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Abstract
Visceral leishmaniasis (VL) in patients with HIV co-infection presents a significant therapeu-

tic challenge due to the lessened chance of achieving long-term cure. We report a case of

VL in a 60-year-old man with HIV infection who became refractory to anti-leishmania treat-

ment due to multi-drug resistance. In the face of a worsening clinical situation, and with no

other options available, he was treated with an experimental regimen of liposomal daunoru-

bicin, which has previously been shown to have in vitro activity against Leishmania dono-
vani and to be effective treatment of VL in animal studies. To our knowledge, he was the first

patient with VL and HIV co-infection to have this treatment evaluated. We report on the lack

of response to this treatment and possible causes for its failure.

Author Summary

In areas where leishmaniasis is endemic, visceral leishmaniasis (VL) is a potentially incur-
able AIDS illness in HIV infected people. Co-infection with HIV and any of the Leish-
mania species that cause VL can result in failure of the CD4 lymphocyte count to rise
above 200 cells/mm3 despite sustained, effective suppression of HIV infection, and this
failure of CD4 recovery then commonly prevents immune mediated eradication of VL
despite aggressive, prolonged anti-Leishmania treatment. The situation is made more chal-
lenging by the limited number of agents active against VL and their high rate of adverse
effects. We report the first evaluation of liposomal daunorubicin used to treat VL in a
patient with HIV and L. infantum co-infection. We selected this drug on the basis of the
proven activity of anthracyclines against Leishmania species both in vitro and in animal
models and the well tolerated use of daunorubicin in HIV infected patients with Kaposi’s
sarcoma. This treatment proved unsuccessful in our patient, probably because resistance
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of L. infantum to liposomal daunorubicin had been induced by previous treatment with
another anti-leishmania drug, miltefosine.

Introduction
Visceral leishmaniasis (VL) is a relatively common AIDS illness in regions where Leishmania
donovani, L. infantum or other Leishmania species are endemic, e.g. South Asia, Brazil, South-
ern Europe [1] and especially East Africa. [2] Between 1986 and 1997, VL occurred in ~ 2% of
patients with HIV in Madrid. [3] In patients with severe HIV-related immunodeficiency (CD4
count< 100 cells/mm3) the persistence of leishmaniasis commonly prevents adequate CD4
recovery despite attempts to clear VL and consistent suppression of the HIV viral load. [4] Per-
sistent CD4 cytopenia lessens the chance of long-term cure of VL, and co-infected patients
with CD4< 100 at the initiation of VL treatment commonly develop drug resistant VL and die
due to progressive VL. [5] New approaches to anti-leishmania treatment are required to reduce
morbidity and mortality in patients with HIV infection and VL.

The anthracycline anti-cancer agent doxorubicin has potent activity against L. donovani
in vitro and in animal models of visceral leishmaniasis [6,7] by targeting leishmania DNA
topoisomerase enzymes. [8] Encapsulation of doxorubicin within liposomes, to reduce cardiac
toxicity, has been shown to provide a dramatic increase in anti-leishmania activity when com-
pared with free doxorubicin in an in vitromodel of infection. [9] Both doxorubicin and the
closely related anthracycline daunorubicin have been relatively well tolerated when used for
treatment of Kaposi’s sarcoma in patients with HIV infection. [10] We attempted compassion-
ate-use treatment with liposomal daunorubicin in a patient with well-controlled HIV infection
and longstanding VL despite combination anti-leishmania treatment.

Materials and Methods
The patient was a 60 year old European homosexual man who had HIV infection diagnosed in
1985. Zidovudine monotherapy was commenced in 1988 and three-drug combination antire-
troviral therapy (ART) in 1996. His ART between 2001 and 2013 consisted of lopinavir/ritona-
vir, lamivudine and nevirapine. He had a prompt sustained response to ART and from 1997–
2013 consistently had an undetectable HIV viral load. Despite this, his CD4 count, which had a
nadir of 39 in 1996, never rose above 140 despite consistent adherence to his ART (Fig 1A).

In April 1996 he developed drenching sweats and hepato-splenomegaly, and in March 1997
the diagnosis of VL was confirmed by the visualization of amastigotes in bone marrow samples.
Infection with Leishmania infantum had probably been acquired during a visit to Spain in
1992. Initial treatment with sodium stibogluconate 20 mg/kg for 44 days over 8 weeks achieved
a clinical improvement and clearance of parasites from his bone marrow.

Visceral leishmaniasis relapsed in July 1997 and persisted for the next 15 years, despite com-
bination treatment with: paromomycin 15 mg/kg and stibogluconate; stibogluconate, liposomal
amphotericin 3mg/kg and gamma interferon 2 megaunits subcutaneously; and since 2000 with
7 days liposomal amphotericin 3 mg/kg daily every 6 weeks, increasing to every 3 weeks in May
2012. Miltefosine 50 mg twice daily, for 28 days every 3 months, was added in March 2005.

Leishmania amastigotes were visualized in bone marrow samples collected in September
2004, March, May, and December 2005, November 2006, October 2007, and February 2011;
and also in skin lesions biopsied in November 2003, September 2007, and May 2009; lymph
nodes biopsied in May 2009 and September 2011; and a sigmoid biopsy in March 2000. An iso-
late of Leishmania infantum cultured from a bone marrow aspirate in October 2007 was tested

Liposomal Daunorubicin in HIV-Associated Leishmaniasis

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003983 August 25, 2015 2 / 7



at the London School of Hygiene and Tropical Medicine in January 2008 and reported to be
resistant to stibogluconate (IC50 > 60 mg/L) but susceptible to amphotericin B (IC50 =
0.3 μM), miltefosine (IC50 = 8 μM) and paromomycin (IC50 = 4 μM).

Treatment of VL was complicated by significant adverse drug effects including: marked
visual impairment presumed secondary to antimonial toxicity; hearing loss presumed second-
ary to various agents including paromomycin; and multiple episodes of bacteremia arising
from the indwelling cannula used for his IV infusions of liposomal amphotericin B. The patient
suffered increasing discomfort from his splenomegaly and had an increasing requirement for
red cell transfusions. In view of his worsening symptoms and pancytopenia, and the consistent
increase in the density of amastigotes in his bone marrow samples despite maximal conven-
tional treatment, alternative therapeutic approaches were discussed at length with the patient
and with experts elsewhere.

With written informed consent from the patient, and agreement from the Hospital Medi-
cines Committee, he received six doses of intravenous liposomal daunorubicin: 34mg on
24 October 2012, 50mg on 7 November, 50 mg on 21 November, 40mg on 7 January 2013,
50mg on 21 January, and 50mg on 4 February. Daunorubicin was chosen instead of doxorubi-
cin because of personal and institutional experience in the use of this agent for the treatment of

Fig 1. (A) Trend of CD4 count, haemoglobin, platelet count and absolute neutrophil count, prior to treatment with liposomal daunorubicin 1993–
2012. (B) Trend of CD4 count, haemoglobin, platelet count and absolute neutrophil count, September 2012-August 2013.

doi:10.1371/journal.pntd.0003983.g001
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Kaposi’s sarcoma in patients with HIV infection. The treatment regimen was based on that rec-
ommended for the treatment of Kaposi’s sarcoma in patients with HIV infection and mild
renal impairment. The patient was carefully monitored for evidence of cardiotoxicity, and
other potential adverse effects of daunorubicin therapy. Each treatment resulted in a temporary
worsening of his pancytopenia but there were no significant infectious, bleeding or other
adverse effects (Fig 1B). There was no decrease in his splenomegaly either on clinical examina-
tion or on abdominal imaging (Fig 2). The density of amastigotes in the bone marrow trephine
collected 7 days after the last dose of daunorubicin was greater than that in the most recent pre-
vious trephine which had been collected in February 2011 (Fig 3). Urine samples collected on
May 8 2013, 3 months after the last dose of daunorubicin, showed 3+ agglutination using the
KAtex Leishmania urinary antigen detection test. In September 2013, 7 months after the com-
pletion of the trial of daunorubicin, the patient was in an unchanged clinical condition com-
pared to the immediate pre-treatment period, with persistent abdominal pain due to severe
hepato-splenomegaly, pancytopenia and disabling lethargy. The patient decided to cease all
treatment of his HIV infection, VL, and other medical conditions. He died of complications of
VL within one month of stopping treatment.

Ethics Statement
The patient provided written informed consent for all procedures (skin biopsy, bone marrow
biopsy, and sigmoidoscopy and biopsy) and written informed consent for the trial of liposomal
daunorubicin. The Hospital Medicines Committee approved the trial of liposomal daunorubicin.

Fig 2. (A) Abdominal computerised tomography (CT) scanning conducted in May 2012. Before treatment with liposomal daunorubicin. (B) Abdominal
computerised tomography (CT) scanning conducted in July 2013. After treatment with liposomal daunorubicin, demonstrating no decrease in the patient’s
hepato-splenomegaly.

doi:10.1371/journal.pntd.0003983.g002
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Results/Discussion
This is the first reported trial of treatment with liposomal daunorubicin for VL. It was used in a
desperately ill patient with HIV infection, CD4 lymphopenia, and 15 years of persistent, drug
resistant VL caused by L. infantum. Despite evidence that liposomes containing the closely
related anthracycline agent, doxorubicin, are active against L. donovani, both in vitro and in
animal models, we found no evidence of response to treatment with six doses of liposomal dau-
norubicin (40 mg/m2 capped at 50 mg) over a 3 month period.

Potential explanations for the lack of response to treatment in our patient include inade-
quate concentrations of daunorubicin within infected macrophages and inadequate activity of
daunorubicin against the strain of L. infantum infecting our patient. The dose of liposomal
daunorubicin administered to our patient was based on the doses used in trials of the treatment
of Kaposi’s sarcoma (40–60 mg/m2 every 2 weeks) [10] which have been shown to result in
peak plasma daunorubicin concentrations of ~15 μg/ml in HIV infected patients concomi-
tantly being treated with an ART regimen similar to that used in our patient. [11] Liposome
encapsulation of doxorubicin resulted in an approximately 50 times enhancement of the anti-
leishmania activity of doxorubicin in an in vitromodel of infection, from increased delivery of
the drug to the site of infection within macrophages. [9] Similarly, doxorubicin-loaded nano-
capsules have increased anti-leishmanial effect compared to free doxorubicin. [12] However, it
is unclear whether these pharmacokinetic advantages were active in our patient, because the
uptake of liposomal drugs depends on the phagocytic function of macrophages, which is
impaired both in HIV infection [13] and as part of T cell exhaustion in VL. [14] Furthermore,
it is possible that daunorubicin is a less potent anti-leishmanial agent than the closely related
anthracycline doxorubicin (hydroxyl daunorubicin).

In vitro susceptibility testing of L. donovani amastigotes found that liposomal doxorubicin
was active at concentrations (IC50 = 9.8 ng/mL) very much lower than those measured in

Fig 3. (A) Haematoxylin and eosin stained bonemarrow trephines obtained in February 2011 showing occasional amastigotes (white arrow). (B)
Haematoxylin and eosin stained bone marrow trephines obtained in February 2013 after liposomal daunorubicin treatment showing a heavy parasite load
(black arrows).

doi:10.1371/journal.pntd.0003983.g003
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plasma (12 μmol/L) during administration of 75 mg/m2 of liposomal doxorubicin. [15] How-
ever multi-drug resistant strains of L. donovani over-expressed an ATP-dependent pump able
to export a range of hydrophobic drugs including miltefosine and anthracyclines (daunorubi-
cin and doxorubicin) from the cell cytoplasm. [16,17] While the strain of L. infantum isolated
from our patient in October 2007 was susceptible to miltefosine it is possible that continued
treatment with miltefosine resulted in selection of a strain that overexpressed this efflux pump
and thus was resistant to anthracyclines. Our repeated attempts to culture L. infantum from tis-
sue samples between 2007 and 2012 were unsuccessful and thus we were unable to either repeat
in vitro susceptibility testing or measure the level of expression of the gene for the ATP-depen-
dent pump. Finally, it is possible that the anthracyclines, such as doxorubicin and daunorubi-
cin, may be less active against L. infantum, which was responsible for infection in our patient,
than against L. donovani, the closely related species which has been used in laboratory evalua-
tions of treatment efficacy. [6–9,12]

In summary, we observed no response to treatment of VL with liposomal daunorubicin in
an HIV infected patient. A possible explanation for failure of this treatment was that previous
treatment had selected for a multi-drug resistant Leishmania strain. Clinicians considering the
use of anthracyclines in the treatment of leishmaniasis [18] should be alert to this possibility,
and the potential implications for the efficacy of treatment with other anti-leishmanial agents.

Author Contributions
Conceived and designed the experiments: MGT. Performed the experiments: MGT. Analyzed
the data: AB MGT NJG RT. Wrote the paper: MGT RND NJG.

References
1. Alvar J, Aparicio P, Aseffa A, Den Boer M, Canavate C, Dedet J-P, Gradoni L, Ter Horst R, Lopez-

Velez R, Moreno J. The relationship between leishmaniasis and AIDS: the second 10 years. Clin Micro
Rev. 2008; 21: 334–359. doi: 10.1128/CMR.00061-07 PMID: 18400800

2. Diro E, Lynen L, Ritmeijer K, Boelaert M, Haliu A, van Griensven J. Visceral leishmaniasis and HIV
coinfection in East Africa. PLOS Negl Trop Dis. 2014; 8: e2869. doi: 10.1371/journal.pntd.0002869
PMID: 24968313

3. Pintado V, Martin-Rabadan P, Rivera ML, Moreno S, Bouza E. Visceral leishmaniasis in Human Immu-
nodeficiency Virus (HIV)-infected and non-HIV-infected patients. Medicine. 2001; 80: 54–73. PMID:
11204503

4. Cota GF, de Sousa MR, Fereguetti TO, Rabello A. Efficacy of anti-leishmania therapy in visceral leish-
maniasis among HIV infected patients: A systematic review with indirect comparison. PLoS Negl Trop
Dis. 2013; 7: e2195. doi: 10.1371/journal.pntd.0002195 PMID: 23658850

5. Jarvis JN, Lockwood D. Clinical aspects of visceral leishmaniasis in HIV infection. Curr Opin Infect Dis.
2013; 26: 1–9. doi: 10.1097/QCO.0b013e32835c2198 PMID: 23221770

6. Sett R, Basu N, Ghosh AK, Das PK. Potential of doxorubicin as an antileishmanial agent. J Parasitol.
1992; 78: 350–4. PMID: 1556650

7. Kansal S, Tandon R, Dwivedi P, Misra P, Verma PR, Dube A, Mishra PR. Development of nanocap-
sules bearing doxorubicin for macrophage targeting through the phosphatidylserine ligand: a system
for intervention in visceral leishmaniasis. 2012; J Antimicrob Chemother 67: 2650–60. doi: 10.1093/
jac/dks286 PMID: 22872448

8. Das BB, Ganguly A, Majumder HK. DNA topoisomerases of Leishmania: the potential targets for anti-
leishmanial therapy. Adv Exp Med Biol. 2008; 625: 103–15. doi: 10.1007/978-0-387-77570-8_9 PMID:
18365662

9. Mukherjee S, Das L, Kole L, Karmakar S, Datta N, Das PK. Targeting of parasite-specific immunolipo-
some-encapsulated doxorubicin in the treatment of experimental visceral leishmaniasis. J Infect Dis.
2004; 189: 1024–1034. PMID: 14999606

10. Gill PS, Wernz J, Scadden D, Cohen P, Ross ME. Randomized phase III trial of liposomal daunorubicin
versus doxorubicin, bleomycin, and vincristine in AIDS-related Kaposi’s sarcoma. J Clin Oncol. 1996;
14: 2353–2364. PMID: 8708728

Liposomal Daunorubicin in HIV-Associated Leishmaniasis

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003983 August 25, 2015 6 / 7

http://dx.doi.org/10.1128/CMR.00061-07
http://www.ncbi.nlm.nih.gov/pubmed/18400800
http://dx.doi.org/10.1371/journal.pntd.0002869
http://www.ncbi.nlm.nih.gov/pubmed/24968313
http://www.ncbi.nlm.nih.gov/pubmed/11204503
http://dx.doi.org/10.1371/journal.pntd.0002195
http://www.ncbi.nlm.nih.gov/pubmed/23658850
http://dx.doi.org/10.1097/QCO.0b013e32835c2198
http://www.ncbi.nlm.nih.gov/pubmed/23221770
http://www.ncbi.nlm.nih.gov/pubmed/1556650
http://dx.doi.org/10.1093/jac/dks286
http://dx.doi.org/10.1093/jac/dks286
http://www.ncbi.nlm.nih.gov/pubmed/22872448
http://dx.doi.org/10.1007/978-0-387-77570-8_9
http://www.ncbi.nlm.nih.gov/pubmed/18365662
http://www.ncbi.nlm.nih.gov/pubmed/14999606
http://www.ncbi.nlm.nih.gov/pubmed/8708728


11. Fumagalli L, Zucchetti M, Parisis I, Vigano MG, Zecca B, Careddu A, D’Incalci M, Lazzarin A. The phar-
macokinetics of liposomal encapsulated daunorubicin are not modified by HAART in patients with HIV-
associated Kaposi’s sarcoma. Cancer Chemother Pharmacol. 2000; 45: 495–501. PMID: 10854138

12. Kansal S1, Tandon R, Verma PR, Dube A, Mishra PR. Development of doxorubicin loaded novel core
shell structured nanocapsules for the intervention of visceral leishmaniasis. J Microencapsul. 2013; 30:
441–50. doi: 10.3109/02652048.2012.752532 PMID: 23534494

13. Allers K, Fehr M, Conrad K, Epple HJ, Schürmann D, Geelhaar-Karsch A, Schinnerling K, Moos V,
Schneider T. Macrophages accumulate in the gut mucosa of untreated HIV-infected patients. J Infect
Dis. 2014; 209: 739–48. doi: 10.1093/infdis/jit547 PMID: 24133185

14. Esch KJ1, Juelsgaard R, Martinez PA, Jones DE, Petersen CA. Programmed death 1-mediated T cell
exhaustion during visceral leishmaniasis impairs phagocyte function. J Immunol. 2013; 191: 5542–50.
doi: 10.4049/jimmunol.1301810 PMID: 24154626

15. Mross K, Niemann B, Massing U, Drevs J, Unger C, Bhamra R, Swenson CE. Pharmacokinetics of lipo-
somal doxorubicin (TLC-D99; Myocet) in patients with solid tumors: an open-label, single-dose study.
Cancer Chemother Pharmacol. 2004; 54: 514–524. PMID: 15322827

16. Henderson DM, Sifri CD, Rodgers M, Wirth DF, Hendrickson N, Ullman B. Multidrug resistance in
Leishmania donovani is conferred by amplification of a gene homologous to the mammalian mdr1
gene. Mol Cell Biol. 1992; 12: 2855–2865. PMID: 1350325

17. Perez-Victoria JM, Perez-Victoria FJ, Parodi-Talice A, Jiminez IA, Ravelo AG, Castanys S, Gamarro F.
Alkyl-lysophospholipid resistance in multi-drug-resistant Leishmania tropica and chemosensitization by
a novel P-glycoprotein-like transporter modulator. Antimicrob Agents Chemother. 2001; 45: 2468–74.
PMID: 11502516

18. Keighobadi M, Fakhar M, Emami S. Hypothesis: the potential application of doxorubicin against cutane-
ous leishmaniasis. Trop Parasitol. 2015; 5: 69–70. doi: 10.4103/2229-5070.145594 PMID: 25709959

Liposomal Daunorubicin in HIV-Associated Leishmaniasis

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003983 August 25, 2015 7 / 7

http://www.ncbi.nlm.nih.gov/pubmed/10854138
http://dx.doi.org/10.3109/02652048.2012.752532
http://www.ncbi.nlm.nih.gov/pubmed/23534494
http://dx.doi.org/10.1093/infdis/jit547
http://www.ncbi.nlm.nih.gov/pubmed/24133185
http://dx.doi.org/10.4049/jimmunol.1301810
http://www.ncbi.nlm.nih.gov/pubmed/24154626
http://www.ncbi.nlm.nih.gov/pubmed/15322827
http://www.ncbi.nlm.nih.gov/pubmed/1350325
http://www.ncbi.nlm.nih.gov/pubmed/11502516
http://dx.doi.org/10.4103/2229-5070.145594
http://www.ncbi.nlm.nih.gov/pubmed/25709959

