeast extracts

could be used as immunomodulators [50,51]. AHCC, a standardized extract of cultured Lenti-
nula edodes mycelia, especially rich in α-glucans, has been found to offer beneficial health

effects such as modulation of the immune response towards Th1, antioxidant and anticancer

activity, and the prevention of infections [52–55].

The use of yeast-derived nucleotides, alone or in combination with AHCC, has emerged as

effective against L. infantum infection in vitro [44] and CanL in vivo [45,46], as well as a coad-

juvant treatment in cats with leishmaniosis [56–58]. In vitro, these compounds enhance the

effective Th1 immune response against L. infantum mainly by increasing the release of IFN-γ
and TNF-α in naïve- and L. infantum-infected macrophage/lymphocyte cocultures [44]. In
vivo, two clinical trials support the clinical efficacy and safety of such a combination. More spe-

cifically, in a multicenter, open-label, positively-controlled randomized clinical trial in dogs

with clinical leishmaniosis receiving an initial 28-day course of MGA, the administration of

nucleotides plus AHCC for six months gave rise to significantly better clinical efficacy than

allopurinol, without promoting xanthinuria [45]. In another multicenter, double-blinded, pla-

cebo-controlled randomized trial conducted in clinically healthy Leishmania-infected dogs,

the effects of nucleotides plus AHCC were compared to those of placebo. After one year, a sig-

nificantly lower proportion of dogs showed disease progression in the supplement group.

Moreover, anti-Leishmania antibodies were reduced only in the group of dogs treated with the

supplement, and the mean clinical score of disease severity was significantly lower in the sup-

plement group after 180 days [46]. Besides these trials, other studies have also shown that this

combination can provide benefits for the treatment of feline leishmaniosis [57,58].

The aim of this study was to assess the efficacy and safety of a new immunomodulatory

treatment protocol for CanL consisting of adding nucleotides and AHCC to the recommended

standard MGA-allopurinol treatment.

Methods

Ethics statement

Ethics approval for the study protocol was obtained from the Animal Experimentation Ethics

Committee (CEEA) of the University of Murcia, Murcia, Spain (REGA ES300305440012;

CEEA code 480/2018), and the Ethics Committee of the Faculty of Veterinary Medicine–Uni-

versity of Lisbon (CEBEA; code 007/2019). All dog owners gave their written informed

consent.

This was a multicenter, randomized, double-blind, placebo-controlled clinical trial. Client-

owned dogs of any age, breed, or gender, with naturally occurring leishmaniosis were recruited

from 13 veterinary practices in regions of Spain and Portugal, where CanL is endemic.

Dogs with clinical signs and/or clinicopathological abnormalities associated with clinical

leishmaniosis and classified as LeishVet stage II or III [59] were included in the study if they

showed either a high antibody titer (> 500 Leishmania units of fluorometry (LUF)) in time

resolved-immunofluorometric assay (TR-IFMA) quantitative serology [60,61], or a medium
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TR-IFMA titer (50–500 LUF) together with a positive peripheral blood quantitative polymer-

ase chain reaction (qPCR) result. Dogs were not included if they had been vaccinated against

CanL, had received treatment with allopurinol, MGA, miltefosine, domperidone, cyclosporine

or glucocorticoids, or other immunomodulating and/or immunosuppressive drugs (such as

oclacitinib, azathioprine, or mofetil mycophenolate) four months before entering the study, or

if they were receiving any kind of special diet or dietary supplements to improve their immune

response. Neither were pregnant or lactating females included. Dogs were excluded if they had

chronic kidney disease (International Renal Interest Society (IRIS) stage� 3) or were diag-

nosed with any type of neoplasia. Additionally, dogs could be withdrawn from the study at any

time if they showed intolerance to the interventions used or if requested by the pet owner.

Dogs that met the inclusion and exclusion criteria were randomized using a computer-gen-

erated schedule to one of two study groups: supplement group (standard treatment plus an

oral supplement) and control group (standard treatment plus placebo). Treatment started

immediately after enrollment. All dogs received an initial 28-day course of MGA (50 mg/kg

SC BID or 100 mg/kg SC SID) and a 365-day schedule of allopurinol (10 mg/kg orally BID).

From Day 0 till Day 730, dogs in the control group additionally received an oral placebo, while

dogs in the supplement group were administered an oral supplement (Impromune, Bioiberica

S.A.U., Esplugues de Llobregat, Spain) containing a nucleotide-rich yeast extract providing a

daily amount of 32 mg/kg BW of nucleotides (Nucleoforce, Bioiberica S.A.U., Esplugues de

Llobregat, Spain) and 17 mg/kg BW of AHCC (Immunactive, Amino Up Co. Ltd., Sapporo,

Japan). Dogs in the placebo group administered inert microcrystalline cellulose oral tablets

which shared the same physical appearance as the supplement tablets such that they received

no antileishmanial treatment between days 365 and 730. Throughout the study, all dogs were

fed a regular diet, although different trademarks and formulations were allowed. A prescrip-

tion diet for leishmaniosis was not allowed.

Several efficacy and safety parameters were assessed, including clinical LeishVet staging

[59], total clinical score [45], IRIS staging [62], clinical relapse rate, parasite load measured

through blood qPCR, complete blood count (CBC), serum biochemistry, serum protein elec-

trophoresis, acute phase proteins (C-reactive protein, ferritin, paraoxonase-1, haptoglobin and

albumin) and TR-IFMA Leishmania quantitative serology. Urinalysis, including urinary pro-

tein/creatinine ratio (UP/C), urine specific gravity, and urinary sediment analysis, was also

performed. Clinical relapses were defined as significant clinical worsening and/or laboratory

abnormalities [16], which in normal clinical practice would require additional treatment

against Leishmania, along with a marked increase in antibody levels. The final diagnosis of

relapse was made by the principal investigator (G.M.) based on the details provided by the

recruiting center and the practitioner responsible, details from clinical records and laboratory

results. Once the infection relapse was pronounced, the dog was withdrawn from the study.

During the follow-up period, any adverse effects that could be related to the compounds

administered, such as gastrointestinal problems or urinary abnormalities, were recorded.

Results were compared over time and between groups at baseline, and after 30, 180, 365,

545 and 730 days (Fig 1). Between on-site visits, the investigators at each veterinary practice

contacted the dog owners by phone on days 90, 270, 455 and 635. These interviews allowed the

practitioners to make sure adequate progress was being made and to decide whether an extra

on-site visit was needed to decide if there was a need for additional treatment before the next

visit, or to record a relapse and accordingly proceed with the decision making.

Baseline differences were analyzed using Student’s t-test for quantitative variables and Fish-

er’s exact test for categorical variables. Treatment effects were compared by analysis of covari-

ance (ANCOVA) using baseline values as co-variables for quantitative variables, and Fisher’s

exact test for categorical variables. Changes over time within each group were analyzed by
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repeated-measure analysis of variance (rmANOVA) for quantitative variables, and McNemar’s

test for categorical variables. For statistical analysis of the data, only dogs with available data

on the main efficacy variable (disease relapse) and for which there had been no major devia-

tions of the protocol were included (per protocol population; PP population). Accordingly, sta-

tistical analyses only considered dogs completing the study (dogs with data recorded in the last

on-site visit 730 days after the study start) and dogs not completing the study experiencing dis-

ease relapse.

Results

Out of 160 dogs assessed for eligibility, 97 were randomized to the two treatment arms: stan-

dard treatment plus supplement (n = 47) and standard treatment plus placebo (n = 50). At

baseline, no significant differences between study groups were recorded in demographic (sex,

age, and breed) or other characteristics (body temperature and weight). Neither were there dif-

ferences (control vs supplement group, respectively) in TR-IFMA serology (1009±916 vs 1265

±1106 LUF; p = 0.344), qPCR (14.46±22.67 vs 16.19±24.28; p = 0.788), frequency of positive

qPCR (19 (65.5%) vs 19 (76%) dogs; p = 0.552), LeishVet clinical stage (2.19±0.40 vs 2.37±0.49;

p = 0.144) or total clinical score (9.00±5.58 vs 10.11±4.62; p = 0.416). Initially, there was a sig-

nificantly higher (p = 0.047) proportion of non-proteinuric dogs (IRIS stage 1) observed in the

control group (9 dogs; 29%) than supplement group (2 dogs; 7.4%).

Our final analysis included data from 58 dogs (supplement group n = 27; placebo group

n = 31) (Fig 2): 29 males (16 in the control group, 13 in the supplement group) and 29 females

(13 in the control group, 16 in the supplement group) of similar age (mean±SD: control group

5.63±3.35 years, supplement group 5.39±2.97 years). Participants comprised several breeds:

crossbreed (n = 24), Teckel (n = 4), Cocker spaniel (n = 3), Pitbull (n = 3), Doberman (n = 3),

German shepherd (n = 2), American Staffordshire (n = 2), Labrador retriever (n = 2), York-

shire terrier (n = 2), Boxer (n = 1), Andalusian Bodeguero (n = 1), English setter (n = 1), Mas-

tiff (n = 1), Belgian shepherd Malinois (n = 1), Schnauzer (n = 1), Spanish greyhound (n = 1),

Podenco (n = 1), Czechoslovakian wolfdog (n = 1), Belgian shepherd (n = 1), Border collie

(n = 1), Golden retriever (n = 1) and Laekenois (n = 1).

After the 2-year follow-up period, 5 dogs in the supplement group and 7 in the control

group had suffered disease relapses (18.5% vs 22.6%; p> 0.05) (Fig 3).

The numbers of dogs not completing the study were 19 in the control group and 20 in the

supplement group (p = 0.681). Reasons for withdrawal were mainly protocol violation or deci-

sion made by the pet owner. During the study, four dogs died in each study group for reasons

Fig 1. Study design. Interventions, follow-up visits, and phone calls over the course of the study in each group. MGA:

N-methylglucamine antimoniate.

https://doi.org/10.1371/journal.pntd.0012712.g001
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not directly related to the therapy or disease. Main reasons were road traffic accident, and

death or euthanasia due to diseases or other causes not directly related to CanL.

Significant improvements (p< 0.05) were observed over time in both groups in LeishVet

clinical staging, total clinical score, and TR-IFMA anti-Leishmania serology (Fig 4). No signifi-

cant differences were observed in these variables between groups at any time point.

Fig 2. Flow diagram. Eligibility assessment, randomization to each treatment arm, and relapses produced.

https://doi.org/10.1371/journal.pntd.0012712.g002

Fig 3. Disease relapses. Percentages of dogs experiencing relapses during the study period in each treatment group.

https://doi.org/10.1371/journal.pntd.0012712.g003
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Although no significant differences were observed between groups in parasite load (blood

qPCR), only the supplement group showed a significant decrease over time (p = 0.004), while

the control group showed no significant change over time (Fig 5).

Over time, a significant decrease in UP/C (p = 0.008) was observed only within the supple-

ment group, while no significant differences over time were observed in the control group.

Also, compared to the control group, dogs in the supplement group showed significantly

lower serum creatinine concentrations on day 30 (0.83±0.18 vs 0.92±0.23; p = 0.020) (Fig 6).

The supplement group showed significant improvement in IRIS staging over time, which

did not occur in the control group. More specifically, a significant increase was recorded in the

percentage of dogs classified as IRIS stage 1 non-proteinuric (1NP) from 0 to 730 days

(p = 0.006) only in the supplement group (Fig 7).

Mean body weight on day 545 was significantly higher in the supplement group than con-

trol group (22.97±11.50 vs 19.07±10.98 kg; p = 0.016). Also in the supplement group, urine tur-

bidity on day 365 was significantly lower (transparent urine frequency 63% vs 32.3%;

p = 0.034) and urine pH was significantly higher at 30 days (7.30±0.97 vs 6.23±0.89; p = 0.001)

and at 545 days (7.21±1.36 vs 6.48±1.07; p = 0.015).

No other significant changes over time or differences between groups were observed for the

rest of the variables. Intake of the test products over two years proved safe and was well toler-

ated by all treated dogs. No significant differences emerged between groups in terms of fre-

quency of adverse effects.

Fig 4. LeishVet clinical staging, total clinical score and TR-IFMA anti-Leishmania serology. Changes in the

variables produced over time in each study group.

https://doi.org/10.1371/journal.pntd.0012712.g004

Fig 5. Blood qPCR. Changes in parasite load produced over the study course in each group.

https://doi.org/10.1371/journal.pntd.0012712.g005
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Discussion

Leishmaniases are among the most neglected and underreported diseases that can spread

between humans and other animals. This means CanL is not only a concern for veterinarians

Fig 6. UP/C and creatinine. Changes in urinary protein/creatinine ratio (UP/C) and serum creatinine concentrations

produced during the study in each group. *, p< 0.05 ANCOVA using baseline values as covariables.

https://doi.org/10.1371/journal.pntd.0012712.g006

Fig 7. IRIS staging. IRIS stage at the established follow-up times in each study group expressed as percentages of dogs

at each stage. 1NP: stage 1 non-proteinuric; 1BP: stage 1 borderline proteinuric; 1P: stage 1 proteinuric; 2NP: stage 2

non-proteinuric; 2BP: stage 2 borderline proteinuric; 2P: stage 2 proteinuric.

https://doi.org/10.1371/journal.pntd.0012712.g007
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but is also a significant public health concern. Hence, a One Health approach is needed to

globally control leishmaniasis including adequate management of the infection in dogs to

reduce its prevalence in these animals and consequently also in humans and other animals

[1,63–65].

For this purpose, the combination of MGA plus allopurinol has been the mainstay treat-

ment for many years and is still the recommended standard treatment for CanL. In our study,

we confirmed its efficacy but despite much research into this treatment [15,18,66], to the

authors’ knowledge, up until now it had not yet been investigated whether dogs with leishma-

niosis that had received an initial 28-day course of MGA and one year administration of allo-

purinol could remain stable for another year after stopping such treatment protocol.

While the various drugs available against CanL do effectively serve to improve clinical status

and reduce the parasite burden, no treatment regimen has so far been able to completely elimi-

nate the infection or prevent its relapse [67,68]. Avoiding disease relapses is one of the key

goals of the clinical management of CanL. Relapses usually occur after a variable period of

time after treatment (from several months to several years) and will especially affect dogs in

which the duration of MGA treatment is shorter than four weeks [14,69]. In addition, the clini-

cal response to treatment may vary, depending on the initial clinical stage and the individual

characteristics of each dog [13,70]. Veterinary practitioners thus try to keep their patients in

clinical remission for as long as possible with the minimum use of drugs to avoid adverse

effects and drug resistance. This situation determines a need for new therapeutic options to

improve the clinical management of this disease. Among the new treatments, active agents

with immunomodulatory properties are receiving much attention, given the important role

played by the immune response in the pathophysiology of CanL [37,38,71,72].

In this study, the frequency of disease relapses was surprisingly low overall, which further

supports the efficacy of the standard recommended treatment. There were only 22.6% cases of

relapses in our control group, making it difficult to detect an additional beneficial impact of

the supplement. In effect, relapse was produced in a lower, albeit not significant, percentage of

dogs (18.5%) additionally given Impromune.

Although current CanL therapies are not able to eliminate the parasite, several studies have

shown that parasite load is much reduced, as measured through qPCR [13,15,16,45,72]. This

reduction in parasite load occurs in parallel with clinical improvement, and thus seems to help

the dog’s immune response control the infection and disease. It is therefore the main target of

current therapy [10,12,73]. The significant decrease in qPCR values observed here over time in

the long term only with the supplement indicates an additional benefit over the recommended

standard protocol given the impact of the supplemented treatment on one of the hallmarks of

CanL. We thus propose that nucleotides plus AHCC could produce a leishmaniostatic effect

by keeping parasite levels low even in the absence of allopurinol treatment. It should also be

considered that qPCR analyses were performed on blood samples and not bone marrow aspi-

rates. Indeed, this quantification method has the advantage that blood is an easier to obtain,

less invasive, and more stable biospecimen [74–76].

The deposition of circulating immune complexes in the glomeruli results in an immune-

mediated glomerulonephritis which can provoke chronic kidney disease (CKD). This is one of

the main complications of CanL. Starting with proteinuria, this complication may progress to

azotemia and kidney failure and is the most common cause of losses to CanL [6,77–80]. Our

results show a positive impact of the new immunomodulatory treatment protocol on kidney

function, as indicated by improvements in serum creatinine levels, UP/C and IRIS staging.

This suggests that Impromune added to the current standard CanL treatment could be useful

for the management of sick dogs particularly those with impaired kidney function at the time

of diagnosis. A possible explanation might be that the oral intake of nucleotides, AHCC, or

PLOS NEGLECTED TROPICAL DISEASES New immunomodulatory treatment protocol for canine leishmaniosis

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012712 December 19, 2024 9 / 16

https://doi.org/10.1371/journal.pntd.0012712


their combination, somehow improves the glomerulopathy from which CanL patients suffer

over the course of the disease. High levels of serum creatinine are considered a negative prog-

nostic factor in CanL [79] and this parameter was positively affected by this new protocol. Sim-

ilar benefits for kidney function and proteinuria have been described for other therapies,

including domperidone and miltefosine given with allopurinol [72,81,82]. Urinary pH was

also significantly improved by the new treatment protocol, as a more alkaline urine was found

in dogs receiving the supplement after 30 and 545 days. Promoting an alkaline urine can help

minimize the risk of xanthinuria by decreasing the solubility of some lithogenic substances

[83,84].

We observed no treatment effects on LeishVet staging, total clinical score or quantitative

serology. This could probably be explained mainly by the efficacy of the standard treatment,

which determined that both groups showed significant improvements in these key variables

over time. It is worthwhile mentioning though that the supplement group happened to feature

higher baseline mean LeishVet staging values, total clinical scores, and quantitative serology,

although there were no significant differences between the groups at that time point.

Our findings point to possible benefits of adding Impromune to the standard CanL treat-

ment protocol. This supplement could enhance the effective immune response against CanL

and hence increase its efficacy. Such enhancement is probably achieved by the intensification

of the Th1 cellular immune response mediated by nucleotides and AHCC, as described previ-

ously [44].

Based on our observations, this nutritional supplement could also diminish the side effects

of the standard CanL treatment protocol by reducing the need for several MGA cycles, lower-

ing the risk of inducing resistance in L. infantum strains. Further, given that MGA treatment

requires daily injections meaning a high cost for the dog owner, this would translate to an eas-

ier more convenient treatment protocol associated with improved treatment compliance. In

addition, nucleotides plus AHCC could also be used in apparently healthy dogs living in

endemic areas. Some of these dogs might benefit from a potential disease prevention effect

[43,46]. Others might actually be sick dogs with laboratory abnormalities which appear healthy

on physical examination [73] which would also benefit from treatment. Our study also sup-

ports the safety of this supplement which, after daily administration for two years, was well tol-

erated and no adverse effects were reported in treated dogs.

Having a wide range of tools to manage CanL, especially considering the usefulness of the

new immunomodulatory treatment protocol described herein, should help with the global

control of this disease following a One Health approach. This takes on special relevance con-

sidering the ongoing geographical expansion of leishmaniosis [1,4,9,85,86].

Our study has some limitations. First, we had missing data for the period between days 30

and 180. However, given the trends observed in each group, this could be seen as a minor limi-

tation. In addition, concomitant diseases were not evaluated during the study. This could have

had a mild impact on our results given that associations have been reported between clinical

CanL and other vector-borne infections [87]. Lastly, the sample size could have been larger,

but screening failures and study drop-outs were higher than expected. It should be highlighted

that clinical trials in pet dogs with naturally occurring CanL are scarce mainly due their com-

plexity and the difficulty in recruiting a significant number of study subjects. Nonetheless, for

a study of this type and with such a long follow-up period, it should be appreciated that the

sample size was still quite large.
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Conclusion

This study confirms the efficacy of the current recommended treatment for CanL. The combi-

nation of MGA and allopurinol in our control group led to significant improvements in clini-

cal and laboratory parameters after two years of follow-up, and to a low rate of disease relapse

even during a second year without treatment. Our results also indicate that the new immuno-

modulatory treatment protocol incorporating nucleotides and AHCC offers additional bene-

fits over the standard treatment. These mainly include significantly reduced parasitemia and

proteinuria with no negative impact on the clinical status of treated dogs. The oral administra-

tion of Impromune daily for two years was shown to be safe. Based on its observed efficacy, it

might be useful as part of the multimodal therapeutic strategy for the clinical management of

CanL following a One Health approach. It could also contribute to reducing the overuse of

antileishmanial drugs, with the consequences of preventing future resistances and diminishing

the frequency of adverse effects of these drugs.
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Visualization: Guadalupe Miró, Sergi Segarra.
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31. Lamotte S, Späth GF, Rachidi N, Prina E. The enemy within: Targeting host–parasite interaction for

antileishmanial drug discovery. PLoS Negl Trop Dis. 2017; 11(6):1–14. https://doi.org/10.1371/journal.

pntd.0005480 PMID: 28594938

32. Ponte-Sucre A, Gamarro F, Dujardin JC, Barrett MP, López-Vélez R, Garcı́a-Hernández R, et al. Drug

resistance and treatment failure in leishmaniasis: A 21st century challenge. PLoS Negl Trop Dis. 2017;

11(12):1–24. https://doi.org/10.1371/journal.pntd.0006052 PMID: 29240765

33. Hendrickx S, Guerin PJ, Caljon G, Croft SL, Maes L. Evaluating drug resistance in visceral leishmania-

sis: The challenges. Parasitology. 2018; 145(4):453–63. https://doi.org/10.1017/S0031182016002031

PMID: 27866478

34. Domagalska MA, Barrett MP, Dujardin JC. Drug resistance in Leishmania: does it really matter? Trends

Parasitol. 2023; 39(4):251–9. https://doi.org/10.1016/j.pt.2023.01.012 PMID: 36803859

35. Mendes Roatt B, de Oliveira Cardoso JM, De Brito RCF, Coura-Vital W, de Oliveira Aguiar-Soares RD,

Reis AB. Recent advances and new strategies on leishmaniasis treatment. Appl Microbiol Biotechnol.

2020; 104(21):8965–77. https://doi.org/10.1007/s00253-020-10856-w PMID: 32875362

PLOS NEGLECTED TROPICAL DISEASES New immunomodulatory treatment protocol for canine leishmaniosis

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012712 December 19, 2024 13 / 16

https://doi.org/10.1111/j.1365-3164.2009.00824.x
http://www.ncbi.nlm.nih.gov/pubmed/20178476
https://doi.org/10.3390/tropicalmed8100472
http://www.ncbi.nlm.nih.gov/pubmed/37888600
https://doi.org/10.3390/pathogens12070864
https://doi.org/10.3390/pathogens12070864
http://www.ncbi.nlm.nih.gov/pubmed/37513711
https://doi.org/10.1016/j.tvjl.2010.05.025
http://www.ncbi.nlm.nih.gov/pubmed/20594876
https://doi.org/10.1111/jsap.12484
https://doi.org/10.1111/jsap.12484
http://www.ncbi.nlm.nih.gov/pubmed/27112522
https://doi.org/10.1016/s0304-4017%2802%2900115-2
http://www.ncbi.nlm.nih.gov/pubmed/12079737
https://doi.org/10.1016/j.ijpddr.2018.08.002
http://www.ncbi.nlm.nih.gov/pubmed/30173105
https://doi.org/10.1371/journal.pntd.0004341
https://doi.org/10.1371/journal.pntd.0004341
http://www.ncbi.nlm.nih.gov/pubmed/26735519
https://doi.org/10.1128/CMR.19.1.111-126.2006
http://www.ncbi.nlm.nih.gov/pubmed/16418526
https://doi.org/10.1371/journal.pntd.0003704
https://doi.org/10.1371/journal.pntd.0003704
http://www.ncbi.nlm.nih.gov/pubmed/25849149
https://doi.org/10.1371/journal.pntd.0005480
https://doi.org/10.1371/journal.pntd.0005480
http://www.ncbi.nlm.nih.gov/pubmed/28594938
https://doi.org/10.1371/journal.pntd.0006052
http://www.ncbi.nlm.nih.gov/pubmed/29240765
https://doi.org/10.1017/S0031182016002031
http://www.ncbi.nlm.nih.gov/pubmed/27866478
https://doi.org/10.1016/j.pt.2023.01.012
http://www.ncbi.nlm.nih.gov/pubmed/36803859
https://doi.org/10.1007/s00253-020-10856-w
http://www.ncbi.nlm.nih.gov/pubmed/32875362
https://doi.org/10.1371/journal.pntd.0012712


36. Carter NS, Stamper BD, Elbarbry F, Nguyen V, Lopez S, Kawasaki Y, et al. Natural products that target

the arginase in leishmania parasites hold therapeutic promise. Microorganisms. 2021; 9(2):1–32.

https://doi.org/10.3390/microorganisms9020267 PMID: 33525448

37. Baxarias M, Martı́nez-orellanaa P, Banethb G, Solano-Gallego L. Immunotherapy in clinical canine

leishmaniosis: a comparative update. Res Vet Sci. 2019; 125:218–26. https://doi.org/10.1016/j.rvsc.

2019.06.009 PMID: 31280121

38. Baneth G, Solano-Gallego L. Leishmaniasis. Veterinary Clinics of North America: Small Animal Prac-

tice. 2022; 52:1359–75.

39. Torres-Guerrero E, Quintanilla-Cedillo MR, Ruiz-Esmenjaud J, Arenas R. Leishmaniasis: A review.

F1000Res. 2017; 6(May):1–15. https://doi.org/10.12688/f1000research.11120.1 PMID: 28649370

40. Baneth G, Koutinas AF, Solano-Gallego L, Bourdeau P, Ferrer L. Canine leishmaniosis—new concepts

and insights on an expanding zoonosis: part one. Trends Parasitol. 2008; 24(7):324–30. https://doi.org/

10.1016/j.pt.2008.04.001 PMID: 18514028

41. Tripathi P, Singh V, Naik S. Immune response to leishmania: Paradox rather than paradigm. FEMS

Immunol Med Microbiol. 2007; 51(2):229–42. https://doi.org/10.1111/j.1574-695X.2007.00311.x PMID:

17714488

42. Priolo V, Martı́nez-Orellana P, Pennisi MG, Raya-Bermúdez AI, Jurado-Tarifa E, Masucci M, et al.
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