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Leishmaniasis is caused by different species of the protozoa, Leishmania, and frequently
found in South-Western Asia, Eastern Africa, Brazil, and Mediterranean countries. Leishmania are transmitted to humans by the bite of sandflies. After weeks to months, unspecific symptoms may occur, accompanied by more specific findings like pancytopenia and
organomegaly. We report two children with pancytopenia and hepato-/splenomegaly: a
1-year-old boy was first diagnosed with an Adenovirus-infection, accompanied by fever,
pancytopenia, and hepatosplenomegaly who had spent his summer vacation in Spain
and a 3-year-old boy of Macedonian origin who was first diagnosed with a Parvovirus
B19-infection again accompanied by splenomegaly and pancytopenia. In both children,
leukemia was excluded by an initial bone marrow puncture. As fever was still persistent
weeks after the children’s first hospital stay, both children received antibiotics empirically
without sustainable effect. While different autoantibodies were present in both children, an
immunosuppressive therapy was initiated in the younger boy without therapeutic success.
A second bone marrow puncture was performed and Leishmania were finally detected
morphologically and proven serologically. After weight-adjusted treatment with liposomal
Amphotericin B for 10 days, both children recovered completely without relapse. Aim
of this report is to broaden the spectrum of differential diagnoses in children with
pancytopenia, splenomegaly, and fever to visceral leishmaniasis particularly when travel
history is positive for the Mediterranean area. The infection may mimic more common
diseases, such as leukemia, viral infections, or autoimmune diseases, because polyclonal
B cell activation and other mechanisms may lead to multiple positive serologic tests. Both
cases illustrate typical pitfalls and shall encourage taking Leishmaniasis into diagnostic
consideration.
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Introduction
We would like to discuss two cases where children presented with fever, pancytopenia, and
hepatosplenomegaly with a focus on infectious, autoimmune, and malignant differential diagnoses.

Case 1
A 1-year-old boy (patient A) was referred to our hospital because of a persistent pancytopenia. He
was treated initially because of an Adenovirus infection accompanied by recurrent fever, rhinitis, and
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be detected. In the absence of other explanations, pancytopenia
was interpreted as most likely being virus-associated. The boy
was discharged in stable condition. Yet, even weeks after the
first hospital stay, fever, pancytopenia, and hepatosplenomegaly
were still present. Although no infectious focus was found, an
empirical antibiotic therapy was started without sustainable success. Because of the presence of antibodies against neutrophils,
platelets, and a positive direct Coombs test, Evans syndrome
was considered in the further course, and an immunosuppressive therapy with prednisolone and mycophenolate mofetil was
initiated. Despite a slight increase in leukocytes and hemoglobin,
pancytopenia, recurrent fever, and hepatosplenomegaly were still
persistent 3 months after the child’s first hospital admission. Due
to the unspecific laboratory findings and sustained pancytopenia,
a second bone marrow puncture was performed. Here, parasites
suspicious for Leishmania were finally detected morphologically
and later on Leishmania species of the L. donovani complex
(L. donovani, L. infantum, and L. chagasi) were proven serologically (Figures 3 and 4). Six months before the first symptoms had occurred, the boy had spent the summer vacation in
Spain together with his parents and his twin brother. An intravenous therapy with liposomal Amphotericin B (2.8 mg/kg/day)
was administered for 10 days. Following this treatment, the boy
recovered completely and showed no relapse so far. The blood
count fully recovered almost 2 months after the end of the
therapy; hepatosplenomegaly resolved 9 months after the end
of therapy.
The boy’s twin brother, who had been on the same vacation and
had spent the entire time close to his brother, showed no symptoms or blood count irregularities at any time and no Leishmania
antibodies were detected serologically.

FIGURE 1 | Photomicroscopy of the first bone marrow puncture in
patient A (Pappenheim’s staining, 100× magnification): Leishmania
are difficult to detect and subtle (arrowhead indicates Leishmania).

Case 2
A 3-year-old boy of Macedonian origin (patient B) was referred
to our hospital due to a palpable resistance in the left upper
abdomen and a microcytic anemia. On clinical examination, an
isolated splenomegaly was found (Table 1). No further clinical
findings could be detected. In the laboratory results, slightly
lowered platelets and erythrocytes were present while the white
blood counts remained normal at the beginning, yet deteriorated in the course of the disease resulting in pancytopenia.
A positive direct Coombs test also without signs of hemolysis could be detected here. Viral serology was positive for Parvovirus B19 (Table 1). Consecutively, a bone marrow puncture
was performed without pathological findings. The Parvovirus
B19 infection was considered the most likely reason of pancytopenia. Four weeks after the first hospital admission, the boy
returned with recurrent fever and sweating. Because of high
fever, an empirical antibiotic therapy was performed yet without success. Pancytopenia and splenomegaly were still persistent
and progressive, accompanied by hepatomegaly. Conspicuous
laboratory findings were a positive direct Coombs test as well
as a positive Hanta-Virus IgM. A second bone marrow puncture was performed and now parasites suspicious for Leishmania could be detected and later on species of the L. donovani
complex were confirmed serologically. Treatment with liposomal Amphotericin B (2.7 mg/kg/day) was performed for 10 days

FIGURE 2 | Photomicroscopy of the first bone marrow puncture in
patient A (Pappenheim’s staining, 100× magnification): Leishmania
can also be seen intracellular in the first smear (arrowheads indicate
Leishmania).

cough. Apart from hepatosplenomegaly, the clinical examination at our hospital was unremarkable; the boy was in satisfying
general condition. Laboratory findings encompassed a positive
Adenovirus PCR in peripheral blood, bone marrow, and feces,
and a conspicuous complete blood count indicating leukopenia,
thrombocytopenia, anemia as well as an elevated C-reactive protein (CrP) level at first. To exclude acute leukemia, a bone marrow
puncture was performed. Leishmania were already visible in the
first blood smears but were not recognized as Leishmania at that
point. Hence, Leishmaniasis was not taken into diagnostic consideration at first and the bone marrow therefore falsely interpreted
as being normal (Figures 1 and 2). A positive direct Coombs
test and antibodies against neutrophil granulocytes as well as
against platelets were detected later on (Table 1). Despite the
positive direct Coombs test, no further signs of hemolysis could
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TABLE 1 | Clinical and laboratory findings at admission/during the first stay.
Patient A (1-year-old boy)

Patient B (3-year-old boy)

Clinical findings at admission

Hepatosplenomegaly, recurrent fever

Hepatosplenomegaly, recurrent fever, sweats

Measurements in the abdominal
ultrasound at admission/maximum sizes
(measured in the anterior axillary line)

Liver 10.9 cm/11.5 cm (upper normal value: 8.9 cm)

Liver 9.8 cm/11.5 cm (upper normal value: 10.72 cm)

Spleen 10.2 cm/12.1 cm (upper normal value: 5.2 cm)

Spleen 11.2/14.9 cm (upper normal value: 6.74 cm)

Blood count at admission

Leukocytes 5500/µl (6000–18000)

Leukocytes 6600/µl (5000–17,000)

Erythrocytes 3.3 Mio/µl (3.8–5.3)

Erythrocytes 3.29 Mio/µl (4.2–5.5)

Platelets 17,000/µl (130,000–170,000)

Platelets 127,000/µl (130,000–170,000)

Hemoglobin 7.0 g/dl (10.2–13.4)

Hemoglobin 7.7 g/dl (11.1–13.9)

Hematocrit 23.6% (31–40)

Hematocrit 23.0% (33–41)

Mean corpuscular volume 72.4 fl (70–86)

Mean corpuscular volume 69.9 fl (75–87)

Mean corpuscular hemoglobin 21.5 pg (23–31)

Mean corpuscular hemoglobin 23.4 pg (20–32)

Red cell distribution width 18.1% (11.6–14.6)

Red cell distribution width 14.8% (11.6–14.6)

CrP 7.1 mg/dl (<0.5)

CrP 2.7 mg/dl (<0.5)

Reticulocyte index 6.6% (0.5–2)

Reticulocyte index 5.4% (0.5–2)

Reticulocytes 238,000/µl (22,000–112,000) (4 weeks
after first admission)

Reticulocytes 176,000/µl (22,000–112,000)

Anti-HHV6-IgG positive
Anti-HHV6-IgM unspecific (blood)

Parvovirus B19 IgG + IgM positive

Virology/microbiology at admission

Parvovirus B19-PCR positive (255,623 IU/ml)

Adenovirus-DNA-PCR positive [respiratory swab
(12,100 Copies/ml), bone marrow
(15,800 Copies/µg-DNA), and blood
(10,700 Copies/µg-DNA)]
Autoantibodies

Positive direct Coombs test

Anti-CMV-IgG positive
Anti-HHV6-IgG positive
Anti-HHV6-IgM unspecific (blood)
Positive direct Coombs test

Antibodies against neutrophils
Antibodies against platelets
Immunoglobulin

IgG 1890 mg/dl (232–1411)

IgG 2670 mg/dl (500–1300)

IgA 111 mg/dl (<83)

IgA 97 mg/dl (40–180)

IgM 286 mg/dl (<145)

IgM 196 mg/dl (40–80)

and the boy recovered without relapse. Three months after the
initial admission, Hanta-Virus IgM as well as Hanta-Virus IgG
was negative.

pancytopenia. Finally, toxic substances, such as cytostatic drugs,
irradiation, and severe vitamin B 12 deficiency, have to be taken
into consideration when pancytopenia occurs in children. A bone
marrow puncture is needed to clarify further diagnostic and
therapeutic steps.
Leishman and Donovan first described visceral leishmaniasis in
1903. Manifestations of leishmaniasis comprise cutaneous leishmaniasis, characterized by local cutaneous lesions, mucosal leishmaniasis, affecting the oral mucosa and the mucosa of the upper
airways, and visceral leishmaniasis with a potentially fatal course if
untreated. Leishmaniasis is a globally distributed disease observed
in more than 80 countries worldwide. Although the majority of
cases occur in countries, such as Bangladesh, Brazil, India, and
Sudan (6), leishmaniasis is also endemic, e.g., in the Mediterranean Area. In this area, Morocco, Italy, Albania, Algeria, and
Spain reported the highest number of cases of visceral leishmaniasis (7). Thus, visceral leishmaniasis remains no longer a merely
tropical disease, but must be taken into consideration also in
Germany with many travelers returning from the Mediterranean
area every year (8, 9). Once diagnosed, liposomal amphotericin
B is an effective drug with only mild side effects (10, 11). Oral

Background
Visceral leishmaniasis is an infection caused by different species of
the protozoa Leishmania. Leishmania are transmitted to humans
by the bite of sandflies. After weeks to months, unspecific symptoms, such as fever, loss of appetite, weight loss, and lymphadenopathy, may occur, often accompanied by more specific
findings, such as pancytopenia and hepatosplenomegaly (1–3).
In addition, different autoantibodies against cellular and humoral
components may occur (4, 5). In the described cases here, pancytopenia was the most striking finding, which lead to different
diagnostic procedures. In children with pancytopenia, first of
all, common bone marrow disease, such as leukemia, have to
be considered. More seldomly, diseases, such as myelodysplastic syndrome or aplastic anemia, are being found. Furthermore,
multiple viral agents, such as EBV, CMV, HIV, and in rare cases
also Rubella, Influenza, Parainfluenza, and Hepatitis A can lead to
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In our department of Pediatric Oncology, Hematology, and
Clinical Immunology, a total of two patients were diagnosed with
visceral leishmaniasis in the past 10 years. In comparison, 266
cases of hematologic neoplasias (acute lymphoblastic leukemia,
acute myeloid leukemia, chronic myeloid leukemia, myelodysplastic syndrome, juvenile myelomonocytic leukemia) and severe
aplastic anemia were diagnosed in our department between 2005
and 2014, which is an average of 26 per year. Thus, with an average
of 0.2 cases per year, visceral leishmaniasis remains a very rare
disease. Diagnosis of this infection can be very challenging for
several reasons.
Both cases illustrate that the correct diagnosis of leishmaniasis
may be delayed up to months after first symptoms occur. Unspecific autoimmune findings, such as detection of autoantibodies,
may lead to misdiagnosis of an autoimmune disease. Especially in
patient A, the detected antibodies against platelets and neutrophils
as well as the positive direct Coombs test mislead and raised
suspicion for an autoimmune disease.
Also, in the cases presented here, initial bone marrow analyses
failed to detect Leishmania even though retrospectively isolated
parasites where already visible here. Moreover, both patients obviously suffered from concurrent viral infections. In patient A, pancytopenia was expected to be caused by the Adenovirus infection.
In patient B, a Parvovirus B19-infection was detected. Although
mostly transient aplastic anemia occurs due to a Parvovirus B19infection in the bone marrow, persistent pancytopenia and severe
aplastic anemia have also been described for immunocompetent
and immunocompromised patients infected with Parvovirus B19
(13–16). Leishmaniasis may mimic autoimmune cytopenias like
Evans syndrome or be associated with viral infections but it may
also lead to and mimic less frequent diseases, such as macrophage
activation syndrome (MAS) (17, 18) or systemic lupus erythematosus (19). MAS is characterized by T cell and macrophage
activation, leading to cytokine overproduction resulting in inflammation. Due to increased macrophage activation, blood cells may
be phagocytosed consecutively leading to cytopenia (17). In a very
recent study, it has been shown that autophagocytosis may play an
important role in the immune response to Leishmania. Whereas
other infections may trigger macrophage activation and T cell
response, an infection with vital and dead Leishmania at the same
time may induce autophagocytosis in cells infected with dead
Leishmania resulting in a hampered adaptive immune response,
so vital Leishmania will not be killed at all. In cells only infected
with vital Leishmania, the immune response is not hampered
due to the missing induction of autophagocytosis. According to
these study results, an infection solely with vital Leishmania will
not lead to autophagocytosis and the immune response kills the
entered Leishmania (20). Several investigators have revealed the
presence of autoantibodies against cellular and humoral components as well as against nuclear antigens (4, 5) in visceral leishmaniasis. Many different autoantibodies/laboratory values might be
altered, such as antinuclear antibodies (ANA), rheumatic factor,
anti-cardiolipin antibodies, cryoglobulins, Coombs test, hypergammaglobulinemia, anti-smooth muscle antibodies (ASMA),
protoplasmic-staining anti-neutrophil cytoplasmic antibodies (pANCA), anti-extractable nuclear antigens antibodies (anti-ENA),

FIGURE 3 | Photomicroscopy of the second bone marrow puncture in
patient A (Pappenheim’s staining, magnification 100×): numerous
Leishmania species are clearly visible intra- and extracellularly.

FIGURE 4 | Photomicroscopy of the second bone marrow puncture in
patient A (Pappenheim’s staining, magnification 100×): numerous
Leishmania species are clearly visible intra- and extracellularly.

miltefosine, an antiprotozoal alkylphosphocholine agent, might
be the first choice in developing countries due to lower costs in
comparison to liposomal Amphotericin B and has been proven to
be effective as well (12).

Discussion
We report and discuss two patients who presented with fever,
pancytopenia, and organomegaly. After initially misleading laboratory results in respect of viral or even autoimmune etiology,
visceral leishmaniasis was finally diagnosed after performing a
second bone marrow examination. A successful antimicrobial
therapy was finally initiated.
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anti-myeloperoxidase antibodies (anti-MPO), anti-Smith antibodies (anti-SM), anti-Sjögren’s-syndrome-related antigen A
(anti-SS-A)/anti-Ro antibodies (anti-Ro), anti-SS-B/anti-La, antiribonucleoprotein antibodies (anti-RNP), and decreased C3 and
C4 (4, 5, 21). Liberopoulos et al. showed that all autoimmune
laboratory findings normalized only 3 months after therapy (21).
Therefore, it is important to keep in mind that leishmaniasis
might resemble autoimmune diseases in a sense that autoantibodies may be detectable as presented here. The presence of these
unspecific autoantibodies may be explained in part by polyclonal
B-cell-activation, which may lead to hypergammaglobulinemia
(4, 22, 23). Of note, both children in our cases showed elevated immunoglobulin G levels during their first hospital stay.
In patient B, we detected a positive Hanta-Virus IgM beside the
unspecific autoimmune findings, which was negative 3 months
after initial admission. The Hanta-Virus IgG has never been positive. It cannot be excluded that these antibodies were positive
due to polyclonal B-cell activation, but it seems to be more
likely that the Hanta-Virus-IgM was positive due to cross-reacting
antibodies.
Our reported cases underline the importance of thorough history taking regarding past travel history. Especially in Western
countries, it is important to remember that leishmaniasis is not
only a tropical disease but also endemic in some of our favorite
travel destinations in the Mediterranean area (7). A recent multicentre study reported at least 10 travelers who visited endemic
areas in Europe between 2000 and 2012 and developed visceral
leishmaniasis. The visited countries were – amongst others –
Spain, Portugal, Greece, and Macedonia (24). Several investigators
have shown that infections acquired in the Mediterranean area are
mostly caused by species of the L. donovani complex, especially L.
infantum (24–27). In our reported cases, species of the L. donovani
complex were detected as well. The latest reported outbreaks of
leishmaniasis in Spain (2009, caused by L. infantum) and Italy
(2012) demonstrate that leishmaniasis is a current challenge that
needs to be faced (26, 28).
Therefore, Smith et al. underline the importance of thorough
history taking especially with regard to holidays spent in the
Mediterranean basin as visceral leishmaniasis can no longer be
considered to be an “exotic” disease (29). Leishmaniasis is characterized by a long incubation period of weeks to months, seldom years (30). Thus, due to the long interval between travel
activity and onset of symptoms, important stays abroad may not
be reported in first place. This may add to a delay of the correct diagnosis (29). In our reported cases, patient A had his last
stay abroad in an endemic region 6 months before disease onset
(vacation in Spain), patient B at least 1 year before (vacation in
Macedonia). Although it is often stated that visceral leishmaniasis affects especially young children, in different studies dealing
with visceral leishmaniasis acquired in Europe, patients affected
seem to be adults. In a study from Italy with a 22 years span,
seven patients with visceral leishmaniasis were identified, six of
them were adults, and only one child was reported (25). In the
EuroTravNet multi-center study performed by Ehehalt et al., only
dealing with patients who acquired their infection within Europe,
10 patients with visceral leishmaniasis were identified with an age
range between 1 and 79 years and the median age was 67 years.
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Three of the 10 identified patients with visceral leishmaniasis
had a drug-induced immunosuppression (24). However, a study
performed in a children’s hospital in Tehran has shown that the
mean age of the 34 reported children suffering from visceral
leishmaniasis was 26.9 months with an age range of 6–92 months,
more than 90% were under the age of 5 years (1). Obviously, if
visceral leishmaniasis occurs in childhood, it affects especially
children younger than 5 years. The children reported in our case
report were under the age of 5 years, and the child reported in the
study of Calderaro et al. (25) was 2 years old.
In both patients, we decided to extend the therapy with liposomal amphotericin B up to 10 days. According to the current
German guidelines, Leishmania acquired in the so-called “Old
World” (Africa, Europe, Asia) should be treated with intravenous
liposomal Amphotericin B at days 1–4 and at day 10 using
3 mg/kg/day, whereas Leishmania acquired in the so-called “New
World” (North and South America) should be treated with intravenous 3–4 mg/kg/day for 10 days. As indicated by Di Martino
et al., both therapies are effective in children (10). The regional
differences in treatment intensity of Leishmania may be explained
in part by different studies which have shown that Leishmania
acquired in Brazil or in the Mediterranean basin may need higher
total doses of liposomal amphotericin B than Leishmania acquired
in India (31–36). However, it has been shown that short therapy
courses with the same total dose of liposomal amphotericin B may
be effective in Mediterranean visceral leishmaniasis as well (37).
For economic reasons, in developing countries, oral miltefosine
may be the treatment of choice because of lower costs, the possibility of oral treatment, and effectiveness (12). According to the
current German guidelines, therapy with miltefosine is allowed
in children ≥3 years of age. 1.5–2.5 mg/kg/day miltefosine should
be taken for 28 days. Because of the severe and delayed course of
disease in our two children, we decided to follow the guidelines
for Leishmania acquired in the “New World.”

Concluding Remarks
In conclusion, the reported cases shall illustrate the unspecificity
of presentation of a well-known disease on the one hand and
focus on specific, yet subtle bone marrow findings on the other
hand. Therefore, in pancytopenia, a thorough analysis of the bone
marrow beyond the common focus on malignancy also searching
for parasites, such as Leishmania, is important. Due to mechanisms like polyclonal B cell activation, many serologic tests might
be positive leading to false conclusions yet early initiation of a
Leishmania serology when pancytopenia is present might help to
accelerate establishing a diagnosis.
Leishmaniasis is to be included in the diagnostic considerations
in patients presenting with persistent pancytopenia, and a positive
travel history to endemic areas, as an effective therapy of this
potentially life-threatening disease is available.

Patient Consent
Family of patient A was informed and agreed upon publishing the
data; family of patient B was lost of follow-up and therefore no
consent could be obtained.

5

June 2015 | Volume 3 | Article 59

Koster et al.

Leishmaniasis and pancytopenia

20. Crauwels P, Bohn R, Thomas M, Gottwalt S, Jäckel F, Krämer S, et al. Apoptoticlike Leishmania exploit the host’s autophagy machinery to reduce T-cellmediated parasite elimination. Autophagy (2015) 11(2):285–97. doi:10.1080/
15548627.2014.998904
21. Liberopoulos E, Kei A, Apostolou F, Elisaf M. Autoimmune manifestations
in patients with visceral leishmaniasis. J Microbiol Immunol Infect (2013)
46(4):302–5. doi:10.1016/j.jmii.2012.01.016
22. Campos-Neto A, Bunn-Moreno MM. Polyclonal B cell activation in hamsters infected with parasites of the genus Leishmania. Infect Immun (1982)
38(3):871–6.
23. Weintraub J, Gottlieb M, Weinbaum FI. Leishmania tropica: association of a
B-cell mitogen with hypergammaglobulinemia in mice. Exp Parasitol (1982)
53(1):87–96. doi:10.1016/0014-4894(82)90095-9
24. Ehehalt U, Schunk M, Jensenius M, van Genderen PJ, Gkrania-Klotsas E,
Chappuis F, et al. Leishmaniasis acquired by travellers to endemic regions
in Europe: a EuroTravNet multi-centre study. Travel Med Infect Dis (2014)
12(2):167–72. doi:10.1016/j.tmaid.2013.12.003
25. Calderaro A, Montecchini S, Rossi S, Gorrini C, Dell’Anna ML, Piccolo G,
et al. A 22-year survey of leishmaniasis cases in a tertiary-care hospital in an
endemic setting. Int J Environ Res Public Health (2014) 11(3):2834–45. doi:10.
3390/ijerph110302834
26. Varani S, Cagarelli R, Melchionda F, Attard L, Salvadori C, Finarelli AC,
et al. Ongoing outbreak of visceral leishmaniasis in Bologna Province, Italy,
November 2012 to May 2013. Euro Surveill (2013) 18(29):20530.
27. Ready PD. Leishmaniasis emergence in Europe. Euro Surveill (2010)
15(10):19505.
28. Arce A, Estirado A, Ordobas M, Sevilla S, Garcia N, Moratilla L, et al. Reemergence of leishmaniasis in Spain: community outbreak in Madrid, Spain,
2009 to 2012. Euro Surveill (2013) 18(30):20546.
29. Smith OP, Hann IM, Cox H, Novelli V. Visceral leishmaniasis: rapid response
to AmBisome treatment. Arch Dis Child (1995) 73(2):157–9. doi:10.1136/adc.
73.2.157
30. Matzdorff AC, Matthes K, Kemkes-Matthes B, Pralle H. [Visceral leishmaniasis with an unusually long incubation time]. Dtsch Med Wochenschr (1997)
122(28–29):890–4. doi:10.1055/s-2008-1047706
31. Murray HW. Treatment of visceral leishmaniasis in 2004. Am J Trop Med Hyg
(2004) 71(6):787–94.
32. Sundar S, Jha TK, Thakur CP, Mishra M, Singh VR, Buffels R. Low-dose liposomal amphotericin B in refractory Indian visceral leishmaniasis: a multicenter
study. Am J Trop Med Hyg (2002) 66(2):143–6.
33. Gradoni L, Bryceson A, Desjeux P. Treatment of Mediterranean visceral leishmaniasis. Bull World Health Organ (1995) 73(2):191–7.
34. Gradoni L, Gramiccia M, Scalone A. Visceral leishmaniasis treatment, Italy.
Emerg Infect Dis (2003) 9(12):1617–20. doi:10.3201/eid0912.030178
35. Sundar S, Chakravarty J, Agarwal D, Rai M, Murray HW. Single-dose liposomal amphotericin B for visceral leishmaniasis in India. N Engl J Med (2010)
362(6):504–12. doi:10.1056/NEJMoa0903627
36. Dietze R, Milan EP, Berman JD, Grogl M, Falqueto A, Feitosa TF, et al. Treatment of Brazilian kala-azar with a short course of amphocil (amphotericin B
cholesterol dispersion). Clin Infect Dis (1993) 17(6):981–6. doi:10.1093/clinids/
17.6.981
37. Syriopoulou V, Daikos GL, Theodoridou M, Pavlopoulou I, Manolaki AG,
Sereti E, et al. Two doses of a lipid formulation of amphotericin B for
the treatment of Mediterranean visceral leishmaniasis. Clin Infect Dis (2003)
36(5):560–6. doi:10.1086/367843

References
1. Tofighi Naeem A, Mahmoudi S, Saboui F, Hajjaran H, Pourakbari B, Mohebali
M, et al. Clinical features and laboratory findings of visceral leishmaniasis in
children referred to Children Medical Center Hospital, Tehran, Iran during
2004-2011. Iran J Parasitol (2014) 9(1):1–5.
2. Magill AJ, Grogl M, Gasser RA Jr, Sun W, Oster CN. Visceral infection caused by
Leishmania tropica in veterans of Operation Desert Storm. N Engl J Med (1993)
328(19):1383–7. doi:10.1056/NEJM199305133281904
3. Prieto Tato LM, La Orden Izquierdo E, Guillen Martin S, Salcedo Lobato E,
Garcia Esteban C, Garcia-Bermejo I, et al. [Visceral childhood leishmaniasis: diagnosis and treatment]. An Pediatr (2010) 72(5):347–51. doi:10.1016/j.
anpedi.2009.12.020
4. Galvao-Castro B, Sa Ferreira JA, Marzochi KF, Marzochi MC, Coutinho SG,
Lambert PH. Polyclonal B cell activation, circulating immune complexes and
autoimmunity in human American visceral leishmaniasis. Clin Exp Immunol
(1984) 56(1):58–66.
5. Argov S, Jaffe CL, Krupp M, Slor H, Shoenfeld Y. Autoantibody production by
patients infected with Leishmania. Clin Exp Immunol (1989) 76(2):190–7.
6. Desjeux P. Leishmaniasis. Public health aspects and control. Clin Dermatol
(1996) 14(5):417–23. doi:10.1016/0738-081X(96)00057-0
7. Alvar J, Velez ID, Bern C, Herrero M, Desjeux P, Cano J, et al. Leishmaniasis
worldwide and global estimates of its incidence. PLoS One (2012) 7(5):e35671.
doi:10.1371/journal.pone.0035671
8. Franco-Paredes C. The growing challenge of leishmaniasis in travelers. Travel
Med Infect Dis (2014) 12(6 Pt A):559–60. doi:10.1016/j.tmaid.2014.10.020
9. Herwaldt BL. Leishmaniasis. Lancet (1999) 354(9185):1191–9. doi:10.1016/
S0140-6736(98)10178-2
10. di Martino L, Davidson RN, Giacchino R, Scotti S, Raimondi F, Castagnola E, et al. Treatment of visceral leishmaniasis in children with liposomal
amphotericin B. J Pediatr (1997) 131(2):271–7. doi:10.1016/S0022-3476(97)
70165-3
11. Gangneux JP, Sulahian A, Garin YJ, Farinotti R, Derouin F. Therapy of
visceral leishmaniasis due to Leishmania infantum: experimental assessment of efficacy of AmBisome. Antimicrob Agents Chemother (1996) 40(5):
1214–8.
12. Sundar S, Jha TK, Sindermann H, Junge K, Bachmann P, Berman J. Oral miltefosine treatment in children with mild to moderate Indian visceral leishmaniasis. Pediatr Infect Dis J (2003) 22(5):434–8. doi:10.1097/01.inf.0000066877.
72624.cb
13. Gadage VS, Viswanathan S, Kunal S, Subramanian PG, Gujral S. Parvovirus
B19 presenting with persistent pancytopenia in a patient of T-ALL post induction chemotherapy diagnosed on bone marrow examination. Indian J Pathol
Microbiol (2011) 54(3):603–5. doi:10.4103/0377-4929.85109
14. Qian XH, Zhang GC, Jiao XY, Zheng YJ, Cao YH, Xu DL, et al. Aplastic anaemia
associated with parvovirus B19 infection. Arch Dis Child (2002) 87(5):436–7.
doi:10.1136/adc.87.5.436
15. Yetgin S, Cetin M, Ozyurek E, Aslan D, Uckan D. Parvovirus B19 infection
associated with severe aplastic anemia in an immunocompetent patient. Pediatr
Hematol Oncol (2004) 21(3):223–6. doi:10.1080/08880010490276935
16. Kawakami C, Kono Y, Inoue A, Takitani K, Ikemoto T, Tamai H. Severe
bone marrow failure associated with human parvovirus B19 infection in a case
with no underlying disorder. Int J Hematol (2012) 96(6):820–1. doi:10.1007/
s12185-012-1214-7
17. Gagnaire MH, Galambrun C, Stephan JL. Hemophagocytic syndrome: a misleading complication of visceral leishmaniasis in children – a series of 12 cases.
Pediatrics (2000) 106(4):E58. doi:10.1542/peds.106.4.e58
18. Higel L, Froehlich C, Pages MP, Dupont D, Collardeau-Frachon S, Dijoud
F, et al. [Macrophage activation syndrome and autoimmunity due to visceral
leishmaniasis.]. Arch Pediatr (2015) 22(4):397–400. doi:10.1016/j.arcped.2014.
11.025
19. Santana IU, Dias B, Nunes EA, Rocha FA, Silva FS Jr, Santiago MB. Visceral
leishmaniasis mimicking systemic lupus erythematosus: case series and a systematic literature review. Semin Arthritis Rheum (2015) 44(6):658–65. doi:10.
1016/j.semarthrit.2014.12.004

Frontiers in Pediatrics | www.frontiersin.org

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Copyright © 2015 Koster, Laws, Troeger, Meisel, Borkhardt and Oommen. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

6

June 2015 | Volume 3 | Article 59

