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Chapter 6 

SUMMARY 
Neopterin, a product of interferon-y activated macrophages was measured in 
sera from 28 patients: 12 patients with cutaneous leishmaniasis and 16 patients 
with visceral leishmaniasis, to determine the utility as a marker of disease activity 
and therapeutic efficacy. Patients originated from Kenya (n = 5) and from the 
Academic Medical Center, Amsterdam, the Netherlands (n = 23). In 7 patients 
follow up sera after treatment were available. Two patients at the time of 
diagnosis of visceral leishmaniasis were co-infected with HIV The 12 patients 
with cutaneous leishmaniasis had serum neopterin levels below the upper limit 
of the normal range. All 16 patients with visceral leishmaniasis had elevated 
levels of serum neopterin before treatment. In 6 out of 7 patients with visceral 
leishmaniasis followed during treatment neopterin levels decreased to values 
below the upper limit of the normal range (10 nmol/L). Sequential measurements 
of serum neopterin levels may be useful for monitoring therapeutic efficacy in 
patients with visceral leishmaniasis. 
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INTRODUCTION 
The leishmaniases are a group of diseases caused by Leishmania species. 
Depending on the species of parasite and the immune response of the host, 
manifestations comprise visceral leishmaniasis (VL) (kala-azar), cutaneous 
leishmaniasis (CL) (oriental sore), mucocutaneous leishmaniasis (ML) and post 
kala-azar dermal leishmaniasis (PKDL) [1]. Protozoa of the genus Leishmania 
are dimorphic obligate intracellular protozoan parasites that reside within 
mononuclear phagocytes in the mammalian host. The flagellated promastigote 
form of Leishmania spp. is delivered to the mammalian host by an infected 
sandfly. Promastigotes bind to specific receptors on macrophages and are 
internalized by receptor-mediated phagocytosis [2]. Opsonization with the third 
component of complement, C3, results in a striking enhancement of the binding 
and phagocytosis of Leis/mama ma/or promastigotes by macrophages [3,4]. After 
phagocytosis the parasites convert to nonflagellated amastigote forms that 
replicate and persist intracellularly. Since leishmania is an obligatory 
intracellular parasite, host defenses are dependent on T lymphocyte activity. 
T lymphocyte regions in the lymphoid organs become depleted and B cells 
proliferate with antibody production in response to infection. Proliferation of B 
lymphocytes, histiocytes and macrophages result in a lymphadenopathy and 
hepatosplenomegaly in VL. Cutaneous ulceration is characterized by mononuclear 
cell infiltrate, with Thl-type responses emerging after weeks of infection. 
Resolution of the infection depends on an increase in the number of leishmania-
specific CD+ T cells of the Thl subset with a granulomatous response with 
epithelioid and giant cells. Neopterin (6-D-erythro-trihydroprolypteridine) is a 
low-molecular-weight compound derived from guanosine triphosphate [5]. This 
molecule is synthesized by the macrophage stimulated by interferon-y. An 
increased neopterin level is a good indicator of the activation of the cellular 
immunity. Many studies have reported elevated neopterin levels in various 
pathological situations: viral hepatitis [6], AIDS [7], intracellular bacteria [8] some 
autoimmune diseases [9], and graft rejection [10]. Serological tests for VL respond 
slowly to treatment and tests for the demonstration of parasites such as lymph 
node-, bone-marrow- or spleen aspiration are not practical for follow up. We were 
interested in the value of the serum neopterin as marker to monitor activity of 
disease and efficacy of treatment. We evaluated serum neopterin levels during a 
longitudinal study of a population of visceral and cutaneous leishmaniasis patients. 
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MATERIALS AND METHODS 
Patients. 

Twenty eight patients, 16 with visceral leishmaniasis and 12 with cutaneous 
leishmaniasis were studied ( 5 females, 23 males; age 4 - 85 years, Table 1). Twenty 
three patients were diagnosed and treated at the Academic Medical Centre, 
Amsterdam. Five Kenyan patients with visceral leishmaniasis were treated in 
the Kenyatta National Hospital and Infectious Disease Hospital, Nairobi. Two 
of the Dutch patients with visceral leishmaniasis were co-infected with HIV. In 
visceral leismaniasis, diagnosis was confirmed by demonstration of parasites in 
aspirates of lymph node, bone marrow or spleen. In cutaneous leishmaniasis 
the diagnosis was based on finding amastigotes free or in macrophages in 
Giemsa-stained smears or sections from biopsies or in culture from aspirates or 
biopsies. All patients were treated with sodium stibogluconate (Pentostam, 
Wellcome Co , London, UK) for 28 days, except one patient with cutaneous 
leishmaniasis acquired in the Amazone forest who was treated with pentamidine 
(Specia, Paris, France). Sera were available after treatment for variable periods 
of time from 7 of the 18 patients with visceral leishmaniasis. After completion of 
therapy of visceral leishmaniasis the efficacy of the treatment was assessed by 
parasitological examination of aspirates from spleen or bone marrow. In 
cutaneous leishmaniasis the completion of the therapy was based on clinical 
signs. Sera from ten healthy Dutch volunteers were used to confirm the normal 
range in comparison with the results found in literature. 

Methods 
Sera were stored at - 25° C until assays were performed. Neopterin levels in the 
sera of patients and controls were determined using a commercially available 
radioimmunoassay kit (Henning, Berlin, FRG). From all patients, except two, a 
direct agglutination test (DAT) was performed (Table 1). The DAT-test was 
performed as described previously with DAT - titers > 1:3200 were regarded as 
positive (11). 

Statistical Analysis. 
Comparisons were made using the Student t test. P < 0.05 was considered to 

represent a significant difference. 
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RESULTS 
Serum neopterin levels in 10 healthy controls from the Netherlands had a mean 
value of 5.4 nmol/L with a range of 3.9 - 7.6 nmol/L which is in accordance with 
literature where values below 10 nmol/L are regarded negative [12]. All 12 
patients with cutaneous leishmaniasis had normal serum neopterin values before 
treatment with a mean of 6.0 nmol/L (range of 5.6 - 7.6 nmol/L). Serum neopterin 
levels of 16 patients with visceral leishmaniasis were elevated before treatment 
with a mean value of 31.6 nmol/L (range 11.3 - 79.9 nmol/L). Two patients with 
visceral leishmaniasis who were co-infected with HIV had serum neopterin 
levels, respectively 30.0 nmol/L and 21.3 nmol/L before treatment. There was a 
significant difference between the neopterin concentrations in healthy controls 
and patients with visceral leishmaniasis (P < 0.001) before treatment. There was 
also a significant difference between the neopterin concentrations in patients 
with cutaneous leishmaniasis and patients with visceral leishmaniasis (P < 0.001) 
before treatment. Serum neopterin levels of seven patients with VL were followed 
after treatment for 6 -12 months. After treatment 6 patients were parasitological 
cured. One patient did not respond to treatment and died 7 months after the 
start of treatment due to leishmaniasis (patient 1, Fig.l). At admission the 

upper limit of normal range 10 nmol/L 
R/Sb 28 days treatment 
no cure; patient died after 7 months 
patient initially not treated up to 7 months 

months 

Fig.l Serum neopterin concentrations before, during and after treatment with sodium stibogluconate 
in 7 patients with visceral leishmaniasis 

neopterin concentrations varied from 13.1 - 67.6 nmol/L. In 6 patients serum 
neopterin levels normalized after treatment to normal values within 2-6 months 
(Fig.l). One patient was treated only 7 months after diagnosis because of the 
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Table 1. Serum neopterin concentration in nmol/L and the agglutination titer of a direct agglutination 

test (DAT) in 12 patients with cutaneous leishmaniasis and 16 patients with visceral leishmaniasis. 

Pat. Age M/F Cut./Visc. 
Leishmaniasis 

Neopterin 
nmol/L 

DAT titer 

1 39 M Cutaneous 5.6 < 1:100 

2 26 M Cutaneous 7.6 < 1:100 
3 25 M Cutaneous 6.5 1:400 
4 23 M Cutaneous 6.8 1:400 
5 30 M Cutaneous 7.2 < 1:100 
6 31 M Cutaneous 6.5 < 1:100 
7 27 M Cutaneous 6.4 < 1:100 
8 37 M Cutaneous 5.8 1:100 
9 26 V Cutaneous 6.5 < 1:100 

10 20 M Cutaneous 5.6 < 1:100 
11 48 V Cutaneous 6.1 < 1:100 
12 23 M Cutaneous 5.6 1:100 
13 48 M Visceral 79.9 1:104200 

14 85 M Visceral 25.2 1:104200 

15 4 V Visceral 59.5 1:25600 

16 43 V Visceral 32.8 1:104200 

17 40 M Visceral 67.6 1:184200 

18 12 M Visceral 21.0 1:12800000 

19 8 M Visceral 13.1 1:12800000 

20 7 M Visceral 27.0 1:12800000 

21 10 M Visceral 24.7 1:51200000 

22 55 M Visceral 30.7 1:102400 

23 53 V Visceral 19.2 1:400 
24 27 M Visceral 11.3 1:20480 

25 27 M Visceral 45.3 1:12800 

26 59 M Visceral 21.3 1:6400 

27 40 M Visceral 19.4 n.d. 
28 41 M Visceral 30.0 n.d. 
n.d. : not done 

initially relatively benign course of the disease with splenomegaly and anemia 
but without fever (patient 2, Fig.l). Once this patient developed high fever and 
pancytopenia it was decided to start treatment which resulted in quick clinical 
and parasitological response and drop of neopterin level. At the start of the 
treatment the neopterin concentration was 59.5 nmol/L and slowed down to 9.9 
nmol/L after treatment. From the 14 patients with visceral leishmaniasis in whom 
the DAT test was performed only one patient had a negative DAT test (1:400). 
This patient had a lymph node leishmaniasis without splenomegaly and the 
neopterin concentration was 19.2 nmol/L (Table 1). In all 12 patients with 
cutaneous leishmaniasis the DAT titer was below 1:3200 and considered negative. 
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DISCUSSION 
Histologically, cutaneous leishmaniasis lesions are characterized by an early 
influx of neutrophils, plasma cells and blood monocytes. In self-limiting forms 
of infection, the lesions mature slowly into granulomas consisting of infected 
cells surrounded by macrophages interspersed with lymphocytes and migrating 
neutrophils (13,14). T cells exert an anti-leishmania role by production of 
lymphokines such as TNF-a and interferon-y [15,16]. In response to signals 
initiated by these activating factors, infected cells produce microbicidal 
molecules, such as reactive oxygen intermediates (ROI) and nitric oxide (NO) 
[17]. In the immune response to Leishmaniae, macrophages play an important 
role. Macrophages, when exposed to interferon-y release large amounts of 
neopterin. Neopterin, in turn, is a good indicator of cell-mediated immunity [5]. 
Earlier studies examining markers in the circulation of patients with VL have 
focused predominant ly on TNF-a and suggested that serum TNF-a 
concentrations are elevated during active VL and decline upon treatment and 
can be utilized to monitor disease activity [18,19]. Schriefer et al. in 1995 [20] 
evaluated different serum soluble markers for the evaluation of the treatment 
in human VL. The comparison of pre- and post-treatment concentrations showed 
that pretreatment serum levels of all markers (sCD4, sCD8 and neopterin) except 
for sICAM- 1 were significantly higher in VL patients than in healthy controls. 
However, from all markers only neopterin presented levels compatible with those 
of healthy subjects at the end of treatment. This could be important to 
differentiate between patients who are definitely cured and patients who might 
need further treatment. In our study we confirmed the findings of Schriefer et 
al. that in patients with VL serum neopterin levels are elevated and decline 
during treatment. All 12 patients with cutaneous leishmaniasis had normal levels 
of neopterin before treatment started an observation which has not been noted 
before and also the DAT-titer was normal. All 16 patients with VL had elevated 
serum neopterin concentrations and the DAT-titer was positive. The two patients 
with VL who were HIV positive had high levels of neopterin in the serum before 
treatment was started. Several clinical studies have noted elevated neopterin 
levels in HIV infection. Increased neopterin concentrations are prevalent in 
asymptotic HIV antibody seropositive individuals (21). As a consequence, follow-
up of serum neopterin levels in patients with visceral leishmaniasis already 
infected with HIV will not give useful information on the efficacy of the treatment 
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of leishmaniasis. A predisposition to progressive HIV infection is linked to certain 
immunological conditions [7,22]. An individual with preactivated T cells and 
macrophages, once infected with marginal amounts of HIV, will be more 
effectively infected since replication of HIV may start immediately (23). Despite 
being clinically silent, subclinical visceral leishmaniasis could have deleterious 
effects on the outcome of HIV-1 infection. In fact, this disease could worsen the 
consequences of HIV-1 infection and increase the replication of the virus (24,25). 
Unfortunately there was no serum available before the Leishmania infection 
occurred nor after treatment. Therefore we could not evaluate if serum neopterin 
levels were already elevated before leishmania infection occurred or declined 
after treatment. Our study suggests that sequential measurements of serum 
neopterin concentrations during the treatment of VL can be useful for monitoring 
therapeutic efficacy in patients with visceral leishmaniasis but possibly not in 
HIV infection. In addition we demonstrated that the serum neopterin levels in 
cutaneous leishmaniasis were not elevated before treatment. Further study of 
the potential of neopterin as a marker of cure seems warranted. 
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