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Preface

There are no whole truths; all truths are half-truths. It is
trying to treat them as whole truths that plays the devil.

Alfred North Whitehead

Neglected tropical diseases (NTDs) are a group of diseases with a devastating
impact on people in their prime or younger in endemic areas. Some illnesses are
abrupt in onset and cured relatively easily. Others occur in chronic or subacute
fashion and prove rather difficult to remedy. The impacts are partly linked to
socioeconomic factors; risks of losing a daily job due to treatments, insufficient
drug efficacy further increasing hospitalization necessity or stay duration, medical
expenses, prevalence of fake drugs, folk remedies, and so on. Because these patients
often belong to the lowest economic class, they do not have a stable place to live
and move frequently, and may not retain the same cell phone number, prognostic
surveillance in endemic areas is extremely difficult to conduct.

If a disease has strong infectivity and is life threatening, policy makers must
cope with it immediately and completely. NTDs are not at that threat level and have
been neglected historically. However, the social burden is high because the victims,
often children and the prime generation in each country, become encumbrances.
Visceral leishmaniasis (VL), also known as kala-azar, is a part of the spectrum of
NTDs and combines all the earlier mentioned traits. Many stakeholders have
contributed from the beginning of the twenty-first century in the Indian subconti-
nent to reducing the incidence of VL; this goal formed the basis of a memorandum
of understanding shared through WHO with ministers in the countries concerned.
SATREPS, funded by JICA and JST, is one of the first projects stating the necessity
of simple and reliable diagnostic procedures in endemic areas. Ours has been the
only project targeting NTDs from Japan until 2015.

This scope was introduced in the first edition. The present edition further
explores the practical applicability of methods of disease control that have been
lacking in the NTD field, and data collection is still ongoing. All of the contributing
authors are experts and have devoted part of their careers, in cooperation with other
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stakeholders, to VL disease control for people living in endemic areas. I hope this
volume will tack the sail for disease eradication and allow it to catch the wind and
make way to a speedy conclusion.

Tokyo, Japan Eisei Noiri
March 2016
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Chapter 1
Pathology and Mechanism of Disease
in Kala-Azar

Shyamal Paul and Monira Pervin

Abstract Visceral leishmaniasis (VL) or kala-azar is a neglected tropical disease
caused by the intracellular protozoan Leishmania donovani and is transmitted by an
infected female sand fly vector. The sand fly inoculates the promastigote form of the
parasite to the human host through the dermis during a blood meal. This extracellular
form is rapidly taken up, principally by the host macrophage, where it undergoes
metamorphosis to an amastigote. After rupture of the macrophage, the amastigote
circulates in the blood and other body tissues. These amastigotes are again taken up
by another sand fly during its next blood meal and again transform in the fly gut to its
infective promastigote form to infect the next victim. After a variable incubation
period there develops a spectrum of clinical manifestations like fever, weight loss,
anaemia, and splenomegaly. These clinical manifestations are associated with
immune suppression (CMI) leading to parasite survival accompanied by induction of
IL-10 and/or IL-4 in tissues, hypergammaglobulinemia, and an increased amount of
IL-4 in the blood of VL patients.

Keywords Visceral leishmaniasis � Kala-azar � Pathogenesis

1.1 Life Cycle of Leishmania Donovani

Leishmania donovani is a species of intracellular parasitic protozoan belonging to
the genus Leishmania that causes the disease kala-azar. The natural transmission in
humans is carried out by the bite of an infected sand fly of the genus Phlebotomus,
which transmits the promastigote form of the parasite to the susceptible human host.
The parasite has 2 stages in its life cycle: 1. the amastigote form occurring in
humans, and 2. the promastigote form occurring in the sand fly.

S. Paul (&)
Department of Microbiology, Mymensingh Medical College, Mymensingh,
Bangladesh
e-mail: drshyamal10@yahoo.com
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1.1.1 The Amastigote Form Occurring in Humans

In humans the promastigote form is injected by the sand fly using its proboscis
through the skin during a blood meal. Many promastigotes are taken up through
phagocytosis by mononuclear phagocytes, and inside these cells they undergo
spontaneous transformation into oval-shaped amastigote forms called L. donovani
bodies. While residing inside the cells the amastigotes multiply by binary fission.
Multiplication continues until the host cell becomes packed with the parasites and
eventually ruptures. In a fully packed cell there can be 50–200 amastigotes that are
released into tissue spaces upon rupture. Each individual amastigote is then capable
of invading fresh cells; thus entire systems are progressively infected. A number of
free amastigotes then enter the blood stream where many are phagocytosed by
macrophages and this process is repeated. These free and phagocytosed amastigotes
in the peripheral blood are then taken up by blood-feeding sand flies.

1.1.2 The Promastigote Form Occurring in Sand Flies

Amastigotes ingested by blood feeding sand flies undergo further development only
in the digestive tract of the female sand fly. They enter the mid gut of the sand fly
and undergo structural modification into flagellated promastigotes, becoming larger
and elongated. They multiply rapidly by binary fission in the gut epithelium. They
then migrate back towards the anterior part of the digestive system: the pharynx and
buccal cavity. This process is known as anterior station development. A heavy
infection of the pharynx can be observed within 6–9 days of the sand fly’s infective
blood meal. The promastigotes become infective only at this time, and the stage is
called the metacyclic stage. The metacyclic promastigotes then enter the hollow
proboscis where they accumulate and completely block the esophagus; the sand
flies then regurgitate promastigotes from their buccal cavity into the puncture
wound of the host skin when they bite again, which invariably results in infection
[1, 2] Fig. 1.1.

1.2 Pathogenesis and Pathology of Visceral Leishmaniasis

Visceral leishmaniasis (VL), also known as kala-azar, is caused by obligate intra-
cellular protozoan parasites of the L. donovani species complex (i.e., L. donovani,
L. infantum, and L. chagasi), and is transmitted by sandflies (Phlebotomus species).
It exists as extracellular flagellated promastigotes in the gut of female sand flies
where it multiplies and develops extracellularly, after which it is transmitted during
blood meal into the mammalian host. After inoculation in the dermis of the host, the
parasites attract macrophages, which serve as the host for parasite multiplication.
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Promastigotes are rapidly phagocytosed by dermal macrophages through a com-
plement receptor-3 dependent mechanism and eventually metamorphose to
amastigotes by promastigote surface glycoprotein gp63. The amastigotes settle in
acidic parasitophorous vacuoles and avoid hydrolysis with the help of another
promastigote surface molecule: lipophosphoglycan that prevents the formation of a
phagolysosome.

In VL the incubation period commonly varies from 2 months to 1 year, but it
could be as short as 10 days or as long as 2 years or more. The infection may be
asymptomatic or may lead to full-blown kala-azar, depending upon the host
immunological response. Patients with VL present symptoms and signs of
low-grade recurrent fever and malaise, followed by progressive wasting, anaemia,
and hepatosplenomegaly. If untreated, VL proves fatal within 2–3 years. Common
histological features are the early accumulation of mononuclear phagocytic cells in
the invaded tissues leading to hyperplasia of reticuloendothelial cells (REC) of the
organs involved. The pathology of VL is subjugated by the specific suppression of
cell-mediated immunity; this permits the dissemination and uncontrolled multipli-
cation of the parasite within the macrophage leading to cellular rupture and
resulting in various complications. The REC hyperplasia that follows infection with
L. donovani affects the spleen, liver, mucosa of small intestine, bone marrow, and
lymph nodes. The skin may also become infected as a consequence of kala-azar, a
condition known as post kala-azar leishmaniasis.

Fig. 1.1 Life cycle of Leishmania donovani obtained from CDC web site http://www.dpd.cdc.
gov/dpdx/HTML/Leishmaniasis.htm
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Haematopoiesis is initially normal but later becomes depressed. The life span of
leukocytes and erythrocytes is reduced due to spleenomegaly and stasis of blood in
the spleen sinusoids, causing granulocytopenia and anaemia. Liver function is nor-
mal and few hepatocytes are invaded; however, prothrombin production is decreased.
Thrombocytopenia and the prothrombin depletion may result in severe mucosal
haemorrhage. Intercurrent infections are frequent, especially pneumonia, dysentery,
and tuberculosis, and these are the common causes of death in the advanced stage.

During progressive infection, Th2-type CD4+ T cells proliferate and secrete
interleukin(IL)-4, resulting in polyclonal B-cell activation with nonspecific
immunoglobulin, especially IgG and specific immunoglobulin of different isotypes
and subtypes of IgG. These have no protective role against this intracellular parasite
and may contribute to disease progression and immune-complex diseases including
immune-mediated vasculitis and glomerulonephritis. Patients who have recovered
from VL are protected, but reactivation can occur. In VL patients, the inability to
control L. donovani infection is associated with a profound T cell unresponsiveness to
L. donovani antigens due to cellular anergy. Inappropriate antigen presentation and
communication between the antigen-presenting cells and T cells, as well as the
induction of IL-10 and IL-10 producing FOXP3-Treg cells, may be associated with
the anergy [1, 3–6].
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Chapter 2
Containing Post Kala-Azar Dermal
Leishmaniasis (PKDL): Pre-requisite
for Sustainable Elimination of Visceral
Leishmaniasis (VL) from South Asia

Poonam Salotra, Himanshu Kaushal and V. Ramesh

Abstract Post Kala-Azar Dermal Leishmaniasis (PKDL) is a chronic dermal
manifestation which appears in a small proportion of cases following cure from
visceral leishmaniasis (VL) episode, and occasionally in patients with no history of
VL. The global prevalence of PKDL is not well studied and the available data are
based only on estimates. As per the available reports, the incidence of PKDL varies
considerably within endemic countries. PKDL diagnosis remains a challenge more
because serology does not have much relevance while parasitological and molec-
ular diagnostic tests show either low sensitivity or are difficult to decentralize in the
field. The available treatment options are costly, lengthy and frequently toxic. It is
believed that PKDL has a multi-factorial and complex origin combining host and
parasite factors and perhaps the treatment rendered in VL treatment. PKDL patients
harbor Leishmania parasites in the skin, therefore, are considered a durable reser-
voir of infection that may propagate VL transmission, especially during
inter-epidemic periods. Hence, PKDL poses a serious threat to the success of VL
elimination program in South Asia and calls for combined and coordinated efforts
towards its surveillance and management in India, Nepal, and Bangladesh. In a
nutshell, containing PKDL is a must for sustainable elimination of VL from South
Asia where VL transmission is anthroponotic.
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2.1 Epidemiology

Post kala-azar dermal leishmaniasis (PKDL) is well known to occur in regions
endemic for Leishmania donovani, with variable incidence in affected countries.
Information on global epidemiology of PKDL is fragmentary since only limited
studies are available. The highest incidence of PKDL has been recorded from
Sudan in East Africa, and in Bangladesh in the Indian subcontinent. More impor-
tantly, its distribution predominantly reflects the distribution of visceral leishma-
niasis (VL) or kala-azar (KA) caused by L. donovani. The factors that predispose
apparently cured VL patients to PKDL in an endemic zone are not well understood
but appear to be related to age at the time of contracting VL and incomplete
treatment course [1]. PKDL is reported to occur not only after treatment of VL with
sodium stibogluconate (SSG) [2], but also following treatment with miltefosine,
amphotericin B [3] and paromomycin [4]. Longitudinal follow-up studies would
help to find out the relation between the type of drug used for VL treatment and the
likelihood of patients developing PKDL thereafter. Furthermore, approximately
20 % PKDL cases do not report a history of VL [5] which poses another intriguing
question in precise understanding of PKDL pathogenesis.

The first population-based study of PKDL incidence was carried out in
Bangladesh [6]. It combined a house-to-house survey (2007–2008) and a retro-
spective study that included 22,699 people from 4,553 households. In total, 813
cases of VL were detected with 79 PKDL cases (9.7 %) among them. It is note-
worthy that 8 of the 79 PKDL cases (10.1 %) reported no history of VL. The
median duration between VL episode and PKDL was 22 months. More specifically,
20 % of PKDL cases appeared within 6 months, 40 % between 6–24 months, and
40 % after 24 months. Uncommon events were also reported such as PKDL
occurring concomitantly with VL or a VL relapse and spontaneous cure.
Subsequent studies suggested that the epidemiology varies widely, even among
districts of Bangladesh and showed a prevalence of PKDL of 6–16/10,000 popu-
lation [7, 8].

In India, PKDL appears in up to 10 % of VL treated cases and usually occurs
within 5 years after treatment [9]. In a highly endemic area of Bihar, a three stage
house-to-house survey of 2020 households’ demonstrated local prevalence of
confirmed PKDL of 4.4/10,000 and 7.8 if probable cases were also considered [10].

In Nepal, the incidence of VL is much lower compared to Bangladesh or India.
Most of the cases are recorded from 12 endemic districts residing in 25 % of the
country’s population. In the 1990s, there was an upsurge in the number of VL
cases, but the incidence has declined since 2006. The prevalence of PKDL has been
estimated to be 2.3 % of patients with history of VL [11]. The prevalence of PKDL
may be higher in areas adjacent to Indian border, where SSG resistance has been
identified. In 2010, a survey found that the median onset of PKDL following VL
episode was 23 months [11]. Patients who received inadequate treatment (<20
injections of SSG) were 11 times more likely to develop PKDL than those who
completed full treatment course.
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2.2 Clinical Features

PKDL patients are healthy except for their skin rash, therefore, they may not always
visit health centres promptly. Unlike VL cases, they do not have fever, spleno-
megaly or weight loss, and the physical examination looks usually normal.
However, severe form of PKDL when present on face can cause significant social
and clinical discomfort. Since the initial diagnosis is based on clinical character-
istics, the differential diagnosis is very important.

In the Indian subcontinent, the polymorphic form of PKDL is the most fre-
quently encountered: hypopigmented macules, indurated erythematous plaques,
papules and nodules are seen in varying proportions [1]. The typical form is that of
lesions clustered around the chin and mouth, with discrete to no lesions in the rest
of the face or body (Fig. 2.1). At times the lesions may be present on the sides of
the cheeks and the ears, leading to potential for confusion with leprosy. Over time,
these lesions can coalesce and give rise to large tumor-like plaques which are well
circumscribed. Disease progression is nearly always from the face to the rest of the
body, including the feet. Approximately 20 % of PKDL cases display mucosal
lesions affecting the glans penis and oral cavity. If the outer lips are taken into
account, this figure rises considerably since lesions are frequently present in this
area. Impact on the mucosa without involvement of the skin is extremely rare and
has been observed only occasionally in the highly endemic area of Bihar [12].

Fig. 2.1 Erythematous
nodules in the peri-oral area
and tongue
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Similarly, ocular lesions in the cornea and sclera were rarely seen in the distant past.
The unusual forms of the disease are those that are often missed and unsuspected.
Of these, the macular form of PKDL is the most important. It is more likely to be
mistaken for vitiligo rather than leprosy since the degree of pigment loss can be
more than that seen in leprosy. Distribution of macular PKDL may be localized,
generalized or extensive; such lesions lack a photosensitive evolution and at times
the face may be minimally or not affected [13, 14]. Remarkably, hypopigmentation
may affect the entire skin surface leaving few areas of normal or hyperpigmented
skin, particularly at the flexures (Fig. 2.2). Others have also observed a similar
incidence of macular PKDL in their studies [15]. The other presentation of PKDL is
the fibroid variety with plaques on the dorsa of fingers and toes, with an appearance
like knuckle pads.

African PKDL, mainly concentrated in Sudan, has been increasingly reported
and has been reviewed [16, 17]. In contrast to PKDL in Indian subcontinent, which
occurs in 5–15 % of those treated for VL [1], Sudanese PKDL appears in as high as
50 % of patients following VL [16]. The distribution of lesions in Sudan is similar
to that of Indian form but differs in the ulceration that can occur in severe cases.
Lesions typically start on the face as papules, spreading to other parts of the body.
The lesions may remain confined to the face or may spread to other parts of the
body: first, to the trunk and upper limbs, and subsequently to rest of the body parts.
Lesions are generally symmetrical and not itchy. The size of papules may increase,
and turn into nodules or plaques, or a combination of these; alternatively, the lesion
may be macular. Maculopapular lesions are common; a micropapular form

Fig. 2.2 Large, irregular and
coalescent hypopigmented
macules on chest and upper
limbs studded with discrete
papules and nodules
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resembling measles may be seen [1]. Unlike PKDL in the Indian subcontinent, three
grades of PKDL severity have been described in Sudan [1]. An interesting study in
Sudan showed that the severity of facial involvement was related to ultraviolet B
radiation in sunlight that appears to modify the immune system, promoting lesion
development [18]. Mucosal involvement in African cases also differs from
Indian PKDL in that lesions have been more frequently noted in the eyes or
restricted to ocular mucosa [19], giving rise to a number of terms like post-kala-azar
ocular or mucosal leishmaniasis. These could well be subsumed under the term
PKDL which also covers mucosal lesions, avoiding further confusion.

PKDL is relatively common in HIV-positive individuals and often has atypical
presentations, such as large nodular lesions. The typical clinical distribution i.e. the
spread from face to other parts of the body is not always followed. The majority of
these patients present florid disease with various descriptions including macules,
disseminated miliary papules, papulo-erythematous eruption, nodules and plaques,
or a mixed picture [20–22]. PKDL in co-infected patients have been reported to be
caused by both L. donovani and Leishmania infantum/Leishmania chagasi; in most
cases parasites were easily demonstrated [21–23].

2.3 Diagnosis

The variability of clinical presentations, poor awareness of this otherwise asymp-
tomatic dermatosis, the migration of patients to non-endemic areas and lack of
laboratory facilities to confirm diagnosis remain the major impediments in early
recognition of PKDL [24]. The diagnosis of PKDL was initially based only on the
typical clinical features (macules, papules, and nodules). The most frequent dif-
ferential diagnoses are leprosy, vitiligo, sarcoidosis and secondary syphilis.
However two diseases deserve special mention: neurofibromatosis and leprosy,
which can be differentiated by the ulnar nerve thickness and the loss of skin
sensitivity on hypopigmented patches. The diagnosis of PKDL is usually supported
by the epidemiological background: most cases report a previous VL episode,
usually in a focus of anthroponotic transmission, and/or origin from an area
endemic for VL. The laboratory methods of diagnosis are immunological and
parasitological. Serological methods used for VL diagnosis, such as the direct
agglutination test (DAT), rapid rK39 immuno-chromatographic strip test, and
ELISA based on recombinant antigens have been applied successfully to PKDL
diagnosis [24, 25]. However, a positive antibody test may be the result of the
previous VL episode rather than current PKDL. Nevertheless, serology can be
helpful when other diseases (for example, leprosy) are considered in the differential
diagnosis, or if a history of VL is uncertain. Antigen detection in tissues, blood, and
urine is also of some help [26, 27]. However, only parasitological methods are
confirmatory. The slit skin smear and culture are the standard methods but lack high
sensitivity. In all types of PKDL, the finding of organisms is a bedside aid to
diagnosis which the nodular type of lesion is most likely to show Leishmania
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amastigotes. The likelihood of finding amastigotes diminishes in less indurated type
of skin lesions and is the lowest in the macular variety. Molecular methods based on
nucleic acid detection, using gene amplification techniques like PCR, provide a
reliable means of species-specific diagnosis of the disease. The methods are more
sensitive than immunohistochemical or serological methods. Gene amplification is
carried out by targeting multicopy sequences like ribosomal RNA genes, kineto-
plastid DNA (kDNA), miniexon derived RNA genes or genomic repeats [24, 25].
A kDNA based PCR assay developed in India detected the parasite in 45 out of 48
PKDL patients with 93.8 % sensitivity [28]. Different PCR assays are now avail-
able: real-time PCR, nested PCR, LAMP PCR, etc. that can detect Leishmania
parasites in blood or on slit skin aspirates [29]. The LAMP assay in diagnosis of
PKDL was demonstrated to be rapid and reliable, with sensitivity of 96.8 % and
specificity of 98.5 % [30]. LAMP PCR has several advantages: an easier to run kit
is available, no sophisticated equipment needed, the required temperature for DNA
amplification is lower (62–65 °C), and the test duration is shorter (1 h only). In
addition, the reading is easy (turbidity and color change). It is as sensitive as nested
PCR, which is claimed to be more sensitive than traditional PCR. It is also claimed
to be a good test of cure as it becomes negative 2 weeks after treatment. However, it
is difficult to decentralize the test further than district level. Parasitological con-
firmation using minimally invasive skin slit aspirate sample demonstrated to have
equally reliable results as with tissue biopsy [29] and therefore should be encour-
aged, as the procedure will reduce discomfort and permanent scarring and thus
motivate more patients to come forward for timely diagnosis and monitoring after
treatment.

The main limitation is that most of the molecular tests are unavailable or not
performed in local institutions. The diagnosis of PKDL at primary health centres
when Leishmania amastigotes are not demonstrable often rests on the clinical
picture and the response to anti-leishmanial therapy. In Africa, PKDL frequently
occurs during or soon after the treatment of kala-azar, making the diagnosis rela-
tively easy and with less likelihood of confusion with other dermatoses, unlike the
case of PKDL from Indian subcontinent.

2.4 Histopathology

Histopathological examination in PKDL shows several changes that often occur in
combination. The epidermal changes include hyperkeratosis, parakeratosis, follic-
ular plugging, focal acanthosis or, rarely, atrophy. Dermis shows mixed inflam-
matory infiltrate consisting of histiocytes, lymphocytes, and plasma cells [1].

A recent study from India with 88 biopsies from patients of PKDL showed that
the dermal infiltrates were arranged predominantly in 3 patterns reflecting the
clinical type of lesion; superficial and perivascular in macules, perivascular and
perifollicular in some, and the third pattern being diffuse infiltration in those with
indurated lesions; Leishmania amastigotes were seen in approximately 30 % of the
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cases and were better seen in biopsies from mucosal lesions [23]. Anecdotal report
from Spain has also shown many parasites in biopsy from the mucosal lesion as
compared to none from the skin of the same patient [31].

In African cases, lymphocytes are the predominant cells followed by histiocytes
and some plasma cells. Epithelioid cell granulomas were seen in about 20 % of
cases and scattered epithelioid cells in about half [17]. Compact granulomas were
seen more commonly in nodules than in papules [32]. Neuritis, an unusual finding,
has been reported in four of 15 cases and has to be differentiated from leprosy [17].
Parasites are seen in 17–20 % of cases on routinely stained sections; this sensitivity
increases to 88 % when a specific monoclonal antibody was used to stain
L. donovani [33].

2.5 Treatment

Treatment of PKDL is an important component of the kala-azar eradication pro-
gramme. The pentavalent antimonials which had been at the helm of therapy now
stand excluded because of the duration of therapy, toxicity and increasing antimony
resistance. Miltefosine and amphotericin B are the current treatments of choice.
They can be used separately or combined depending on the severity. Studies for
combination therapy are far from complete. The choice of drugs, dose and duration
vary from that used in Sudanese PKDL and has been discussed in a separate
chapter.

2.6 Pathogenesis

The precise understanding of PKDL pathogenesis is still obscure and, importantly,
the immunopathobiology varies between Sudanese and Asian PKDL. PKDL is
considered to be immunological triggered, with host, parasite, and drug all perhaps
contributing to the pathogenesis.

• Host characteristics are mainly immunological and seem crucial for PKDL
development. The host’s role is suspected, based on the: (1) high incidence of
PKDL in immunosuppressed people (i.e. transplant recipients and patients with
HIV/AIDS, tuberculosis, malaria, measles), (2) efficacy of therapeutic vaccines
with good and extended immunogenicity, (3) clinical healing associated with a
conversion of Leishmanin Skin Test (LST) from negative to positive [34].

• Parasite characteristics are still not well understood. To date, no parasite strain
has been associated with one single entity (VL or PKDL) in endemic areas [35,
36]. Molecular studies on genetic typing revealed monomorphism between
L. donovani isolates from VL and PKDL cases in India [37]. It is clear that PKDL
incidence is much higher in L. donovani foci than in L. infantum. However, there
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is still an unanswered question of whether the higher incidence is related to the
parasite and/or to the epidemiology. PKDL’s higher incidence could be due to the
anthroponotic (human-to-human) transmission in L. donovani foci compared to
the zoonotic (animal-to-human) transmission in the L. infantum.

• Drug characteristics may also be important to PKDL development. However,
approximately 20 % PKDL cases appear without any previous VL episode [5,
38] and, consequently, prior to receiving any drug treatment. Much of the PKDL
reported in the past has been observed after treatment of VL with pentavalent
antimonials. The introduction of newer drugs like amphotericin B and milte-
fosine has led researchers to investigate the relationship between the efficacy of
a given drug and the subsequent occurrence of PKDL. Having analyzed cases
seen over 35 years from a high endemic area, the authors concluded that the
incidence of PKDL declined after the introduction of amphotericin B for VL in
areas with high refractoriness to antimonials [39, 40]. It is now established that
any drug can lead to PKDL but in variable proportions. PKDL cases after VL
treatment with SSG are reported more frequently than with amphotericin B
treatment; however this may be because SSG has been the most commonly and
extensively used drug over many decades. In recent times PKDL cases have
been reported after using miltefosine, amphotericin B and paromomycin for VL
treatment [3, 4, 41]. PKDL could be the result of an immunological attack on
Leishmania parasites which have survived in the skin despite chemotherapy. It
is probably not the drug itself which leads to PKDL but the type of cellular
immune response induced by the drug (cytokine profile) and the level of
Leishmania parasite burden remaining in the body after treatment. Sb5+ has a
specific influence on the immune response through its effects on cell signaling,
cytokines and immune complex induced levels of granulocyte macrophage
colony stimulating factor (GM-CSF) [42]. Sb5+ and amphotericin B have
contrasting effects on IL-10 and TGF beta in PKDL patients [43]. Only
prospective clinical trials on VL patients treated with different drugs, (Sb5+,
amphotericin B, miltefosine, paromomycin, and AmBisome) and longitudinal
follow up will allow clear and final conclusions on the comparative rate of
PKDL induced by each drug [39].

In South Asian PKDL, one of the important effector cell implicated in patho-
genesis is CD3+CD8+ T cells that have been found both in lesions and circulation
[44, 45]. The observation of high mRNA expression of FoxP3, CTLA-4, and CD25
at lesion site suggested involvement of Treg cells [46, 47]. Besides, an increased
IL-10-expressing CD3+CD8+ T lymphocytes has been observed in circulation
which gets restored to normal post treatment [45]. The cytokine profile at the lesion
site show enhanced expression of IL-10, TGF-b, IFN-c, and TNF-a in both South
Asian and Sudanese PKDL. However, the expression of IFN-cR and TNFR1 was
lower in Indian PKDL which was restored following treatment [48, 49]. Similar
observations were made in Sudanese PKDL, a genetic polymorphism was found in
IFN-cR [50]. In Sudanese PKDL, expression of IL-10 was considered as an
important predictor for onset of PKDL, particularly following VL [17].
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Furthermore, high levels of IL-17, its transcription factor ROR-ct, and IL-22, both
in lesions and circulation indicated involvement of Th17 cells in PKDL patho-
genesis [51]. Overall, the studies on immunobiology of PKDL suggest that it is a
systemic disease rather than localized one.

2.7 Challenges for Sustainable Elimination of VL

In South East Asia, the transmission of VL is known to be anthroponotic; therefore
PKDL has a major role as a reservoir of infection, especially during inter-epidemic
period [52]. The experimental laboratory work carried out in India, in 1992,
demonstrated the infectivity of PKDL cases. One hundred and four laboratory-bred
P. argentipes sandflies were fed by xenodiagnosis on nodular PKDL cases. Sixty
survived and 32 (53 %) were infected as evidence by the presence of Leishmania
promastigotes in the mid-gut. It was concluded that Indian nodular PKDL cases
were highly infective for the sandfly P. argentipes and it was extrapolated that
PKDL cases can play a role as inter-epidemic reservoir [53]. A few years earlier, in
1988, another study concluded that the presence of as few as 0.5 % durably
infectious PKDL patients during an epidemic may cause VL to become
endemic [54].

PKDL poses a second challenge: the perception of PKDL by the patients
themselves. They consider PKDL as a chronic, cosmetic, non-fatal disease with a
stigma only if nodular. Hence the motivation for early diagnosis and treatment is
low. The delay between the onset of clinical manifestations and the treatment is
usually long and leads to an increased risk of VL transmission to people living in
the same household or neighborhood. Another challenge is of PKDL diagnosis: The
diagnosis of PKDL is intriguing and the disease is often misdiagnosed especially at
primary health centres and/or private clinics, primarily as leprosy, a co-endemic
dermatosis with high prevalence in the same areas. In addition, the treatment is
long, costly, and frequently toxic. Increasing incidence of drug resistance is another
major impediment to deal with to achieve VL elimination.

The presence of asymptomatic VL cases in the endemic areas could be an
important issue towards VL eliminination. A majority of the Leishmania infected
human population do not develop into full blown VL cases, and are considered
asymptomatic [55–57] and these cases could play an important role in maintaining
transmission dynamics of Leishmania infection [58]. However, the actual estimate
of asymptomatic cases in endemic area is difficult to assess. A few studies have
reported the presence of asymptomatic cases in high endemic areas of VL in Bihar
in the range of 10–34 % [55, 59, 60] and the conversion rate to symptomatic VL
was 17.85 per 1000 persons [59]. These “asymptomatic carriers” could prove an
important impediment towards VL eliminination program.
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2.8 Methods and Strategies to Control PKDL

In 2005, India, Nepal and Bangladesh signed a Memorandum of Understanding to
work regionally towards the elimination of VL by 2015; recently extended up to
2017. In order to increase the chances of success of the ongoing VL elimination
program in the Indian subcontinent, PKDL has to be addressed more precisely and
seriously. In this regard, WHO consultative meeting on the management and
control of PKDL made several recommendations [1]. A series of control measures
and research activities need to be undertaken quickly and simultaneously:

(I) Control measures

(I:1) Monitoring of PKDL combining both passive and active case detection
(ACD) should be undertaken routinely for a better estimate of PKDL
prevalence. Point of care diagnostic testing, adaptable to
community-based ACD will enhance surveillance.

(I:2) PKDL surveillance should be part of the national surveillance system for
leishmaniasis or the national communicable diseases surveillance system.

(I:3) Ensure complete and successful treatment of VL.
(I:4) Early diagnosis and prompt treatment of PKDL together with an

improved referral system.
(I:5) Greater awareness among the communities based on IEC and BCC

campaigns is urgently needed for improved reporting and acceptability
of treatment.

(I:6) Capacity building through institutional strengthening and training at all
levels (especially health volunteers, lab technicians and physicians)
involving both governmental and private sectors.

(I:7) Distribution of Long Lasting Nets (LLNs) to limit the infectivity of
untreated PKDL cases.

(I:8) Vector controls measures such as Indoor residual spraying of houses
and animal shelters should be undertaken regularly.

(II) Research priorities

(II:1) Identification of more effective, safe, short-course, affordable, accessi-
ble and acceptable treatment regimens for PKDL.

(II:2) Identification of new treatment regimens (combinations) for VL to
prevent the appearance of PKDL.

(II:3) Post VL-treatment longitudinal follow-up to detect the appearance of
PKDL and an assessment of the drug-specific incidence rates.

(II:4) Evaluate the characteristics of medicines and their capacity to penetrate
the skin; modify medicines to target the skin.

(II:5) Identify immunological markers predictive of PKDL to monitor the
immune response after treatment of VL and follow-up for development of
PKDL.

(II:6) Identify serum markers to monitor progression towards cure, and define
the end-point of treatment.
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In an increasingly global world, it is important for practitioners of tropical
medicine to be familiar with PKDL as it can be seen in immigrants residing in the
West several years after the episode of kala-azar [61] or in those from non-endemic
countries like Japan who return after a period of time in India [62]. The importance
of detecting and treating PKDL cases in VL control program is vital (Fig. 2.3).
Actions have to be regularly monitored or PKDL cases will remain a major
impediment for the VL elimination program. The pace and enthusiasm along with
heightened political and financial commitments should be maintained in imple-
menting the above recommendations.
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Chapter 3
Characteristics of Patients Visiting Suruya
Kanta Kala-Azar Research Center
in Mymensingh, Bangladesh; Data
from a Patient Registry System

Masao Iwagami, Bumpei Tojo and Eisei Noiri

Abstract Mymensingh district is the most affected area of visceral leishmaniasis
(VL) in Bangladesh. Surya Kanta Kala-azar Research Center (SKKRC) was
established in 2012 to provide care for patients with VL and post-kala-azar dermal
leishmaniasis (PKDL) and to advance research on associated conditions. We also
started a patient registry system to provide short- and long-term follow up for
patients given diagnoses of and treated for VL. This chapter demonstrates the
baseline characteristics of patients with VL receiving treatment in SKKRC for the
first year, from 1st April 2013 to 31st March 2014. We registered 181 patients,
consisting of 68 patients with incipient VL and 113 patients with non-incipient VL.
Seasonality (more cases in winter and fewer in summer) was observed, mainly for
incipient VL. Compared with those with incipient VL, patients with non-incipient
VL were more likely to have a family history of PKDL and splenomegaly at
physical examination. During the study period, most patients were treated by li-
posomal amphotericin B (5 mg/day � 3 days). In conclusion, our patient registry
system has been successfully established and we will be able to examine the
incidence, associated factors, and short- and long-term outcomes of VL treated in
SKKRC.
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3.1 Introduction

Although estimating the true incidence of visceral leishmaniasis (VL) and cuta-
neous leishmaniasis (CL) may be difficult because of under-reporting bias, a pre-
vious systematic review estimated from available data that approximately 0.2–0.4
million VL and 0.7–1.2 million CL cases occur annually in the world in 2007–2011
[1]. Among these VL cases, more than 90 % were expected to occur in the fol-
lowing 6 countries: India, Bangladesh, Sudan, South Sudan, Ethiopia, and Brazil. In
Bangladesh, between 1994 and 2013, 109,266 VL cases were reported in 37
endemic districts [2]. Of note, the Mymensingh district was reported to be the most
affected area, accounting for nearly half of the VL cases in Bangladesh. Moreover,
when comparing the statistics between the periods of 1998–2005 and 2006–2013,
the number of reported VL cases has not changed in Mymensigngh, while other
areas saw large reductions in the number of VL cases [2].

To promote patient care and research in this most endemic area in Bangladesh,
Surya Kanta Kala-azar Research Center (SKKRC) was established in December
2012, as part of the Surya Kanta Hospital in the Mymensingh district [3]. Since then,
the SKKRC has been providing care for patients with VL who are coming from
inside and outside of Mymensingh. Following this, we established at the end of
March 2013 a case registration system named ‘Epidemiology of Kala-Azar (Visceral
Leishmaniasis) and Post-Kala-Azar Dermal Leishmaniasis in Bangladesh—A
Prospective Cohort Study—’ (UMIN Clinical Trials Registry, number
UMIN000011426 [4]). This cohort aims to register all the patients who were given a
diagnosis of VL in the SKKRC, and examine short- and long-term outcomes and
associated factors after treatment. In this chapter, we will demonstrate the baseline
characteristics of patients with VL visiting SKKRC during the first year from
1st April 2013 to 31st March 2014.

3.2 Methods

All patients who visited SKKRC and received a diagnosis of VL agreed to par-
ticipate in the registration system. Medical staff in SKKRC recorded patient medical
histories, and conducted physical examinations and blood and urinary sampling
before treatment. During the study period, a final diagnosis of incipient VL was
determined with a positive result of an rK39 Leishmania antigen test, while
non-incipient VL was diagnosed based on spleen biopsy findings and polymerase
chain reaction (PCR) assays by treatment physicians.

The number of patients was counted each month to examine seasonality of the
incidence of VL, differentiating patients with incipient (primary) and non-incipient
VL. Based on patients’ addresses, the distribution of patients was plotted on a map
of Mymensingh and the surrounding districts. Continuous variables such as age and
height were presented as median values [interquartile range (IQR)], while
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categorical variables were presented as the number of patients and proportion.
Baseline characteristics were compared between incipient and non-incipient VL
cases. Statistical analysis included t-test or Wilcoxon rank sum test for continuous
variables, and chi-square test or Fisher’s exact test for categorical variables, as
appropriate. A p value of less than 0.05 was considered statistically significant. All
statistical analyses were conducted using Stata 14 software (Stata Corp, Texas, US).

3.3 Results

During the first year period, 181 patients received a diagnosis with VL and were
treated in SKKRC; 68 patients with incipient VL and 113 patients with
non-incipient VL. Figure 3.1 illustrates the number of patients by month.
Incipient VL appears to have seasonality, with higher incidence during winter and
lower incidence during summer. However, non-incipient VL does not seem to have
a large seasonality except for the highest number occurring in March 2014.
Figure 3.2 demonstrates the geographical distribution of VL cases. The majority of
patients (nearly 60 %) came from the Mymensingh district, followed by fewer
patients from Tangail, Jamalpur, Gazipur, Netrokona, and Kishorgonji. In the
Mymensingh district, almost all cases were from south of the (old) Brahmaputra
River.

Non-incipient VL cases consisted of 21 patients receiving previous treatment for
VL in the past 1 year, 84 patients receiving VL treatment � 1 year before, and 8
patients with unknown detailed history (Table 3.1). Of note, 27 % of previous VL
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Fig. 3.1 Number of patients with visceral leishmaniasis visiting Surya Kanta Kala-azar Research
Center by month
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patients (� 1 year) received sodium stibogluconate (SSG), while recently treated
VL patients did not. Table 3.2 compares the baseline characteristics of patients with
incipient VL and non-incipient VL. Age was not very different, with the majority of

Mymensingh
Netrokona

Kishorgonji

Gazipur

Jamalpur

Tangail

SKKRC

Fig. 3.2 Geographical distribution of patients with visceral leishmaniasis visiting Surya Kanta
Kala-azar Research Center (SKKRC)

Table 3.1 Previous treatment history of 113 patients with non-incipient visceral leishmaniasis

Treatment regimen Last episode of visceral leishmaniasis

<1 year
(n = 21)

� 1 year
(n = 84)

Not
remembered/recorded
(n = 8)

Miltefosine 12 (57 %) 38 (45 %) 2 (25 %)

Sodium stibogluconate 0 23 (27 %) 0

Paromomycin 1 (5 %) 2 (2 %) 0

Liposomal amphotericin B 6 (29 %) 15 (18 %) 3 (38 %)

Intravenous drug (not specifically
remembered/recorded)

0 0 1 (13 %)

Combination of liposomal
amphotericin B and miltefosine

1 (5 %) 1 (1 %) 0

Not remembered/recorded 1 (5 %) 5 (6 %) 2 (25 %)
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patients being in their 10s, 20s, and 30s. Sex was also similar, with the male
proportion being around 60–70 %. Patients with non-incipient VL were more likely
to have a family history of post-kala-azar dermal leishmaniasis (PKDL). Most

Table 3.2 Baseline characteristics of patients with visceral leishmaniasis before treatment

Incipient VL patients
(n = 68)

Non-incipient VL
patients (n = 113)

P value

Age (years)* 30 [14.5–45] 25 [12–39] 0.151

Sex (male) 41 (60 %) 78 (69 %) 0.231

Patient history

Family history of VL (yes) 24 (35 %) 34 (30 %) 0.128

Family history of PKDL
(yes)

0 (0 %) 5 (4 %) 0.017

Chief complaint:
Fever
Others (abdominal pain,
vomiting, etc.)

63 (93 %)
5 (7 %)

109 (96 %)
4 (4 %)

0.253

Duration of fever until visit
(days)*

45 [30–120] 30 [20–60] 0.201

Weight loss 62 (91 %) 102 (90 %) 0.834

Anorexia 62 (91 %) 103 (91 %) 0.996

Diarrhea 2 (3 %) 6 (5 %) 0.385

Vomiting 10 (15 %) 6 (5 %) 0.031

Nasal bleeding 1 (1 %) 1 (1 %) 0.429

Gum bleeding 0 (0 %) 0 (0 %) n/a

Physical examination

Height (cm)* 153 [145–165] 155 [140–162] 0.941

Weight (kg)* 40.5 [34–50] 42 [30–50] 0.855

Body mass index (kg/m2)* 17.3 [15.1–18.8] 17.4 [14.7–20.0] 0.595

Pulse (/min)* 84 [80–90] 85 [80–90] 0.525

Systolic blood pressure
(mm Hg)*

110 [100–120] 110 [100–120] 0.362

Diastolic blood pressure
(mm Hg)*

70 [60–80] 70 [70–80] 0.179

Body temperature
(Fahrenheit)*

99.0 [99.0–100.0] 99.0 [98.4–100.0] 0.626

Pallor 64 (94 %) 108 (96 %) 0.555

Jaundice 10 (15 %) 24 (21 %) 0.238

Abdominal swelling 2 (3 %) 9 (8 %) 0.158

Ascites 1 (1 %) 2 (2 %) 0.594

Splenomegaly 33 (49 %) 91 (81 %) <0.001

Hepatomegaly 0 (0 %) 3 (3 %) 0.226

PKDL = post-kala-azar dermal leishmaniasis, VL = visceral leishmaniasis, * median [interquartile
range]
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patients in both groups visited the hospital with fever as their chief complaint.
Weight loss and anorexia were also involved for 90 % of the patients. The pro-
portion of those reporting vomiting was significantly higher in patients with
incipient VL. Body mass index (BMI) was obviously low in both groups, with the
median slightly over 17 and the upper limit of the IQR 20 or lower. At physical
examination, most patients were judged to have pallor. Splenomegaly was signif-
icantly more frequent in patients with non-incipient VL than that seen in patients
with incipient VL.

As shown in Table 3.3, more than 90 % of patients were treated by liposomal
amphotericin B, mostly with the dose of 5 mg/day for 3 days. A small number of
patients, many of whom had received a course of liposomal amphotericin B before,
received other treatments such as non-liposomal amphotericin B and miltefosine.

3.4 Discussion

We established a patient registry system in a hospital in the Mymensingh district,
the most endemic area for VL in Bangladesh. To achieve the elimination target of
VL (an annual incidence of less than 1 per 10,000 people as proposed by World
Health Organization [5]) SKKRC would play an important role in caring for
patients with VL and PKDL and reporting the incidence, associated factors, and
short- and long-term outcomes. In particular, because humans are considered the
only reservoir host, successful treatment of VL is essential to avoid spreading the
disease through infected people. In our cohort, approximately one third of patients
had a family history of VL, and there were several patients with a family history of
PKDL in the group of non-incipient patients.

Characteristics of patients with VL were similar to those of other patient cohorts
established in endemic areas in Bangladesh. For example, in a cohort of a Fulbaria
clinic, Mymensingh, the study population was under-nourished with a mean BMI of

Table 3.3 Current treatment for patients with incipient and non-incipient visceral leishmaniasis

Incipient visceral
leishmaniasis (n = 68)

Non-incipient visceral
leishmaniasis (n = 113)

Liposomal amphotericin B

Dose: 5 mg/day � 3 days 58 (85 %) 99 (88 %)

Dose: 5 mg/day � 6 days 1 (1 %) 3 (3 %)

Dose: 10 mg/day � 1 day 9 (13 %) 1 (1 %)

Non-liposomal amphotericin B

Dose: 1 mg/day � 15 days 0 4 (4 %)

Miltefosine

Dose: 100 mg/day � 28 days 0 4 (4 %)

Dose: 40 mg/day � 28 days 0 1 (1 %)

Dose: 10 mg/day � 84 days 0 1 (1 %)
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around 17.5 kg/m2 [6], and in another cohort of the Muktagacha upazila hospital in
Mymensingh, systolic/diastolic blood pressure was close to 110/70 mm Hg [7].
However, our cohort included a larger proportion of non-incipient VL patients
(113/181) than did the Muktagacha upazila hospital cohort (68/300). Patients with
non-incipient VL had different characteristics from those with incipient VL in that
seasonality of the incidence was smaller and a family history of PKDL was reported
in some patients. Moreover, the proportion of splenomegaly, which was suggested
to be a risk factor for relapse among patients with primary VL [6], was considerably
higher in patients with non-incipient VL. How to treat and follow up these patients
would be ever more important in endemic areas, including Mymensingh.

During the study period, most patients were treated by liposomal amphotericin
B, mostly with the dose of 5 mg/day for 3 days. The study in the Fulbaria clinic,
Mymensingh, reported that a regimen of 5 mg/day for 3 days for primary VL led to
a >95 % cure rate and <1 % serious adverse events [6]. Meanwhile, in the
Muktagacha upazila hospital, the regimen of 10 mg/day for 1 day was also suc-
cessful with a >95 % cure rate and no serious adverse events [7]. Our cohort also
included a small number of patients treated by 10 mg/day for 1 day. For
non-incipient visceral leishmaniasis, non-liposomal amphotericin B and miltefosine
were also treatment options. The associations between the treatment regimen and
short- and long-term outcomes, including drug side effects, treatment failure,
recurrence, and the incidence of PKDL, will be examined in our established cohort.
We will also examine the association between baseline characteristics (including
blood and urine test results that were not shown in this chapter) and outcomes.

3.5 Conclusion

In conclusion, a new patient registry system has been successfully established in
SKKRC in the Mymensingh district to follow up treatment of patients with VL.
Using this cohort, we will be able to examine the incidence, associated factors, and
short- and long-term outcomes of patients with VL. This will ultimately contribute
to the eradication of VL and PKDL in the region, as well as in the world.

References

1. Alvar J, Vélez ID, Bern C, et al. Leishmaniasis worldwide and global estimates of its incidence.
PLoS One. 2012;7:e35671.

2. Chowdhury R, Mondal D, Chowdhury V, et al. How far are we from visceral leishmaniasis
elimination in Bangladesh? An assessment of epidemiological surveillance data. PLoS Negl
Trop Dis. 2014;8:e3020.

3. SATREPS project kala-azar research center officially opens in Bangladesh—Japan-Bangladesh
collaboration contributes to elimination of visceral leishmaniasis. Japan Science and
Technology Agency. http://www.jst.go.jp/report/2012/130121_e.html. Accessed 1 Oct 2015.

3 Characteristics of Patients Visiting Suruya Kanta Kala-Azar … 29

http://www.jst.go.jp/report/2012/130121_e.html


4. Epidemiology of Kala-azar (visceral leishmaniasis) and Post-kala-azar dermal leishmaniasis in
Bangladesh—a prospective cohort study—‘, UMIN clinical trials registry. https://upload.umin.
ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&type=summary&recptno=
R000013374&language=J. Accessed 1 Oct 2015.

5. Regional strategic framework for elimination of kala-azar from the South-East Asia Region
(2011–2015). WHO regional office for South-East Asia. http://apps.searo.who.int/pds_docs/
B4870.pdf?ua=1. Accessed 1 Oct 2015.

6. Lucero E, Collin SM, Gomes S, et al. Effectiveness and safety of short course liposomal
amphotericin B (AmBisome) as first line treatment for visceral leishmaniasis in Bangladesh.
PLoS Negl Trop Dis. 2015;9:e0003699.

7. Mondal D, Alvar J, Hasnain MG, et al. Efficacy and safety of single-dose liposomal
amphotericin B for visceral leishmaniasis in a rural public hospital in Bangladesh: a feasibility
study. Lancet Glob Health. 2014;2:e51–7.

30 M. Iwagami et al.

https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi%3ffunction%3dbrows%26action%3dbrows%26type%3dsummary%26recptno%3dR000013374%26language%3dJ
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi%3ffunction%3dbrows%26action%3dbrows%26type%3dsummary%26recptno%3dR000013374%26language%3dJ
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi%3ffunction%3dbrows%26action%3dbrows%26type%3dsummary%26recptno%3dR000013374%26language%3dJ
http://apps.searo.who.int/pds_docs/B4870.pdf%3fua%3d1
http://apps.searo.who.int/pds_docs/B4870.pdf%3fua%3d1


Part II
Therapeutic Strategy to Deal with

Emergence of Drug Resistance



Chapter 4
Epidemiology of Drug-Resistant
Kala-Azar in India and Neighboring
Countries

T.K. Jha

Abstract Sodium stibogluconate (SSG), a pentavalent antimonial compound, had
been the first-line treatment for visceral leishmaniasis (VL) in the Indian subcon-
tinent for more than 70 years, with a cure rate of over 90 %. However, by the year
2000, even a stronger regimen of this treatment failed to cure as many as 60 % of
the cases. Among the drugs administered orally, miltefosine was found highly
effective in the treatment of VL in different phases of trials in India, with a cure rate
of 94, or 82–87 % in outpatients. In the VL elimination program, miltefosine has
been used as a first-line drug in India, Nepal, and Bangladesh since 2008.
Miltefosine has a long half-life and has been found to be teratogenic in females of
child-bearing age. Paromomycin, administered intramuscularly for 21 days, was
found to have a cure rate of 94 % in different phases of trials in India. It has been
registered in India since August 2006, and is a potential anti-leishmanial drug that is
being used in combination therapy. Amphotericin B, or its liposomal compound
(AmBisome), remains the most potent drug with a cure rate of 98–100 % in all
resistant cases of VL. Since 2015, single dose AmBisome (10 MKD) is being used
in the elimination program. To counter the problem of drug resistance, particularly
in patients of VL co-infected with HIV, AmBisome in a total dose of 40 MKD in a
divided dosage, or a combination therapy of 2 potent drugs, or alternatively, 2
courses of AmBisome, is recommended.
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4.1 Introduction

The global incidence of kala-azar, or visceral leishmaniasis (VL), is approximately
500,000 new cases per year. Ninety percent of these cases are from India and the
neighboring countries of Bangladesh and Nepal, as well as Sudan and Brazil. VL
practically disappeared from the Indian subcontinent after dichlorodiphenyl-
trichloroethane (DDT) spraying was begun to eradicate malaria between the 1950s
and the late 1960s. The resurgence of this disease began in the mid-1970s in India and
in the late 1970s in Bangladesh, where in the 1980s an outbreak occurred in the Pabna
district. The first outbreak of VL was reported in 1980 from the plains of Nepal
bordering northern districts of the Indian state of Bihar. Fifty percent of the cases
reported from India are from Bihar. Thirty-three of 38 districts of Bihar are affected
and 200,000 deaths from VL have been reported from Bihar since 1977 [1, 2]. At
present, 111 districts of South East Asia are affected: 54 in India 26 in Bangladesh, 12
in Nepal, 7 in Bhutan, and 12 provinces of Thailand [3].

4.1.1 History of VL on the Indian Subcontinent

Kala-azar—the word “kala” means black, referring to the black pigmentation of the
skin, and “azar” means prolonged fever or ailment—has been known to occur in the
Indian subcontinent for more than 180 years. The first description of an epidemic of
this disease was reported in 1824–25 in Jessore (now Bangladesh), and this out-
break involved approximately 7,500 fatalities. The disease spread to Bengal
between 1830 and 1850, and it was carried via river travel to the Brahmaputra
valley in Assam in 1875. In 1872, it traveled along the Ganges River from Bengal
to the plains of Bihar, where the disease was given the name kala-dukh (black
disease) [4]. An epidemic of the disease involving 9,400 cases was reported in
Bihar in 1895 (Fig. 4.1) [4]. The resurgence of VL began in the mid-1970s. In a
1977 epidemic, 100,000 cases were reported. A major epidemic occurred in Bihar
during the period 1991–1992, with 250,000 cases and a mortality rate of 35 % [5].
Of the total cases of visceral leishmaniasis reported in India, 70 % are from the
Bihar state in which 33 of 38 districts are affected. Other affected Indian states are
as follows: 4 districts of Jharkhand, 11 districts of West Bengal, and 6 districts of
eastern Uttar Pradesh.

4.1.2 Incidence of VL in Bangladesh

The prevalence of VL was substantially reduced in India and Bangladesh after DDT
spraying to kill malaria-infested mosquitoes was begun during the 1960s [6].
Sporadic cases were reported in the late 1970s, and an outbreak occurred in the
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Pabna district in 1980 [7]. Cases of VL have been reported every year since then.
Thirty-four of 64 districts are affected, with 90 % of these cases found in a mere 10
districts (Fig. 4.2). In 1994, 3,965 cases were reported, and 5,920 cases in 2004. It
is estimated that the actual number of cases is 5 times the number reported [8]. After
launching of the kala azar elimination program in Bangladesh since 9th May, 2008,
morbidity and mortality of kala-azar has been reduced considerably. Earlier reports
estimated the VL burden in Bangladesh to be about 12,400–24,900 new cases
annually with a mortality rate of 1.5 % [8]. In 2014, 1068 cases and 3 deaths were
reported (DGHS 2014).

4.1.3 Incidence of VL in Nepal

Twelve districts of Nepal are endemic for VL (Fig. 4.3), with a population of 5.5
million at risk. Since 1980, 14,685 cases and 215 deaths from this disease have

Fig. 4.1 Map of Indian subcontinent, 1903. Source Indian Med Gazette, May 1947, p. 281
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Fig. 4.2 Map of Bangladesh. Source http://www.searo.who.int/en/Section10/Section2163_
13267.htm

Fig. 4.3 Map of VL (KA) trends from 1987 to 2006. Source http://www.searo.who.int/en/
Section10/Section2163_13267.htm
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been reported, and this figure may be lower than the actual incidence. The case
incidence is about 43 per 100,000 population at risk, and the fatality rate ranges
from 0.84 to 1.75 % [9]. The incidence of morbidity and mortality has been reduced
after launching of the kala-azar elimination program in 2008. The total number of
cases reported in 2014 was 323 and 1 death. The incidence per 10,000 cases was
1.42 in 2009, which came down to 0.28 [3].

4.1.4 Incidence of VL in Bhutan

From 2013, the kala-azar elimination program has been extended to Bhutan and
Thailand (after the Dhaka declaration of 2010). The total number of cases reported
from 7 districts of Bhutan is 18, in between the years 2010 and 2013 (Fig. 4.4).
However, no cases were reported in the year 2014 [3].

4.1.5 Incidence of VL in Thailand

Twenty cases of kala-azar and 3 cases of cutaneous leishmaniasis have been
reported from Thailand up to December 2014 (Fig. 4.4). Of the 23 patients with
leishmaniasis, 9 were co-infected with HIV [3].

Fig. 4.4 Population at risk of visceral leishmaniasis (VL) in Bhutan. Source Informal expert
consultation on VL WHO SEARO, New Delhi, (25–27 March 2015)
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4.1.6 The Current Scenario of VL in South East Asia

Historically, the VL epidemic cycle repeats regularly every 15–20 years [10]. In the
Indian subcontinent, about 200 million people are at risk for VL. It is estimated that
25,000–40,000 cases and 200–300 deaths occur yearly in India, Bangladesh, and
Nepal. However, these figures are considered to be grossly underestimated. One
hundred eleven districts of South East Asia are affected: 54 in India, 26 in
Bangladesh, 12 in Nepal, 7 in Bhutan, and 7 provinces of Thailand. The estimated
numbers of VL cases in India, Bangladesh, Nepal, Bhutan, and Thailand are 2855
(April 2015), 1068, 323 (with 1 death), 18, and 20, respectively. The total burden of
the disease in the subcontinent is 21 cases per 10,000 population [11]. The inci-
dence of kala-azar in India after the launch of the elimination program is as shown
in below Table: Source: Informal Expert Consultation on VL WHO SEARO, New
Delhi, (25–27 March’2015) (Fig. 4.5).

Sl. No. State Total # of
endemic
districts

Total
blocks

VL blocks < 1
case
per 10,000 pop.

VL blocks > 1
case
per 10,000 pop.

Visceral leishmaniasis cases per 10,000 population during the year 2013

1 Bihar 33 426 266 (62 %) 160 (38 %)

2 Jharkhand 4 33 3 (9 %) 30 (91 %)

3 West Bengal 11 119 111 (93 %) 8 (6.7 %)

4 Uttar
Pradesh

6 12 12 (100 %) 0

Total 54 590 392 (66 %) 198 (34 %)

VL cases per 10,000 population during the year 2014

1 Bihar 33 445 323 (73 %) 122 (27 %)

2 Jharkhand 4 33 9 (27 %) 24 (73 %)

3 West Bengal 11 121 110 (91 %) 11 (9 %)

4 Uttar
Pradesh

6 12 12 (100 %) 0

Total 54 611 454 (74 %) 157 (26 %)

In Bangladesh, the incidence of 1.57 per 10,000 declined to 0.34 per 10,000 in
2014, while in Nepal, the incidence per 10,000, which was 1.42 in 2007, has come
down to 0.28 per 10,000 [3].
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4.2 History of the Efficacy of Antileishmanial Drugs
in South East Asia

4.2.1 Sodium Stibogluconate (SSG) Resistance in Nepal

A prospective study was conducted in a tertiary-level hospital located in
south-eastern Nepal from July 1999 to January 2001 on new parasitologically
positive cases of VL. One hundred twenty cases were enrolled in the study, of
which 110 patients completed SSG therapy. SSG was used in a dosage of 20 mg/kg
daily for 30 days, which was extended to 40 days for patients who were still
parasitologically positive. Of the 110 patients completing therapy, the definite cure
rate at 6 month follow up was 90 % (99 patients), and 10 % had treatment failure.
However, a definite cure rate of only 76 % was achieved in those patients coming
from the plains of Nepal bordering North Bihar. Four patients (3.3 %) died, and
overall cardiac toxicity was observed in 3.3 % [12].

Fig. 4.5 Leishmaniasis cases
by province in Thailand.
Source Informal expert
consultation on VL WHO
SEARO, New Delhi, (25–27
March 2015)
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In another study conducted in a tertiary hospital in Nepal between 1999 and
2004, 659 VL patients were enrolled; 526 cases came from districts outside the
SSG-resistant zone of North Bihar, and 133 cases came from the plains of Nepal
bordering known SSG-resistant districts such as North Bihar. Of these, 480 and 133
cases, respectively, were assessed. Final cure rates of 86.1 and 59.9 %, respectively,
were achieved [13]. Miltefosine has been used in Nepal since the kala-azar elimi-
nation program was launched.

4.2.2 Efficacy of Miltefosine in Nepal

A phase 4 trial of miltefosine in Nepal was conducted during September 2003–
March 2004 with 125 patients, of which 122 completed treatment. A final cure rate
of 88 % (105 of 119 cases) was achieved (unpublished data). Miltefosine was used
in the kala-azar elimination program till 2014.

4.2.3 Efficacy of SSG in Bangladesh

No data from any controlled trial testing the effectiveness of SSG have been
reported so far from Bangladesh. There is a shortage of the standard preparation of
SSG in this country. However, as per official recommendations, SSG is used at a
dose of 20 mg/kg daily for 28 days. In 1 study (personal communication), 148
patients were enrolled, of which 144 had an initial clinical cure at the end of
treatment. Four patients died during the treatment. The final cure rate at 6-month
follow up could not be ascertained. A phase 4 study of miltefosine was conducted
in Bangladesh by the Special Programme for Research and Training in Tropical
Diseases of the World Health Organization (WHO) in cooperation with Zentaris
(Germany). Miltefosine has been used in the kala-azar elimination program laun-
ched in Bangladesh from 9th May 2008.

4.2.4 Changing Response to Different Antileishmanial
Agents in India

Pentavalent antimonials have been the main first-line treatment for all forms of
leishmaniasis, including VL. After its discovery by Schmidt, Kikuth, and others,
antimony gluconate (Solustibosan R) was synthesized in 1937. Several pentavalent
antimonials have been synthesized since then, and these are available in the world
market. Meglumine antimoniate is marketed as Glucantine and Prostib. SSG or
sodium antimony gluconate (SAG) is available commercially as Pentostam,
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Solustibosan, and Stibanate. Generic sodium antimony gluconate (Albert David,
Calcutta, India) is 20 times cheaper than other products, costing US$ 13 versus US$
200 per patient. There is some variation in the effectiveness of SSG in different
states in India. Patients from eastern Uttar Pradesh are still responsive to SSG [14],
and in the Dumka district of Jharkhand, where VL is common, SSG remains
effective, as well.

SSG has been in use in India for treating VL since 1940. Used at a dose of
10 mg/kg daily for 10 days and administered parenterally (intramuscularly or
intravenously), it has proved effective in curing 95 % of cases. Thus, a disease with
over 90 % mortality in untreated patients could be cured in 95 % of them [4]. Until
1970, SSG used in the conventional dosage was effective in curing more than 90 %
of cases of Indian VL. In an earlier resurgence of VL, which assumed epidemic
proportions by 1977, an estimated 250,000 patients were affected in Bihar. Of
those, 30 % of cases were nonresponsive to SSG [15].

During the late 1970s and early 1980s, healthcare workers used different regi-
mens of SSG to counter the problem of unresponsiveness before pharmacokinetic
studies of SSG were conducted (Table 4.1) [16–18]. A pharmacokinetic study of
SSG was done in 1980. It was observed that the use of SSG can be safely prolonged
up to 60 days when administered in a daily dose of 10 mg/kg. Tolerance in children
was found to be better than that seen in adults [19]. In 1982, WHO recommended
SSG in a daily dose of 20 mg/kg (maximum dose of 850 mg) for 20–30 days in
new cases and for 40–60 days in relapse cases. Subsequently, WHO in 1990 rec-
ommended SSG in a daily dose of 20 mg/kg for 30 days [20]. Changes in the
response to the WHO regimen were observed in Bihar by different healthcare
workers (Table 4.2) [21–26].

However, nonresponders to the higher and prolonged dosage schedule recom-
mended by WHO caused treatment failure in up to 60 % of cases of kala-azar from
the hyperendemic districts of North Bihar (Fig. 4.4).

Table 4.1 Efficacy of sodium stibogluconate (SSG) at different dosages and durations between
1975 and 1981

Healthcare worker Dose
(mg/kg
per day)

Duration
in days

Number
of courses

Number
of cases

Number
of nonresponders (%)

Jha (1975–76) [15] 10 10 1 200 17

Jha (1977–80)a 10 10 3 520 30

Thakur (1980–84) [16] 10 20 1 126 9

Jha (1980–81) [17] 10 adult
20 child

30-Fresh
42-Slow
responder
60-Relapse

1 90 1.1

aUnpublished data
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Drug-induced toxicities such as myocarditis, pancreatitis, renal failure, and deaths
following WHO’s new SSG regimen were reported. Even before this, there was
controversy over whether the treatment failure was due to immunological failure or
drug resistance. However, a 100 % treatment failure after SSG was administered in
the WHO-recommended dosage was observed in 2 rural villages located in North
Bihar. A total of 241 cases were found in the 2 villages [26]. Pharmacological failure
was suggested to be the likely cause of treatment failure [27].

In 1991, Jha defined the therapeutic response zones of North Bihar (Fig. 4.6) [28].

Table 4.2 Changing response to sodium stibogluconate (SSG) used in WHO regimen

Healthcare worker Dose (mg/kg
per day)

Duration
in days

Number of
courses

Number
of cases

Number of
nonresponders (%)

Thakur (1984–87) [20] 20 40 1 371 8

Jha (1989) [21] 20 30 1 252 26.1

Jha (1991) [22] 20 30 1 32 25

Jha et al. (1996) BMJ
[23]

20 30 1 30 36.7

Thakur et al.
(1998) [24]

20 30 1 80 54

Sundar et al. [25] 20 30 1 184 60

Fig. 4.6 Map of Bihar showing therapeutic status of sodium stibogluconate SSG in Bihar

42 T.K. Jha



4.2.5 Changing Response to Diamidine Compounds

Among diamidine compounds, pentamidine isethionate (May and Baker) and
pentamidine demethane sulphonate (Lomidine-Specia, France) have been used in
SSG-nonresponder cases of VL from the late 1970s to 2003 as a second-line
treatment. In one study, 82 patients who were unresponsive to SSG were treated
with pentamidine isethionate in a dose of 4 mg/kg for 10–12 intravenous injections
on alternate days, with a cure rate of 98.2 % at 6 month follow up. Two of the 82
patients died of sudden cardiac arrest and 4 (4.81 %) developed a condition
resembling diabetes mellitus [29].

In another study, 233 SSG-resistant cases were treated with pentamidine in a dose
of 4 mg/kg administered intramuscularly or intravenously on alternate days. One
hundred seventy-four cases received pentamidine isetheonate, while 59 were treated
with pentamidine methane sulphonate (Lomidine). Clinical and parasitological
evaluation was done every 10th day until 2 successive bone-marrow or splenic
aspirates were negative for parasites. Eighteen to twenty injections were required for
an initial cure. A full cure was achieved in 75.2 % of the cases treated with pen-
tamidine isethionate, while a cure rate of 100 % was observed in the Lomidine
group. Drug-induced diabetes mellitus was observed in 1.14 and 18.4 %, respec-
tively. An overall cure rate of 81.5 % and relapse rate of 2.08 % were observed.
Mortality rates of 0.57 and 9.23 % were observed in the 2 groups [30] (Fig. 4.7).

Fig. 4.7 Map of Bihar showing endemic zones
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In another randomized study, pentamidine isethionate was used as a
monotherapy in a dose of 4 mg/kg administered parenterally in 3 injections per
week until a parasitological cure was achieved. Thirty-three or more injections were
required to achieve a cure rate of 98 %. However, toxicities such as hyperglycemia
were observed in 10 % of cases (6 % reversible, 4 % irreversible), and cardiac
toxicity was also observed [31].

Both the diamidine compounds are imported, expensive, and highly toxic.
Drug-induced irreversible insulin-dependent diabetes is reported in 5–12 % of
cases. Cardiac toxicities leading to fatal arrhythmias have been observed. This drug
is no longer used to treat Indian VL due to the declining response, serious toxicities,
and high cost [32].

4.2.6 Amphotericin B

Amphotericin B has been used extensively in Bihar for all SSG-nonresponder VL
cases. In some of the hyperendemic districts of North Bihar where between 30 and
60 % of cases are SSG-nonresponders, it is being used as the first-line therapy. It is
used in a dose of 1 mg/kg administered intravenously with 5 % dextrose on
alternate days for 15 injections. A cure rate of 98–100 % is achieved at 6-month
follow up. This is a very effective but costly treatment that requires hospitalization,
and febrile reactions are very common. Monitoring for nephrotoxicity and checking
serum electrolytes for hypokalemia is required. Amphotericin B still remains a very
effective drug for kala-azar as a second-line therapy.

4.2.7 Liposomal Amphotericin B (AmBisome)

There are three liposomal preparations: liposomal amphotericin B sold as AmBisome
(Gilead Sciences; Dimas, California, USA); amphotericin B lipid complex sold as

Table 4.3 Changing response to sodium stibogluconate (SSG) used in WHO regimen

Healthcare worker Dose (mg/kg
per day)

Duration
in days

Number
of
courses

Number
of cases

Number of
nonresponders
(%)

Thakur (1984–87) [20] 20 40 1 371 8

Jha (1989) [21] 20 30 1 252 26.1

Jha (1991) [22] 20 30 1 32 25

Jha et al. (1996)
BMJ [23]

20 30 1 30 36.7

Thakur et al.
(1998) [24]

20 30 1 80 54

Sundar et al. [25] 20 30 1 184 60
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Abelcet (Enzon Pharma; Fairfield, New Jersey, USA); and amphotericin B colloidal
dispersion, sold as Amphotec (Intermune; Brishane, California, USA).

AmBisome used to treat resistant VL in a cumulative dose of 10–15 mg/kg
cured 90–100 % of cases. The duration of therapy could be reduced to 2–5 days
[33]. A total dose of 20 mg/kg, divided into 4 or 5 doses given intravenously on day
1, day 3, day 5, and day 7 resulted in a 100 % cure rate when used as a rescue drug
in resistant cases of VL in different drug trials (unpublished data). At present, this is
the most effective drug for VL that can be used in all resistant cases. However, it is
too costly (one 50 mg vial of AmBisome costs about US$ 135). However, the cost
of AmBisome has been reduced substantially through the negotiation of WHO with
GLEAD, reducing the price to US$ 20 per 50 mg. AmBisome given in a single
dose of 10 mg per kilogram of body weight daily (MKD) has been found to have up
to a 96 % cure rate [34]. This single dose of AmBisome has been recommended as
a first-line therapy in the kala-azar elimination program effective from 2015. A dose
of 5 MKD is also being used in combination therapy with miltefosine and/or IM
paromomycin.

4.2.8 Paromomycin (Aminosidine)

Paromomycin is an aminoglycoside found to have a potent antileishmanial action.
Previously, it was tried in combination with SSG to improve cure rates [35]. In a
phase 2 randomized controlled trial, paromomycin was used in a daily dose of 16 or
20 mg/kg given intramuscularly for 21 days. A cure rate of 93 and 97 %, respec-
tively, was achieved at the 6-month follow up [36]. In a phase 3 multicenter,
double-blind paromomycin study involving 500 cases of Indian VL, a cure rate of
94.6 % was achieved at 6-month follow up [37]. In phase 4 trial conducted at 17
sites, a cure rate of 94.2 % was achieved [38]. Paromomycin is a potential first line
treatment for VL in the Indian subcontinent when used as a monotherapy. Problems
of relapse and treatment failure can be anticipated, as with other aminoglycosides,
when used as a monotherapy. A combination of paromomycin 11 MKD intra-
muscularly has been used in combination with liposomal amphotericin B in a dose
of 5 MKD, and paromomycin 11 MKD intramuscularly with miltefosine 50 mg for
10 days.

4.2.9 Status of Oral Treatments for VL

Allopurinol and ketoconazole have been tried in cases of Indian VL both singularly
and in combination with SSG without much success [39, 40].
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4.2.10 Miltefosine as a Treatment for VL

Miltefosine is an active alkylphospholipid derivative found to have potent
antileishmanial activity. It has undergone several clinical trials, including phase 1/2
[41], phase 2 [42], and phase 3 [43] in adults, phase 3 in children [44], and phase 4
in both children and adults [45]. Altogether more than 1,700 new and resistant cases
of VL in adults and children were enrolled in different multicenter trials in Bihar
[45]. A final cure rate of 94 % at 6-month follow up was achieved. Miltefosine is
used in a dose of 50 mg twice daily (100 mg/day) for 28 days in patients weighing
more than 25 kg; 50 mg daily for 28 days for children weighing 25 kg; and
2.5 mg/kg daily for 28 days for children aged 2–11. However, the cure rate
dropped to about 82–87 % in phase 4 trials when used in outpatients, due to
noncompliance related to gastrointestinal disturbance.

Miltefosine has a long half-life of about 150 h, which may create problems of
relapse and treatment failure in the future. It is not recommended for use in females
of child-bearing age unless they use contraception during and for 2 months after the
end of treatment. Of 18,462 VL cases seen between 1975 and 2009 at the Kalazar
Research Centre (Brahmpura, Muzaffarpur, Bihar, India), 18.56 % of cases were
females of child-bearing age (unpublished data). This female population is likely to
be excluded from treatment with Miltefosine. However, Miltefosine has been used
as first-line treatment in the kala-azar elimination program since 2008 in India,
Nepal, and Bangladesh.

4.2.11 Sitamaquin (WR 6026)

Sitamaquine is a primaquine analogue with effective anti-leishmanial activity. In a
multicenter phase 2 dose-finding study on 120 Indian patients with VL, sitamaquine
was used at a dose of 1.5, 1.75, 2.0, and 2.5 mg/kg daily for 28 days. A final cure
rate of 81, 89, 100, and 80 %, respectively, was achieved. However, 5 % of patients
had nephrotoxicity [46]. Sitamaquine can potentially be used as an oral drug in
combination with another first-line anti-leishmanial agent.

4.3 Combination Therapy for Indian VL

Combining 1 potent antileishmanial drug with a short half-life and another drug
with a long half-life may improve the efficacy and cure rate in VL as with tuber-
culosis or leprosy. The second drug may have a synergistic or additive effect
without having an adverse drug interaction. SSG has been used with Th1-activating
cytokine (interferon-gamma [IFN-c]) as a form of immunochemotherapy to treat
Indian VL. IFN-c in a daily dose of 100 µg/m2 for 30 days combined with SSG in a
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daily dose of 20 mg/kg for 30 days was used, but a full cure was achieved in only
49 % of cases [47]. In India and the plains of Nepal, where nonresponders to SSG
are very high, this combination therapy is ineffective. In 1995, when SSG was used
in combination with allopurinol or ketoconazole to treat Indian VL, no significant
increase in efficacy was observed [40].

In one study, a combination of SSG 20 MKD and paromomycin 11 MKD was
used, for 20 days with a cure rate of 81.8 % [34].

A study on the combination therapy of AmBisome single dose 5
MKD + miltefosine 50 mg daily for 7 days (n = 160), combination of AmBisome
5 MKD single dose + paromomycin 11 MKD for 10 days (n = 158), and paro-
momycin 11 MKD for 10 days with miltefosine 50 mg for 10 days (n = 159), was
compared with amphotericin B 1 MKD intravenous on alternate days for 30 days
(total dose 15 mg/kg). A definitive cure rate at 6-months follow up was found in
97.5, 97.5, and 98.7 %, respectively, while in the amphotericin B group 93.0 %
was achieved [48].

4.3.1 Future Option of Combination Therapy
(Immunotherapy)

Future options for combination therapy (immunotherapy) are as follows: (i) use of
Th1 cytokines like IL-12, and others IFNc and TNF + Sb; (ii) granuloma remod-
eling exogenous cytokines IL-2 or GM-CSF (granulocyte-macrophage colony
stimulating factor) + a potent anti-leishmanial drug like paromomycin; (iii) IL-10
receptor blocker + chemotherapy + Sb/paromomycin, and (iv) amphotericin
B + miltefosine—are directly microbicidal towards intracellular L. donovani
amastigotes in vitro [49]. Both act independently of the immune response.

Recombinant protein anti-leishmanial vaccine plus effective chemotherapy is a
future option.

4.4 Combination Therapy in VL Associated
with HIV/AIDS

There is increasing incidence of coinfection of HIV/AIDS with VL in India,
Bangladesh, Nepal, and Thailand. In 1994, not a single case of HIV/AIDS asso-
ciated with VL was reported [50]. In 1997, 3 cases of coinfection were reported
[50–52].

A study on VL associated with HIV/AIDS is being conducted at Kalazar
Research Centre. There were 61 cases of coinfection reported in 573 cases of
HIV/AIDS during the period of January 1995–January 2009 [53], and 45 cases of
coinfection have been reported in 385 HIV/AIDS cases at Kalazar Research Centre
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between February 2009 and May 2015. The total number of cases with coinfection
between the period of 1995 and May 2015 was 106 of 7,434 VL cases (1.43 %)
whereas the incidence of coinfection in HIV/AIDS was 11.06 % (unpublished).

Different regimens of antimonial therapy have been tried to treat cases of
coinfection, but resistance and relapses are common. In one study on 159 patients
with VL/HIV, the coinfection was treated with AmBisome 20–25 mg/kg (bw) in 4
or 5 doses of 5 MKD over 5–10 days and antiretroviral treatment (ART) was
initiated in 23 (14.5 %), 39 (24.5 %), and 61 (38.4 %) before, during, and after
admission, respectively. Initial cure was achieved in all patients, but 36 patients
died during the follow up and 6 died shortly after admission. The mortality rate was
found to be 14.3 % at 6 months, 22.4 % at 2 years, and 29.7 % at 4 years of follow
up. Of 153 patients receiving treatment, 26 relapsed during the follow up within
10 months. The estimated relapse was found to be 16.1 % at 1 year, 20.4 % at
2 years, and 25.9 % at 4 years. The incidence of relapse and death was found to be
greater with CD4+ counts lower than 200 with low hemoglobin or when associated
with concurrent tuberculosis [54]. Currently the WHO guideline for AmBisome in
HIV/VL co-infection recommends AmBisome at a dose of 40 MKD in divided
doses together with ART in all cases.

4.5 Conclusion

The number of nonresponders to SSG has been increasing in India and the plains of
Nepal. In Bangladesh, the status of SSG efficacy is not known, but SSG is being
used in Bhutan and Thailand. SSG as a first-line therapy is not recommended for the
kala-azar elimination program in India and the neighboring countries like Nepal and
Bangladesh. In May 2005, a memorandum of understanding was signed by 3
countries: India, Nepal, and Bangladesh. The burden of VL in these countries was
21 cases per 10,000 population. The target was to reduce this incidence to 1 case
per 10,000 population by 2015. The London declaration in 2012 and the World
Health Assembly resolution in 2013 extended this period of elimination to 2017 and
also included Bhutan and Thailand in the elimination program. The memorandum
of understanding was signed to this effect. Oral miltefosine was recommended as a
first-line therapy for the elimination program. It would be ideal to use as a
direct-observed treatment (DOT) to counter the problem of noncompliance. An
injectable Depo-Provera contraceptive preparation should be given a few days
before starting miltefosine in females of child-bearing age on the Indian subcon-
tinent to avoid any teratogenic complications. Alternatively oral contraceptive pills
should be given 1 week before starting the treatment, during the treatment, and
2 months after the therapy. During the active phase of the elimination program
between 2008 and 2014, it was observed this was not possible in the clinic and the
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compliance rate was poor. At present, AmBisome in a single intravenous dose at 10
MKD has been recommended to be used in the elimination program from the latter
part of 2014. This has been followed in all the endemic districts of kala-azar in
South East Asia.
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Chapter 5
A Therapeutic Strategy for Treating
Visceral Leishmaniasis in Regions
with Drug Resistance

Shyam Sundar and Dipti Agarwal

Abstract Visceral leishmaniasis (VL) affects 500,000 people annually worldwide,
and Bihar alone accounts for approximately 45 % of that burden. For the last 2
decades there has been a steady decline in response to pentavalent antimonial (Sbv),
the drug that has been used for treating VL for 7 decades. Oral miltefosine has been
chosen as an alternative drug for use in the kala-azar elimination program in India,
Nepal, and Bangladesh. There are only 4 approved antileishmanial drugs: Sbv,
miltefosine, paromomycin, and amphotericin B and its lipid formulations. Except
for liposomal amphotericin B, all the other drugs have to be administered for
21–30 days and have frequent side effects, leading to noncompliance and early
discontinuation of treatment. These factors, along with the intrinsic characteristics
of the drugs (e.g., a long half-life in the case of miltefosine), are conducive to the
development of drug resistance. Thus, alternative strategies must be developed to
prolong the effective life span of these drugs, such as the use of single-dose lipo-
somal amphotericin B, or directly observed therapy when longer-duration treat-
ments are used. Finally, combination therapy with multiple drugs should be
implemented as early as possible, because these are likely to shorten the duration of
therapy, improve compliance, and decrease both toxicity and cost of treatment.
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5.1 Introduction

Visceral leishmaniasis (VL) is the systemic and disseminated form of a disease also
known as kala-azar. This syndrome is typically characterized by fever (often with
chills and rigor), splenomegaly, hypergammaglobulinemia, and pancytopenia. Once
clinical VL sets in, patients become emaciated and prone to develop secondary
infections such as malaria, pneumonia, tuberculosis, and amoebic or bacillary
dysentery. VL is a lethal form of leishmaniasis that is uniformly fatal unless treated.
The incidence of VL is 500,000 cases per year. Ninety percent of the annual global
burden of VL cases occurs in India, Nepal, Bangladesh, and Brazil. In these
countries, VL is endemic, and epidemics are quite frequent, which leads to con-
siderable mortality. It is thus a significant public health problem. In India, about
100,000 cases of VL are estimated to occur annually, with the state of Bihar
accounting for >90 % of these cases.

Unfortunately, in Northern Bihar in India, >50 % of patients are refractory to
pentavalent antimonial (Sbv) therapy, and thus alternative drugs have to be used
[1, 2]. The failure of Sbv in this area is attributed to its widespread misuse at an
anthroponotic focus with intense transmission [3]. A similar potential for resistance
exists in East Africa, especially in Sudan, another anthroponotic focus of VL with
intense transmission, where poverty, illiteracy, and poor healthcare facilities por-
tend the misuse of the drug and consequent emergence of resistance [3]. Resistance
develops as the epidemic turns endemic in foci where Sbv has been used as a
monotherapy for long periods, often with poor supervision and compliance [4]. In
other parts of the world, Sbv continues to be effective [5]. The antileishmanial drugs
discussed in the following sections are available for use to plan a strategy for
treatment in regions with drug resistance.

5.2 Antileishmanial Drugs

The treatment of VL has evolved significantly over time as a consequence of
emerging resistance patterns and newer drug delivery systems.

5.2.1 Sodium Stibogluconate

Urea stibamine was the first antimonial drug, introduced over 70 years ago. It was
replaced in the 1950s by sodium stibogluconate, which became the first-line
treatment for VL. Initially, the drug was used at very low doses (e.g., 10 mg/kg per
day for 6–10 days). For more than 7 decades, Sbv compounds have been used for
the treatment of all forms of leishmaniasis. The drug was inexpensive, and, at that
time, effective and well tolerated. Then treatment failures started to occur, and a
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routine of gradually increasing the dose and duration of therapy began, in what has
proven to be an unsuccessful attempt at catching up with the resistance. As a result
of the increased doses, adverse events became common, including arthralgia,
myalgia, and raised levels of hepatic transaminases. In a significant proportion of
patients, severe toxicity such as chemical pancreatitis, especially in patients
co-infected with human immunodeficiency virus (HIV) [6] and cardiotoxicity,
manifested by concave ST-segment elevation, prolongation of the QT interval
to >0.5 ms, ventricular ectopic beats, runs of ventricular tachycardia, torsades de
pointes, ventricular fibrillation, and sudden death. With substandard Sbv com-
pounds, cardiotoxicity resulting in death occurs very frequently.

5.2.2 Amphotericin B

Amphotericin B is a polyene antibiotic isolated from Streptomyces nodosus that is
used as a first-line drug in regions with high levels of unresponsiveness to Sbv

[7, 8]. While it is conventionally an antifungal drug, its antileishmanial activity was
first shown in the early 1960s. In VL, amphotericin B should be used in doses of
0.75–1 mg/kg body weight on alternate days for at least 15 injections or until a cure
is achieved. It is a polyene antibiotic that has high affinity to ergosterol-like sterols
in the cell membrane, inhibiting their incorporation into the membrane-forming
micropores and leading to increased membrane permeability and ultimately the
death of the Leishmania. Amphotericin B infusions can cause renal dysfunction,
hypokalemia, hepatic dysfunction, bone marrow suppression, and myocarditis, any
of which can be fatal. Fever with chills, shock, aches and pains all over the body,
nausea, and vomiting is common and can occur acutely during each infusion.
Thrombophlebitis of the injected vein is also common.

5.2.3 Liposomal Drug Delivery System

The therapeutic options described earlier are far from ideal because of prolonged
courses of treatment, large-scale treatment failures (except with amphotericin B),
and serious toxicities. Fatal toxicities due to Sbv, pentamidine, and amphotericin B
may be as high as 7–10 %. The search for a better therapeutic option has led to the
development of a targeted drug delivery system in the form of liposomal prepa-
rations: the “magic bullet” approach.

The “magic bullet” concept is based on the premise that the selective delivery of
drugs to the tissues where they are to exert their pharmacological effects will not
only enhance the desired therapeutic result but also minimize the occurrence of
unrelated responses or toxic side effects. To achieve this, researchers have
employed a variety of strategies, including drug design (e.g., prodrugs), carrier
molecules (e.g., antibodies), and the incorporation of drugs into macromolecules
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(e.g., liposomes). Vesicular, cellular, and particulate carriers are removed from the
blood rapidly and almost exclusively by the reticuloendothelial system, in particular
macrophages of the liver and spleen. This makes VL an ideal disease for passive
drug targeting. Liposomes are microscopic vesicles 20–100 nm in diameter that
have the ability to carry the encapsulated drugs to specific sites. The intraphagocytic
nature of the parasite renders it highly susceptible to targeted drug delivery using
liposomes, as the drug-laden liposomes are selectively taken up by the reticu-
loendothelial cells, especially in the liver and spleen, where they end up in the
lysosomal apparatus. Here they are disrupted, and the drug is released, acting either
locally or after diffusion outside the organelle in other cell compartments. As the
drug is targeted to those very cells that host the parasite, it becomes several times
more effective. Moreover, there is a striking decrement in systemic toxicity, as only
minimal quantities of the drug are released in the free form.

Liposomal amphotericin B (AmBisome; Gilead Sciences, Foster City, CA,
USA) is the most commonly used drug worldwide. In India, several studies have
shown that small doses of AmBisome can cure a large proportion of patients. In a
pilot study, 6 mg/kg of AmBisome cured 100 % of 10 patients [9]. In another study
in patients with refractory VL, AmBisome given in doses of 0.75, 1.5, and 3 mg/kg
on 5 consecutive days cured 89, 93, and 97 % of patients, respectively [10]. No
significant adverse events were observed. In another study, a single dose of 5 mg
cured 91 % of patients [11]. Similarly, in a multicenter trial, 90 % of 203 patients
were cured with a single 7.5 mg/kg dose of AmBisome [12].

Unfortunately, due to the high cost of AmBisome (25–30 times the cost of
conventional amphotericin B), even a highly attractive single-dose, low-dose reg-
imen remains beyond the reach of most affected patients. Fortunately, the World
Health Organization (WHO) has now negotiated a preferential price of US$20—
offering a 90 % discount of the usual US$200—for a 50 mg vial of AmBisome for
use in developing countries. This cost reduction makes the use of AmBisome now
feasible throughout most endemic regions of South Asia.

5.2.4 Paromomycin

Paromomycin (aminosidine), obtained from cultures of Streptomyces rimosus,
belongs to the class of aminocyclitol-aminoglycosides and possesses not only
antibacterial but additional antiprotozoal activity effective against Leishmania,
Entamoeba, and Cryptosporidium. Aminoglycosides as a rule have poor intestinal
absorption, and paromomycin is no exception. Therefore, parenteral preparations
have been developed and used in VL. The general consensus is that a 21-day course
of paromomycin (11 mg/kg per day) is well tolerated. It has been strongly con-
sidered as a first-line treatment in Bihar. In the phase 3 trial in India in VL, the most
common adverse event with paromomycin was injection site pain (55 %).
However, most of these cases were common toxicity criteria grade 1, and only 1
patient discontinued the drug due to injection site pain. None of the patients
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developed nephrotoxicity. Seven patients (2 %) in the paromomycin group had
ototoxicity manifested as transient threshold shifts at high frequency, which
returned to near baseline values during follow up. An unexpected adverse event was
a rise in levels of hepatic transaminases in 31 patients (6 %) [13]. The drug is now
being produced in India, and an adult treatment course is expected to cost US
$15.00. Its extremely affordable cost, coupled with a 3-week treatment schedule,
makes it an attractive treatment option.

5.2.5 Miltefosine

A phase 1/2 dose escalation trial of miltefosine in India established that, in adults, a
daily dose between 100 and 150 mg for 28 days is well tolerated and will cure most
patients [14]. This was followed by a series of phase 2 studies confirming the results
of the pilot study [15–17]. This led to a multicenter pivotal phase 3 study in which a
high cure rate (94 %) unquestionably established miltefosine as the first orally
effective antileishmanial agent, thus revolutionizing antileishmanial therapy [18].
Its efficacy has also been reported in Sbv-resistant cases. Depending on the indi-
vidual weight, the recommended therapeutic regimen for patients weighing less
than 25 kg is a single oral dose of 50 mg for 28 days, whereas individuals weighing
more than 25 kg require a twice-daily dose of 50 mg for 28 days. However, mil-
tefosine has its limitations in that it induces renal toxicity and mild to moderate
gastrointestinal disturbances, such as vomiting and diarrhea in 40 and 15–20 % of
patients, respectively. Nonetheless, these symptoms are reversible and are not a
major cause for concern. As miltefosine is potentially teratogenic, it is con-
traindicated in pregnancy and in women of child-bearing age who do not use
contraception.

5.3 Regulations and Policy

Irresponsible drug use is a potential threat to the useful lifespan of any drug, and
this has probably contributed to the high level of treatment failure with Sbv in
Bihar, India [19]. The unrestricted availability of Sbv in India has resulted in
widespread misuse by unqualified practitioners, leading to incomplete treatment
courses. According to a survey of drug resistance in India, only 26 % of patients
were treated according to WHO guidelines, and patients often stopped treatment on
their own initiative [4]. The high reliance on the private sector and local pharma-
cists on the Indian subcontinent even today highlights the need for tighter regulation
of the modalities of VL treatment, and for treatment to be made available at no cost
[20, 21]. When policymakers opt for combination therapy, they should take mea-
sures to limit the use of monotherapy, particularly where incomplete courses of
treatment may result. The fact that miltefosine is available in India without
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prescription or regulation is worrisome, because this could facilitate the develop-
ment of drug resistance [21]. At present, a single dose of 10 mg/kg of liposomal
amphotericin B (L-AmB) or combination therapy consisting of either a single
injection of 5 mg/kg L-AmB and 7-day 50 mg oral miltefosine or single injection
of 5 mg/kg L-AmB and 10-day 11 mg/kg intramuscular paromomycin (PM) or
10 days each of miltefosine and PM are the preferred treatment options in the
Indian subcontinent [22, 23].

5.4 Prevention of Drug Resistance

The problem of drug resistance in VL has been extensively reviewed elsewhere
[24]. Treatment failure can manifest as initial treatment failure (failure to clear
parasites at the end of the treatment course) or relapse (reappearance of parasites
after initial cure, usually within 6 months of follow-up). Although Sbv compounds
have been successfully used throughout the world for decades, poor treatment
response (mainly due to initial treatment failure) has increasingly been reported
since the 1980s from Bihar, India, with geographical and temporal clustering in
several hyperendemic districts [1, 25]. Although treatment outcomes could initially
be improved with higher total doses, the improvement was only temporary [26–28].
In subsequent reports, therapy failed in up to 60 % of patients that were newly
diagnosed [2, 29]. At the same time, misuse of the drugs was reported [4]. Increased
treatment failure has also been reported in Nepal, in districts that border Bihar [30].
Although treatment failure can be due to several causes—including factors related
to the drug, host, and parasite—substantial evidence exists that acquired drug
resistance is a key issue. Reduced drug sensitivity has been reported with
Leishmania donovani strains from unresponsive cases in vitro [31–33]. Reduced
susceptibility to Sbv has also been reported with Leishmania infantum in both
human beings and animals [33–35]. In these studies, post-treatment isolates had
reduced sensitivity compared with that seen in pretreatment isolates, supporting the
notion of acquired drug resistance. However, more recent studies have reported less
clear associations of in vitro susceptibility and clinical outcomes, underscoring the
need for improved and standardized methods [36]. Limited understanding of the
mechanism of resistance toward Sbv and the shortcomings of drug sensitivity assays
make it difficult to predict the risk of acquired resistance in other regions or with
other drugs, and to assess the need for combination therapy to help prevent resis-
tance. Given the risk of the development of resistance to established and new
medicines, the Regional Strategic Framework for Elimination of Kalaazar from the
South-East Asia Region recommends that monotherapy other than L-AmB should
be avoided in this region [37]. A single dose of L-AmB and short-course combi-
nation therapy showing excellent efficacy have been major breakthroughs in the
treatment of VL in this region.
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However, on the basis of the available evidence, acquired drug resistance should be
considered a potentially serious threat to VL control, and comprehensive strategies
should be developed, including the use of combination therapy [1, 3, 20, 24].

5.5 Rationale for Combination Chemotherapy

For individual drugs, the ease with which resistance develops will mainly depend
on the parasite burden, the probability of spontaneous development of resistance
mutations, and the fitness cost associated with those mutations [38]. The level and
pattern of drug use in a population constitutes the selection force for the devel-
opment of resistance, and intact host immunity is generally thought to be protective.
The potency of the drug, therapeutic index, and pharmacokinetic properties of the
drug also play a part [38]. Combination therapy can delay resistance if 2 drugs with
different modes of action and mechanisms of resistance are used. The combination
of synergistic drugs is preferred, because if more effective replication can be
inhibited then resistance is less likely during treatment. For resistance prevention,
both drugs should ideally have similar pharmacokinetics. If parasites always con-
front both drugs, the probability of the emergence of double-resistant parasites
would be expected to be extremely rare (i.e., the product of their individual
per-parasite probabilities). A rapid elimination phase minimizes the duration of
subtherapeutic drug concentrations that can provide an opportunity for amplifica-
tion or selection of resistant parasites [38, 39]. In studies of malaria, the combi-
nation of 1 very active drug with a short half-life with a slower-acting drug with a
longer half-life to clear the remaining parasites has been explored as a way to
shorten treatment duration and improve treatment compliance [40]. However,
recent studies have focused on the terminal elimination phase of the second drug,
which can act as a selective filter for resistant malaria parasites [41, 42]. Finally,
drugs can be combined to target different biological stages of the infectious agent.
This has been done for tuberculosis and malaria, although the drugs are essentially
targeted at preventing relapse and only indirectly prevent or delay the development
of resistance.

5.6 Pharmacological Considerations for Combination
Therapy

Although the mechanisms of action and resistance remain poorly understood for all
antileishmanial drugs currently in use (except amphotericin B), they are all thought
to act on different targets [43]. Recent findings from India suggest that field isolates
from areas with high-level resistance to Sbv show reduced sensitivity toward other
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antileishmanial drugs such as amphotericin B and miltefosine [44]. However, true
cross-resistance between the various drugs has not been reported so far. Several
combinations have shown activity enhancement in animal experiments [45]. Clear
differences in pharmacokinetics exist. Miltefosine might be particularly vulnerable
to the emergence of resistance, because of its narrow therapeutic index and long
half-life, which has been estimated at around 7 days [46, 47]. Recent data from
patients with cutaneous leishmaniasis suggest a terminal half-life of 31 days, with
miltefosine still detectable 5–6 months after the end of treatment [48]. Resistant
strains might be selected and amplified during this period because of subtherapeutic
drug concentrations, either from relapsing patients, or from newly acquired infec-
tions [46]. If confirmed, this situation might have important repercussions for the
risk of emerging resistance and the duration of contraceptive measures.
Paromomycin has a short half-life (2–3 h in patients without VL), but has a low
therapeutic index. Resistance can easily be induced in vitro [49], and clinical
resistance has been noted with its antibacterial use [19, 50]. Most of a Sbv com-
pound (about 99 %) is eliminated within a few hours, followed by a slower
elimination phase with a half-life of 76 h [51]. At least in East Africa, these drugs
remain highly effective. Amphotericin B could be thought less likely to induce
resistance, given its high efficacy and mechanism of action [24, 52–54]. Although
resistance can been induced in vitro, clinical cases of amphotericin-B resistance are
rare. Liposomal amphotericin B has a bioavailability in tissues for several weeks
despite a relatively shorter plasma half-life [55–57]. Given this long tissue half-life,
a single dose of liposomal amphotericin B followed by daily administration of a
second drug (e.g., sodium stibogluconate, paromomycin, or miltefosine) would
result in simultaneous exposure of the parasite to both drugs. The use of a single
dose of liposomal amphotericin B (10 mg/kg) in monotherapy has proven to be
extremely effective in India [57]. In a randomized, non-comparative,
group-sequential, triangular multidrug therapy study in India, 181 subjects were
assigned to treatment with 5 mg/kg of L-AmB alone, 5 mg/kg of L-AmB followed
by miltefosine for 10 days or 14 days, or 3.75 mg/kg of L-AmB followed by
miltefosine for 14 days. When it became apparent that all regimens were effective,
45 additional, nonrandomized patients were assigned to receive 5 mg/kg of L-AmB
followed by miltefosine for 7 days. Final CRs were high (>95 %) and similar in all
the groups. These results suggest that a single infusion of L-AmB (in most
instances, administered in an outpatient setting) followed by a brief
self-administered course of miltefosine could be an excellent option against Indian
kala-azar [58].

5.7 Compliance with Treatment

Besides the intrinsic characteristics of the combination regimen, compliance with
the regimen also affects the risk of drug resistance. All conventional monotherapies
(apart from liposomal amphotericin B) require a long treatment duration
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(21–30 days), making compliance more challenging. This is of particular concern
for treatment with miltefosine, the only oral drug, for which the risk of premature
treatment interruption is high. Even in a phase 4 trial, 4.5 % of patients were lost to
follow up before the end of treatment, and 14.5 % were not available for assessment
6 months after treatment [59]. Thus, except in the case of high-dose single-injection
AmBisome, monotherapy should be completely eliminated, including in the private
sector. The shorter treatment duration might help to increase compliance, as has been
the case for patients receiving combination regimens for malaria [3]. The lower costs
to patients associated with shortened combination therapy could also improve access
to and acceptance of VL treatment. A directly observed treatment strategy, which has
been successfully used for tuberculosis, must be employed to ensure good compli-
ance with treatment, although this will increase the indirect and direct costs mar-
ginally [60]. The elimination program for VL in South Asia has opted for miltefosine
as a first-line drug, but the long treatment regimen, domiciliary treatment, and
adverse events are strong deterrents to good compliance. It will be necessary to
engage in the monitoring of clinical treatment outcomes and pharmacovigilance to
ensure effective management of the VL elimination program [60].

5.8 Response to Treatment in AIDS-Related Kala-Azar

Treatment results in T-cell- and cytokine-deficient animals suggest that CD41
T-cell-depleted patients who have VL associated with acquired immune deficiency
syndrome (AIDS) would respond poorly to Sbv but satisfactorily to amphotericin B,
and that they would also be likely to relapse if the initial treatment successfully
induced an apparent clinical response and the drug was then discontinued. Taken
together (but with variability in treatment regimens and definitions of efficacy),
most reports from southern Europe, where coinfection has been best demonstrated
[61], appear to confirm the following: (a) overall, approximately 50 % of patients
fail to respond initially to Sbv in a region where 0–5 % of otherwise healthy
individuals are Sbv unresponsive [62]; (b) of a total of approximately 50 co-infected
patients treated with some form of amphotericin B, 90 % showed initial responses;
and (c) relapse rates in HIV-related kala-azar after any treatment is discontinued are
50 % and up to 90–100 % [63]. Results from Spain, however, in the only ran-
domized controlled study in HIV-associated kala-azar [6], provided a different
finding in that the initial efficacies of both Sbv (66 % response) and amphotericin B
(62 % response) were reduced. Because this study did not include secondary
prophylaxis, the majority of initial responders to either treatment relapsed.
However, while once-monthly injections of amphotericin B lipid complex or
AmBisome may prevent symptomatic recurrences [64, 65], no consensus has been
reached about what constitutes optimal maintenance treatment in such patients.
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Lipid formulations infused at a dose of 3–5 mg/kg per day or intermittently for
10 doses (on days 1–5, 10, 17, 24, 31, and 38) up to a total dose of 40 mg/kg are
recommended. Antiretroviral therapy should be initiated and secondary prophylaxis
should be given till the CD4 counts are >200/ll [66].

5.9 Investigational Drugs

Among all the investigational drugs, fexinidazole, a nitroimidazole, has reached the
stage of phase II clinical trial for VL [67]. Fexinidazole has excellent in vitro and
in vivo antileishmanial activities. The oral advantage, comparable leishmanicidal
activity to miltefosine, and safety reiterates the potential of fexinidazole as a
much-needed additional oral therapy for VL. Sitamaquine is the second orally
active antileishmanial drug after miltefosine that has reached phase II trials [68].
Unfortunately, due to its low efficacy, development of this drug has been stopped
for VL. Naphthoquinone buparvaquone, except for the liposomal formulation, is
more active for CL than VL, but its other derivatives could be explored for activity
against VL [69]. Doxorubicin, an anticancer drug, has shown strong antileishmanial
activity at low doses. Active targeting of this drug to infected macrophages is being
explored; however, at present its toxicity is its major drawback [70].

5.10 Conclusion

In addition to intrinsic pharmacologic features, there are a number of human
parameters that may favor the emergence and spread of leishmanial resistance.
These include poor compliance, expensive treatment, availability of antileishmanial
drugs over the counter, and limited access to healthcare facilities for early diagnosis
and treatment. Given the current situation of widespread emergence of antimonial
resistance in India, there is growing concern about preserving the efficacy of novel
antileishmanials. Such a strategy should focus on the following approaches:

(1) Treatment of VL should be based on guidelines for prompt diagnosis, selec-
tion of first-line drugs, and management of cases unresponsive to antimonials
and HIV-co-infected cases;

(2) Directly observed therapy for antileishmanials should be implemented, as in
tuberculosis control programs, to enhance compliance;

(3) VL cases should be treated early to avoid further transmission of resistant
parasites to the community;

(4) Distribution of and clinical response to antileishmanials should be monitored;
(5) Antileishmanial treatment should be provided free of charge through the

healthcare system;
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(6) The emergence and spread of antileishmanial resistance should be monitored;
and

(7) The efficacy and safety of combination regimens should be evaluated in large
trials, and if successful, such regimens should be immediately implemented.
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Chapter 6
Treatment of Post-kala-azar Dermal
Leishmaniasis

V. Ramesh and Prashant Verma

Abstract Post-kala-azar dermal leishmaniasis (PKDL), a parasitological disease, is
a cutaneous affliction which follows the systemic counterpart namely visceral
leishmaniasis (VL)/kala-azar. It is a scourge of human community as it constitutes
the reservoir of leishmania parasites, which upon transmission to another individual
can result in visceral leishmaniasis. So far there hasn’t been much development as
far as treatment of PKDL is concerned. This chapter is an endeavour to give a brief
of the various drugs used for treating PKDL and a management guide for both
Indian and Sudanese forms of PKDL.

Keywords Post-kala-azar dermal leishmaniasis � Treatment � Miltefosine �
Amphotericin � Sodium antimony gluconate

6.1 Introduction

Aptly termed, post-kala-azar dermal leishmaniasis (PKDL) is a well known sequel
to visceral leishmaniasis (VL) also known as kala-azar. Clinically, it presents as
macular, maculopapular, or nodular rash in a patient who has recovered from VL.
PKDL, with differences in clinical presentation and natural course, is in particular
clustered in India and Sudan where Leishmania donovani is the main species
causing VL [1].

Notoriously, PKDL acts as a reservoir of Leishmania parasites during the
inter-epidemic periods of VL. Alterations in the cytokine milieu, IFN gamma,
IL-10, and FOXP3 in particular, are the root mechanisms underlying PKDL [2].

Diagnosis often relies on the clinical presentation; demonstration of parasites in
skin smears and cultures is confirmatory, though not sensitive. Molecular tech-
niques, namely polymerase chain reaction (PCR) and monoclonal antibodies, are
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more sensitive and are recommended when available [3]. Because PKDL remains a
reservoir for the spread of VL, early diagnosis and prompt treatment are paramount.
Though treatment and research into drugs for PKDL still remain unsatisfactory,
some advances have made it possible to devise effective regimens for this condition.

6.2 Antimonials

Pentavalent antimony complexes were the first successfully used chemotherapy
recommended in almost all forms of leishmaniasis. Sodium stibogluconate (SSG)
and meglumine antimoniate have been popular choices. The mechanism of action
of this group of drugs is largely unknown. T-cell based mechanisms, cytokine
alterations, intracellular signaling, and reactive oxygen species are proposed
antileishmanial actions.

Effects on trypanothione and glutathione metabolism have also been speculated
[4]. It is important to keep in mind that the functional immune requirements for the
drug to act and the clinical evidence accumulated so far suggest antimonials might
be less effective as well as toxic in immunocompromised subjects [5].

SSG is administered parenterally, intramuscularly, or intravenously, at a dose of
20 mg/kg per day for at least 120 days to effect a cure in Indian PKDL [6]. In
contrast, 2 months of therapy at a dose of 20 mg/kg per day is recommended in
Sudan [7].

Although inexpensive, antimonials have a plethora of adverse effects including
nausea, vomiting, abdominal pain, headache, phlebitis, transaminitis, nephrotoxi-
city, fever, rash, pancytopenia, and neurotoxicity. In addition, pancreatitis and
cardiac conduction defects are potentially dangerous side effects. Accordingly,
proper monitoring with hematological, biochemical, and cardiac assessments is
warranted. Unfortunately, in India resistant parasites have been encountered and the
cure rate of antimonial compounds in VL has plummeted over the past 30 years to
as low as 42 %. Indiscriminate and inappropriate use of antimonials is considered
the cause of the increasing treatment failure observed with this drug [8].

Pentamidine, ketoconazole, allopurinol, rifampicin, and paromomycin have all
been anecdotally used for PKDL treatment without any consistent results.
Pentamidine, an aromatic diamidine, competitively inhibits arginine transport and
non-competitively inhibits putrescine and spermidine. The inherent potential of
causing irreversible insulin-dependent diabetes mellitus and death, and low cure
rates, has not favored further use.

Ketoconazole belongs to the azole group of drugs. Its leishmanicidal action is
attributed to interference with ergosterol synthesis in the cell membrane. It has been
used at a dose of 800 mg orally per day for 9 months; however, it has a poor cure
rate, in addition to causing hepatotoxicity [9]. Allopurinol, a pyrazolopyrimidine,
converts to ribonucleotide triphosphate and incorporates into the RNA of
Leishmania, hence disrupting macromolecule synthesis. Allopurinol when used
orally in a dose of 800 mg/day in divided doses, took an unacceptably long period
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of nearly 2 years to bring about a cure, indicating poor leishmanicidal activity [10].
It has shown synergism when given along with SSG, and the combination has been
used in relapse cases of PKDL in Sudan following SSG therapy [11].

Allopurinol can cause serious hypersensitivity reactions, drug reaction with
eosinophilia and systemic symptoms, and Stevens-Johnson syndrome. Rifampicin
in combination with SSG was reported to be effective in Indian PKDL [12]. In a
larger retrospective study on Indian PKDL, both allopurinol and rifampicin showed
less encouraging results when given in combination with SSG [13]. Paromomycin,
an aminoglycoside, is a protein synthesis inhibitor. It was used in PKDL at a dose
of 11 mg/kg given intramuscularly for 45 days, but the cure rates were low [14].

Thus till recently, antimonials have remained in a way the “Hobson’s choice”
[15]. Of late, the nonavailability of SSG across India is a serious issue because it
still remains the drug of choice in a related condition, cutaneous leishmaniasis (CL).

6.3 Amphotericin B

Originally extracted from Streptomyces nodosus, the name of this drug is derived
from its amphoteric properties. It is available as a plain formulation, cholesteryl
sulfated complex, lipid complex, and a liposomal form. Amphotericin makes the
cell membrane of the parasite more permeable by interfering with sterol synthesis in
the cell membranes of the organism. Conventional plain amphotericin is fraught
with undesirable effects, nephrotoxicity and hypokalemia in particular. Infusion
reactions may also develop, manifesting as fever, chills, headache, rash, hypoten-
sion, nausea, vomiting, and drowsiness.

However, liposomal amphotericin B (LAMB) containing amphotericin packaged
in lipid vesicles has been shown to be less nephrotoxic because of its affinity for
macrophages. Further, LAMB has a better safety profile compared with lipid for-
mulations. Response to amphotericin B appears to be far superior to that to SSG in
terms of speed and cure. Amphotericin B deoxycholate is administered as a slow
intravenous infusion over 2 h in 5 % dextrose at a dose of 1 mg/kg per day given as
320-day courses separated by 20 days of drug-free intervals [16].

In a large cohort of 1303 patients in Bangladesh, LAMB was used successfully
at a dosage of 5 mg/kg twice a week for 3 weeks [17]. Later, 223 patients, 110 in
Bangladesh and 113 in India, were treated with the same dose of 30 mg/kg over
3 weeks in divided doses. In India, of the 50 patients who completed 12 months of
follow up, 42 (84 %) cases showed substantial or complete cure, with excellent
tolerance and safety. In Bangladesh, of 88 patients who completed 12 months of
follow up, 59 (67 %) showed substantial or complete cure; however, 6.5 %
developed severe hypokalaemia. No patient in either group developed rhabdomy-
olysis or further sequelae. In view of hypokalemia, a lower dose of 15 mg/kg over
3 weeks is being tried in Bangladesh, which appears encouraging, but the final
report is awaited. (unpublished, BurzaS, den Boer M, Mahajan R, Das AK, Mitra G,
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Almeida P, Lima MA, Be-Nazir A, Sunyoto T, Ritmeijer K. Post Kala-Azar Dermal
Leishmaniasis treated with Liposomal Amphotericin B (AmBisome)).

Because Sudanese PKDL, unlike Indian PKDL, is often self-limiting and/or
mild, LAMB is given at a dose of 2.5 mg/kg per day intravenously for 20 days.
Complete clearance of the skin rash was observed in 83 % of the Sudanese PKDL
patients with no detectable toxic effects [18].

6.4 Miltefosine

Miltefosine, a derivative of alkylphosphocholine compounds, exerts its leish-
manicidal action though multiple mechanisms including membrane phospholipid
alteration, apoptosis-like cell death, mitochondrial dysfunction, and immunomod-
ulation of the host response facilitating the elimination of the parasite. The rate of
parasite clearance has been demonstrated to be 1 log/week for Leishmania major
[19] and Leishmania infantum [20] infections. In an adult patient receiving
100 mg/day, miltefosine reaches a maximal concentration of 70 µg/mL on the 23rd
day of treatment; in children receiving 2.5 mg/kg a maximal concentration of
24 µg/mL is reached between day 23 and 28 of treatment [21]. This may have
resulted in a higher relapse rate in children leading a study to recommend allometric
dosing instead of linear dosing (2.5 mg/kg) of miltefosine, which would optimize
the drug exposure of children with leishmaniasis [22]. In India it is given at a dose
of 50 mg once daily for those weighing <25 kg, and 100 mg daily for those
weighing 25 kg or more, for a period of 12 weeks (Figs. 6.1 and 6.2).

The clinical pharmacodynamic properties of miltefosine are ill defined, and the
lower limit of the therapeutic range of miltefosine is unknown [23]. From a
pharmacokinetic viewpoint, a dose higher than the presently recommended
100 mg/day in adults does not appear to be beneficial because of the extremely
slow elimination and significant accumulation of miltefosine.

Being a relatively innocuous orally administered drug, miltefosine offers
advantages over both SSG and amphotericin B. This is evidenced by the cure rates
seen with miltefosine. It has also been used successfully in HIV/AIDS coinfected
patients [24] and antimony unresponsive patients. Unfortunately, its availability is
far from reliable and this situation definitely needs to be improved. Gastrointestinal
intolerance, nausea, vomiting, and diarrhea are the principal side effects, which may
result in noncompliance with the treatment. In our experience anorexia is an
important side effect that can be severe in some patients.
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6.5 Immunotherapy

In an endeavor to reduce the duration and side effects of chemotherapy,
immunotherapy has been tried in PKDL. The Mycobacterium welchii vaccine,
which enhances cell-mediated immunity, did not produce any noticeable change in
the regression of lesions when used along with SSG in Indian PKDL as compared
to results for those taking only SSG [13].

In Sudan, a combination of alum-precipitated Leishmania major vaccine plus
Bacille Calmette-Guerin and SSG was found to be effective [25]

Fig. 6.1 Facial plaques of post-kala-azar dermal leishmaniasis, a before miltefosine therapy,
b mid-miltefosine therapy, c at end of therapy, and d normal face at 1 year follow up
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6.6 Resistance

A rising concern regarding the treatment of leishmaniasis is increasing resistance to
the drugs currently in use. Antimonials are facing this problem particularly in Bihar,
India. Inadequate dosing, short courses of therapy, and poor compliance have been
blamed. Decline in SSG responsiveness of PKDL patients from high endemicity
areas of Bihar was noted and highly resistant parasites of PKDL origin were pro-
posed to contribute to increasing antimony resistance in VL via anthroponotic
transmission [26]. In addition, it has been postulated that chronic exposure to
environmental arsenic in Bihar results in cross-resistance to the related metalloid
antimony [27]. It has been speculated that impaired thiol metabolism results in
inhibition of conversion of pentavalent SSG to the active trivalent form by
amastigotes [28]. Increased levels of trypanothione have been observed in some
lines selected for resistance to trivalent SSG [29]. However, resistance to ampho-
tericin B in VL has been a rarity, although some unresponsiveness has been seen in
HIV-coinfected patients [30].

Membrane-bound ATP-binding cassette (ABC) transporters on the cell mem-
brane, and a thiol metabolic pathway have been shown to be altered in
amphotericin-resistant parasites [31].

Fig. 6.2 Large plaques on the legs of a patient with post-kala-azar dermal leishmaniasis, a before
miltefosine therapy, b mid-miltefosine therapy, c at end of therapy, and d at 1 year follow up
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A matter of serious concern is that within a short time after its introduction,
miltefosine, raising everyone’s hopes as the much sought after oral drug, is also
showing signs of emerging resistance. Lately, relapse of VL following treatment
with miltefosine has been reported [32]. In our experience of treating PKDL with
miltefosine, high relapse rates were found in those with high pretreatment parasite
loads [33] (Fig. 6.3).

Fig. 6.3 Facial papulonodules on a patient with post-kala-azar dermal leishmaniasis, a at start of
miltefosine therapy, b relapse after 4 months seen as nasal and facial erythema with chin
induration, c clearance following liposomal amphotericin B, and d normal face at end of 1 year
follow up
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A decrease in intracellular drug accumulation is the most important mechanism
of resistance to miltefosine. The inactivation of miltefosine transporter protein
(LdMT) in L. donovani leads to impaired translocation of miltefosine [34].

6.7 Combination Regimes

A combination of leishmanicidal drugs has been found effective in VL and CL.
Co-administration of glycyrrhizic acid with the antileishmanial drug has been found
to be curative in SSG-resistant VL [35]. Likewise, a miltefosine-pentoxifylline
combination has been found to be more effective than miltefosine alone in CL [36].
A similar attempt has been made in PKDL. A combination of miltefosine and
amphotericin B has been effectively used [37] and is particularly recommended in
patients with extensive lesions or severe involvement.

As a concluding note, it is relevant to reiterate that the management of Indian
and Sudanese PKDL differs (Table 6.1). What is effective in one may not show the
same efficacy in the other. Sudanese PKDL is self limiting in 85 % of cases over the
course of 1 year while Indian PKDL often follows a prolonged, retracted course.
Therefore, the former needs treatment only in severe deforming cases, children with
oral lesions posing difficulty in feeding, and those with an unremitting course.
WHO recommends SSG 20 mg/kg intravenously or intramuscularly daily for 30–
60 days or LAMB 2.5 mg/kg a day intravenously for 20 days [38]. Another expert
panel has recommended LAMB 2.5 mg/kg per day for 20 days as the first-line

Table 6.1 Treatment of post-kala-azar dermal leishmaniasis (PKDL) in the Indian Subcontinent

Drug Dose Duration

Miltefosine 50 mg/day orally for those
weighing less than 25 kg
100 mg/day (50 mg twice in
a day) orally for those
weighing more than 25 kg

Minimum 12 weeks

Amphotericin B (liposomal) 30 mg/kg (5 mg/kg twice a
week) intravenously

3 weeks

Amphotericin B deoxycholate
(non-liposomal)

1 mg/kg per day
intravenously

60–80 doses over 4 months

Treatment of East African PKDL

Sodium stibogluconate 20 mg/kg intravenously or
intramuscularly daily

30-60 days

Amphotericin B (liposomal) 2.5 mg/kg per day
intravenously

20 days

Sodium
stibogluconate + Leishmania
major based vaccine

Sodium stibogluconate
20 mg/kg intravenously +
Leishmania major based
vaccine intradermally

Sodium stibogluconate for
40 days and weekly
alum-treated L. major
vaccine for 4 weeks
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treatment and SSG 20 mg/kg for 40 days along with a weekly intradermal
alum-treated Leishmania major-based vaccine for 4 weeks as the 2nd line treatment
for Sudanese PKDL [7]. In addition, WHO also recommends miltefosine as a
treatment option for Sudanese PKDL patients coinfected with HIV [39].

The Indian form of PKDL needs treatment in the context of the elimination of
VL, and miltefosine has demonstrated to be the best evidence-based treatment. In
adults weighing more than 25 kg a dose of 100 mg/day, and for those weighing less
than 25 kg a dose of 50 mg/day, is recommended. In children, a dose of 2.5 mg/kg
per day is recommended [38]. Miltefosine is given for a duration of 12 weeks.
Occasionally, therapy may have to be extended to ensure complete cure [40].

Amphotericin B deoxycholate intravenously in a dose of 1 mg/kg per day for
60–80 doses over 4 months is the second line of treatment [38].

Trials using a combination of liposomal amphotericin and miltefosine are
underway to define the optimum dose of each drug and this may well be the choice
in future.

Acknowledgment Dr. Ruchi Singh Paliwal, Scientist D, National Institute of Pathology (ICMR),
reviewed the chapter.
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Chapter 7
Combination Therapy for Leishmaniases

Farrokh Modabber

Abstract After more than 50 years of antimonial treatment of visceral leishma-
niasis (VL), new drugs recently available include miltefosine, paromomycin, and
amphotericin-B deoxycholate (Ampho) and its liposomal formulations (LamB).
Miltefosine requires 28 days of treatment, is potentially teratogenic, and causes
gastrointestinal disturbances. Because of its high cost, side effects, and because
patients feel relieved from VL symptoms after a few days of treatment, compliance
is low and increased resistance is highly anticipated. Paromomycin is inexpensive,
but requires 3 weeks of daily injections with mild or moderate pain that can result in
low compliance, and thereby increase the probability of resistance. Strains resistant
to miltefosine or paromomycin have already been isolated from patients refractory
to monotherapy with these 2 drugs. Ampho is effective if patients can tolerate it, but
requires 15 intravenous infusions during 30 days of hospitalization. LamB is highly
effective with minimal side effects and can cure more than 95 % of VL patients with
a single infusion, but is very expensive. Hence, the Drugs for Neglected Diseases
initiative in collaboration with the Indian Medical Research Council and the
Kala-azar Medical Research Center initiated studies to assess the safety and efficacy
of short-course, 2-drug combination therapies for the treatment of VL in India. The
results are better than expected, with high tolerability and higher efficacy than that
seen with any monotherapy. In addition to better safety, the duration of treatment is
shorter (7–11 days) with the combination of low-dose LamB plus paromomycin or
miltefosine than with either drug alone.
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7.1 Introduction

Because of rising resistance to antimonials—the first-line drug for visceral leish-
maniasis (VL) in Bihar, India [1]—it became necessary to change treatment policies.
Amphotericin B (Ampho) replaced antimonials in Bihar; however, due to its
potential toxicity, the required 1 month hospitalization, and the 15 intravenous
infusions, it is not practical for the VL Elimination Program (VLEP) of the Indian
subcontinent. Subsequently, when miltefosine, the first oral drug for VL was
developed, VLEP adopted miltefosine [2]. However, because of its potential ter-
atogenicity for humans, miltefosine cannot be used in pregnant women and in women
of child-bearing age without a pregnancy test and contraception for at least 3 months.
In addition, miltefosine requires 28 days of treatment. Compliance was shown to be
low due to the long duration of treatment, cost of the drug, and side effects, especially
gastrointestinal disturbances. With the ease of developing resistant parasites in vitro
[3], it is expected that miltefosine monotherapy, particularly without a directly
observed treatment (DOT) program, would shortly lead to a rise of resistant parasites.

Paromomycin, an old drug in the class of aminosidines, was developed in an
injectable form [4] and was registered in India in 2006. Although inexpensive and
relatively safe, paromomycin requires 21 daily injections that can be painful. Also,
based on laboratory evidence, paromomycin could become ineffective for the
treatment of VL if used as monotherapy due to rise of resistant parasites [5].

Although the efficacy of AmBisome against VL was demonstrated in the 1990s
[6], and its safety established through its wide use in fungal infections, this drug has
been inaccessible to patients because of its extremely high price. However, a reduced
price negotiated by WHO has made it possible for AmBisome to be considered for
use in VL-endemic countries. Although the price is still high, its efficacy and lack of
toxicity (compared to Ampho) make it a very attractive drug for the treatment of VL,
at least in India, where a single dose has been shown to cure about 96 % of patients
[7]. So far, no Leishmania resistant to Ampho has been shown either in a clinic or
laboratory setting [8]; however, its use in leishmaniases has been very limited.
Therefore, predicting how long it will take for resistant parasites to emerge is
impossible. To prevent the rise of drug-resistant Leishmania and to reduce the
duration of treatment, and thereby the toxicity and side effects of these drugs (used as
monotherapy), the Drugs for Neglected Diseases initiative (DNDi) assessed the
safety and efficacy of available drugs given in combination for shorter periods.

7.2 Drugs in Use

7.2.1 Pentavalent Antimonials

Two pentavalent antimonials are currently available: meglumine antimoniate and
sodium stibogluconate. They are chemically similar and their toxicity and efficacy
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in VL are related to their active ingredient, pentavalent antimony (Sb5+).
Meglumine antimoniate solution contains about 8.1 % Sb5+ (81 mg/mL), whereas
the sodium stibogluconate solution contains about 10 % Sb5+ (100 mg/mL). In
general, children are more tolerant than adults to antimonials. Common side effects
are anorexia, vomiting, nausea, malaise, myalgia, headache, and lethargy.
Electrocardiographic changes depend on dosage and duration of treatment (car-
diotoxicity is dose dependent and usually occurs after 2 weeks of treatment), but
the most common are T-wave inversion, prolonged Q-T interval, and, rarely,
arrhythmia. A rarely reported side effect is nephrotoxicity.

Initial treatment of a parasitologically proven case of VL should be based on a
daily injection of 20 mg of Sb5+ per kg of body weight. Injections are normally
given for 4 weeks. The duration of treatment varies from one endemic area to
another, but should be individually determined for each country and each endemic
focus. Treatment should be given under the supervision of medical personnel.
Treatment with antimonials is usually well tolerated, but if serious side effects arise
(in most cases related to hepatotoxicity and cardiotoxicity) it should be interrupted
temporarily. Rescue treatment is advised if other drugs are available. If relapses
occur, patients should be treated with other available anti-leishmaniasis drugs if
possible.

7.2.2 Amphotericin B

Amphotericin B was used as a second-line treatment for patients not responding to
antimonials; however, in recent years it is recommended as first-line treatment in
Bihar, India, due to parasite resistance to antimonials. The recommended dose is
15 mg/kg given at 1 mg/kg as a slow (4–6 h) infusion every other day for 30 days.
Adverse events, primarily hepatotoxicity, may occur in 5–7 % of patients. Relapse
or lack of response occurs in 1–2 % of cases. Treatment should always be given in
hospital because of the nephrotoxicity and cardiotoxicity of the drug.

7.2.3 Liposomal Amphotericin B (LamB)

The toxicity of amphotericin B is greatly reduced when given in association with
lipids. Several different formulations exist, but liposomal amphotericin B (LamB) is
the most frequently used (Fig. 7.1). Doses of up to 21 mg/kg body weight over
10 days have been given with over 98 % efficacy. However, a single dose of
10 mg/kg body weight has been reported to cure about 95 % of patients in a trial in
India [7]. Patients in Africa and Latin America respond differently than those in
India and may require higher doses of LamB. The guideline for treatment of VL in
Sudan is 3 mg/kg on alternating days for 14 days (total 21 mg/kg) and for Kenya is
14 mg/kg total given in 7 daily infusions of 2 mg/kg. For VL in Latin America
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caused by L. chagasi (L. infantum), the total suggested dose is 20 mg/kg admin-
istered over 5–7 days. However, further studies are required to find the most
cost-effective dose.

7.2.4 Paromomycin

Produced from culture filtrates of Streptomyces chrestomyceticus and active against
various micro-organisms, the aminosidine paromomycin has been registered in
India for the treatment of VL but is not yet widely available. Intramuscular injec-
tions of 11 mg/kg paromomycin, equivalent to 15 mg paromomycin sulphate,
given for 3 weeks have been efficacious in India and have shown a similar safety
profile to other drugs of its class. The most commonly reported adverse drug
reactions are injection-site pain, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) value elevations (above 3 times the upper limit of the
normal range), pyrexia, and an abnormal audiogram. These effects are usually mild
to moderate and transient or reversible after the end of treatment [9].

In Sudan, the efficacy of paromomycin at the same dose used in India was less
than 50 %. In a dose–response study in Sudan to define the required dose, an
increased dose of 15 mg paromomycin (equivalent to 20 mg paromomycin sul-
phate) gave an efficacy of 80 % [10]. The advantages of paromomycin are its low
cost and high stability. However, continued use of paromomycin as monotherapy
will eventually become useless due to development of drug resistant parasites, as
seen with other aminoglycosides as mentioned earlier [5]. No data exists on
paromomycin efficacy in Latin America.

7.2.5 Miltefosine

Miltefosine (hexadecylphosphocholine) is the first oral drug active against VL and
is available as 10 mg or 50 mg capsules. The recommended dose for adults and
children over 2 years of age is 1.5–2.5 mg/kg (maximum total dosage of 100 mg a

Fig. 7.1 Schematic
presentation of liposomal
amphotericin B. From the
package insert: http://www.
fujisawa.com/medinfo/pi/pi_
page_amb.htm
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day). Miltefosine efficacy against VL is high in the Indian sub-continent [11], but
being a potential teratogenic drug, treatment cannot be given to pregnant women
and contraception must be used by women of child-bearing age. Compliance is a
concern because the drug has some gastrointestinal toxicity and patients usually feel
better after a few days of treatment. Other common side effects include vomiting,
diarrhea, elevation of liver enzymes, and serum creatinine. These effects are usually
mild to moderate and transient or reversible at the end of treatment. Less common
side effects include thrombocytopenia, anorexia, and abdominal pain. Data are
limited from other disease foci in Africa and Latin America. One phase 3 study in
Ethiopia suggested a similar safety and efficacy profile to that of sodium sti-
bogluconate in non-HIV-positive patients [12].

7.3 Combination Therapies

Monotherapy options with available drugs are mostly long-duration therapies:
21 days for paromomycin, 28 days for miltefosine or antimonials, and 30 days for
amphotericin B; liposomal amphotericin B treatment is short (1–10 days depending
on the country). Toxicity and side effects usually increase with duration of treat-
ment. Because of side effects, the cost of treatment, and the fact that patients feel
better after a few days of taking the medications (particularly miltefosine), com-
pliance can be low without a DOT program. Low compliance can increase the
chance of resistance emerging. The cost of LamB and miltefosine are still high
despite WHO price negotiations with manufacturers; therefore, a combination of
lower doses of these drugs with paromomycin (the most affordable anti-leishmanial
drug) would reduce the cost of treatment. Combination treatments have the fol-
lowing advantagest:

• Shortening the duration of treatment for available monotherapies, thereby
reducing side effects and cost (except for paromomycin) for patients and
increasing compliance;

• Reducing the overall dose of drugs, thereby reducing toxic effects;
• Reducing the chance of resistance developing, thereby prolonging the effective

life of the available drugs.

Several combination treatment trials have had favourable results (for a recent
review see [13]). The combination of paromomycin and sodium stibogluconate
increased the cure rate in VL patients in Bihar, India, compared with sodium
stibogluconate alone (unresponsiveness of 40–60 % [14]). Combination of a single
dose of 5 mg/kg of LamB and various doses of miltefosine had over 95 % efficacy
in a phase 2 trial with 40 patients per arm [15]. A definitive, randomised,
open-label, hospital-based, non-inferiority (D > 7) trial was completed for com-
paring the standard treatment with amphotericin B (1 mg/kg every other day for
30 days) with combination treatments using 2 drugs: a single dose of LamB
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(5 mg/kg) with 7 days of miltefosine (instead of 28 days); or a single dose of LamB
(5 mg/kg) and paromomycin for 10 days (instead of 21 days); or a combination of
miltefosine and paromomycin for 10 days instead of 21–28 days (Fig. 7.2). A total
of 634 parasitologically confirmed VL patients from 2 centres in Bihar (Patna and
Muzaffarpur) were enrolled, treated and followed up for 6 months. All 3 combi-
nations showed a safety profile better than that of the standard [16]. In the
amphotericin group, adverse reactions included elevated levels of liver enzymes or
serum creatinine. There was a fatal cardiac infarct (a described rare reaction to
amphotericin B) in a high-risk 59-year-old male patient. In the combination groups,
there was only 1 patient who showed an immediate hypersensitivity reaction to the
test injection of LamB. Laboratory parameters measured during and after treatment
(haematology and biochemistry) showed no clinically significant variations in the
combination groups. Laboratory parameters (haematology and biochemistry) dur-
ing the treatment period and up to day 45 of follow up showed no significant
differences between the 3 combination groups, but they all showed significantly
lower increases of creatinine, aspartate aminotransferase, alanine transaminase,
blood urea nitrogen, and significantly better recovery of anaemia than that seen with
the standard amphotericin B treatment. If these results can be confirmed in field
conditions, no monitoring of patients undergoing combination therapy might be
required based on the safety profile. If this is confirmed, with a very short hospi-
talization (1–2 days) followed by outpatient treatment, the cost effectiveness of the

Fig. 7.2 Description of the trial protocol
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combination would be improved compared with that of other modalities of treat-
ment presently available. However, further studies with larger patient populations
under field conditions are ongoing to support this finding.

7.4 Future Trends for the Treatment of Leishmaniases

A strong immunity is usually developed after recovery from most forms of leish-
maniases in immunocompetent individuals. In immunocompromised hosts, when
chemotherapy is stopped, the disease returns, hence maintenance treatment is
required (Fig. 7.3a). In immunocompetent hosts, a protective immune response is
developed after chemotherapy that will maintain the parasite under control
(Fig. 7.3b). Indeed, it is generally believed that sterile immunity does not exist in
leishmaniasis and that the parasites are controlled by the host’s effector immune
responses. This is supported by development of fulminating leishmaniasis when,
after recovery from an infection, the person becomes infected with HIV or is
otherwise immunocompromised by immunosuppressive drugs used for cancer
therapy. Therefore, the protective immune response is an important part of recovery
from leishmaniases. The concept of immunochemotherapy is to use a vaccine or
immunomodulators to induce the protective response rapidly to cure the disease
(Fig. 7.3c). The concept of immunostimulation during chemotherapy is not new

Fig. 7.3 Conceptual representation of chemotherapy plus immunotherapy in different forms of
leishmaniasis (from [22])
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and not specific for leishmaniasis. Immunomodulators have been used for cancer
therapy and new ones are being developed.

Immunotherapy with or without chemotherapy has been used for treatment of
cutaneous leishmaniasis. In Venezuela, killed L. mexicana plus live Bacille
Calmette-Guerin (BCG) was used instead of antimonials to reduce cost and side
effects [17]. In Brazil, to reduce the dose of antimonials to minimize toxicity and
cost, daily doses of killed L. amazonensis vaccine (Mayrink’s vaccine) together
with a low dose of antimonial (8 mg/kg body weight per day) cured 100 % of
patients compared to 4 % with low-dose antimonial alone after 4 cycles of treat-
ment [18]. A cycle is 10 daily injections followed by 10 days of rest. The vaccine
was registered in Brazil as an adjunct for low-dose chemotherapy. Several case
studies of immunochemotherapy for mucosal leishmaniasis exist, which use
first-generation vaccines or recombinant antigens of Leishmania plus granulocyte-
macrophage-colony stimulating factor and antimonials [19]. However, more studies
are needed for this approach.

An exploratory hospital-based, randomized, controlled trial in Sudan [20] on
patients with persistent post-kala-azar dermal leishmaniasis (PKDL) (le-
sions >6 months—difficult to cure with drugs alone), showed that the cure rate by
immunochemotherapy was significantly better than that by chemotherapy alone
(final cure rates at day 90 were 100 vs. 40 %; p < 0.004). The vaccine was a
mixture of killed L. major adsorbed to alum plus BCG, given 4 times at weekly
intervals. The exact mechanism involved in enhanced the cure rate is not fully
understood. However, in PKDL lesions, there is an increase of ab T-cells but a
reduction of CD1 antigen-presenting cells. Even in the presence of effector Th-1
cells, parasites are not killed and lesions persist. External interferon-c does not cure
all patients with leishmaniasis. This may be due to down-regulation of B7-1 and
up-regulation of B7-2 by IL-10, thereby leading to a predominant Th-2 response,
which can be diverted by immunomodulation using a vaccine or possibly other
immunomodulators [20]. It should be noted that a minority of PKDL patients
attained a cure without showing a pure Th-1 response. Therefore, the classical Th-1/
Th-2 dichotomy described in mice does not necessarily apply to humans; further
studies are needed. However, because PKDL is believed to be a reservoir of
infection and without treatment the lesions may last for years, treatment should be
given. Patients with PKDL, which may develop months or years after VL but in
some cases simultaneously, generally feel healthy and do not seek treatment, which
is long and expensive (2–4 months). An affordable short-course treatment of PKDL
is urgently needed for the elimination of VL, and immunochemotherapy seems to
be a possible approach to reduce the duration of treatment.

A few new immunomodulators are being developed for cancer therapy; with
adequate knowledge of their mechanisms of action, selected agents should be tested
for the treatment of VL and other forms of leishmaniases.
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7.5 Recommendation

To protect the available drugs against the development of parasite resistance and to
reduce treatment time and cost (hence increase compliance), we recommend
monotherapy with antimonials, paromomycin, and miltefosine should be replaced
by combination treatment in the Indian Subcontinent. Monotherapy with LamB,
however, has been recommended by the WHO, mainly because based on the mode
of action resistance is unlikely to occur in the immediate future. The choice of
combination treatment depends on the ease of pregnancy testing and contraceptive
use in women of child-bearing age for miltefosine, and the availability of the
infrastructure for maintenance and administration of LamB. At present, the com-
bination of miltefosine and paromomycin is the most cost-effective treatment [21].
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Chapter 8
Vaccine Development for Leishmaniasis

Yasuyuki Goto

Abstract Among control strategies for leishmaniasis, vaccination can be the most
cost-effective through providing long term antileishmanial immunity to people with
high risk of infection. The possibility of developing a vaccine against leishmaniasis
has been historically indicated by the protective immunity acquired by people cured
of the disease. This was the basis of the first generation of vaccines, known as
‘leishmanization’, but a safer and more efficient vaccine has been long desired.
Recent advances in the immunological understanding of leishmaniasis, as well as
the tools for vaccination, have opened a door to the clinical development of a
vaccine against the disease. In addition, the vaccine target is no longer limited to
amastigotes in mammalian hosts, enabling a multilateral prevention strategy.
Furthermore, the use of a vaccine is now not only for prevention but also for
treatment. Within this manuscript we review background information, the current
status, and the future direction of vaccine development for leishmaniasis.

Keywords Leishmaniasis � Vaccine � Protective immunity

8.1 Protective Immunity Against Leishmania Infection

Leishmaniases range from self-healing cutaneous leishmaniasis (CL) to
life-threatening visceral leishmaniasis (VL), depending on the parasite species
causing the disease. Even in the case of VL, however, people acquire protective
immunity against the disease after recovery from the initial incident by
chemotherapy. Therefore, control of the disease by prophylactic vaccination must
be a viable approach [1, 2]. Of course, gaining an understanding of the protective
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immunity against leishmaniasis is the key component for advancing vaccine
development.

Leishmaniasis is a vector-borne disease and Leishmania parasites are transmitted
by phlebotomine sand flies (Fig. 8.1). The parasites proliferate as promastigotes
within their insect host. Once transmitted to mammalian hosts through a bite by
sand flies, they differentiate into and replicate as amastigotes. Because the parasites
reside mainly within macrophages in their mammalian hosts, vaccines that stimulate
cellular immunity are required for control of intracellular replication. Murray et al.
reported that IFN-c is a pivotal cytokine to activate human macrophages to kill
intracellular Leishmania donovani [3]. The importance of IFN-c was confirmed also
in Leishmania major infection as recombinant IFN-c up-regulates killing of para-
sites by murine macrophages [4].

IFN-c needs to be produced by acquired immune cells, i.e., either T or B cells, for
the cytokine to play a protective role in vaccination against leishmaniasis. Although
there is now accumulating evidence that appropriate T cell responses correlate with
protection against leishmaniasis in both humans and animal models, the discovery of
the Th1/Th2 paradigm in animal models had a large impact on, and opened a door to,
vaccine development [5]. Scott et al. has reported a distinct helper T cell population
can either protect or exacerbate CL caused by L. major infection [6]. The former was

Fig. 8.1 Targets of vaccines
under clinical development
for leishmaniasis. Illustrated
by Haruka Mizobuchi
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characterized as Th1 according to production of IL-2 and IFN-c upon antigen recall,
and the latter as Th2 due to production of IL-4 and IL-5 [6]. IL-4 is one of the key
cytokines for Th2 response and some reports demonstrated exacerbating roles of the
cytokine in experimental L. major infection [7–10]. Reciprocal expression of IFN-c
and IL-4 in infected mice also supports protective and exacerbating roles of these
cytokines, respectively [11]. However, there are some reports that IL-4 has no
detrimental effect or has even a protective effect on L. major infection [12–14]. The
Th1/Th2 paradigm becomes even more controversial in L. donovani infection [15].
Disruption of IL-4 does not contribute to protection against L. donovani infection
[16, 17]; in fact, the cytokine is required for generation of protective CD8+ T cell
responses by vaccination [18]. Recently, IL-10 and TGF-b have also received
attention as inhibitory factors during leishmaniasis [19–23].

Nonetheless, we can say there is consensus that induction of Th1 is important for
vaccine-mediated protection against leishmaniasis. IL-12, a Th1 potentiator,
demonstrates its protective effect in both therapeutic and prophylactic settings
against leishmaniasis [24–27]. However, recombinant IL-12 may not be suitable for
commercial use due to its chimeric nature and resulting production cost; the
development of other potent Th1 inducers may play a central role in future leish-
maniasis vaccine development.

8.2 History and Recent Advances in Vaccine Development

The history of leishmaniasis vaccine development overlaps with that for other
diseases, as it started with live vaccines, followed by killed vaccines, and partly
shifted to subunit vaccines. Live vaccination was historically practiced either by
exposing one’s skin to sand fly bites or by injecting the pus of an active lesion, and
was later replaced by inoculation of live cultured promastigotes [28]. This process
of ‘leishmanization’ is still being used in Uzbekistan [29], but it can be difficult to
maintain the virulence of parasites and there are issues of standardization and safety
[2]. Also, the practice has mostly been limited to CL, possibly because live vaccines
for VL are very challenging due to the possibility of causing a fatal disease by the
vaccine. First-generation vaccines using either parasite lysates or killed parasites
were developed to overcome the safety issue, and have been shown to provide
protection against CL and VL in experimental models. These vaccines have also
been shown to be safe and immunogenic, and in some cases exhibited partial
efficacy against leishmaniasis in humans [30–32]. However, protection has been
inconsistent, and standardization still remains difficult.

Issues on these historical vaccines consequently generated 2 major paths of
leishmaniasis vaccine development, i.e., safer live vaccines and recombinant vac-
cines. Safer live vaccines may be achievable by using naturally non- or low-virulent
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parasites. One example is L. donovani in Sri Lanka that causes mainly CL and not
VL; there is an attempt to utilize these less virulent parasites as a live vaccine for
life-threatening VL [33]. Another example is Leishmania tarentolae that is con-
sidered non-pathogenic to humans. Vaccination using the parasite confers protec-
tion against L. donovani infection in mice [34]. Genetic engineering approaches
enabling L. tarentolae to express defined vaccine candidates for virulent species
have been explored to enhance the efficacy [35–38]. In addition to naturally
occurring non- or low-virulent parasites, genetically attenuated parasites can be
used as one of the choices for safer live vaccines. There are molecular targets in
Leishmania parasites including cysteine proteinase, DHFR-TS, biopterin trans-
porter, ornithine decarboxylase, and centrin identified as indispensable for survival
in mammalian hosts [39–43]. Mutants lacking such genes that do not cause disease
and will not acquire the virulence back again are proposed to be used in live
vaccines [39–41, 44–47]. Recent advances in CRISPR/Cas9-based genetic
manipulations for Leishmania parasites may accelerate development of live atten-
uated vaccines for leishmaniasis [48, 49].

Although these naturally or genetically attenuated parasites may offer a rea-
sonable level of safety to inoculated people, the safety and standardization issues
will be still difficult to remove completely. This is why non-parasite-based vaccines
are also being studied intensively. This approach includes subunit, DNA, viral
vector, and prime-boost vaccines. Among these, subunit vaccines have been most
advanced toward clinical application. Subunit vaccines comprise defined antigens
and appropriate adjuvants. Single antigens including HASPB, FML/NH36, SMT,
KMP11, A2, and CPB as well as fusion proteins such as Leish-111f and KSAC
have been reported to confer protection against VL in animal models [50–57]. In
addition to the effort on antigen discovery, recent advances in adjuvant research
play a key role in the future success of the clinical development of leishmaniasis
vaccines. Toll-like receptor agonists are especially attractive components for the
adjuvant because they have strong potency for inducing Th1 responses. In fact,
CpG oligonucleotides [58–60], monophosphoryl lipid A [55, 61], and glycopyra-
nosyl lipid adjuvant [62] have shown promising results in experimental vaccine
studies for CL and VL.

A groundbreaking approach to vaccine development for leishmaniasis that is
completely different from the earlier mentioned vaccines (the so called
anti-amastigote vaccines), has recently come from the fact that prior exposure of
mice to bites of uninfected sand flies confers powerful protection against
Leishmania infection [63]. It has been revealed that sand fly saliva contains
immunomodulatory components that exacerbate Leishmania infection when inoc-
ulated together with the parasites [64–66]. These results have built a concept of
anti-saliva vaccines for leishmaniasis. However, the immunomodulatory compo-
nents of saliva contain antigens that induce opposite effects on disease outcome
when used as vaccines [67]. Therefore, studies on the saliva components have been
performed to define the protective antigens such as maxadilan, SP15, and LJM19
[68–70].
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8.3 Current Status of Clinical Development

As of the end of 2015, there were 14 clinical studies found in ClinicalTrials.gov
when the database was searched for ‘leishmaniasis’ and ‘vaccine’ (1 was excluded
due to low relevance to vaccine development). Three are for killed parasite-based
vaccines, 10 are for subunit vaccines from the Infectious Disease Research Institute
(IDRI), and the remaining one is related to anti-saliva vaccines. The first subunit
vaccine antigen that entered clinical evaluation was LEISH-F1, which is also
known as Leish-111f for preclinical use [55, 61]. Multiple phase I/II trials have
been conducted in the USA, Columbia, Brazil, Peru, and India, and have demon-
strated that the LEISH-F1 + MPL-SE vaccine is safe, immunogenic, and well
tolerated in both naïve and pre-immune people [71–74]. LEISH-F2, which is an
improved version of LEISH-F1 due to the manufacturing process and is also known
as Leish-110f [62], has been also evaluated in phase I/II trails and is also safe,
immunogenic, and well tolerated. IDRI, the developer of LEISH-F1 and LEISH-F2,
now has developed the LEISH-F3 vaccine. LEISH-F1/Leish-111f was originally
developed for CL and is a fusion of 3 antigens: TSA, LmSTI1, and LeIF, which
were cloned from species responsible for CL [61]. It then became a candidate also
for VL because it provided cross protection in experimental models of VL [55]. In
contrast, the LEISH-F3 vaccine was designed for targeting VL from the beginning,
and is comprised of 2 vaccine candidates cloned from L. donovani complex, i.e.,
NH and SMT [52, 57]. IDRI has also developed a new generation of Th1-inducing
adjuvants, GLA-SE (also known as EM005), which is an oil-in-water emulsion of
glucopyranosyl lipid A [75–78]. The LEISH-F3 + GLA-SE vaccine is capable of
inducing Th1 responses and protection against L. donovani and Leishmania
infantum in mice [79]. The vaccine has also shown its safety and immunogenicity in
a phase I trial in the USA [79].

One trail is ongoing to evaluate the human immune response induced by unin-
fected laboratory-raised sand fly bites to select possible substances to use for a future
vaccine to protect against the parasite leishmaniasis. A recent study has demon-
strated that exposure to uninfected sand fly bites protects non-human primates
against sand fly–transmitted CL and that PdSP15, one of the defined salivary gland
antigens formulated with GLA-SE, also provides protection in the non-human pri-
mate model of CL [80]. Considering these data, we can say that clinical development
of anti-saliva vaccines for leishmaniasis has become more realistic.

8.4 Conclusion/Future Direction

Although there is still no licensed vaccine for human leishmaniasis, tremendous
efforts have been taken to make the vaccine a realistic possibility. Advances in target
discovery as well as adjuvant development are serving as a strong driver to the
success. Subunit vaccines might be an appropriate format for the first vaccine for
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leishmaniasis due to their relative ease for standardization. Of course, efficacy is one
of the most important factors for vaccines together with safety and immunogenicity,
and we cannot be too optimistic at this moment because efficacy trials have not yet
been conducted. But, one of the clinical trials in patients with CL demonstrated that
the LEISH-F1 + MPL-SE vaccine shortens the time to cure when used in combi-
nation with chemotherapy [72]. Therapeutic efficacy of the Leish-111f + MPL-SE
vaccine has been also demonstrated in canine VL [81]. Therefore, vaccines can be
relied on as one of the future control strategies for leishmaniasis. To maximize the
efficacy, we believe that further studies will be necessary, especially on antigen
optimization. Use of a single defined antigen as a vaccine component will be
insufficient to cover populations with divergent MHC haplotypes. Also, leishma-
niasis is a variety of diseases caused by a variety of different organisms. Therefore,
use of multiple antigens may be a better strategy for broader coverage, and each
antigen is favorable to be conserved between species and cross-protective like SMT
[52, 82]. Antigen selection based not only on animal experiments but also on human
immune responses may also be an important point when we aim at clinical devel-
opment [83]. Recent success in anti-saliva vaccines will enable the development of
multilateral vaccines, i.e., anti-amastigote/saliva vaccines controlling both the initial
infection and proliferation stages simultaneously. Because GLA-SE serves as a
useful adjuvant in both settings [62, 79, 80], it can be expected that vaccines like the
LEISH-F1/F2/F3 + PdSP15 + GLA-SE vaccine will be the second generation of
‘second-generation vaccines’ for leishmaniasis.
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Chapter 9
Siccanin Is a Novel Selective Inhibitor
of Trypanosomatid Complex II
(Succinate-Ubiquinone Reductase)
and a Potent Broad-Spectrum
Anti-trypanosomatid Drug Candidate

Nozomu Nihashi, Daniel Ken Inaoka, Chiaki Tsuge,
Emmanuel Oluwadare Balogun, Yasutaka Osada, Yasuyuki Goto,
Yoshitsugu Matsumoto, Takeshi Nara, Tatsushi Mogi,
Shigeharu Harada and Kita Kiyoshi

Abstract Trypanosomiasis and leishmaniasis, neglected tropical diseases caused
by protozoan trypanosomatid parasites, result in heavy socioeconomic impact.
Currently available drugs are old with, narrow spectrum, and unreliable. We
recently reported that the pathogen of American trypanosomiasis, Trypanosoma
cruzi, has a noncanonical mitochondrial complex II (succinate-quinone oxidore-
ductase: SQR) that comprises 12-subunits and displays poor sensitivities to
mammalian SQR inhibitors. Because their orthologs are only conserved in the
genome of trypanosomatids, the SQR is a drug target candidate. Herein, we sear-
ched for selective inhibitors of trypanosomatid SQR by using the nonpathogenic
trypanosomatid Leishmania tarentolae enzyme as model. Nano LC-MS/MS and
biochemical studies revealed the SQRs of L. tarentolae and T. cruzi have similar
subunits composition and sensitivity to established quinone-site SQR inhibitors.
Further, we performed screening for selective LtSQR inhibitors and found that the
old fungicidal compound siccanin, with an IC50 value of 190 nM, is presently the
most potent trypanosomatid SQR inhibitor. Interestingly, it showed negligible
inhibition against porcine SQR (selectivity index: 4,500-fold) but displayed
mixed-type inhibition against quinone with Ki1 and Ki2 of 39 and 102 nM,
respectively. Notably, siccanin specifically targets complex II and spares other
quinone-utilizing enzymes of the respiratory chain. Siccanin is not species-specific;
it inhibited SQR of T. cruzi, T. brucei, and L. donovani with IC50 of up to
0.368 lM. Remarkably, it caused in vitro growth inhibition across the clinically
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relevant forms of the major trypanosomatid parasites at IC50 of 0.7–13 lM, and
hence is a potential broad-spectrum drug candidate against trypanosomatids.

Keywords Respiratory chain � Inhibitor � Drug target � Trypanosomatids �
Siccanin

9.1 Introduction

Trypanosomatids are monoflagelated protozoans that are of immense public health
concern for being the causative agents of debilitating and potentially fatal human
infectious diseases. These diseases include: African trypanosomiasis (known as
sleeping sickness; caused by subspecies of Trypanosoma brucei), American try-
panosomiasis (known as Chagas disease; caused by Trypanosoma cruzi), and leish-
maniasis (caused by Leishmania spp.). The World Health Organization
(WHO) estimates of annual infected patients stand at 30,000 people for sleeping
sickness, 10 million people for Chagas disease, and 350 million people for leishma-
niasis [1–3]. Owing to the lack of vaccines, chemotherapy is the major means for
controlling these diseases. However, the currently used drugs such as pentamidine,
benznidazole, pentavalent antimonials, and nifurtimox have severe side effects and
limited efficacy. In addition, most of the drugs are species-specific and may not be
helpful in the event of mixed infection, which is a common occurrence in endemic
areas [3]. A recent study also indicated that drug-resistant strains to standard
chemotherapies have been emerging in Africa [4–6]. Together, these situations
prompt the need for the development of new and safe drugs that are effective across the
pathogenic trypanosomatid organisms, and that possess a novel mechanism of action.

Mitochondria of trypanosomatids have energy metabolism systems that are
distinct from those of the mammalian hosts, and hence are attractive targets of
chemotherapy. As a whole, they lack the complete tricarboxylic acid (TCA) cycle
and secrete acetate and succinate as endproducts [7–9]. In their respiratory chain,
the canonical proton-pumping complex I is replaced by single-subunit NADH
dehydrogenase (NDH2). Other respiratory chain complexes are present in try-
panosomatids except for the blood stream form of T. brucei, which lacks the
functional complex III and IV and produces ATP mainly via glycolysis, and
re-oxidize NADH by using trypanosoma alternative oxidase (TAO). The leish-
manicidal compounds miltefosine [10] and tafemoquine [11] target complex IV and
III, respectively, validating the parasites respiratory chain enzyme complexes as
potent drug targets. Interestingly, our recent characterization of respiratory chain
complex II from T. cruzi shows that this enzyme has a subunit structure and
inhibitor sensitivity that are quite different from the mammalian counterpart [12].

Mitochondrial respiratory chain complex II, also called succinate-ubiquinone
oxidoreductase (SQR), is the enzyme that participates in both the respiratory chain
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and TCA cycle through electron transfer between succinate and ubiquinone.
Usually this reaction is mediated by 4 catalytic subunits named SDH1 (Fp), SDH2
(Ip), SDH3 (CybL) and SDH4 (CybS) [13]. Fp is a hydrophilic subunit containing
the flavin adenine dinucleotide (FAD) co-factor, which withdraws 2 electrons from
succinate in the mitochondrial matrix. The electrons are transferred by the Ip
subunit (another hydrophilic component of SQR) from FAD to ubiquinone through
3 iron sulfur clusters [2Fe-2S], [4Fe-4S], and [3Fe-4S]. The heterodimeric
hydrophobic anchor (CybL and CybS) subunits with 6 transmembrane helices form
the quinone-binding site in the vicinity of Ip [3Fe-4S].

As in other mitochondrial complexes, the subunit structure of SQR is divergent
across organisms. For example, some Gram-positive bacteria have 3-subunit SQR
with fused CybL and CybS as a membrane anchor [14], while SQR from plants
exemplified by Arabidopsis is comprised of 8 subunits, 4 of which are plant-specific
polypeptides with unknown functions [15–17]. An extreme case is the SQR from
T. cruzi (TcSQR), the pathogen of Chagas disease, which comprises 6 hydrophilic
and 6 hydrophobic subunits with heterodimeric Ip subunits [12]. TcSQR shows low
sensitivity to known SQR inhibitors such as malonate, carboxin, and atpenin A5,
suggesting its unusual inhibitor-binding mode. Notably, genomic analysis indicated
that subunit compositions of SQR are conserved within pathogenic trypanosomatids
such as T. brucei, T. cruzi, Leishmania donovani, and L. major. A recent study also
showed that Euglena gracilis, phylogenically akin to trypanosomatid, has unusual
subunit-structure of SQR [18].

In this study, we searched for a highly selective inhibitor of trypanosomatid SQR
and checked its trypanocidal effect on T. cruzi, T. brucei, L. donovani, and L. major
in vitro. For the screening of SQR inhibitors, nonpathogenic trypanosomatid L.
tarentolae was used as model organism, because large-scale preparation of SQR is
difficult in pathogenic trypanosomatids. L. tarentolae is a parasite isolated from
gecko lizards, and used as a model organism to study RNA editing systems among
trypanosomatids [19]. Because the safety and large scale culture of this parasite has
already been established [20], L. tarentolae is potentially suitable for enzyme
preparation in a large amount. L. tarentolae has also been utilized in a screening
system for leishmaniacidal compounds [21–24].

Our genomic analysis and MS/MS analysis of partially purified enzyme indi-
cated that trypanosomatid SQR are also conserved in L. tarentolae at both the
genomic and proteomic level. Two-dimensional native electrophoresis of partially
purified LtSQR detected 12 bands, 8 of which were confirmed as LtSQR subunits
by LC-MS/MS. Further, we compared sensitivities of trypanosomatid SQR against
5 classical SQR inhibitors including malonate, carboxin, TTFA, HQNO, and
atpenin A5. The IC50 of these compounds were comparable between LtSQR and
pathogenic trypanotomatids. Subsequently, we investigated the effects of 11 clas-
sical and nonclassical respiratory chain enzyme inhibitors on LtSQR, and found
that a fungal SQR inhibitor siccanin inhibited LtSQR at a sub-micromolar order
(190 nM). Siccanin was originally known for its fungicidal effect [25, 26] and
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clinically used as a drug for skin infection (US Patent 3974291). Interestingly, the
IC50 of siccanin against porcine SQR was 861 lM [27], accounting for a difference
in sensitivity that is approximately 4,500 times higher than that of LtSQR. Further,
herein, it is shown that siccanin inhibited the activity of SQR of T. brucei, T. cruzi,
and L. donovani, and killed L. tarentolae, T. brucei, T. cruzi, L. donovani, and L.
major in vitro with IC50 values ranging between 0.7 and 13 µM.

9.2 Materials and Methods

Siccanin and its derivatives were kindly provided by Daiichi-Sankyo Co., Ltd. and
Dr. Kazuro Shiomi, Kitasato University. Promastigotes of L. major Friedlin strain
were provided by Dr. Steven Reed, Infectious Disease Research Institute, Seattle,
USA. Promastigotes of L. donovani D10 were provided by the National
BioResource Project, Institute of Tropical Medicine, Nagasaki University.

9.3 Preparation of L. tarentolae Mitochondria

L. tarentolae T7-TR strain promastigote was cultured as previously described with
slight modification [20]. Briefly, parasites were aerobically cultured in 24 g/L yeast
extract (YE) medium supplemented with 65 mM D-glucose, 71 mM K2HPO4,
17 mM KH2PO4, 50 U/mL penicillin, 50 lg/mL streptomycin, 10 lg/mL hemin,
and 100 lg/mL hygromycin B. Glycerol stock of L. tarentolae was reactivated in
5 mL medium, and the culture was step-wisely scaled up at early-log phase to 10 L
by mixing a 1 L of final pre-culture with 9 L of fresh YE medium in a BIOFLO
2000 Fermentor (New Brunswick Scientific, NJ, USA). After cultivation at 37 °C,
200 rpm, and maximum aeration, cells were harvested at late-log phase by cen-
trifugation at 2,000 � g for 60 min at 4 °C. The pellet was suspended in 20 mM
sodium phosphate buffer (pH 8.0) containing 150 mM NaCl and 20 mM glucose,
and centrifuged at 2,000 � g for 60 min at 4 °C. Washed cells were resuspended to
a density of 3 � 1012 cells/mL in lysis buffer [25 mM Tris-HCl (pH 7.6) containing
1 mM disodium malonate, 200 mM sodium orotate, 1 mM sodium EDTA, 0.25 M
sucrose, and 1 bottle/L Protease Inhibitor Cocktail for general use (Sigma-Aldrich,
USA)], and disrupted with a French pressure cell at 75 MPa. Homogenate was
centrifuged at 50 � g for 30 min at 4 °C to remove cell debris. Supernatant was
centrifuged at 1,000 � g for 30 min, 10,000 � g for 40 min, and 33,000 � g for
40 min at 4 °C. The pellet obtained after each centrifugation step was resuspended
in a minimal volume of lysis buffer. For each fraction, SQR activity was measured
before storage at −80 °C until required. The 1,000 � g pellet possessed the highest
SQR activity, hence, was taken as the mitochondrial fraction.
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9.4 Preparation of L. donovani Mitochondria

Promastigotes of L. donovani D10 (provided by Institute of Tropical Medicine,
Nagasaki University) were cultured in medium 199 (containing 25 mM HEPES,
Life Technologies) supplemented with 10 % heat-inactivated fetal bovine serum,
100 U/mL penicillin, and 100 µg/mL of streptomycin at 25 °C. The culture was
scaled up to 1 L and harvested at late-log phase. The subsequent steps were as
described for L. tarentolae mitochondria preparation except that the cell density in
the lysis buffer was 7.5 � 1011 cells/mL and the initial centrifugation at 50 � g was
for 15 min at 4 °C. The mitochondria-rich fraction was isolated by centrifugation at
1,000 � g for 30 min at 4 °C and suspended in lysis buffer. This sample was frozen
in liquid nitrogen and stored at −80 °C until needed.

9.5 Preparation of T. b. brucei Mitochondria

In vitro cultivation and isolation of the T. b. brucei procyclic form (GUTat 3.1) was
performed as previously described [28]. The harvested parasite cells were kept on
ice throughout the subsequent steps. Two milliliters of packed cells and an equal
volume of glass beads (diameter 0.10–0.11 mm, B. Braun Biotech International
GmbH, Germany) were suspended in 4 mL of 50 mM HEPES buffer (pH 7.2)
containing 0.27 M sucrose, 1 mM EDTA, 1 mM MgCl2, and 1 mM PMSF, then
shaken vigorously with a Vortex mixer for 2 min. The resultant homogenate was
centrifuged to remove the debris, and a cell-free extract was obtained by cen-
trifugation at 900 � g for 5 min, after which crude mitochondria were precipitated
by centrifugation at 12,000 � g for 10 min. The precipitate was suspended in
10 mM potassium phosphate buffer (pH 7.5) containing 0.25 M sucrose and 1 mM
EDTA (wash buffer), and centrifuged at 12,000 � g for 10 min. The mitochondrial
fraction was suspended in wash buffer to a protein concentration of 3.4 mg/mL and
stored at −80 °C until required.

9.6 Preparation of T. cruzi Mitochondria

In vitro cultivation and mitochondria isolation of T. cruzi Tulahuen strain epi-
mastigote was performed as previously described [12]. Briefly, parasites were
grown to a density of 6–8 � 107 cells/mL and washed by rounds of centrifugation
and resuspension in 20 mM Tris-HCl (pH 7.2) buffer containing 10 mM NaH2PO4,
1 mM sodium EDTA, 1 mM dithiothreitol, 0.225 M sucrose, 20 mM KCl, and
5 mM MgCl2. Cells were disrupted by grinding resuspended pellet with silicon
carbide (Carborundum 440 mesh; Nacalai Tesque, Kyoto, Japan) in the presence of
a minimum volume of the lysis buffer [25 mM Tris-HCl (pH 7.6), 1 mM
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dithiothreitol, 1 mM sodium EDTA, 0.25 M sucrose, and complete, EDTA-free
Protease Inhibitor Cocktail (Roche Applied Science)]. The resultant homogenate
was centrifuged at 500 � g for 5 min and 1,000 � g for 15 min to remove silicon
carbide and nuclear fraction, respectively. The mitochondrial fraction was recov-
ered upon centrifugation of the last supernatant at 10,000 � g for 15 min, washed 3
times in the lysis buffer, and stored at −80 °C until required.

9.7 Preparation of Porcine Mitochondria

The mitochondria fraction of porcine was prepared as previously described [29].
Briefly, 10 porcine hearts were sliced and a total of 2,324 g of the mince was
suspended in 7 L of 20 mM sodium phosphate buffer (pH 7.4). The porcine heart
suspension was homogenized by high-capacity, high-speed laboratory blender
(Waring) for 90 s and adjusted to pH 7.2–7.4 with 6 M NaOH. The homogenate
was centrifuged at 3,000 � g for 20 min at 4 °C and the resultant supernatant was
re-centrifuged at 18,000 � g for 60 min at 4 °C. The pellet was suspended in
50 mM Tris-HCl (pH 8.0) and centrifuged at 120,000 � g for 40 min at 4 °C. The
resultant mitochondria-rich fraction (pellet) was suspended in 100 mM
borate-phosphate buffer pH 7.2 and stored at −80 °C until use.

9.8 Partial Purification of LtSQR

All purification steps were performed at 4 °C. Fifty milligrams of mitochondria frac-
tion were suspended in a solubilization buffer composed of 10 mM sodium phosphate
buffer (pH 8.0), 1 mM EDTA, 1 mM disodium malonate, 20 % (v/v) glycerol, 1
bottle/LProtease InhibitorCocktail for general use plus 2 % (w/v) sucrosemonolaurate
(SML; Mitsubishi Food, Japan) to a final protein concentration of 20 mg/mL and
gently agitated for 60 min on Rotator RT-50 (TAITEC). The mixture was ultracen-
trifuged at 198,000� g for 60 min. Supernatant was mixed with the equal volume of
10 % (w/v) polyethylene glycol (PEG) 3350 solution and incubated for 30 min at 4 °C
before centrifugation at 9,000 � g for 15 min. The resulting pellet was suspended in
2 mL of solubilization buffer plus 0.1 % (w/v) SML and loaded ontoDEAESepharose
Fast Flow column (1 � 3 cm; GE Healthcare) using Econo Gradient Pump (Biorad),
at a flow rate of 0.2 mL/min. After 10 columns volume wash at 1.0 mL/min with
solubilization buffer plus 0.1 % (w/v) SML, proteins were eluted by 50 columns
volume of solubilization buffer plus 0.1 % (w/v) n-dodecyl-D-maltoside (DDM;
Dojindo). Flow though and eluted fractions were collected at 1 mL/tube, and absor-
bance was monitored at 280, 412, and 450 nm. SQR activity was measured in
each fraction; active fractions were subjected to high resolution clear native elec-
trophoresis (hrCNE). Fractions with similar hrCNE band pattern were pooled and
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concentrated by Amicon Ultra-15 (100 kDa cut off). The concentrated samples were
stored in 50 % (v/v) glycerol, at −20 °C.

9.9 High Resolution Clear Native Electrophoresis
and LC-MS/MS

Protein solutions were mixed with 50 % (v/v) glycerol plus 0.1 % (w/v) ponceau S
at the ratio 8:1, and subjected to hrCNE [30] on 4–16 % NativePAGE Novex Gel
(Invitrogen) using hrCNE cathode buffer [50 mM tricine, 7.5 mM imidazole/HCl
(pH 7.0), 0.02 % (w/v) DDM and 0.05 % (w/v) sodium deoxycholate] and anode
buffer [25 mM imidazole/HCl (pH 7.0)]. SQR in the various samples was visual-
ized by in-gel succinate dehydrogenase (SDH) activity staining [31] or Coomassie
Brilliant Blue staining. Activity-stained bands in native gel were cut out and loaded
onto 2-D 12.5 % tricine SDS-PAGE gel [32]. Each protein band in the
tricine-PAGE gel was analyzed with a nano LC-MS/MS system (Wako, Japan) for
detection of SQR subunits.

9.10 Enzyme Assay

Enzymatic activity measurements for quinone-dependent respiratory chain
enzymes-type 2 NADH: quinone reductase (NDH2), succinate: quinone reductase
(SQR; complex II), glycerol 3-phosphate dehydrogenase (G3PDH), and cyto-
chrome c oxidase (complex IV) were performed for each mitochondrial preparation
in a 1 mL quartz cuvette containing 1 mMMgCl2 in a 50 mM potassium phosphate
buffer (pH 7.5) as follows: NDH2; 50 lM oxidized cytochrome c and 1 mM KCN
were added to the reaction buffer, reaction was initiated by addition of 50 lM
NADH (Sigma), and the NADH-cytochrome c oxidase activity was measured by
following NADH oxidation (e340 = 6.3 mM−1 cm−1). Complex II SQR activity was
measured in the presence of 60 lM each of 2,4-dichlorophenolindophenol (DCIP)
and ubiquinone-1 (UQ1), and the rate of DCIP reduction was monitored
(e600 = 21 mM−1 cm−1) after the addition of 10 mM sodium succinate. Complex II
SDH activity was determined in 50 mM Tris-HCl buffer (pH 8.0) containing
120 lg/mL each of phenazinium methylsulfate (PMS) and 3-(4, 5-dimethyl-
2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide (MTT) by following the rate of
PMS-mediated reduction of MTT (e570 = 17 mM−1 cm−1), after the addition of
10 mM sodium succinate. For G3PDH, in a reaction mixture containing 20 mM
glycerol 3-phosphate (G3P), 50 µM oxidized cytochrome c, and 1 mM KCN, the
cytochrome c reduction (e550 = 21 mM−1 cm−1) was monitored. The reaction was
initiated by addition of 10 mM of G3P. Each assay was performed after initial
incubation at 25 °C for 300 s before addition of initiating substrate. Measurements
were taken with V-650 UV-Vis Spectrophotometer (JASCO, Tokyo, Japan).
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9.11 Identification of Trypanosomatids Complex II
Inhibitors

Inhibitory effects of chemical compounds in our library of respiratory chain inhibitors
were assessed on the SQR activity of trypanosomatid complex II. The screening
assays were carried out using a 96-well plate SQR assay (n = 3). For determination of
half maximal inhibitory concentration (IC50), *800 lg/mL of mitochondria-rich
fraction (final concentration) fromT. cruzi epimastigote orT. b. brucei procyclic form,
L. tarentolaepromastigote,L. donovani promastigote, and porcine heartmitochondria
were suspended in 193µL (perwell) of reactionmixture containing 50 mMpotassium
phosphate buffer (pH 7.5), 60 lM DCIP, and 60 lM ubiquinone-1 (UQ1). Serial
concentrations of inhibitors (malonate, thenoyltrifluoroacetone [TTFA]
[Sigma-Aldrich, USA], 2-heptyl-4-hydroxyquinoline 1-oxide [HQNO] [Wako,
Japan]), and atpenin A5 (Enzo Life Science, USA) were dissolved in solvents, and 2
lL of inhibitor solution was added to each well. Alternatively, quinone-type respi-
ratory chain inhibitors in the library (antimycin A [Sigma-Aldrich, USA], ascofura-
none, atovaquone [USP, USA], ferulenol [Enzo Life Science, USA], fluopyram
[Sigma-Aldrich Japan, Japan], Ku-55933 [Abcam, UK], nitazoxanide, nifurtimox,
resveratrol, rotenone [Wako, Japan], or siccanin) was added into reaction mixtures
containing L. tarentolaemitochondria to a final concentration of 0.025–50 lM.After
mixing (750 rpm vortexing) for 60 s at room temperature, the SQR reaction was
initiated by addition of 5 lL of 250 mM disodium succinate per well.

Of the inhibitors screened, siccanin was found to be most potent and its inhi-
bitory mechanism on trypanosomatid complex II was determined. L. tarentolae
mitochondrial membrane were suspended in 100 µL of reaction mixture containing
50 mM potassium phosphate buffer (pH 7.5), 60 lM DCIP, 0.5 % (v/v) dimethyl
sulfoxide (DMSO) and 0, 0.25, 0.5, and 1 lM of siccanin. Serial concentrations of
UQ1 were prepared, covering a range of 8 points from 0.050 to 100 µM in a
96-well plate. After mixing with Mixmate (Eppendorf) at 750 rpm for 60 s, the
plate was incubated for 300 s at 25 °C. The reaction was started by the addition of
100 µL of reaction mixture containing 20 mM disodium succinate, and enzymatic
activity was measured as the time rate of DCIP reduction for 600 s.

9.12 In vitro Anti-leishmanial Assay of Siccanin

The effect of siccanin on the growth of promastigotes of L. tarentolae, L. major,
and L. donovani was evaluated using the AlamarBlue method [33]. L. tarentolae
was maintained in YE medium at 26 °C, and 50 lL of varying siccanin concen-
trations were prepared to cover a range of 10 points from 0.05 to 50 lM in a
96-well plate (n = 3). Fifty microliters of culture medium containing 2 � 106

promastigotes was mixed with the inhibitor dilutions and incubated at 26 °C for
72 h. To access the viability of L. tarentolae promastigotes, 5 lL AlamarBlue
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(TREK Diagnostic Systems) was added to each well. The plate was incubated for
3 h and the absorbance difference was measured at 570 and 600 nm using
SpectraMax Microplate Reader (Molecular Devices). DMSO and 50 lM pen-
tamidine (Sigma-Aldrich) were used as negative and positive controls, respectively.
Growth inhibition rate (%) was calculated from [100 − (Abs570 − Abs600)/
(Abs570DMSOcontrol − Abs600DMSOcontrol) � 100].

For L. major and L. donovani, promastigotes were maintained in medium 199
(Life Technologies) supplemented with 20 and 10 % (v/v) respectively, of
heat-inactivated fetal bovine serum (Thermo Fisher Scientific), and 100 U/mL
penicillin and 100 µg/mL of streptomycin (Life Technologies), at 25 °C. Analysis for
siccanin sensitivity was performed with a culture containing 2 � 105 cells in each
well of the microplate and in the presence of siccanin (ranging from 0.05 to 100 µM)
or amphotericin B (Sigma-Aldrich, ranging from 0.000139 to 11 µM). After 3 days,
10 µL of AlamarBlue was added to each well and the fluorescence intensity was
measured using the SpectraMax Paradigm microplate reader (Molecular Devices)
with an excitation wavelength of 555 nm and the emission wavelength of 595 nm, at
the time of addition as well as after 4 h incubation. The growth inhibition rate (%)
was calculated as [100 − (FItest at 4 h − FItest at 0 h)/(FIcontrol at 4 h − FIcontrol at
0 h) � 100]. One percent DMSO was used as the control for siccanin, and medium
without drug was used as the control for amphotericin B. IC50 values of drugs were
calculated using GraphPad Prism5 (GraphPad Software).

9.13 In vitro Drug Assay for T. b. brucei

The blood stream form of T. b. brucei was propagated in HMI-9 medium at 37 °C
under an atmosphere of 5 % CO2. A stock of siccanin was dissolved in DMSO and 60
lL of five fold dilutions were transferred in triplicates to HMI-9 medium in a 96-well
plate to arrive at final concentrations of 0.05 to 90 lM in 100 lL. Forty microliters of
cell culture containing 5 � 104 parasites was added per well. The final concentration of
DMSO was 0.5 % (w/v) in 100 lL of HMI-9. After 18 h incubation at 37 °C, 10 lL of
AlamarBlue was added to each well and incubated for a further 6 h. Parasite growth
after a 24 h incubation period was determined according to the change in color of the
AlamarBlue. Measurement of absorbance was performed with Spectra-Max M2e-TUY
Plate Reader (Molecular Devices, Japan) at wavelength values of 570 and 600 nm.

9.14 Inhibitory Effects of Siccanin on T. cruzi Infection
and Growth in Mammalian Cells

In vitro infection of the mouse 3T3-SWISS Albino fibroblast cells (JCRB9019,
Japanese Collection of Research Bioresources Cell Bank, National Institute of
Biomedical Innovation, Japan) by trypomastigotes of T. cruzi Tulahuen stock was
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as described elsewhere [34]. A round coverslip was placed into the bottom of each
well of a 24-well plate. Exponentially growing 3T3-SWISS Albino cells (5 � 103

cells in 1 mL per well) were transferred to 24-well plates, followed by incubation
for 2 days, inoculation with 1 � 105 trypomastigotes, and the addition of siccanin
in DMSO. For negative and positive controls, DMSO and 1 lM benznidazole (final
concentration) were used, respectively. Three to four days later, the host cells
attached to the coverslip were washed 3 times with PBS, pH 7.2, fixed with
methanol, and stained with Diff-Quick Dyeing (Kokusai-Shiyaku Co.). The per-
centage of the infected cells and the average number of amastigotes per infected cell
were determined microscopically. More than 200 host cells were analyzed per 6
randomly selected microscopic fields. Statistical analysis between the groups was
performed using one-way ANOVA and Fisher’s PLSD post hoc test.

9.15 Results

9.15.1 Purification and Characterization of LtSQR

As the purification procedure for TcSQR[12] was not compatible for purifying
LtSQR, a new protocol for LtSQR purification was therefore developed. We first
solubilized LtSQR from 50 mg of mitochondrial membranes with 2 % (w/v) of SML
and added 2 % (w/v) of PEG3350 to remove hydrophilic proteins. Subsequently,
concentration of PEG3350 in supernatant was increased to 10 % (w/v) and the
resultant red precipitate was re-suspended in 0.1 % (w/v) SML. The suspension was
applied to a Fractogel-DEAE column (Merk Millipore) and the detergent was
exchanged from SML to DDM for specific elution of complex II. LtSQR activity
was mainly eluted during the detergent exchange step. The fractions were collected
and concentrated as the SQR peak fraction. Although the CBB-stained hrCNE gel of
the SQR revealed an impurity band that migrated as a 140 kDa protein, with this
purification protocol the complex II was remarkably purified (Fig. 9.1, lane A), and
with the last step (ion exchange chromatography on DEAE-Sepharose Fast Flow))
furnishing a specific activity (2.65 U) that corresponded to 23-fold of purification
(Table 9.1). The protein yield from 8 L of culture was 2.9 g, which is over 14-folds
of that obtainable from 10 L of T. cruzi culture; the specific activity was also
significantly higher (Table 9.2), indicating that L. tarentolae is a superior system for
large-scale preparation of trypanosomatid SQR. Moreover, the estimated size,
520 kDa for LtSQR showed that it is comparable to that of TcSQR [12]. To assess
the subunit composition and structure of LtSQR, the enzyme was subjected to
Tricine SDS-PAGE after hrCNE. Results revealed that as was reported for T. cruzi,
the LtSQR is made up of 12 protein subunits of sizes ranging from 9–69 kDa
(Fig. 9.2). Each protein band from the SDS-PAGE was analyzed by LC-MS/MS and
all of them were identified and annotated as SQR subunits (Fig. 9.2). Together, these
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data indicate that structure of SQR is also conserved between L. tarentolae and T.
cruzi at the protein level.

To validate the SQR of non-pathogenic L. tarentolae as a model for the
pathogenic trypanosomatid enzyme, we first analyzed the whole genome sequence
of the L. tarentolae T7-TR strain and identified orthologs for all the 12 subunits of
the SQR (Table 9.3). Identities of the gene sequence of LtSQR orthologs are high
for SQR of T. cruzi (42–90 % [35]) and T. brucei (45–90 % [36]) and almost same
as for those of L. major and L. donovani (81–98 % [37]). The di-carbonate-binding
site and FAD-binding histidine in Fp, iron-sulfur cluster-binding motifs in Ip,
“PX11SX2HR” quinone-binding motif, and helix I in CybL, Helix V, IV, and
heme-binding histidine in CybS [12] are all conserved in LtSQR. These features
indicate that based on genomic evaluations, the substrate binding sites of SQR are
expected to be similar in both L. tarentolae and the pathogenic trypanosomatids.
However, it is not often the case with the trypanosomatids because of their
well-characterized polycistronic RNA editing machinery, which often results in
non-correlated data between actual peptide sequences and those expected from the
genomic information [38]. Although the subunit-structure of T. cruzi and T. brucei
complex II has been well studied [12, 39], identification of SQR subunits in
Leishmania spp. at the protein level has been unsuccessful to date [40], hence the
need for the subunits peptide analysis.

9.15.2 Inhibitor Screening Against the 12-Subunit SQR

At first the susceptibility of LtSQR to the standard SQR inhibitors (malonate,
atpenin A5, carboxin, TTFA, and HQNO) was evaluated. Judging from the cal-
culated IC50 values of as high as 200 lM (Table 9.4), the LtSQR is not so sensitive
to these established inhibitors that are known to inhibit the mammalian enzyme

4-16% hrCNE

A: CBB staining
B: SDH activity staining

1048
720

480

242
146

(kDa)

520 kDa
(LtSQR) 

A B

Fig. 9.1 High resolution
clear native electrophoresis
(hrCNE) of partially purified
LtSQR; 20 lg of partially
purified LtSQR was loaded
onto 4–16 % Novex Native
gel and visualized by CBB
staining (left) or SDH-activity
staining (right)
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perfectly. For instance, atpenin A5 elicits an IC50 of 0.004 lM against mammalian
SQR [12] as compared to 2.5 lM for LtSQR, accounting for a selectivity index of
0.0006 (Table 9.4). Expectedly, the lack of sensitivity of LtSQR for these inhibitors
follows the pattern displayed by TcSQR [12] (Table 9.4), therefore, it could be
inferred that these inhibitors cannot be drug candidates against the trypanosomatids
and other organisms possessing the 12-subunit SQR. As a result, it is important to

Table 9.1 Purification of LtSQR

Purification Protein (mg) Yield (%) Specific activity (U/mg)

Mitochondria 50 100 0.113

PEG precipitation 6.5 50 0.356

DEAE-Sepharose fast flow 0.07 4.2 2.65 (23-fold)

Table 9.2 Preparation of mitochondria from 8 L culture of L. tarentolae T7-TR promastigote and
10 L culture of T. cruzi epimastogote. U: lmol/minute

Medium Protein
(g)

SQR total activity
(U)

SQR specific activity
(mU/mg)

T. cruzi 10 L LIT medium 0.31 27 85

L. tarentolae 8 L YE
medium

2.9 340 113

69

59
37

23

15
14

12

10

9

(kDa) 

13

*Morales et al., 2009,  
J Biol Chem (modified)

19

LGANSLLDIVVFGKSCANTVIFNLT

TKGEGLAGTTAVVARAHLYLLSR

HQTPLDDGVLIRSPDTHPNLQR

ETTVAALLRIADAAVDAGNATQALSVLEK

HWVWDCPNGKR

EHFLGPAVLLQSYRWLVEPLDRDFDER

HWDYSQVNKDRWVASYPK

Amino acid sequence(LC-MS/MS) 

AYVALPDGRMALVYPIIDTQTSFTRTVISFLDAVNPFP

AYVALPDGRMALVYPIIDTQTSFTRTVISFLDAVNPFP

AYVALPDGRMALVYPIIDTQTSFTRTVISFLDAVNPFP

AYVALPDGRMALVYPIIDTQTSFTRTVISFLDAVNPFP

Not detected (SDH9, SDH10 and SDH11?)

DYVQDQQLLTIMR

(SDH1)

(SDH5)
(SDH6)

(SDH2N)
(SDH7)
(SDH2C)
(SDH8)

(SDH3)

(SDH4)

L. tarentolae
geneLtSQR TcSQR

Fig. 9.2 Amino acid sequences of the peptides analyzed by mass spectrometry of subunits
isolated from partially purified LtSQR
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search for inhibitors possessing different scaffolds that are specific for the
12-subunit SQR.

Then we conducted a small-scale screening of SQR inhibitors using LtSQR.
Because the difference of SQR IC50 between mammals and trypanosomatids were
larger in quinone-binding site inhibitors (atpenin A5, carboxin, TTFA) than in the
succinate-binding site inhibitor (malonate), we mainly focused on quinone-like
compounds as candidates of specific inhibitors. We tested inhibitory effects of
compounds in our library of quinone-site (Q-site) inhibitors, which are known to
specifically target quinone-utilizing enzymes. With the exception of ferulenol and
the old fungicide, siccanin, we found most of the compounds showed poor inhi-
bition against LtSQR (IC50 > 50 lM). Intriguingly, siccanin very potently inhibited
the enzyme with the IC50 of 0.19 lM (Fig. 9.3). Ferulenol showed only a milder
inhibition (IC50 = 5.3 lM), coupled to being a well-known mammalian SQR
inhibitor, ferulenol cannot be developed further as a selective trypanosomatid drug
candidate. Siccanin being the first lM-order inhibitor of the 12-subunit SQR and
possessing a novel structural scaffold was therefore selected for further studies.

Siccanin was originally known as a specific inhibitor of fungi SQR [43] and
widely used for the treatment of tinea pedis. In our previous study [27], we identified
siccanin as a specific inhibitor of Pseudomonas aeruginosa SQR (IC50 = 0.87 lM)
showing the bactericidal effect in vitro. We also investigated the inhibitory effect of
siccanin on various species and found its species-selective SQR inhibition property.
Siccanin strongly inhibited not only P. aeruginosa SQR, but also those of
Trichophyton mentagrophytes (IC50 = 0.09 lM), rat (IC50 = 9 lM), while showing
low inhibition against SQR of Escherichia coli (IC50 = 210 lM) and porcine
(IC50 = 860 lM). The inhibition mechanism of siccanin to P. aeruginosa SQR was

Table 9.3 Comparison of genomic identity of SQR subunits between L. tarentolae and
pathogenic trypanosomatids. The amino acid identity (%) compared to L. tarentolae gene is shown
in parenthesis

Gene L. tarentolae T. cruzi T. brucei L. major L. donovani

SDH1 67 67 (90) 67 (89) 67 (98) 67 (98)

SDH2n 27 32 (62) 27 (64) 27 (94) 27 (95)

SDH2c 22 21 (72) 21 (76) 22 (89) 22 (97)

SDH3 12 8 (73) 12 (61) 12 (94) 12 (95)

SDH4 16 14 (48) 14 (59) 16 (85) 16 (85)

SDH5 53 53 (44) 53 (42) 53 (91) 53 (91)

SDH6 37 36 (50) 37 (50) 37 (85) 37 (86)

SDH7 29 28 (53) 28 (55) 29 (89) 29 (89)

SDH8 17 16 (65) 17 (60) 17 (95) 17 (93)

SDH9 16 16 (58) 16 (79) 16 (81) 16 (81)

SDH10 16 16 (50) 14 (60) 16 (85) 16 (87)

SDH11 10 10 (50) 10 (77) 10 (85) 10 (89)

Complex II (kDa) 323 319 323 323 323
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mixed type for ubiquinone 1 (UQ1) and noncompetitive for succinate. These results
indicated that siccanin binds to the vicinity of the quinone pocket. To investigate the
inhibition mechanism of siccanin on LtSQR, we performed kinetic analysis at
varying substrate and siccanin concentrations. Lineweaver-Burk plot for the enzy-
matic activities (Fig. 9.4) indicated that inhibition mode was the mixed type with
39 nM of Ki1 and 102 nM of Ki2. Lower Ki1 than Ki2 means that the affinity of
siccanin was reduced by the presence of quinone. Interestingly, siccanin’s Ki1 and
Ki2 for LtSQR were much lower than those of P. aeruginosa SQR despite their
similar IC50. This result may reflect the difference of the siccanin binding mode in
quinone binding sites between 4-subunit and 12-subunit SQR, but further studies are
required to elucidate details of the interactions.

Table 9.4 Inhibitor sensitivity of LtSQR and TcSQR to classical SQR inhibitors

Inhibitor Structure SQR IC50 (lM) Selectivity

Mammal Lt Tc Lt Tc

Malonate 3.41 200 404 0.017 0.085

TTFA 5.42 >100 >1004 >0.054 >0.054

Atpenin
A5

0.0043 2.5 6.44 0.0016 0.0006

1Mogi et al. [27], J Biochem
2Grivennikova et al. [41], Biochim Biophys Acta
3Miyadera et al. [42], Proc Natl Acad Sci USA
4Morales et al. [12], J Biol Chem
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9.15.3 Site and Target Specificity of Siccanin

To evaluate whether siccanin binds exclusively to the Q-site of trypanosomatids SQR
and if it is specific for only the SQR and not other mitochondrial quinone-utilizing
enzymes, we first measured the phenazine methosulfate (PMS)- methyl-
thiazolyl-tetrazolium (MTT)-mediated succinate dehydrogenase (SDH) activity of
mitochondria to investigate electron transfer in the Fp and Ip subunits; interestingly,
the activity was not inhibited even up to 50 lM (not shown), suggesting that siccanin
interacted with the quinone pocket but not with the hydrophilic portion of SQR
composed of Fp and Ip, because SDH activity does not require the quinone-binding
site for the enzymatic reaction. Next, we determined the inhibitory effect of siccanin
against the other quinone-utilizing enzymes in L. tarentolaemitochondria (Fig. 9.5).
Results revealed that siccanin did not inhibit NDH2, complex III (data not shown),
glycerol-3-phosphate dehydrogenase up to 50 lM (Fig. 9.5), and we excluded these
mitochondrial enzymes as targets of siccanin.
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Fig. 9.4 Inhibition mechanism of siccanin to LtSQR (UQ1). SQR activity was measured by the
absence (0 nM) or presence of 125, 250, and 500 nM of siccanin under various concentrations of
UQ1 in 96-well plates. Activity was determined as time course of DCIP absorbance during 15-min
incubation. Data were presented as double reciprocal plots taking UQ1 concentration as x-axis and
SQR activity as y-axis
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9.15.4 Effects of Siccanin on Pathogenic Trypanosomatids

Reported herein, and to the best of our knowledge, siccanin is the only strong
trypanosomatid SQR inhibitor discovered. To investigate its effect on the SQR of
other pathogenic trypanosomatids, we determined IC50 of siccanin on the SQR of
T. cruzi, T. b. brucei (same species as the African human trypanosomes,
T. b. gambiense and T. b. rhodensiense), and L. donovani (Fig. 9.3). Siccanin
strongly inhibited the enzymatic activities of all the parasites with the observed IC50

of 1.48, 0.368, and 1.17 lM, respectively; indicating its broad spectrum of activity
across the genus of organisms in the Trypanosomatidae family (Fig. 9.3 and
Table 9.5). Further, it is of great interest that siccanin has almost no effect on the
activity of SQR from the mammalian host. Its IC50 against porcine SQR is 861 lM
[27], accounting for a selectivity index of up to 4,532 when compared to those of
the parasites (Table 9.5), meaning that it has potential to be a highly selective drug
that will display no toxicity against the treated mammals.

Subsequently, we checked the trypanocidal effect of siccanin on parasite cells
(Table 9.4). Because of ease of handling, we first used L. tarentolae promastigote
as a drug screening model and checked the leishmanicidal effect of siccanin. The
determined IC50 of siccanin on L. tarentolae was 4.4 lM by AlamarBlue assay
(Table 9.6), a value comparable to that of pentamidine (6.3 lM, not shown). Then
the effect of siccanin on L. donovani and L. major, the causative agents of visceral
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Fig. 9.5 Target specificity of siccanin. Electron transfer activity by enzyme complexes composed
of NADH2-III, II-III, and G3PDH-complex III, respectively was monitored as reduction of
cytochrome c in presence of L. tarentolae mitochondria after the addition of 100 µM NADH,
10 mM succinate, or 10 mM glycerol-3-phosphate, respectively
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and cutaneous leishmaniasis, respectively, was determined. Similar to L. tarentolae,
the promastigote of L. donovani and L. major are also sensitive to siccanin with
IC50 of 0.7 and 13 lM, respectively. Notably, L. donovani was more sensitive to
siccanin than were L. major and L. tarentolae. Because siccanin also inhibited the
SQR of T. cruzi and T. brucei, we also evaluated the trypanocidal effect on T.
brucei and T. cruzi as described in Materials and Methods. We found that siccanin
killed the bloodstream form of T. b. brucei with an IC50 of 8.3 lM, and in the
presence of 10 lM siccanin, the number of T. cruzi amastigote in mouse fibroblast
infected with trypomastigotes decreased to 50.4 % of DMSO control (Table 9.6).
Together, our results show that siccanin inhibited the SQR activity and cell viability
of the major causative agents of trypanosomiasis and leishmaniasis, providing a
chemical validation for their complex II as a specific and selective drug target
candidate.

9.16 Discussion

This study is the first successful attempt at obtaining a drug candidate inhibitor
against the mitochondrial complex II of organisms in the genus Trypanosoma and
Leishmania, the pathogens of human and animal diseases known as trypanosomi-
asis and leishmaniasis. Hundreds of millions of humans and animals in endemic
countries are infected [1–3], significantly contributing to the global burden of
diseases. Because challenges such as high cost, toxicity, and treatment failures have
long been associated with the currently available chemotherapy, it has become

Table 9.5 Effect of siccanin
on SQR activity of
mitochondria from porcine
and trypanosomatids

Organisms SQR IC50 (lM) Selectivity

Porcine 8611 1

L. tarentolae 0.190 4,532

T. brucei 0.368 2,340

T. cruzi 1.48 582

L. donovani 1.17 736
1Mogi et al. [27], J Biochem

Table 9.6 Growth inhibition
of pathogenic
trypanosomatids by siccanin

Organism IC50 (lM) Life cycle stage

SQR Cell growth

Porcine1 861 – –

T. cruzi 1.4 10 Amastigote

T. b. brucei 0.37 8.3 Blood stream form

L. tarentolae 0.19 4.4 Promastigote

L. donovani 1.17 0.7 Promastigote

L. major – 13 Promastigote
1Mogi et al. [27], J Biochem
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necessary to develop new, safe, and more effective drugs. A major prerequisite
towards development of effective and non-toxic drugs is the identification of
molecular targets that are essential to the disease agents (trypanosomes and leish-
mania, in this case), and absent or different in the mammalian hosts (humans and
animals). From the knowledge that mitochondrial complex II is pivotal to aerobic
energy metabolism and to the adaptability of parasites to their host environments,
and based on our previous finding that the complex II of T. cruzi (12-subunits
enzyme) is distinct from that of mammals (4-subunits enzyme) [12], we rationalized
that the protein is a good drug target candidate. Hence we sought to find inhibitors
of the parasites complex II, for possible use in formulation of a new drug. However,
because this approach requires a large amount of mitochondria and purified protein,
for safety considerations during large-scale culture, T. cruzi is not an ideal source.
Herein, we established that the non-pathogenic trypanosomatid, L. tarentolae, also
possesses the 12-subunits complex II, and being safe and much easier to handle, it
is validated as a model organism for obtaining large amount of the trypanosomatid
complex II. Moreover, yield for the protein from L. tarentolae is approximately
14-folds that from T. cruzi, and in addition, the enzymatic activity is slightly higher
(Table 9.2).

The newly established protocol using PEG precipitation and an ion exchange
column chromatography resulted in purification of *50 %-pure LtSQR with 3 %
activity yield, with a comparable efficiency to that of the TcSQR purification
procedure. These data indicated that milligram-order of partially purified LtSQR is
obtainable from the large cultivation of L. tarentolae. As inferred from genomic
analysis (Table 9.1), 2-D native electrophoresis of the partially purified LtSQR
detected 12 subunits, however, only 9 of the peptides were detectable by
LC-MS/MS analysis. The 3 missing subunits (SDH9-11) could be attributed to their
hydrophobic nature and not differences of subunit compositions between LtSQR
and TcSQR, The molecular weights of these proteins in native states on hrCNE gels
were almost identical (Fig. 9.1).

The insensitivity of TcSQR to standard SQR inhibitors, which is most likely
owing to blocking of the inhibitor-binding sites by extra-subunits (that are absent in
other SQRs), was also observed in LtSQR (Table 9.3). Our data implies that LtSQR
shares common subunit- and catalytic site-structure with pathogenic trypanoso-
matids like T. cruzi. These unique properties of the trypanosomatids’ SQR
encouraged the screening for inhibitors targeting the 12-subunit SQRs.
Remarkably, the current efforts have resulted in the rediscovery of the old fungi-
cide, siccanin, as the first potent and selective SQR inhibitor of the trypanosomatid
parasites. The high selectivity of siccanin against these 12-subunit SQRs could be
that it interacts with some of the extra-SQR subunits that may be contributing to
forming or maintaining the active site in the right conformation. The inhibition
kinetics of siccanin on these SQRs is a non-competitive pattern (Fig. 9.4), sug-
gesting that siccanin does not directly bind their catalytic site. However, the
accurate elucidation of the mechanism of inhibition requires structural analysis of
the protein in the presence and absence of siccanin. Nevertheless, the mixed type
inhibition mode of siccanin against quinone revealed by the Lineweaver-Burk plot
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(Fig. 9.4) is a desirable feature for medical application of the compounds, because
this type of inhibitor can bind to both substrate-free enzymes and substrate-enzyme
complexes, hence inhibiting functions of enzymes regardless of quinone concen-
tration in parasite cells.

Considering that one of the major limitations of the current drugs for the
treatment of trypanosomiasis and leishmaniasis is narrow potency [3] i.e., they are
highly species specific; for instance, even the most recently introduced NECT is
only effective against T. b. gambiense, and not T. b. rhodesiense [44]. Therefore,
our finding that siccanin is effective at killing a wide-range of the trypanosomatid
parasites (Table 9.6) is of remarkable clinical significance; siccanin will be helpful
in treating patients that are infected by multiple parasite types (of different genus
and species). Such cases of mixed infections have been widely reported in human
and animals in endemic areas [45]. Furthermore, the present data indicated that
while the potency of siccanin against trypanosomes is comparable, its effect against
L. donovani, is significantly higher than that against L. major. These two
Leishmania species cause distinct ailments: visceral leishmaniasis and cutaneous
leishmaniasis, respectively. This feature of differential potency is another advantage
of siccanin in chemotherapy, because cutaneous leishmaniasis is a skin infection
and a higher dose of siccanin can be tolerable compared to the case of visceral
leishmaniasis, in which parasites migrate into internal organs and the drug must be
systemic.

To our knowledge, siccanin is the first and strongest specific inhibitor of try-
panosomatids SQR and possesses killing effect on all the tested pathogens
belonging to the group. Siccanin is a promising lead compound as the quality of the
chemical starting points for drug discovery is a key factor in improving the like-
lihood of clinical success [46]. Animal experiments are ongoing to assess the side
effects and in vivo trypanocidal efficacy of siccanin.
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Chapter 10
Challenges in the Diagnosis of Visceral
Leishmaniasis on the Indian Subcontinent

Suman Rijal, François Chappuis, Jorge Alvar and Marleen Boelaert

Abstract Visceral leishmaniasis (VL) or kala-azar, an endemic vector-borne
disease, affects populations in the lowest socioeconomic strata living in rural areas
on the Indian subcontinent—a group that has limited access to proper health care.
Untreated, kala-azar is almost always fatal, and the drugs currently in use are quite
toxic. Confirmation of diagnosis before starting therapy is therefore crucial. Early
diagnosis and treatment are a key strategy of the Kala-azar Elimination Programme
launched in 2005 in Bangladesh, India, and Nepal. VL care must be decentralized to
primary health centers to achieve this goal, which has become possible with the
availability of rapid diagnostic tests. Parasitological diagnosis is limited to referral
hospitals and specialized VL treatment centers. Two serological tests for field use—
the direct agglutination test and the rK39 immunochromatographic test (ICT)—
have both shown excellent performance on the Indian subcontinent, but the latter is
preferred, because it is simpler to use. The proper implementation of these diag-
nostic strategies within the VL elimination programme involves not only the pro-
curement, training, and supervision of staff, but also quality control both before and
after deployment in the field. The logistical requirements are enormous, and
therefore standardized guidelines for procurement and quality control must be
established.
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10.1 Introduction

Visceral leishmaniasis (VL) or kala-azar is a major public health problem in
Bangladesh, India, and Nepal, and the populations affected represent the poorest
residents living in remote rural regions [1]. Of the 200,000–400,000 annual cases,
90 % occur in just 6 countries: Bangladesh, Brazil, Ethiopia, India, Nepal, and
Sudan [2]. Around 200 million people in South Asia are estimated to be at risk.
A regional elimination programme was jointly launched in Bangladesh, India, and
Nepal in 2005 with the aim of eliminating kala-azar as a public health problem by
2018 [3]. The endemic regions within these 3 countries constitute a contiguous area.
The causative agent is Leishmania donovani, and genetic studies of parasites from
these countries have shown a very homogeneous population regardless of geo-
graphical origin [4].

Kala-azar is fatal if untreated, and even with treatment, particularly with pen-
tavalent antimonials, up to 5 % of patients may die due to the toxicity of the drugs
[5]. Increased fatality has also been found to be associated with advanced disease
[6]. Increasing treatment failure of the anti-VL drug sodium stibogluconate on the
Indian subcontinent (in particular in India and Nepal) has been well documented
over the last two decade [7, 8]. A recent study from Nepal showed a significant
association of treatment failure with delayed diagnosis [9]. There is, therefore, a
need for a diagnostic test that is not only highly accurate but can also easily be used
at the peripheral health facilities where the majority of kala-azar patients are seen.

In the kala-azar elimination programme, early diagnosis and appropriate treat-
ment is a key strategy [10]. Decentralization to the peripheral level health facilities
—e.g., primary health care centers—is making VL care more accessible. The
availability of a rapid diagnostic test (RDT), the rK39 immunochromatography test
(ICT) [11], has made it feasible to implement this strategy.

This chapter will present a review of the currently available diagnostic tools for
VL for field use and their utility, the current limitations to VL care access, and
issues in the implementation of the RDT in the kala-azar elimination programme on
the Indian subcontinent.

10.2 Diagnostic Tests for VL

Accurate diagnosis is crucial before starting treatment with anti-VL drugs. The
clinical manifestations of kala-azar (fever, anemia, splenomegaly) are nonspecific
and are also commonly seen in other diseases that occur in this region. In a phase 3
validation study for the diagnosis of VL in Nepal, [12] the common differential
diagnosis of VL included malaria, disseminated tuberculosis, hematological
malignancies, and sepsis [13]. When applying the diagnostic test in suspect VL
cases (fever of � 2 weeks with palpable spleen) the proportion of VL cases ranged
from 50 % at a district level hospital to 70 % at a referral hospital [14]. With a
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persistent decrease in the number of cases in the last few years, the proportion of
kala-azar cases among the suspect VL cases should be further reduced. Currently
there are no algorithms that have clear diagnostic pathways for VL suspect cases
negative for kala-azar.

The currently available diagnostic tests for VL can be broadly divided into
nonspecific VL tests, parasite demonstration, serological tests, and antigen detec-
tion tests.

10.2.1 Nonspecific Tests

Nonspecific tests for VL include the demonstration of pancytopenia and the alde-
hyde or formol gel test (FGT). The former was found in a study of suspected cases
in Nepal to have excellent specificity, but the sensitivity was only 16 % [15].
The FGT, developed by Napier in the 1920s, is based on detecting the increased
gamma globulin levels found in kala-azar patients [16]. Due to the simplicity of this
test, the non-feasibility of performing microscopy on tissue aspirates, and the
absence of an easily administered alternative, the FGT remained in use in health
facilities on the Indian subcontinent until an RDT became readily available a
decade ago. The sensitivity of FGT has been shown to be quite low (35 %),
although the specificity is excellent [15].

10.2.2 Parasite Detection

Parasite detection may be broadly described as microscopy of tissue aspirates to
demonstrate the presence of Leishmania amastigotes, along with culture and
molecular biology techniques. Since the discovery of the parasite by Leishman and
Donovan in 1903, microscopy has been considered the gold standard for confir-
mation of the diagnosis [17]. The sensitivity of microscopy depends on the tissue
aspirate; for example, it is higher for spleen tissue (93–99 %) than for bone marrow
(53–86 %). Splenic aspiration carries a 0.1 % risk of life-threatening hemorrhage
even in centers specializing in kala-azar. It is also not feasible to perform this
procedure at peripheral centers, as it requires technical expertise to perform and
interpret, and ideally facilities for blood transfusion and surgery must be available.
Molecular biology tools such as polymerase chain reaction (PCR) have demon-
strated excellent sensitivity even when blood samples are used, but the specificity
was as low as 62 % (95 % confidence interval [CI], 51–72) in a phase 3 diagnostic
study from Nepal [18]. PCR also requires sophisticated tools, limiting its use to
research centers and university hospitals in endemic countries [19], though efforts
have been made to simplify the procedure by using less sophisticated technology
[20].
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10.2.3 Serological Tests

There are many test formats that detect antibodies to Leishmania from patients’
serum, but most are not suitable for use in field conditions on the Indian subcon-
tinent. Tests based on indirect fluorescence antibody, enzyme linked immunosor-
bent assay, and Western blot techniques show high diagnostic accuracy but are
considered too complicated for field use. The direct agglutination test (DAT) and
the RDT in ICT format are the 2 tests that are considered appropriate for field use.
There are currently several ICTs available using different antigens: rK39, rK26, and
rKE16. The most extensively validated point of care tests in the field are rk39 based
ICT and the DAT.

The DAT, a semi-quantitative test, requires microtiter plates in which increasing
dilutions of a patient’s serum or blood are mixed with stained, killed L. donovani
promastigotes [21]. The results are read with the naked eye after an overnight
incubation. Although the DAT has been extensively validated in most endemic
areas, there is still no consensus for recommending it, as not all the studies give the
same results. A meta-analysis that included 30 studies showed sensitivity and
specificity estimates of 94.8 % (95 % CI, 92.7–96.4) and 97.1 % (95 % CI, 93.9–
98.7), respectively [22]. The performance of the DAT was quite similar in the
different endemic foci of India, East Africa, and Brazil. The main drawbacks of the
DAT are that it is not easily available commercially, as it is manufactured in only 2
institutes in Europe, and that it requires transportation through a cold chain. The
latter obstacle has been overcome by the development of a freeze-dried version that
delivers a performance similar to that of the liquid antigen [23]. Although the DAT
is simpler than many other test formats, it still requires equipment (microplates,
micropipettes), the extensive training of laboratory technicians, and regular quality
control; it is also relatively expensive.

The rK39 dipstick contains a 39-amino acid repeat that is part of a
kinesin-related protein of L. chagasi. The repeat is conserved within the L. dono-
vani complex. This test developed in an ICT format (dipstick) is suitable for field
use, as it is easy to administer, and results—which are reproducible—can be
obtained in 10–15 min. However, as with the DAT, it has not been universally
accepted, as the results from different studies vary. A recent Cochrane review on
rapid tests for the diagnosis of VL in patients with suspected disease found a pooled
sensitivity of 0.97 (95 % CI 0.90–1.00) and a specificity of 0.90 (95 % CI 0.76–
0.98) with the rK39 ICT on the Indian subcontinent [24]. However, in studies from
East Africa the rk39 ICT showed a lower sensitivity of 0.85 (95 % CI 0.75 to 0.93)
and a specificity of 0.91 (95 % CI 0.80–0.97).

Recently, significantly lower anti-leishmania IgG responses have been observed
among VL patients in Sudan when compared to VL patients from India, which may
contribute to the lower sensitivity of the rK39-ICT in East Africa [25].

There are only limited studies that have validated the rK26 and rKE16 ICT. One
study from India validating the rK26 ICT (InBios International, Seattle,
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Washington) in a population of 352 patients with suspect VL observed a sensitivity
of 21.3 % and a specificity 100 % [26].

A study validating rKE16-based ICT (Signal KA, Span Diagnostics, India) in
Kenya observed a sensitivity of 77.1 % and a specificity of 95.5 % [27]. A recent
multicentre evaluation of commercially available ICTs was coordinated by
TDR-WHO [28]. The rKE16 ICT (Signal KA, Span Diagnostics, India) had a
sensitivity of 92.8 % (88.9–95.4 %) and specificity of 99.2 % (97.1–99.8 %) in
samples from the Indian subcontinent but the sensitivity was only 36.8 % (31.1–
42.9 %) in samples from East Africa. This multicentre evaluation also looked at the
thermal stability of the different ICTs, which was found to be good in the Indian
subcontinent.

Most of the ICTs are recommended by manufacturers for use with serum. This
requires venepuncture for the collection of blood and separation of the blood
product. It has also been observed in the field that tests are being used on whole
blood (obtained by finger prick). Thus there was a need to demonstrate that the
diagnostic accuracy of these RDTs in whole blood was equivalent to that in serum;
2 recent evaluations in the Indian subcontinent have shown excellent performance
of ICTs in blood [29, 30].

It is quite clear that the rk39 ICT is currently the best available VL diagnostic
tool for use in the field; it has been appropriately recommended as a diagnostic test
for use in the kala-azar elimination initiative on the Indian subcontinent.

However, there are some major limitations on the use of the serological tests.
Because specific antibodies continue to be detected up to several years after cure in
a high proportion of patients [31, 32], VL relapse cannot be diagnosed by serology.
In addition, healthy people living in endemic areas with no history of VL may carry
anti-leishmanial antibodies because of past or active asymptomatic infections.
Seroprevalence in the healthy population in low transmission areas has been shown
to vary between 5 and 15 % [33], while in high transmission areas it can be above
30 % [34]. Thus it is important to emphasize that antibody tests must always be
used in combination with clinical case definitions for VL diagnosis.

There is a need to develop tests to diagnose relapse in the field. Currently most
suspected relapse patients are referred to central referral hospitals for tissue aspiration
and microscopy, but those who are unable to travel are started on treatment without
confirmation of infection. A recent paper, measuring IgG subclass and IgG isotype
antibody levels, observed elevated levels of specific IgG1 being associated with
treatment failure and relapse of VL, whereas no or low levels of IgG1were detected in
cured VL patients [35]. This is being further evaluated using a lateral flow RDT,
which could be a potentially useful test to confirm relapses in field conditions.

The elimination programme also emphasizes an active case-finding approach for
the early detection of VL cases. This both benefits the individual with kala-azar and
decreases transmission in the community. As the validation studies have used a
passive case detection strategy, there is still a need to assess whether the perfor-
mance of the diagnostic test is similar when it is employed using an active case
detection strategy that assumes a shorter duration of the illness before diagnosis.
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10.2.4 Antigen Detection Tests

In theory, antigen detection tests are more specific than serological tests, as they
avoid cross-reactions and can distinguish active from past infections. A latex ag-
glutination test (KAtex) detecting a heat-stable low molecular weight carbohydrate
antigen in the urine of kala-azar patients showed promising initial results [36, 37].
Several studies conducted in East Africa and on the Indian subcontinent showed
good specificity but low-to-moderate (48–87 %) sensitivity [38, 39]. As expected
for an antigen detection test, KAtex turns negative in a very high proportion of
patients (97–100 %) during anti-leishmanial treatment [40]. Apart from its low
sensitivity, there are 2 practical limitations with KAtex. First, the urine must be
boiled to avoid false-positive reactions, and second, it is difficult to distinguish
weak positive from negative results, which affects the test’s reproducibility [14, 38].
A simplified and improved form of KAtex is currently under development.

10.3 Access to VL Care

The determinants of access to VL care include knowledge of the disease, the
inclination to seek health care, and the accessibility of diagnostic facilities.

The national control programmes that have been ongoing in these countries for
many years include behavior change communication activities. Therefore, one
might expect that the majority of the population in endemic areas would be
knowledgeable about the disease and its transmission. However, a recent study
showed that knowledge of the disease remained low in some regions. Fever, the
most common symptom, was known to 32, 72, and 92 % of the interviewees from
Bangladesh, Nepal, and India, respectively. In India and Nepal, almost all the
respondents were aware that kala-azar was a curable disease, while in Bangladesh
only 64 % were aware of this [41].

Numerous studies have shown that local unqualified village health care workers
are the first-choice health care providers for many patients because of their easy
accessibility [41–43]. Beyond the community, patients tend to prefer private pro-
viders, local pharmacists, or government health care facilities. A study from
Bangladesh found that patients went through a median of 7 visits to different
providers before starting VL treatment [42], and a similar situation has been found
in Nepal [43, 44]. As a consequence, catastrophic expenditures are incurred by the
families of these kala-azar patients despite the existence of a control programme
providing free VL care. Over the last few years, efforts have been made to improve
access to care by decentralizing VL treatment. This has been reflected by the
decrease in the proportion of unreported cases in the national programme. The
proportion of unreported cases from 4 to 8 times the government figures has come
to be reduced to about 20 % of the total reported cases.
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Because VL is a focal disease, active case detection strategies are being used to
decrease the time to diagnosis and also prevent unnecessary visits to different care
providers.

10.4 Issues in the Use of RDT in the Field

Issues to be addressed concerning the field use of the RDT within control pro-
grammes include the procurement and supply of the test kits, training and moni-
toring of their use by health care workers, and quality control.

After the validation of the rK39 ICT, this RDT was recommended as a diag-
nostic test and has been introduced into the control programmes up to the primary
health center level in all 3 countries. This has encouraged many manufacturers to
start producing RDTs, and currently many brands of RDT using the dipstick format
are available, of which many are not sufficiently validated. Standard guidelines for
the registration of tests similar to those for drugs have not yet been established. To
address this, a multicenter evaluation of the commercially available brands was
conducted, to help in making a selection for use in the programmes [28]. An
additional major factor is the cost of the kit, which may discourage selection of the
scientifically validated brands. The introduction of a new test requires training on a
regular basis for the health personnel involved, which is a challenging task for the
programme. The large number of health workers poses logistical challenges.
Training manuals must also be developed that correspond to the skill level of
individual health workers. In addition, the frequent transfer of health workers—
which is quite common in these countries—and changes in the format of the RDT
(dipstick or cassette versions) produce major difficulties.

Quality control of both the products procured and their use in the field is
essential. Not only the performance of the different brands needs to be checked after
the product reaches the country, but also that of different batches of the same brand.
Most RDTs must be transported and stored within specified temperatures, avoiding
extremes of heat. In these endemic countries on the Indian subcontinent, where both
the temperature and humidity can be quite high, transportation under ideal condi-
tions may not always be practically possible.

To avoid treating asymptomatic Leishmania infections, RDTs should be applied
in combination with a clinical case definition, as many healthy people in the
endemic region may also test positive for the disease [45, 46]. In these countries
there is currently no set protocol for quality control after procurement of the RDT,
or for monitoring its use in the field.
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10.5 Conclusion

Diagnostic tests in the VL elimination programme will only have an impact if they
are widely available to patients. The currently available RDT (rK39 ICT), though
not ideal, is essential for the success of the kala-azar elimination initiative. There is
a need for an RDT based on antigen detection to assess cure and relapse after VL
treatment, and standards for the registration and quality control of RDTs must be
established within each of the control programmes.
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Chapter 11
Changes of Leishmania Antigens
in Kala-Azar Patients’ Urine After
Treatment

Sharmina Deloer, Sohel Mohammad Samad, Hidekazu Takagi,
Chatanun Eamudomkarn, Kazi M. Jamil, Eisei Noiri
and Makoto Itoh

Abstract A sandwich enzyme-linked immunosorbent assay (ELISA) to detect
Leishmania circulating antigens (CA) in urine samples was applied to monitor the
antigen levels after treatment of visceral leishmaniasis, also known as kala-azar.
Fifty VL cases were followed up for 2 months after treatment with sodium sti-
bogluconate. The CA levels decreased rapidly after the treatment, demonstrating a
76, 92, and 97 % reduction after 1, 2, and 3 weeks, respectively, and became
negative after 8 weeks. The CA was detected in 40 of 50 urine samples (80 %). The
positive rate of CA with sodium stibogluconate was slightly lower than that with
nested PCR (88 %), but higher than that with KAtex (48 %) before the treatment,
and it reduced more slowly than that with the others after the treatment. As the urine
ELISA gives CA levels quantitatively, it will be useful to evaluate the efficacy of
the treatments used and for surveillance of drug resistance.

Keywords Kala-azar � Urine � ELISA � Leishmania donovani � Circulating
antigen � Bangladesh

11.1 Introduction

Visceral leishmaniasis (VL) remains endemic in 57 countries and 200,000–400,000
cases occur each year. More than 90 % of VL cases occur in just 6 countries: India,
Bangladesh, Sudan, South Sudan, Brazil, and Ethiopia [1]. It is a vector-born
disease caused by the protozoan Leishmania species. In different countries different
species of Leishmania are responsible for different types of the disease. In 2005, a
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memorandum of understanding was signed between Bangladesh, India, and Nepal
to eliminate kala-azar or VL by 2015, aiming to reduce the incidence to less than 1
in 10,000 population.

Although detection of parasites in biopsy samples from the spleen or bone
marrow is the gold standard for diagnosis of VL, it is invasive and trained personnel
are required. Serological tests to detect antibodies to the parasite are now commonly
used and are sensitive, and a specific immunochromatographic strip test is com-
mercially available (rK39 dip stick), but such tests cannot distinguish present and
past infections. PCR with peripheral blood to detect the parasite DNA is now
commonly used, as well as loop-mediated isothermal amplification (LAMP), which
can detect the DNA without thermal cyclers [2]. Detection of the parasite-derived
antigens in circulation (circulating antigens, [CA]) is another way to confirm the
presence of infection. A latex agglutination test kit, KAtex, which detects antigens
in urine samples is commercially available but its sensitivity varied study to study
[3]. We also developed an ELISA to detect CA in urine samples that are collected
safely and easily with good compliance [4]. In this study, we examined CA in urine
samples from VL patients before and after treatment and compared the changes
with those of DNA in blood detected by nested PCR.

11.2 Detection of Leishmanial Derived Circulating
Antigens (CA) in Urine Samples

Sandwich ELISA to detect CA in urine was carried out according to the method
described previously [4]. Briefly, 96-well microtiter plates (MaxiSorpTM, Nunc,
Denmark) were coated with 10 lg/mL (100 lL/well) rabbit anti-L. donovani IgG
and blocked with a casein buffer (1 % casein in 0.05 M Tris-HCL buffer with
0.15 M NaCl, pH 7.6) for 2 h at room temperature, then the wells were loaded with
100 lL of urine (1:2 dilution in casein buffer) and incubated at 25 °C overnight.
After washing with PBS (pH 7.4) containing 0.05 % Tween 20, the plate was
incubated with biotinylated rabbit anti-L. donovani IgG (10 lg/mL in the casein
buffer) at 37 °C for 1 h. After being washed, the plates were incubated with
horseradish peroxidase conjugated streptavidin (Vector Laboratories Inc., CA,
USA) (1:1000 dilution in the casein buffer) at 37 °C for 1 h and then with substrate
ABTS (KPL Inc., Gaithersburg, MD, USA) for 1 h at room temperature. The
optical density was measured at 415 and at 492 nm as reference. Each sample was
assayed in duplicate. Antigen levels were expressed as absolute concentrations
estimated from the standard curve constructed with 3 folds of serially diluted
L. donovani promastigote acetone treated with crude antigens of known concen-
trations (10,000–14 ng/mL): CA levels were indicated as nanogram equivalents to
the crude antigens (ng eq/mL). As the crude antigens were used as the standard, CA
detected in this ELISA might be overestimated because the crude antigens contain
less CA. The cutoff was calculated from the values of 5.1 ng eq/mL.

136 S. Deloer et al.



A commercially available urinary antigen detection kit, KAtex, was also used
according to the manual.

11.3 Detection of Leishmania Derived DNA
by Nested PCR

DNAwas extracted fromblood samples byQIAampDNABloodMiniKit (QIAGEN)
according to the manufacturer’s protocol. They were used for LAMP and nested PCR
for the detection of parasite DNA. The nested PCR was carried out according to
reports [5]. Briefly, primers 5′-AAATCGGCTCCGAGGCGGGAAAC-3′ and 5′-
GGTACACTCTATCAGTAGCAC-3′ were used for the first PCR followed by the
nested PCR with primers 5′-TCGGACGTGTGTGGATATGGC-3′ and 5′-
CCFATAATATAGTATCTCCCG-3′. The nested PCR amplified a 385 bps fragment
internal to the 592 bps product of the first PCR. The nested PCR used 1 µL of the
diluted (1:10) product from the first PCR under the same conditions as the first PCR
except primers.

11.4 Changes After Treatment

11.4.1 Levels of CA in Urine

CA levels in urine detected by this ELISA are shown in Fig. 11.1. CA were
detected in 40 among the 50 urine samples (80 %) obtained before treatment and no
CA was detected in 40 negative samples (nonendemic healthy sample). The levels
varied from 28 to 661 ng eq/mL; the average was 478 ng eq/mL. The CA levels
decreased rapidly after initiation of the treatment with sodium stibogluconate, then
gradually decreased and were diminished at 8 weeks: 115 ng eq/mL after 1 week
and 4.5 ng eq/mL after 4 weeks.

11.4.2 CA Positive Rate

Compared to the rapid decrease of the CA levels, the positive rates decreased
slowly: 64 % after 1 week, 30 % after 2 weeks, 12 % after 3 weeks, and 4 % after
4 weeks (Fig. 11.2). Those of KAtex were lower than those of others: 48 % before
treatment, and 6 and 2 % at 1 and 2 weeks, respectively.
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11.4.3 Nested PCR Positive Rate

Forty-six of the 50 blood samples (92 %) were positive with the nested PCR before
the treatment. The positive rate rapidly decreased to 20 and 2 % at 1 and 2 weeks
after the treatment, respectively, then all became negative at 3 weeks.

11.5 Discussion

Fifty VL patients were followed up with testing for CA in urine by ELISA and
KAtex, and testing for parasite DNA in blood by nested PCR after treatment with
sodium stibogluconate. The nested PCR was the most sensitive (92 %); ELISA
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(80 %) and KAtex (48 %) followed it. Among the 10 ELISA negatives, 3 were also
negative with the nested PCR. One of the 3 nested PCR negatives was positive with
the ELISA. Although the samples and the target to be detected were different, 84 %
of the ELISA results were identical to those of the nested PCR. The simple kit,
KAtex, is an excellent tool for antigen detection, but the sensitivity was low
compared with the other 2 methods used.

The positive rate of the parasite DNA in blood decreased rapidly after initiation
of the treatment; 92 % decreased to 20 % (1 week), 2 % (2 weeks), and 0 %
(3 weeks). The positive rates of the CA in urine changed gradually; 64, 30, 12, and
4 % at 1, 2, 3, and 4 weeks, respectively. Pourabbas et al. [6] also reported rapid
reduction of the parasite DNA in blood from L. infantum infected patients using real
time PCR. The mechanism of the clearance of DNA and CA is not clear, but the
DNA seems to be more rapidly cleared than CA from circulation.

Unresponsiveness of VL to anti-Leishmania drugs have been reported and has
severely compromised disease control [7–11]. Surveillance of appearance of the
resistance is essential and changes in levels of the parasite DNA and/or CA will
provide this information. Both methods can be used for monitoring the efficiency of
the treatments.

Two diagnostic methods with urine are now available for visceral leishmaniasis:
anti-Leishmania antibody detection [12, 13] and CA detection. As control programs
proceed, good compliance from residents of the Leishmania control areas becomes
difficult to obtain. Urine samples that are safely and noninvasively collected will be
useful in such situations.

11.6 Conclusion

Utilizing ELISA to detect CA quantitatively in urine is useful, not only to monitor
the response to treatments, but also to conduct active surveys of visceral leish-
maniasis by detecting anti-Leishmania antibodies in urine.
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Chapter 12
Potentiality of Urinary L-FABP Tests
to Kala-Azar Disease Management

Eisei Noiri, Yoshifumi Hamasaki, Bumpei Tojo, Kazi M. Jamil,
Kent Doi and Takeshi Sugaya

Abstract The diagnostic process of disease detection and disease management is
different in every disease. Recently, the diagnostic procedure for visceral leish-
maniasis (VL), also known as kala-azar, was simplified from a time-consuming
pathological examination into a simple blood test. But the monitoring of disease
activity during therapy still relies on clinical findings and classical laboratory data
in endemic areas. In this chapter, we introduce and examine the utility of a urinary
biomarker, fatty acid-binding protein 1 (FABP1) or alternatively L-type fatty
acid-binding protein (L-FABP), for monitoring VL disease activities and
drug-induced side effects. A FABP1 analysis developed as an enzyme-linked
immunosorbent assay was transformed into a urinary immuno-chromatography
dipstick test for point of care use in endemic areas. We expect that a FABP1
dipstick test will serve as a triage marker in disease monitoring of VL. In addition,
this chapter introduces the impact of FABP1 on predicting survival in septic acute
kidney injury and the clinical interpretation of FABP1 measurements in VL.

Keywords Dipstick urine test � Fatty-acid-binding protein 1 � Leishmaniasis �
Urinary biomarker � Pharmacovigilance � Renal toxicity � Kidney injury

12.1 Introduction

The diagnosis of visceral leishmaniasis (VL), also known as kala-azar, has been
dependent on parasite detection in organ aspirates by expert pathologists, but now
the rK39 test is a simpler alternative [1]. Though the diagnostic procedure is
standardized, the monitoring procedure for disease activity after starting VL therapy
remains dependent on the clinical symptoms, such as body temperature and
physical examination of the spleen size. Blood tests such as the erythrocyte sedi-
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mentation test, complete blood count, and prothrombin time are not suitable for
frequent evaluation. Because antibodies persist for a long period after the onset of
disease, antibody-based immune-detection tools are not useful for monitoring the
disease activity of VL [2]. Furthermore, diagnostic techniques that do not require
electricity are necessary for use in the frontier locations of endemic areas. For this
reason, we focused on urinary tests to evaluate the disease activity of VL.

Proteinuria has been reported empirically by physicians in endemic areas and is
well known to occur in tropical diseases. However, specific attention has not been
paid to the value of this symptom as a marker for VL disease activity. Recently,
urinary biomarkers have been a focus in the field of acute kidney injury (AKI) [3],
for which the definition is broader than that for acute renal failure [4]. These
biomarkers have been developed to detect AKI much faster than is possible by
measuring serum creatinine (SCr) or blood urea nitrogen (BUN) levels. For
instance, an increase of SCr levels may be detected 24–48 h after cardio-pulmonary
bypass surgery, but new urinary biomarkers, such as neutrophil gelatinase-
associated lipocalin (NGAL), L-type fatty-acid binding protein (L-FABP, FABP1),
kidney injury molecule-1 (KIM-1), etc., can detect AKI within 2 h after surgery [5–
7]. Because the kidney is sensitive to blood circulation and mirrors the body
condition through factors in the urine, sensitive urinary biomarkers in AKI are
potential candidates to sense subtle changes in the health of patients with tropical
diseases. Among urinary biomarkers, NGAL is partly derived from neutrophils and
therefore NGAL blood and urine levels often increase in various infectious diseases
[8, 9]. Careful consideration should be necessary to use NGAL in endemic area as a
biomarker. In addition, enormous gender differences are seen in the normal range of
children, often victim of tropical diseases [10]. There is accumulating evidence
demonstrating FABP levels may indicate ischemic conditions in various organs.
FABP1 is a potential predictive marker detectable in urine [11]. In addition, FABP1
can detect cisplatinum-induced nephrotoxicity [12] and contrast-medium-induced
nephropathy [13] earlier than can SCr and BUN levels. KIM-1 levels in the urine
increase in AKI at a slightly delayed time compared to those of NGAL and FABP1,
but faster than do SCr levels. Recent reports have clarified that KIM-1 is an efficient
reporter molecule to sense various drug-induced nephrotoxicities [14]. Highly
sensitive urinary biomarkers may contribute not only to the monitoring of disease
activities in tropical diseases including VL, but also drug-induced nephrotoxicities,
which are more serious issues for VL therapy. Unlike therapies targeting bacteria
and viruses, therapies against eukaryotic organisms such as parasites are complex
because their cellular structures are similar to those of human beings. FABP1 is one
of the best studied urinary biomarkers in AKI and has been introduced for the
purpose of disease control in VL. Herein, we review the basic aspects of FABP1 in
the human kidney, demonstrate our recent investigation into a VL cohort using
newly developed urine dipstick tests driven by immunochromatography and the
ELISA assay, and discuss the specific applicability of FABP1 for control of VL.
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12.2 Physiological and Pathophysiological Attributes
of FABP1 in the Human Kidney

FABPs are known as intracellular lipid chaperones that transport lipids to specific
components in the cell; however, little is known about their exact biological
functions and mechanisms of action [15]. FABPs are found in many different
species including Drosophila melanogaster, Caenorhabditis elegans, mice, rats, and
humans and their tissue distribution of FABP is ubiquitous [16]. Nine different
FABPs have been reported including liver (L-), intestinal (I-), muscle and heart
(H-), adipocyte (A-), epidermal (E-), ileal (Il-), brain (B-), myelin (M-), and testis
(T-). Through an analysis of the human kidney, Veerkamp and co-workers found 2
types of FABPs in renal tubular cells; FABP1 and heart and muscle type (FABP3 or
H-FABP; H-type fatty acid binding protein) [17]. They investigated the charac-
teristics of renal FABP1 and FABP3 in detail. Renal FABP1 and FABP3 showed
the same Kd values for oleic acid derived from liver and heart. Compared with
FABP1 expressed in the liver, FABP1 in the kidney showed a more neutral iso-
electric point (pI 5.8) and had 2 additional tryptophan residues. Therefore, renal
FABP1 is seemingly kidney specific and could be a new subtype of FABP1. FABPs
in the human kidney are predominantly expressed in epithelial cells. FABP1 is
specifically localized around proximal tubular cells and FABP3 is in distal tubular
cells. Immunohistochemical analysis of FABP1 may also show a weak positive
staining in parietal glomerular epithelial cells. FABP1 is a 14 kDa protein with a
beta barrel structure of beta sheets shaped like a clam shell (Fig. 12.1).
Helix-turn-helix motif by 2 alpha-helix plays a role of hatch to the inside and
stabilize the molecular structure. The promoter region of FABP1 contains binding
sites for hepatocyte nuclear factor (HNF), hypoxia inducible factor-1 (HIF-1), and
peroxisome proliferator activated receptor (PPARs). Because of the anatomical
structure of the kidney, the outer medullary region can be easily injured by hypoxia
resulting from decreased peritubular capillary blood flow and subsequent oxidative
stress in the renal IR model [18–20]. Proximal tubules are rather more susceptible to
hypoxic stress than are distal tubules. Under hypoxic conditions, proximal tubules
are apt to undergo necrosis, but distal tubules under the same level of hypoxic stress
instead show apoptosis [21]. The FABP1 gene is responsive to hypoxic stress
because the promoter region of the FABP1 gene has a hypoxia responsive element
(HRE).

A simultaneous decrease of peritubular capillary blood flow should provoke
FABP1 excretion into urine. As a proof of this concept, we examined the per-
itubular capillary flow in transplanted kidneys and compared that level with urinary
FABP1 concentrations derived from the ureter of transplanted kidneys. Among
urinary indicators measured, such as NAG, a1MG, and b2MG, urinary FABP1
levels showed a significant correlation with the degree of peritubular capillary blood
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flow. Ischemic time, defined as beginning at the harvest point from the donor to the
first urine draining from the ureter of the transplanted kidney, correlated extremely
well with urinary FABP1 levels (Fig. 12.2). A 1-h biopsy sample demonstrated that
the urinary FABP1 was derived from the proximal epithelial tubular cells shed into
the tubular lumen. One possible mechanism for FABP1 projection from the
proximal cellular cytoplasm to the tubular lumen is proposed. The physiological
role of FABP1 is related to the metabolism of fatty acids often bound with albumin.
Fatty acids are filtered together with albumin through the glomerular basement
membrane and re-absorbed from proximal tubular epithelial cells together with
albumin. FABP1 captures fatty acids and relocates them to cellular organelles such
as mitochondria, lysosomes, and peroxisomes for their energy metabolism
(Fig. 12.3, right side). When proximal epithelial cells are subjected to injury,
presumably related to the decrease of peritubular blood flow, intracellular oxidative
stress will be increased by the breakdown of cytoplasmic membrane structures, of
which the majority are lipid peroxidation products. Because of the flexibility of the
recognition site of FABP1, highly cytotoxic aldehydes (HNE, HHE, etc.) can be
bound to FABP1 and presumably excreted into the tubular lumen in the role of a
chaperone for fatty acids and related products (Fig. 12.3, left side). The latter part of

Fig. 12.1 Crystal structure of
human FABP1. FABP1 binds
free fatty acids and their
coenzyme A derivatives,
bilirubin, and some other
small molecules including
HNE in cytoplasm, and
therefore are considered to be
involved in intracellular lipid
and lipid peroxidation product
transport. The image was
obtained from Protein Data
Base

Fig. 12.2 Correlation
between ischemic time and
urinary FABP1. The ischemic
time in living-related renal
transplantation was defined as
the period between the time
point of clamping the donor’s
renal artery and the time point
of appearance of virgin urine
from the recipient’s ureter.
“Reproduced with permission
from the American Society
for Nephrology, [22]”
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explanation is presumably accepted in purposiveness but the details of the mech-
anism are not clarified.

We reported that in the human pathophysiological condition urinary FABP1 was
useful for early detection of AKI after pediatric cardio-pulmonary bypass surgery
(CPB-AKI) [6], in which urinary FABP1 levels were examined at 4 and 12 h after
surgery. Receiver operating characteristic (ROC) curve analysis of urinary FABP1
levels for CPB-AKI diagnosis was performed. The area under the ROC curve of
urinary FABP1 at 4 h after surgery was 0.810, which is an acceptable level for a
single predictive biomarker. Univariate logistic regression analyses showed that
both bypass time and urinary FABP1 levels were significant independent risk
indicators for AKI. Pediatric cardiac surgery is recognized as an ideal clinical
setting for the initial studies in biomarker development in terms of minimal
comorbidity and known timing of renal injury [23]. Likewise, early detection of
AKI after adult CPB surgery was reported even immediately after surgery showing
an area under the ROC of 0.86, at 3 h after surgery of 0.85, and at 6 h after surgery
of 0.83 [7].

Fig. 12.3 Conceptual schema for the renal FABP1 mechanism. In the kidney, albumin filtered
from glomeruli is reabsorbed predominantly in proximal tubules together with free fatty acids
(FFA) under physiologic conditions. After reabsorption, cytosolic albumin transfer to lysosome
and fatty acid was released and received by L-FABP (FABP1) during this process. Fatty
acid-bound L-FABP will usually be relocated to cytosolic peroxisome for size reduction of fatty
acids. Under ischemic conditions, lipid peroxidation products will accumulate in proximal tubules
and damage proximal tubules (left). L-FABP is presumably capable of binding these noxious lipid
peroxidative products and transferring them to urinary spaces. L-FABP is excreted from the
proximal tubules into urine by binding cytotoxic lipids. ROOH denotes as hydroperoxide radicals.
“Reproduced with permission from the American Society for Nephrology, [22]”
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Sepsis is the leading cause of death in critically ill patients, and the incidence of
sepsis has been increasing [24, 25]. Sepsis causes AKI and patients with both sepsis
and AKI show an especially high mortality rate [26]. In one large multicenter study
involving approximately 30,000 critically ill patients, 50 % of AKI was associated
with septic shock [27]. Therefore, early prediction of sepsis-induced AKI will
enable us to improve patient survival. Recently urinary FABP1 levels were
examined in patients with septic shock. Urinary FABP1 levels in these patients
were significantly higher than those in healthy subjects. In a cohort of 145 patients
with septic shock, a logistic regression analysis including urinary FABP1 levels,
blood endotoxin level, CRP, peripheral white blood cell count, urinary NAG, and
serum creatinine levels revealed that only urinary FABP1 levels showed a signif-
icant association with patient survival (Fig. 12.4). There was no correlation
between levels of serum creatinine and urinary FABP1. Likewise, urinary FABP1
testing in a mixed ICU population was able to predict 14-day mortality, one of
important major adverse kidney events, with an accuracy of 0.9 area under the
curve of ROC for the independent cohort of a single-center prospective study
(n = 339) [29].
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Fig. 12.4 Receiver operating characteristic curve analysis for 14-days mortality in the mixed
ICU. Receiver operating characteristic curve analysis for deaths was performed by using urinary
fatty acid-binding protein 1 (FABP1) measured at admission. Acute Physiology and Chronic
Health Evaluation II (APACHE II) and Sepsis-related Organ Failure Assessment (SOFA) scores at
the first day at the intensive care unit with 145 septic shock patients. The area under the receiver
operating characteristic curves (95 % confidence interval) of each parameter was as follows:
urinary FABP1 0.993 (0.956–0.999), APACHE II 0.927 (0.873–0.959), and SOFA 0.813 (0.733–
0.872). “Reproduced with permission from Wolters Kluwer, [28]”
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Polymyxin B-immobilized fiber (PMX-F) hemoperfusion has been performed to
treat severe sepsis in more than 30,000 patients in Japan since 1994, and a
meta-analysis demonstrated its efficacy in septic shock treatment [30]. Of a cohort
of 40 patients with sepsis treated with PMX-F, 28 survived and 12 died [31].
Among the survivors, urinary FABP1 levels were reduced by treatment. However,
the non-survivors showed higher urinary FABP1 levels, with a smaller decrease
after the treatment, compared with those of the survivors. These results suggested
that urinary FABP1 levels could reflect the severity of sepsis, and also monitor the
effectiveness of treatment [31].

Renal toxicity is one of the major concerns in VL therapy with both traditional
and newly developed drugs. The potential for urinary FABP1 to detect the early
onset of nephrotoxicity was recently demonstrated in animal experiments. We have
shown that urinary FABP1 levels can reflect interstitial changes after the admin-
istration of cyclooxygenase 2 (COX2) inhibitors under low-sodium diet conditions
[32]. The low sodium levels enhanced renin-angiotensin-aldosterone activity and
reduced peritubular capillary blood flow. The administration of the COX2 selective
inhibitor meloxicam further decreased peritubular capillary blood flow significantly.
A mild interstitial fibrotic region and partial cell infiltration was confirmed by
histological examination. A more suggestive finding of this study is the concept of
responder and non-responder for the evaluation of drug toxicology. Celecoxib,
another COX2 inhibitor, induced low peritubular capillary blood flow in a certain
fraction of animals (about 50 %), which were categorized as responders. Animals of
the responder group showed higher urinary FABP1 levels compared with that seen
in the non-responder group. When kidneys were harvested 4 weeks after celecoxib
administration, kidneys derived from responders showed more interstitial fibrotic
regions compared with those of non-responders (Fig. 12.5). This kind of individual
variation in phenotypes frequently occurs in human clinical studies. It is crucial to
distinguish between drug responders and non-responders to improve treatment
strategies and reduce adverse effects. Urinary FABP1 levels may be able to dis-
tinguish responders at risk for drug renal toxicity.

The carry-over of renal toxicity to chronic kidney diseases (CKD), or that of
AKI to CKD, is not well studied in the field of nephrology. However, there is a
potential for urinary FABP1 levels to be used to monitor that progression, given its
proven utility in various types of CKD [33]. When mice expressing human FABP1
were exposed to low doses of cis-platinum (CDDP; 10 mg/kg once weekly for
3 weeks), urinary FABP1 levels increased. Kidneys that received CDDP multiple
times showed increasing fibrotic changes (Fig. 12.6). These histological changes
were also associated with increasing levels of urinary FABP1 comparing 0 and
3 week values (bar graph, Fig. 12.6). Results from this preclinical study suggest
that urinary FABP1 levels may predict the progression of AKI to CKD. The target
population for intensive treatment may have the features of lower blood flow in the
peritubular capillaries, subsequent hypoxic conditions, and the presence of inter-
stitial fibrosis, all of which can be monitored by urinary FABP1 levels.
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12.3 Potential of FABP1 as a Urinary Marker for VL

In a cross-sectional study, urinary FABP1 levels were examined in both 162
patients with VL (median age 18.0 years; range 5–60; male:female = 89:73) and 46
healthy endemic control individuals (median age 24.5 years; range 7–50; male:
female = 30:16). VL was diagnosed by rK39 and spleen biopsy examination and
only cases with clear diagnosis of VL were allowed entry into the study. Urine from
the patients was obtained at the initial clinical visit and measured for urinary
creatinine, protein, NAG, and FABP1 to determine any associations with disease
severity and kidney stress. The summary data in Table 12.1 demonstrate that both
urinary FABP1 and protein levels were increased significantly in the VL cohort
compared with findings seen in the control. When urinary concentrations were
adjusted for urinary creatinine, those values showed double. This is presumably

Fig. 12.5 Analyses of urinary FABP1 responders and non-responders after starting celecoxib.
a Time course of urinary FABP1 (L-FABP) levels. Animals excreting urinary FABP1 >50 lg/g
creatinine during the follow-up period were defined as responders (n = 4). Those excreting lower
levels were defined as non-responders or low responders (n = 4). b Representative images
obtained from responder and non-responder kidneys. Quantitative analyses were performed for
interstitial fibrosis. Asterisk depicts p < 0.05. c Correlations between urinary FABP1 and
peritubular capillary blood flow 2 days after starting celecoxib. “Reproduced with permission from
S. Karger AG, [32]”
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Fig. 12.6 Response to multiple CDDP treatments in the mice with CP-induced tubulointerstitial
injury. a Animals were administered 10 mg/kg CDDP 3 times over 4 weeks (0, 1, and 3 weeks).
After exposure to CDDP, levels of BUN and urinary FABP1 were significantly higher at 4 weeks
(4 W) (n = 7–8). FABP1 levels at 3 W were decreased according to the lack of CDDP injection at
2 W. b To assess the cumulative CDDP induced toxicity for this model, some mice (n = 6) were
killed at 3 W after first CDDP injection. Moderate renal interstitial fibrosis was already seen at
3 W after two CDDP injections, this tissue significantly deteriorated at 4 W after the third CDDP
injection (size bar = 50 lm)

Table 12.1 Urinary L-FABP (uL-FABP) and protein (uProtein) levels in both visceral
leishmaniasis (VL) and endemic control cohorts in Mymensingh, Bangladesh

N Mean SD SE <95 %CI >95 %CI Prob > |t|

uL-FABP
(ng/mL)

VL 162 113.41 223.30 17.54 78.77 148.06

Endemic
control

46 0.94 1.95 0.29 0.36 1.52 <0.0001

uProtein
(mg/dL)

VL 162 35.83 46.01 3.62 28.69 42.97

Endemic
control

46 3.41 2.22 0.33 2.76 4.07 <0.0001

uL-FABP
(lg/g Cre)

VL 162 153.20 326.59 25.66 102.53 203.87

Endemic
control

46 1.93 3.85 0.57 0.78 3.07 <0.0001

uProtein
(mg/g Cre)

VL 162 486.56 510.66 40.12 407.33 565.79

Endemic
control

46 125.48 164.69 24.28 76.57 174.38 <0.0001
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because the serum creatinine levels for those residing in endemic areas are lower
than those of Western individuals and Japanese residents and may reflect the basal
malnutrition condition of the residents in the endemic areas [34]. Urinary NAG
often showed a value under the detection limit in both VL and the control cohort.
Though samples were stored at under −20 °C, high external temperatures and the
transfer time between sentinel sites and the laboratory affected the outcome of the
urinary indicators. Similar sample handling effects are expected in case of NGAL,
which requires more strict storage conditions after securing the samples [35].
FABP1 is a stable protein in urine; Fig. 12.7 compares values measured immedi-
ately after sampling with those measured when urine samples were stored at −20,
4 °C, or room temperature for either 6, 24, or 48 h. Urine concentrations stored at
room temperature for 48 h were within 20 % variation of the initial measurements.
In addition, the FABP1 levels did not show a sex difference or a daily fluctuation.
The cut-off value of FABP1 in the immuno-chromatography assay, based on this
information, was placed at 100 ng/mL. Proteinuria was measured by the Bradford
method (BioRad) with the standardization of bovine serum albumin, but the
potential cut-off value was too low to be distinguishable by protein dipstick tests.

We followed-up 50 patients in the VL cohort (median age 17.5 years; range
5–45; male:female = 29:21) by retaking the urine and serum samples for 3 months,
including a hospital admission period of 4 weeks with sodium stibogluconate
(SSG) treatment; this was a cooperative investigation by the International Center for
Diarrhoeal Disease Research, Bangladesh (icddr,b; Dr. Kazi M. Jamil and col-
leagues). The clinical study was approved by the ethics committee of the icddr,b.
Duration of fever was 85.8 ± 32.7 days, 58 % of patients showed abdominal
swelling, especially on the left side, and 94 % had a history of weight loss. Family
history of VL was present in 82 %. Inclusion criteria were as follows, considering
the risks of spleen biopsy: (1) hemoglobin levels >6.0 g/dL; (2) platelet
count >5 � 104 cells/lL; (3) prothrombin time <4 s. All patients had confirmed
diagnoses of VL by both spleen biopsy and rK39. All patients showed complete

Fig. 12.7 Urine storage conditions and urinary FABP1 stability. Box graphs demonstrate the range
of FABP1 (maximum and minimum value) and the thick bar depicts mean value of each group. The
reproducibility of urinary FABP1 results was the best when urine was stored at −20 °C. When urine
samples were stored in room temperature (RT), the range of values of 6 h samples was similar to
that of 48 h samples. Mean FABP1 levels were virtually the same in all conditions
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remission clinically by 4 weeks after starting therapy. SCr and BUN levels were
steady during the follow-up period (Fig. 12.8a). In contrast, the increase of urinary
FABP1 levels seen at the initial clinic visit decreased by 1 week after starting
therapy, which initially developed by dehydration-induced prerenal and amastigote
involvement induced renal damage were improved and presumably reflects the
efficacy of the prescription (Fig. 12.8b). A similar trend was seen in proteinuria.
When the 50 cases were stratified by urinary FABP1 levels, the cut-off value of
10 ng/mL was considered to more sensitively reflect the disease activity and the
efficacy of the prescription (Fig. 12.8c).

12.4 Efficacy to Detect Renal Toxicity by Urinary FABP1

The potential of urinary FABP1levels to be used to detect renal toxicity has been
reported in an animal CDDP-AKI model [12] and in human contrast-medium-
induced AKI [13]. In this chapter, the potential utility of FABP1 levels in moni-
toring amphotericin-B induced kidney injury will be discussed. Amphotericin-B
binds to the sterols in the cell membrane of renal tubular epithelial cells and
endothelial cells and modifies membrane permeability. Amphotericin-B, acting as a
pseudo-phospholipid, interacts with sterol molecules to cause formation of aqueous
pores. These pores consist of an annulus of polyene and sterol in which the
hydrophilic region of the drug molecule faces the interior of the pore. This
mechanism is more or less inevitable when starting treatment of amphotericin-B
and related drugs, but acute spasms of renal vasculature may be induced by doses
toxic enough to induce severe renal injury [36]. Therefore, we expected that urine
FABP1 levels may identify more susceptible individuals among treated patients.

To examine the toxicity of amphotericin-B and liposome-conjugated
amphotericin-B (AmBisome®), we injected different dosages as shown in
Fig. 12.9 into humanized FABP1 mice every 24 h [37]. When animals were sub-
jected to amphotericin-B 50 mg/kg, all were dead within 24 h. AmBisome®
50 mg/kg was tolerable to the animals, but urine volume was increased to three fold
within 24 h. When animals were subjected to amphotericin-B 10 mg/kg, urine
volume increased day by day and reached 3-fold levels in a week. AmBisome®
10 mg/kg increased urine volume more moderately compared with that seen with
amphotericin-B 10 mg/kg. Urinary FABP1 levels within 24 h after starting those
treatments increased, clearly reflecting the level of injury shown by increased urine
volumes often seen in clinical situation. But urinary FABP1 levels started to
decrease after 24 h although those injections were continued. The reason for this

b Fig. 12.8 The follow-up data of 50 patients with visceral leishmaniasis (VL). All 50 patients
received a diagnosis of VL confirmed by spleen biopsy and rK39. Sample correction was
performed immediately before treatment and 1, 2, 3, 4, 12 weeks after treatment by SSG. a SCr
and serum urea nitrogen (BUN), b Urinary FABP1 and protein. c Follow-up data was stratified by
urinary FABP1 level in each sampling point
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partial response of FABP1 is not clear. But because renal localization of FABP1 is
limited to proximal tubular cells [37], and the effect of amphotericin-B in proximal
tubules is presumably limited in higher dosages because peritubular blood flow is
affected by the initiation of therapy. Thus FABP1 response may be lessened with
time. An alternative explanation is that epithelial membrane disruption precludes
holding cytosolic components including FABP1. Recently, higher doses of
AmBisome® and other therapies are being considered to shorten the duration of
therapy and attain better patient compliance. Single-dose therapy of AmBisome®
has been started in Suruya-Kanta Kala-azar Research Center (SKKRC),
Mymensingh, Bangladesh. SKKRC is the referral center for intractable cases such
as treatment failure or resistance in Bangladesh. SKKRC was established by
SATREPS (joint program of Japan Scientific Agency and Japan International
Cooperation Agency), DNDi, icddr,b, and the government of Bangladesh. Urine
samples were collected at three time points between May and December 2014;
before starting AmBisome®, one day after, and at discharge from SKKRC. Each
case was plotted in Fig. 12.10. Almost all patients had urinary FABP1 levels higher
than 7 lg per g creatinine (lg/gCre) before starting treatment. When treatment was
successful, the level of FABP1 fell to below 10 lg/gCre. Interestingly, FABP1
levels higher than 10 lg/gCre in urine 24 h after AmBisome® administration
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Fig. 12.9 Amphotericin-B
and AmBisome® toxicity
were examined using
humanized FABP1 transgenic
mice. Both drugs were
injected to each animal every
day at the indicated dose
(mg/kg). Urine samples were
serially collected in
glass-made metabolic cages.
Mean and SE values are
shown in the graph. The doses
used in this experiment are
higher compared with those
used in previous studies.
When animals were subjected
to amphotericin-B 50 mg/kg,
all were dead within 24 h.
a Urinary volume. b Urinary
FABP1 level
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reflects AKI, similarly to findings for humanized FABP1 transgenic mice data in
Fig. 12.9.

These data convinced us that urinary FABP1 levels are a promising indicator for
VL disease activity and potential drug-induced kidney injury. In this way, urinary
FABP1, especially that level before and 24 h after initiation of therapy, will be
useful as the triage biomarker to promote individualized patient care.
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Fig. 12.10 Change of urinary FABP1 before and after single injection protocol of AmBisome®
Urinary FABP1 levels are plotted for 39 cases. Almost all the patients show higher urine FABP1
values. Similar to results shown in Fig. 12.9, the increase of FABP1 levels was often seen 24 h
after the administration of AmBisome®. These increases were seemingly transient and FABP1
levels had almost normalized at discharge
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12.5 Fabrication the of FABP1 Immuno-chromatography
Dipstick

A more realistic approach is necessary for VL diagnosis at the frontier of the
endemic area, the so-called ground level. A urine dipstick test will be much more
suitable in these primitive conditions than the ELISA method, even for qualitative
study. We developed a dipstick test using immuno-chromatography methods; the
mechanistic explanation is summarized in Fig. 12.11. This strategy enables the
original sandwich ELISA method for FABP1 to be incorporated into a convenient
urine immuno-dipstick. Approximately 90 lL of urine is applied by a tiny dropper
and the run-in period is 10 min. The cut-off value of the current FABP1 dipstick is
100 ng/mL. The intensity of the band is similar to that of the control band, which is
a sign of a successful run of the urine sample.

Fig. 12.11 The principle of the immunochromatography test for urinary FABP1. For the purpose
of VL screening, the cut-off value was tentatively assigned to 100 ng/mL and the siliconized
gold-colloid filter (pink circle with antibody mark) was optimized for endemic urine. From top to
bottom schema, applied urine will run to left side and the colorimetric reaction will appear as a
single band. Light blue rectangle, blue triangle, and salmon pink circle are FABP1, pretreatment
agent, contaminant proteins, respectively. FABP1 is captured by fixed anti-FABP1 antibody and
color will appear by the gold-colloid effect
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We tried the dipstick method at the Kalazar Research Center in Bihar with Dr T.
K. Jha and his team in 2008. We had a chance to examine 25 patients. As seen in
Fig. 12.12, the tone level list was made to read the sample concentration from (−) to
(3+). And then the level of tone list assigned the digits from 0 to 4. The actual
distribution of urine sample results is plotted in Fig. 12.13a with the comparison
between ELISA and dipstick data (dip-score), and results are further summarized in
the dip-score average seen in Fig. 12.13b. Both exhibit extremely good correlation,
as expected. The within-run reproducibility was examined three times at different
dates using pre-measured samples and standard FABP1-dependent positive and
negative controls. Reproducibility was excellent (Fig. 12.14). It was necessary to
optimize the gold-colloid filter in the dipstick cassette maximize performance in
endemic areas and a different type of siliconized filter was used to reduce oozing
and to increase contrast.

Quantification of dipstick results was examined using a touch panel operative
immuno-reader (Fig. 12.15). ROC analysis for detection was examined for

Fig. 12.12 Tone level list of
the urinary FABP1
immunochromatography test
(FABP1 dipstick). Dip-score
was determined by tone level
list

Fig. 12.13 Comparison of
urinary FABP1 (L-FABP)
Dip-score versus ELISA. Of
note that y-axis of ELISA
uses logarithmic scale. a The
distribution of each sample
data. b The average of each
dip-score was summarized in
line graph
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dip-score or immuno-reader results compared with ELISA. Urine samples from 99
VL patients were determined using FABP1 cut-off value 30, 50, 100 ng/mL, and
compared with the performance of dip-score or that of immuno-reader. Area under
ROC curve of dip-score values detected 0.77, 0.87, and 0.89, and that of the
immuno-reader showed 0.81, 0.88, and 0.90 accuracy for the positive detection
with the cut-off value of 30, 50, and 100 ng/mL (Fig. 12.16).

Urine sample n=1 n=2 n=3
1 Standard FABP1 (400 ng/mL) ++ ++ ++
2 Positive High urine (125.1 ng/mL) + + + 
3 Positive Medium urine (68.0 ng/mL) + + + 
4 Positive Low urine (17.8 ng/mL) + + + 
5 Negative urine 1 - - - 
6 Negative urine 2   (false positive) + + + 
7 102-1 (105.8 ng/mL) + + + 
8 3-1 (0.5 ng/mL) - - - 

Fig. 12.14 Within-run reproducibility test. Tests were examined 3 times at different dates by
using pre-measured samples and standard FABP1 (L-FABP)-dependent positive and negative
controls

Fig. 12.15 Touch panel
operative immuno-reader
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12.6 Perspectives on Using Urinary Biomarkers
for Management of VL

We had a chance to follow-up 50 individuals with VL for 3 months. Almost all
patients responded well to SSG treatment within 2 weeks after starting the drug.
Urinary biomarkers data have demonstrated that AmBisome® has a potential for
kidney injury just after treatment. Therefore, careful monitoring of these patients is
necessary during and shortly after this treatment. Initial disease activity, which
should be immediately resolved with the appropriate prescription, occasionally is
sustained with clinical symptoms. Disease activity remaining in patients with
treatment failure will be easily and rapidly detectable by the use of urinary bio-
marker dipsticks. Further study will be necessary with other types of tropical dis-
eases which are often co-infected in residents living in endemic areas.
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Fig. 12.16 ROC analyses determined by ELISA were compared to those for Dip-score or
immuno-reader. From the left panel, the cut-off values were assigned 30 (positive individuals 25,
negative 74), 50 (positive individuals 20, negative 79), and 100 ng/mL (positive individuals 17,
negative 82)
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Chapter 13
Antibody Capture Direct Agglutination
Test (abcDAT) for Diagnosis of Visceral
Leishmaniasis with Urine

Fumiaki Nagaoka, Hidekazu Takagi, Eisei Noiri and Makoto Itoh

Abstract A sensitive diagnostic method to detect anti-Leishmania antibodies in
urine samples has been developed. This simple method uses plastic plates coated
with anti-human IgG. Urine samples are applied to the plate and then colored
Leishmania donovani promastigotes are added serving as direct agglutination test
(DAT) antigens. If the urine contains IgG to Leishmania, the DAT antigen attaches
to the plate; sediment will be observed if there is no specific IgG. Among 56 urine
samples from patients with visceral leishmaniasis (VL), 55 (98.2 %) were positive
with this method. However, 13 endemic normals and 24 Japanese heathy controls
were negative. As the results can be observed by the naked eye, no detection
equipment is required, and only the antibody coated plate and DAT antigen which
are stable at least for one year under ambient temperature, needed for the test. This
method is considered useful for active surveys of visceral leishmaniasis at late
stages of the control program.

Keywords Kala-azar � Urine � Leishmania donovani � DAT � Diagnosis

13.1 Introduction

Visceral leishmaniasis (VL) is caused by a protozoan parasite of the Leishmania
species that is transmitted by sandflies. Poverty is one of the risk factors of the
disease [1, 2], and the disease is potentially fatal without appropriate therapy.
The WHO targeted VL, which is one of the neglected tropical diseases and a public
health problem on the Indian subcontinent, for elimination by 2017. Sensitive, easy
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to use, and low cost diagnostic tools suitable for use in endemic regions are required
for the control program. Detection of the parasite in amastigote form in spleen or
bone marrow aspirate is the most accurate method [3]. But application of this
invasive method is limited to hospitals with trained doctors. As the control program
progresses, not only will the diagnosis in suspected patients be required, but also
surveys of asymptomatic carriers. Detection of parasite-specific antibodies in the
blood by the rK39 dipstick test is now commonly used. The antigen-specific
antibodies are also detected in urine by enzyme-linked immunosorbent assay
(ELISA) and the development of VL is predicted with the rise in antibody levels
[4, 5].

The direct agglutination test (DAT) uses blue colored and freeze dried
L. donovani promastigotes to detect anti-Leishmania antibodies in serum samples.
The simple and sensitive DAT doesn’t require any sophisticated equipment, and the
results, agglutination of the colored promastigote, can be seen with the naked eye
[6]. Nawa et al. developed an IgM-capture ELISA method to detect antigen-specific
immunoglobulins for serodiagnosis of dengue [7, 8].

In this chapter, we report a new diagnostic tool that can detect anti-Leishmania
IgG in urine samples using the DAT antigen and the immunoglobulin capture
method.

13.2 Antibody Capture Direct Agglutination Test
(abcDAT)

Diagram of the abcDAT is shown in Fig. 13.1. A 96-well microtiter plate with
V-bottom (MICROLON®, Greiner Bio-One Co. Ltd., Tokyo, Japan) was coated
with 0.5 lg/mL goat anti-human IgG (Protos Immunoresearch, Burlingame, CA) at
4 °C overnight and blocked with a solution, StabilCoat® (SurModics, Inc., MN,
USA), then dried according to the manufacture’s protocol. The dried plates were
sealed in shading bags with deoxidizer until use. Urine samples were directly
applied to each well (100 ll/well) and incubated at room temperature for 1 h. If the
urine samples contained anti-Leishmania IgG, the immunoglobulins were captured
by the anti-human IgG attached on the plate at this step. After the plates were
washed 3 times with PBS-tween, 100 ll of 10 times diluted DAT antigen
(KIT-Biomedical Research, Amsterdam, Netherlands, diluted by PBS-tween) was
added and the plates were incubated overnight at room temperature. If the samples
were positive, the blue colored DAT antigen bound to the captured anti-Leishmania
IgG is visible as a small blue dot, the size of which is dependent on the antibody
levels (Fig. 13.2 1–6). If it is negative, the unbound DAT antigen forms a sediment,
of which size is the same as negative control applied to each plate, at the bottom of
the V-shaped well (Fig. 13.2 1 and 2). The results of the test were able to be judged
visually (Fig. 13.3).
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Fig. 13.1 Diagram of the abcDAT method. Step 1 Application of urine samples to the anti-human
IgG pre-coated plate. Step 2 Application of DAT antigen to the plate

1   2 3 4 5 6 7  8

Fig. 13.2 Sensitivity of abcDAT. A series of serially diluted (3 times) pooled patient sera were
used, from 20,000 times (#1) to 14,580,000 times (#7) dilution. Positive results were shown up to
4,860,000 times dilution. #8 is a blank

Fig. 13.3 An example of the
abcDAT results with urine
samples. Positive and
negative results are indicated
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13.3 Sensitivity and Specificity of the abcDAT

A series of serially diluted pooled patient sera (20,000–14,580,000 times dilution)
showed positive results at up to 4,860,000 times dilution (Fig. 13.2), which was
approximately the same sensitivity as that seen with the ELISA system [4].

Among 56 urine samples collected from patients with parasitologically con-
firmed VL, 55 (98 %) were positive with abcDAT. However, urine samples from
13 endemic normal and 24 Japanese heathy controls were all negative with the
abcDAT. Compared with the direct agglutination test (DAT) [6] and the new DAT
[9], the abcDAT was 10 times and 3 times more sensitive, respectively.

13.4 Merits and Demerits of abcDAT

Although spleen or bone marrow biopsy is the definitive test for the diagnosis of
VL, their use is limited to hospitals with skilled doctors. The number of new VL
cases is now decreasing rapidly in many areas due to VL control programs. At this
stage actively surveying to find new endemic foci and to detect resurgences of VL
for prompt targeted measures will be important, and benign surveys that are
accepted by residents with good compliance are needed. Because urine samples are
collected simply, safely, and noninvasively, the abcDAT that detects Leishmania
specific IgG in urine is convenient for these surveys. Such active surveys have been
proven useful for control programs of lymphatic filariasis [10–12].

When we detect antigen specific IgG by ELISA, the immunoglobulin specificity
is determined by the second antibody type used, such as anti-human IgG. The effect
of other immunoglobulin classes already attached to antigens on the plate cannot be
excluded by the ELISA system; however, only IgG attach to the plate made for the
abcDAT evaluation. If the anti-human IgG used was changed to anti-human IgM,
antigen-specific IgM can be detected.

The StabilCoat® treated plates are stable for at least 1 year at room temperature.
Furthermore, the freeze dried DAT antigen is also stable for that same period at
room temperature. No cold storage or transportation is required for the abcDAT.

By titration of the positive urine samples, prediction of development of VL will
be possible as was observed with the urine ELISA [5].

Although present and past infections cannot be distinguished by detection of
antigen-specific antibodies, antibody detection is more sensitive than antigen
detection, especially at early stages and in cases with a mild infection. Changes of
the Leishmania species, from L. donovani to other species, may make this new
diagnostic tool useful for the leishmaniasis caused by the other Leishmania species.
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13.5 Conclusion

We developed a highly sensitive and specific new urine VL diagnosis system, the
abcDAT. The test system consists of an anti-human IgG coated plate and freeze
dried DAT antigen that can be kept at room temperature for a long period. It enables
the active survey of VL in endemic fields where the infrastructure is poor.
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Chapter 14
Loop-Mediated Isothermal Amplification
(LAMP): Molecular Diagnosis
for the Field Survey of Visceral
Leishmaniasis

Hidekazu Takagi, Makoto Itoh and Eisei Noiri

Abstract Loop-mediated isothermal amplification (LAMP), a DNA amplification
method, has been applied to the detection of various pathogenic organisms because
it features rapid reaction time, accuracy, cost-effect and results that can be deter-
mined with the naked eye. The most advantage of this method is that DNA
amplification occurs at a constant temperature, usually between 60 and 65 °C,
therefore sophisticated equipments are unnecessary. It can be easy that this method
is employed in resource-limited laboratories and flied. We have designed a LAMP
primer set to detect the kinetoplast minicircle DNA of Leishmania donovani.
The LAMP was sensitive and could detect 1 fg of L. donovani DNA, and was not
cross-reacted with DNA of 5 other Leishmania species, Plasmodium falciparum
and human. The LAMP sensitivity and specificity is equal to nested PCR in DNA
samples form patients with visceral leishmaniasis (VL). Therefore, the LAMP can
be a better alternative to nested PCR, especially under field conditions, and will be a
powerful tool for VL mass screening in combination with urine ELISA.

Keywords Visceral leishmaniasis � Molecular diagnosis � LAMP

14.1 Introduction

Leishmaniasis is one of the neglected tropical diseases and consists of 4 main
clinical syndromes: cutaneous leishmaniasis, mucocutaneous leishmaniasis, visceral
leishmaniasis (VL; also known as kala-azar), and post-kala-azar dermal leishma-
niasis (PKDL). VL is usually fatal if left untreated. It is caused by the Leishmania
donovani complex protozoan and is transmitted by the bite of the infected female
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phlebotomine sandfly [1]. In WHO’s South-East Asia Region, about 147 million
people in Bangladesh, India, and Nepal are at risk of VL [2].

To eliminate VL, it is essential that there are available therapeutic medications,
accurate and simple diagnostic methods, effective surveillance systems, and vector
controls. There are various diagnostic tools for VL, each having its own advantages
and disadvantages. The microscopic examination of the parasites in aspirates from
the spleen or tissues (such as bone marrow, lymph nodes, or skin) is the classical
confirmatory test, but these techniques are invasive and require skilled personnel
and proper facilities, and the sensitivity with bone-marrow aspirate was reported to
be variable [3, 4]. There is an immunological diagnosis test to detect the
Leishmania-specific antibody in blood (a dipstick test kit with recombinant antigen,
rK39) and urine (an enzyme-linked immunosorbent assay [ELISA] with recombi-
nant antigen, rKRP42) [5, 6]. Although these methods are simple, highly sensitive,
and specific, they are unable to distinguish past and current infection. There is a test
known as KATex that detects the parasite-derived antigen in urine by a latex
agglutination reaction [7], but the sensitivity varies [8].

A DNA detection method by polymerase chain reaction (PCR) has also been
applied to the diagnosis of VL [9, 10]. Peripheral blood is often used to avoid more
invasive procedures, and the reported sensitivity of PCR with blood ranged from 70
to 96 % [4, 8–11]. Recently, loop-mediated isothermal amplification (LAMP) was
developed as a novel method to amplify DNA rapidly with high specificity under an
isothermal condition [12, 13]. We have developed a LAMP technique to detect
L. donovani DNA and applied it to detect the parasite DNA in blood from patients
with VL [14].

14.2 Detection of L. donovani DNA in Blood Samples
from Patients with VL

We designed a LAMP primer set to detect the kinetoplast minicircle DNA of
L. donovani. This LAMP could detect 1 fg of L. donovani DNA; equivalent to
approximately 0.1 parasite [15]. However, testing was negative for 100 ng each of
DNA from 5 other Leishmania species (L. mexicana, L. major, L. infantum,
L. tropica, and L. braziliensis), 100 ng of P. falciparum DNA, or 500 ng of human
genomic DNA. These results showed that this LAMP is highly sensitive and
specific for the detection of L. donovani DNA.

The sensitivity of the LAMP was compared with that of nested PCR. DNA
samples were extracted from a venous blood sample (1 mL) from patients with VL
confirmed by spleen biopsy at Surya Kanta Kala-azar Research Center (SKKRC).
Among the 50 samples, 45 (90 %) were positive with LAMP, and 44 (88 %) were
positive with nested PCR (Table 14.1). With this very high sensitivity, LAMP
would also be useful to detect L. donovani DNA in skin lesions of PKDL patients.
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14.3 LAMP as a Tool for Mass Survey

Although early diagnosis and complete treatment are efficacious for symptomatic
patients with VL, they are not sufficient for the elimination of VL. There are many
asymptomatic carriers of L. donovani in endemic areas [16, 17], patients with
PKDL, and untreated patients with VL because of poverty and socio-cultural
constraints. Those carriers could be parasite reservoirs for the sand fly vector.
Diagnostic tests for these types of patients could reveal transmission hot spots in
endemic areas. Urine ELISA to detect antibodies in urine samples is a simple and
sensitive tool and suitable for mass survey in endemic countries [6]. Urine sample
collections are easy to perform, noninvasive, have little chance of accidental
infection, and the compliance of residents is expected to be good, especially among
those with no symptoms. The combination LAMP with urine ELISA can be a
practical mass survey method to identify VL carriers.

After the ELISA assay is completed with urine samples, blood samples for
molecular diagnosis will be collected from patients with ELISA positive results to
identify active infections. LAMP has many advantages over PCR. PCR requires a
well-established laboratory, expensive equipment such as a thermal cycler, and a
system to detect and analyze amplicons. However, LAMP consists of the following
simple steps: (1) mix a sample of DNA, 4 different primers, Bst DNA polymerase,
and substrates, and (2) incubate them for 1 h at 65 °C using only basic equipment
like a heat block or a water bath. Judgment of positive or negative results is easily
made by the naked eye (Fig. 14.1). In addition, LAMP testing is not very expensive
[18]. LAMP reagents that are dried and stabilized by adding a cryoprotectant can be
stored at ambient temperature [19]. LAMP was less affected by the contamination
of serum, plasma, or other inhibitory components in DNA samples compared with
findings for PCR [20, 21]. This means that the cost of the DNA purification step can
be reduced. Therefore, we propose a strategy for finding endemic foci of VL and
asymptomatic carriers with a combination of mass screening using urine ELISA
followed by LAMP testing for confirmation of infection. This procedure is
also useful to monitor the recurrence of VL and is expected to contribute to the
control of VL.

Table 14.1 Comparisons between loop-mediated isothermal amplification (LAMP) and nested
PCR by examination of 50 samples from patients with visceral leishmaniasis

LAMP

Pos Neg Total

Nested PCR Pos 44 0 44

Neg 1 5 6

Total 45 5 50
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14.4 Conclusion

VL has recently received public attention as a neglected tropical disease. The WHO
has advocated an elimination target of reducing the annual incidence of VL to 1
case in 10,000 by 2015 in Southeast Asia. To reach this goal, healthcare workers
must ensure early and accurate diagnosis and complete treatment. In addition,
surveillance systems must appropriately determine the prevalence of infection in the
endemic areas. The urine ELISA for mass survey of VL and the LAMP method for
confirmation of L. donovani infection will be useful to detect foci of VL trans-
mission and help to reach this goal.
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Chapter 15
Applicability of Multiplex Real-Time PCR
to Visceral Leishmaniasis

Yoshifumi Hamasaki, Hirofumi Aruga, Chizu Sanjoba,
Hidekazu Takagi, Shyamal Paul, Yoshitsugu Matsumoto
and Eisei Noiri

Abstract Visceral leishmaniasis (VL), also known as kala-azar caused by several
species of Leishmania, is a life-threatening and disseminated parasite disease and
considered one of the most neglected tropical diseases in the Old World. Rapid and
accurate diagnosis is needed to provide appropriate treatment to VL patients.
Identification of the species that cause VL is useful to develop an epidemiology of
leishmaniasis and reveal the biology of each species of Leishmania. Herein, we
describe a new multiplex real-time PCR assay to distinguish L. donovani from
L. infantum with high sensitivity; both these organisms are major causes of VL. The
real-time PCR assay targeting kinetoplast minicircle DNA can identify the infection
of Leishmania species with high sensitivity in the DNA extracted from the
peripheral blood of patients. Two assays were designed to distinguish the difference
in the cysteine protease B gene copies between L. donovani and L. infantum spe-
cies. The endogenous control assay targeting mammalian ribonuclease P RNA
component H1 (RPPH1) was used to confirm whether the PCR reaction progressed
precisely and to quantify the clinical sample input amount. Multiplex real-time PCR
with these 4 assays successfully detected Leishmania DNA with high sensitivity
and distinguished L. donovani from L. infantum with high specificity using DNA
samples extracted from cultured parasites or the peripheral blood of patients.
Multiplex real-time PCR can contribute to the therapeutic strategy for patients with
kala-azar and to the research of Leishmania epidemiology and biology.
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15.1 Introduction

Kala-azar, known as visceral leishmaniasis (VL), is a life-threatening disseminated
disease of leishmaniasis caused by the Leishmania donovani complex. VL is
considered to be one of the most neglected tropical diseases [1] with an estimated
incidence of new cases of VL each year of 0.2–0.4 million and causing 20,000–
40,000 deaths annually [2]. Ninety percent of VL cases occur in just 5 countries:
Bangladesh, India, Nepal, Sudan, and Brazil [2]. The etiological agent of human
VL in the Old World is caused by 2 closely related parasites that belong to the L.
donovani complex: L. donovani and L. infantum.

A rapid and accurate method to diagnosis of VL is desirable to provide appropriate
treatment for individuals and to understand the epidemiology of Leishmania pre-
cisely. Conventional diagnosis of VL is done by one or more of the following tests:
detecting parasite DNA in tissue and blood samples; detecting parasites in the smear
of an aspiration specimen taken from the involved organ, such as the spleen; or
serological tests using blood or urine [3–5]. Although the demonstration of parasites
is the most specific diagnostic method and antibody testing is convenient, these
techniques impose several challenges: spleen aspiration is invasive, serological tests
require skilled personnel and proper facilities, and the sensitivity of these tests was
reported to be variable [3]. To overcome these challenges, healthcare workers sought
to develop a new diagnostic method with increased speed, accuracy, and reliability.
In the past 2 decades, polymerase chain reaction (PCR) based techniques have been
utilized for the detection of Leishmania DNA [6]. PCR is superior in terms of
reducing time from sample-to-result and optimizes sensitivity and specificity. In
addition, the test results are easy to interpret compared with those from other con-
ventional traditional diagnostic methods for leishmaniasis [7–9]. Although there are
many publications of different variants of PCRs for VL, real-time PCR is advanta-
geous because it is faster, less labor intensive, reduces risk of contamination, and
increases sensitivity and specificity by using well-designed probes compared with
procedures for conventional PCR [10, 11].

The typical target of PCR for detection of Leishmania species is the kinetoplast
DNA (kDNA) mini-circle due to its abundance and repetitive nature that enhances
sensitivity and specificity [9]. PCR systems targeted for kDNA are genus specific;
therefore they cannot differentiate leishmania species. The discrimination between
L. donovani and L. infantum is important because these 2 species are the major cause
of VL in humans. Although they are morphologically indistinguishable, they are
associated with different epidemiology, ecology, and pathology [12, 13]. We
deployed the PCR assay to detect Leishmania genus and an additional assay to
distinguish L. donovani from L. infantum. Several PCR methods have been demon-
strated for L. donovani/L. infantum discrimination [12, 13]. Multiplex PCR, the
method of PCR that can amplify several different DNA sequences simultaneously,
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enables the detection of Leishmania species and has an internal control in the same
reaction. Several investigators have reported the strategy of using multiplex PCR to
diagnose leishmaniasis [14, 15]. There has been no report of multiplex real-time PCR
assays to diagnose VL and distinguish L. donovani from L. infantum. We demon-
strated a rapid and accurate molecular method to diagnose VL and to distinguish
L. donovani from L. Infantum simultaneously by deploying new multiplex real-time
PCR assays.

15.2 Materials and Methods

15.2.1 DNA Extraction

Parasite DNA: We used promastigotes of L. donovani strain BD38 and L. infantum
strain EP56 in this study. Parasite strains were obtained from the faculty of agri-
culture at The University of Tokyo, Japan. DNA of each species was extracted by
the classical phenol-chloroform extraction method, and then suspended in TE (Tris–
EDTA) buffer. The DNA obtained from parasite cultures was adjusted to a con-
centration of 100 ng/µL and stored at 4 °C.

Clinical samples: This studywas reviewed and approved by the Ethical Committee
of Tokyo University, Japan, and the Ethical Review Committee of the Bangladesh
Medical Research Council. Blood samples were collected from patients with VL at
The Surya Kanta Kala-azar Research Centre (SKKRC) in Bangladesh after obtaining
informed consent. Withdrawn peripheral whole blood was collected in the collection
tube containing EDTA-2Na and centrifuged at 3,000 rpm for 10 min to obtain a buffy
coat. DNA was extracted from the buffy coat using QIAamp DNA Blood Mini Kit
(QIAGEN, Venlo, Netherlands) according to the manufacturer’s protocol. The
concentration of DNA samples was measured using NanoDrop 2000 (Thermo Fisher
Scientific, Inc., Waltham, MA). All DNA samples were stored at 4 °C.

15.2.2 Primer Design and Multiplex Quantitative PCR

To design species-specific primers and probes for the discrimination of L. donovani
and L. infantum, we targeted cysteine protease B (CPB). CPB enzymes play a role
in destruction of the host protein and evasion of the host immune response. They
are encoded by a tandem array located in a single locus [12, 13]. The last repeat of
the cpb cluster, named cpbF of L. donovani and cpbE of L. infantum, was used as
the target of discriminative real-time PCR [12, 13]. Sequences of the cpbEF gene of
L. infantum and L. donovani were obtained from NCBI and specific primers and
probes were designed to differentiate cpbF of L. donovani and cpbE of L. infantum.
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In our preliminary experiments, we designed several sets of candidate assays tar-
geting the cpbEF gene for discriminative PCR and optimized PCR conditions such
as annealing temperature. We selected the most robust set of primers/probe to
distinguish L. donovani from L. infantum with maximum sensitivity and specificity.

We used kDNA as a target because it is present in high copy numbers (about
10,000 copies per parasite) and is a more sensitive target than genomic DNA or
ribosomal DNA [16, 17]. To increase the detection sensitivity of Leishmania DNA,
we included the assay for the minicircle region of kDNA to multiplex real-time
PCR.

Mammalian ribonuclease P RNA component H1 (RPPH1) was used to test the
quality of DNA samples obtained from patients and as an endogenous control.

Reporter dyes for Leishmania (kDNA), RNase P, L. donovani, and L. infantum
probes were FAM™, VIC®, ABY®, and JUN®, respectively; all primers and probes
were synthesized by Thermo Fisher Scientific (Table 15.1).

The multiplex real-time PCR assay was performed in a final total volume of
20 lL containing 10 lL of 2x TaqMan® Multiplex Master Mix (Thermo Fisher
Scientific). The final concentrations for the set of primers and probes were opti-
mized as follows: 900 nM of each primer and 250 nM for probes for L. donovani
assays, 200 nM of each primer and 125 nM for probes for L. infantum assays,
200 nM of each primer and 125 nM for probes for kDNA assays, and 200 nM of
each primer and 125 nM for probes for RNase P (RPPH1) assays. The amount of
DNA samples for each reaction was 10 pg parasite DNA and 1 lL patient DNA.
A ViiA7™ Real-Time PCR System (Thermo Fisher Scientific) was used as the
real-time PCR system. Thermal cycling conditions were as follows: holding step at
95 °C for 10 min for enzyme activation, followed by 40 cycles of the amplification
step that consisted of 2 stages of denaturation (at 98 °C for 15 s) and annealing (at
70 °C for 1 min). The amplification reactions were analyzed by ViiA 7™ RUO
Software (Thermo Fisher Scientific).

Table 15.1 Sets of primers and probes designed for the multiplex real-time PCR

Small scale part
number

Assay name Target Dye
label

Probe
type

CCU001S Black Fever_Leishmania kinetoplast DNA FAM MGB

CCU001SNR Black
Fever_RNaseP-hiTm

RNase P
(RPPH1)

VIC QSY

CCU001SNR Black Fever_L. donovani cpb F gene ABY QSY

CCU001SNR Black Fever_L. infantum cpb E gene JUN QSY
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15.3 Results

15.3.1 Parasite Samples

Amplification plots of multiplex real-time PCR are shown in Fig. 15.1. From the
results of multiplex real-time PCR using parasite DNA, the combination of 2 assays
could distinguish L. donivani from L. infantum. The assay for kDNA was positive
in both L. donovani and L. infantum DNA samples.

15.3.2 Clinical Samples

The result of multiplex real-time PCR is shown in Fig. 15.2. When DNA samples
from patients given clinical diagnoses of leishmaniasis were used, assays for
RNase P (RPPH1) and kDNA were positive. Because the pathogen infecting the
patient was L. donovani, the assay for L. donovani (cpbF gene) was positive, while
the assay for L. infantum (cpbE gene) was negative.

15.4 Discussion

We developed a novel, multiplex, real-time PCR assay to diagnose leishmaniasis
and distinguish L. donovani from L. infantum. To our knowledge, there has not
been any report describing a multiplex real-time PCR method to differentiate L.
donovani and L. infantum, which are the dominant causative microorganisms of
VL. We demonstrated Leishmania detection with high sensitivity by targeting
kDNA. Our method enabled us to characterize and distinguish 2 leishmanial species
using 2 assays targeting the cpb E and F gene.

The gold standard for the diagnosis of VL has been the detection of protozoa by
microscopy or culture. However, these methods have limitations such as insufficient
sensitivity, operator dependence, and long process time from sample collection to
detection. Real-time PCR methods offer a sensitive and specific alternative
approach, especially for cases inconclusive with conventional diagnostic tests, thus
enabling early and adequate treatment [18]. The utility of real-time PCR for the
detection of protozoa in VL has been reported with good sensitivity and specificity
[19–21]. Wortmann et al. [22] demonstrated that real-time PCR assays using
designed primer/probe sets were retaining highly complex-specific diagnostic
accuracy for cultured organisms and patient clinical samples. However, sets of
primers and probes for the discrimination of L. donovani and L. infantum were not
used in that study.

There are several reports describing PCR methods to distinguish L. donovani
from L. infantum. Haralambous et al. [23] developed a PCR method for
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discrimination of L. donovani complex based on the amplicon size of the K26 gene.
This method was more useful to distinguish geographical strains instead of species
because there are some identical or very close PCR products for both L. donovani
and L. infantum. Oshaghi et al. [13] showed 2 molecular tools, including restriction
fragment length polymorphisms of amplified DNA (PCR-RFLP) and PCR. They
found only a PCR primer pair for L. donovani but not for L. infantum, and did not
test PCR for clinical samples. Hide et al. [12] demonstrated a PCR method that can
discriminate between L. donovani and L. infantum based on different lengths of the
product of the cpb gene and did not generate amplification for other trypanoso-
matids. However, this PCR was not sensitive enough for the diagnosis of clinical
samples. We developed a new approach to distinguish L. donovani from
L. infantum using a multiplex real-time PCR assay with TaqMan® primer/probe sets
that were more specific than SYBR green chemistry. We demonstrated the per-
formance of these assays using clinical samples from patients.

Multiplex PCR allows the simultaneous detection and discrimination of several
parasite species with similar morphology from a single clinical specimen [24]. The
highly sensitive and specific molecular detection techniques enable high-throughput
and cost-effective screening without increasing the amount of samples. The
implementation of such an approach is especially important in a setting of low
parasite prevalence. Recently, several authors have highlighted the strategy of
multiplex PCR to detect leishmania species [18]. Mohammadiha et al. [11] per-
formed TaqMan® probe-based multiplex PCR with a sensitivity of 93.9–100 % in
human and dog samples. To increase the diagnostic accuracy of leishmaniasis,
Gonçalves-de-Albuquerque et al. [14] developed a triplex PCR assay targeting the
parasite’s DNA as the external control and glyceraldehyde 3-phosphate dehydro-
genase as an internal control to clarify sample quality. In our TaqMan® probe-based
multiplex real-time PCR, we not only diagnosed leishmaniasis by using an assay for
kDNA with high sensitivity, but also distinguished L. donovani from L. infantum by
deploying assays for the cpbEF gene. Also, our method included the assay for
mammalian RNase P (RPPH1) to confirm the quality of the clinical samples.

There are several limitations in our multiplex real-time PCR assay for leish-
mania. Identification of species may be difficult when there is a very small amount
of Leishmania DNA in the clinical samples. Due to the difference in Cq values
between assays for L. donovani/infantum and assays for kDNA, it is difficult to
detect Leishmania species in samples with a high (more than 30) Cq value for the
kDNA assay. This is due to the difference in the number of gene copies in the

b Fig. 15.1 Results of multiplex, real-time PCR using DNA samples extracted from cultured
L. donovani and L. infantum. Amplification plot of the kDNA assay that became positive in
samples of both L. donovani and L. infantum (a, b). When the sample contains L. donovani DNA,
the assay targeting the cpb F gene of L. donovani was positive and the assay targeting the cpb E
gene of L. infantum was negative (a). When the sample contained L. infantum DNA, the assay for
L. infantum was positive and the assay for L. donovani was negative (b). DNA samples: 10 pg per
each reaction
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extracted DNA and the sensitivity limit of L. donovani/L. infantum assays without
deteriorating specificity. Polymorphisms in the cpb gene have also been reported in
the L. donovani complex [25]. Further experiments using samples from various
strains are needed to confirm the applicability of our assay for all L. donovani and
L. infantum species. The real-time PCR method for the diagnosis of leishmaniasis is
currently under development, therefore standardization is lacking among
laboratories.

Multiplex real-time PCR has the potential to be established as a gold standard
diagnostic technique for leishmaniasis, especially in the field setting of highly
endemic areas of leishmaniasis, and due to its high sensitivity and specificity could
be useful in many other situations. Multiplex real-time PCR will be useful for early
and precise diagnosis of symptomatic patients, screening of asymptomatic patients
suspected of leishmaniasis infection after physical examination, and patient mon-
itoring that may enable early pre-emptive treatment before the systemic burden of
the parasite.

15.5 Conclusion

We developed a new multiplex real-time PCR method to diagnose leishmaniasis
and to distinguish between L. donovani and L. infantum. It enables rapid and
accurate diagnosis of VL and will support informed decisions on the treatment
strategy for patients. Our multiplex real-time PCR for the discrimination between
L. donovani and L. infantum can also contribute to revealing the epidemiology of
leishmaniasis and the biology of Leishmania.
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Chapter 16
Immunoglobulins in the Pathophysiology
of Visceral Leishmaniasis

Satoko Omachi, Yoshitsugu Matsumoto and Yasuyuki Goto

Abstract Hypergammaglobulinemia is a common feature associated with visceral
leishmaniasis (VL). It has been well accepted that cell-mediated immunity sup-
ported by Th1 responses provides protection against Leishmania infection. On the
other hand, the role of humoral immunity in control or exacerbation of VL has been
less clear, despite that the presence of strong humoral responses is the hallmark of
patients with VL. Such the high level of antibody seen in VL patients is often
utilized for serological diagnostic tests, including commercial enzyme-linked
immunosorbent assay (ELISA) tests and rK39 dipstick tests. Because many studies
have demonstrated that antibody titers in those serodiagnostic tests are higher in
active VL patients compared with the asymptomatic, humoral responses may be
involved in the development of symptoms during VL. However, the physiological
and pathological roles of the humoral responses during VL remain elusive. In this
chapter, we discuss the components of antibodies, activation mechanisms of
humoral responses, and the pathological mechanisms of immunoglobulin activity
during VL.

Keywords Immunoglobulin � Humoral response � Visceral leishmaniasis

16.1 High Levels of Immunoglobulins as a Hallmark
of Visceral Leishmaniasis (VL)

Hypergammaglobulinemia is a clinical manifestation where increased levels of
gamma globulins, mostly immunoglobulins, are present in the blood. This mani-
festation can often be found in autoimmune diseases, including systemic lupus
erythematosus (SLE), Sjögren’s syndrome, rheumatoid arthritis (RA), and
polymyositis, as well as tumors of immunoglobulin-producing cells such as mul-
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tiple myeloma, Waldenström’s macroglobulinemia, chronic lymphocytic leukemia,
and other non-Hodgkin’s lymphomas [1, 2]. In general, the main immunoglobulin
classes are IgM, IgG, and IgA, but the pattern of the component ratio of these
immunoglobulin classes is different in various diseases. For example, patients with
Waldenström’s macroglobulinemia are characterized by elevation of serum mon-
oclonal IgM [3]. Conversely, serum IgA levels are elevated in patients with IgA
nephropathy, which results from IgA-specific B-cell hyperactivity [4]. Tumors of
immunoglobulin-producing cells also contribute to the elevation of certain classes
of immunoglobulins, and sometimes malignant monoclonal proliferations are
associated with a deficient production of all other immunoglobulin classes [5].

Hypergammaglobulinemia has also been reported as one of the characteristics of
VL [6–8]. However, the majority of the previous reports are case reports, and
information on the frequency of hypergammaglobulinemia during VL is limited. In
France, hypergammaglobulinemia was found in 72 % of adult patients and 65 % of
afflicted children [7]. The prevalence in the adults was similar to that of other major
clinical symptoms such as fever (81 %), splenomegaly (81 %), and hepatomegaly
(65 %) [7]. A similar prevalence of hypergammaglobulinemia was also found in
Brazil; 68 % of VL patients had c-globulin levels equal to or higher than 2.0 g/dL
[8]. Another report from Brazil also demonstrated a significant increase of gamma
globulin in VL patients (3.7 g/dL) compared to that found in controls (1.0 g/dL).
Therefore, hypergammaglobulinemia is a common feature associated with VL.

To know what classes of immunoglobulins are responsible for the hypergam-
maglobulinemia is important to understanding the mechanisms of B-cell hyperac-
tivation during VL. However, systematic analyses on immunoglobulin classes are
even more limited. There is a report from India that analyzed serum IgG, IgA, and
IgM levels in VL patients [9]. In that report, Ghose et al. found that IgG is the
dominant class in VL patients with hypergammaglobulinemia, and the mean serum
level of IgG was 4.4 times higher that of control subjects [9]. The mean IgM level
was also higher in VL patients, whereas the degree of increase (2.2 times) was less
than that for IgG, and there was no significant increase of IgA [9]. Another report
from Brazil also demonstrated hypergammaglobulinemia due to increased IgG
levels [10]. In those Brazilian VL patients, mean plasma levels of IgG, IgM, and
IgA were 2.9, 0.2, and 0.2 g/dL, respectively, in contrast to those seen in healthy
controls of 1.1, 0.2, and 0.2 g/dL, respectively [10]. We also reported a significant
increase of serum IgG levels in Brazilian VL patients [11]. The mean serum IgG
level in VL patients was 5.3 times higher than that seen in endemic controls, and
75 % of the patients had IgG levels higher than the cutoff calculated as the mean +3
SD of the controls [11]. In contrast, the increases of serum IgM or IgA levels in
those patients were not significant. We also found the elevation of IgG levels in
Bangladeshi patients with VL. IgG was the most abundant immunoglobulin in 19
patients with VL diagnosed at the Surya Kanta Kala-azar Research Center hospital,
Mymensingh, with a mean serum level of 3.0 g/dL, in contrast to 0.27 g/dL for IgM
and 0.065 g/dL for IgA (unpublished data). Together with other reports [12, 13],
IgG-based hypergammaglobulinemia is a hallmark of VL that is not restricted by
the geographical backgrounds or the infecting Leishmania species.
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16.2 Mechanisms Underlying Elevation of IgG
Levels in VL

What causes B-cell activation leading to hypergammaglobulinemia during VL? The
activation can be T-cell dependent or independent, and also antigen specific or
nonspecific. In this section, T-cell involvement, antigen specificity, and relevant
molecules for the B-cell activation during VL are discussed.

Protective immunity against VL is associated with antigen-specific cell-mediated
responses represented by lymphoproliferation, delayed type hypersensitivity
(DTH), and the production of Th1 cytokines like IFN-c and IL-2 upon antigen
recall [14, 15]. Patients with active VL present with strong humoral responses as
described earlier, whereas they are hyporesponsive in cell-mediated immunity as
represented by DTH and lymphoproliferation [14, 16–18]. After treatment of VL,
those individuals acquire antigen-specific, cell-mediated responses [14, 17–19]. In
contrast, IL-10 that is associated with T-cell hyporesponsiveness is the predominant
cytokine during active VL [20]. IL-4 is the representative Th2 cytokine that is
involved in induction of humoral immunity, and there is a study that demonstrated
serum levels of IL-4, as well as IL-10, are high in Indian patients with VL [21].
However, it should be noted that the role of IL-4 in experimental VL is contro-
versial [22–24]. Nonetheless, patients with VL have elevated levels of total and
antigen-specific IgE [25, 26], indicating the involvement of IL-4 in humoral
responses during the disease. Therefore, the Th1/Th2 balance may be a key factor
for the outcome of VL, and the Th2-dominant status may be associated with
hypergammaglobulinemia during the disease.

Hypergammaglobulinemia can be classified into monoclonal and polyclonal
types. Monoclonal hypergammaglobulinemia, which is characterized by the pres-
ence of M protein, can be found in patients with B-cell malignancy, including
multiple myeloma and Waldenström’s macroglobulinemia, as well as in people
without any apparent symptoms, a condition called monoclonal gammopathy of
undetermined significance (MGUS). In contrast, hypergammaglobulinemia during
VL is considered to be polyclonal hypergammaglobulinemia, because serum
electrophoresis of patients with VL demonstrates not a single, sharp peak but rather
one that is broad [6]. However, ‘polyclonal B-cell activation’ is often used not only
to explain the polyclonal feature of hypergammaglobulinemia but also
antigen-nonspecific activation of the humoral response during VL. Polyclonal
B-cell activation has been thought to occur in VL patients because they often have
autoantibodies such as rheumatoid factor (RF: anti-IgG antibodies), anti-CCP
antibodies, anti-nuclear antibodies, anti-smooth muscle antibodies, and
anti-erythrocyte antibodies [27–33]. These reports indicate mechanisms for
antigen-nonspecific activation of B cells during VL.

There are also attempts to identify Leishmania components that directly stim-
ulate B cells like B-cell mitogens. Leishmania infantum amastigotes activate human
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B cells to secrete IL-10 [34]. Rico et al. have reported that the heat shock proteins
Hsp70 and Hsp83 behave as T cell-independent mitogens of B cells [35].
Trypanosoma cruzi, a related trypanosomatid parasite, is also known to have B-cell
mitogenic molecules such as proline racemase and trans-sialidase [36, 37]. These
reports suggest the capability of Leishmania parasites to directly activate B cells in
a T cell-independent manner.

However, it is still not clear if such polyclonal B-cell activation contributes to
IgG-based hypergammaglobulinemia. First, most of the autoantibodies are not IgG
but rather IgM. Secondly, patients with VL have selective IgG responses to
Leishmania-specific antigens. For example, VL and Chagas’ disease are caused by
Leishmania spp. and T. cruzi, respectively, and often have overlapping distributions
in Latin America. When a crude lysate of T. cruzi is used for serodiagnosis of
Chagas’ disease, it also detects antibodies in patients with VL [38], and vice versa.
In contrast, when species-specific antigens are used, they are capable of detecting
IgG antibodies only in patients with the corresponding disease [39–41]. Because
there is no IgG autoantibody to be detected as a high titer in patients with VL,
unlike with those to rK39 or to other major antigens, the majority of serum IgG in
patients with VL seems to be antigen specific rather than from nonspecific B-cell
activation. Further studies are necessary to elucidate the contribution of polyclonal
B-cell activation to hypergammaglobulinemia in VL.

B-cell activating factor (BAFF), also known as B lymphocyte stimulator (BLyS),
tumor necrosis factor- and ApoL-related leukocyte expressed ligand 1 (TALL-1),
and tumor necrosis factor ligand superfamily 13B (TNFSF13B), is a critical regu-
lator of B-cell development and differentiation [42]. Although the molecule is
indispensable in maintaining B-cell functions, aberrant expression of BAFF is
associated with some diseases showing hypergammaglobulinemia. Those diseases
include SLE, RA, and Sjögren’s syndrome where inhibitors of BAFF signaling, such
as belimumab and blisibimod, are approved and/or being evaluated for treatment.
We have reported that serum BAFF levels are highly elevated in Brazilian patients
with VL [11]. The magnitude of elevation in patients with VL was equivalent to or
higher than that previously reported for other diseases [43–46]. Elevation of serum
BAFF is also found in Bangladesh patients with VL (Omachi S et al., unpublished).
However, a clear positive correlation between IgG and BAFF within patients with
VL was not found in either region. In contrast, we have observed a statistically
significant positive correlation between serum IgG and BAFF levels during L.
donovani infection in mice as well as a lack of hypergammaglobulinemia in L.
donovani-infected BAFF-knockout mice (Omachi S et al., unpublished). A previous
report has also shown the elevation of serum immunoglobulins, with an emphasis on
IgG, in BAFF transgenic mice [47]. Taken together, BAFF may be involved in
IgG-based hypergammaglobulinemia during VL, but is not the sole factor in clinical
cases. Because BAFF synergizes with other cytokines for B-cell activation [48],
simultaneous analyses on multiple B-cell activators may be necessary to understand
the mechanism for hypergammaglobulinemia.
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16.3 Possible Roles of Immunoglobulins
in the Pathogenesis of VL

VL and other autoimmune diseases share clinical symptoms such as fever, pan-
cytopenia, and splenomegaly, as well as autoantibodies such as RF, anti-nuclear
antibodies, and anti-erythrocyte antibodies. Therefore, some symptoms of VL have
been speculated to be the result of autoantibodies. For example, one of the
mechanisms for anemia during VL may be autoimmune hemolytic anemia. It has
been reported that patients with VL are often Coombs test positive and IgG
molecules can be detected on erythrocytes from the patients [32, 49].

Another immunoglobulin-related symptom found in VL is glomerulonephritis,
and kidney injury is often found in patients with VL [10, 50–53]. In those patients
with kidney injury, glomerulonephritis coupled with circulating immune complex
(IC), as well as IC deposited in glomeruli, is commonly found [53]. IC has been
postulated as a cause of kidney injury during experimental VL [54]. A recent study
in dogs also demonstrated the deposition of Leishmania antigen, IgG, and C3b in
glomeruli with VL and possible involvement of inflammasomes in glomerular
damage [55].

Recent studies using experimental models have suggested that immunoglobulin
can not only induce some symptoms directly but also serve to indirectly affect
disease outcome through increased parasite burden. In mouse models of cutaneous
leishmaniasis (CL), it was demonstrated that continual administration of anti-IgM
antibodies, which causes B-cell depletion, enhances resistance to L. tropica and L.
mexicana in BALB/c mice [56]. During L. major infection, IgG not only fails to
provide protection, but actually contributes to disease progression through
IC-mediated production of IL-10 from monocytes [16]. There are also studies
demonstrating the involvement of B cells, IgG, and Fc receptors in the exacerbation
of experimental CL [57–63], whereas there are conflicting reports on the roles of
humoral immunity in disease exacerbation [64, 65]. There are also some studies on
the role of humoral immunity in the pathogenesis of experimental VL.
B cell-deficient lMT mice are more resistant to L. donovani infection than are wild
type C57BL/6 mice [66]. Another study showed that IgM and polyclonal B cell
activation are associated with disease progression in experimental VL [67]. This
study was restricted to the early stage of infection; roles of immunoglobulins in late
stage infection remain unclear.

16.4 Conclusion

From our study and previous studies from other groups, it has been revealed that
IgG-based hypergammaglobulinemia is a hallmark of VL. However, clear rela-
tionships between IgG elevation and the clinical manifestations/pathology found in
the disease remain uncertain. While serum IgG levels of VL patients are
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significantly higher than those of healthy controls in general, variation in the IgG
levels of patients with VL is large. Therefore, factors related to IgG elevation
should be investigated and clarified. As described in the previous section, BAFF is
one of the possible factors related to hypergammaglobulinemia in VL. We will be
able to elucidate the role of BAFF in IgG elevation through a study using BAFF
knockout mice. Furthermore, the roles of immunoglobulins in CL have become
more clarified through extensive research using animal models, whereas studies in
VL are lagging behind. Not only the direct effects of IgG to autoimmune-like
manifestations or glomerulonephritis but also indirect involvement in the progres-
sion of the disease should be clarified for further understanding of the pathogenesis
of VL. Recently it has become clear that different IgG subclasses vary highly in
their capacity to induce different effector pathways [68]. Concerning Leishmania
research, it was reported that FccRIII, to which IgG1 preferentially binds, has a
specific role in suppressing protective immunity in L. mexicana infection, likely
through macrophage IL-10 production in skin lesions [62]. Because the elevation of
each IgG subclass is not uniform in human cases [13, 69], it is necessary to
examining the roles of each IgG subclass in VL pathology in future studies.
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Chapter 17
Geographical Distribution and Ecological
Aspect of Sand Fly Species in Bangladesh

Yusuf Özbel, Chizu Sanjoba and Yoshitsugu Matsumoto

Abstract Phlebotomine sand flies, which are biological vectors of Leishmania
spp., are represented by around 400 species in the Old World and more than 600
species in the Americas. The vector sand fly species generally belong to the
Phlebotomus genus in the Old World and the Lutzomyia genus in the New World.
They are yellowish, long legged hairy insects and active after sunset until sunrise.
Sand flies can transmit Leishmania parasites as well as some group of viruses called
Phleboviruses and a bacterium, Bartonella bacilliformis. Visceral leishmaniasis
(VL, Kala-azar) caused by Leishmania donovani is an important health problem in
the Indian subcontinent including Bangladesh and Phlebotomus argentipes is a
proven vector species of Leishmania donovani. In Bangladesh, a total of 13 sand fly
species (3 Phlebotomus, 10 Sergentomyia spp.) were recorded so far. All studies
showed the dominancy of P. argentipes especially in endemic areas for VL. In this
chapter, besides P. argentipes and its biological and ecological features, other
species constituting sand fly fauna and their geographical distribution in
Bangladesh are discussed.

Keywords Sand fly � Phlebotomus argentipes � Ecology � Bangladesh

17.1 General Information on Sand Flies

Sand flies are classified under the class Insecta, ordo Diptera, subordo Nematocera,
family Psychodidae and sub-family Phlebotominae. The Phlebotominae sub-family
consists of 6 genera: Phlebotomus, Sergentomyia, and Chinius in the Old World and
Lutzomyia, Brumptomyia, and Warileya in the New World. They have medical and
veterinary importance because they are biological vectors of the various Leishmania
species that cause pathogenicity with different clinical presentations in humans and

Y. Özbel (&)
Faculty of Medicine, Department of Parasitology,
Ege University, 35100 Bornova, İzmir, Turkey
e-mail: yusuf.ozbel@ege.edu.tr

© Springer International Publishing 2016
E. Noiri and T.K. Jha (eds.), Kala Azar in South Asia,
DOI 10.1007/978-3-319-47101-3_17

199



mammalian species. Vector Phlebotomine sand flies are represented by more than 40
species in the Old World and 30 species in the Americas. Besides Leishmania, sand
flies can also transmit viruses (Phleboviruses) and bacterium (Bartonella bacilli-
formis). The vector sand fly species generally belong to the Phlebotomus genus in
the Old World and the Lutzomyia genus in the New World [1].

Sand flies, which are smaller than other Diptera, are a light brown, yellowish
color, long legged, and their entire body is hairy including the wings; the wings are
in a “V” shape during rest, and because their mesonotum is longer, they appear
hunchbacked. Sand flies are holometabol Diptera and complete their life cycle in
humid soil with organic material. Four different phases occur in their life cycle: egg,
larva (4 stages), pupa, and adult.

Sand flies rest in dark hidden locations, such as houses, barns, basements, tree
holes, wall cracks, and rodent nests during the daytime and become active during
the night. In addition, during this period, they may perform certain activities
depending on the light, temperature, humidity, and wind density. Feeding in the
form of biting starts immediately before dark and continues the whole night,
increasing shortly before sunrise and continuing until the sun rises completely.
Females of many species are predominantly exophagic (biting outdoors) and exo-
philic (resting outdoors during maturation of eggs) and cannot be controlled by
spraying internal walls of habitations with insecticide. In contrast, species that are
endophilic (resting indoors during maturation of eggs) can be attacked in this way.

They may be especially active in hot nights during the summer season until the
sun rises and as the temperature decreases they will have decreased activity during
the night. Though the humidity level that they need to survive varies depending on
the species, the ideal humidity level is higher than 50 %. Adult females live for
3–4 weeks and males for 2 weeks; despite this, the ratio of males in the population
is usually higher, presumably to increase mating possibilities. The ideal tempera-
ture, during which the adult sand flies are most active, is between 25 and 28 °C,
though in some species, it may be lower. Although the adults are very sensitive to
the cold, 4th stage larvae are more resistant against it and can survive the winter
season under 5–10 cm of soil.

Characteristically, they fly in a “zigzag” pattern for even short distances and their
maximum flying distance is 1 km. They travel by frequently landing and they can
climb higher each time to reach the top floors of buildings. Females can perceive a
human from under 10 m in distance.

Males of P. argentipes wait on the host for females coming to feed and then
court the female for mating. Males of other species like P. ariasi may never be seen
on the host but mate after the female has engorged [1]. Pairing generally happens in
the air or on hosts and the female sand fly dies 8–10 days after pairing and feeding
on blood; a female can deposit about 50–100 eggs. Larval development very much
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depends on the temperature/humidity and larvae hatch from the egg depending on
the environmental temperature after 5–20 days. The fourth stage of larvae transform
to pupae and become adults within 6–15 days. The cycle is completed in total
within 40–50 days. In general, in the Mediterranean region the first generation is
observed in May, the second in July, and the third in September.

It is known that the time from a blood meal to oviposition varies with the species
and the ambient temperature. The number of eggs deposited depends on the size of
the blood meal taken and may be as many as 200. There are 2 groups of females:
(i) gonotrophically concordant (the ovaries develop as a single blood meal is
digested, and the female does not feed a second time during the oviposition cycle,
e.g. P. perniciosus, P. ariasi); (ii) gonotrophically discordant (no relation between
digestion of a blood meal and the development of eggs, and more than 1 blood-meal
may be taken during a single oviposition cycle, e.g. P. argentipes, P. papatasi).
Two blood meals in different stages of digestion are commonly seen in the second
group of females [1].

Male sand flies feed on plant juice only due to shapes of their mouthparts, but the
females may feed on blood from cold- and hot-blooded hosts or on plant juice.
Sugar meals serve as energy sources for sand flies and are important in the
development of parasites within the gut. Some species suck blood only from the
animals (zoophilic), some from both animals and humans (zoo-anthropophilic), and
some only from humans (anthropophilic).

Sand flies may be caught with various methods in nature either alive (with CDC
light trap, mouth aspirator, etc.) or dead (such as with oil paper), and the species
may be determined after proper dissection/preparation. A stomach dissection may
be performed to determine the presence of parasites or may be used for many other
purposes after DNA/RNA isolation. Catch effectiveness is always influenced by
environmental conditions, including wind, temperature, rain, relative humidity,
atmospheric pressure, and moonlight. Capture with a mouth aspirator proved to be
most reliable method for obtaining blood-fed and gravid P. argentipes specimens in
Bangladesh.

Identification of the species caught can be done morphologically using available
written keys, drawings, and photos. For the species belonging to the Phlebotomus
genus, many, but not all, males can be identified by their morphology alone, but it is
often more difficult to identify females, some of which are proven vectors. In last
decade, DNA analysis techniques are helpful for identifying morphologically
indistinguishable specimens of related species. The biology of each species of sand
fly is unique and complex, covering all aspects of reproduction, feeding, dispersal,
and other activities that have a direct bearing on the epidemiology of leishmaniasis
and vector control [1].
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17.1.1 Determining Sand Fly Species as Certain Disease
Vectors

Sand flies have been classified as specific (restrictive) or permissive vectors. The sand
fly species that support the development of multiple Leishmania species are called
“permissive vectors” (e.g. P. argentipes, P. pernicious) while the sand fly species that
do not or poorly support the development of different Leishmania species are called
“specific vectors” (e.g. P. sergenti, P. papatasi) [1, 2]. The criteria for determining a
sand fly species as a vector were first described by Dr. R. Killick-Kendrick and later
were modified [3–5]. The last 2 criteria, shown next, are important for the vectors in a
specific focus, like endemic areas of Bangladesh.

The criteria for incrimination [5]

• Promastigotes should be isolated from female sand fly specimens more than
once

• Infective metacyclic forms should be seen in the anterior midgut and on the
stomodeal valve of naturally infected female flies

• The species should be attracted to and bite humans and any reservoir hosts
• A strong ecological association needs to be shown between fly, humans, and any

reservoir host
• Experimental transmission needs to be shown in the laboratory model
• Mathematical modeling demonstrates that the vector is essential for maintaining

transmission with or without the involvement of other vectors
• Mathematical modeling based on a planned control program demonstrates that

disease incidence significantly decreases following a significant decrease in the
biting density of the specific vector

17.2 Sand Flies in Bangladesh

Visceral leishmaniasis (VL) caused by Leishmania donovani is an important health
problem in the Indian subcontinent including Bangladesh. VL is known as an
anthroponotic disease and patients with post kala-azar dermal leishmaniasis
(PKDL) are a significant reservoir for anthroponotic transmission of VL [1]. The
sustainable application of the integrated kala-azar control program is crucial for
decreasing the morbidity and mortality of the disease. For increasing the efficacy of
the vector component of the control program sand fly fauna should be studied in the
endemic areas.

Sand fly studies in the Indian subcontinent started with Sinton [6] and Lewis
who published a detailed identification key for Phlebotomus and Sergentomyia
species, as well as information on their distribution in the oriental region [7]. This
key is still useful and can be used for morphological identification.
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After the publication of Lewis’s key, several studies were carried out in
Bangladesh in different areas of the country that recorded a total of 13 sand fly
species (3 Phlebotomus, 10 Sergentomyia spp.), although there is 1 questionable,
S. theodori, and 1 unidentified Sergentomyia species in Bangladesh [8–11]

Table 17.1 Sand fly species recorded in Bangladesh

Genus Subgenus Species References

Phlebotomus Euphlebotomus P. argentipes [7–10]

Phlebotomus P. papatasi [7, 8]

Paraphlebotomus P. sergenti [9]

Sergentomyia Parrotomyia S. africana magna [9, 10]

S. babu babu [8–10]

S. baghdadis [8, 9]

S. barraudi [7–10]

S. shorttii [7–10]

S. himalayensis [9, 10]

S. montana [9]

Neophlebotomus S. malabarica [9, 10]

S. perturbans [7, 10]

Grassomyia S. indica [10]

Fig. 17.1 The previous study areas and presence/absence of Phlebotomus species in Bangladesh
(modified from [8] (a) and [9] (b))
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(Table 17.1). In all studies related to sand fly fauna in Bangladesh, P. argentipes
was found to be the dominant species among the members of the Phlebotomus
genus. P. papatasi and P. sergenti are reported rarely from VL endemic and
non-endemic areas (Fig. 17.1).

In Bangladesh, the Mymensingh district is the most highly endemic area for VL
and therefore recent VL control programs, including sand fly studies, are focused on
this district. In a recent study in Mymensingh, of 726 sand flies, 562 were caught
from endemic areas, of which 413 were P. argentipes. It is emphasized that sand fly
density as a whole differed significantly between endemic and non-endemic areas
(P = 0.004). Similarly P. argentipes numbers were significantly higher (P = 0.008)
in endemic areas compared with that seen in non-endemic areas [10] (Fig. 17.2).
The micro-environmental and micro-climatic factors need to be investigated to
better explain the reasons behind these observations. Mapping of endemic and
non-endemic locations in parallel in Mymensingh and other highly endemic areas is
also suggested.

Fig. 17.2 Map of Mymensingh district showing sampling areas and absence/presence of
P. argentipes (modified from [10])
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In an ongoing study, similar results were obtained in VL endemic areas of
Mymensingh; P. argentipes was the dominant species (>94 %). In 2012, a differ-
ence in the population size of sand flies between endemic and non-endemic areas
was also observed. The population size was bigger in the endemic areas than that
seen in the non-endemic areas. There might be some micro or nano environmental
factors contributing to both sand fly abundance and kala-azar endemicity in the
Mymensingh district (unpublished data).

The endophilic and peridomestic species Phlebotomus argentipes is the only
known vector for L. donovani in the Indian subcontinent. This species is dominant
in all endemic districts in Bangladesh and is accepted as a vector species but no
infected fly has been detected so far. A unique published study was carried out in
the Mymensingh highly endemic district for Kala-azar, and 376 P. argentipes were
individually analyzed for Leishmania by PCR targeting Leishmania minicircle
DNA. In addition to this, 679 Sergentomyia specimens were also included in the
study, but none of the 1055 sand fly specimens were found positive in this study. It
can be speculated that the infection rate is less than 1/376 among P. argentipes
females in the district [11]. In 2015, in the Pabna district, around 50 P. argentipes
females were dissected by direct microscopical method but no positive fly was
found (unpublished data). Therefore, it will be needed to (i) detect Leishmania
parasites by microscopical dissection and then PCR methods to incriminate the
species as vector, (ii) discover the infection rate in sand flies, (iii) identify and
compare Leishmania parasites isolated from humans and vectors, and (iv) perform
blood-meal analysis also from Sergentomyia specimens for detecting their host
preference.

Visceral leishmaniasis caused by L. donovani in the Indian subcontinent is
exclusively anthroponotic in contrast to zoonotic VL caused by L. infantum in the
New World and Mediterranean Basin where the animal reservoir, dog, is involved
[1]. The vector sand fly species, P. argentipes, normally zoophilic on cattle, is also
strongly attracted to man, making it anthropophilic and zoophilic [12]. It is reported
that P. argentipes prefers animal bait 7 times more than human bait in a similar
situation [13]. In a recent study performed in Trishal, Mymensingh, anti-
Leishmania antibodies were detected in cattle sera by ELISA and direct aggluti-
nation test (DAT) but no Leishmania DNA was detected by nested PCR (Ln PCR)
and a recently developed molecular technique, loop-mediated isothermal amplifi-
cation (LAMP). The authors emphasized that the anti-Leishmania antibodies
detected by serological techniques might be the result of exposure to the
Leishmania parasite by the bite of infected sand fly despite no infection developing
[14]. For better knowledge about VL epidemiology in this area, studies related to
the host preference of P. argentipes should be performed in a larger number of
cattle or other domestic animals.

Information about the daily and seasonal activity of the endophilic vector spe-
cies, P. argentipes, is also important for control programs, mainly for the timing of
indoor residual spraying (IRS) application. In the Indian subcontinent, the trans-
mission of L. donovani occurs during 2 periods: a pre-winter peak in
September-November and a post-winter peak in March-May. During the monsoon
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season from June to September, the numbers of sand flies are low. It is also reported
that P. argentipes lives in and around houses and biting occurs at night, mainly
between 21:00 and 01:00, peaking at 23:00–24:00 [13]. The infection risk elevates
during the peak of the season along with daily sand fly activity. But, no study thus
far has been carried out in Bangladesh to study sand fly activities. Regular,
preferably monthly, sand fly collection can be done in areas where patients with VL
are reported.

17.2.1 Phlebotomus Argentipes, Annandale and Brunetti:
The Vector of Visceral Leishmaniasis in Bangladesh

Phlebotomus argentipes is taxonomically classified under the subgenus
Euphlebotomus Theodor and its morphological features were described together
with other Oriental phlebotomine sand flies by Lewis in 1978 [7] (Table 17.2)
(Figs. 17.3 and 17.4).

The studies carried out so far, support the anthropophagic behavior and vectorial
competence of Phlebotomus argentipes [15, 16]. This species can be found in Asia
from Iran to Western Malaysia and Indonesia and shows some geographical vari-
ations in its morphology and feeding behavior [12, 17, 18]. The ascoids on the
fourth antennal segment of females in Northeastern India are shorter than those seen
on the specimens in Sri Lanka [12, 19, 20]. In the studies performed in India, the
presence of 2 different local P. argentipes populations with 2 different morpho-
logical features was attributed to the different vectorial capacities of these 2 mor-
phospecies [16, 21].

Table 17.2 Morphological features of P. argentipes used for identification

Male Female

• Cibarium with spicules or unarmed.
Pharynx usually armed. Palp extending
further than antenna 3

• Pharynx of female with a small group of
teeth in the middle and behind it some
concentric lines

• Coxite of male without sub-basal hairy
process and genital filaments 3–11 times as
long as pump

• Spermatheca with differentiated
end-segment (subgenus
EUPHLEBOTOMUS)

• Style with five long spines • Spermatheca distinctly segmented

• Paramere with three lobes • Spermathecal common duct with rather thin
walls. Antenna 5 without papilla

• Middle lobe of paramere thinner than main
lobe

• Main lobe of paramere much more than
twice length of middle lobe, lower lobe
narrow, depth of paramere about 0.29 of its
length (measured to junction with coxite)
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The ecological parameters affecting P. argentipes population size and
Leishmania transmission were studied in 2 villages of West Bengal, India [22]. In
this study, they found that the abundance of the species increased during and after
monsoon, and decreased during winter and summer, probably because of the
prolonged duration of the gonotrophic cycle. The researchers also assessed that 8
ecological parameters (soil temperature and moisture, rainfall, air temperature,
relative humidity, soil pH, soil organic carbon, and windspeed) can affect the sand
fly abundance in a particular area.

P. argentipes breeds in moist organic soil at the junction of the floor and walls of
cattle sheds and earthen houses [23, 24] Soil temperature and moisture may con-
tribute to the survival and development of the immature stages of this species. Low
moisture and temperature causes drying of organic material and prolongation of the
life cycle, respectively. These ecological variables are highly effective on sand fly
abundance and should be taken into account while implementing vector control
measures.

The ecological situation is also important for the application of vector control
managements, especially for indoor and outdoor residual spraying. The success of
the application very much depends on the application season and time in endemic
areas. Ecological data are also useful in predicting P. argentipes abundance and
assessing the risk of increased Leishmania transmission.

Fig. 17.3 Male genitalia of P. argentipes. (Photo Özbel Y) Magnification: (from left to right:
X200; X100; X400)

Fig. 17.4 P. argentipes female. a. Pharynx; b and c. Spermatheca (Photo Özbel Y) magnification
(X400)
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In Bangladesh, the following information needs to be collected:

• The composition and population density of P. argentipes and other sand fly
species, in addition to mapping their distribution and resting habits in endemic
areas,

• Infection rate of P. argentipes: search for Leishmania parasite by microscopical
dissection and/or PCR methods,

• Identification of Leishmania parasites: comparison of Leishmania donovani
isolates from humans and vectors

• Other possible vectors: blood-meal analysis for Sergentomyia specimens

The seasonal and nocturnal activities of P. argentipes were studied throughout a
year by monthly collections in India where the climatic and environmental con-
ditions are similar to those in Bangladesh. In this study, it was found that the
numbers of P. argentipes collected varied according to season, being significantly
higher during the summer than that seen during the rainy season or winter, as
expected. Related to seasonal activity, the authors concluded that the numbers of
P. argentipes on humans and bovine bait in Bahapur village, Bihar, India showed 2
peaks before and after the rainy season [13].

The nocturnal activity findings showed that their night activity starts around
19:00 and peaks between 22:00 and 24:00 h in the summer season (between
February and May) when most of the parasite transmission occurs [13]. The other
studies on nocturnal activity of this species showed that landing on human bait
peaked between 21:00 and 03:00 in West Bengal [25] while it was observed
between 21:00 and 01:00 h in Southern India [26].

Both issues, seasonality and nocturnal activity, have not yet been studied in the
endemic areas of Bangladesh. Because micro/nano environmental/ecological/cli-
mate factors can affect the daily and nocturnal behavior of the vector species, a
detailed field study needs to be performed in at least the 2 distinct endemic areas of
Bangladesh. In the Indian subcontinent, P. argentipes is known to be endophilic,
but this behavior of P. argentipes should also be confirmed in Bangladesh to help
the IRS part of the national control program.
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Chapter 18
The Efficacy of Long Lasting Insecticidal
Nets for Leishmaniasis in Asia

Chizu Sanjoba, Yusuf Özbel and Yoshitsugu Matsumoto

Abstract Vector control is an important part of controlling arthropod-transmitted
diseases such as leishmaniasis, dengue, lymphatic filariasis, and malaria. Selecting
the most appropriate vector control measures is essential. The current vector control
strategy for visceral leishmaniasis (VL), which is the most severe form of leish-
maniasis, is based on indoor residual spraying (IRS) in the Indian subcontinent.
However, this technique has received critique, not only on its effectiveness and
sustainability, but also for its side effects on health and the environment.
Long-lasting insecticidal nets (LLINs) have been proposed as an alternative mea-
sure to IRS; however, the effectiveness of LLINs is still under the evaluation for
vector control of leishmaniasis. This review aims to examine the potential of LLINs
for controlling VL in the Indian subcontinent, areas that are some of the most highly
endemic for VL.

Keywords Leishmaniasis � Sand fly � Vector control � Long-lasting insecticidal
net � Bangladesh

18.1 Vector Control Against Leishmaniasis

Phlebotomine sand flies are the vectors of leishmaniasis, and comprise more than
40 species of Phlebotmus in the Old World and 30 species of Lutzomyia in the
Americas [1]. Leishmania parasites are transmitted through the bites of infected
female phlebotomine sand flies. The epidemiology of leishmaniasis depends on the
behavior of the sand fly species, the characteristics of the parasite species, the
reservoir species, ecological conditions at the transmission sites, and the symptoms
and cultural practices of the human host. Therefore, the most appropriate control
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measures will differ by country. Several factors to be considered when choosing
control measures against sand flies are listed as follows [2]:

1. Has the vector been identified?
2. Is the transmission cycle partially or totally anthroponotic?
3. If zoonotic, is the reservoir species known?
4. Does transmission occur in or around houses, or in some extradomiciliary sit-

uation such as inside a forest?
5. Is transmission by sand flies seasonal or year-round?
6. Is there an infrastructure present that would allow organized, sustainable mea-

sures to be used?
7. Are the human communities at risk willing to participate in the control measures

proposed?
8. What methods are available and are there practical, legal, environmental, or

cultural constrains on their use?

Sand fly breeding sites remain unknown and are difficult to find in nature, thus
source reduction targeted at pupae or larvae is not an option for practical control
measures against sand flies. Most vector control efforts are primarily focused on the
adult sand flies to reduce their contact with humans. Indoor residual spraying
(IRS) and insecticide-treated bed nets (ITNs) are key components of vector control
programs for leishmaniasis.

There is historic evidence that house spraying with DDT during the malaria
eradication campaigns of the 1950s–1960s had a drastic impact on transmission of
Leishmania donovani in the Indian subcontinent [3], but it returned to previous
levels, or higher, when spraying was stopped [4, 5]. There is another experience in
the early 1990s, where IRS campaigns in the VL endemic sites of Bihar and West
Bengal in India reduced the number of reported cases, but their effect was limited in
time as VL cases started to rise again early in the 21st century [6]. Although IRS is
a reasonably effective method against endophilic sand fly species such as
Phlebotomus papatasi, P. sergenti, and P. argentipes in the Old World [7], IRS has
been criticized for being costly, not easily accepted, and not sustainable [8, 9]
(Fig. 18.1). The kala-azar control program in the Indian subcontinent has applied
the strategy of 2 rounds of insecticide spraying per year because the effectiveness of
IRS does not last very long, mainly related to housing materials used in the area
[10]. IRS also needs trained personnel for not only the insecticide application, but
also for the appropriate application of safety procedures. Nevertheless, IRS was
recommended as the main vector control strategy against visceral leishmaniasis
(VL) in the Indian subcontinent [11].

Insecticide treated nets (ITNs) serve as a physical barrier that functions to reduce
human-vector contact. ITNs is the most sustainable method of reducing intradomi-
ciliary transmission of leishmaniasis, and it does not require the technical training
and special implements required for IRS. However, there are few observational
studies on ITNs conducted in the Indian subcontinent. Herein we review the current
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knowledge on the efficacy of ITN against sand fly vectors and inquire into the
potential of ITN for controlling VL in the Indian subcontinent, especially in
Bangladesh.

18.2 Vector Control by Long-Lasting Insecticidal Nets
Against Visceral Leishmaniasis

There are 2 types of insecticide treated nets: conventional treated nets and
long-lasting insecticidal nets (LLINs). A conventional treated net is a mosquito net
that has been treated by dipping it in one of the insecticides recommended by the
World Health Organization (WHO). At the present moment, alpha-cypermethrin,
cyfluthrin, deltamethrin, etofenprox, lambda-cyhalothrin, and permethrin are WHO
recommended insecticide products for the treatment of mosquito nets for malaria
vector control [12]. To maintain the efficacy of the applied insecticide, the net must
be treated again after it has been washed 3 times, or at least once a year even if it is
not washed [13].

LLINs have been developed to overcome these problems. LLINs have the
insecticide coated on, or incorporated within the fibers of the netting fabric
(polyester, polyethylene, or polypropylene) during the manufacturing process.
The WHO Pesticide Evaluation Scheme (WHOPES) evaluated the efficacy, wash
resistance, and safety of LLINs and 15 products are recommended for the pre-
vention and control of malaria (Table 18.1). The net must retain its effective bio-
logical activity after 20 washes under laboratory conditions and 3 years of
recommended use under field conditions [14]. Seven products of 15 are
deltamethrin-treated LLINs, 6 products are alpha-cypermethrin-treated LLINs, and
2 products of LLINs are treated with permethrin. The efficacy of these LLINs is

Fig. 18.1 Insecticide sprays
of IRS used in Bangladesh for
vector control programs.
A large number of sprayers
and educated workers are
needed
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well studied in both laboratory and field testing for mosquito control, but not for
sand fly control. The number of LLINs distributed reached more than 143 million
annually by 2013 [15] with the majority of nets being distributed in sub-Saharan
Africa where malaria is prevalent [16]. The most massive community intervention
trial to test the effectiveness of LLINs is the KALANET project that was conducted
between 2006 to 2008 in India and Nepal [17]. LLINs treated with deltamethrin
were distributed in the 13 intervention clusters, and 12,691 people were tested for

Table 18.1 WHO recommended long-lasting insecticidal nets

Product name Product type Status of WHO
recommendation

Status of
publication of
WHO
specification

DawaPlus 2.0 Deltamethrin coated on polyester Interim Published

Duranet Alpha-cypermethrin incorporated into
polyethylene

Full Published

Interceptor Alpha-cypermethrin coated on
polyester

Full Published

LifeNet Deltamethrin incorporated into
polypropylene

Interim Published

MAGNet Alpha-cypermethrin incorporated into
polyethylene

Full Published

MiraNet Alpha-cypermethrin incorporated into
polyethylene

Interim Published

Olyset Net Permethrin incorporated into
polyethylene

Full Published

Olyset Plus Permethrin and PBO incorporated into
polyethylene

Interim Published

Panda Net 2.0 Deltamethrin incorporated into
polyethylene

Interim Published

PermaNet 2.0 Deltamethrin coated on polyester Full Published

PermaNet 3.0 Combination of deltamethrin coated on
polyester with strengthened border
(side panels), and deltamethrin and
PBO incorporated into polyethylene
(roof)

Interim Published

Royal Sentry Alpha-cypermethrin incorporated into
polyethylene

Full Published

SafeNet Alpha-cypermethrin coated on
polyester

Full Published

Yahe Deltamethrin coated on polyester Interim Published

Yorkool Deltamethrin coated on polyester Full Published

Updated 9 November 2015. http://www.who.int/whopes/Long-lasting_insecticidal_nets_
November_2015.pdf?ua=1
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infection by direct agglutination testing, including the people in the 13 control
clusters. There was no significant difference in the risk of seroconversion over
24 months in the intervention group (5.4 %; 347/6372) compared with the control
group (5.5 %; 345/6319) [17]. The most biologically plausible explanation for this
result is that a substantial fraction of L. donovani transmission occurs outside the
house, where any nets would have less impact on preventing sand fly-human
contact [17]. Human behavior is also argued to be a factor in that adults are not
going to sleep before 9 p.m. [18]. Phlebotomus argentipes, which is the vector
species in India and Nepal, live in and around houses and biting occurs at night,
mainly between 9 p.m. and 1 a.m., peaking at 11–12 p.m. [19]. It should be also
noted that a very high percentage of families in the control clusters used untreated
nets [18], which may lead to a complex interpretation of the results. The antibody
level of approximately 150 people from each cluster (intervention/control) against
P. argentipes saliva was tested to determine the effect of LLINs on vector sand fly
exposure. Although the distribution of LLINs reduced exposure to P. argentipes by
12 % at 12 months and 9 % at 24 months in the intervention cluster compared to
that seen in the control after adjusting for baseline values, LLINs had a limited
effect on sand fly exposure in VL endemic communities [20]. In an entomological
survey of the KALANET project, the density/house of P. argentipes is significantly
reduced by 24.9 % after distribution of LLINs [21]. This suggests a 25 % reduction
in sand fly density is not enough to have an impact on disease outcome in India and
Nepal [18].

Field trials of ITNs have been evaluated Phlebotomine sand flies besides
P. argentipes and leishmaniasis in some countries. Two field trials in Adana and
Sanliurfa, Turkey, where cutaneous leishmaniasis (CL) is endemic, showed a sig-
nificant reduction in CL incidence in the intervention areas after the introduction of
permethrin and PBO impregnated bed nets and K-OTAB impregnated bed nets,
respectively [22, 23]. Three trials in Syria where P. sergenti is the main vector of
anthroponotic CL, showed a significant impact of ITNs use versus that seen with
either untreated nets or no intervention, including on confirmed CL incidence [24,
25]. A cluster-randomized trial was conducted over 5 years to compare the relative
efficacy and cost effectiveness of IRS and LLINs relative to standard of care
environmental management (SoC-EM) in Morocco for CL control. The main
findings of this study indicate that both IRS with alpha-cypermethrin and the use of
deltamethrin treated LLINs reduced the incidence of CL; however, the reduction
due to LLINs did not reach statistical significance and the protective effect size
associated with IRS was much larger [26]. These contrasting results suggest that
field trials are necessary with different species of sand fly and parasite before
adopting ITNs as a means of vector control.
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18.3 The Efficacy of Long-Lasting Insecticidal Nets
in Bangladesh

In 2005, the governments of India, Nepal, and Bangladesh, in collaboration with the
WHO, developed a strategic framework to eliminate VL as a public health problem
by 2015. This was defined as reducing the annual VL incidence below 1/10,000
people at the block level via a combination of case management and vector control.

The efficacy of 3 different interventions for vector control for VL: IRS,
deltamethrin-treated LLIN (PermaNet®), and environment modification through
plastering of walls with lime or mud was evaluated in India, Nepal, and Bangladesh
[27]. Insecticides for IRS used in India, Nepal, and Bangladesh are DDT 5 % (target
concentration 1 g/m2), alpha-cypermethrin (target concentration 0.025 gm/m2), and
deltamethrin (K-Otrine 5 %, target concentration 20 mg active ingredient per square
meter) respectively. A reduction of intra-domestic sand fly densities measured in the
study households by overnight CDC light trap captures was the main outcome
measure in this study. IRS was effective in all study areas but LLINs were only
effective in Bangladesh and India [27]. In Bangladesh, IRS and LLINs were asso-
ciated with a 70–80 % decrease in male and female P. argentipes density up to

Fig. 18.2 a, b Permethrin-treated LLINs were distributed as a pilot study in the Pabna district,
Bangladesh, in August 2015 under the VL control project of SATREPS. c, d Housing style in VL
endemic area of Bangladesh
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5 months after intervention [28]. Sand fly density rebounded by 11 months
post-IRS, whereas LLIN-treated households continued to show significantly lower
density compared to that seen in households without intervention [28]. Mud plas-
tering of wall and floor cracks did not reduce sand fly density in Bangladesh [27, 28].
The efficacy of LLIN (KO Tab 123, Bayer (Ply) Ltd.) was also evaluated in the VL
endemic area of Bangladesh [29]. A significant reduction in sand fly densities was
observed for at least 18 months in houses with LLINs compared to that seen in the
houses in untreated control communities [29]. The distribution of KO Tab 123 also
reduced VL incidence by 66.5 % in the intervention areas [30]. The use of con-
ventional untreated bed nets has become widespread among people in Bangladesh
[31]. Permethrin-treated LLINs were distributed as a pilot study in the Pabna district,
Bangladesh, in August 2015 under the VL control project of SATREPS, and a
utilization rate of distributed LLINs was 100 % up to the present (unpublished data)
(Fig. 18.2). The distribution of pyrethroid-treated LLINs with/without IRS will
probably be the most effective measure in reducing the vector populations and
human-vector contact in Bangladesh.

18.4 Conclusion

The best vector control measure is not an easy decision to make for each leish-
maniasis endemic country. There are 4 different types of interactions between
humans and Leishmania foci that we have to consider before we apply a vector
control; (a) an accidental host, (b) the principal or only host, (c) one of several hosts
in a stable amphixenosis or (d) a potential host exposed to increased risk of
transmission due to rapid multiplication of vectors and reservoir hosts [2]. These
interactions are not clear in some endemic countries; for example, the existence of
an animal host is a still matter of debate in Bangladesh.

Risk of the appearance of insecticide resistant sand flies due to IRS is also a
concern. Various researchers have reported resistance to insecticides such as DDT,
deltamethrin, or permethrin among P. argentipes in endemic areas of the Indian
subcontinent [2, 7]. In a recent susceptibility test of sand flies in 6 districts of the
state of Bihar, India, the P. argentipes population developed a resistance to DDT in
16 (38.1 %) of 42 villages surveyed and a resistance to malathion in 1 (4.5 %) of 22
villages surveyed [32]. A further fear is that populations of P. argentipes may have
changed their behavior from being predominantly endophilic (resting indoors) to
exophilic (resting outdoors) as a consequence of DDT-based IRS [33]. Although
continued research on the biology and behavior of P. argentipes in relation to L.
donovani transmission would be necessary to refine the intervention strategies for
VL, LLINs will be a useful tool to reduce or interrupt transmission of VL as
alternative or complement to IRS in the Indian subcontinent, especially in
Bangladesh. The use of LLINs may also be the most sustainable method of
reducing intradomiciliary transmission of Leishmania in communities where the
diurnal resting sites of vectors or vector species are unknown.
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Chapter 19
Environmental Change and Kala-Azar
with Particular Reference to Bangladesh

Ashraf Dewan, Masahiro Hashizume, Md. Masudur Rahman,
Abu Yousuf Md. Abdullah, Robert J. Corner,
Md. Rakibul Islam Shogib and Md. Faruk Hossain

Abstract Global environmental change is expected to have significant impacts on
public health. Low income countries will be disproportionately affected by such
change even though their contribution to global greenhouse gas emission is
insignificant relative to developed countries. Visceral leishmaniasis, a vector-borne
disease known as kala-azar on the Indian subcontinent, causes a significant burden of
mortality and morbidity every year across the world. Approximately 200 million
people are said to be at risk of kala-azar in the Indian subcontinent with 25,000–
40,000 cases reported per year. This chapter examines past and present kala-azar
incidences in Bangladesh and explores the future vulnerability of the country and its
inhabitants under conditions of environmental change. Using published research and
2014 reported kala-azar cases from the Disease Control Unit of the Directorate
General of Health Services, this study also attempts to present the epidemiology of
kala-azar in Bangladesh. It shows that global environmental changes have the
potential to cause deterioration to the social and ecological systems of the country.
As a result, the country may suffer from an upsurge of all vector-borne and
water-borne diseases, including kala-azar. Because climatic change, in combination
with land use change driven by population pressure, is expected to increase, so too
will the occurrence of vector-borne diseases such as kala-azar. Additional measures
will thus be required to control the vectors, their abundance, and disease transmis-
sion. More research is needed if we are to reduce the impact of this fatal disease.
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19.1 Introduction

Because of increasing human activities many aspects of the natural environment,
such as biophysical and ecological systems, are constantly being impaired [75],
causing global environmental change. There is no question that many environmental
issues such as climate change, shortage of freshwater, emergence and spread of
infectious diseases, etc., are directly or indirectly linked to human alteration of the
biosphere. In their Fifth Assessment Report, the Intergovernmental Panel on Climate
Change (IPCC) noted that the climate system of earth is significantly influenced by
human activities, leading to warming of the atmosphere and ocean, and consequent
shrinking of snow and ice [57]. Many have expressed the opinion that the modifi-
cation of the environment by humans is resulting in a persistent pattern of both
depletion and degradation [112] that has considerable implications for environ-
mental sustainability. One of the many current concerns of the scientific community
is that global environmental change has the potential to alter the distribution of
diseases, transmission pathways, and seasonality leading to the emergence or
re-emergence of infectious diseases [82, 118]. Although it remains uncertain as to
what extent environmental change will lead to a shift in disease patterns, studies
have shown that socioeconomic, environmental, and ecological drivers are closely
associated with the spatial distribution of infectious diseases [61], particularly par-
asitic diseases [27]. Guernier et al. [45] reports that climatic factors are of importance
in understanding the linkage between latitude and spatial patterns of human
pathogens. Further, the combined effects of land use change and climatic variability
can overwhelm natural ecosystems, which will affect human health in many ways
[40]. For instance, coastal Vibro infections are thought to be closely connected with
zooplankton booms, warmer water, and severe storms [11]; likewise, deforestation
has been linked to the incidence of leishmaniasis in some parts of Latin America
[82]. Using ecological niche models of vector and reservoir species, Gonzalez et al.
[44] predict that climate change has the potential to worsen the ecological risk of
human exposure to leishmaniasis and it is highly likely that the disease could spread
in areas outside of the present range and may affect some parts of the United States
and Canada. An upsurge of malaria has been associated with human-induced land
use change in many parts of the world, including Southeast Asia, South America,
and Africa [109]. With climate warming, malaria could be a serious public health
concern in current malaria-free countries as temperature is one of the major habitat
determinants of the main vector, Anopheles spp. [118].

Leishmaniasis, caused by protozoan parasites, is a serious public health issue
across the world. There are about 20 species of Leishmania and many of them can
cause human leishmaniasis [93]. It is endemic in 88 countries with a global burden
of 300 million people, largely affecting the marginalised segments of people [8, 96,
116]. Using an overall case-fatality rate of 10 %, Alvar et al. [7] estimated that
somewhere between 20,000 and 40,000 deaths per annum can be attributed to
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leishmaniasis globally with an annual incidence of 2 million new cases [31]. There
are 4 clinical manifestations of leishmaniasis: cutaneous leishmaniasis (CL),
mucocutaneous leishmaniasis (MCL), visceral leishmaniasis (VL), and
post-kala-azar dermal leishmaniasis (PKDL) [104]. Visceral leishmaniasis, known
locally as kala-azar or black fever, is widespread in the Indian subcontinent and is
caused by Leishmania donovani, which is transmitted to humans by the bite of an
infected female sandfly, Phlebotomus argentipes [69]. It can be fatal in the absence
of treatment and the transmission is anthroponotic, because humans are the only
known reservoir [55, 93]. More than 67 % of the total VL cases in the world are
found in the Indian subcontinent with an estimated 200,000 cases per annum that
disproportionately affects the poorest subset of the population [7, 19, 107]. PKDL, a
subsequent condition to VL, is an important skin complication [120]. It appears that
patients with PKDL may be a source of further transmission [69] as 5–10 % of
patients who have recovered from VL develop PKDL within 5 years of kala-azar
treatment, though a small number of PKDL cases appear without any prior history
of VL (Ramesh 1995 cited in [14]). Addy and Nandy [1] suggest that unlike VL,
PKDL is not fatal and does not cause systematic illness, yet patients can play an
important role in inter-epidemic transmission of the infection because the duration
of PKDL can be years or even decades [78].

Historical records reveal that the first VL cases were reported on the Indian
Subcontinent during the British colonial regime [48]. However, the etiological
agent of the disease Leishmania donovani was not discovered until the early 20th
century in Madras, India [34]. Since then VL has become a significant threat to
public health as it occurs in various places in South Asia. The Indian states of Bihar,
Jharkand, West Bengal, and Uttar Pradesh, the south-eastern Terai region of Nepal,
and western and central districts of Bangladesh are recognised endemic locations,
and the courses of the Ganges and Brahmaputra appear to have played a consid-
erable role in spreading VL in the Indian subcontinent [13]. A large number of VL
cases are not reported for many reasons, such as the lack of a proper surveillance
system [55, 69, 104]. In 2005, India, Bangladesh, and Nepal signed a memorandum
of understanding (MoU) to eliminate VL by reducing the incidence rate to below 1
case per 10,000 people at the district level in India by 2010 and sub-district level in
Bangladesh and Nepal by the year 2015 [107], and this was endorsed by the World
Health Organisation (WHO) [25]. However, the targets have not been achieved and
the program seems to have been extended until 2020 [76].

The aim of this chapter is to examine the incidence of VL in Bangladesh from
both historical and current perspectives. In addition, it attempts to explore the
linkage between environmental change and the incidence of disease, particularly
commenting on how global environmental change may place the country and its
inhabitants at greater risk of VL. Based, primarily, on existing research and 2014
VL incidence data from the Disease Control Unit of the Directorate General of
Health Services, Government of Bangladesh, this study also attempts to present the
epidemiology of VL in Bangladesh. Potential research gaps are also identified.
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19.2 VL Epidemiology in Bangladesh

Located in South Asia, Bangladesh is bordered by India to the north, east, and west,
the Bay of Bengal to the south, and to the southeast by Myanmar (Fig. 19.1). With
a total population of 159.1 million (1,222 per km2), it is one of the most densely
populated countries in the world [114]. Apart from experiencing high population
growth, the country is also prone to floods of large magnitude, tropical cyclones,
river bank erosion, and occasional local severe storms that severely disrupt its
economic progress and bring immense suffering to the people, including episodic

Fig. 19.1 Location of Bangladesh
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surges of various vector-borne and water-borne diseases. For instance, Hashizume
et al. [51] suggest that hospitalisation in relation to dengue fever increased between
2005 and 2009, which may be attributable to increased water levels in the rivers
surrounding Dhaka. Likewise, diarrheal epidemics have been found to be associated
with 3 major flood events of 1988, 1998, and 2004 [97].

Historically, outbreaks of VL in the alluvial parts of the Ganges-Brahmaputra
plain have been reported since 1820 with an epidemic cycle of at least 15–20 years
[8]. The earliest documented VL outbreak was in the Jessore district of Bangladesh
(the then colonial Bengal Presidency) in 1824 that killed at least 75,000 people
between 1824 and 1825 [13, 48]. A similar epidemic is thought to have occurred in
the Burdwan district between 1850 and 1875, resulting in severe mortality that led
to depopulation [102]. The disease appeared to have migrated eastward with high
mortality documented in the Rangpur district in the northeast of Bengal. It then
shifted to Assam, and gradually continued to spread eastwards along the valley of
the Brahmaputra River, resulting in a number of epidemics in the sub-divisions of
Garo Hills, Nowgong, Goalghat, and Shibsagar between 1882 and 1917 [102, 117].
By 1873, the epidemic began to decrease in Bengal and the next VL epidemic did
not occur until 1943 and lasted till 1949 (Desowitz 1991 cited in [37]). However
Shortt [102] notes that a treatment, called tartar emetic, was introduced in 1915 that
helped saved a very large number of lives.

A total of 130,952 cases were recorded in Bengal between 1923 and 1924 of
which nearly 11,000 cases were located in the Rajshahi district [110]. Again, at the
end of 1944 and the beginning of 1945, a marked increase of the disease occurred in
the districts of Chittagong, Dacca, and Faridpur of Bengal [47]. Between 1959 and
1963, more than 15,000 cases were thought to have occurred in Bangladesh [35].
The near absence of VL cases during the 1970s was because of wide-scale DDT
(dichloro-diphenyl-trichloroethane) house spraying under a malaria eradication
program in the 1950s and 1960s that also reduced the sand-fly population [13, 35,
36, 90]. With the cessation of malaria control activities in the late 1970s, a resur-
gence of the disease (including PKDL) occurred [90], sporadically affecting various
parts of the country, and estimates indicate that a total of 148 VL cases were
reported between 1968 and 1980 [35, 90] (Table 19.1). At least 224 confirmed VL
cases were found in the Shahjadpur thana of Sirajganj district during 1980–1981
[72]; however, ISPAN [59] reported that 583 cases were recorded nationwide from
1980 to 1985. Elias et al. [35] show that there were 351 VL cases between 1981 and
1985, and an increase of VL cases has continued since the early 1990s. According
to Emch [37], the total number of cases was found to be 991, 1123, and 1809 in
1989, 1991, and 1992, respectively (Table 19.1).

A major resurgence of VL seems to have occurred since the 1990s [25].
Table 19.1 shows the number of VL cases in Bangladesh from 1968 to 2014,
compiled from various sources, including literature and data from secondary
sources. It shows that a total of 114,070 VL cases were found in Bangladesh, and
that 2006 had the highest occurrence (9,379 cases) followed by 1997 (9,000 cases).
In 2014, only 379 cases were detected, which is the lowest number since 1994 in
Bangladesh. At least 329 deaths from VL had occurred between 1994 and 2014
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(Table 19.1) and the highest fatalities were in 2002 when 36 people were reportedly
killed due to the VL infection. As found in Elias et al. [35], only 2 VL cases were
reported from Mymensingh district during 1968–1980 which increased to about 82
cases during 1981–1985, and more than 50,000 cases between 1994 and 2014 in the
same district. Since 2010, the number of deaths appears to have declined signifi-
cantly, which may be attributed to the introduction of the VL elimination program
from the Indian Subcontinent. One needs to interpret these data very carefully
because there remains a huge under reporting of VL cases in Bangladesh [39]. It is
important to note that Rahman et al. [91] estimated around 50 % of VL cases are
not detected by the existing passive surveillance system of the government.

A variety of risk factors are found to be closely linked with the incidence of VL
in Bangladesh, and those of significance are proximity to patients with recent VL
history, patterns of health seeking behaviour, income, attitude towards women, poor

Table 19.1 The total number
of visceral leishmaniasis
(VL) or kala-azar cases and
deaths from 1968 to 2014 in
Bangladesh

Year Reported cases Number of VL deaths

1968–1980 148 –

1981–1985 351 –

1989 991 –

1991 1123 –

1992 1809 –

1994 3900 10

1995 4200 19

1996 6800 30

1997 9000 16

1998 7000 24

1999 5799 23

2000 7640 24

2001 4283 6

2002 8110 36

2003 6113 27

2004 5920 23

2005 6892 16

2006 9379 23

2007 4932 17

2008 4824 17

2009 4293 14

2010 3806 0

2011 3376 2

2012 1902 0

2013 1100 2

2014 379 0

Total 114,070 329

Compiled from various sources
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housing condition, flood control works, use of bed nets, cattle density, damp soil,
education, presence of peri-domestic vegetation, etc. (e.g. Bern et al. [14, 15]).

19.2.1 Spatial Distribution

Due to data paucity and an ineffective passive surveillance system, it is obviously a
difficult task to portray the exact geographical distribution of VL cases in
Bangladesh. As noted by Chowdhury et al. [25], VL data at the upazila
(sub-district) level are unfortunately not available before 2007. In addition, serious
under reporting of cases (e.g., Khatun et al. [64]) is a persistent issue that needs to
be accounted for in understanding the accurate geographic distribution of this
disease. Keeping these in mind, we have developed a district-wise distribution map,
based on the available data from literature and statistics, that clearly indicates that
VL cases are confined to central, western, and northwest districts of Bangladesh
(Fig. 19.2). In addition to this, 9 districts, namely Mymensingh, Tangail, Gazipur,
Pabna, Jamalpur, Khulna, Panchagar, Rajshahi, and Sirajganj showed heavy
occurrence of VL from 2008 to 2014. The Mymensingh district has consistently
been the highest contributor to the total number of occurrences since 1994 [13, 25].
For example between 2008 and 2014, 12,963 cases (more than 81 %) were from
Mymensingh district, suggesting that it is a sustained epidemic focus in the country
[13]. The Tangail and Jamalpur districts, with a much lower 6.04 and 3.09 % of the
cases, respectively, are the second and third contributors to the total occurrence of
VL in Bangladesh over the same time period. Upazila-wise data from 2008 to 2014
shows that by 2014, 8 previously uninfected new upazilas were infected
(Table 19.2). These all have relatively low numbers of cases; Melandaha (4 cases),
Jamalpur Sadar (1 case), and Sharishabari (3 cases) in the Jamalpur district;
Gopalpur (1 case) and Ghatail (3 cases) in the Tangail district; Gazipur Sadar (2
cases) and Kaliakoir (1 case) in the Gazipur district; and Mymensingh Sadar (5
cases) in the Mymensingh district.

19.2.2 Seasonality

No marked seasonality can be identified in the occurrence of VL because the
incubation period in humans is highly variable (usually 2–6 months but occa-
sionally as long as 24 months). However, peak occurrence of the disease is often
used to characterise seasonality of the disease. Bern et al. [15], for example, suggest
that the incidence is higher during the pre-monsoon and post-monsoon season.
Chowdhury et al. [24] reported that the seasonality of VL cases in Bangladesh is
consistent with studies from Nepal and India, showing that the hot season (March–
June) has the highest incidences when sand fly populations, and particularly the
proportion of gravid females, are at their highest. The study further showed that
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temperature and humidity of an area play an important role in the seasonality of
sand fly vectors, while rainfall appears to be less significant. A similar observation
was made by Young [117] based on meteorological and disease data from the
Assam and Sylhet districts.

National surveillance data for 2014 is plotted in Fig. 19.3 to further investigate
the seasonality of VL incidence in Bangladesh. It shows that there are 2 distinct

Fig. 19.2 The total number of kala-azar cases by Zila (district) in Bangladesh, 2008–2014
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peaks, one in February and the other in September. Note that VL in Bangladesh
seems to be prevalent throughout the year, though a few months (e.g. December)
have a lower number of cases.

19.2.3 Patient Demographics

Based on 17,725 VL cases in 1922, Young [117] suggests that 49.34 %
cases represent the age group <1–15 years, 45.4 % were within the age group
15–50 years, and only 6 % of cases were in the 50 and above age group. Compared

Table 19.2 Upazila-wise VL or kala-azar cases, 2008–2014

Zila Upazila 2008 2009 2010 2011 2012 2013 2014 Total

Mymensingh Trishal 1492 1279 735 564 252 235 113 4670

Fulbaria 1315 781 456 1608 397 211 90 4858

Gaffargaon 260 240 260 292 241 82 51 1426

Muktagacha 198 343 214 99 82 127 17 1080

Mymensingh
Sadar

– – – – – – 5 5

Bhaluka 235 285 125 107 86 73 13 924

Tangail Shakhipur 70 58 103 73 25 32 18 379

Madhupur 80 45 55 50 48 49 22 349

Nagorpur 39 47 25 39 38 37 0 225

Gopalpur – – – – – – 1 1

Ghatail – – – – – – 3 3

Pabna Faridpur 23 23 19 18 20 17 0 120

Chatmohor 27 36 36 31 30 13 0 173

Gazipur Gazipur sadar – – – – – – 2 2

Kaliakoir – – – – – – 1 1

Sreepur 55 53 42 58 15 49 11 283

Jamalpur Madarganj 115 109 47 88 64 35 24 482

Melandaha – – – – – – 4 4

Jamalpur Sadar – – – – – – 1 1

Sharishabari – – – – – – 3 3

Khulna Terokhada 46 43 39 17 16 21 0 182

Panchagar Debiganj 18 49 44 98 36 16 0 261

Rajshahi Godagari 70 102 14 47 17 24 0 274

Sirajganj Chauhali 26 30 19 20 26 23 0 144

Source Malaria and Vector-Borne Disease Control Unit, Director General of Health Services,
Government of Bangladesh
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with this early 20th century data, recent case-control studies [4] have demonstrated
that the infection rate is higher for persons aged � 15. In an another study,
Ahluwalia et al. [5] show the rate was higher in the adult category (� 45 of age)
with the <1–14 age group ranked second, and the 15–44 age group ranked third for
both sexes. Khatun et al. [64] also report a somewhat similar result. The study by
Bern et al. [15] showed that the incidence was higher among children and young
adults than in the youngest and oldest age group (>45). The 2014 data indicates that
55.1 % (209 cases) of patients with VL were from the age group of 15–49 years
old, 33.2 % (126 cases) were between 0–14, and 11.6 % (44 cases) were from the
adult age group (50+), which is in agreement with another recent case study of
Bangladesh [39].

The sex distribution of patients with VL from 2014 showed that 56.5 % (214
cases) were male whereas 43.5 % (165 cases) were female across Bangladesh.
Many studies [4, 5, 15, 35, 39, 91, 117] have also demonstrated that the incidence is
higher among males than females, which is believed to be related to sex inequity
due to the tendency of female patients with VL not to seek help with heath issues
[64], which is also related to societal structures and attitudes towards women [4, 5].
This tends to lead to a high case-fatality rate among adult women. However,
Ferdousi et al. [39] did not find any association between VL incidence and sex.
A plausible explanation of the higher incidence of VL in males is that, according to
this study, men keep the upper part of their body exposed and wear fewer clothes
than women during summer in the countryside, which could make them more
vulnerable to Leishmania donovani bites.

Fig. 19.3 Monthly number of kala-azar cases from the national surveillance data in 2014
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19.3 Future Vulnerability of Bangladesh to VL

Despite the fact that Bangladesh contributes only 0.4 tonnes per capita of CO2 to
global greenhouse emissions [114], far below the regional figure, it would never-
theless be one of the worst affected countries in the world by climate change [81].
Among other sectors, public health is regarded as one of those most affected by
global environmental change [89], and the risk to human health will be greater than
thought previously [29, 98].

Although climate is a key factor, it is not the only determinant of the incidence
of disease in an area. Other factors such as ecological change, socioeconomic
development, and public health infrastructure influence the public health effects of
climate change [45, 49, 71]. Disease agents, human hosts, and disease vectors are
all linked in a multifactorial relationship to the environment, therefore, any changes
in the coupled human and natural systems may result in the outbreak of disease [26]
in which climate modification by human activities plays a significant role [58, 84].
For example, deaths from heat stress during the 2003 heatwave in Europe were the
result of human-induced climate change [105]. Similarly, development of the nat-
ural environment for irrigation purposes may drive an increase in vector population
and disease [26]. Although a growing body of literature has clearly described how
human activities can drive rapid ecological change [6, 67, 88] and the emergence of
disease, there is still a paucity of evidence linking environmental change and the
emergence of diseases (such as VL) [33]. However, alternative explanations
between environmental change (e.g., land use change, shift in demographic profile,
habitat fragmentation, etc.) and the incidence of vector and parasitic borne diseases
are plausible. Environmental change may, therefore, affect the incidence of VL both
directly and indirectly, and the consequences could have serious implications since
Bangladesh is a low income country. Direct impacts include changes to climate
variables (e.g., rainfall), whilst an indirect impact can result from crop failure due to
climate change leading to malnutrition and an increased disease vulnerability of the
population. The following sections explain some of the direct and indirect factors
that may affect geographical distribution and incidence of VL in Bangladesh under
conditions of environmental change.

19.3.1 Climate Variability

One of the obvious mechanisms by which the incidence of a disease, either vector
borne or water borne, and its distribution, could intensify would be an increase in
global average temperature. The Fifth Assessment Report by the IPCC [58] states
that since 19th century the global average temperature has increased, with com-
bined land and ocean temperature data showing a warming of 0.85 °C over the
period of 1880–2012. It is estimated that, by the end of this century, the global
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average temperature will have increased by between 1.4–5.8 °C [56]. As diseases,
particularly vector-borne infections, are sensitive to weather conditions, a small
change in temperature can shift seasonality, transmission patterns, and geographic
distribution. For instance, the pattern of cholera in Bangladesh is found to vary with
climatic fluctuations and sea surface temperatures, El Nino/Southern Oscillation
(ENSO) phenomenon, and the extent of flooding [65]. However, the relationship
between climate change and disease may be scale dependent as Sultan et al. [106]
have shown that at a small scale the correlation is weak, because of other local
factors, but at a large spatial scale long term climate change affects seasonality as
well as transmission pattern. The nature of the vector populations in an area is also
dependent on the aggregation of temperature, rainfall, humidity, and solar radiation
[111]. Hence disease dynamics are likely to be affected by a climate-induced shift in
phenology and species movement [23]. Because the transmission of many parasitic
diseases is confined to the rainy season, changes to the length of rainy and dry
seasons, together with changes to the interval between seasons, would affect larvae
and adult vector development and abundance [82].

Shahid [99] showed that the average, mean maximum and mean minimum
temperatures of Bangladesh are increasing at a rate of 0.103, 0.091, and 0.097 °C,
respectively, per decade. Another study indicates that seasonal variations in tem-
perature will be higher in winter than in summer, suggesting a 1.3 °C increase in
winter and 0.7 °C in summer for 2030 [3]. As far as rainfall is concerned, it is
estimated that annual and pre-monsoon rainfall are increasing at the rate of 5.53 and
2.47 mm per year, respectively [99]. Likewise, the number of heavy precipitation
days is expected to increase [100]. The sand fly vector appears to be climate
sensitive and thrives in a temperature range of between 7–37 °C with a relative
humidity of above 70 % [80]. A recent study examined the relationship between
VL cases and temperature and humidity in 2 endemic areas of Bangladesh, which
showed a strong correlation between VL incidence and both mean maximum
temperature and annual mean relative humidity in the Fulbaria upazila in
Mymensingh district (the most endemic site in Bangladesh), whereas in the Santhia
upazila in Pabna district, annual average humidity was found to have a strong
relationship with the incidence of the disease [9]. Though it is not conclusive, the
recent western migration of VL cases in India is believed to be driven by climatic
warming [16]. If temperature increases and rainfall regime changes as a result of
climate warming then there would be a significant effect on the vector populations,
as rainfall helps to increase in relative humidity and alterations of temperature could
support longevity of the vector and transmission of the disease (Molineaux and
Gramiccia 1980 cited in [33]). Although the ENSO is a naturally occurring event
and has wide range consequences for weather around the world [66, 95], an
increase in VL incidence was observed in Brazil [42] to be related to ENSO’s
influences. This sort of study is scarce in the Indian subcontinent and could enhance
understanding of the relationship between VL and climatic warming.
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19.3.2 Extreme Events

Changes in climate parameters may also modify the frequency and intensity of
climate extremes [17, 57] and studies have shown that extreme weather events have
profound impact on infectious diseases such as VL [84]. Because more frequent
extreme weather events are expected in coming years in the region [98], changes to
the potential incidence, seasonality, and geographic range of parasitic borne diseases
might cause those diseases to migrate to areas that were previously free from
infection [73]. For example, increased rainfall under climate warming could lead to
more devastating floods and an increase in waterlogged areas in Bangladesh, and
therefore affect vector distribution. For example, Mirza [77] predicts that the max-
imum change in mean flooded areas would occur with an increase in mean annual
temperature of between >0–2 °C in relation to the increase in peak discharges of the
Ganges, Brahmaputra, and Meghna rivers. He further states that for each degree of
warming, the flooded area would increase by about 0.44–0.55 � 106 ha which may
have direct and indirect effect on all insect-borne diseases like leishmaniasis.
Mukhopadhyay et al. [79] examined the effect of flooding on sand flies in a
flood-prone VL endemic village in Bihar, a highly endemic area of the Indian
Subcontinent, and concluded that during floods larvae were found in earth scrapings
as high as 90 cm up house walls and after floods they returned to ground level. This
means flooding has an adverse effect on breeding sites; sand flies are compelled to
escape upwards to find a suitable place for the survival. Although some of the health
outcomes associated with extreme weather events to a larger extent are now clear
(e.g., effect of heat waves and the impact of floods on water borne diseases), little
exploration of the extent to which extreme events might affect the activity of
Phlebotomus argentipes has been done. This question requires further investigation.

19.3.3 Sea-Level Rise

Owing to low lying land on a relatively unstable deltaic plain, Bangladesh’s coast is
under serious threat of sea level rise induced by global environmental change. Rises
in sea level may have 3 potential adverse effects on Bangladesh, as follows:
(i) increase in soil and water salinity through inundation; (ii) loss of land; and
(iii) displacement of people, all of which will have devastating consequences to
public health. Although precise estimation is not available, a study shows that the
rate of sea level rise is significantly higher along the western part of the coast [86].
In another study, Hossain et al. [52] report that the mean tidal level is increasing
between 6.0 and 7.8 mm per year at Char Changa and Cox’s Bazar stations,
respectively. They further indicate that if sea level rises by 100 mm and 300 mm
then 2 % (2,500 km2) and 5 % (8,000 km2) of the land, respectively, will be lost,
although this estimate is contentious [21]. Apart from land loss, sporadic coastal
flooding will be another concern since a study indicates that brackish water induced
by coastal flooding is conducive to the abundance of vectors breeding [74].
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Bhuiyan and Dutta [18] used a hydrodynamic model to show that coastal inun-
dation will increase many fold with a 59 cm rise in sea level along the western
coastal zone of Bangladesh. An increase in groundwater salinity may lead to a
shortage of freshwater supply and subsequent loss of crop production, which would
have significant localised public health effects. Further coastal inundation may
convert freshwater habitats into salt marsh areas that may support increased vector
activities. Population displacement caused by sea level change also often leads to
nutritional, physical, infectious disease, and mental health risks [73].

19.3.4 Human Movement

Increased human movement is likely to introduce “pathogen pollution” [28] in new
areas, which in turn drives the emergence of infectious diseases. Because of massive
migration from southern Sudan to northern Sudan as a result of the civil war in the
late 1990s, an outbreak of VL occurred that was possibly attributed to a combination
of the introduction of the parasite from an endemic area to a non-immune population
and ecological changes favourable to the sand fly vector [119].

Climate induced coastal inundation could displace as many as 10–30 million
people in Bangladesh [54], which may have a number of negative consequences on
public health in terms of disease distribution, immune status, and fatalities.Moreover,
internal migration could also lead to the occurrence of VL. If seasonal migration, for
instance, from an endemic area occurs during the transmission season to another area
which is free from infection, it implies that both areas are likely to be affected by the
disease. Maroli et al. [70] demonstrate that sand fly diffusion and density could
increase due to human migration. Because neighbouring districts of India have high
rates of VL incidence, population movement across borders for business, travel, and
cultural purposes are likely to increase the risk of VL in Bangladesh in the future.
Desjuex [30] showed that cross border migration is an important risk factor in
transmitting VL to the Nepalese Terai region from India. In 1862, the disease was
introduced into (the then) Dacca district of Bengal by the crew of a country boat who
travelled from the upstream inland port of Jageer on the Dhaleshwari River [48]. In
addition, bordering regions with high endemicity of climate sensitive diseases may be
at greater risk under a warmer climate [84]. Hence, there remains huge potential to
examine how human migration, particularly internal movement in response to envi-
ronmental change, could affect future distribution of VL in Bangladesh.

19.3.5 Land Use Change, Population Pressure and Habitat
Fragmentation

Land use change appears to have cascading effects both on climatic change and on
the spread of various infectious diseases [40]. Rapid changes in land use due to an
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ever increasing population are a major factor causing habitat fragmentation, urban
sprawl, and loss of biodiversity in Bangladesh. While land use/cover changes might
affect the risk of parasitic disease, there is strong evidence that urban sprawl sub-
stantially alters local microclimates and leads to a decline in biodiversity through
habitat fragmentation, degradation of soil and water, etc. [87]. Habitat fragmenta-
tion results in small patches that often do not have adequate prey for predators, and
consequently prey species increase at the cost of the extinction of local predator
species [83]. In addition, agricultural activities can also lead to habitat fragmenta-
tion through the “edge effect” that eventually promotes interaction between
pathogens, vectors, and hosts. This edge effect is found to be associated with Lyme
disease in the US [43].

Clearing of forests and the expansion of human settlements into cleared forest
patches can magnify the activity of vector borne disease and may alter ecological
niches that provide a favourable environment for vectors and parasites. For
example, the increase of leishmaniasis in some parts of Latin America has been
linked to deforestation [82], while an increase of forest edge areas associated with
deforestation led to the introduction of leishmaniasis into the Brazilian Amazon
[46]. By the same token, expansion of human settlements to newly cleared areas
may lead to disorganised occupation of new areas with new settlers having reduced
immunity [85]. In the longer term, land use change or forest clearing for resource
extraction can result in drought leading to malnutrition and increased vulnerability
to a wide range of fatal diseases [38]. Because South Asian countries, particularly
India and Bangladesh are experiencing rapid population growth, environmental
changes due to increased human activities such as reduction of fallow lands,
intensification of agricultural activities, and encroachment onto vegetative surfaces,
etc., may lead to greater environmental change in the region, which obviously could
contribute to changes in the vector community, their abundance, and their
behaviour.

As mentioned earlier, Bangladesh is one of the most densely populated countries
in the world. Because proximity to an existing VL case has been found to be a
significant risk factor in endemic areas, in addition to other risk factors [15], larger
household size as well as denser human settlements may have an impact on the
incidence of disease. However, Barnett et al. [12] suggest the opposite, which
warrants further investigation.

19.3.6 Water Control Works

Various types of seasonal and perennial water bodies exist on the floodplains of
Bangladesh, which have supported the livelihoods of millions since time
immemorial. As flooding is a serious problem in Bangladesh, to date 12,850 km of
embankments (including 7,500 km of embankments along the major rivers),
25,580 km of drainage channels, and 4,190 sluices/regulators have been con-
structed across the country [32, 63], constituting around 30 % of the country’s total
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land area [50]. These water control works have created conditions that are con-
ducive to VL as shown by the work of Emch [37] and ISPAN [59, 60]. Although
the mechanisms are not fully clear, a reasonable explanation is that although floods
have the ability to wash away organic matter and larvae sites, this is impeded by
water control works that evidently facilitate larval development and breeding of
sand flies [59]. As a result, the probability of VL infection among people living
within or close to an embankment is significantly higher than people living outside
of the embankment [30] due to differential dispersion of Phlebotomus argentipes
larvae breeding sites by floodwaters [37]. Land use changes coupled with climate
warming may induce more flooding through intensified precipitation and more
numerous rainfall events—all of which will create the humid environment required
for sand fly larval development. Flood control works may act as a catalyst to VL
incidences in many parts of Bangladesh, particularly in areas prone to seasonal
flooding. Further study is therefore required to investigate the relationship between
flood control schemes and adverse health outcomes because flood control structures
are believed to alter the ecological environment of an area [37]. In addition, the
construction of roads, dams, riverine pools, or artificial logging areas can also have
detrimental effects on the ecological environment.

19.3.7 Poverty and Malnutrition

Several studies from South Asia [2, 5, 15, 19, 92, 94] indicate that VL dispro-
portionately affects those marginalised segments of the society whose income is less
than $1/day [8]. This is believed to be one of the major risk factors among many,
causing high morbidity and mortality [107], and an important barrier for eliminating
the disease from hyperendemic areas such as the Indian Subcontinent [108]. For
example Sharma et al. [101] show that VL treatment causes a major economic
burden in affected families, and probably because of this most female patients are
left untreated [5]. Badaro et al. [10] remarked that the classic infection gradually
progresses to severe disease because the host’s ability to control the infection is
reduced by malnutrition and poverty.

Poverty and malnutrition may directly or indirectly affect the disease. For
example, malnutrition is responsible for immune dysfunction before infection occurs
and therefore acts as a predisposing factor to leishmaniasis in a human population
[22]. Although Bangladesh has made significant progress in reducing the number of
poor people from 63 million people in 2000 to 47 million in 2010 [113], rates of
malnutrition are still among the highest in the world [41]. Due to differences in the
prevalence of poverty, undernutrition, and exposure to improvised environments, the
rate of VL is higher in Fulbaria upazila, which is the most endemic area in
Bangladesh. The relationship between poverty and VL incidence has been observed
by many case control studies [20] that unequivocally indicate that a single VL case in
a family puts a considerable economic burden, with the largest cost driver being the
loss of income due to illness. Another issue that has been brought to light by a recent
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study [55] is that socioeconomically poorer tribal communities are at greater risk of
VL compared to other local people. This study also identifies co-infection of VL and
tuberculosis—obviously a new phenomenon for Bangladesh. Because global
warming is expected to bring changes in agricultural production due to changes in
climatic variables [99], proper measures need to be taken to minimise the uncertainty
of climate change on public health. Alvar et al. [7] have shown that the incidence of
VL has reduced where living standards have improved and proper nutrition is
believed to mitigate the progression to fatal VL [22].

19.4 Public Health Strategies

As described earlier, global environmental change has the potential to overwhelm
the ecological and societal systems that in turn are likely to affect the incidence,
seasonal transmission, and geographic coverage of VL in Bangladesh. As Smith
et al. [103] pointed out, official statistics in some countries, including Bangladesh,
are so inconsistent in quality and coverage that it is difficult to come to a definite
conclusion about health trends. Although some improvement in Bangladesh in
terms of recording, surveillance, and diagnosis of other diseases, such as cholera,
has been shown, VL detection and recording is still very inconsistent. As a result, it
is difficult to predict the conditions under which climatic shift will shape host and
pathogen evolution [6] in the coming years. It can however be said that ongoing
modification of the environment, with increasing demand of resources such as food
and energy will definitely cause a ‘domino effect’ that is likely to considerably
increase the health burden above the current level.

19.4.1 Vector Control and Management

Vector control is an effective strategy for reducing the incidence of VL and, if
applied correctly, could potentially eliminate VL from the Indian Subcontinent
because the disease has unique epidemiological features [62]. Although integrated
vector management is one of the 5 pillars of the South Asian elimination initiative
[115], there remains some challenges [24, 93]. Indoor residual spraying (IRS),
insecticide-treated nets (ITNs), and stoppage of wall and floor cracks are imple-
mented in Bangladesh, Nepal, and India as part of the environmental vector
management (EVM) of the VL elimination program [62]. A study conducted to
examine their efficacy in the Mymensingh district of Bangladesh showed that mud
plastering of wall and floor cracks did not have any impact, while IRS and ITNs
were effective in reducing vector density by 70–80 % up to 5 months after inter-
vention [24]. However, vector density rebounded 11 months after IRS treatment,
whereas households with ITNs continued to show lower vector density. Another
study [68] suggests that IRS may be suitable for low and medium endemic settings
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but additional intervention is required in highly endemic settings to achieve the
target of elimination. These measures could lead to an immediate reduction in
vector populations, but effective strategies and operational research is needed to
adequately control the vector [62]. Another issue can be the identification of the
exact terrestrial sites of sand fly habitat, which are largely unknown; DDT spraying
under the malaria control program supressed the incidence of VL in the Indian
subcontinent during the 1960s–1980s, but this could have been coincidental [93].
There have been various experimental trials to control vectors but none have had
enough success to be able to inform public health groups on suitable approaches to
effectively control sand fly vectors [93]. Hence, a microenvironmental study
involving satellite data, climatic records, and other geographic information could be
useful in providing support for the effective management of sand fly vectors in
Bangladesh and elsewhere.

19.4.2 Surveillance System and Social Factors

One of the first and crucial steps in reducing the VL burden is early diagnosis and
treatment of cases [76, 104], which currently appears to be unsatisfactory, particu-
larly in Bangladesh [64]. Almost all case-control studies, conducted in the Indian
Subcontinent, clearly emphasise the needs of early case detection to keep the burden
of the disease at an acceptable level. Although the rK39 test is used for early case
detection in India and Nepal as part of the elimination initiative, for instance, this is
largely absent in Bangladesh [62]. Under the Bangladeshi government’s existing
passive surveillance system around 50 % of VL cases are not detectable due to
considerable complexity in the system and factor such as lack of resources and
variation in staff experience [91]. In addition, tribal ethnic population seems to be at
higher risk of death as many VL patients never visit to hospital for proper healthcare
[55]. Therefore, the national VL elimination program needs to be strengthened to
detect cases early and refer them for early treatment, perhaps the accelerated active
case detection (AACD) method [64] could be useful in this regard. In addition,
geotagging of cases would help identify microenvironmental factors influencing the
incidence of VL. This type of study has yet to be carried out in Bangladesh.

Apart from the problem with the existing surveillance system, the
healthcare-seeking behaviour of VL patients in the Indian Subcontinent is highly
spatially variable [7] because it is determined by sex and socioeconomic status. This
is again influenced by the remoteness of case locations [52], accessibility to health
facilities [5, 55] and cost of treatment [4, 101]. Out of these, high out-of-pocket
expense of treatment may lead to further impoverishment as suggested by Sharma
et al. [101]. In addition, there appears to be a lack of uniform diagnostic facilities in
upazilas that are considered endemic. Although considerable recent progress has
been made towards reducing VL burden, improving the healthcare system together
with political commitment is essential to generate credible information on VL cases,
vector distributions, and habitats.
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19.4.3 Public Awareness

Local action such as increasing public awareness could be taken to reduce the
vulnerability of poor communities, located in endemic areas. Although this may vary
from locality to locality, taking prevailing socioeconomic conditions and available
resources into consideration this will surely help in eliminating the disease. Medley
et al. [76] emphasise the importance of maintaining population and healthcare
system awareness to reduce the burden of the disease. Because communities are
willing to take collective action to confront the problems it causes, involving
communities to supplement effective treatment and early case detection may be an
important strategy for the country [4]. An example of this is the Government of
Bangladesh initiative that involves communities to raise awareness about the signs
and symptoms of dengue, and made the community participate in controlling
mosquito breeding sites during the 2000 dengue outbreak in Dhaka [53].

19.5 Conclusion

The objectives of this chapter were to review the past and present epidemiology of
VL in Bangladesh. The potential effect of global environmental change on VL was
also reviewed based, primarily, on existing research. Despite the fact that the
incidence of VL progressively declined between the 1960s and 1980s due to
household spraying of DDT, a resurgence occurred in the 1990s. It is evident from
this work that global environmental change could shift the seasonality, geographic
range and the transmission dynamics of VL in Bangladesh, and extreme weather
events may introduce additional outbreaks. Vector-borne disease is highly influ-
enced by both meteorological parameters and local factors. Because environmental
degradation caused by both depletion and degradation of environmental resources
will exacerbate the situation, a correlation between high incidence and global
warming is assumed.

Currently, the disease is receiving more attention in the light of the regional
elimination program. However, in the absence of modern surveillance system that
involve both early detection and early treatment the disease may continue to
re-emerge. To lower the incidence, we believe that social factors are also important.
Hence increasing public awareness could be an important strategy that can reinforce
the regional elimination program, otherwise demographic changes, introduction of
roads, dams and flood control works may overwhelm the present initiative.
Multidisciplinary research involving people from social, ecological, health and
physical sciences is therefore essential to aid in determining vector ecology, and the
microenvironmental factors that account for disease outbreaks. In short, to trans-
form knowledge to actual mitigation actions in endemic areas, socioeconomic,
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disease occurrences and environmental information should be integrated through
spatial analysis that could enable landscape-based modelling and risk mapping.
Further, prevention strategies may include micro, macro, and meso scale planning.
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Chapter 20
Drug Safety Monitoring for Liposomal
Amphotericin B

Eisei Noiri and Kosuke Minami

Abstract Liposomal amphotericin B is now the key drug for disease control of
visceral leishmaniasis, also known as kala-azar, in the sub-Indian continent.
However, a number of generic products are currently available. Compared that for
with other chemical compounds, liposomal formation is a crucial process for
appropriate drug delivery in this particular medicine. We recently received isolated
clinical findings after treatment using one generic product of liposomal ampho-
tericin B from an endemic area. Herein, we report the different characteristics of
generic products of liposomal amphotericin B to the genuine brand product. The
size of the liposomal particles of the generic product is not uniform and far from the
expected drug delivery and toxicity values. This review introduces a potential
inspection approach for when policy makers adopt generic liposomal amphotericin
B products into their own country.

Keywords Particle dispersion � Potassium � Electron microscope � Drug toxicity

20.1 Introduction

Amphotericin B (AMPH-B) belongs to the polyene macrolide group of antibiotics
and is often prescribed to treat fungal and parasitic diseases. AMPH-B binds to
ergosterol, a component of fungal and parasitic cell membranes, and increases
permeability of the membrane to cause fatal injury. Ergosterol is ubiquitously
expressed in the cell membrane of fungus and parasites, and therefore provides
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broad anti-spectrum treatment against fungus and parasites. But in higher con-
centrations, AMPH-B can bind to cholesterol, a key component of mammalian cell
membranes, which can often cause injuries, and prevents long term use because of
side effects. To reduce these side effects, a formulation of AMPH-B with a lipid
complex has been examined and it was found that phospholipid bilayers are able to
hold AMPH-B for a longer time. Liposomal AMPH-B enables suitable drug
delivery to fungal ergosterol without causing cellular damage of mammalians.

The physicochemical properties of liposome are diverse and based on different
phospholipids and methods of adjustment. Liposomal AMPH-B (L-AMB,
AmBisome® [Gilead Sciences]) features the combination of a molar ratio at 2
(hydrogen added soybean phospholipid): 1 (cholesterol): 0.8 (distearoyl phos-
phatidylglycerol [DSPG]): 0.4 (AMPH-B) referring the content rate of AMPH-B,
physicochemical stabilities, and mammalian toxicity. Table 20.1 demonstrates the
suitable ratio findings. The conditions to reduce toxicity are (i) the occupancies of
cholesterol should be more than 25 % of the lipid contents, (ii) DSPG is a
preferable long-chain fatty acid to dilauryl phosphatidylglycerol, and (iii) a molar
ratio between DSPG and AMPH-B of 2:1 for better holding. L-AMB is more
preferentially distributed to the infectious site. The diameter of L-AMB is ca.
100 nm, which is not filterable from endothelial fenestration, including glomerular
endothelial cells. But L-AMB could be easily liberated from the infectious vessel
because of the wider fenestration induced by inflammatory cytokines; thus it is site
selective compared with AMPH-B.

AMPH-B and L-AMB are preferred visceral leishmaniasis (VL) treatments on
the Indian subcontinent, and L-AMB is now more often used after the positive
report of a single dose L-AMB strategy in India [1]. We report on different patient
conditions after L-AMB treatment from 2 different companies, one from Gilead
Sciences and the other a generic product from an Indian pharmaceutical company.
Both L-AMB products were prepared by strictly following the manufacture’s
protocol. All the drugs for VL are legally controlled by the Centers for Disease
Control. The potential side effects by AMPH-B and L-AMB are summarized in

Table 20.1 Molar ratio of L-AMB and in vivo toxicity. The molar ratio of AmBisome® is
superior to other combinations

Molar ratio LD50 in mice (mg/kg)

HEPC:DSPG:AMPH-B 2:0.8:0.4 <20

HEPC:Chol:AMPH-B 2:1:0.4 <20

HEPC:Chol:DSPG:AMPH-B 2:1:0.4:0.4 <25

HEPC:Chol:DSPG:AMPH-B 2:1:0.8:0.4 >30

HEPC:Chol:DLPG:AMPH-B 2:1:0.8:0.4 <20

AmBisome®

HSPC:Chol:DSPG:AMPH-B
2:1:0.8:0.4 >50

Chol cholesterol, HEPC hydrogenated egg-phospholipid, HSPC hydrogenated soy-phospholipid,
DSPG distearoyl phosphatidylglycerol, DLPG dilauryl phosphatidylglycerol
This table was slightly modified from the manuscript described by Adler-Moore JP, et al.
(J. Liposome Research 3:429–450, 1993)
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Table 20.2 referring to the report from Walsh et al. [2]. The side effects listed are
mostly resolved soon after finishing the therapy. After starting one particular
generic L-AMB treatment in the endemic area of Bangladesh, the incidence of
dyspnea was reportedly increased and temporal convulsion was occasionally seen
during infusion. Even worse, relapse cases became more common when this generic
was prescribed. Herein, we describe the comparative study of 2 L-AMB drugs;
AmBisome® [Gilead Sciences] and the other a generic product from an Indian
pharmaceutical company (herein anonymously called FunBisome). The name
FunBisome has not been a proprietary product name until today.

20.2 Particle Size Analysis

The particle size was examined using transmission electron microscope (TEM) to
compare AmBisome and FunBisome. Figure 20.1 exhibits the TEM images and
found that the liposomal particle size was considerably more uniform in
AmBisome® and the average diameter of liposomal particles was 125 nm deter-
mined by dynamic light scattering (DLS) analyses. In Fig. 20.2, the poly dispersity
index (PdI) of AmBisome® was 0.226. But, the liposomal particles of FunBisome
were often large and not uniform. The average diameter of FunBisome liposomal
particles was 206 nm and the PdI was 0.434. As seen at the arrow of Fig. 20.2,
there are many larger diameter liposomal particles, out of range of the particle
dispersion analysis, even after the manufacture’s preparation method of FunBisome
was followed. This generic product showed a huge size dispersion. It is well known
that the diameter of a pulmonary capillary is around 5.5 lm. A small numbers of
the liposomal fragments might interact with the pulmonary capillary endothelium

Table 20.2 Occurrence of adverse events with AMPH-B or L-AMB

Adverse events L-AMB
(n = 343)

AMPH-B
(n = 344)

P value

Infusion-related reactions

Fever following infusion (increase of ≧1.0 °C) 58 (16.9 %) 150 (43.6 %) ≦0.001

Chills or rigors 63 (18.4 %) 187 (54.4 %) ≦0.001

Nausea 42 (12.2 %) 35 (10.2 %) NS

Vomiting 21 (6.1 %) 28 (8.1 %) NS

Dyspnea, hypotension, hypertension, tachycardia,
diaphoresis, and flushing

57 (16.6 %) 82 (23.8 %) ≦0.05

Serum creatinine during therapy

>1.5 times baseline 101 (29.4 %) 170 (49.4 %) <0.001

>2.0 times baseline 64 (18.7 %) 116 (37.7 %) <0.001

Hypokalemia ≦ 2.5 mmol/L 23 (6.7 %) 40 (11.6 %) ≦0.05

Hepatotoxicity 61 (17.8 %) 70 (20.3 %) NS
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and interfere with alveolar gas exchange, though the average diameter of
FunBisome particles is far below that size. In addition, FumBisome consists of a
small number of liposomes and does not have high enough numbers of the correct
sized liposomal particles (approx. 100 nm). Therefore, it is unlikely FunBisome can
properly be delivered to the infection site because its size is much larger than the
fenestration of the endothelium. TEM clearly demonstrates the characteristics of the
poly-layer liposomal particle wall of the generic product, FunBisome. Conversely,
AmBisome® clearly demonstrates its bilayer particles with 100 nm diameter in
TEM.

20.3 Potassium Release Assay

AMPH-B has the potential to bind to cellular membrane cholesterol in higher
concentrations. The convenient way to examine this potential toxicity is to utilize
red blood cell (RBC) membranes. If the toxicity of AMPH-B increases, potassium
will be released from RBC due to cell membrane damage by AMPH-B. L-AMB is
superior to AMPH-B and presumably can be applied to RBC in higher concen-
tration without causing potassium release. Five milliliters of human blood was

100 nm

100 nm

AmBisome®

Generic Product

Fig. 20.1 Comparison of
L-AMB on TEM images.
TEM: transmission electron
microscope. Generic product
was discussed as FunBisome
in the text
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Average 
Diameter

125 nm 206 nm

PdI [0-1.0] 0.226 0.434

Fig. 20.2 Comparison of L-AMB on particle size dispersion by DLS analyses. PdI: poly
dispersion index. Average diameter is Z-average. Generic product was discussed as FunBisome in
the text. Of note x-axis is logarithmic scale
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drawn by syringe and transferred to an EDTA-2Na tube. The blood was centrifuged
and the plasma removed. Then sufficient PBS was applied to the RBCs for washing
purposes and removed after centrifugation. The RBC were dissolved in 5 mL of
MEM. The same numbers of RBC were seeded to each well of a 96-well plate and
kept in a CO2 incubator overnight after adding the different concentrations of
L-AMB. Figure 20.3 shows the result. When the concentrations of L-AMB
increased, the increase of potassium was seen mostly in the generic product,
FunBisome. Conversely, AmBisome® showed virtually the same level of potassium
within the dosage range of 1–500 lg/mL. Patients with severe VL often exhibit
severe anemia and the prescription of FunBisome will exacerbate this condition,
which is clearly life threatening.

20.4 Conclusion

L-AMB is becoming the key drug to treat VL. Our data show the significant
negative characteristics of the generic product, FunBisome. FumBisome will
exhibit different drug delivery and toxicity from AmBisome®, and this is also
supported by reports from the Bangladesh endemic area of different clinical findings
after the treatment. It may be that not all generic products of L-AMB demonstrate
these significant problems but we recommend policymakers and stakeholders
investigate these drugs thoroughly using the methods demonstrated previously.
This is because liposomal particle formation is a delicate pharmaceutical process
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Fig. 20.3 Potassium release assay of L-AMB using human RBC. Drawing blood once transferred
to an EDTA-2Na tube was centrifuged and the plasma was removed. Then sufficient PBS was
applied to the RBCs for washing purposes and removed after centrifugation. The RBCs were then
dissolved in 5 mL of MEM. The same numbers of RBCs were seeded to each well of a 96-well
plate and kept in a CO2 incubator overnight after adding the different concentrations of L-AMB.
The control received vehicle only. Potassium level was demonstrated as the percent increase of the
control level
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and there is a need to carefully adhere to the established protocols. Of note, drug
delivery of generic products is out of 505(b) for a US analogy. It is a concern that
prescription of faulty generic products instead of AmBisome® is occurring because
the earlier mentioned differences can cause potential injury to patients and fur-
thermore insufficient drug delivery will often induce treatment failure and relapse.

References

1. 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.

2. Walsh TJ, Finberg RW, Arndt C, Hiemenz J, Schwartz C, Bodensteiner D, Pappas P, Seibel N,
Greenberg RN, Dummer S, Schuster M, Holcenberg JS. Liposomal amphotericin B for
empirical therapy in patients with persistent fever and neutropenia. National Institute of Allergy
and Infectious Diseases Mycoses Study Group. N Engl J Med. 1999;340(10):764–71.

20 Drug Safety Monitoring for Liposomal Amphotericin B 255



Chapter 21
High Resolution Mapping of Kala-Azar
Hot Spots Using GPS Logger and Urinary
Antibody Measurements

Bumpei Tojo, Makoto Itoh, Mohammad Sohel Samad,
Emi Ogasawara, Dinesh Mondal, Rashidul Haque and Eisei Noiri

Abstract The findings of the epidemiological study about visceral leishmaniasis
(VL), also known as kala-azar, in Bangladesh performed under the JICA/SATREPS
project during the period of 2011–2015 is introduced in this chapter. Through the
study of this project a new diagnosis technique was developed that allowed for urine
to be usable for the detection of the VL infection. Specifically, we devised a method
that could make a highly precise distribution map of the urine antibody value for the
VL protozoan. There is a possibility that this high resolution map of the VL endemic
foci (hot spot) may contribute to the active surveillance or vector control of VL.

Keywords Urine-based mass screening for VL � Visceral leishmaniasis �
rKRP42 � GPS logger � GIS � Infection map � Hot spot analysis

21.1 General Background

In the report of the Centers for Disease Control (CDC), there are 16 visceral
leishmaniasis (VL), also known as kala-azar, endemic upazila from 2008 to 2013
where the incidence rate is greater than 1 per 10,000 people in Bangladesh. Trishal
is the second highest endemic upazila where the average incidence rate is 17.82 per
10,000 population in this period [1]. During 2011–2014, a total of 753 VL cases
were recorded at the Upazila Health Complex (UHC) of Trishal. Upazila is the
name of the administrative units in Bangladesh, and under each upazila there are
10–20 unions. Unions can be subdivided into more plural villages. The Trishal
upazila is constructed from 12 Unions, 159 villages.
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It depends on the population, but approximately 1–3 primary schools are gen-
erally established for every village, and the 200–300 students go to school from a
radius of around 1 km. According to the upazila map provided by the Local
Government Engineering Department (LGED), the total number of the primary
schools in the Trishal upazila are 118 (1 school per 1.3 villages). However, the
LGED map is incomplete, and each village actually has between 1–3 primary
school.

Magurjura, Harirampur and Chikna monohor (MG, HP, CM) School located in
the village in Trishal where the VL incidence was ranked high to middle were
selected as research targets (Fig. 21.1). The CM school was located in the CM
village of Trishal union, the HP school and MG school in the HL village and MG
village, respectively, of Harirumpur Union. The average VL incidence (2011–2014)
in Trishal was 4.27 (Median 1, Max 80, Min 0, Stdv 9.1). The incidence rank of
each research target village in Trishal is 3rd (MG: 36 cases), 10th (HP: 16 cases),
and 57–67th (CM: 2 cases).

21.2 Methodology

21.2.1 Urine ELISA

The procedure for producing the antigen and the method of ELISA were described
elsewhere [2–4]. Briefly, flat-bottomed 96-well microtiter plates (MaxiSorp,
Nunc, Denmark) were coated with 1 lg/mL rKRP42 antigen (100 lL/well) overnight
at 4 °C. After blocking with casein buffer (1 % casein in 0.05 MTris-HCl buffer with
0.15 MNaCl, pH 7.6) for 2 h at room temperature, thewells were loadedwith 100 lL
urine and incubated at 37 °C for 1 h. After washing with phosphate-buffered saline
(PBS; pH 7.4) containing 0.05 % Tween 20, peroxidase-conjugated goat anti-human
IgG (Tago, Camarillo, CA) diluted 1:4,000 with casein buffer was added and incu-
bated at 37 °C for 1 h. After washing, 2,2′-azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid) (ABTS)substrate (KPL Inc., Gaithersburg, MD) was used for
coloration. The optical density (OD) was measured at 415 nm, and an OD of 492 nm
was used as a reference. Each sample was assayed in duplicate; if the absorbance
values of the duplicates differed >40 % from their average, the sample was retested.
Antibody levels were expressed arbitrarily as units, which was estimated from the
standard curve constructed for each plate with serially diluted positive sera. The cutoff
value was 57.9 U. The cut-off point for anti-rKRP42 IgG was first calculated as the
mean plus 3 standard deviations (SD) of log (unit + 1) values of the non-endemic
healthy controls, and [antilog of (the mean + 3 SDs) − 1] was regarded as the cut-off
unit.
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21.2.2 GPS Logger and Student Housing Location Survey

A relatively inexpensive (per unit price less than 100 dollars) and small size GPS
logger model was chosen (GT-600, Mobile Action Technology). There is no
Internet upload function for acquired data; collected positional data (movement
course) are transferred to the PC through a USB cable connection. The logger has
waterproofing and also an automatic ON/OFF function of the power supply con-
trolled by the vibration sensor. When the setting is changed on a PC, the physical
key of the logger (ON/OFF of the power supply) is locked from use. Through these
functions it was possible to collect data from young schoolchildren without
difficulty.

The tracking log of these GPS loggers was displayed and the last arrival point of
the movement course of each student of the day was pinpointed on the geographic
information system (GIS). The tracking log stops automatically when a student
arrives at the home and parts with the logger. All of the positions of the houses of
each student were decided on a GIS map by the result of the overlay analysis
between the stop position of the tracking log and the high-resolution satellite image
(Google Earth).

21.2.3 Paperless Questionnaire Using a Tablet Device
and PDF

A standard function (questionnaire form making) of the Adobe Acrobat 11 standard
software was used, and the necessary number of electronic questionnaire forms
were prepared. These electronic questionnaire forms were transferred to a tablet
device, and the question items (full name, sex, school year, parents full name, past
VL medical history, and history of treatment) for each schoolchild in the screening
were recorded in this form (Fig. 21.2).

The unique Serial ID (GPS ID) of each GPS logger converted into a bar code
was printed on waterproof tape and affixed to the GPS logger. A bar code reader
was used when inputting the ID, including the urine specimen ID, on the electronic
form, to shorten input time while also removing human input error. As a result of
having a computerized questionnaire, the questionnaire input data could be trans-
ferred to a PC immediately after screening.
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21.3 Results and Discussion

21.3.1 Positive Rate of Target School

Three schools in Trishal upazila were surveyed, and the urine of 866 schoolchildren
was collected on August 2013 and March 2014. The rKRP42 antibody measure-
ment from urine using the ELISA was performed using the SKKRC laboratory
facility. As a result of mass screening, 5.3 % (n = 46) of positive students were
detected. In regards to the positive rate for each school, CM was 0.6 % (n = 2/344),
5.3 % for HP (n = 15/283), and 12.1 % for MG (n = 29/239) (Fig. 21.3). In CM,
where the incidence ranked only 57–67 of 159 villages, the number of
schoolchildren with extremely low (<10) antibody titers exceeded 90 %, and there
was not enough significance to determine spatial distribution of the antibodies.
Therefore, to map the urine antibody titer distribution, only 2 schools (MG and HP)
were selected.

After introducing this paperless registration, a few staff can handle around 300-400 students for
mass screening within 1 day.    

Fig. 21.2 Paperless registration and GPS logger distribution at mass screening. A standard
function (questionnaire form making) of the Adobe Acrobat 11 standard software was used, and
the necessary number of electronic questionnaire forms (using Tablet device) were prepared. The
unique Serial ID (GPS ID) of each GPS logger converted into a bar code was printed on
waterproof tape and affixed to the GPS logger. A bar code reader was used when inputting the ID,
including the urine specimen ID, on the electronic form, to shorten input time while also removing
human input error
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21.3.2 Accuracy of Student Location Data

For MG and the HP, the distribution of the GPS logger is carried out with the urine
collection for all students, and 522 log data are acquired. Field testing surveyed 138
(26.4 %) of 522 student locations, and positional data with a less than 5 m posi-
tional error was acquired using a GPS receiver (eTrex20, Garmin) for calculating
the error between the GPS logger based student location and their true location.
Except for 4 location data (error 8,171, 705, 608, and 382 m), the mean error was
31.8 m (median 24.7 m, 95 % confidence interval lower limit 27.1 m/upper limit
36.5 m of the mean) (Fig. 21.4). It might be said from this result that the estimation
of each student location using the GPS logger had the enough accuracy for geo-
graphical analysis.

IgG value MG HP CM

-10 157 (65.7%) 219 (77.4%) 329 (95.6%)

10-58 53 (22.2%) 49 (17.3%) 13 (3.8%)

58-1,000 26 (10.9%) 15 (5.3%) 2 (0.6%)

1,000- 3 (1.2%) 0 (---) 0 (---) 

IgG value
 (Unit) 

Fig. 21.3 Three schools in Trishal upazila were surveyed, and the urine of 866 schoolchildren
was collected on August 2013 and March 2014. The rKRP42 antibody measurement from urine
using the ELISA was performed using the SKKRC laboratory facility. As a result of mass
screening, 5.3 % of positive students were detected. In regards to the positive rate for each school,
CM was 0.6, 5.3 % for HP, and 12.1 % for MG
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21.3.3 Zone and Population Mapping of the Precinct

As a result of having distributed a GPS logger for the mass screening, the house
location distribution of schoolchildren (and family members) of MG or HP became
clear (Fig. 21.5). The residential area in Fig. 21.5 is a natural embankment dis-
tinguished from the neighboring low altitude zones. This boundary line was decided
by the visual distinction of the AVNIR-2 image (Fig. 21.6). In Bangladesh, this
belt-shaped natural embankment (it becomes a slight highlands rising several
meters above the neighboring area) has been developed as residential area.
Neighboring low altitude zones have poor drainage covered by flood water every
rainy season (Jun–Jul); the main land use of these lowlands is swamps and ponds
(waterbodies), or rice fields.

The precinct of MG occupies the central part of the MG village, and the HP
precinct occupies a part at the west end of the HP village. Both precincts occupy
about 1/3 of the whole village area (Fig. 21.6). Figure 21.7 is the population of MG
and HP village by population census [5]. The total population of both villages is

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

160.0

350 550 750 950 1150 1350 

GPSID 546,556,659,949 excluded: Each distance (n= 134) 

GPSID

Error (m)

Fig. 21.4 The positional information precision from the GPS logger. Except for 4 location data
(error 8,171, 705, 608, and 382 m), the mean error was 31.8 m (median 24.7 m, 95 % confidence
interval lower limit 27.1 m/upper limit 36.5 m of the mean)
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approximately 5,500, and the population of the primary school age (5–14 years old)
is 1,600–1,700 (approximately 30 % of the whole population). Furthermore, the
non-school attendance percentage of the 5–14-year-old age group in both villages is
35–37 % according to the census. It means the actual population of the student
(regularly attending the school) becomes 1,000–1,100. MG and HP schools include
an area of 1/3 of the village. Thus, the estimated number of the schoolchildren is
approximately 330 (in MG) and 360 (in HP). From this figure, it is calculated that
the schoolchild who joined this mass screening is 72.4 % (in MG) and 78.6 % (in
HP). The age of the population at the time of mass screening is not really the same
as the age of the population at the time of census data. However, this error is
ignored in this chapter. Each precinct population can be estimated as 1,376
(MG) and 1,555 (HP) from Fig. 21.5. It was equivalent to 25.2 % (MG) and
28.4 % (HP) of the total population of the village.

0 0.5 
Km 

(n=1,376) 
MG  

CD  

GB 

HP  
(n=1,555) 

Population size 

Persons 

Fig. 21.5 Zone and population distribution of MG and HP precincts. As a result of having
distributed a GPS logger for the mass screening, the house location distribution of schoolchildren
(and family members) of MG or HP became clear. The residential area in this figure is a natural
embankment distinguished from the neighboring low altitude zones. In Bangladesh, this
belt-shaped natural embankment has been developed as residential area. Neighboring low altitude
zones have poor drainage covered by flood water every rainy season
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Fig. 21.6 Residential area, waterbody, union and village boundary in target area. The precinct of
MG occupies the central part of the MG village, and the HP precinct occupies a part at the west
end of the HP village. Both precincts occupy about 1/3 of the whole village area
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21.3.4 Geographical Hot Spots of Urine Antibodies
for L. Donovani

As well as the data shown in Fig. 21.5, the distribution of the number of patients
with VL (included family members of schoolchildren) was mapped using ques-
tionnaire data (Fig. 21.8). The HP precinct is approximately equal to the MG

0 5 10 15 20 25 30 35 

0_9

10_19

20_29

30_49

50_59

60_

HP

Total Population: 5,475, Age 5-14 population: 1,675* (*Attending School = 1,102)

Age group

Percentage 

0 5 10 15 20 25 30 35 

0_9

10_19

20_29

30_49

50_59

60_

MG

Total Population: 5,468, Age 5-14 population: 1,602** (**Attending School = 1,011)

Age group

Percentage 

Fig. 21.7 Age population composition of MG and HP village according population census (2011)
[5]. The total population of both villages is approximately 5,500, and the population of the primary
school age (5–14 years old) is 1,600–1,700 (approximately 30 % of the whole population). The
non-school attendance percentage of the 5–14-year-old age group in both villages is 35–37 %
according to the census. It means the actual population of the student (regularly attending the
school) becomes 1,000–1,100. MG and HP schools include an area of 1/3 of the village. Thus, the
estimated number of the schoolchildren is approximately 330 (in MG) and 360 (in HP). From this
figure, it is calculated that the schoolchild who joined this mass screening is 72.4 % (in MG) and
78.6 % (in HP)
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precinct by area and population size. However, the incidence of VL has a gap of
approximately 4 times between HP and MG. In addition, though the spatial accu-
mulation of patients does not occur in the HP precinct, patients seemed to accu-
mulate on the western part of the precinct in MG.

Figure 21.9 mapped the result of the measurement of the rKRP42 antibody from
urine. The mapping values were converted into a logarithm, measurements were
spatially interpolated based on the inverse distance weighted (IDW) method. The
rKRP42 antibody positive data corresponds to the class after class 5 (value = 1.5–2)
on this distribution map. It is seen in Fig. 21.9 that class 5–7 is scattered from the
south part to the western part of the MG precinct. However, the HP precinct had little
distribution of these classes. Class 4 (antibody titer � 10) was widely distributed
over half of the bottom of the MG precinct. In the HP precinct, class 4 shows slight
distribution only at the border with the MG precinct (the west end).

(n=41) 

(n=10) 
HP  

MG  
CD  

GB 

Number of patients 
per family 

Patients 

0 0.5 
Km 

Fig. 21.8 The distribution of the number of patients with VL (included family members of
schoolchildren) was mapped using questionnaire data. The HP precinct is approximately equal to
the MG precinct by area and population size. However, the incidence of VL has a gap of
approximately 4 times between HP and MG. In addition, though the spatial accumulation of
patients does not occur in the HP precinct, patients seemed to accumulate on the western part of
the precinct in MG
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Figure 21.10 shows the space cluster of a meaningful high or low value statis-
tically using hot spot analysis (Getis-Ord Gi*) concerning the spatial distribution of
Figs. 21.8 and 21.9. In regards to the patient population distribution considered in
Fig. 21.8, the intensive outbreak cluster (hotspot) of the patients with statistical
meaningfulness was seen in only the western part of the MG precinct. However,
related to the distribution of rKRP42 antibody considered in Fig. 21.9, it was
observed that the hotspot was escalating around from the hotspot of the patient
outbreak. The hotspot of the rKRP42 antibody did not exist in the HP precinct,
instead it is observed that the distribution of the cluster of low antibody titer (cold
spot) is around the north side of the precinct. In other words, in the HP precinct, the
spatial distribution of positive schoolchildren emerged accidentally. However, it
appears clearly in the MG precinct that the hotspot of the patient outbreak becomes
the nucleus of the infection, the hotspot of the rKRP42 antibody positive gradually
transmitted to neighboring area. The differences of both precincts are more than the
difference of the simple positive rate.

HP

MG

CD

GB >1.76 
Positive

IgG value 
(=log (Unit))

0 0.5 
Km

Fig. 21.9 Spatial distribution of urinary antibody for L. donovani. This figure mapped the result
of the measurement of the rKRP42 antibody from urine. The mapping values were converted into a
logarithm, measurements were spatially interpolated based on the inverse distance weighted
(IDW) method. The rKRP42 antibody positive data corresponds to the class after class 5
(value = 1.5–2) on this distribution map. Class 5–7 is scattered from the south part to the western
part of the MG precinct. However, the HP precinct had little distribution of these classes
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21.4 Discussion

Visualizing the spatial distribution of the VL infection became possible by
urine-based mass screening targeting primary schoolchildren and creating a map
with a GPS logger. Vast resources (time, labor, and funds etc.) are usually required
for VL measures such as active surveillance or vector control. However, the highly
precise epidemiology map introduced in this chapter demonstrates that this
approach may aid complex VL measurements by providing information for deci-
sion making concerning the targeted area of choice and concentrations.
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Chapter 22
Geography and Reality of Kala-Azar
Endemic in Bangladesh, Analysis
Using GIS and Urine-Based Mass
Screening

Bumpei Tojo, Makoto Itoh, Shyamal Kumar Paul,
Mohammad Sohel Samad, Emi Ogasawara, Fumiaki Nagaoka,
Dinesh Mondal, Rashidul Haque and Eisei Noiri

Abstract In this chapter, a map of the endemic area of visceral leishmaniasis (VL),
also known kala-azar, was made using epidemiological data of the Upazila Health
Complex (UHC). The information from the UHC is very useful in understanding
and quantifying the changing geographical distribution of VL endemic areas.
A more detailed geographical distribution of the VL endemic areas are surveyed
using epidemiological data of a public hospital, the Surya Kanto VL Research
Center (SKKRC) in Mymensingh. We examined these 2 sources of geographical
information and discovered some interesting endemic hotspots. We also carried out
a urine specimen-based VL mass screening in these hotspots. Herein, we suggest
that mass screening in conjunction with epidemiological data from hospitals is
effective at population monitoring for the prevention of VL resurgence in existing
endemic areas, or for the discovery of new outbreak areas.

Keywords Upazila health complex � SKKRC � GIS � Endemic mapping � Mass
screening

22.1 Introduction

Phlebotomus argentipes, a species of sand fly 2–3 mm in length is the vector for
transmission of visceral leishmaniasis (VL) in Bangladesh. Because of its short
possible flight distance, it is said that the habitation radius of an individual sand fly
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is only several hundred meters. The geographical distribution of the VL endemic
generally has a space accumulation characteristic following the habitat of the sand
fly. The early detection of infected people (including asymptomatic individuals) in
outbreak locations and their appropriate treatment, along with early warning of the
expansion of infected areas through continuous monitoring, have become the basic
strategy to combat VL. In 2015, the annual number of cases of VL in Bangladesh
was 576. This number is less than 1/10 of the value reported 10 years ago. The
focus of disease control of VL has moved towards maintaining this low national
endemic level.

Although geographical information on the VL endemic is extremely important
for controlling the disease, details of disease distribution have not been thoroughly
researched in Bangladesh. The major source of information on the VL endemic
situation is epidemiological data from various public hospitals. Generally, patients
with VL are poor and from rural areas. Therefore, regional information on VL is
mostly handled through the Upazila Health Complex (UHC). The UHC is estab-
lished in each upazila, of which there are approximately 492 countrywide, and
which is the smallest unit of the public hospital system in Bangladesh. Thus, a
geographical grasp of the VL endemic distribution can be accurately determined if
the patient address is recorded exactly when a patient is registered in the UHC.

22.2 General Background

According to the recent report by the Centers for Disease Control (CDC), there are
16 VL endemic upazila from 2008 to 2013 where the incidence rate was greater
than 1 per 10,000 people. Fulbaria and Trishal are the highest endemic upazilas
where the incidence rates are 4 times (18.25 and 17.82, respectively, per 10,000
population) higher than any other endemic upazila [1]. These upazilas form the
largest part of the VL endemic region in Bangladesh (Fig. 22.1). In this chapter, we
focus on this endemic region as a research area. The total incidence rate for the
country ranges from more than 4000 cases from 1999 to 2009, to below 4000 in
2010. In 2011, 1501 VL cases were recorded at the UHC from 5 upazila (Fulbaria,
Trishal, Gaffargaon, Madhupur, and Ghatail) in this endemic region. It was about
59.3 % of the whole VL incidence (2533 cases) in this year.

The UHC is the lowest level of public hospital with 31–50 beds where medical
practitioners are assigned. The UHC is based in one place at each upazila. A total of
89 % (436) of upazila were covered by the UHC in 2014.

The Surya Kanto hospital VL Research Center (SKKRC) is located in the center
of the VL endemic areas. SKKRC is a part of the outbuilding (infectious disease
ward) of Mymensingh Medical College Hospital. Through the support of the
JICA/SATREPS project (Research and Development of Prevention and Diagnosis
for Neglected Tropical Disease, Especially VL, 2011–15), Icddr,b, and DNDi, it
was renovated as a research center for VL. Diagnosis and treatment of VL patients
were started in 2013 at SKKRC. Because the highest numbers of diagnoses are
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made and treatments are received here, patients gather widely from around country
to SKKRC. The epidemiological data that have been accumulated since opening the
SKKRC are managed through technical cooperation of the Tokyo University by a
Web-based case registration system (INDICE: WHO International Clinical Trials
Registry Platform: JPRN-UMIN000011426).

Largest endemic region in Bangladesh
(Research Area of this chapter)
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Fig. 22.1 Country trend of Kala-azar cases and location of kala-azar endemic upazila in 2011
(Source CDC). There are 16 VL endemic upazila from 2008 to 2013 where the incidence rate was
greater than 1 per 10,000 people. Fulbaria and Trishal are the highest endemic upazilas. These
upazilas form the largest part of the VL endemic region in Bangladesh
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22.3 Methods

22.3.1 Epidemiological Data from UHC and SKKRC

In the UHC, results of diagnostic testing and treatment plans for each patient that
visits the center recorded in a log book. The same log book is used for several
diseases, although there are log books prepared for recording only VL cases in
some special hyperendemic upazila (Fig. 22.2). The VL incidence data listed in the
log book were obtained from 4 upazila that showed particularly high incidences of
VL. Based on the log book data of Fulbaria (from 2011 to June, 2015), Trishal
(from 2011 to May, 2014), Gaffargaon (from 2012 to May, 2015), and Madhupur
(from 2011 to March, 2015), a geographical database for 2436 VL cases was made
as per the following procedures.

In most cases, the address of the patient was listed in the UHC log book, and
included the name of the village where the patient was living. Therefore the

Fig. 22.2 Log book for kala-azar recording at Gaffargaon UHC. In the UHC, results of diagnostic
testing and treatment plans for each patient that visits the center recorded in a log book. The same
log book is used for several diseases, although there are log books prepared for recording only VL
cases in some special hyperendemic upazila
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individual patient incidence can be associated with the geographical location of the
village if the positional data of each village is available. The village name itself can
be found in the population census (2011); however, the population census doesn’t
include data on the location of each village (as geographical coordinates, or a point
on the map). In addition, in the population census, the name of a village listed in
patient log book is often not found. Instead, a topographical map data of 1:50,000
scale made by the Survey of Bangladesh (SOB) was digitized and a total of 933
spots of village coordinate data (in Fulbaria, Trishal, Gaffargaon, Madhupur) was
prepared (Fig. 22.3).

A total of 668 villages were confirmed in these 4 upazila by the population
census [2, 3]. But the Madhpur upazila was separated from the Dhanbari upazila in
the census. When 135 villages included in Dhanbari are deducted by the SOB data,
the number of the remaining villages becomes 798. When adjustments are made for
differences between SOB and census data, the number drops to 130 (see annexed
table of Fig. 22.3). Using the epidemiological data of SKKRC, positional infor-
mation of 410 patients were collected using a Handy GPS receiver (eTrex20,
Garmin). Throughout this mapping work, ESRI ArcGIS 10.2.2 software was used.

22.3.2 Urine-Based Mass Screening for VL Targeting
School Children

Mass screening in this chapter is based on a detection technology of the VL
protozoan (L. donovani) antibody from a urine specimen using ELISA testing.
Because the urine collection is noninvasive and convenient in comparison to col-
lecting blood, it is easy to get the cooperation of voluntary test subjects, and there is
very little labor required for specimen collection. A mass screening targeting 200–
300 schoolchildren can be finished by several staff in several hours. While the test
can detect antibodies with a high sensitivity, it may detect antibodies from past
infections and it is therefore difficult to distinguish between past and recent
Leishmaniasis events. However, the mass screening in this study was limited to
schoolchildren of about 5–10 years old to ensure only relatively recent endemics
are reflected in the screening results.

The procedure for producing the antigen and the method of ELISA are described
elsewhere [4–6]. Briefly, flat-bottomed 96-well microtiter plates coated with a
recombinant antigen, rKRP42, were used. The wells were loaded with 100 lL urine
and incubated at 37 °C for 1 h. After the plates were washed, peroxidase-
conjugated goat anti-human IgG (Tago, Camarillo, CA) diluted 1:4000 was added
and incubated at 37 °C for 1 h. After the plates were washed again, ABTS substrate
(KPL Inc., Gaithersburg, MD) was used for coloration. The optical density
(OD) was measured at 415 nm, and an OD of 492 nm was used as a reference. Each
sample was assayed in duplicate. Antibody levels were expressed arbitrarily as units
that were estimated from the standard curve constructed for each plate with serially
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diluted positive sera. The cutoff value was 57.9 U. The cut-off point for
anti-rKRP42 IgG was first calculated as the mean plus 3 standard deviations (SD) of
log (unit + 1) values of the nonendemic healthy controls, and [antilog of (the
mean + 3 SDs) − 1] was regarded as the cut-off unit.

Mass screening was carried out for 1574 schoolchildren (primary school) from 8
schools in the beginning of August, 2015. Each schoolchild’s personal background
(full name, sex, school year, parents’ full name, VL medical history, and history of
treatment) was recorded in addition to the collection of urine specimens. A standard
function (questionnaire form making) of Adobe Acrobat 11 standard software was
used, and the necessary number of electronic questionnaire forms was prepared.
This electronic questionnaire form was transferred to a tablet device, and the
responses to questions for each schoolchild in the screening was recorded on this
form. Microsoft Excel 2013 and IBM SPSS 22 were used for summarizing and
statistical analysis of the questionnaire data and urine antibody measurements.

22.4 Results

22.4.1 Geography of VL Endemic in Research Area

After we compared the names of the villages of the 2436 VL patients with the
names of the villages in the GIS data, 2114 cases (87 %) were collated. There were
2091 cases from the 4 upazila for which the mapping was intended, and the
remaining 23 cases were patients visiting from outside the 4 upazila.

According to the population census of 2011, the population size of each village
in the 4 upazila was between 1335–3598 (average 2338) (Fig. 22.3 annexed table).
Yearly cases of more than 5 per village were approximately equal to an incidence
rate (IR) of more than 14–37 (21.4 average) per 10,000 population (derived from
the average village population from the census), and this rate is near the average IR
(17.82–18.25) of Fulbaria and Trishal in 2008–2013 [1]. In these 4 upazila, the VL
outbreak during 2011–2015 was primarily observed in 2011 because 51.6 % of
cases were recorded during this year. In this epidemic year, 81.9 % of cases
occurred at villages where � 5 cases were observed. Sixty-seven of these hyper-
endemic villages (� 5 cases) existed in 2011 (Fig. 22.4).

As a result of mapping the patient distribution (seen in Fig. 22.4), it becomes
clear that the hyperendemic villages are located side by side and they form clusters
of hyperendemic zones. Large hyperendemic zones are observed in 6 places, 4 of
the 6 are in the Fulbaria upazila and 2 of the 6 are in the Trishal upazila. In 2012,
the yearly total cases decreased by 1/3 and the area of the hyperendemic zones also
decreased. In 2014, the yearly total cases became nearly 1/6 and the hyperendemic
zone almost disappeared. It is clear at a glance that endemic-free zones (area formed
by villages where no incidence occurred) greatly spread until 2014. There are 649
(69.6 %) villages where no VL cases occurred during this 5 year period.
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Fig. 22.4 Geographical distribution of UHC patient per year (2011–14). In these 4 upazila, the
VL outbreak during 2011–2015 was primarily observed in 2011 because 51.6 % of cases were
recorded during this year. In this epidemic year, 81.9 % of cases occurred at villages where � 5
cases were observed. Sixty-seven of these hyperendemic villages (� 5 cases) existed in 2011
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22.4.2 Detailed Geographical Distribution of VL Patients
in the Research Area

From 2013 to the end of 2015, a total of 723 patients with VLwere treated at SKKRC.
Among these patients, 56.2 % came from endemic upazila such as Fulbaria, Trishal,
Gaffargaon, Ghatail, Madhupur, Muktaggacha, and Jamalpur. Figure 22.5 is the
geographical distribution of the patients treated at SKKRC.When plotting the patient
locations on the map the clustering setting threshold was set at 500 m.

The characteristics of the patient distribution is as follows: first, most patients
were distributed within approximately 50 km of SKKRC; and second, known
endemic upazila are distributed over the lower left side of the circle surrounding
SKKRC, and the upper right side of the circle is devoid of endemic upazila.
However, patients were distributed relatively equally in the lower left area. This
was in contrast with the large difference in incidence between upazila in the report
of the CDC. By the data of the CDC (2011), if the patient numbers of the UHC of
Jamalpur and Ghatail was assumed as 1, Madhupur and Muktagacha were equiv-
alent to approximately 4 times, and more than 16 times in case of Fulbaria and
Trishal. As a result, in upazila where the UHC-based incidence is low, the ratio of
the SKKRC patients to the total incidence of upazila becomes large.

In Fig. 22.6, the geographical distribution of the UHC patients (Fig. 22.4) was
recounted in the period of 2013–2015 (n = 652) and was put into the geographical
distribution of the SKKRC patients (n = 303) of the same period. All incidence data
(n = 303) of SKKRC were gathered into 177 clusters, and 66.1 % of these clusters
were spatially sporadic (incidence per cluster = 1) patient occurrences. The spots
where patients concentrated to some extent (incidence per cluster � 3) was 17 %
(30 places). The positions of such large clusters were scattered throughout Trishal,
Ghatail, Madhupur, and the Muktagaccha upazila. Fulbaria upazila was the highest
of the UHC patient distribution, but most of the large clusters of SKKRC patients
were not distributed here.

22.4.3 Case Study of Mass Screening Targeting Unknown
Endemic Villages

Based on the geographical tendency of new VL endemics seen in SKKRC patient
data, fact-finding of VL endemics in these unknown endemic villages was per-
formed. Specifically, a total of 8 primary schools were chosen, and urine-based
mass screening was performed (n = 1574). Seven schools were located in 5
endemic villages where UHC or SKKRC patient clusters were observed; 2 of the 7
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Fig. 22.5 Geographical distribution of SKKRC patients (2013–15). When plotting the patient
locations on this map the clustering setting threshold was set at 500 m. From 2013 to the end of 2015, a
total of 723 patients with VL were treated at SKKRC. Among these patients, 56.2 % came from
endemic upazila such as Fulbaria, Trishal, Gaffargaon, Ghatail, Madhupur, Muktaggacha, and Jamalpur
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schools were located in known endemic villages (MG, BR) in the Trishal upazila.
Only the NH school was located in the city area of Mymensingh. The MH school
was selected as a representative of a very low incidence or endemic free area. See
Fig. 22.6 for the position of all 8 schools.

Figure 22.7 is a result of mass screening, the total positive rate was 14.7 %.
Only 18 schoolchildren had an antibody titer of more than 1000 U. It is rare that a
person with a titer lower than 1000 U develops VL immediately. Therefore, for
these 211 positive schoolchildren, mild or asymptomatic infections are suspected.

The hospital based incidence (2013–2015) for each village is quite different, but
becomes approximately flat (0.3–0.4 %) when the population of the village is taken
into account (see Fig. 22.7 annexed table). However, in most elementary schools,
the patients with VL among the schoolchildren’s family/precinct population was
much larger than the hospital-based number of patients in that village/village
population (especially at MG, where they differed by 0.3–5.2 %). The survey
results counted the number of patients over a long period, but in contrast,
hospital-based incidence is recorded only after 2013. Therefore, the number of
patients before 2013 will be reflected in the gap between the (1) and (2) percentages
of the annexed table of Fig. 22.7. The number of neglected cases (data loss at
hospitals or patients who were treated at any place except the public hospital) also
may be reflected in this gap.

In JY village, the number of interfamilial patients as reported by the schoolchildren
was 38.8 % of the numbers of the real patients in all the schoolchildren’s families, this
number was clarified by field survey data (Table 22.1). The 8/15 patients listed in the
questionnaire data could not be found, however, 11 interfamilial patients of the
schoolchildren whowere not listed in the questionnaire data were newly found by this
field survey.

The highest urine antibody-positive rate was 23.2 % for JY. Other than for MG,
GJ+MK 19–21 %, BR 12.9 %, and JG+ST 8.5 %, all positive rates were relatively
high. The mean of the antibody titer each school was in the following order: JY > GJ
+MK > BR > JG+ST > MG > NH. It is well known that a high-level VL endemic
has continued in the MG and BR precinct for a long time. In MG in particular, 71
interfamilial patients (5.2 % of the population) were listed in the questionnaire data.
In other words, transmission of the protozoan frequently occurred between inhabi-
tants of MG and BR. This might be reflected in the high percentage of rKRP42
positive results.

However, JY and MK+GJ were the neglected (or new) endemic villages that can
be found out because of the SKKRC epidemiological data. However, judging from
the urine antibodies of the schoolchildren, transmission of the protozoan between
inhabitants in JY and MK+GJ precinct is at the same level as that seen in MG and
BR. JY in particular is the precinct where the mean urine antibody titer is the
highest. Transmission there may be taking place at a higher frequency than that
seen at MG and BR. It will be important to pay attention to future patient outbreaks
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Fig. 22.6 Geographical distribution of the UHC and SKKRC patients (2013–2015). A total of 8
primary schools were chosen, and urine-based mass screening was performed (n = 1574). Seven
schools were located in 5 endemic villages where UHC or SKKRC patient clusters were observed;
2 of the 7 schools were located in known endemic villages (MG, BR) in the Trishal upazila
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in the JY and MK+GJ precincts. In the MK+GJ precinct, there were fewer patients
in comparison with the high urine antibody positive rate. It is possible that there are
many reservoirs of VL transmission (incomplete treatment or asymptomatic
patients) who have not yet been found in this precinct.

22.5 Discussion

There are many differences between each UHC in the quality of their patient record
systems for VL. The record system is relatively good in hyperendemic upazila such
as Fulbaria and Trishal. However, there are many differences in the precision of the
records between other upazila. The geographical distribution of VL endemic areas
was mapped from information of 4 upazila with considerable precision. As shown
in Table 22.1, some endemic villages may be overlooked by the data loss at UHC.

Cut off
(1.76) 

GJ+MKBR JG+ST JY MG NH

Positive = 20.8%
Mean = 1.0124
SD = 0.90173
N = 236

Positive = 12.9%
Mean = 1.1437
SD= .74617
N = 294

Positive = 23.2%
Mean = 1.4590
SD = 0.59947
N = 125

Positive = 19.2%
Mean = 1.2217
SD = 0.75531
N = 490

Positive = 8.5%
Mean = 1.0706
SD = 0.56447
N = 117

Positive = 3.4%
Mean = 0.7269
SD = 0.71314
N = 297

School Name per 
village 

Village 
population

A. UHC 
incidence

B. SKKRC 
incidence (1) A+B (1) % Precinct 

population

(2) Kala-azar 
incidence of 

students 
family

(2) % Urine Positive 
rate (%)

MG 5,468 12 7 19 0.3 1,374 71 5.2 20.8
BR 1,096 5 0 5 0.4 1,718 27 1.6 12.9
JY 900 0 8 8 0.6 766 15 2.0 23.2

GJ + MK 1,743 0 7 7 0.4 2,265 11 0.5 19.2
JG + ST 3,463 2 12 14 0.4 650 8 1.2 8.5

NH Urban area 0 1 1 --- 1,427 2 0.1 3.4

=Log (Unit)

Annexed table of Fig. 7

Fig. 22.7 Results of mass screening. The total positive rate was 14.7 %. Only 18 schoolchildren
had an antibody titer of more than 1000 U. It is rare that a person with a titer lower than 1000 U
develops VL immediately. Therefore, for these 211 positive schoolchildren, mild or asymptomatic
infections are suspected

22 Geography and Reality of Kala-Azar Endemic in Bangladesh … 283



This kind of geographical-epidemiological information will be important social
information for infrastructures when thinking about long-term VL endemic control
in this country. The urgent task at this time is increasing the quality of the infor-
mation recorded at the time of patient registration in every UHC. At the same time,
if urine-based mass screening systemically links the registration of the patient with
VL to a hospital such as the UHC and SKKRC, an excellent monitoring system for
VL will be implemented. As soon as a patient outbreak is confirmed at these

Table 22.1 Real numbers of the patients* in all schoolchildren families according the field survey
in the JY school precinct**

No. Age Sex Treatment
year

Hospital name SKKRC
data

Questionnaire
data

1 70 F – Thanarbaid Ginic

2 72 F 1996 Jalchatra Hospital, Fulbaria
UHC

3 M 1998 Pirgacha Mission, Fulbaria
UHC

4 54 F 2007 Madhupur UHC

5 30 F 2009 Kaliakor Govt. Medical in
Mymensirigh

6 7 F 2011 Fulbaria UHC

7 35 M 2013 Madhupur UHC,
Fulbaria UHC, SKKRC

Yes

S 38 F 2013 Madhupur UHC, Fulbaria UHC

9 30 M 2014 Madhupur UHC,
Fulbaria UHC, SKKRC

Yes

10 20 M 2014 SKKRC Yes Yes

11 15 M 2014 SKKRC Yes Yes

12 35 M 2014 SKKRC Yes Yes

13 6 M 2014 Madhupur UHC,
Fulbaria UHC, SKKRC

Yes Yes

14 30 M 2014 Fulbaria UHC

15 40 M 2015 Mymensingh Medical Hospital

16 21 M 2015 Fulbaria UHC Yes

17 23 M 2015 Madhupur UHC,
Fulbaria UHC, SKKRC

Yes

18 40 M 2013–2015 Madhupur UHC,
Fulbaria UHC, SKKRC

Yes

In JY village, the number of interfamilial patients as reported by the schoolchildren was 38.8 % of
the numbers of the real patients in all the schoolchildren’s families. The 8/15 patients listed in the
questionnaire data could not be found, however, 11 interfamilial patients of the schoolchildren
who were not listed in the questionnaire data were newly found
Source Field Survey Data (2016.1.21–27)
*Patient ratio per population is 2.3 % (18/766)
**Total population of JY precinct (number of all family member of schoolchildren} is 766
according to the summary of the questionnaire (mass screening)
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hospitals, quantification of the degree of transmission between the inhabitants in the
patient outbreak location will be provided by this system. It is hoped implemen-
tation of this system will provide unprecedented VL endemic control.
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Chapter 23
Animal Models of Visceral Leishmaniasis
and Applicability to Disease Control

Yasutaka Osada, Satoko Omachi, Chizu Sanjoba
and Yoshitsugu Matsumoto

Abstract Visceral leishmaniasis (VL), also called kala-azar, is the most severe
form of leishmaniasis and is often fatal if not treated. The disease is caused by the
Leishmania donovani complex, which includes L. donovani and L. infantum/cha-
gasi. Because of a lack of or limited availability of vaccines or chemotherapeutics
for VL, extensive preclinical studies using various animal models have been
undertaken to explore therapeutic strategies to overcome the disease. Mice, ham-
sters, dogs, and non-human primates have been studied, each of which has
advantages and disadvantages depending on the purpose. Herein, we review the
experimental models of VL, with an emphasis on murine models for L. donovani
infection.

Keywords Animal model � Kala-azar � Leishmania donovani � Visceral leish-
maniasis � Mouse model � Progressive

23.1 Visceral Leishmaniasis

Many aspects of visceral leishmaniasis (VL) are described in other chapters in this
book, so it will be mentioned here only briefly. VL, also called kala-azar, is the
most severe form of leishmaniasis caused mainly by L. donovani and L. infantum/
chagasi. Its distribution is widespread in the Indian subcontinent, Africa, Europe,
and Latin America. Of the 0.2–0.4 million new cases of VL every year, 90 % occur
in Bangladesh, India, Brazil, Ethiopia, and Sudan [1]. There are 2 types of VL
based on transmission characteristics: anthroponotic VL caused by L. donovani [2],
and anthropozoonotic VL caused by L. infantum [3]. VL is clinically characterized
by prolonged fever, weight loss, anemia, and hepatosplenomegaly, with an
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incubation period varying between 2 and 6 months [4]. VL has a high mortality rate
in untreated cases. Animal model testing is necessary to study the pathology of VL
and to evaluate anti-leishmanial drugs and vaccines.

Animal models are expected to mimic the pathological features and immuno-
logical responses observed in humans when exposed to a variety of Leishmania
species with different pathogenic characteristics. Several experimental models of
VL have been developed, but none of these entirely reproduce the disease state in
humans [5]. For in vivo testing of new compounds, several animal species have
served as experimental hosts for VL. Important among them are mice, Syrian
golden hamsters, dogs, and non-human primates [6]. A suitable laboratory host for
infection of the L. donovani complex is very important for conducting research on
various aspects including host-parasite interactions, pathogenesis, prophylaxis, and
evaluation of anti-leishmanial compounds.

23.2 Mouse Model for VL

Due to multiple advantages like ease of housing, presence of established genetic
modification methods, and the best availability of immunological reagents, mice are
the most user-friendly animal models for infectious diseases, including VL. Well
known for the Th1/Th2 paradigm in L. major infection [7–12], inbred mice,
including BALB/c, C57BL/6, and CBA, have been used for understanding
responsible genes for susceptibility/resistance against L. donovani infection [13–
15]. For example, identification of the Slcl lal gene aided in the understanding of
susceptibility at early stages of infection in BALB/c mice, which reflects the
strength of the innate immune response in controlling early parasite growth inde-
pendently of acquired immune mechanism [13, 14]. Genetically resistant mouse
strains (e.g., CBA) possess a functional Slcl lal gene, which confers innate resis-
tance to early Leishmania parasite growth. In contrast, susceptible mice strains
(e.g., C57BL/6 and BALB/c) possess a nonfunctional Slcl lal gene and early par-
asite growth in the liver cannot be controlled [16]. In addition, mice with artificial
gene modifications have served as good tools to understand the role of a particular
gene or its product in immunity against L. donovani infection, such as IFN-c and
TNF-a for protection, and IL-10 for exacerbation [17]. In fact, protective immunity
in murine VL primarily depends on the IL-12-driven Th1 response leading to an
increase of IL-2 and IFN-c production resulting in death of the parasite [17–21].

When various inbred strains of mice are compared, BALB/c mice seem to be the
most susceptible to L. donovani infection [22]. However, even the most susceptible
strain develops acquired immunity to control hepatic parasite growth at later stages
of infection [23, 24], while showing relatively persistent infection in the spleen
[18]. There is an early increased parasite burden in the liver, but clearance of
hepatic parasites occurs at 4–8 weeks after infection due to efficient granuloma
formation resulting from interaction of Leishmania-specific T cells with parasitized
resident macrophages [24]. Hence, disease progression in mice can be predicted
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from the degree of maturation of hepatic granulomas in challenged animals cor-
relating with cell-mediated immunity [19, 25]. In contrast to the liver response, the
spleen acts as a site of parasite persistence resulting in chronic infection in mice.
Failure of parasitized splenic marginal zone macrophages to produce IL-12,
breakdown of splenic architecture, and lack of granulomatous reaction leads to a
high parasite burden in the spleen [26]. For an experimental challenge of mice with
L. donovani/L. infantum, amastigotes isolated from the spleens of infected hamsters
are commonly used as infective materials [27–30].

A mouse model of persistent infection with L. donovani facilitates evaluation of
certain drugs and immunotherapeutics that may require a period of time to act to
control parasite burden. We recently developed a mouse model of L. donovani
infection that shows parasite persistence in both the spleen and liver. The L.
donovani D10 strain, which was originally isolated from a Nepalese patient with
VL [31], was inoculated intraperitoneally with 1 � 108 promastigotes. At 2, 4, 8,
and 12 weeks postinfection BALB/c mice were euthanized, and parasite burdens in
the spleen and liver were quantitated as Leishman Donovan units (LDU) in organ
stamp smears [32]. The LDU increased progressively in the spleen and liver over
this time period (Fig. 23.1a, b). The spleen LDU was 805 ± 121 and the liver LDU
was 3,139 ± 489 at 12 weeks after infection. L. donovani-infected BALB/c mice
had enlarged spleens and livers compared with those of the uninfected (Fig. 23.1c).
Splenomegaly and hepatomegaly in BALB/c mice caused by L. donovani infection
were progressive over the 12 weeks of infection (Fig. 23.1d, e). In mice infected for
12 weeks, the spleen weights were approximately 8 times, and the liver weights
enlarged approximately 1.4 times, higher compared with those of uninfected mice.

Infection with L. donovani D10 brings different outcomes in BALB/c, C57BL/6,
and C3H/HeN mice. In contrast to the continuous increase of parasite burden seen
in BALB/c mice, C57BL/6 mice showed resistance to the parasite (Fig. 23.2a, b).
Splenomegaly and hepatomegaly in BALB/c mice caused by L. donovani infection
were progressive over the 24 weeks of infection (Fig. 23.2c, d). In C57BL/6 mice,
the spleen and liver LDU at 12 weeks was much lower than that of BALB/c mice
(Fig. 23.2a, b). Moreover, the liver LDU declined between 12 and 24 weeks, and
no parasites were detected in the liver at 24 weeks after infection. Although par-
asites in the spleen were detectable at 24 weeks in C57BL/6, the parasite burdens
did not show any increase over time as seen in BALB/c mice. The spleen and liver
weights also showed different kinetics over 24 weeks of L. donovani infection
between BALB/c mice and C57BL/6 mice. In conjunction with parasite burdens,
the development of pathologic features was also limited in C57BL/6 J mice. For the
spleen, BALB/c and C57BL/6 mice manifested enlargement of the tissue at
12 weeks. In contrast to BALB/c mice, however, C57BL/6 mice did not show
progressive splenomegaly at 24 weeks of infection (Fig. 23.2c). For the liver, tissue
enlargement was not found in C57BL/6 mice during the experimental period
(Fig. 23.2d).

In contrast to the susceptible BALB/c mice and C57BL/6 mice with self-limiting
disease, in C3H/HeN mice there were no parasites in either the spleen or liver at
12 weeks of L. donovani infection. In parallel to the absence of parasites, neither
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the spleen nor liver of infected C3H/HeN mice was significantly larger than those of
uninfected mice. Resistance/susceptibility to L. donovani infection in those inbred
mice was associated with different Th1/Th2 balances. When productions of IFN-c

Fig. 23.1 Continuous increase of parasite burdens in the spleen (a) and liver (b) of L. donovani-
infected BALB/c mice. Progressive hepato-splenomegaly in L. donovani-infected BALB/c mice.
Representative images of the spleens from uninfected mice and 12-week infected mice (c). Means
and standard deviations (SDs) of the spleen (d) and liver (e) weights over the course of infection in
BALB/c mice infected with L. donovani are shown. Mean and standard deviations (SDs) at each
time point are shown. P < 0.01 by non-parametric one-way analysis of variance (ANOVA). LDU:
Leishman Donovan units
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and IL-4 by splenocytes upon antigen recall were analyzed in L. donovani-infected
mice at 12 weeks after infection, C3H/HeN (5.34 ± 1.18 ng/mL) and C57BL/6
(3.93 ± 2.18 ng/mL) mice showed higher IFN-c levels than did BALB/c
(1.93 ± 0.26 ng/mL) mice in response to Leishmania antigen (Fig. 23.3a). In
Leishmania antigen-induced IL-4 production, BALB/c (47.31 ± 18.84 pg/mL)
mice produced significantly higher IL-4 levels than did C3H/HeN
(11.55 ± 5.65 pg/mL) and C57BL/6 (3.06 ± 2.46 pg/mL) mice (Fig. 23.3b).
Together, these results suggest that our mouse model of L. donovani infection is
advantageous in evaluating the long-term efficacy (up to 24 weeks of infection) of
novel interventions as well as immunological studies on protective mechanisms.

Fig. 23.2 The spleen (a) and liver (b) parasite loads in L. donovani-infected BALB/c and
C57BL/6 mice. Enlargement of spleen (c) and liver (d) weight in L. donovani-infected BALB/c
and C57BL/6 mice. Means and standard deviations (SDs) in each group are shown. *P < 0.01. by
Student’s t-test. LDU: Leishman Donovan units
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23.3 Hamster Model for VL

Compared to investigations in mice, experimental studies in L. infantum and L.
donovani-infected Syrian golden hamsters (Mesocricetus auratus) often reveal
several clinical signs of progressive VL (hypergammaglobulinemia, hep-
atosplenomegaly, anemia, cachexia, and immunosuppression) that closely mimic
active canine and human disease [5, 33–36]. Surprisingly, there are significant
amounts of Th1 cytokines (IFN-c, IL-2, and TNF-a) in the spleen, but there is little
or no IL-4 [35, 37]. However, deactivating Th2 cytokines (TGF-b and IL-10) may
act on infected macrophages as well as anti-Leishmania antibodies (which have no
protective role in leishmaniasis) that opsonize amastigotes to allow the parasites to
multiply and induce IL-10 production in macrophages [35, 37]. These high acti-
vation and deactivation processes are likely to occur mainly in the spleen and liver
[38]. Syrian hamsters exhibit reduced expression of the gene encoding inducible
nitric oxide synthase (iNOS) in response to IFN-c, and this is thought to lead to low
nitric oxide (NO) generation, subsequently defaulting in parasite killing [17, 35,
38]. Increased secretion of TNF-a during later stages of the disease probably results
in profound weight loss in infected hamsters [39]. Despite serving as a good model
for VL pathologic features, hamsters are not widely used because a lack of available
reagents such as antibodies to cell markers and cytokines. Only recently RT-PCR
primers for some cytokines have been developed [35, 37], and when these primers
were used, no quantitative change in the expression of different cytokine RNA was
observed during VL in hamsters, suggesting the necessity to develop a more sen-
sitive method for evaluation, such as quantitative PCR.

Fig. 23.3 Leishmania antigen-induced IFN-c (a) and IL-4 (b) production by spleen cells from
BALB/c, C57BL/6, and C3H/HeN mice at 12 weeks after experimental L. donovani infection and
non-infection. Means and standard deviations (SDs) in each group are shown. n.d., not detected
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23.4 Dog Model and Non-human Primate Model

Dogs have been used as an experimental model for Leishmania infections from the
beginning of the 20th century and experimental infections have also been achieved
with Leishmania species for which the dog is not a natural reservoir, e.g., L.
donovani from India [40]. Infection of dogs with L. infantum/chagasi is an important
laboratory model because it reproduces a natural infection similar to human infec-
tions [41]. Studies on experimentally infected dogs have demonstrated that 3 years
after infection, asymptomatic or resistant dogs responded to L. infantum antigen both
in lymphocyte proliferation assays in vitro and delayed-type hypersensitivity reac-
tions, whereas no serum antibodies to parasite antigens were detected [42]. In
contrast, symptomatic or susceptible animals failed to respond to the parasite antigen
in cell-mediated assays both in vitro and in vivo and showed considerably higher
serum antibodies to leishmanial antigens, which are not immuno-protective [42]. In
addition, peripheral mononuclear cells from asymptomatic dogs produced signifi-
cantly higher levels of IL-2 and TNF-a than did those from symptomatic and control
uninfected dogs [43]. Similar results were observed with a group of mixed-breed
dogs with natural Leishmania infections, also grouped as asymptomatic or symp-
tomatic on the basis of clinical signs of canine visceral leishmaniasis [42].

Some of the observations made in rodent models might not be similar or relevant
to findings for human hosts due to the distance in phylogeny. The development of a
non-human primate model of leishmaniasis, which largely mimics the human sit-
uation, is described for studies of different aspects of the disease that would not be
possible in humans for ethical reasons. This would also complement studies in other
model systems. However, for financial and ethical reasons, the use of primates in
biomedical research is limited. Monkeys are normally the final experimental ani-
mals to be used in studies of the safety and efficacy of drugs and vaccines devel-
oped in other laboratory animals. Earlier efforts in establishing VL in New and Old
World monkeys demonstrated that owl monkeys [44] and squirrel monkeys [45]
developed an acute and fulminating, but short-lived, infection. Anti-leishmanial
screening was performed in owl and squirrel monkeys. Old World monkeys
developed low and/or inconsistent infections [33]. A single intravenous inoculation
of hamster-spleen-derived L. donovani amastigotes into Indian langurs produced
consistent and progressive infection, all the clinicoimmunopathological features as
observed in VL, and death between 110–150 days after infection [46, 47].

23.5 Conclusions

VL has yet to be controlled in many countries in spite of its severity, and a good
animal model of VL will facilitate accelerating research and drug development for
the disease. According to previous studies, the most widely studied animal model of
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VL is L. donovani infection in BALB/c mice. There is an early increase in parasite
burden, but particularly over the course of 4–8 weeks the Leishmania parasites are
eliminated in the liver and the infection is controlled [16, 21, 32]. In contrast, the
clinic-pathological features of the hamster model of VL closely mimic active VL [5,
33–35, 48, 49]. However, the widespread use of hamsters is limited due to a lack of
available reagents such as antibodies to cell markers and cytokines. Therefore, a
mouse model like ours that combines the strength of both models, i.e., user
friendliness of mice and the clinical reproducibility of hamsters, will contribute to
understanding the pathogenesis, to improving immunological studies, and to
developing new candidate anti-leishmanial drugs and vaccines.
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Chapter 24
Pharmacovigilance on Therapeutic
Protocols for Visceral Leishmaniasis

Eisei Noiri, Bumpei Tojo, Yoshifumi Hamasaki, Masao Iwagami,
Takeshi Sugaya, Michiyo Harada, Progga Nath, Ariful Basher,
DineshMondal,RashidulHaque,MdFashiurRahmanandShyamalPaul

Abstract Because the primary goal in visceral leishmaniasis (VL) treatment is a
cure of this deadly parasitic disease, post-marketing drug safety surveillance is often
overlooked. Because overworked patients will not routinely return to the clinic,
chronic sequelae of treated VL are not well understood. For example, high doses of
drugs that are renally excreted can potentially induce kidney fibrosis. The team of
SATREPS (Science and Technology Research Partnership for Sustainable
Development) established a patient registration system for VL cases treated in the
Surya Kanta Kala-azar Research Center (SKKRC), monitored those subjects peri-
odically by sending field staff on site, and performed surveillance by using a simple
urine biomarker kit to detect kidney injury. Herein, this chapter examines the
prevalence of people with high urinary levels of L-FABP (FABP1) after VL
treatment, which may indicate decreased kidney function. The risk varied according
to the treatment protocols and presumably patients’ treatment histories.

Keywords Drug monitoring � Amphotericin B � Liposomal amphotericin B �
Paromomycin � Miltefosine � Inulin clearance � L-FABP � AKI biomarker

24.1 Introduction

Leishmania parasites belong to the eukaryote family and are phylogenetically closer to
humans compared with other human-invading organisms such as bacteria and viruses.
Therapeutic approaches to parasites are often harsh to the patient because the working
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concentration which is toxic to the parasite is nearly toxic to the host. The pharma-
cological approach to viruses targets the specific virus DNA synthesis and virus
enzymatic activities. However, the approach to parasites differs from that for viruses,
and this can be seen from amphotericin B (AMPH-B) [1], a leishmaniasis treatment.
AMPH-B binds to ergosterol, a component of fungal and parasitic cell membranes, and
causes increased membrane permeability that leads to fatal injury to Leishmania
donovani. But at a higher concentration, AMPH-B can bind to cholesterol, a key
component of mammalian cell membranes and cause similar harmful increases in
permeability. For this reason, researchers have been seeking a parasite-specific
mechanism that is not shared with mammals. One successful achievement was iver-
mectin to treat onchocerciasis, also known as river blindness, induced by a filarial
nematode; cumulative doses decrease parasite fertility to achieve disease remission.
Based on this discovery and achievement, Willian C. Campbell and Satoshi Omura
received the 2015 Nobel Prize in Physiology or Medicine.

In addition to the aforementioned acute toxicity and side effects often seen during
parasite treatments, the effects of long-term drug therapy should also be considered.
After regulatory approval of the PPAR-gamma agonist, rosiglitazone, for type 2 dia-
betes by the FDA, the post-marketing surveillance reported a significant increase in
cardiovascular events [2]. However, if patients are suffering from a life-threatening
disease such as cancer or a severe infectious disease such as visceral leishmaniasis
(VL), the initial goal is in curing the disease and saving lives. But once such goals are
achieved, then the long-term effects of the treatment need to be reevaluated.

There were virtually no reports of drug safety monitoring after the treatment of
neglected tropical diseases (NTDs), though a tremendous number of people are
treated by the earlier-mentioned harmful drugs. This is because these patients have
the lowest income and education within the population and often cannot visit clinics
for health checkups. After completion of the initial therapy, they must return to
work immediately, often at an unstable job with a low wage, and their address and
mobile phone number are often changing. In this study, a surveillance team
repeatedly visited patients after discharge from the Surya Kanta Kala-azar Research
Center (SKKRC), using information about the initial patient location in the field.
Herein, we show for the first time a drug-monitoring report after VL treatment.

24.2 Methods

We enrolled patients who were given diagnoses of VL in SKKRC in a patient reg-
istration system (UMIN000011426). Laboratory testing data ordered by physicians in
SKKRC were recorded and urine was stored. Urine collection was also done at
discharge fromhospital. In this study, the surveillance team visited each patient on site
and re-examined urine using an immunochromatography (ICT) method of L-FABP
(Renischem L-FABP POC®; CMIC Holdings Co., Ltd., Tokyo, Japan) when it had
beenmore than 3 months after completion of VL therapy. Patients who completedVL
treatment within 3 months were not included because the current chronic kidney
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injury (CKD) definition requires decreased kidney function for 3 months. Subjects
who showed urinary L-FABP positive, according to a cut-off level of 12.5 ng/mL in
ICT, were called for further study, including serum creatinine measurement, ultra-
sound, and inulin clearance [3] to determine their actual renal condition. Serum
creatinine, urine L-FABP (Nordia L-FABP®; Sekisui Medical Co., Ltd., Tokyo,
Japan), and urine creatinine levels were measured using Biolis 24i Premium bio-
chemistry analyzer (TokyoBoekiMedisys Inc., Tokyo, Japan). Urinary protein levels
were determined using a dip-test (N-Multistix SG-L, Siemens). We also checked
inulin (Inulead inj.® Fujiyakuhin, Japan) clearance (Cin) for participants who agreed.

To better elucidate the characteristics of patients with positive L-FABP ICT, we
made a comparison group: patients who were negative or not examined for L-FABP
ICT during the follow up period but were positive at discharge from SKKRC. For
these people, we measured levels of serum creatinine, urine L-FABP, urinary
protein, and Cin. As another comparison, we also measured serum creatinine levels
and urine L-FABP levels among healthy people who agreed to contribute to the
survey in Mymensingh.

Finally, we conducted a receiver operation characteristic (ROC) curve analysis
for the potentiality of urine L-FABP to discriminate the subjects with decreased Cin
(<60 mL/min/1.73m2 and <75 mL/min/1.73m2).

The study was carried out according to the Declaration of Helsinki. The study
protocol was approved by The University of Tokyo Institutional Review Board, and
the Ethical Review Committee and Research Review Committee of both ICDDR,B
and Mymensingh Medical College. Informed consent was obtained from each
participant or the participant’s family.

24.3 Results

As shown in Fig. 24.1, 648 patients were treated for VL between December 2013
and December 2015. The surveillance team identified 197 patients (30.4 %) on site.
Of these, 45 received single dose AmBisome® 10 mg/kg for primary VL. One
hundred eleven patients received multiple doses of AmBisome® 5 mg/kg for
treatment failure or relapse. Five patients with PKDL were treated by miltefosine,
while 20 PKDL patients received single dose AmBisome® and paromomycin for
10 days as an alternative to miltefosine.

Of the 197 patients, we found 20 people (10.2 %) who tested positive for
L-FABP ICT. Figure 24.2 demonstrates a typical L-FABP ICT test and diagnostic
sheet. Table 24.1 summarizes the background data of the 197 subjects, 20 L-FABP
positive subjects, and 177 negative subjects. People who were L-FAPB ICT pos-
itive were more likely to be older men. There was no primary case treated by single
dose AmBisome® in the L-FAPB ICT positive group.
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Among 20 subjects who tested L-FABP positive by ICT, 13 agreed to revisit
SKKRC for further health checkups of renal function. Twelve of 13 agreed to conduct
an inulin Cin test to determine renal function further (Table 24.2). As a comparison, 9
of 35 patients who tested negative or were not examined by L-FABP ICT during the
follow up period but tested positive at discharge from SKKRC accepted health
checkups at SKKRC (Table 24.3). Serum creatinine levels were 1.09 ± 0.37 and
0.86 ± 0.18 mg/dL in subjects with positive L-FABP ICT in urine (n = 13) and those
with negative results or who were not examined by L-FABP ICT during the follow up
period but positive at discharge (n = 9), respectively (t-test p-value of 0.05). We also
conducted Cin for 16 subjects, of which 12 were L-FABP ICT positive and 4 were
recruited from those with negative or not examined by L-FABP ICT but positive at
discharge. Figure 24.3a, b demonstrate the correlations of Cin with estimated crea-
tinine clearance by Cockcroft-Gault formula [4] and estimated glomerular filtration
rate (GFR) bymodification of diet in renal disease (MDRD) formula [5], respectively.
The Cin examination, an alternative indicator of glomerular filtration rate, performed
at SKKRC had an excellent resolution to reprise the accuracy of Cockcroft-Gault and
MDRD formula. The correlation of Cin with urine L-FABPwas r2 = 0.56; lower than
the Cockcroft-Gault andMDRD formula. Figure 24.4 shows the potentiality of urine
L-FABP to discriminate subjects with lower Cin. The area under the curve (AUC) of
ROC curve to detect Cin less than 60 mL/min/1.73m2 was 0.92, with a sensitivity of
1.0 and a specificity of 0.83 using a cut-off level of 9.8 ng/mL (Fig. 24.4a). The
AUC-ROC curve to detect Cin less than 75 mL/min/1.73m2 was 0.95, with a sensi-
tivity of 0.86 and specificity of 0.88 using the cut-off level of 8.0 ng/mL (Fig. 24.4b).

648 pa ents were treated in SKKRC 
between Dec. 2013 and Dec. 2015 
were registered in UMIN

Single dose 
AmBisome

(n = 45)

Mul ple dose 
AmBisome
(n = 111)

Miltefosine
(n = 5)

Single dose 
AmBisome & 
paromomycin

(n = 20)

Miscellaneous
(n = 16)

451 subjects were lost on 
follow up or unable to join 

the surveillance

n = 197

Fig. 24.1 Treatment breakdown of participants to the follow up surveillance
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24.4 Discussion

We showed that the L-FABP ICT used during the follow up period after VL
treatment is promising to identify people with decreased kidney function after VL
treatment. VL is one of the well-known diseases in NTDs and is life threatening.
However, the disease does not develop rapidly but progresses slowly. Almost all
patients work for a low wage in agriculture, and they do not visit the clinic because

Fig. 24.2 L-FABP immunochromatography (ICT). The cursory cut-off is 12.5 ng/mL. The
color-matching sheet can provide more detail
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they do not want to miss out on day labors and income. They only visit the clinic
when their health has greatly deteriorated. Furthermore, if they feel better again,
they often discontinue treatment early. Because of this, and together with concerns
about the tolerance and cardiotoxicity of conventional therapies such as SSG [6],
new therapeutic regimens were introduced. Clinics now use a several different
treatment protocols after distinguishing the clinical situation of VL such as if it is a
primary case, a treatment failure case from the initial treatment, a relapse case, or
PKDL. AmBisome® [7] and paromomycin [8] are the most commonly prescribed

Table 24.1 Background of all subjects and L-FABP ICT positive subjects

All
(n = 197)

L-FABP
positive
(n = 20)

L-FABP
negative
(n = 177)

Age (mean ± SD) 27 ± 17 37 ± 18 27 ± 17

Sex (male : female) 129 : 68 19 : 1 110 : 67

Visceral Leishmaniasis (VL)

Primary: treated by single dose AmBisome® 45 0 45

Relapse and treatment failure: treated by
multiple dose AmBisome®

111 13 98

PKDL: treated by single dose AmBisome® and
paromomycin or Miltefosine

20 5 15

Miltefosine 5 1 4

Miscellaneous 16 1 15

It should be noted that single dose AmBisome® treatment for primary visceral leishmaniasis
(VL) did not cause any urine L-FABP positive subjects. Within those PKDL and L-FABP positive,
only 1 was treated by miltefosine. In SKKRC, only AmBisome® was used as a liposomal
amphotericin B pharmaceutical during the observational period

Table 24.2 Serum creatinine
(SCr), proteinuria, and inulin
clearance (Cin) data of
L-FABP ICT positive subjects
after treatment of visceral
leishmaniasis (VL) at SKKRC

ID SCr (mg/dL) Proteinuria Cin (mL/min/1.73m2)

1 0.84 − 93.6

2 0.69 − 91.3

3 0.87 − 88.4

4 0.7 − 97.6

5 0.99 − 60.4

6 1.09 − 47.0

7 0.78 − 92.0

8 1.7 + 37.1

9 1.13 + 69.5

10 1.4 − 46.5

11 1.1 + 71.2

12 1.89 −

13 0.93 − 101.2

All subjects were male. One subject ID12 could not collect urine
at the end point of the Cin exam
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therapeutic agents for all of those cases, partially because of a low availability of
miltefosine at this moment due to business decisions of pharmaceutical companies.
Paromomycin, an aminoglycoside antibiotic, also has the potential to cause
drug-induced acute kidney injury (AKI), though it was reportedly low risk. AKI has
a significant impact on the outcomes of critically ill patients and the progression to
CKD [9]. The potential for drug-induced renal injury was discussed in Chap. 12 in
which a small number of patients showed increased urinary levels of L-FABP at
discharge. Urine tests at discharge are often declined by patients in spite of
encouragement from the medical staff, and is far from a routine examination.
Therefore, urine surveillance was performed on subjects treated in SKKRC for VL

Table 24.3 Serum creatinine
(SCr), proteinuria, and inulin
clearance (Cin) data of
L-FABP ICT negative
subjects during the follow up
period but positive at
discharge after treatment of
visceral leishmaniasis (VL) at
SKKRC

ID SCr (mg/dL) Proteinuria Cin (mL/min/1.73m2)

14 0.99 − 87.2

15 0.87 −

16 0.66 −

17 1.11 − 60.1

18 0.83 +

19 0.87 − 87.2

20 0.87 − 88.4

21 0.99 ±

22 0.53 ±

All subjects were male. Four subjects accepted inulin clearance
exam

y = 0.6641x + 20.177
R² = 0.7196

0.0 

20.0 

40.0 

60.0 

80.0 

100.0 

120.0 

0.0 50.0 100.0 150.0 

y = 0.8444x - 5.1852 
R² = 0.5943
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0.0 50.0 100.0 150.0 
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n
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(a) (b)

Fig. 24.3 The correlations between Cockcroft-Gault formula and Cin, MDRD formula and Cin.
Cin denotes inulin clearance (mL/min/1.73m2)
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in this study. Because the method has to be simple and reasonably sensitive, urine
L-FABP ICT was developed and used in this study.

Urine L-FABP levels of endemic healthy subjects are 0.84 ± 1.68 ng/mL
(n = 59: male 39, female 20; age 26.1 ± 13.3 years). The number who showed
positive lines of L-FABP ICT among endemic healthy subjects was 1 in 59
(�1.7 %), whereas those who were treated in SKKRC for VL showed �10.2 %
positivity. The prevalence of CKD is increasing after VL treatment under the
current most popular protocol. This trend persists even accounting for the poor
health of subjects living in poverty under NTDs compared with the endemic healthy
subjects. Urine L-FABP ICT is a useful tool to monitor the occurrence of silent
kidney disease. As detailed in Chap. 12, the promoter of L-FABP has hypoxia
responsive elements and hepatocyte nuclear factor that are sensitive to hypoxic
stimuli and promote the expression of L-FABP in proximal tubules [10]. Thus, the
increase of urine L-FABP forecasts the reduction of peritubular capillary blood flow
as an ominous forewarning of CKD or evidence of CKD itself [11].

0 
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0.4

0.6

0.8

1 

0 0.2 0.4 0.6 0.8 1 
TP

F
FPF

0 

0.2

0.4
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0.8

1 

0 0.2 0.4 0.6 0.8 1 

TP
F

FPF

Cin <60
ROC 0.92 Cin <75

ROC 0.83

Graph Cin 
(mL/min/1.73m2) 

ROC 
(95% CI)

Cutoff
(ng/mL)

Sensi vity  
(%)

Specificity 
(%)

a <60 0.92
(0.77 – 1.07)

9.5 100 83

b <75 0.95
(0.85 – 1.05)

8.0 86 88

(a) (b)

Fig. 24.4 Receiver operating characteristic (ROC) curve and analysis for urinary L-FABP at
different Cin. L-FABP denotes L-type fatty acid binding protein. Cin denotes inulin clearance
(mL/min). TPF denotes true positive fraction equivalent to sensitivity. FPF denoting false positive

fraction is equivalent to 1� Specificityð%Þ
100
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This report further determined the characteristics of urine L-FABP in compar-
ison with Cin and the gold standard of kidney filtering capacity, GFR. The accuracy
of the Cin test was confirmed in Fig. 24.3a, b, which show excellent significant
correlations with both Cockcroft-Gault and the MDRD formula. Therefore, urinary
L-FABP levels can function as a biomarker in a similar manner as lower Cin values.
The AUC of the ROC curve to detect Cin less than 60 mL/min/1.73m2 was 0.92,
with a sensitivity of 1.0 and specificity of 0.83, and for less than 75 mL/min/1.73m2

was 0.95, with a sensitivity of 0.86 and specificity of 0.88. In practical situations,
the urine L-FABP ICT examination is the first line test at the clinic level in endemic
areas. If the test result is positive, a portion of urine should be sent to a reference
center like SKKRC to be examined using a biochemistry analyzer. This is an
example of the lean screening process for drug-induced long-term side effects in
NTDs. It is of note that patients in this study were enrolled after completing
treatment of VL at SKKRC more than 3 months and less than 2 years ago.

In this study, the treatment protocol of single dose AmBisome® was safer
compared with other protocols in terms of drug-induced kidney injury. But if
patients were given divided doses for several days to eliminate VL parasites from
the body, it increased the risk of CKD. The combination of AmBisome® with
paromomycin has to be monitored more carefully, though the number of obser-
vations is not sufficient at this moment. One more important point for risk evalu-
ation will be the basal condition of patients. Because patients who visited SKKRC
for treatment failure or relapse have at least 1 exposure history to pharmaceuticals
for VL (often AmBisome® or equivalent), the treatment received in SKKRC was a
second exposure and therefore they were more susceptible to drug-induced organ
injury, including of that to the kidney.

It is certainly necessary to perform further study with increased numbers of
subjects and multiple medical sites, as well as initiate similar surveillance in dif-
ferent areas, like East-Africa, to further investigate this treatment protocol.
However, this is the first report to focus on the drug-induced, long-term side effects
specifically after the treatment of VL. From the point of a product benefit-risk
balance, the initial prescription decision for VL should be further investigated to
clarify the best dose and combination protocols. Urine L-FABP ICT can be a useful
tool to monitor a patient’s health condition. Future study will allow for adjustments
to the protocol to reassess the effectiveness and improve the overall benefit-risk
balance of NTDs.
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