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Abstract
Background: Post-kala-azar dermal leishmaniasis (PKDL) is a dermal complication of visceral leishmaniasis (VL),
which may occur after or during treatment. It has been frequently reported from India and the Sudan, but its
occurrence in South America has been rarely reported. It may mimic leprosy and its differentiation may be difficult,
since both diseases may show hypo-pigmented macular lesions as clinical presentation and neural involvement in
histopathological investigations. The co-infection of leprosy and VL has been reported in countries where both
diseases are endemic. The authors report a co-infection case of leprosy and VL, which evolved into PKDL and
discuss the clinical and the pathological aspects in the patient and review the literature on this disease.
Case presentation: We report an unusual case of a 53-year-old female patient from Alagoas, Brazil. She presented
with leprosy and a necrotizing erythema nodosum, a type II leprosy reaction, about 3 month after finishing the
treatment (MDT-MB) for leprosy. She was hospitalized and VL was diagnosed at that time and she was successfully
treated with liposomal amphotericin B. After 6 months, she developed a few hypo-pigmented papules on her
forehead. A granulomatous inflammatory infiltrate throughout the dermis was observed at histopathological
examination of the skin biopsy. It consisted of epithelioid histiocytes, lymphocytes and plasma cells with the
presence of amastigotes of Leishmania in macrophages (Leishman’s bodies). The diagnosis of post-kala-azar dermal
leishmaniasis was established because at this time there was no hepatosplenomegaly and the bone marrow did
not show Leishmania parasites thus excluding VL. About 2 years after the treatment of PKDL with liposomal
amphotericin B the patient is still without PKDL lesions.
Conclusion: Post-kala-azar dermal leishmaniasis is a rare dermal complication of VL that mimics leprosy and should
be considered particularly in countries where both diseases are endemic. A co-infection must be seriously
considered, especially in patients who are non-responsive to treatment or develop persistent leprosy reactions as
those encountered in the patient reported here.
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Background
Post-kala-azar dermal leishmaniasis (PKDL) is a rare
skin disease, which may occur after treatment of visceral
leishmaniasis (VL) and is encountered mainly in India
and in the Sudan, where it was also reported to occur
during active VL. It has rarely been reported in the
South American literature. It is associated with an
* Correspondence: angelatrindade@uol.com.br
1
Laboratório de Investigação Médica (LIM-56), Imunodermatologia, Hospital das
Clínicas da Universidade de São Paulo, Dr Enéas Carvalho Aguiar 470, 3 andar,
prédio 2 Instituto de Medicina Tropical, São Paulo 05403900, Brazil
2
Departamento de Dermatologia, Faculdade de Medicina da Universidade de
São Paulo, São Paulo, Brazil
Full list of author information is available at the end of the article

inadequate immune response to Leishmania and a possible genetic predisposition. It may mimic leprosy clinically with hypo-pigmented macular lesions usually on the
face. Histopathological differentiation may be very difficult because both diseases, particularly in the Sudan,
may show neural involvement. Co-infection has been
reported in countries where both leprosy and VL are endemic and should be considered when there is a poor
response to treatment or when persistent leprosy
reactions occur [1].
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Case presentation
The patient was a 53-year-old woman who had migrated
to São Paulo city, Brazil from Arapiraca, Alagoas in the
Northeast of Brazil. She visited the dermatology outpatient department of the University of São Paulo
Medical School Hospital (HCFMUSP) with complaints
of fever and skin lesions that had persisted for over a
year and had worsened during the last 3 months. She
mentioned that she had been treated for leprosy (MDTMB) for 14 months, which had ended 3 months earlier.
She had used prednisone intermittently for over a year
during outbreaks of reactions.
Dermatological examination showed a Cushingoid
face, widespread erythematous and edematous, some
painful plaques and nodules some of which with central
necrosis. This led us to establish the diagnosis of subpolar lepromatous leprosy (LLsp) with a necrotizing
erythema nodosum leprosum (ENL) reaction (type-2
leprosy reaction) (Fig. 1).
She was many times hospitalized during the 3 years
after MDT-MB and once in a critical condition with
fever, tachycardia and hypotension. Prednisone 40 mg/
day and thalidomide 300 mg/day were prescribed at the
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intensive care unit for treating the reaction. During
hospitalization, the patient developed a septic shock.
The skin was considered the most likely focus and she
was treated with oxacillin.
After 6 days, despite general clinical improvement, the
skin lesions worsened, but no other focus of infection
was found. Histopathological examinations of the skin,
one from a biopsy of the right cavum plantaris and one
from a biopsy of the left arm were conducted. Both of
them showed multi-bacillary leprosy with a regressive
response and fragmented acid-fast bacilli (2+/6+).
After a few days, the patient had new fever attacks,
swelling of the abdomen, generalized edema and
worsening of the necrotizing ENL. She had elevated
levels of liver enzymes, pancytopenia with progressive
hypotension, hepatic and hematologic failure. Empirical antibiotic therapy with vancomycin and imipenem
indicated by the infectious disease department was
started. Liposomal amphotericin B was also introduced to cover the possibility of fungemia or candidemia (the patient had an esophageal candidiasis
diagnosed by endoscopy, supposedly due to the longterm corticosteroid therapy).

Fig. 1 Erythema nodosum leprosum (ENL). a and b Clinical aspects of ENL episode. c to f Biopsy from skin lesion displaying nodular macrophage
infiltrate (c and d), vascular thrombosis (e) and foci of neutrophils exudation (f)

Trindade et al. BMC Infectious Diseases (2015) 15:543

Three days later, a new investigation at the emergency
department showed hepatosplenomegaly and ascites. VL
was diagnosed based on the parasitology of the bone
marrow (Fig. 2a), the gold standard for diagnosis of VL
and on blood examinations, which showed numerous
intracellular and extracellular Leishmania parasites;
using rk39 (39 amino acid repeats of a kinesin-like gene
found in L. chagasi), a rapid immunochromatographic
test specific for the Leishmania donovani complex [2]
and by molecular tests (kDNA-PCR = kinetoplast target
DNA for PCR
and ITS1-DNA-PCR = Internal
Transcribed Spacer 1 target DNA for PCR). In addition,
after ITS1-RFLP (PCR amplification of the Internal
Transcribed Spacer 1 genes (ITS1) and Restriction
Fragment Length Polymorphism) (Fig. 2b), fitted-in with
the diagnosis of VL, it was demonstrated definitively
that L. (L.) infantum chagasi was the etiologic agent, because it presented 184 bp (base pair), 72 and 55 bp
fragments [3].
Liposomal amphotericin B (4 mg/kg/day for 5 days)
was now continued for the treatment of VL (kala-azar).
This also led to a significant clinical improvement of her
ENL skin lesions. Secondary prophylaxis with amphotericin B (3 mg/kg/day for 21 days each month during
6 months) was introduced by the infectious diseases
physicians. During the last dose only the kDNA-PCR
with her blood was positive.

Fig. 2 Leishmania identification. a Smear from patient myelogram
displaying amastigotes of Leishmania within macrophage cytoplasm
(arrows). b Identification of L infantum (184, 72 and 55 bp) in clinical
material from a patient (sample 31) using ITS1-PCR-RFLP
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Around 6 months after the treatment for VL and free
of necrotizing ENL for 1 year and an occasional nodule
of ENL, she developed a few hypochromic papules on
her forehead (Fig. 3a). Histopathological examination of
a biopsy of such a papular lesion showed a granulomatous inflammatory infiltrate throughout the dermis and
superficially in the sub-cutis consisting of epithelioid histiocytes, lymphocytes and many plasma cells (Fig. 3b).
Leishman bodies were seen within macrophages (Fig. 3c).
The presence of Leishmania was further confirmed by
immunohistochemistry (Fig. 3d) using a peroxidase-antiperoxidase technique and a polyclonal antibody to
Leishmania produced in rabbits [4]. At this time, there
was no hepatosplenomegaly and the bone marrow did
not show Leishmania parasites. A revision of all previous
skin
biopsies
with
immunohistochemistry
for
Leishmania was performed, but the results were all
negative. At that moment, the diagnosis of post-kalaazar dermal leishmaniasis (PKDL) was established and
liposomal amphotericin B (3 mg/kg/day for 7 days) was
re-introduced resulting in a clinical regression of the
skin lesions that was confirmed by histopathological examinations. About 2 years after the treatment of PKDL
the patient is still free of PKDL lesions.

Discussion
Post-kala-azar dermal leishmaniasis is a dermal complication of VL [5], which has been frequently reported
from the Indian subcontinent and from the Sudan,
where 10–20 % and 50–60 % respectively, of the patients
who were treated for VL developed PKDL [6, 7]. In
Brazil, only one patient with PKDL was reported and
this was associated with AIDS [8].
Visceral leishmaniasis has a worldwide distribution
and is considered a public health problem in 88 countries, including Brazil [9]. It is caused by species of the
Leishmania donovani complex, transmitted by the bite
of a female sand fly (Phlebotomus spp and P. argentipes)
[6, 10]. In Latin America, the main causative agent of
VL is Leishmania (L) infantum chagasi transmitted by
Lutzomiya longipalpis [11, 12]. In Brazil, asymptomatic
infections and mild forms (low symptomatic) of the disease are more frequent than the classic VL (Kala-azar)
[13]. The asymptomatic forms occur especially in children and may heal spontaneously. The determinant
factor in spontaneous healing or evolution to fatal classic
disease is malnutrition [14].
The symptomatology of kala-azar reactivation in immunosuppressed patients is very variable depending on
the type and the duration of immunosuppression (transplantation or autoimmune disease), or the time and the
duration of immunosuppression by HIV and others diseases [15]. The clinical forms of VL, particularly in these
conditions are very variable. In general, the classic
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Fig. 3 Post-kala-azar dermal leishmaniasis. a Hypochromic papule in the forehead. b The skin biopsy showed dermal nodular granulomatous
infiltrate. c Few amastigotes of Leishmania were observed within macrophage cytoplasm (arrow) intermingled in the lymph plasmacytic infiltrate.
d The parasites were visible better after staining with anti-Leishmania polyclonal antibody

symptoms such as bowel and gastric dysfunctions are
not highlight to the diagnosis [16, 17].
In India, the human being is the only known reservoir
of VL. This is of epidemiological importance, particularly
between epidemic periods of VL. The Leishmania parasites survive and propagate intradermally rendering the
exposed skin lesions as an easy access area for the sand
fly vector to ingest Leishmania parasites, get infected
and develop the promastigotes in their midgut enabling
them to transmit the parasite. The presence of only
0.5 % of PKDL patients during a VL epidemic can potentially succeed in making VL endemic [10]. In other areas
such as the Sudan, transmission may be anthroponotic
and zoonotic, with rodents and canines as candidate reservoirs [18]. In Brazil, VL is zoonotic with canines as the
reservoir host [6].
The causative agent of PKDL in the Sudan and on the
Indian subcontinent belongs to the L. donovani sp. Of
these species L. (L) infantum chagasi was also found in
the skin lesions of Brazilian patients with VL [19]. In
Europe and in South America, PKDL may be considered
to be a rare clinical entity among Aids patients with L.
infantum as the prime causative agent [20]. The same
species was also found in the patient reported here.
Post-Kala-azar dermal leishmaniasis may develop during or after treatment of VL [6, 21]. However, some patients have no history of VL and they are easily
misdiagnosed as having other skin disorders [18]. In the
Sudan, the PKDL cases occur 60 % after VL treatment,
15 % at the same time as VL (called paraKDL), and 10 %
even without a history of VL [22]. Indian PKDL appears

6–12 months after the cure of VL [5], whereas in the
majority of the Sudanese patients, PKDL occurs within
the first 2 months following treatment of VL [23]. It was
also reported in HIV/VL co-infected patients receiving
HAART [21]. Our patient developed PKDL 6 months
after the end of VL treatment, similar to that reported in
the Indian patients.
Possible risk factors for developing PKDL include previous VL treatment, its duration and the type of drug
used, young age, malnutrition, HIV infection, genetic
factors and the parasite strain [24]. Parasite clearance
during treatment may have an important influence.
Zijlstra et al. [6] reported that patients with a negative
tissue aspirate (lymph node or bone marrow) on PCR
after VL treatment did not develop PKDL, whereas 36 %
of those who were PCR-positive developed PKDL. The
patient reported here was PCR-positive in the 4th month
of treatment for VL. The presence of a large spleen during VL was also linked to an increased risk of PKDL as
were the high serum levels of C-reactive protein as seen
in our patient too (data not shown) before treatment for
VL, the high level of IL-10 in the peripheral blood and
in the normal looking skin during VL [6, 20, 25, 26].
Among all these, incomplete or short treatment of VL
seems to be the major risk factor [20]. Our patient had
received liposomal amphotericin B (4 mg/kg/day) during
5 days to treat her VL as recommended by the Ministry
of Health in Brazil [27] with clinical improvement in few
days.
It was argued that after VL treatment there was a subsequent immune activation that could force the parasites
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to seek refuge within the dermis making this tissue a
reservoir for the parasites [10]. Despite the demonstration of PKDL after inadequate therapy for VL in the
Sudan, many authors reported PKDL even after adequate treatment with sodium antimony gluconate
(SAG), amphotericin B and miltefosine [28, 29]. Today,
PKDL is no longer considered to be a specific drugdependent manifestation [20].
Post-Kala-azar dermal leishmaniasis is clinically
characterized by hypo-pigmented macules, erythematous plaques, papular or nodular lesions with Leishmania parasites [5, 30]. The lesions generally begin
on the face and gradually increase in size. They may
also spread to the neck, the trunk and the extremities
[10]. Papular or nodular lesions are more common in
the Sudanese PKDL, whereas a polymorphic presentation with macules, papules and nodules is more common in the Indian patients [6, 31, 32]. Unusual
clinical variants such as papillomatous, verrucous,
hypertrophic, xanthomatous, annular and lupoid lesions have also been reported [33, 34]. Mucosa
involvement in PKDL is very rare [35]. No constitutional symptoms have been reported [36].
Although clinical forms may differ in different countries, the hypopigmented macules on the face are generally the first lesions to appear in PKDL. Single lesion
occurs in up to 5 % and 10 % respectively, of the PKDL
cases in Africa and India [30, 37]. Our patient presented
with only a few hypopigmented papules on her forehead
as the unique manifestation of the disease.
The diagnosis is established after assessing the clinical
signs and symptoms [38]. History of VL, living in an endemic area and positive antibody tests are helpful in the
diagnosis [20, 38]. According to Zijlstra et al. [6], it is
important to observe the type of rash as well as its distribution (in the Sudan, the rash generally begins around
the mouth, then spreads to the nose and the cheeks and
finally to other parts of the face and the body) and the
time relation to VL treatment. However, the ideal diagnostic method is to demonstrate the parasite in smears,
culture or PCR [18, 20].
In all clinical types of PKDL, histopathological examination of the skin biopsy shows an epidermis with hyperkeratosis, acanthosis or atrophy and hydropic
degeneration of the basal layer. The presence of parasites
in biopsies varies with the type of the rash and the duration of the lesions. The biopsy from macular lesions
usually consists of sparse inflammatory infiltrate of lymphocytes, histiocytes and a few plasma cells predominantly around the vessels of the superficial vascular
plexus. Leishmania amastigotes are usually absent in
such lesions, but the presence of plasma cells is an important clue in favor of PKDL. Biopsies from the papules
and plaques show a moderate to dense lymphocytic
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inflammatory infiltrate in the mid-dermis, with histiocytes and plasma cells. In nodular lesions, the histopathological examination of the biopsy shows a diffuse
dermal inflammatory infiltrate consisting of histiocytes
and plasma cells in large numbers. Compact epithelioid
granulomas may also be observed [6].
The Leishmania amastigotes are intracytoplasmic
structures in histiocytes. Amastigotes are observed in
25–50 % of the hematoxylin-eosin-stained biopsies of
nodular and plaque lesions of PKDL [39, 40]. In the patient reported here, the papular lesion had Leishmania
amastigotes, which was also confirmed by immunohistochemistry with an anti-Leishmania polyclonal antibody.
Neuritis involving small cutaneous nerves similar to
that in leprosy was reported in PKDL. However, peripheral large nerves are not involved in PKDL [6, 36].
Leprosy is the main differential diagnosis in PKDL
because of the clinical and histopathological similarities [30], but their differentiation may be very difficult [36, 41, 42]. The small hypopigmented lesions
seen in PKDL are very similar to those in borderline
and lepromatous leprosy [30, 41]. The patients with
leprosy and PKDL usually come from the same geographical location where both diseases are endemic
[5]. However, leprosy is associated with hypoesthetic
lesions [22]. Arora et al. reported that the centerfacial involvement and the sparing of ear lobes in
PKDL may be distinguishing features from leprosy
[5]. Histologically, PKDL displays epithelioid cell
granulomas, similar to tuberculoid leprosy. The parasites may be absent in the macular variant of PKDL
making it essential to exclude other diseases [30].
Perineural infiltration in PKDL was reported to cause
great difficulty in differentiating PKDL from leprosy
[30, 35]. However, the main histological difference between these diseases is that in the macular lesions of
leprosy, the inflammatory infiltrate is centered in the
neurovascular plexus in the lower dermis. Besides
this, in the nodular lesions of lepromatous leprosy,
the peripheral limits of the infiltrate are infiltrative,
whereas those in nodular PKDL have a fairly sharp
margin [30].
Leprosy and leishmaniasis are both spectral diseases
and co-infections have been reported. Although it is a
rare association, it occurs in countries such Ethiopia and
India where both diseases are endemic [42]. The case reported here of co-infection with PKDL is the first in
Brazil.
Leishmaniasis and leprosy share a lot of similarities.
Both diseases are caused by obligate intracellular organisms. The clinical and pathological expressions depend
on the host response, probably due to genetic determination and environmental influences [42, 43]. At the
hyperergic pole, the patient shows localized lesions with
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well-formed granulomas with few or absent organisms,
whereas at the anergic pole, the lesions are widespread,
there is no epithelioid granulomatous reaction and there
are numerous parasites [42].
It was suggested by Bansal et al. that there is a crossprotection between Mycobacterium and Leishmania
infection since both diseases increase macrophage activation. However, the immune deficiency in leprosy is apparently specific for M. leprae only and does not dictate
the immune response in leishmaniasis. They reported a
patient in whom the macular variant of PKDL (‘low-resistance’) coexisted with ‘high-resistance’ borderline tuberculoid leprosy [42]. Our patient presented subpolar
lepromatous leprosy with a VL co-infection considered
as an anergic pole of both diseases (Th2 response). After
developing PKDL, the immunological response changed
to the hyperergic pole (Th1 response) of the Leishmania
infection, when she showed papules with epithelioid
granulomas, but she remained at Th2 pole of leprosy indicating that the immune defect was specific for each
microorganism [42, 43].
To date, there is no consensus and no large studies on
the best available treatment for PKDL. Moreover, the evolution of this disease differs in different geographical regions. Fifty per cent of the Sudanese PKDL is self-limiting
and heal spontaneously, whereas all Indian PKDL cases
required treatment [6, 20, 33]. In cases of severe lesions or
lesions persisting for more than 1 year in the Sudan, treatment with sodium stibogluconate (SSG) 20 mg/kg/day for
1–2 months was instituted [6, 10]. Miltefosine administered orally was an effective and safe treatment for Indian
visceral leishmaniasis. It may protect against PKDL because it is given for a much longer period. It may be helpful in regions where the parasites are resistant to the
current agents [15, 44].
In cases of SSG-unresponsive treatment, amphotericin
B 2 mg/kg/day for 20 days was reported to be effective
[6, 10, 20]. Other therapeutic options include miltefosine, ketoconazole and pentamidine [6, 10]. Clinical cure
may differ according to the PKDL type. Usually nodules
and plaques disappear in 120 days and macular lesions
in 200 days [6, 10]. However, parasitological cure may
precede the clinical cure, and long treatment regimens
need to be carefully monitored [6]. Our patient received
liposomal amphotericin B (3 mg/kg/day for 7 days), with
clinical healing of the skin PKDL lesions in 3 months.
At this moment the patient is in good health and without skin lesions indicative of PKDL. She has only regressive macules of leprosy. However, at present she
received the 10th dose of a newly started MDT-MB
treatment because she had the first symptoms of tibial
neuritis about 5 year after leprosy treatment. It is likely
that the previous treatment for 14 months may have
been inadequate.
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Conclusions
Post-kala-azar dermal leishmaniasis is rare and generally
occurs after treatment of VL. It shows geographical variation in its clinical presentation and may be multifactorial (genetics of the patient and or parasite, treatment,
nutrition and or co-infection). It may mimic leprosy and
that must be recognized, especially in countries where
these diseases are endemic. Increasing globalization with
large number of people travelling should also be seriously considered.
A co-infection may provoke more morbidity and may
also lead to more disability. A co-infection should be
considered especially in patients not responding to treatment or have a persistent leprosy reaction similar to that
described in the patient reported here.
Finally we introduce a serious concern: Visceral leishmaniasis will be able to become an anthropozoonosis in
the Americas, like in India (15), because, before and during PKDL, the parasite will be exposed in the skin.
Consent
Written informed consent was obtained from the patient
for publication of this case report and any accompanying
images. A copy of the written consent is available for review by the Editor of this journal.
Abbreviations
Bp: Base pair; ENL: Erythema nodosum leprosum; HAART: Highly active
antiretroviral therapy; HIV: Human immundeficiency virus; ITS1-PCR: Internal
Transcribed Spacer 1 target DNA for PCR; ITS1-RFLP: PCR amplification of the
Internal Transcribed Spacer 1 genes (ITS1) and Restriction Fragment Length
Polymorphism; kDNA-PCR: Kinetoplast target DNA for PCR; LLsp: Sub-polar
lepromatous leprosy; MDT-MB: Multidrug therapy multibacillary;
PCR: Polymerase chain reaction; PKDL: Post-kala-azar dermal leishmaniasis;
rk39: 39 amino acid repeats of a kinesin-like gene found in L. chagasi;
SAG: Sodium antimony gluconate; SSG: Sodium stibogluconate; VL: Visceral
leishmaniasis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MABT conceived of the study, participated in its design, coordinated and
drafted the manuscript. LLCS participated in the study design, drafted the
manuscript and reviewed it. LMAB worked on laboratorial diagnosis
of Leishmania infantum and drafted about the leishmaniasis diagnosis. VSA
helped to draft the manuscript and helped to treat the patient. BN helped to
draft the manuscript and gave final approval of the version to be published.
MNS carried out the histopathological and immunohistochemistry PKDL
diagnosis obtained their images and helped to draft the manuscript. All
authors read and approved the final manuscript.

Acknowledgements
We thank Dr. Leandro Utino Taniguchi for the diagnosis of kala-azar at the
emergency ward, Dr. Ana Carolina Lessa Moreno for taking care the patient
during hospitalization, Natália Souza de Godoy, Regina Maia de Souza e
Marcos Andrino for laboratorial assistance in the diagnosis of visceral leishmaniasis Alexandre Vargas for taking clinical images and Bob Tank for correct
use of the English language.

Trindade et al. BMC Infectious Diseases (2015) 15:543

Financial support
Part of this study (molecular, parasitological and serological tests for
Leishmania) was supported by Sao Paulo Research Foundation (FAPESP),
grant n° 2010/50304-8 (Lucia Maria Almeida Braz).
Author details
1
Laboratório de Investigação Médica (LIM-56), Imunodermatologia, Hospital das
Clínicas da Universidade de São Paulo, Dr Enéas Carvalho Aguiar 470, 3 andar,
prédio 2 Instituto de Medicina Tropical, São Paulo 05403900, Brazil.
2
Departamento de Dermatologia, Faculdade de Medicina da Universidade de
São Paulo, São Paulo, Brazil. 3Laboratorio de Parasitologia, Instituto de Medicina
Tropical, Universidade de São Paulo, São Paulo, Brazil. 4Departamento de
Doenças Infecciosas, Faculdade de Medicina da Universidade de São Paulo, São
Paulo, Brazil. 5Stichting Global Dermatology, Munnekeburen, The Netherlands.
6
Departamento de Patologia e Dermatologia, Faculdade de Medicina da
Universidade de São Paulo, São Paulo, Brazil. 7Rua Cristiano Viana 450, 163,
Jardim Paulista, São Paulo, SP CEP: 05411 000, Brazil. 8Posgraduação Instituto de
Saúde, Secretaria de Estado da Saúde de São Paulo, São Paulo, Brazil.
Received: 19 April 2015 Accepted: 3 November 2015

References
1. Kevric I, Cappel MA, Keeling JH. New world and old world leishmania
infections. A practical review. Dermatol Clin. 2015;33:579–93.
2. Assis TSM, Braga ASC, Pedras MJ, Barral AMP, Siqueira IC, Costa CHN, et al.
Validation of the Rapid Immunochromatographic Test IT-LEISH® for the
Diagnosis of Human Visceral Leishmaniasis. Epidemiol Serv Saúde.
2008;17(2):107–16.
3. Schönian G, Nasereddin A, Dinse N, Schweynoch C, Schallig HD,
Presber W, et al. PCR diagnosis and characterization of Leishmania
in local and imported clinical samples. Diag Microb Infect Dis.
2003;47(1):349–58.
4. Corbett CE, Duarte MI, Bustamante SE. Regression of diffuse intralobular liver
fibrosis associated with visceral leishmaniasis. Am J Trop Med Hyg.
1993;49(5):616–24.
5. Arora S, D'Souza P, Haroon MA, Ramesh V, Kaur O, Chandoke RK. Post-kalaazar dermal leishmaniasis mimicking leprosy relapse: a diagnostic dilemma.
Int J Dermatol. 2014;53:606–8.
6. Zijlstra EE, Musa AM, Khalil EAG, El-Hassan IM, El-Hassan AM. Post-kala-azar
dermal leishmaniasis. Lancet Infect Dis. 2003;3:87–98.
7. Salotra P, Singh R. Challenges in the diagnosis of post kala-azar dermal
leishmaniasis. Indian J Med Res. 2006;123:295–310.
8. Bittencourt A, Silva N, Straatmann A, Nunes VL, Follador I, Badaró R. Postkala-azar dermal leishmaniasis associated with AIDS. Braz J Infect Dis.
2003;7(3):229–33.
9. da Saúde M. Secretaria de Vigilância em Saúde. Manual de Vigilância da
Leishmaniose Tegumentar Americana. 2a ed. Ministério da Saúde:
Brasília; 2007.
10. Ganguly S, Das NK, Barbhuiya JN, Chatterjee M. Post-kala-azar dermal
leishmaniasis – an overview. Int J Dermatol. 2010;49:921–31.
11. Grimaldi Jr G, Tesh RB. Leishmaniases of the New World: current concepts
and implications for future research. Clin Microbiol Rev. 1993;6(3):230–50.
12. Barral A, Pedral-Sampaio D, Grimaldi Júnior G, Momen H, McMahon-Pratt D,
Ribeiro de Jesus A, et al. Leishmaniasis in Bahia, Brazil: evidence that
Leishmania amazonensis produces a wide spectrum of clinical disease. Am J
Trop Med Hyg. 1991;44(5):536–546.
13. World Health Organization. Control of the leishmaniasis: report of a meeting
of the WHO. Geneva: Expert Committee on the Control of Leishmaniasis;
2010. Report No949.
14. Badaro R, Jones TC, Carvalho EM, Sampaio D, Reed SG, Barral A, et al. New
perspectives on a subclinical form of visceral leishmaniasis. J Infect Dis.
1986;154(6):1003–1.
15. Verma N, Bimal S, Das VN, Pandey K, Singh D, Lal CS et al.
Clinicopathological and immunological changes in Indian post kala-azar
dermal leishmaniasis (PKDL) cases in relation to treatment: A retrospective
study. BioMed Res Int. 2015; ID 745062
16. Nicodemo AC, Amato VS, Tuon FF, Souza RM, Okay TS, Braz LM. Usefulness
of kDNA PCR in the diagnosis of visceral leishmaniasis reactivation in coinfected patients. Rev Inst Med Trop Sao Paulo. 2013;55(6):429–31.

Page 7 of 8

17. Tuon FF, Bombonatto GM, Battaglin ER, Sakumoto MH, Amato VS,
de Camargo RA, et al. Reactivation of mucosal and cutaneous
leishmaniasis in a renal transplanted patient. Am J Trop Med Hyg.
2014;91(1):81–3.
18. El Hassan AM, Khalil EA, Elamin WM, El Hassan LA, Ahmed ME, Musa AM.
Misdiagnosis and mistreatment of post-kala-azar dermal leishmaniasis. Case
Rep Med. 2013;2013:351579.
19. Diogenes MJN, Vasconcelos IAB, Sotto MN, Pompeu MML. Pesquisa de
amastigotas na pele de pacientes infectados pela Leishmania donovani
chagasi. Correlação com os aspectos clínicos e histopatológicos. Med Cut I
L A. 1992;20:20–2.
20. Mondal D, Khan MGM. Recent advances in post-kala-azar dermal
leishmaniasis. Curr Opin Infect Dis. 2011;24:418–22.
21. Sanchez-Albisua B, Polimón I, Pérez-Tato B, Marinero S, Fernández-López P.
Post-kala-azar dermal leishmaniasis caused by Leishmania infantum in a
immunocompetent patient. Int J Dermatol. 2013;52:887–900.
22. Desjeux P, Ghosh RS, Dhalaria P, Strub-Wourgaft N, Zijlstra EE. Report of the
post-kala-azar dermal leishmaniasis (PKDL) consortium meeting, New Delhi,
India, 27–29 June 2012. Parasites & Vectors. 2013;6:196.
23. Musa AM, Khalil EA, Raheem MA, Zijlstra EE, Ibrahim ME, Elhassan IM, et al.
The natural history of Sudanese post-kala-azar dermal leishmaniasis: clinical,
immunological and prognostic features. Ann Trop Med Parasitol.
2002;96(8):765–72.
24. Zijlstra EE, Khalil EAG, Kager PA, El-Hassan AM. Post-kala-azar dermal
leishmaniasis in Sudan: clinical presentation and differential diagnosis.
Br J Dermatol. 2000;143:136–43.
25. Gasim S, Elhassan AM, Khalil EA, Ismail A, Kadaru AM, Kharazmi A, et al. High
levels of plasma IL-10 and expression of IL-10 by keratinocytes during
visceral leishmaniasis predict subsequent development of post-kala-azar
dermal leishmaniasis. Clin Exp Immunol. 1998;111(1):64–9.
26. Gasim S, Theander TG, El Hassan AM. High levels of C-reactive protein in the
peripheral blood during visceral leishmaniasis predict subsequent
development of post kala-azar dermal leishmaniasis. Acta Trop.
2000;75(1):35–8.
27. Pelissari DM, Cechinel MP, Sousa-Gomes ML, Lima-Jr FEF. Tratamento da
Leishmaniose Visceral e Leishmaniose Tegumentar Americana no Brasil.
Epidemiol. Serv. Saúde, Brasília. 2011;20(1):107–10.
28. Saha S, Mondal S, Ravindran R, Bhowmick S, Modak D, Mallick S, et al.
IL-10- and TGF-beta-mediated susceptibility in kala-azar and post-kalaazar dermal leishmaniasis: the significance of amphotericin B in the
control of Leishmania donovani infection in India. J Immunol.
2007;179(8):5592–603.
29. Das VN, Pandey K, Verma N, Lal CS, Bimal S, Topno RK, et al. Short
report: Development of post-kala-azar dermal leishmaniasis (PKDL) in
miltefosine-treated visceral leishmaniasis. Am J Trop Med Hyg.
2009;80(3):336–8.
30. Singh A, Ramesh V. Histopathological features in leprosy, post-kala-azar
dermal leishmaniasis, and cutaneous leishmaniasis. Indian J Dermatol
Venereol Leprol. 2013;79:360–6.
31. Zijlstra EE, El-Hassan AM. Leishmaniasis in Sudan. Post kala-azar dermal
leishmaniasis. Trans R Soc Trop Med Hyg. 2001;95(1):S59–76.
32. Ramesh V. Post kala azar dermal leishmaniasis. Indian J Dermatol Venereol
Leprol. 1999;65(4):196.
33. Sigh S, Sharma U, Mishra J. Post-kala-azar dermal leishmaniasis: recent
developments. Int J Dermatol. 2011;50:1099–108.
34. Shrivastava SB, Haque M, Puri P. Lupoid plaque- a new variant of post-kalaazar dermal leishmaniasis. Int J Dermatol. 2004;43:428–9.
35. Salam MA, Siddiqui MA, Nabi SG, Bhaskar KRH, Mondal D. Post-kala-azar
dermal leishmaniasis in with mucosal involvement: an unusual case
presentation including successful treatment with miltefosine. J Health Popul
Nutr. 2013;31(2):294–7.
36. Elhassan AM, Ali MS, Zijlstra E, Eltoum IA, Ghalib HW, Ahmed HM. Post-kalaazar dermal leishmaniasis in the Sudan: peripheral neural involvement.
Int J Dermatol. 1992;31(6):400–3.
37. Ramesh V, Raman M, Singh R, Salotra P. Hypopigmented post-kala-azar
dermal leishmaniasis. Int J Dermatol. 2008;47:414–6.
38. Adams ER, Versteeg I, Leeflang MMG. Systematic review into diagnostics for
post-kala-azar dermal leishmaniasis (PKDL). J Trop Med. 2013;2013:150746.
39. Rathi SK, Pandhi RK, Chopra P, Khanna N. Post-kala-azar dermal
leishmaniasis: a histopathological study. Indian J Dermatol Venereol Leprol.
2005;71(4):250–3.

Trindade et al. BMC Infectious Diseases (2015) 15:543

Page 8 of 8

40. Beena KR, Ramesh V, Mukherjee A. Identification of parasite antigen,
correlation of parasite density and inflammation in skin lesions of post
kala-azar dermal leishmaniasis. J Cutan Pathol. 2003;30:616–20.
41. El Hassan AM, Hashim FA, Abdullah M, Zijlstra EE, Ghalib HW. Distinguishing
post-kala-azar dermal leishmaniasis from leprosy: experience in the Sudan.
Lepr Rev. 1993;64(1):53–9.
42. Bansal S, Goel A, Sardana K, Kumar V, Khurana N. Post-kala-azar dermal
leishmaniasis coexisting with borderline tuberculoid leprosy. Br J Dermatol.
2007;157:799–846.
43. Rijal A, Rijal S, Bhandari S. Leprosy coinfection with kala-azar. Int J Dermatol.
2009;48:740–2.
44. Mukhopadhyay D, Dalton JE, Kaye PM, Chatterjee M. Post kala-azar dermal
leishmaniasis: an unresolved mystery. Trends Parasitol. 2014;30(2):65–74.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

