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developed countries because of its reemergence in the eishmaniasis, a major public health problem, 
form of co-infection with HIV, especially in Lcurrently affects 12 million people in 88 countries 
Southwestern Europe (http://www.who.int/emc/ worldwide. An estimated 350 million people are at the 
diseases/leish/index.html).risk of infection by different species of Leishmania 

parasite. Presently, the global incidence of The immune responses during leishmaniasis have 
leishmaniasis is estimated at 1.5-2.0 million new cases been extensively explored. Several studies have 
per year with 1.0-1.5 million cases of cutaneous indicated that B-cells and antibodies do not influence 
leishmaniasis (CL) and 0.5 million cases of visceral the progression or healing of leishmaniasis, and 
leishmaniasis (VL). Human VL is still endemic in the usually high immunoglobulin (Ig; mainly IgG) levels 
Mediterranean basin, and epidemics are ongoing in are associated with non-healing CL and VL 
India, Sudan, South America, and North and Central (Alexander and Russel, 1992). The bulk of clinical and 
Africa. The incidence of VL, called Kala-azar, in the experimental evidence demonstrates that immunity to 
Indian subcontinent is among the highest in the world. Leishmania is largely mediated by T-cells and 
Treatment failures with standard drugs like macrophages, and the cytokines produced by them. 
pentavalent antimonials, amphotericin B and Immunological responses during leishmaniasis have 
pentamidine, due to inherent lack of susceptibility been last reviewed nearly five years back (Louis et al., 
and/or the development of resistance is becoming a 1998; Alexander et al., 1999). However, since then, 
ser ious problem in many endemic areas .  enormous progress has been made both in the cytokine 
Leishmaniasis is also gaining importance in the biology and in the elucidation of immunological 

pathways that are responsible for resistance or 
susceptibility to Leishmania, as well as, in developing 
immunological interventions for prophylaxis and 

Cellular and Cytokine Responses in Leishmaniasis

PRIYA SINGAL AND PRATI PAL SINGH*
National Institute of Pharmaceutical Education and Research, S.A.S. Nagar-160 062, India

Leishmaniasis, a major threat to mankind, accounts for a great deal of morbidity and mortality, especially in 
tropical and subtropical countries. Murine Leishmania infections have provided important insights into the 
immunological networks and their regulation during the disease progression. Susceptibility or resistance to 
Leishmania infection largely depends on the ability of the host to produce a characteristic panel of cytokines 
during mounting of an immune response against the parasite. Antileishmanial immune defenses are 

+
primarily dependent on the ability of the host to mount an interleukin-12-driven CD4  Th1-type response, 

resulting in interferon-γ production, that activates the macrophages to secrete various proinflammatory 

cytokines mainly tumor necrosis factor-α, granulocyte-macrophage colony-stimulating factor and 
macrophage inhibitory factor, as well as, to induce nitric oxide production. In contrast, an IL-4-driven Th2-
type response exerts a disease-exacerbating effect marked by macrophage production of IL-10 and 

transforming growth factor-β. A better understanding of these cellular and molecular immunopathogenetic 
mechanisms is crucial for the rational development of efficacious immunoprophy- lactic and 
immunotherapeutic measures for the control of infection, as well as, for the identification of potential 
molecular targets for the therapy of leishmaniasis.
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therapy of leishmaniasis. This review, therefore, Leishmania spp. have evolved various strategies at 
focuses on the present understanding of the role played each stage of the infection for its successful survival 
by various immune cells and cytokines in deciding the and multiplication in the human host (Bogdan and 
fate i.e., the resolution or exacerbation of Leishmania Rollinghoff, 1998).
infection in the mammalian hosts. 

IMMUNE CELLS IN LEISHMANIASIS
Intracellular parasitism and Leishmania parasite

Differential production of cytokines by helper T-cells 
Leishmania parasites have a heterogeneous life cycle, (Th-cells) during an immune reaction has important 
living first as sessile intracellular amastigotes in the regulatory effects on the nature of the response. 
vertebrate hosts, and then as motile flagellated Responses in mice that are characterized by 
promastigotes in the gut lumen of the sandfly vectors. substantial production of interleukin-2 (IL-2) and 
All Leishmania spp. parasitize members of the interferon-γ (IFN-γ) but no or little IL-4, are referred to 
mononuclear phagocyte system in their mammalian as Th1 response. Th1 response results in the activation 
hosts, where they experience various extra and of the macrophages to kill intracellular pathogens, in 
intracellular host defenses that are directed against delayed-type hypersensitivity (DTH), and in IgG2a 
them for their inactivation and elimination (Alexander synthesis. The Th2 response, on the other hand, is 
and Russel, 1992). Promastigotes are generally taken marked by predominant production of IL-4, leading to 
up by conventional phagocytosis and end-up in a IgG1 and IgE secretion and eosinophilia (Romagnani, 
classical phagolysosome, where they transform into 1992). The factors that may be pushing a T-cell 
amastigote forms that can resist the acidic pH, and response towards a predominantly Th1 or Th2 
attack by lysosomal enzymes. Recent studies have phenotype are yet not clearly understood. Several 
clarified the view of the uptake and intracellular fate of factors such as the properties of antigens, dose of 
Leishmania, and of the protective functions of its main antigen, site of exposure, co-stimulatory molecules, 
surface molecules, which include glycoconjugates strength of signals delivered through the T-cell antigen 
l ike l ipophosphoglycan ,  g lycoprote in 63 ,  receptor and ongoing immune response in the host 
proteophoshoglycan, and glycoinositolphospholipids. have been implicated. However, the major factor has 
These molecules are abundantly expressed on been that of the presence of specific cytokines in the 
metacyclic promastigotes and contribute to the microenvironment of the cell at the time of T-cell 
parasite 's resistance to serum complement receptor (TCR) activation (Locksley et al., 1999). For 
components by preventing access of the C5b-9 example, high concentrations of IFN-γ as a result of 
membrane-attack-complex to the L. major cell NK cell activation (part of innate immune response), 
membrane or by avoiding C5b-9 formation and lysis and absence of IL-4 have been found to promote the 
by a distinct mechanism as in case of L. donovani. differentiation towards the Th1 response, as seen in 
Leishmania not only avoids activation of the various infections. In case of leishmaniasis, 
membrane-attack-complex, but also exploits C3b and susceptibility of a host mainly depends on the T-cell 
C3bi for "silent" invasion of host macrophages and macrophage responses.
through CR3 or CR1 receptors, without activation of 

Helper T-cellsthe oxidative burst activity. Recently, we have reported 
the C-reactive protein (CRP)-receptor-mediated entry Studies done in the murine model of leishmaniasis 
of amastigotes into the macrophages, as purified indicate that helper T-cells play a fundamental role in 
human CRP treatment of L. donovani amastigotes, in a deciding the outcome of infection (Alexander et al., 
dose- and time-dependent manner, augmented their 1999). In a resistant strain of mice, such as C57BL/6 or 
uptake by mouse elicited peritoneal macrophages, in C3H/HeN or B.10.D2, control of infection is 
vitro (Singal and Singh, 2003). Initial inhibition of associated with the expansion of Th1-cells producing 
phagosome-endosome fusion is an intramacrophage IFN-γ that leads to macrophage activation and the 
survival strategy used by promastigotes (acid-labile) appearance of DTH response to parasite antigens. 
to establish infection during promastigote-to- Conversely, progressive fatal infection is seen in 
amastigote conversion (Descoteaux and Turco, 1999). susceptible strains like BALB/c, which has been
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observed to be associated with the appearance of IL-4 antigen presentation because the Leishmania parasite 
producing Th2-cells and hypergammaglobulinaemia finally invades and multiplies in macrophages within 
(Boom et al., 1990). Mice with a targeted disruption of the parasitophorous vacuoles. Nevertheless, 
the CD4 gene have impaired development of CD4 suppression of MHC class II and class I expression, 
lineage and thus decreased Th-cell activity. Sustained defective antigen processing, sequestration of parasite 

+ antigens, endogenous degradation of MHC molecules depletion of CD4  cells using monoclonal antibodies 
by parasitic proteases and lack of the upregulation of results in an inability of mice to control Leishmania 
co-stimulatory molecule(s) expression in infected-infection (Locksley et al., 1993).
macrophages are the various mechanisms used by 

Macrophages
Leishmania parasite to escape immune recognition 

Macrophages, the terminal effector cells, are the (Overath and Aebischer, 1999). Moreover, even after 
+exclusive hosts for the survival and multiplication of stimulation with antigen presenting cell, the CD4  T-

Leishmania parasite. Both in vitro and in vivo studies cells derived from resistant and susceptible mice have 
have convincingly demonstrated that intracellular been found to differ in their functional abilities as the 
persistence of the parasite depends on the latter undergo rapid apoptosis, produce less IL-2 and 
differentiative state of the macrophage at the onset of IFN-γ, and fail to mediate DTH (Das et al., 1999). 
infection, and on the capacity of the macrophage to These functional differences may be influencing the 
respond to T-cell-derived cytokines during the final outcome of infection.
infection. Resident macrophages allow unhindered 

Cytotoxic T-cellsgrowth of the parasite, whereas cytokine-activated 
+macrophages act as potent antigen presenting cells for The contribution of CD8  T-cells in immunity against 

T-cells, as well as, cause efficient intracellular leishmanial infection has been investigated by several 
inactivation of the amastigotes (Overath and approaches; however, controversies still remain. 

+Aebischer, 1999; Singal et al., 2003). Mechanistically, Depletion of CD8  T-cells with antibodies prior to 
IFN-γ (from activated Th1-cells) and tumor necrosis infection aggravated the course of L. major infection 

α α in a resistant mouse strain, even though the final f ac to r-  (TNF- ;  p roduced by ac t iva ted 
outcome of infection was not altered. Contrastingly, macrophages) trigger the inducible-nitric oxide 

+synthase (iNOS)-operated anti-leishmanial activity of there are reports where CD8  T-cells were shown to be 
the macrophages promoting parasite elimination. On responsible for the conversion of susceptible BALB/c 

+the otherhand, IL-4 and IL-10 block the macrophage mice into a resistant phenotype after depletion of CD4  
activation and thus reduce the anti-leishmanial T-cells against L. major infection (Stenger and 

+activity (Bogdan and Rollinghoff, 1998). The genetic Modlin, 1998). Despite the fact that CD8  T-cells also 
locus for susceptibility (Scl-l) in BALB/c mice has produce IFN-γ on activation and can directly destroy 
been mapped to a region of chromosome 11, which the infected-macrophages (Alexander and Russel, 
contains several candidate genes known to affect 1992), their role(s) still remains to be clarified as it has 

+leishmanial infections (e.g. genes coding for iNOS, been reported that mice lacking CD8  T-cells are able 
interferon regulatory factor-1, IL-4, small cytokine to control the Leishmania infection.
family, and putative IL-12 response gene (Guler et al., 

NK cells1996).

NK cells, acting as innate immune effector cells, play Antigen presenting cells (APCs)
an important role in the early stages of Leishmania 

Antigen presentation by infected-cells via class II infection. Being non-specific, they respond rapidly 
MHC molecules, but not via class I molecules, to T-

and serve as a source of activating cytokines like IFN-γ 
cells is essential for the activation and expansion of 

and TNF-α, which not only inhibit the growth of +
IFN-γ producing CD4  T-cells. Although skin 

parasite during initial stages of infection but also 
dendritic cells i.e., Langerhans cells, serve as the +influence the differentiation of CD4  T-cells towards 
primary APCs in case of leishmaniasis, the infected-

Th1 phenotype. Depletion of NK cells has been shown
macrophages represent most potential candidates for 

Cellular & Cytokine responses in leishmaniasis



to favour parasite multiplication in resistant mice, potent activator of mononuclear phagocytes inducing 

along with a decreased IFN-γ production and an the respiratory burst mechanism. IFN-γ also 
increased IL-4 response (Sharon and Scott, 1993). On upregulates the expression of MHC class II molecules, 

+the other hand, neutrophils have been found to leading to amplification of the process of CD4  T-cell 
promote an early induction of Th2 response in L. activation and promotes their differentiation to Th1 
major-infected BALB/c mice, as their depletion leads phenotype, and inhibits the proliferation of the Th2-
to protection (Tacchini-Cottier et al, 2000). type cells, mainly by inducing IL-12 synthesis in 

macrophages and IL-12-receptor expression in T-
Thus, the induction of antigen-specific IFN-γ 

cells. GKO mice, in which IFN-γ or IFN-γ receptor +producing CD4  T-lymphocytes, and the subsequent 
genes have been disrupted, show several 

activation of the macrophages are the key 
immunological defects including impaired 

requirements for the killing of intracellular 
macrophage activation, reduced NO production, 

amastigotes. However, the parasite is capable of 
reduced MHC class II molecules expression, reduced 

modulating the events involving T-cell and 
IgG2a and IgG3 serum levels and defective NK cell 

macrophage interaction and activation, which can 
function.

delay or even block the development of a protective 
immune response. In both murine and human studies, IFN-γ has been 

found to play a key role in acquiring resistance to L. CYTOKINES IN LEISHMANIASIS
donovani. In case of both susceptible BALB/c and 

Various cytokines such as IFN-γ, IL-2, TNF-α, IL-12, resistant C57BL/6 mice, the ability to acquire 
IL-4, granulocyte-macrophage colony-stimulating protection and eliminate intracellular amastigotes is T-
factor (GM-CSF), IL-10, and transforming growth cell-dependent, mainly depending on their ability to 

factor-β (TGF-β) have been implicated to play a role secrete IFN-γ (Heinzel et al., 1989; Squires et al., 
either in the protection or exacerbation of Leishmania 1989). Administration of a single dose of anti-IFN-γ 
infection. The diversion of immune response towards antibody converts a healer into a non-healer mouse. 
production of inhibitory cytokines like TGF-β and IL- The critical role of IFN-γ was confirmed in 
10 is one of the major contributing factors for parasite experiments using infected-mice with a deleted IFN-γ 
persistence and progression of the disease (Pirmez et or IFN-γR gene. Both the strains of mice developed 
al., 1993; Alexander et al, 1999). The role of these inexorable cutaneous u lcers  and a l lowed 
cytokines has been extensively studied, for the past visceralization of the parasite, as also seen in wild type 
few decades, in both in vivo and in vitro experiments 

mice treated with antibodies to IFN-γ (Bogdan et al., 
performed in rodent models and macrophage or T-cell 

1996). IFN-γ also induces the secretion of TNF-α upon 
lines, respectively. Availability of mice deficient (gene 

activation of macrophages, which further lead to full 
knock-out mice; GKO) in different cytokines or other 

activation of macrophages for intracellular killing of 
co-stimulatory molecules has allowed rapid advances 

the  amastigotes, by enhancing NO production.
in the knowledge and understanding of the role of these 
molecules and their interactions with each other, as IFN-γ, being an immunostimulatory molecule, has 
well as, other components of the immune system, been widely explored for its potential as an adjunct in 
which lead to the development of protective immunity the treatment of VL, along with conventional 
or in the pathological manifestations of the disease. chemotherapy. In one of the human studies, the 
Therefore, in the following sections, the role of these combination therapy using recombinant human IFN-γ 
different protein immune-mediators in the outcome of with pentavalent antimony was evaluated and found to 
leishmaniasis is discussed. be effective in treating seriously ill patients with 

refractory or previously untreated VL (Badaro et al., Interferon-γ
1990). IFN-γ has also been found to be a useful adjunct 

+ +IFN-γ, mainly produced by activated CD4  and CD8  therapy with pentamidine and amphotericin B for 
T-cells, and NK cells, is a homodimeric glycoprotein severely ill and refractory patients of VL (Badaro and
having two subunits each of 21 to 24 kDa. IFN-γ is a 
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L. major infection (Park et al., 2000). Treatment with Johnson, 1993). Even IFN-γ alone has been found to 
anti-IL-4 antibody of resistant mice, that have been induce limited antileishmanial activity in humans 
rendered susceptible to infection by treatment with (Sundar and Murray, 1995). The efficacy of IFN-γ was 
anti-IL-12 antibody, allows the resolution of lesions tested by gene transfer experiment in which injection 
indicating that IL-12 also reduces IL-4 production and of a mammalian expression plasmid bearing IFN-γ 
thus the proliferation of Th2-cells. One of the recent 

gene (pIFN) in normal and IFN-γ-gene disrupted 
+studies using CD4  T-cells transgenic for TCR-α and -infected BALB/c mice led to controlled visceral 

β chains have shown that, in contrast to B.10.D2 infection and reduced parasite burdens (Taylor and 
+ +

resistant mice CD4  T-cells, BALB/c CD4  T-cells Murray, 1998). While studying microbicidal 
rapidly lose their responsiveness to IL-12 during mechanisms in host response during chemotherapy of 
priming. A single locus named Tmp-1 (T-cell modifier VL, it was found that endogenous IFN-γ regulates the 
phenotype), mapped to murine chromosome 11 and leishmanicidal response to antimony, since antimony 
also containing genes for IL-4, IL-5, IL-3 and alone could achieve only partial leishmanicidal effect 
interferon regulatory factor-1, has been implicated to in IFN-γ GKO mice. Nevertheless, the exact nature of 
control the responsiveness to IL-12 in vitro (Guler et this mechanism remains elusive (Murray and Delph-
al., 1996). IL-12 has also been reported to induce Etienne, 2000).
antileishmanial activity through IFN-γ-independent 

Interleukin-12 mechanisms, mediated by TNF-α and iNOS in IFN-γ-
GKO mice (Taylor and Murray, 1997).IL-12 is a heterodimer made up of two subunits (35 and 

40 kDa) linked by a disulfide bond, and is mainly Characteristic inhibition of macrophage IL-12 
produced by activated APCs, including macrophages production following Leishmania infection may be an 
and dendritic cells. IL-12 is a potent inducer of IFN-γ important parasite survival strategy to delay IFN-γ 
production and cytolytic activity in NK cells and T- production and downregulate macrophage activation 

+
cells, and promotes the differentiation of CD4  T-cells for NO production. A major cell surface molecule, 
into IFN-γ producing Th1-cells. GKO mice show phosphoglycan (PG) of Leishmania, in a dose-
reduced IFN-γ production and impaired macrophage dependent manner, has been reported to selectively 
activation and cell-mediated immunity. With the inhibit the synthesis of IL-12 at transcriptional level by 
increase in the understanding of immune functions of activated murine macrophages (Piedrafita et al., 
IL-12, it is being recognized as an important link 1999). The ability of Leishmania parasite to inhibit 
between innate immunity (causes macrophage various host cell signal transduction pathways 
activation) and specific adaptive immunity (Th1-cell involved in IL-12 production including impaired 
activation). phosphorylation of protein kinase C (PKC) and 

JAK/STAT signaling pathways (normally activated in The essential role of IL-12 in Th1 development has 
response to IFN-γ stimulation), serves as a key been confirmed in vivo by using the murine model of 
mechanism for its prolonged intramacrophage infection with L. major. Neutralization of IL-12 with 
survival in the mammalian host and in maintaining its anti-IL-12 antibody/deletion of IL-12 gene in resistant 
transmission cycle (McDowell and Sacks, 1999).mice allows the development of a Th2 response 

(Heinzel et al., 1995; Mattner et al., 1996). In Any protein that stimulates IL-12 production or IL-12 
complementary studies, exogenous IL-12 given to itself could be of tremendous interest for its use as an 
susceptible BALB/c mice resulted in the development immunotherapeutic agent/adjuvant for leishmaniasis. 
of Th1 response and resolution of the lesions (Louis et Immunization with a combination of leishmanial 
al., 1998). NK cell activity and IFN-γ production in the antigens and IL-12 led to the development of a Th1 
lymph node of L. major-infected resistant mice was response in BALB/c mice, conferring high-level 
found to be absolutely dependent on the presence of protection against parasite challenge (Sypek et al., 
IL-12. Animal studies have also indicated that IL-12 is 1993). When intralesional injections of IL-12 were 
required not only to initiate Th1-cell development but given to mice along with local or systemic application 
also to maintain a Th1-cell response and resistance to of the antileishmanial drug pentostam, 50-85% of 
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treated mice did not develop systemic infection gets elevated in the serum of VL patients and drops 
(Nabors et al., 1995). In the L. donovani model, IL-12 rapidly following successful drug treatment, serving 
was effective in reducing the liver parasite burden by as a good parameter to monitor host response to 
34-45% in infected mice (Murray and Hariprashad, therapy (Barral-Netto et al., 1991). Curiously, VL is 
1995). Human peripheral blood monocytes, obtained associated with weight loss, fever and anemia, which 
from active VL patients, when treated with IL-12, are all hallmarks of TNF-induced cachexia. In one 
shifted the response towards Th1 type with production study, done on MCL patients, it has been found that the 

of IFN-γ, indicating IL-12 as a potential candidate for regulation of TNF-α secretion is at least partially 
combined immunotherapy, (Ghalib et al., 1995). influenced by polymorphisms in the TNF locus, 

providing a potential diagnostic tool for detection of 
Tumor necrosis factor-α individuals at risk of this severe and debilitating form 

of disease, which occurs only in a subset of individuals TNF-α is a homodimer of 51 kDa, which is mainly 
presenting primary localized cutaneous leishmaniasis secreted by the activated macrophages, antigen-
caused by L. braziliensis (Blackwell, 1999).stimulated T-cells, activated NK cells and mast cells. It 

is a key mediator of both innate and specific Granulocyte-macrophage colony-stimulating 
inflammatory responses. During an inflammatory factor 
response, TNF-α induces enhanced expression of cell 

GM-CSF is a 22 kDa glycoprotein, produced by almost 
adhesion molecules on vascular endothelium, 

all organs and tissues, and by various cell types such as 
production of chemokines by mononuclear 

macrophages, activated T-cells, fibroblasts and 
phagocytes for leukocyte recruitment, activation of 

endothelial cells in response to a variety of agents. 
inflammatory leukocytes, as well as, promotes 

GM-CSF is known to regulate the differentiation and 
angiogenesis.

proliferation programme of the committed progenitor 
TNF has been shown to play a protective role in murine cells, in vitro; in vivo it promotes cell survival and 
leishmaniasis. Experiments have proved that TNF-α is stimulates hematopoiesis. Additionally, GM-CSF 
capable of inhibiting parasite multiplication in vitro, as regulates the activation status and functional 
well as control infection in vivo mainly due to its capabilities of the mature macrophages including 
ability to cause the activation of infected-macrophages adherence, chemotaxis, respiratory burst activity, 
for destruction of intracellular amastigotes (Titus et cytotoxicity, and production of various cytokines like 

al., 1989). TNF-α production has been found to be TNF-α and IL-1 (Metcalf, 1991).
absent in susceptible mice but present in L. major-

GM-CSF has been reported to cause a dramatic 
infected resistant mice. In addition, repeated injection 

increase in the uptake and intracellular killing of 
of recombinant human TNF-α into both strains of mice various Leishmania species by macrophages, in vitro; 
had a therapeutic effect on the course of infection, the effect gets completely neutralized by anti-GM-
while injection of anti-TNF-α antibodies led to CSF antibodies and is independent of any effect of 
marked exacerbation of the infection (Titus et al., IFN-γ. Higher levels of antiparasitic activity could be 
1991). IL-4 and IFN-γ have been reported to induce seen in macrophages treated with sub-optimal doses of 
TNF-α production in a synergistic manner (Stenger et GM-CSF and IFN-γ, simultaneously (Handman and 
al., 1991). Further, TNF-α synergises with IFN-γ for Burgess, 1979; Weiser et al., 1987). In vivo treatment 
the NO-dependent killing of intracellular L. major with recombinant GM-CSF (rGM-CSF) has beneficial 
amastigotes (Liew et al., 1990; Theodos et al., 1991). effects, whereas treatment with anti-GM-CSF 
Recently, it has been shown that endogenous TNF is antibodies has detrimental effects on the course of L. 
required to control intracellular L. donovani in mice, donovani infection in mice (Murray et al., 1995).
supports granuloma development, mediates optimal 

L. donovani infection in mice has been shown to cause killing effects of antimony treatment and prevents 
a rapid but transient increase in the haemopoietic relapses after ordinary curative amphotericin B 
progenitor cell frequency in spleen, bone marrow and 

treatment (Murray et al., 2000). The level of TNF-α 
blood in association with increased accumulation of
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mRNA for GM-CSF, granulocyte-CSF (G-CSF) and IL-18 into these mice corrected their deficiencies and 
macrophage-CSF (M-CSF; Cotterell et al., 2000). We indicated that Th1-cells produce IFN-γ in response to 
have recently determined the CSF induction potential IL-18 (Ohkusu et al., 2000). Thus, IL-18 has a high 
of L. donovani amastigote antigens soluble in culture potential to be used in the treatment and prevention of 
medium, and have observed that leishmanial antigens leishmaniasis along with IL-12.
can induce the production of CSFs in a dose and time 

Interleukin-4
dependent manner; the CSF production was both 

de novo IL-4 is a 20 kDa cytokine, whose main cellular sources lipopolysaccharide-independent and . The 
+colony forming unit-GM counts in the spleen and are CD4  T lymphocytes of Th2 subset. IL-4 plays a 

femur of Leishmania antigen-treated mice also critical role in the regulation of IgE and mast-
showed more than 2-fold increase as compared to the cell/eosinophil-mediated immune responses, and acts 
normal mice indicating enhanced hematopoietic as a growth factor for Th2 subset of T lymphocytes and 
activity (our unpublished observations). Furthermore, mast cells. In murine models, IL-4 has been shown to 
certain reports have highlighted that resistant mice be involved in the pathogenesis of leishmaniasis 
show an increase in GM-CSF secreting cells while the (Heinzel et al., 1989). Experiments done to examine 
susceptible mice exhibit an increase in IL-3 (multi- the effect of IL-4 on cytokine activation of 
CSF) secreting cells. Treatment with IL-3 enhances macrophages show that IL-4, in a dose- and time-
the intracellular survival of the parasite in vitro and in dependent manner, abrogated the induction of 
vivo; paradoxically, treatment with anti-IL-3 antileishmanial activity resulting from macrophage 
antibodies clearly reduces the disease manifestations activation by IFN-γ, TNF-α and GM-CSF. One of the 
(Saha et al., 1999). In one of the human studies done to main mechanisms of inhibition of macrophage 
evaluate the therapeutic potential of GM-CSF, it was activation was the depression of oxidative burst 
observed that administration of GM-CSF with activity leading to low production of reactive oxygen 
antimonials was effective in reversing neutropenia, intermediates and NO (Lehn et al., 1989; Ho et al., 
eosinopenia and monocytopenia associated with VL, 1992). Furthermore, administration of monoclonal 
and also reduced the number of secondary infections in antibodies against IL-4 results in self-cure and 
treated patients as compared to those treated with immunity from subsequent infect ion. The 
antimony alone (Badaro et al., 1994). Nevertheless, demonstration that IL-4 is involved in fatal infection in 
the biological role(s) of CSFs in leishmaniasis still murine leishmaniasis, that serum IL-4 and not IFN-γ is 
remains largely unclear. The induced-CSFs may elevated in VL patients, and that IL-4 is a potent 
merely serve the purpose of increasing the number of i n h i b i t o r  o f  m a c r o p h a g e  a c t i v a t i o n  b y  
phagocytes that are the host cells for parasite proinflammatory cytokines provide strong support for 
expansion, and to increase the phagocytic uptake of the its contribution to the pathogenesis of human 
parasite or may augment the leishmanicidal activity of leishmaniasis.
the macrophages.

+After infection with L. major, CD4  T-cells of BALB/c 
Interleukin-18 mice have been observed to exhibit an early IL-4 

induction, which is absent in case of resistant mice. An IL-18 is an 18 kDa proinflammatory cytokine that 
1 8  a m i n o - a c i d  s e q u e n c e ,  a c t i n g  a s  a n  plays an important role in NK cell activation and Th1-
immunodominant epitope, present in the Leishmania cell response, particularly in collaboration with IL-12. 
homologue of receptors for Activated C Kinase Daily injections of IL-12 and IL-18, during the first 
(LACK) antigen has been recognised to induce IL-4 week after infection, strongly protected the mice from 
response and thus lead to susceptibility. Deletion of footpad swelling by induction of Th1-cells, and also 
this region of the molecule completely abrogated the conferred protective immunity. Absence of 
early IL-4 response that occurred in BALB/c mice. endogenous IL-18 in resistant mice generated either by 
Irrespective of the antigen to which they respond, treatment with anti-IL-18 antibodies or using IL-18 

+
CD4  T-cells from BALB/c mice display aberrant GKO mice, led to prolonged footpad swelling and 
biasing towards IL-4 production and the outgrowth ofdiminished NO production. While daily injection of 
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+Th2-cells (Locksley et al., 1999). Enhanced IL-4 functions of cytotoxic CD8  T-cells, which also play a 
receptor expression and decreased IL-12 production in role in the elimination of the infected-cells, as well as, 
Langerhans cells infected with L. major has been induce a Th2 like response with increased production 
recently reported in case of susceptible mice but not in of IL-4 and IL-10 (Letterio and Roberts, 1998). These 
resistant mice (Moll et al., 2002). This reflects that studies emphasize on the need of designing therapeutic 
multiple genetic elements influence susceptibility to strategies aiming not only for macrophage activation 
leishmaniasis. Genetic loci conferring these but also for the neutralization of such inactivating 
phenotypes are being physically mapped, as they may cytokines to control progression of infection 
be helpful in identifying the susceptible population in especially in the initial stages. 
the future.

Interleukin-10

Transforming growth factor-β IL-10, an 18 kDa molecule, is primarily produced by 
activated-macrophages and some lymphocytes. IL-10 TGF-β, which is a 28 kDa homodimeric protein, is 
is known to inhibit cytokine (IL-1, IL-12 and TNF-α) secreted by antigen-activated T-cells as well as by 
production by macrophages, and macrophage-activated mononuclear phagocytes. TGF-β inhibits 
mediated T-cell activation (through reduced proliferation of T-cells and activation of macrophages. 
expression of class II MHC and co-stimulatory It antagonizes many stimulatory immune responses, 
molecules), resulting in the inhibition of both innate acting as a negative regulator. TGF-β GKO mice 
and T-cell mediated specific immune responses. develop uncontrolled inflammatory responses leading 
Genetically susceptible, but not resistant mice, 

to extensive tissue damage. TGF-β is now being 
infected with L. major, reportedly produce IL-10. 

recognised as an important immunoregulator and a 
IL-10 has been shown to have a unique property that it 

parasite-escape mechanism in all forms of human and 
decreases both production and effective utilization of 

murine leishmaniasis. Treatment of resistant mice 
IFN-γ, and thus increase the persistence of parasite. In 

strains with recombinant TGF-β lead to the 
several patients tested, a clear pattern of IL-10 

development of large, non-healing lesions, indicating 
production during acute disease and the absence of IL-

its ability to alter the course of leishmanial infection. 
10 after chemotherapy was observed (Ghalib et al., 

Conversely, treatment of BALB/c mice with anti-
1993). Induction of IL-10 production by infected-

TGF-β antiserum arrested the development of lesions 
macrophages and interacting T-cells can be an 

(Barral-Netto et al, 1992). Systemic administration of 
important strategy of parasite for downregulating 

TGF-β has been shown to increase the infectivity of T-cell responses. L. donovani infection is known to 
relatively avirulent strains of Leishmania (Barral et induce endogenous secretion of murine IL-10, which 
al., 1993). In vitro experiments also demonstrate that facilitated the intracellular survival of parasite by 
the amount of active TGF-β produced by macrophages downregulating the oxidative and inflammatory 
upon infection with different strains of Leishmania responses via selective impairment of PKC-mediated 
correlates roughly with both the strain virulence and signal transduction (Bhattacharyya et al., 2001). IL-10 
the proliferation of parasites within the macrophages. has also been reported to inhibit the synthesis of 
Two mechanisms have been proposed to explain the migration inhibitory factor (MIF) and MIF-mediated 
disease enhancing effects of TGF-β in leishmaniasis, macrophage activation (Wu et al., 1993). Use of anti-
and each depends on the balance of cytokine milieu. IL-10 antibody to block the IL-10 activity or IL-10 
One mechanism involves the ability of TGF-β to receptor blockade can be an effective approach for the 
decrease cell-mediated immunity by suppressing the treatment of leishmaniasis (Murray et al., 2002).

effects of IFN-γ or IL-4 on expression of MHC class II Interleukin-13
molecules on antigen presenting cells. The other 

IL-13 is a recently identified 12.3 kDa cytokine mechanism, on the other hand, is related to the ability 
belonging to the Th2 cytokine family. IL-13 of TGF-β to modulate the activity and differentiation 

+ + production is restricted to activated Th2-cells, mast 
of CD4  and CD8 T-cell subsets. TGF-β inhibits the 

cells and basophils. IL-13 has many immuno-
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modulatory functions on a wide range of cells, similar upon addition of iNOS inhibitor, NO generation via 
to IL-4 functions. IL-13 has immuno-suppressive and CD23 crosslinking and use of chemical NO donors to 
anti-inflammatory activities on macrophages and induce killing of parasite. Besides, increased 
other cells, including inhibition of pro-inflammatory expression of physiological NO inhibiting factors like 

cytokines (like IL-1, IL-12, TNF-α, GM-CSF) and IL-10, TGF-β and IL-4 is observed during progression 
other chemokines. Macrophage-mediated killing of leishmaniasis (Mossalayi et al; 1999).
mechanisms like NO production, antibody-mediated 

CONCLUSION
cellular cytotoxicity and Fcγ receptor expression are 

The generation of protective immune response during all downregulated by IL-13 (Brombacher, 2000). 
leishmaniasis is a complex process in which many Hence, IL-13 production also influences the 
cells, cytokines and co-stimulatory molecules are susceptibility of the host towards disease progression.
involved. Defining the key events that influence the 

OXIDATIVE RESPONSES DURING initial generation and expansion of effector T-cells is 
LEISHMANIASIS critical as it decides the final outcome of infection. 

Resistance to Leishmania infection is associated with The two important macrophage-derived oxidants that 
play a key role in the intracellular inactivation of activation of Th1-cells to generate IFN-γ that activates 

-Leishmania parasite are superoxide (O ), produced as the parasitized macrophages to secrete TNF-α and 2

GM-CSF, which then synergistically enhance the a part of respiratory burst mechanism in response to 
killing of intracellular Leishmania by NO-dependent phagocytosis, and NO, produced as a result of 
mechanisms; whereas chronic progressive disease is macrophage activation by IFN-γ and TNF-α (Gantt 
correlated with the production of IL-4 and IL-10 by et al., 2001). Although both the oxidants are known to 
Th2-cells, and TGF-β by infected-macrophages. A play a protective role in initial phases; however, NO is 
better understanding of the protective immune essential and sufficient for the final control of infection 
mechanisms will help in identifying specific (Murray and Nathan, 1999). Enhanced iNOS 
immunological components or interventions that can expression and NO production are characteristic 
be translated into treatment, using them either alone or observations seen in resistant mice (Stenger et al., 
as an adjunct in combination with chemotherapy. With 1994). Similar observations have been obtained in 
recent reports suggesting the role of immune Leishmania-infected peritoneal macrophages in vitro; 
mechanisms in regulating the effectiveness of various   the killing was completely inhibited by specific 
chemotherapeutic drugs, development of a  inhibitors of L-arginine pathway (Green et al., 1990). 
combinatorial approach (immunochemotherapy) may Mutant mice lacking iNOS become highly susceptible 
probably prove more beneficial. Simultaneously, to L. major infection with altered immune responses 
genetic predisposition, where presence of certain (Wei et al., 1995). TGF-β has been found to play a 
unknown genes might result in enhanced major immunoregulatory role in chronic Leishmania 
susceptibility of a given individual to the parasite, infection by suppressing macrophage production of 
needs to be studied in great details. Genome-wide NO (Li et al, 1999). A novel mechanism of 
searches in animal models should be done to identify macrophage-deactivation during L. donovani 
susceptibility genes that might be used to screen infection has been recently reported which involves 
human populations to ascertain their vulnerability to the attenuation of MAP kinase signalling, and c-FOS 
infection, and ultimately, to identify patients at high and iNOS expression in macrophages by activating 
risk of contracting the disease.phosphotyrosine phosphatases (Nandan et al., 1999). 

However, the role of NO in the antileishmanial ACKNOWLEDGEMENTS
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chromosomal circular and linear amplicons. eg., D he phenomenon of DNA amplification is 
DNA in Leishmania tropica, T DNA in Leishmania Tubiquitous in the biological world. It can occur 
tarentolae etc. (Table 1).during development, cancerous growth as well as drug 

resistance. The genome of Leishmania is interesting as Our laboratory is interested on one such genomic 
it is quite plastic due to the high frequency of DNA region in Leishmania that is prone to numerous types 
amplification events taking place. Various strains of of amplification namely, Leishmania DNA 1 (LD1). 
Leishmania have been shown to contain amplified LD1 amplification was originally observed as a 250 
DNA elements that occur as circular or small linear Kb linear chromosome in L. braziliensis H2903 
chromosomes that vary in size and copy number. (Scholler et al., 1986 and Stuart et al., 1989). 
Several of these amplified DNAs have been shown to Subsequently, LD1 was also found to be amplified 
contain genes responsible for resistance to drugs such extrachromosomally as a circular inverted dimer of 
as methotrexate (MTX), tunicamycin, arsenite and 54.5 kb in L. infantum ITMAP 263 (Tripp et al., 1991). 
other drugs, that are found on amplified circular R The multigenic LD1 locus is located 100 kb from one 
DNA (Beverley et al., 1986), G DNA (Liu and Chang., telomere on chromosome 35 (2.2 Mb) of Leishmania 
1994), and H DNA (Ouellette et al., 1990), and various portions are amplified as 100-200 copies 
respectively. Similarly, resistance to DL-α- of 55 Kb circular molecules or 20-60 copies of200-
difluoromethylornithine (DFMO) and mycophenolic 450-kb linear chromosomes in -15% of Leishmania 
acid has been associated with amplification of the isolates tested. Transcript mapping studies identified 
ornithine decarboxylase (ODC) (Hanson et al., 1992) nine putative mRNAs that map to adjacent positions on 
and inosine monophosphate dehydrogenase genes one LD1 strand (Tripp et al., 1992). A study conducted 
(IMDPH) (Wilson et al., 1991), respectively, on small to explore the consequences of LD1 amplification 
linear chromosomes. Leishmania spp. represent a showed that transcript abundance correlated with the 
unique model since, even without drug pressure, gene copy number of ORFC, ORFD and ORFE (Myler et 
amplifications appear and remain as extra al., 1994). The transcription of LD1 is polycistronic. 

The entire LD1 has been sequenced as a series 
ofgenomic clones (Tripp et al., 1992)(Fig. 1)

LD1 : An amplified DNA of Leishmania
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The LD1 locus on chromosome 35 of Leishmania is an amplified region present in 15% of unselected 
Leishmania isolates. The genomic characterization of various genes present in LD1 region is underway. 
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knockouts of ORFF gene in order to study its function.
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Table I :Amplified DNAs in Leishmania

DNA Gene Size (Kb) Selection

R (circular) Dhfr-ts ~30kD MTX

~30kD CB3717

H (circular) pgp 86.5 MTX

140 None (MTX resistant)

69

68 MTX

85&170 Primaquine or Terbinafine

G (circular) nagt 30-60 Tunicamycin

IMPDH-280 impdh 280 Mycophenolic acid

ODC-70C (Circular) odc 70 DFMO

ODC-140L (Linear) odc 140 DFMO

V(Circular) Pgp/lamdrl 247 Vinblastine (mdr phenotype)

D(circular) ? 75 None

T(circular) ? 19 None

LD1(circular) ? 55 None

LD1(circular) ? 26.5 None

LD1(Linear) ? 250-550 None

SNA2, SNA3 & ? 50-100 Nutritional Stress

SNA4 (Linear)

MTX : methotrexate DFMO : Difluoromethylornithine



15JPD : Vol. 27 (1), 2003

F
ig

.1
 :

 L
in

ea
r 

m
a

p
 o

f 
L

D
1

. 
S

h
a

d
ed

 b
o

x
es

 a
n

d
 a

rr
o

w
s 

sh
o

w
 t

h
e 

o
p

en
 r

ea
d

in
g

 f
ra

m
es

 a
n

d
 t

h
ei

r 
tr

a
n

sc
ri

p
ts

 r
es

p
ec

ti
v

el
y.

T
h

e 
p

o
si

ti
o

n
 o

f 
a

ll
 t

h
e 

L
D

1 
cl

o
n

es
 i

s 
sh

o
w

n
 a

s 
th

in
 l

in
es

.

LD1 : An amplified DNA of Leishmania



We have characterized several genes from the LD1 length ORFF predicts a 361-amino acid sequence of 
locus. Sequence analysis of several genes from the 39.7 kDa with an isoelectric point (pi) of 6.32, while 
LD1 region indicates high degree of sequence the shortened (and more likely to be translated) ORFF 
conservation between L. major and L. donovani/L. predicts a 286-amino acid protein of 31.6 kDa with a pi 
infantum within protein-coding ORFs (91-96%), with of 5.38. The predicted amino acid sequence has no 
a lower degree of conservation (79-85%) within the sequence homology to any known protein in the 
non-coding regions. Sequence analysis of the LD1 database, nor does it contain any informative motifs. 
locus has identified a number of open reading frames Thus it is a novel and perhaps a leishmania specific 
(ORFs) with characteristics suggesting that they have protein and therefore represents a potentially 
protein-coding functions (Myler et al., 1993, important target for the development of novel 
1994a,b). A combination of database searching and chemotherapeutic agents or vaccine development.
functional analyses revealed genes encoding 

In order to study the functional aspects of the protein, it 
ribosomal protein L37 (Myler et al. 1993), a member 

was expressed in bacterial expression vector pET17-b 
of an extensive and relatively uncharacterized family 

and antibodies were raised in rabbit against the 
of bacterial and yeast genes (Myler et al, 1994b), and a 

recombinant protein. The protein was found to be 
biopterin transporter (Lemley et al. 1999; Kundig et 

localized in the nucleus. Using these antibodies, the 
al., 1999). The protein products predicted from several 

ORFF protein was found to be differentially expressed 
other LD1 genes showed sequence homology to 

during the parasite life cycle (Ghosh et al, 1999). There 
proteins of unknown function or contained nucleotide-

appears to be some strain and species variation in the 
binding motifs, while the remainder failed to reveal 

level of expression. These findings suggest a potential 
significant homology to any other sequence or 

regulatory role of ORFF protein.. Gene amplification 
informative motif. The salient features of LD1 ORF's 

has been often found to be a basis for drug resistance in 
are given in Table II.

leishmania. However, there appeared to be no 
The LD1 sequence occurs in all Leishmania and is correlation between over-expression of ORFF and 
present in Crithidia fasiculata, Trypanosoma cruzi resistance to anti-leishmanial drugs pentostam and 
and Trypanosoma lewis (Tripp et al., 1991). A novel glucantime (Ghosh et al., 1999). The ORFF protein 
form of LD1 amplification has been observed in the L. appears to be an important target of the host immune 
donovani strain 51.1. The genomic rearrangement response (Dole et al., 2000). Protection conferred by 
resulted in duplication of a 3.9 kb segment of LD1 rORFF antigen was higher than the protection 
containing two genes (ORFF and ORFG) and of a 1.3 conferred by same amount of soluble antigen (SA) of 
kb segment from approximately 10 kb downstream Leishmania donovani. Since ORFF represents only 
into the rRNA gene repeat region of the 1.2 Mb 0.16% of the total cellular protein in L. donovani 
chromosome. Sequence similarity between the (AG83), this suggests that ORFF is highly 
common short sequence (12-13 bp) between 2.2 Mb immunogenic (Dole ei al., 2000). It also has 
LD1 locus and 1.2 Mb rRNA loci suggest that this gene significant diagnostic potential. Sera from 49 
conversion occurred by homologous recombination. confirmed visceral leishmaniasis patients were 
But since the repeats are located on different seropositive using even 5 ng of rORFF protein while 
chromosomes, recombination results in gene sera from malaria, filariasis and tuberculosis patients 
conversion rather than the generation of circular showed end point Titre that were essentially 
episomes seen with H-region and circular LD1 indistinguishable from normals, non-endemic and 
amplification. endemic controls. Recombinant ORFF appears to be 

specifically recognized by sera from patients with 
ORFF and ORFG

visceral leishmaniasis (VL) compared to those with 
Our major interest has been two of the open reading cutaneous-leishmaniasis (CL). Furthermore, the 
frames of LD1 namely ORFF and ORFG (BT1) since sensitivity of detection appears to be greater than with 
they are uniformly amplified in isolates having LD1 total L. donovani promastigote soluble antigen, 
amplification. suggesting the utility of rORFF protein as a sensitive 

and differential diagnostic reagent that is specific for ORFF gene has got many interesting features. The full 
L. donovani (Raj et al., 1999).
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Table II : Salient features of LD1 ORFs

orf Trans Protien Size Isoele Signature Homology Remark Nucleotide Aminoacid
cript ctric domain To known Identity Identity
Size Amino Mol point gene between between
(Kb) Acids Wt. L.major L.major

(Friedlin) (Friedlin)
and L. and L.

donovani(%) donovani(%)

A 2.4 584 51.0 Epidermal 95 94
growth
factor

B 0.6 83 9.8 11.85 CX2CX11CX2C L37 of 39 nt 96 100
Zinc finger Rat, splice

domain of steroid Human, leader
Receptor family Yeast sequence

ribosomal
protein

C 3.0 741 80.1 8.02 CXXCH heme SfhB gene 94 90
binding domain of E.coli
of CytC family

D 2.6 720 81.4 5.63 95 94

E 2.0 370 40.0 6.32 94 92

F 1.1 361 39.7 6.32 SAM-dependent 95 91
methyl

transferase motif

G 3.5 631 68.9 7.20 ESAG10 of VSG 10-12 93 90
expression site of membrane

T.brucei spanning
domain

H 0.9 87 10.0 10.89 Basic
protein

I 1.4 306 33.6 6.42 A/GXXXX/GKS/T 94 93
ATP/GTP

binding domain

One method to elucidate the function of unknown constitutive levels from an inducible allele while all 
genes is the conventional gene replacement strategy. other alleles are deleted.
But this strategy is not useful to study genes with 

In tetracycline regulatable system, in the absence of 
essential functions since their deletion is lethal. tetracycline, TETR binds to tetO and suppresses 
Therefore a tetracycline inducible system was transcription from adjacent promoter. Addition of 
introduced which will provide a stringent regulation of tetracycline allows it's binding to TETR disrupting its 
gene expression in Leishmania (Yan et al., 2001). This interaction with tetO and allowing transcription. We 
system allows the expression of an essential gene at have made use of this strategy to create regulatable

17JPD : Vol. 27 (1), 2003 LD1 : An amplified DNA of Leishmania
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knockouts of ORFF. This was done in an Indian isolate 51.1, a strain that has three copies of BT1, two copies 
of Leishmania donovani strain (AG83). This strain has on chromosome 35 and one copy on chromosome 27 in 
got two alleles (one copy) of ORFF gene in its genome. the rRNA repeat locus. (Lemely et al., 1999). This was 
As a first step, TETR gene was introduced into the achieved by replacing the three BT1 genes by 
tubulin locus of Leishmania donovani (AG83). In the successive rounds of gene transformation. Preliminary 
second step, the first allele of ORFF was replaced with studies show that the null mutants had reduced 
a tetracycline inducible allele of ORFF. The third step infectivity and lower survival of amastigotes in 
involved the replacement of second allele of ORFF J774A.1 macrophages when compared to the wild type 
with an antibiotic resistance gene. This study allowed strain. Infectivity of the complete knock out strain was 
the creation of regulatable knockouts of ORFF gene in restored to that of the wild type levels upon addition of 
Leishmania donovani. The functional studies using biopterin to the medium, which reflects the role of 
these regulatable knockouts and these studies helped ORFG as a biopterin transporter and it has been 
to understand the possible function of this interesting renamed BT1. These results further support the 
gene. observation that the amplification of ORFG is related 

to increased infectivity and survival in the 
ORFG or BT1 transporter gene

macrophages. Thus infectivity in the null mutant strain 
is attenuated. Further work is going on in the ORFG or BT1 transporter gene, present in the LD1 
laboratory to use these BT1 attenuated forms of region of Leishmania has been identified to be an 
Leishmania obtained by gene replacement as safe live integral membrane protein that contains 10-12 
vaccines as has been observed in case ofdhfr-ts null membrane spanning domains (Lemley et al., 1999). 
mutants (Titus et al., 1995).These regions are predicted to form amphiphilic alpha-

helix and beta strands typical of type IV integral 
Recombinant antigens ORFF and ORFG proteins were 

membrane proteins (Myler et al., 1994). Database 
both immunogenic since the splenocytes from infected 

searches have revealed that it has 34% amino acid 
BALB/c (susceptible) and C3H/HeJ (resistant) mice 

identity and 64.3% similarity with gene ESAG10 from 
exhibited proliferative response to recombinant 

T. brucei VSG expression site. Leishmania along with 
antigens in vitro. In addition, the splenocytes from 

other trypanosomatid, is unable to synthesize 
both the susceptible and resistant mice that had been 

pteridines from GTP and thus must take up folate or 
immunized with recombinant antigens ORFF or 

synthesize it from exogenous pterins. Methotrexate is 
ORFG also showed strong proliferative response when 

known to inhibit dihydrofolate reductase synthesis 
incubated in vitro with the respective antigens. 

(DHFR-TS) in the Leishmania folate reduction 
Furthermore, immunization with either ORFF, ORFG 

pathway. BT1 gene was found to be over expressed in 
or ORFF+ORFG recombinant antigens was found to 

L. tarentolae mutants that had decreased folate or 
confer partial protection of BALB/c mice against L. 

methotrexate uptake (Oullette et al., 1999). Increased 
donovani infection. Maximum protection (80%) was 

uptake of biopterin may therefore act as an alternative 
observed when both the recombinant antigens were 

source for folate. Thus it is important to study the role 
used together for immunization (Fig. 2). Similarly, the 

of BT1 in pteridine metabolism and increased 
sera from mice immunized with ORFF and ORFG 

understanding of its function may lead to development 
showed the highest titre of respective antibodies. Thus, 

of novel therapeutic approaches.
these antigens are potential vaccine candidates against 
visceral leishmaniasis. (Dole et al., 2000).Inorder to study the function of BT1 gene, antiserum 

was raised in rabbits to recombinant ORFG protein C-
The potential of ORFF and ORFG gene as DNA 

terminal region and was utilized to study the growth 
vaccine to induce protective immunity in BALB/c 

phase regulated expression of ORFG (Lemley et al., 
mice infected with Leishmania was assessed in the 

1999). Antiserum against recombinant ORFG detected 
mice model system. DNA vaccine constructs were 

a protein of approximately 50 kD of equal intensity in 
made by using DNA encoding ORFF or ORFG 

lag, log and stationary phases of promastigote growth 
antigen. Immunization with the ORFF DNA vaccine 

both in L. donovani strain LSB 7.1 and in a natural 
construct in BALB/c mice was performed by 

isolate that caused cutaneous Leishmaniasis (Dole et 
intramuscular injection. Sera from immunized mice 

al., 2002).
was tested for B- and T-cell response before challenge. 
ORFF DNA vaccine was immunogenic since the Characterization of BT1 function was achieved by 
splenocytes from infected BALB/c (susceptible) micedeveloping transgenic mutants in L. donovani strain 

LD1 : An amplified DNA of Leishmania
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Figure 2 : Liver and spleen parasite burdens following immunization and challenge with L. donovani. BALB/c mice were 
immunized subcutaneously with PBS, L. donovani soluble antigen (SA), recombinant ORF (rORFF), recombinant BT1 
(rBT1c), or recombinant ORFF + recombinant BT1 (rORFF + rBT1c). Parasite burdens in the liver (A) and spleen (B) were 
calculated as the number of amastigotes per cell nucleus X organ weight (in mg) x 2 x 105 and shown as the mean  standard 
deviation of four mice per group at each Time point. Means which differ significantly from that of the corresponding PBS 
control are indicated by + (p<0.05), x (p<0.01) or xx (p<0.001).

Figure 3 : Infection levels following DNA vaccination. BALB/c Mice were immunized with F/pc DNA 3.1 and pc DNA 3.1 
8plasmids thrice at 3 weeks intervals. Two weeks following the final injection, the mice were challanged i.v with 2x10  

Leishmania donovani promastigotes. Four week and eight weeks after challenge infection, mice were killed and leishman 
Donovan Units(LDU) was calculated from liver (A) and spleen (B) smears. The mean LDU±SE is shown (n=4) mice per group.

A B

A B
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Kundig C, Leblanc E, Papadopoulou B, Ouellette M. 1999. Role of exhibited proliferative response in vitro when 
the locus and of the resistance gene on gene amplification incubated in vitro with the antigen. It also appears that 
frequency in methotrexate resistant L. tarentolae. Nucleic Acid 

the cell mediated response induced by ORFF DNA Research. 27(18) : 3653-3659.
vaccine is selectively of the Th1 type with the Lemley C, Yan S, Dole VS, Madhubala R, Cunningham ML, 

Beverley SM, Myler PJ, Stuart KD. 1999. The Leishmania preferential production of IFN-γ. Immunization with 
donovani LD1 locus gene ORFG encodes a biopterin ORFF DNA vaccine was found to confer a significant 
transporter (BT1). Mol Biochem Parasitol. 104(1): 93-105.

level of protection (80%) in BALB/c mice against L. 
Liu X, Chang KP. 1994. Identification by extrachromosomal donovani infection (Fig 3) (Sukumaran B et at, 2003). 

amplification and overexpression of a zeta-crystallin/NADPH-
The protection conferred by the injection of ORFF oxidoreductase homologue constitutively expressed in 

Leishmania spp. Mol Biochem Parasitol. 66(2): 201-10.DNA vaccine was higher than that of the protection 
induced by rORFF antigen. Myler PJ, Tripp CA, Thomas L, Venkataraman GM, Merlin G, 

Stuart KD. 1993. The LD1 amplified element from Leishmania 
CONCLUSION infantum encodes a homolog of ribosomal protein L37. Mol 

Biochem Parasitol. 62(1): 147-51.
The LD1 gene amplification occurs in ~15% of 

Myler PJ, Lodes MJ, Merlin G, de Vos T, Stuart KD. 1994. An 
unselected Leishmania isolates. Studies conducted amplified DNA element in Leishmania encodes potential 
using two genes ORFF and ORFG from the LD1 locus integral membrane and nucleotide-binding proteins. Mol 

Biochem Parasitol. 66(1): 11-20.showed that their protein products are potential 
Myler PJ, Venkataraman GM, Lodes MJ, Stuart KD. 1994(b). A vaccine candidates. Knockout studies using ORFG 

frequently amplified region in Leishmania contains a gene that showed that this gene is a biopterin transporter and 
is conserved in prokaryotes and eukaryotes. Gene. 148: 187-

might be involved in the infectivity and survival of the 193.
parasite. The functional studies using tetracycline Ouellette M, Fase-Fowler F, Borst P. 1990. The amplified H circle 
regulatable knockouts of ORFF gene will help in of methotrexate-resistant leishmania tarentolae contains a 

novel P-glycoprotein gene. EMBO J. 9(4):1027-33.elucidating the possible function of this gene. The 
Raj VS, Ghosh A, Dole VS, Madhubala R, Myler PJ, Stuart KD. genomic characterization of other genes present in 

1999. Serodiagnosis of leishmaniasis v.-ith recombinant ORFF LD1 region is underway. These studies will throw light 
antigen. Am J Trop Med Hyg. 61(3): 482-7.

into the significance of LD1 gene amplification in the 
Scholler JK, Reed SG, Stuart K. 1986. Molecular karyotype of Leishmania parasite. Understanding the functions of 

species and subspecies of Leishmania. Mol Biochem Parasitol. 
various genes in the LD1 locus might also lead to the 20(3): 279-93.
identification of novel chemotherapeutic and vaccine Stuart K, Tarr P, Aline R, Smiley B, Scholler J and Keithly J. 1989. 

Small nucleic acids in Leishmania. In: Leishmaniasis: The candidates.
Current Status and New Strategies for Control. (Hart, D.T., ed.), 
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lymphatic filariid, Wuchereria bancrofti, in India. INTRODUCTION
Present study was designed to both morphologically 

Strain variation within the species is well documented 
and immunochemically characterize the different field 

in many helminthic parasites (Nedler, 1987; 1990; 
isolates of the microfilariae of W. bancrofti. The 

Tarrant et al., 1992) including nematodes (Hobbs et 
parameters such as total length, total width, and 

al., 1990; Blouin et al., 1992; Goyal and Wakelin, 
distances of different fixed points from anterior end 

1993; Roos and Grant, 1993). Many criteria have been 
have been included in the study. Immunological 

used to define isolates and species of parasites such as 
reactivity of antisheath antibodies to mf has been 

genetic characterization (Grant and Warwick, 1994), 
tested through Indirect Flourescent Antibody 

immunological characterization (Lobos and Weiss, 
Technique (IFAT) using human sera positive for 

1985; Lucius et al., 1987; Ravindran et al., 1994), 
bancroftian filariasis.

histochemical means (Chalifoux and Hunt, 1971; 
Beckett and Macdonald, 1972; Chalifbux et al., 1973; MATERIAL AND METHODS
Redington et al., 1975) and morphometric methods 

Morphometeric characterization of mf isolates
(Fain, 1968; 1978). In the case of Onchocerca 
volvulus, differential immunological reactivity Finger prick blood (40µl) samples of human subjects 
(Lobos and Weiss, 1985) and sensitivity of mf isolates staying in filaria - endemic rural areas of Lucknow and 
to antifilarial Ivermectin (Townson et al., 1994) point Unnao in Uttar Pradesh and Kakinada, Vishakha-
towards the existence of different strains. It would be patnam in Andhra Pradesh, were collected between 
worth investigating the existence of various 20.30 and 23.30 h for preparation of smears of 
subspecies or strains of the most prevalent human microfilariae positive slides of noctumally periodic 

W. bancrofti. The slides in addition were procured 
from Raipur (Madhya Pradesh); Bhubaneshwar, 

Characterization of geographical isolates of Wuchereria 
bancrofti from six states of India

USHA SINGH, RUMA GUPTA, R.K. CHATTERJEE AND SHAILJA MISRA - BHATTACHARYA*
Division of Parasitology, Central Drug research Institute, Lucknow-226001, India

There is no report on the existence of various strains of W. bancrofti in India. Attempts were therefore made 
in the present study to explore the possibility of existence of more than one geographical isolate in different 
filaria endemic regions of India. Microfilariae (mf) in night blood smears were collected from various W. 
bancrofti endemic states like Maharashtra (Wardha); U.P. (Lucknow and Unnao); Orissa (Bhubaneshwar 
and Rourkela); M.P. (Raipur); Andhra Pradesh (Kakinada, Vishakhapataam) and Kerala (Calicut). 
Isolates were characterized on the basis of morphological characteristics as well as surface antibody 
reactivity. Morphological characterization was carried out by measuring total length, width and ratios of 

various fixed points. Mf from Rourkela were the longest (351.66µm ± 4.76) while those from the Raipur were 

shortest (221.82µm ± 3.95) thereby showing morphometric difference. The ratios of various fixed points also 
varied. Indirect fluorescence antibody test using sera of filarial patients from different states revealed 
differential antibody reactivity to the surface of mf isolates. The findings indicate the possibility of existence 
of more than one strain/subspecies of W. bancrofti  in India.

Key Words: Field isolates, Fixed points, Microfilariae, Wuchereria bancrofti. 
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Rourkela (Orissa); wardha (Maharashtra); and Calicut observed with the help of fluorescent microscope 
(Kerala). (Nikon) at l0x and 20x magnification. A positive result 

was recorded when yellow green fluorescence was 
Blood smears were air dried, dehaemoglobinized and 

observed on the surface of microfilariae. Intensity of 
stained with Giemsa. Microfilariae positive slides 

fluorescence was expressed as +++ (high), ++ 
were identified and used for the study. Thirty three 

(medium) and + (low) or - (negative) for each mf 
microfilariae positive samples from Raipur, 42 from 

preparation. Non-endemic serum was used parallely as 
Rourkela, 10 from Bhubaneshwar; 76 from Lucknow 

control.
(60 from Fatehganj and Kakori and 16 from 
Ibrahimganj), 14 from Maharajganj (district Unnao); RESULTS
26 from Kakinada; 20 from Vishakhapatanam, 10 from 

Morphological characterization
Wardha and 20 from Calicut were measured for 

Microfilariae from Rourkela were the longest (351.66 morphological characterization. Measurements were 
µm ± 4.76) while those from Raipur were the shortest made with the help of stage micrometer and calibrated 

oculometer. Distance of various fixed points viz. (221.82 µm ± 3.95) in total length from anterior end to 
cephalic space (C.S.); nerve ring (n.r.); Excretory pore posterior end (P<0.001) (Table I). Microfilariae from 
(ex.p.); Excretory cell (ex.c.); Genital cells (GI, G2- Kakinada and Lucknow were closer in length, while 
G4); Anal pore (a.p.) and tail end were measured from those from Bhubaneshwar, Unnao, Ibrahimganj, 
anterior end and fixed point ratios were calculated. Vishakhapatnam and Calicut were closer together in 

length measurements (Table I). Width of microfilariae Immunological characterization of mf isolates:
from Kakinada, Vishakhapatnam and Rourkela was 

Blood for sera was collected from human subjects highest and close together but microfilariae from 
living in some of the filaria-endemic areas like Bhubaneshwar were minimum in width.
Lucknow (U.P.); Kakinada and Vishakhapatnam 

Fixed-point ratios of different mf isolates also showed (A.P.) The sample belonged to endemic normal, 
great variation. The cephalic space of microfilariae 

microfilariae positive (10-400 mf/ 40 µl) and chronic 
collected from Wardha was smallest amongst all the 

symptomatic (grade I and II) groups. Non-endemic 
isolates resulting into highest C.S. ratio followed by 

sera were collected from European countries.
mf from Lucknow and Ibrahimganj region. Mf from 

Ten ml heparinized blood was taken from high mf Rourkela had the longest cephalic space thereby 
µ . W. demonstrating the lowest ratio followed by those from positive patients (50-400 mf / 40 l)  Living 

bancrofti microfilariae were separated by passing the Raipur. The isolates collected from Kakinada, 
Bhubneshwar, Calicut, Unnao and Vishakhapatanam blood through 5µm pore size membrane filter (Maizels 
had these ratios more or less similar. The distance of et al., 1983). The microfilariae were washed in PBS 
nerve ring from anterior end did not show much (pH 7.2) and pelleted by centrifugation at 2000 rpm for 
variation in all the field isolates, however the distance 7 min. Microfilariae were resuspended in small 
of excretory pore in case of mf isolates collected from volume of PBS containing 0.1% bovine serum 
Vishakhapatanam area was smallest as compared to albumin and small drop was put on clean glass slide to 
the other isolates. The distance of Gl cell from anterior make mf smears. The slides were air dried, fixed in 
end was lowest in Raipur isolates and therefore latter acetone and used for IFAT. The method of Lim et al. 
demonstrated highest fixed point ratio (Table II). (l984) was followed with certain modifications. Mf 
Other isolates revealed more or less parallel values, smears were fixed in acetone and then covered with 
however the data for G2-G4 or anal pore did not show 100 µl of diluted sera and incubated at 37°C in a humid 
much variation.chamber for 90 min. The slides were then washed four 

times in PBS. Antihuman polyvalent Ig-FITC Indirect Fluorescent Antibody Test (IFAT)
conjugate (Sigma,USA) in 0.01% Evan's blue was 

The test was carried out with various field isolates and later added to each slide, which was reincubated at 
human filarial sera of different regions. Sera of 37°C for 90 min in humid chamber. After washing, 
symptomatic bancroftian patients of Lucknow andfluorescence on the surface of microfilariae was 
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Vishakhapatnam reacted strongly with the surface of single state of Uttar Pradesh (Unnao and Lucknow) 
microfilariae collected from Lucknow but Kakinada looked dissimilar on the basis of total length 
serum did not react at all. The microfilariae from measurements but demonstrated more similarity to 
Kakinada region revealed strong reactivity with those collected from a far off region Kakinada situated 
symptomatic sera of Kakinada and Lucknow. in the state of Andhra Pradesh. Similarly two isolates 
However intensity of reactivity with Vishakhapatnam  from Andhra Pradesh itself were not closer in length. It 
symptomatic sera was comparatively low. is difficult to explain here the reason for such 
Vishakhapatnam microfilaraemic sera did not react dissimilarities in isolates collected from far off places 
with Kakinada microfilariae. Non-endemic sera from or similarities in the ones collected from not so far off 
European countries did not demonstrate antibody to places. The only possible explanation could be the 
surface of mf  (Table III). migration of patients from one state to another state 

and thus mixing up of strains. However, genetic 
DISCUSSION

characterization would provide more definite proof of 
In the case of Onchocerca volvulus, reports are strain variation. The symptomatic sera from Lucknow 
available on the prevalence of forest and savanna and Kakinada contained anti mf surface antibody to 
strains based on the clear differences between the Kakinada mf isolates resulting into intense 
frequency and intensity of ocular pathology (Budden, fluorescence on the surface of a large proportion of mf 
1963; Anderson et al., 1974. Heterogeneity of parasite although Vishakhapatanam serum samples showed a 
material from these two regions was later low degree of fluorescence in majority of the mf 
demonstrated by immunochemical techniques (Lobos samples. Mf from Lucknow region did not show any 
and Weiss, 1985), isoenzymic pattern (Cianchi et al., reaction with neither mf positive nor symptomatic sera 
1985) and by differential sensitivity of these isolates to from Kakinada. Antibodies from Vishakhapatanam 
Ivermectin (Togboto et al., 1994; Townson et al., reacted in the same way to Lucknow mf as the 
1994). The existence of various strains of W. bancrofti homologous serum from Lucknow itself. On contrary 
has been suspected earlier on the basis of pattern of to symptomatic or mf positive sera, the reactivity of 
microfilaraemia, number of nuclei of mf, shedding of any mf isolate to endemic normal sera from any 
sheaths and ultra structural analysis (Anonymous, geographical region was either very low or nil. In the 
1992). present study, IFAT study could not be done using mf 

isolates of Vishakhapatanam with any category of Ravindran et al. (1994) demonstrated that antisheath 
Kakinada patients sera or symptomatic and endemic antibodies present in the sera of different mf carriers of 
normal homologous sera. We would have expected W. bancrofti show differential reactivity to the surface 
better intensity of reactivity between Kakinada mf and of microfilariae. However, their study included the 
Vishakhapatanam sera or vice versa. The most sera and microfilariae from a single region unlike our 
intriguing results were the complete non reactivity of present study which included mf as well as sera 
Lucknow mf with Kakinada sera inspite of good samples collected from various geographical regions. 
reactivity of Kalkinada mf with Lucknow serum Morphologic characterization included total length 
samples. With such variability in surface reactivity of and width of mf and the localization of different fixed 
different mf isolates, it is difficult to assess a definite points as well as fixed-point ratios using mf isolates 
correlation between morphometric and immuno-from different parts of India. The whole body 
logical characteristics of microfilariae. Symptomatic measurements of these isolates revealed major to 
sera contain anticuticular antibodies to mf surface minor differences in total length and width. Most 
which have been ascribed to play an important role in surprisingly, our findings indicate that mf collected 
the elimination of mf in symptomatic subjects (Beaver, from the regions situated thousands of kilometer apart 
1970; Williams et al., 1987; Kurniawan et al., 1993). showed morphologic similarity, while on the contrary, 
As expected, the present study also demonstrated those from areas situated quite close, demonstrated 
stronger surface reactivity of symptomatic sera to the significant  variations in total body measurements, 
surface of microfilariae and inferior fluorescence fixed point ratios and prevalence of serum antibody to 
when mf positive sera were used.the sheath of microfilariae. Two mf isolates from the 

Strain variation in Wuchereria bancrofti



of differentiating between the two species. Annals of Tropical Medicine Ibrahimganj village which comes under Lucknow 
and Parasitology 66:1 

district was around 25 kilometers from Fatehganj and 
Blouin MS, Dame JB, Tarrant CA and Courtney CH. 1992. Unusual 

Kakori region from where the rest of the isolates were 
population genetics of a parasitic nematode: mf DNA variation with in 

collected. Another village Maharajganj though comes and among populations. Evolution 46:470.

under Unnao district was situated at Unnao-Lucknow Budden FH. 1963. The incidence of microfilariae in the eye and of ocular 
lesions in relation to the age and sex of persons living in communities border and was hardly 5-6 kilometers from 
where onchocerciasis is endemic. Transaction of Royal Society of 

Ibrahimganj village but both the isolates had Tropical Medicine and Hygiene 5 7:71.
morphologic similarity. Although the findings of the 

Chalifoux LV and Hunt RD 1971. Histochemical differentiation of 
present study point towards the possible existence of Dirofilaria   immitis   and   Dipetalonema recondetum. The Journal of 

American Vetenerian Medical Association 158 :601.more than one subspecies/strain of W. bancrofti in 
Chalifoux LV, Hunt RD, Grada PO, Sehgal PK and Comiskey JR. 1973. India, it is difficult to derive any conclusion regarding 

Filariasis in new  world  monkeys: Histochemical differentiation of 
number of subspecies or strains only on the basis of 

circulating microfilariae. Laboratory Animal Science 123: 211.
morphometric analysis or surface reactivity to 

Cianchi R, Karam M, Henry MC, Villani F Kumrien S and Bulini L. 1985. 
antifilarial antibody. The differences between the Preliminary data on the genetic differentiation of Onchocerca volvulus 

in Africa (Nematoda: Filarioidea). Acta Tropica 42: 341.prevalence of different pathological symptoms, the 
Fain A. 1978. Epidemiological problems of scabies. International journal differences in the severity of the disease between 

of Dermatology 17 :20.different populations staying in one or different 
Fain A. 1968. Etude de la variability de Sarcoptes scabiei anec une revision geographical regions, differences in the antifilarial 

des Sarcoptidae. Acta Zoologica et Pathologica Antverpiensia 47 :1.
response of bancroftian patients residing in separate or 

Goyal PK and Wakelin D. 1993. Influence of variation in host strain and 
same endemic areas, failures of diagnostic and control parasite isolate on inflammatory and  antibody responses to Trichinella 

spiralis in mice. Parasitology 106: 371.measures, all these might possibly be due to existence 
Grant WN and Warwick NG. 1994. Genetic variation in parasitic nematodes of many subspecies or strains of Wuchereria bancrofti. 

and its implications. International Journal of Parasitology 24 : 821.A more concerted effort using more sensitive and 
Hobbs RP, Lymbery AJ and Thompson RCA. 1990. Rosteller hook foolproof method of investigation is needed to explore 

morphology of Echinococcus granulosa (Batsch, 1786) from natural 
this highly important untouched area. and experimental Australian hosts and its implications for strain 

recognition. Parasitology 101: 273.
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their ubiquitous presence and are associated with n HIV seropositive patients the gastrointestmal tract 
persistant voluminous diarrhoea in HIV seropositive Iis a major target organ as the mucosa is inherently 
patients (Talib and Singh, 1998). Detection of vulnerable to pathogens because of lack of a strong 
Cryptosporidium or of Isospora in otherwise healthy physical barrier (Shetty and Rathi, 1999) and 
patients should lead to testing for HIV infection diarrhoea is an independent predictor of mortality. It 
(Koneman et al, 1997). HIV seropositive patients also occurs in almost 90% of AIDS patients in developing 
develop infection with Giardia lamblia and countries (Mukhopadhya et al, 1999). The pandemic 
Entamoeba histolytica (Janoff et al, 1988 and Allason-of HIV with associated opportunistic infections and 
Jones et al, 1986). Helminthes, particularly increasing use of powerful chemotherapeutic and 
Ahcylostoma duodenale and Strongyloides stercoralis immunosuppressive agents to prevent rejection of 
have occasionally been seen to infect HIV positive transplanted tissue in human allograft recipients have 
patients with the latter causing disseminated and even placed protozoal infections in a position of increasing 
fatal infection. (Shetty and Rathi, 1999). Since HIV importance (Smith, 1995). These opportunistic 
infection is spreading with rapidity, clinical intestinal infections are further of great importance in 
microbiologists ought to be aware of the wide HIV seropositive populations in developing countries 
spectrum of these intestinal protozoan infections. This like India because of low literacy rate, tropical climate, 
prompted us to undertake the present study to know the unhygienic habits, open field defaecation practice and 
prevalence of intestinal protozoa in HIV seropositive close association with farm animals.
patients and to evaluate various methods for their 

The organisms commonly causing infections are 
detection.

Cryptospor id ium parvum,  I sospora be l l i ,  
MATERIAL AND METHODSMicrosporidia (Smith, 1995 and Adal et al, 1995) and 

of late Cyclospora cayetanensis (Casemore, 1994). The present study was carried on 100 stool samples 
The first two organisms have gained importance for collected from HIV seopositive patients in and around 

Amritsar, tested by 1 Enzyme Linked Immunosorbant 
Assay (ELISA) and 2 ELISA/Rapid/Simple (E/R/S) in 

Prevalence of intestinal protozoa in HIV seropositive patients 
with special reference to Cryptosporidiosis

RENUKA BAJAJ, USHA ARORA, ARUNA AGGARWAL*
Department of Microbiology, Govt. Medical College, Amritsar-143001 India

The pandemic of HIV has resulted in emergence of important gastrointestinal protozoa like Cryptosporidium 
parvum, Isospora belli, Microsporidia and Cyclospora cayetanensis. The present study was carried out to 
determine the prevalence of intestinal protozoa in HIV seropositive patients in and around Amritsar. A total 
of 100 HIV seropositive patients with or without diarrhoea were studied. Diarrhoeal illness was present in 
35% patients. The commonest protozoa detected was Cryptosporidium (18%) followed by Giardia lamblia 
(5%), Entamoeba histolytica and Entamoeba coli in 3% each, and lodamoeba butschlii in 1%.  A  12.31% 
asymptomatic carriage rate of Cryptosporidium was observed in the present study. A highly significant 
(p < 0.001) correlation was observed between the presence of diarrhoea and protozoal infestation. For the 
detection of coccidian protozoa hot modified acid fast, Kinyoun acid fast and safranin methylene blue 
techniques were compared and it was seen that the best results were obtained with hot modified acid fast 
technique.

Key words : Cryptosporidium, Diarrhoea, HIV, Immunocompromised, Protozoa.

* Corresponding Author

Journal of Parasitic Diseases
Vol. 27 (1) June 2003, pp. 29-32



Voluntary Counselling and Testing Centre (V.C.T.C.) cryptosporidium, it was seen that positivity was the 
attached to the Department of Microbiology, Govt. same but oocyst morphology was best observed with 
Medical College, Amritsar. The stool samples were hot modified acid fast staining.
collected from both diarrhoeal as well as non- Table - I : Clinical presentation of 100 HIV sero-
diarrhoeal HIV positive patients. The samples were positive  patients
immediately preserved in 10% formalin saline and 

Clinical Presentation No. of cases/were subjected to formalin ether concentration 
percentage(Sehgal and Malla, 1999). Normal saline and iodine 

mounts were examined from the deposit obtained after Weight Loss 37
the concentration procedure. Smears prepared from Prolonged fever 46
the deposit were stained with hot modified acid fast 

Chronic Cough 40
staining, Kinyoun acid fast staining (Garcia, 1998), 

Diarrhoea 35safranin methylene blue technique (Sehgal and Malla, 
Lymphadenopathy 41999) and modified trichrome staining (Garcia, 1998) 

for the detection of intestinal protozoa. The stained Genital ulceration/eruption/discharge 6
smears were examined under oil immersion lens. Herpes simplex 1

RESULTS Herpes zoster 2

Generalised pruritic dermatitis 8A total of 100 HIV seropositive patients were studied 
and maximum patients (85%) were in the reproductive Molluscum Contagiosum 1
age group i.e. 16-45 years of age. There were 74% Oral candidiasis 7
males in comparison to 26% females with male to Meningitis 3
female ratio being 2.8:1. Seventy seven percent 

Jaundice 2
patients were from rural background and 43% had 

Asymptomatic 12positive history of contact with livestock. The details 
of clinical presentation of these patients are depicted in 
Table - I. Intestinal parasites were detected in 35% 

DISCUSSION 
with Cryptosporidium (18%) being the commonest 

In the present study, majority of the patients (85%) parasite detected followed by Giardia lamblia (5%), 
were in the age group of 16-45 years. Similar age Entamoeba histotytica, Ascaris lumbricoides and 
related data has been provided by other authors (Rasul Entamoeba coli in 3% each, Ancylostoma duodenale 
and Deka 1999; Ayyagari et al, 1999; NACO, 2000) in in 2% and lodamoeba butschlii in 1%. The protozoal 
their studies carried out on HIV positive patients. Male profile is shown in Table - II.
preponderance seen in the present study also coincides 

Twenty seven percent patients suffered from protozoa! 
with the findings of others (Justice et al, 1989 ; Rao and 

infestation. Out of the 35 diarrhoeal HIV infected 
Amarnath, 1996; Ayyagari et al, 1999). A substantial 

patients 16 (45.71%) were parasitised and 
number of patients (77%) were rural dwellers. HIV 

Cryptosporidium was the commonest protozoa in 
infection is now spreading from high risk groups of 

10/16 (28.57%) detected. Among the 65 non-
metropolitan cities to the small cities and towns (Malik 

diarrhoeal patients 11 (16.92%) were parasitised. A 
and Malik, 1998 and NACO, 2000). The various 

highly significant correlation (p < 0.001) was observed 
clinical presentations of the 100 HIV seropositive 

between the presence of diarrhoea and protozoal 
patients are enumerated in the Table-1 and these tally 

infestation. Out of the 18 patients with C.parvun 
with the clinical presentations documented by Talib 

infestation 61.11% had positive history of contact with 
and Singh, 1998 and Ayyagari et al, 1999. Those who 

livestock.
did not suffer from these clinical signs and symptoms 

On comparison of hot modified acid fast staining, could be having clinically latent HIV infection.
Kinyoun acid fast staining (cold) and safranin 

In the present study 35% patients suffered with 
m e t h y l e n e  b l u e  t e c h n i q u e  f o r  s t a i n i n g  

diarrhoea. Prevalence of diarrhoeal illness in HIV
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seropositive patients ranging from 28% - 42% has also coworkers (1990) have also made a similar 
been seen by other authors (Talib and Singh, 1998 ; observation. It has been seen that rural symptomless 
Ayyagari et al, 1999; Brandonisio et al, 1999). As individuals are often colonized by Cryptosporidium 
immune function may play an important role in probably very early in life (Mathan et al, 1985) 
susceptibility to enteric pathogens in terms of either because of the unsanitary conditions prevalent and 
colonization or disease expression (Laughon et al, close association with farm animals in rural India. In 
1988), therefore patients with early HIV infection or the present study maximum number of HIV patients 
latent infection may not suffer from clinical disease. were from rural background and in those with 
Twenty seven percent patients in the present study Cryptosporidium infestation 61.11% had positive 
su ff e r ed  f rom p ro tozoa l  i n f e s t a t i on  and  history of contact with livestock. They could have 
monoparasitism was commoner than polyparasitism. possibly acquired the infection from livestock as 
A prevalence rate of 12.5% and 27.92% has also been Cryptosporidium infection is a major cause of 
observed by Talib and Singh 1998 and Brandonisio diarrhoea in calves worldwide (Current et al, 1983; 
et al, 1999 respectively. The number of HIV patients Mosier and Oberst, 2000).
with protozoal infestation varies widely and depends Detection of Giardia lamblia (5%) and Entamoeba 
on the prevalence of pathogens within a particular histotyfica (3%) in the present study is consistent with 
community and to drugs used prophylactically in the findings of other authors (Laughon et al, 1988; 
patients with HIV infection. The parasitic profile seen Mukhopadhya et al, 1999; Kumar et al, 2002; Talib 
in present study goes with the studies of other authors and Singh, 1998). Other protozoal pathogens causing 
(Talib and Singh, 1998; Escobedo & Nunez, 1999 ; infections in HIV seropositive patients like 
Kumar et al, 2002). Cyclospora, Isospora belli and Microsporidia were 
A high prevalence of Cryptosporidium (18%) not seen in the present study because of striking 
observed in the present study could be due to poor geographic variations in the prevalence of individual 
sanitation, contact with livestock, contaminated water pathogens in HIV infected patients. The various 
supplies, overcrowding and variations in geographical staining techniques used for detection of intestinal 
distribution. Various workers have reported a protozoa showed equal positivity but oocyst 
prevalence of Cryptosporidium ranging from 6.25% to morphology was best seen with hot modified acid fast 
25% in HIV seropositive patients (Talib and Singh, staining which is consistent with the results of Garcia 
1998; Mukhopadhya et al, 1999; Brandonisio et al, (1998).
1999; Escobedo and Nunez, 1999; Lebbad et al, 2001; It is concluded from the present study that 
Kumar et al, 2002; Mohan Das et al, 2002). Cryptosporidium is the commonest intestinal protozoa 
An asymptomatic carriage rate of Cryptosporidium of causing infection in HIV seropositive patients in this 
12.31% was seen in the present study. Janoffand part of the country. The high asymptomatic carriage

Intestinal protozoa in HIV positive patients

Table - II : Protozoal profile of 100 HIV seropositive patients.

Name of protozoa Chronic Acute Acute on Non- Total
Diarrhoea Diarrhoea chronic diarrhoeal (100)

(25) (6) Diarrhoea (65)
(4)

Cryptosporidium parvum 8 1 1 8 18 (18%)

Giardia lamblia 3 - - 2 5 (5%)

Entamoeba histolytica 3 - - - 3 (3%)

Entamoeba coli 2 - - 1 3 (3%)

Iodamoeba butschlii 1 - - - 1 (1%)

Total 17 1 1 11 30 (30%)
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INTRODUCTION As per recent estimates 454, million people with 29.2, 
million Microfilaraemia carriers and 22.5, million 

Lymphatic Filariasis is a major public health problem 
clinical cases are spread in 13 States (Andhra-Pradesh, 

and inflicts a considerable social and economic burden 
Bihar, Gujrat, Kerala, Maharastra, Orrisa, Tamil-

on many tropical and sub-tropical countries. 
Nadu, Uttar-Pradesh and West-Bengal) contributed to 

Approximately more than one billion people are at risk 
about 95%, of total burden of lymphatic filariasis. 

of lymphatic filariasis in about 100, countries. Over 
India contributes about 74%, of endemic population 

120 million people are already affected and over 40 
and 81%, of the disease burden in the region. There has 

million of them are seriously incapacitated/disfigured 
been increasing trend of lymphatic filariasis during 

by the disease. It is estimated that there are about 600, 
last three decades (WHO 2000). Overview of the 

million people living in the endemic area's in South 
traditional endemic foci shows concentration of 

East-Asia Region, constituting about 60% of the 
infection mainly around river basis and eastern and 

global burden with about 60 million person's either 
western coastal parts of India (Sabesans etal 2000). 

harbouring microfilaraemia or suffering from clinical 
Lymphatic filariasis causes long-term suffering 

manifestation which constitute about half of the global 
morbidity as well as high social and economic burden 

figure. About one-third of the infected person's live in 
to individuals, communities and the nation(ICMR 

India (WHO 2000).
2002).

The epidemiological reports relating to Prevalence of 

A pilot study on mother's knowledge and their perception 
about control, transmission and treatment of Lymphatic 

Filariasis in a rural community of Bihar

KUMAR N*, SIDDIQUIU N.A., VERMA R.B., RABIDAS V.N.R., VERMA N & KAR S.K.
Division of Social Sciences Rajendra Memorial Research Institute of Medical Sciences
(Indian Council of Medical Research) AGAM-KUAN, PATNA- 800007, BIHAR, INDIA

A multi-disciplinary pilot study on lymphatic Filariasis has been initiated in rural community of Bihar, 
highlighting social aspects that play crucial role in disease transmission and endemicity. Survey of health, 
morbidity, infection status and vector for filariasis was undertaken with defined population of around 2653. 
A total of 376 mothers, were interviewed through a semi-structured questionnaire on different issues of 
social importance including questions on control, transmission and treatment of lymphatic Filariasis. The 
socio-economic pattern, housing and other relevant factors were incorporated in the questionnaire. The 
mother's knowledge and perceptions about control, transmission and treatment were assessed. The data 
shows that 38% of the mothers knew about the disease causation. Knowledge about vector was very poor 
4.5%, 42% respondents told common symptoms such as fever and swelling in hand and feet. Only 30% 
considered it as an infectious disease. Around 52% reported that complete cure is not possible. Treatment 
preference was given to the private doctors of urban area's (39%) followed by Govt. hospitals (26%). 
Regarding impact on prestige of the person, 92% reported it as hindrance in the marriage amongst the 
unmarried girls. DDT as the preventive measure for control of disease was reported only by 19% mothers, 
curd and banana were considered as prohibited food items in Filariasis. The results indicate poor knowledge 
on the disease prevention for which an appropriate health education programme should be made integral 
part of the control strategy. 

Key Words : Lymphatic filariasis, mother's perception, transmission, treatment.
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disease and infection, the clinical pattern and the type convenience the study was carried out at Patna district 
of incriminating vector and its infectivity potential in of Bihar, which is highly endemic for lymphatic 
Bihar is lacking. Though the data on Prevalence of Filariasis, in two contiguous villages, namely 
infection from 1992-1994, reported by the Bihar State "Poonadih" and "Gulmaraiah-Bagh" with a defined 
Health Department on filariasis shows the presence of population of around 2650. Rural filarisis is common 
lymphatic filariasis in most of the districts. in the study area(Sharma RVSN etal 1987), beside 

awareness  and percep t ion morb id i ty  and 
Vector-bome disease control programmes rely on 

parasitological surveys conducted as a part of clinical 
controlling the parasite and/or vector and have often 

epidemiology study during the study period in both 
overlooked the importance of the target population. 

villages. The infection rate of the disease in the 
Knowledge, beliefs and perception in the control, 

population is found around 100/1000,with 0.61% 
transmission and treatment of disease (Ruebush TK 

cases were suffering from acute filarial disease and 
etal 1992), ignorance and incorrect perception and 

around 10.56% cases were suffering from chronic 
knowledge can lead to negligence in prevention and 

filarial disease (unpublished data). More than 50%, 
control measures and in accepting in-appropriate 

study population is Illiterate. Majority of the study 
treatment. Participation of individuals and 

population is of Hindu backward community. About 
communities is an important component of lymphatic 

one-fourth of the households got cattle-shed inside 
filariasis control activities. To  attain community 

their houses and water logging was found common in 
participation and design socially acceptable control 

nearly 68%, houses. The major occupation is 
strategies, researcher must be familiar with 

unskilled/agriculture labour and followed by farming. 
knowledge, awareness, and perception in relation to 

Hindi is the local language. The side of river Ganga 
lymphatic filariasis. Considering the individuals/ 

situates both the villages. A Primary Health Centre 
communities knowledge, awareness and perception is 

(PHC) located around 4 km away on main road, is the 
an important component, in this study an attempt is has 

nearest available health care facilities for both study 
been made to study the knowledge and perception of 

villages. People have to travel about 18 km. To reach 
mother's about the control, transmission, and 

the nearest town, where better Govt. and private 
treatment of disease, as mother's are the first person in 

hospital facilities are available, for minor ailments, 
the family to know about the disease in children or any 

treatment is sought in the village itself. No prior survey 
other member of the family. Though such information 

or study regarding lymphatic filariasis was carried out 
is scanty, as very few studies have been carried out to 

in these two villages.
understand these issues in Bihar.

MATERIAL & METHOD
Hence it becomes important to study the knowledge 
and perception of mother's about control, The present study was conducted in two phase. In the 
transmission, and treatment of lymphatic filariasis in first phase a census was carried out to determine 
Bihar. important demographic characteristics of the study 

population and mapping of the villages are done. In the 
OBJECTIVE

second phase, specially designed semi-structured 
The objective of this pilot study is to assess the questionnaires including questions on mother's 
knowledge and perception of mother's about control, knowledge and perceptions about the cause, 
transmission and treatment of Lymphatic Filariasis. prevention, control, transmission and treatment of 

lymphatic filariasis were canvassed to one mother per STUDY AREA
house hold irrespective of present/past cases of 

As per the annual data on Prevalence of infection from lymphatic filariasis. In this manner a total of 376, 
1992-1994 of Bihar State Health Deptt, the infection mothers were interviewed.
rate of the population of different districts of Bihar 

RESULT AND DISCUSSION showed variable prevalence of infection. The 
Prevalence of infection in Patna and Darbhanga Only around 30% houses were Pacca. About one-
districts is very high. Hence for operational fourth of the households got cattle-shed inside their
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houses, 31% Houses were not getting natural light, their knowledge regarding the disease (Rao CK et al 
22,23water logging was found common in nearly 68% 1986, Sasa M).  Contrary to this a similar study on 

houses. More than 50% people were illiterate. A vast dengue showed that very high proportion of the 
majority of the mothers (57%) in the study area had no community was aware of the disease and its 

7knowledge about the disease, its correct symptoms, transmission  The credit was given to the higher 
and 62% mothers had no idea about the cause of literacy rate of the study population as was observed in 
disease, mode of transmission and method of other studies (Gupta P et al 1998, Koirala S et al 1998 
prevention of the particular disease. On the other hand Ramaiah KD et al 1996). However no mother knew 
good knowledge amongst the community was that filariasis infection build up over a period of time 
observed in other diseases like Onchocerciasis, leading to irreversible chronic clinical manifestation 
Dengue' AIDS and Malaria (Richards F et al. 1991, in adults (Srividya A et al 1991, Sasa M).  Prevalence 
Gupta P et al 1998, Tuchinda S 1998, Jackson LC of disease in parent and children in some families 
1985) in other studies. This might be due to poor convinced few mothers that filariasis is hereditary.
literacy level, poor source of information of disease 

Mothers were asked to rate this disease in three point 
and their pre-occupation for arranging meal for family 

scale i.e. severe, moderate and mild, around 80% 
due to poverty. It also indicates less impact of the 

mothers perceived filariasis as a moderate disease. To 
decade long Filariasis control activities in the area 

understand their perception that whether filariasis is 
though Bihar is one of the known major state for 

infectious or non-infectious disease, 29.5% 
Filariasis. Cold, fever and swelling in hand and feet 

considered it as infectious while 69.5% had no 
were the common symptoms of filariasis were 

knowledge in this regard. Regarding the complete cure 
recognized by only 43 % mothers and described it by 

from this disease it was thought important to know the 
local terminology (Hathi-pawn). Knowledge about the 

perceptions of mothers in terms of cure, the response 
availability of the vector was found poor as around 

was not encouraging as only 43% reported for 
54% mothers were unaware about the vector while 

complete cure.  As high proportion as about 43% of the 
only 4.5% reported that vector were found inside the 

mothers felt that filariasis is curable. However, most of 
house. During the qualitative interviews and 

the clinical manifestations are irreversible and 
discussion many mothers wondered, when the role of 

management even of ADL is difficult due to its unclear 
mosquito's was explained while only few were 

etiology (Manson - Bahr PEC 1982).  As knowledge 
afflicted by the disease although every body in the 

and perceptions of the disease, their cause and 
village was exposed to mosquito's bites, the reason for 

transmission of disease is poor, hence their idea's on 
this was probably an immunological mechanism, 

prevention measure of disease also have no basis, 
similar observation was found in earlier studies 

which is evident from descriptive as well as 
(Partono F 1982, Ramaiah KD et al 1996). This makes 

quantitative data only 41% mothers reported that only 
people believe that mosquitoes may not be able to 

by means of general hygiene in the locality can prevent 
cause filariasis.

filariasis and 19% reported that DDT spray can prevent 
62% mothers had no perception about the transmission the disease occurrence in the locality. As regard the 
of the disease this is similar to different studies which prohibited food in this disease is concerned, around 
also found that people's knowledge on transmission of 32% mothers reported curd and banana followed by 
filariasis was poor in different endemic area's (Koirala 21% other cold food items should be avoided in this 
S et al 1998, Lu AG et al 1988). Studies in other disease. Treatment preference was given to the private 
endemic countries such as French Polynesia (Crame B doctors or urban area's was 39% and Govt. 
et al 1979), Tanzania (Muhondwa EPY 1983), hospitals/Medical colleges 26%, PHC'S comes at third 
Malaysia (Haliza Bte et al 1988) and the Philippines preference with only 20% response. About the part of 
(LuAG et al 1988) also showed that not more than 15% the body, which are usually affected in this disease 
of the people were aware of the mosquito's role in the mothers responded feet 61%, hand 17% and genitals 
transmission of filariasis. This might be due to the 9%. 58% mothers responded that swelling in feet or 
educational status of the people has some effect on hand had a definite impact on the prestige of the

Mother's knowledge and their perception of Lymphatic filariasis



individual. In case of unmarried girls, 92% reported it This may help in the development of health education 
as main hindrance in the marriage and in case of programmes especially for mothers who are the first 
unmarried boys it was also reported as the hindrance in person in the family to know about the disease in 
their marriage but the proportion was slightly less i.e. children or any other family members as well as in the 
79%. illiterate rural community of Bihar. Ignorance and in-

correct knowledge and misconceptions about the 
The present study reveals the poor knowledge/ 

disease, its cause and mode of transmission may lead 
perceptions and misconceptions of the disease, its 

to neglect of personnel protection measures. As 
cause, prevention, control, transmission and 

mother's misconceptions are deep rooted and based on 
treatment. Similar observation was received in a study 

observation, it is necessary to develop a very 
conducted prior to health education campaign 

convincing, simple (in local language) health 
amongst school children showed that 70% of the 

education programme. Awareness campaign in respect 
students had misconceptions regarding the cause of 

of disease need to be initiated to increase the level of 
Filariasis(Nanda BA et al 1991). To combat this 

knowledge and minimize their misconceptions 
situation appropriate health education programme 

amongst mothers and rural community of Bihar. 
should be made integral part of the control strategy. 

Considering their poor literacy level, demonstration
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TABLE I : Mother's knowledge regarding cause, symptoms, availability of place of vector of lymphatic 
filariasis.

Mosquito Cold Cold and Swelling in Dirty places Inside the
bite fever hand and feet house

37.7* 31.2* 42.7* 42.2* 37.8* 4.5*

*Mother's Major Response (%)

TABLE II : Mother's perceptions on different aspect of lymphatic filariasis

Coltrol Measures Clean Surrounding 41.4*
DDT Spray 19.3*

Infectiousness Yes 29.5*
` No 69.5*

Seriousness Severe 11.7*
Moderate 79.5*

Treatable Yes 43.3*
No 28.5*

Treatment Places Urban Private Doctor 39.2*
Govt. Hospital/Med. Coll. 26.0*
P.H.C. 19.7*
Rural Private Doctor 11.2*

Hindrance Marriage 91.5*
Negative effect 58.0*

Prestige
Mosquito 37.8*

Transmission Cold 31.2*

*Mother's Major Response *%)
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using visual media of parasite development in where organized or community based control is non-
mosquitoes, transmission through their bites and existent and personnel protection measures can play an 
presence of microfilaramia in the peripheral blood important role (Ramaiah KD et al 1996, Koirala S et al 
may prove to be an effective tool. This may also enable 1998). Hence a comprehensive health education 
mothers to protect herself as well as other family programme for mothers may be prove an affective tool 
members against mosquitoes bite in rural communities for the disease control in rural areas.
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the primary cellular response. Granulation tissue also INTRODUCTION
occurs as a response to the parasitic infestation (Jane 

Heterophyiasis constitutes a public health problem 
et al., 1986), Khalil and Abdel Baki (1987) stated that 

where people eat raw, inadequately salted or otherwise 
deeply embedded worms infiltrate ova into the general 

improperly prepared infested fish (Shalaby,2002). 
blood circulation through lymphatics where egg 

Heterophyes heterophyes is a common parasite in the 
emboli are arrested in the capillaries of the heart, brain 

northern Nile Delta of Egypt. A big sector of 
and elsewhere inducing tissue reaction.

population represented by fishermen were mostly 
So far, no clear parasitological status or complete infested with this trematode. From one particular 
pathological picture on heterophyid localization in village near lake Manzala, upto 90 % children and 22% 
organs other than the intestine (Shalaby,1993) is adults were infected. Similarly, the majority of dogs 
available. Therefore, the present study was performed and cats in this area were also infected with 

Heterophyes heterophyes in order to investigate the effect of heterophyid  in addition to other 
parasites and their toxins on the different organs of heterophyidae (Paperna,1980).
experimental animals (rats and dogs) subsequent to 

Clinically, heterophyiasis causes chronic intermittent 
consumption of infective encysted metacercariae.

mucous diarrhoea which may occasionally be bloody, 
alternating with constipation (Shalaby, 2002). Extra- MATERIALS AND METHODS
intestinal lesions in lungs and lymph nodes are not 

Heterophyes is prevalent in northern Egypt. Dogs  
rare. Periportal necrosis with mononuclear cell 

were procured from Cairo Governorate, examined 
infiltration was demonstrated in the liver of 

coprologically for parasites and the infected animals 
experimentally infested hamsters. The liver 

were excluded from the experimental protocol. Only 
parenchyma showed an area of necrosis, parasitic eggs 

uninfected animals were recruited for experiments.
accompanied by haemorrhage and neutrophils were 

Eighty albino rats (110-150 gm B.W.) and 48 puppies 
(4 weeks old ) were used in this experiment. Animals 
were divided into 4 groups, each consisted of 20 rats 

Parasitological and pathological studies on extra-intestinal 
heterophyiasis
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and 12 puppies. The 4th group served as control. From lymphocytes was also seen. Parasites were found in 
each fish to be used in experimental infection, 1 gm of capsular sinus of lymph nodes. Medulary sinus 
fish muscle was taken, compressed by compressorium hyperplasia occurred in the spleen. Node drainage 
and the number of encysted metacercariae were areas were occupied by chronic and often 
microscopically counted. The number of encysted granulomatous reactions (Tables III, IV; Fig.3,4,5,6). 
metacercariae per gm of fish was multiplied by the Alveolar walls of lungs were thickened due to 
weight of flesh in order to calculate the number of numerous leucocytes (Table IV; Fig.7,8). Zenker's 
encysted metacercariae which were given to necrosis of the heart and mononuclear cellular 
laboratory animals (Shalaby, 1982). Except for the 4th infiltration were observed (Table V;   Fig.9). Vasculitis 
group (control), animals were experimentally infected was associated with endothelial damage (Fig. 10).   
with heterophyid encysted metacercariae. The groups Kidneys exhibited hypercellularity of glomeruli, 
were infected orally with 150, 300 and 600 degenerative changes and necrosis of some renal 
metacercariae respectively. Five rats and 3 dogs from tubules as well as presence of inflammatory cells in 
each group were sacrificed at 7,15,30 and 60 days between its parenchyma (Table VI; Fig.11,12).
respectively.  Animals were anaesthetized, followed 

Table I : Pathological findings in livers of rats and 
by decerebration and then, several samples were taken 

dogs
from mesenteric lymph nodes, lungs, heart, kidneys, 

Findings Rats Dogsliver, spleen and brain for histopathological 
examination, fixed in 10% formaline, processed by Vascular congestion +++ ++
standard paraffin and sections were stained with 

Haemorrhages ++ +Haematoxylin and Eosin as well as Prussian Blue.   
Unfixed cryosections were taken from the liver for Oedema ++ +
detection of fat by Sudan III. Serial sections of organs 

Activation of Kupffer cells ++ ++were investigated (Bancroft and Cook, 1984) for 
histopathological changes induced by the parasites. Degeneration and vacuolar changes ++ +

RESULTS Necrosis + ++

Macroscopically, extra-intestinal heterophyiasis was Cellular infiltration ++ +
represented in both rats and puppies by prominent 

Parasites inside bile ducts - ++Peyer's patches, congested lungs and liver as well as 
presence of areas of lung consolidation. Changes inside the bile duct - ++

No difference was found between different dose - : Not present ++ : Moderate reaction
groupings in microscopical examination although the 

+ : Slight reaction +++ : Severe reaction
severity of lesions varied in rats and puppies. Thus, 
lesions were recorded according to organ involvement 
in rats as compared to puppies. Table I-VI and 

Table II : Pathological lesions in the spleen of rats 
Fig 1-12). No pathological changes were observed in 

and dogs
the brain as compared to the control groups. The liver 

Findings Rats Dogsshowed degenerative changes, periportal necrosis and 
activation of Kupffer cells. Hyperplasia and Hyperplasia of the sinuses ++ ++
metaplasia of bile epithelium were evident in the bile 

Haemosiderosis + ++ducts. Exfoliation of epithelial cells and metaplasia of 
goblet celts were associated with the presence of Megakaryocytic ++ +++
worms in bile ducts (Table l, Fig 1, 2). Hyperplasia of 

Cellular infiltration + -Peyer's patches and/or all lymphoid follicles either in 
spleen or mesenteric lymph nodes or around Lymphoid hyperplasia ++ +
bronchioles were detected. Colonization of mesenteric 
lymph nodes with parasites and concentration of 
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al., 1986; Reed 1986; Kemp et al., 1993). The T-cells Introduction
seems to be of fundamental importance and analysis of 

The Leishmania are a complex of protozoan parasites 
reactive T lymphocytes in human host is very 

that cause a spectrum of clinical diseases, including 
important.

cutaneous, mucocutaneous and visceral leishmaniasis. 
Leishmania donovani In human visceral leishmaniasis, the chronically  is the causative agent of kala-

progressive course of disease suggests that the azar, a chronic and usually fatal form of human 
immune response is fixed in a non-protective or even visceral leishmaniasis (Herwaldt, 1999). The 
harmful mode. By contrast, individuals with a history flagellated promastigote form in gut lumen of sand fly 
of sub-clinical infection remain asymptomatic as long vector transforms into the obligate intracellular 
they are not immuno-compromised due to other amastigote form within the phagolysosomal vacuole 
conditions (Badaro et al., 1986; Melby 1991). This of mammalian macrophages on introduction (Chang 
suggests that the primary activation of T-cell subsets in and Dwyer, 1978; Berman et al., 1979). Although 
human leishmaniasis may be of vital importance for infection results in a large increase in serum 
the subsequent development of Th1 or Th2 responses, immunoglobulin levels some of which are parasite-
and thus for the course of infection. Within this specific antibodies, most attempts to determine 
perspective, it is important to investigate the protective humoral immunity against leishmaniasis, 
development of T-cells in humans in response to have been negative (Olobo et al. 1980, Hale and 
L.donovani antigens.Howard, 1981; Reed and Scott, 1993). Protective 

immunity has been shown to be associated with a 
We have investigated the presence and development of 

distinct cellular immune response, manifested by 
Leishmania specific T-cells in naive healthy donors 

strong proliferative response of PBMC to leishmania 
from non-endemic areas. Leishmania specific cells 

antigens and production of Th-1 cytokines (Badaro et 
were expanded by repeated stimulation with 
Leishmania donovani antigen. This cell line 

+
containing predominantly CD4  cells responded only 

Recognition of Leishmania donovani by CD4+ T cells of 
naive healthy uninfected individuals

NIRBHAI S. PAL AND SUNIL K. ARORA*
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Leishmania Specific Cell Line from a human source was established for identifying an antigen capable of 
stimulating a Th 1 type of response in the host. Peripheral blood mononuclear lymphocytes from an 
apparently healthy naive individual were stimulated with para-formaldehyde fixed Leishmania 
promastigotes and IL-2 alternatively in an in vitro culture system.  After 3-5 rounds of weekly stimulation 
with antigen and growth factor, the cell lines started behaving in a Leishmania specific manner as these 
would proliferate specifically in response to Leishmania antigens only but not in response to some other 
antigens. The phenotypic characterization of the cell line using flowcytometery showed that these were 
predominantly CD4+ T-cells. Characterization, selection and epitope mapping of relevant antigens can be 
greatly improved by proper use of such in vitro generated cell-lines.
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to Leishmania antigen but not to any nonspecific patients), soluble sperm antigen (50 µg/ml, a 
antigens in vitro. Leishmania specific cell line (LSCL) nonspecific antigen), soluble extractable antigen of 
was further checked for cross reactivity and IFN-γ XL-1 Blue E. coli bacteria (50 µg/ml), and phyto-
release by proliferation with ''various isolates of hemagglutinin (PHA, 2µg/ml) in RPMI-1640 
Leishmania isolated from kala-azar patients. These complete culture media for 48 hours at 37°C, in 5% Co  2

results may provide important insight to understand atmosphere. After 72 hours, 100µl of 'Supernatant' 
primary T-cell response to L.donovani infection. were collected for IFNγ assay and the cultures were 

3Material and Methods pulsed with 1 µCi of tritiated-thimidine ( H) for final 
18 hrs. Cultures were harvested (Skatron, USA), 

Antigen: Stationary phase promastigotes of 
counts were taken in a β-scintillation counter Leishmania donovani (Dd8) were taken from in vitro 
(Beckman Coulter, USA) and stimulation indices (SI) grown parasites washed and fixed with 1% 
were calculated.paraformaldehyde at 24°C for 30 minutes. Post 

fixation, washed promastigotes were used as antigen In a parallel experiment, PBMC (not been previously 
for generation of Leishmania specific cell line. exposed to leishmania antigen) from a normal healthy 

individual (termed 'unprimed' PBMC) were also Establishment of Leishmania specific cell line: 
cultured in the presence of same stimulants for the Leishmania specific cell line was established from 
comparison of results.PBMC of uninfected naive healthy donor living in 

non-endemic area for leishmaniasis by the method ELISA for IFNγ (Using reagents supplied by 
described by Manca et.al., (1991) with modifications. Pharmingen Inc., USA): For estimation of IFN-γ 
Briefly, PBMC were obtained by Ficoll separation of released by the cells after stimulation in the 
heparinized blood and resuspended in RPMI-1640 supernatant, the wells of a micro titer plate (NUNC 
culture medium (Sigma, UK) supplemented with 5% Inc.) were coated overnight with 1:250 dilution of 
autologous plasma. One million PBMC were 

capture antibody (mouse anti-human IFNγ -antibody) 6
dispensed with 2xl0  paraformaldehyde fixed 

at 4°C and blocked with 2.5% BSA at 37°C for 2 hours. 
Leishmania promastigotes (PFLP) per well of 24-well 

After washing, 100 µl of 'supernatant' (containing 
culture plate and then incubated at 37°C, with 5% CO . 2 released cytokine) collected from different wells was 
After four days, human recombinant IL-2 (rIL-2, added and incubated at 37°C for 2 hours. The plates 
Sigma Chemical Co, UK) at a concentration of 30 were washed 3X with washing buffer and incubated 
U/ml was supplemented. After five days, proliferating 

with biotinylated anti- IFNγ antibodies (1:250 
cultures were split 1 in 4 and cultures continued further 

dilution) for 2 hours. After washing again the plate was 
for five days. Fresh autologous feeder cells along with 

incubated with 1:250 dilution of avidine conjugated to 
paraformaldehyde fixed L.donovani promastigotes 

Horse Radish Peroxidase (av-HRP) for 90 minutes at 
were added into the wells containing cells and cultured 

37°C. The substrate, tetra-methyl benzidine (TMB, 
for further seven days. Cultures were given three more 

Sigma Chemical Co., UK)was added after washing 
alternative rounds of stimulation with Leishmania 

(5X) and the optical density (OD) was read at 450 nm 
promastigotes and rIL-2 before the cells were used for 

after 20 minutes incubation at room temperature in 
restimulation assay to check their Leishmania 

dark. The concentration (pg/ml) of IFN-γ, released in specificity. For restimulation assay the expanded 
the supernatant was calculated.cultures were kept in IL-2 and antigen free medium 

overnight before use. Flowcytometery: Phenotypic analysis of the 
Leishmania specific cell line for the presence of Restimulation Assay: Leishmania specificity of the 
specific lymphocyte population was done by micro-5

cell line was tested by stimulating 2xl0  expanded 
fluorimetric method in a flowcytometer (FACScan, 

PBMC with Leishmania promastigote soluble antigen 
Becton Dickinson, USA). F1TC conjugated 

(LPSA) at a concentration of 50 µg/ml, PFLP of 
monoclonal antibodies, anti-CD3 and anti-CD4 (BD, 

different Leishmania isolates (40,000/well, isolated 
USA) were used in direct immuno-fluorescence assay.

from bone marrow aspirate cultures of kala azar 
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Results sperm soluble antigen, extractable antigen from E.Coli 
bacteria and PHA in vitro. No stimulation was 

Establishment of Leishmania specific cell line:   
observed with non-specific antigens like sperm 

PBMC from healthy un-infected donor (from non-
soluble antigen and soluble extractable antigen of 

endemic area) responded to para-formaldehyde fixed 
E.Coli. But the cell line only responded to Leishmania 

Leishmania donovani promastigotes (PFLP) by 
promastigote soluble antigen and PHA (Table-1). The 

proliferation and formation of clones of dividing cells 
cell line proliferated in response to PFLP of all 

in vitro. Later, when PBMC were stimulated 
leishmania isolates also with variable amounts of IFN-

repeatedly with PFLP and IL-2 alternatively in 
γ released (Table-1). The 'unprimed' PBMC did show presence of autologus feeder cells LSCL was 
proliferation in response to PHA (SI-55) as well as generated. Antigen specific responses were evident 
PFLP from different isolates but the stimulation was after 3 cycles of stimulation. 
lower as compared to the SI in case of LSCL. The 

Re-stimulation assay:  The  LSCL  was  stimulated  levels of  IFN-γ released by the 'unprimed' PBMC 
in the presence of paraformaldehyde-fixed were significantly lower as compared to the IFN-γ 
promastigotes from various isolates of Leishmania released by LSCL in response to the same stimulants 
donovani, Leishmania promastigotes soluble antigen, (Table I).

Leishmania Specific Cell line from naive individual

Table I : Proliferation and Leishmania specificity of the Leishmania specific cell line and 'unprimed' PBMC 
in response to various stimuli.

Stimulant/ LSCL   Unprimed PBMC

S.No. Leishmania Strain S.I. IFNγ S.I. IFNγ
(pg/ml) (pg/ml)

1. -Ve Control - - - - -

2. XL-I Blue 2 - 1.5 -

3. SSA 3 - 2.0 -

4. LPSA 27 5.8 11 2.5

5. Dd8 (L.donovani reference) 38 1.7 8 2.0

6. By (L.donovani, local isolate) 24 2.0 12 3.5

7. RN (L.donovani, Local isolate) 32 2.4 7 1.6

8. DS (L. donovani, local isolate) 26 2.2 13 1.9

9. DN (L. donovani, local isolate) 35 1.9 10 2.2

10. DUK (L. donovani, local isolate) 35 2.1 9 2.5

11. PHA 62 14.1 55 12.5

LPSA Leishmania promastigote soluble antigen

SSA Sperm soluble antigen

XL1B Soluble antigen from XL-1 blue (E.Coli) bacteria

PHA Phytohemagglutinin



Flowcytometery: The flow-cytometeric analysis Ldonovani in naive healthy individuals and to develop 
showed that >85% of the cells were CD3+ while the a system for in vitro screening of antigens of 

+ L.donovani. Such studies reported earlier have been majority of the cells were of CD4  phenotype, 
helpful in understanding the early events in indicating the cell line to be predominantly of CD4+ T-
development of a specific immune response to many cell phenotype (Fig.l).
antigens including some parasites (Good et al., 1987; 

Discussion
Maasho and Akuffo, 1992; Piuvezam et al., 1993). We 

The goals of the present study were to examine in some found that the peripheral blood mononuclear cells 
detail the presence of specific lymphocytes against (PBMC) from healthy un-infected donor (from non- of
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Fig. 1 : Flowcytogram showing forward scatter/side scatter, Cd3 (FITC)/CD4(PE) stained cell 
populations, quadrant statistics and CD4 (PE) histogram of leishmania specific cell line
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endemic area) responded to para-formaldehyde fixed phenotype. The cells could recognize common 
Leishmania donovani promastigotes (PFLP) by antigens within leishmania species but not other non-
proliferation and formation of clones of dividing cells related antigens like XL 1-blue E.Coli bacterial 
in vitro. Later, when PBMC were stimulated antigens and sperm antigens and also produce IFN-γ 
repeatedly with PFLP and rIL-2 alternatively in. on stimulation. The IFN-γ release was significantly 
presence of autologous feeder cells Leishmania higher in response to soluble antigens as compared to 
specific cell line was generated. leishmania promastigotes suggesting the presence of 

Thl-type of clones in the cell line recognizing the The data supports directly or indirectly the earlier 
hidden antigens, which might be able to induce a reports of development of specific cell lines from 
specific T-cell response to leishmania. Moreover, the patients /mice that have recovered from leishmaniasis 
peripheral blood mononuclear cells, that have not been (Reed et al., 1990; Russo et al., 1992; Russo et al., 
exposed to leishmania antigen earlier (termed 1993). But there have been very few studies in which 
'unprimed' PBMC) showed lower stimulation indices Leishmania specific lymphocytes have been reported 
and also released significantly lower level of IFNγ as or LSCL has been developed from un-infected naive 
compared to LSCL, indicating the leishmania specific healthy individuals, Kemp et al., (1993) have earlier 
nature of the cell line developed after repeated -reported the presence of leishmania specific T- 
s t imulat ion with para-formaldehyde f ixed lymphocytes in patients who have recovered -from 
promastigotes and IL-2 in alternate cycles. The visceral leishmaniasis. There is only single report 
deviation towards Th-1 or Th-2 type in vitro is possible showing presence of Leishmania reactive cells in 
with supplementation or depletion of the culture naive healthy individuals (Gabalgia et al., 2000).
medium with specific cytokines or antibodies against 

In this report, we also present data demonstrating the 21cytokines . In un-manipulated cultures, the antigens 
presence of L. donovani specific lymphocytes in naive 

might play an important role in the polarization of the 
healthy uninfected human individuals. This cell line 22

immune response . In this specific disease, the 
specifically behaved in a leishmania specific manner 

induction of the exclusive Th1 response is a major goal 
i.e. responding only to leishmania promastigote 

in the development of protection (Heinzel and Rerko, 
soluble antigens but not to any other non-specific 

1999).
antigens like bacterial proteins (E.Coli) or soluble 

Previous studies have also reported the recognition of sperm antigens. The established LSCL could be 
common parasite antigens by leishmaniasis patients maintained for more than 8 weeks in vitro, then cryo-
(Reed et al., 1990; Gabaglia et al., 2000). Response of preserved in liquid nitrogen for 6 months and revived 
various cell lines from leishmania patients to different and would proliferate specifically in response to para-
species of Leishmania suggest that in human formaldehyde fixed Leishmania 'promastigotes 
populations, a few common parasite antigens may also (PFLP) and autologous feeder cells. The proliferation 
be preferentially recognized by PBMC of leishmahia was MHC dependent as in the absence of autologous 
patients. Response to cross reactive antigens by feeder cells no proliferation of LSCL could be 
infected'or naive individuals, is a major concern for observed (data not shown). Further, the LSCL 
vaccine development. Characterization, selection and proliferated in response to PFLP of different strains of 
epitope mapping of relevant antigens can be greatly Leishmania that were isolated from bone marrow 
improved by the proper use of  in-vitro generated T-cultures of kala azar patients in our laboratory 
cell lines from uninfected or infected specific for the indicating cross-reactive nature of the cell line towards 
whole pathogen or predominant antigens.various isolates of the same strain of the parasite but 

not across the species. Our findings corroborate the 
Acknowledgements: The work was funded by a 

similar results reported earlier by Gabaglia et al., 
project grant from Department of Biotechnology, 

(2000).
Ministry of Science & Technology (Govt. of India) to 
SKA. This cell line was predominantly a T-cell line as 

+ +majority of the cells were CD3  cells with CD4  
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limitations like development of resistance in various INTRODUCTION
tick species (Nolan, 1990), residue problems, toxicity 

Ticks and tick-borne diseases are the major constraints 
and environmental hazards. This emphasis the 

to livestock industry in tropical and subtropical 
importance of alternate measures for tick control 

countries including India. They cause immense 
involving immunological, biological and genetic 

economic losses directly by decrease in milk and meat 
means. Biological control of ticks by the use of 

production and indirectly through transmission of 
predators, pathogens, sterile hybrid techniques and 

various diseases like bovine tropical theileriosis, 
pheromones have had limited success (Nari, 1990). In 

babesiosis and anaplasmosis. Presently, acaricidal 
the past decade, the alternate approach in terms of 

control is the only practical mean and widely practiced 
immunization against Boophilus microplus (one-host 

approach for control of ticks. This approach has many 
tick) has emerged with promising results (Johnston et 
al., 1986; Opdebeeck et al., 1988 a, b; Wong and 
Opdebeeck, 1989; Willadsen et al., 1989, 1995; 
Rodriguez et al., 1995 a, b). But in India, H. a. 

Immunoprotective effects of Hyalomma anatolicum anatolicum 
midgut derived antigens in rabbits
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The gut suprnate antigen (GS Ag), gut membrane antigen (GM Ag), Triton extracted gut membrane antigen 
(Tx-GM Ag) and sodium dodecyl sulphate treated Triton extracted gut membrane pellet antigen (SDS-Tx-
GM Ag) were prepared from partially fed adult female Hyalomma anatolicum anatolicum ticks. The New 
Zealand White rabbits were immunized with GS, GM, Tx-GM and SDS-Tx-GM antigens. The first 
inoculation on day 0 was administered after emulsification with Freund's complete adjuvant and second 
inoculation was given on day 14 with incomplete Freund's adjuvant and third inoculation was given without 

adjuvant. The amount of antigen protein was 250 µg in each inoculation. The immunized rabbits were 
challenged, 10 days after the last booster dose of antigen, with 200 larvae and 10 pairs (10 males and 10 
females) of H. a. anatolicum on one ear and simultaneously same number of H. dromedarii ticks were released 
on the other ear . A significant (P<0.01) reduction was observed in percentage of engorgement and moulting 
of H. a. anatolicum larvae when fed on rabbits immunized with GS Ag. The larvae rejection was the 
maximum in response to GS Ag i.e. 30 percent. A significant (P<0.05) increase in the engorgement and pre-
oviposition periods and a significant (P<0.05) decrease in the engorgement weight, oviposition period, egg 
mass weight and reproductive index were observed in female ticks when fed on rabbits immunized with 
midgut derived antigens. Maximum protection in rabbits against H. a. anatolicum was induced with GS 
Ag.The GS Ag also induced significant cross-protection against H. dromedarii ticks in immunized rabbits. . 
The humoral immune response was studied by Enzyme Linked Immunosorbent Assay (ELISA) and the 
antibody titres in the sera of immunized rabbits started increasing from 7 day-post immunization (d.p.i.). 
and reached maximum on 42 d.p.i. in all the immunized groups. Maximum antibody titre i.e. 1:51,200 was 
observed on 42 d.p.i. in sera of rabbits immunized with gut supernate antigen (GS Ag).

Key words: Hyalomma anatolicum anatolicum, Immunization, Midgut antigens.
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anatolicum and H. dromedarii are the most common gut supernate antigen (GS Ag) and pellet was 
Hyalomma ticks (two or three-host tick) and act as designated as gut membrane antigen (GM Ag).A part 
vectors of economically important disease such as of ultracentrifuged pellet was treated with 0.5% Triton 
bovine tropical theileriosis in cross bred cattle (Bos X-100 to solubilize membrane bound proteins. The 
indicus x Bos taurus). The present study has been detergent-pellet mixtures were sonicated. The 
carried out to determine the  protective efficacy of H. ultrasonication was done at 100 W standard probe for 5 
a. anatolicum midgut derived antigens in rabbits min. interspersed with cooling periods. The sonicated 
challenged with H. a. anatolicum and H. dromedarii material was stirred for one hr. and then 
ticks . ultracentrifuged at 100,000xg for one hr. Two fractions 

were obtained-supernate and pellet. The supernate was 
MATERIALS AND METHODS

designated as Triton extracted gut membrane antigen 
Maintenance of tick colonies (Tx-GM Ag). The pellet was further processed. The 

pellet was further homogenized in membrane buffer, The engorged adult females of H. a. anatolicum were 
stirred with 0.01 M sodium dodeyl sulphate (SDS) in initially collected from the villages around Hisar, India 
membrane buffer for one hr. and centrifuged at and the H. dromedarii tick were brought from the 
100,000 xg for one hr. The soluble fraction was National Research Centre on Camel, Bikaner, India. 
designated as SDS treated Triton extracted gut The tick species reared in the laboratory by using 
membrane pellet antigen (SDS-Tx-GM Ag). The pellet rabbits as their feeding hosts following the method of 
was discarded.Walker et al. (1985). Different stages of ticks were 

collected from these animals and kept in sterilized Estimation of protein
glass test tubes plugged with cotton and kept in 

Protein contents of GS Ag was estimated following the 
desiccator. Tick colonies were maintained at 28°C and 

method of Lowry et al. (1951), of GM Ag and SDS-Tx-
85 % relative humidity .

GM Ag by the method of Markwell et al. (1978), and of 
Preparation of tick midgut antigens Tx-GM Ag were estimated by the method of Mather 

and Tamplin (1979).Partially fed (4-5 days) H. a. anatolicum female adult 
ticks were used for preparation of antigen . The midgut Experimental rabbits
antigens were prepared as per the method of Wong and 

The New Zealand White rabbits, 3-4 months of age, of 
Opdebeeck (1989) with some modification. Ticks for 

both sexes, weighing 1.5-2.0 kg were procured locally 
antigen preparation were obtained from the rabbits 

from the Disease Free Small Animal House of CCS 
used for rearing of tick colonies. The midgut 

Haryana Agricultural University, Hisar, Haryana for 
diverticula were dissected out and stored in cold PBS, 

the experiment. The rabbits were provided soaked 
pH 7.2 at -20°C till used.

gram, green vegetables and water ad libitum 
Stored midgut diverticula were thawed and throughout the experiment. All the rabbits were kept 
homogenised with glass homogeniser in membrane individually in cages.
buffer, 10 mM sodium phosphate buffer, pH 7.2, 

Immunization of rabbits
containing 5 mM disodium salt of ethylene diamine 
tetraacetic acid. The homogenate was ultrasonicated at Nineteen rabbits were divided into five groups. 
100 W standard probe for 2 min. by using ultrasonic Groups I to IV had four rabbits in each and the fifth 
d i s i n t eg ra to r  (Braunson i c -1510 ,  B .Braun  group had three rabbits. Groups I to IV were 
I n s t r u m e n t s ,  S a n  M a t e o ,  U . S . A . ) .  A f t e r  immunized with GS Ag, GM Ag, Tx-GM Ag and SDS-
ultrasonication, the gut material was centrifuged at Tx-GM Ag, respectively while the group V was kept as 
10,000 xg for 30 min. at 4°C. The pellet was discarded unimmunized control.
and supernate was processed further.

First immunization dose was administered on day 0 
The supernate was ultracentrifuged at 100,000 xg for after emulsification with Freund's complete adjuvant 
one hr. at 4°C and two fractions were obtained- intramuscularly, second dose was given on day 14 with 
supernate and pellet. The supernate was designated as the incomplete Freund's adjuvant (IFA) aneously. The
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subcutaneously, while the third dose was given carbonate -bicarbonate buffer, pH 9.6). About 100 µl 
without adjuvant subcutaneously. The amount of of antigen dilution was coated in each well of the 
antigen protein was 250 µg (1 ml) in each inoculation ELISA plate (Griener, Germany). The dilutions of 
The rabbits of control group were inoculated with 1ml known positive and known negative serum were 
PBS, pH 7.2 with adjuvant corresponding to prepared as 1:40, 1:80 and 1:1600. Similarly, the 
immunization schedule of rabbits of other groups. The conjugate dilutions were also tested to work out the 
adjuvant and the antigen were mixed (water-in-oil optimal dilution. Conjugate was diluted in PBS 
emulsion) in equal volume for emulsification. Tween-20 (PBS-T) solution, 1:1000, 1:2000, 1:3000, 

1:4000 and 1:5000. The optimal dilution of the 
Challenge with ticks

antigens and conjugate were the highest dilution which 
All the immunized and control rabbits were gave maximum contrast in terms of optical density 
challenged, 10 days after the last booster dose, with (OD) between the known positive and known negative 
200 larvae and 10 pairs (male and female) of unfed serum dilutions.
adults of H. a. anatolicum tick on one ear and with 

Flat bottom 96-well ELISA plates were coated with 
equal number of larvae and adults of H. dromedarii 

midgut antigens, 4 µg antigen in each well in the tick on the other ear, simultaneously.  
coating buffer and 100 µl of it was added to each well. 

Assessment of effect on tick biology The plates were incubated at 37°C for one hour and 
then kept at 4°C overnight. The plates were washed The ears of challenged rabbits were observed daily and 
manually three times with PBS, pH 7.2. After washing, dropped off larvae and adult females were collected. 
the plates were tapped against a pad of filter papers in Larvae were cleaned, sorted out for normally fed and 
order to drain off the wells. The non-specific abnormally fed, counted and then processed further for 
adsorptive sites of each well were blocked by adding moulting into nymphs. The adult replete females were 
200 µl of 3 per cent bovine serum albumin (BSA) in cleaned, weighed and then processed further for 
PBS, pH 7.2 (PBS 3% BSA). The plates were oviposition and study of other reproductive 
incubated for one hr. at 37°C and then washed three performance parameters.
times with PBS-T. The test serum samples were diluted 

Humoral immune response
to the desired level in PBS-T and 100 µl of it was added 

Humoral immune response was monitored by Enzyme in duplicate wells. The plates were incubated at 37°C 
Linked Immunosorbent Assay during the post- in moist chamber for one hr. and then washed three 
immunization period up to 91 days after first injection. times with PBS-T and tapped. Thereafter 100 µl of 

diluted secondary conjugated antibodies were added Enzyme Linked Immunosorbent Assay (ELISA)
to each well and the plates were again incubated at 

The blood samples were collected weekly starting 37°C for one hr. in a moist chamber. The plates were 
from 0 day from all the rabbits. Goat anti-rabbit IgG then washed three times with PBS-T and tapped 
conjugated with horse radish peroxidase (HRP) against a pad of filter papers. Finally, OPD substrate 
(Sigma Chemical Co., U.S.A.) was used as secondary 

solution was prepared and 100 µl of it was added to 
conjugated antibodies. It was diluted to a desired level 

each well. The plates were kept at room temperature 
in PBS containing 0.5% Tween-20. Orthophenylene 

for about 5 min. in a dark place. The development of 
diamine dihydrochloride (OPD) (Sigma Chemical 

yellow colour in the wells was taken as the index of 
Co., U.S.A.) was used as a substrate. It was dissolved 

positive antigen-antibody reaction. The OD of each 
in phosphate-citrate buffer, pH 6.0 as per the 

well was measured at 492 nm in the ELISA reader 
manufacturer's guidance. The substrate solution was 

(Multiskan MS, Labsystems, Finland). The test was 
prepared fresh just before use. The optimum dilutions 

performed by keeping standard controls.
of midgut antigens viz., GS, GM, Tx-GM and SDS-Tx-

Statistical analysesGM and goat anti-rabbit IgG HRP conjugate were 
determined by chequer board titration. The dilutions of The data on mean values of feeding and moulting 
antigens were prepared in coating buffer (0.1 M performance of larvae from immunized and control

Immunoprotective effects of Hyalomma anatolicum anatolicum



animals were analysed statistically by using Student's decrease in percentage engorgement of larvae and 
't' test (Snedecor and Cochran, 1989). The data on nymphs was observed in response to GS Ag, while no 
feeding and reproductive performances of the adult significant (P>0.05) decrease was seen in other 
female ticks were analysed statistically using analysis immunized groups compared to controls. Per cent 
of variance and Duncan's Multiple Range Test. The per larval rejection was maximum in response to GS Ag, 
cent tick yield, per cent reduction in tick weight or egg i.e., 20 % while in other immunized groups it varied 
mass weight and reproductive index were estimated by from 7-13 %. Engorgement and moulting periods were 
using the following formulae: not affected in larvae fed on immunized rabbits. No 

significant (P>0.05) difference was observed in 
Per cent tick yield = (No. of female adult ticks replete 

percentage replete larvae which moulted after being 
from the host/ No. of female adult ticks released on the 

fed on immunized rabbits in comparison with controls.
host) x 100, per cent reduction in tick weight or egg 
mass weight = [1-(mean tick weight or egg mass Feeding performance of adult female ticks
weight on immunized animals/ mean tick weight or 

Results have been summarised in Table II and III. 
egg mass weight on controls)] x 100, reproductive 

Hyalomma anatolicum anatolicumindex = mean egg mass weight/ mean tick engorged 
weight. Tick yield ranged from 50-60 % from the rabbits 

immunized with Tx-GM and SDS-Tx-GM antigens RESULTS
and controls; whereas it ranged from 40-60 % from the 

Feeding and moulting performance of larvae
rabbits immunized with GS and GM antigens . Per cent 

The results are shown in Table 1. tick yield from the immunized groups did not differ 
significantly (P>0.05). The engorgement period was 

Hyalomma anatolicum anatolicum
found significantly (P<0.05) prolonged for two days in 

The larvae and nymphs engorgement ranged from 47- response to GS and GM antigens; but no significant 
60 % in control group; whereas, in immunized groups (P>0.05) change was seen in response to Tx-GM and 
it ranged from 34-42 %, 30-58 %, 30-51 %and 30-50 % SDS-Tx-GM antigens. The engorgement weight 
in response to GS, GM, Tx-GM and SDS-Tx-GM ranged from 208-580 mg in the control group; whereas 
antigens, respectively. A significant (P<0.01) it ranged from 130-290 mg, 170-302 mg, 198-335 mg 
reduction in the percentage engorgement of larvae was and 200-490 mg in response to GS, GM, Tx-GM and 
seen on rabbits immunized with GS Ag; but no SDS-Tx-GM antigens, respectively. The engorgement 
significant (P>0.05) reduction was observed in weight of replete female ticks reduced significantly 
response to other antigens. Per cent larvae rejection (P<0.05) obtained from all immunized groups. 
was maximum in response to GS Ag i.e.30 %; whereas Maximum reduction in engorgement weight was seen 
in other immunized groups it varied from 22-24 %. in response to GS Ag. The decrease in engorgement 
Engorgement and moulting periods did not vary weight of replete female ticks in response to GS Ag 
significantly in immunized groups compared to also differed significantly (P<0.05) compared to other 
controls. Per cent moulting was reduced significantly immunized groups. The tick weight reduction was 
(P<0.01) of larvae fed on rabbits immunized with GS about 46 % as a result of immunization with GS Ag, 
Ag, while no significant (P>0.05) change was while in other immunized groups it varied from 
observed in larvae fed on rabbits of other immunized 15-36 %.
groups.

Hyalomma dromedarii
Hyalomma dromedarii

Tick yield ranged from 50-60 % in the control group as 
The larvae and nymphs engorgement ranged from 40- well as in immunized groups. The engorgement period 
49.5 %in control group; whereas in immunized groups ranged from 7-11 days in ticks fed on rabbits 
it ranged from 32.5- 40 %, 32.5-42.5 %, 35.5-46 % and immunized with GS and GM antigens; while it ranged 
35.5-46 % in response to GS, GM, Tx-GM and SDS- from 7-10 days in other immunized and control 
Tx-GM antigens, respectively. A significant (P<0.05) groups. A significant (P<0.05) increase in
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engorgement period was observed in response to GS groups compared to controls. Oviposition period 
Ag. In other immunized groups no significant ranged from 25-40 days in ticks fed on rabbits of the 
(P>0.05) difference was observed compared to control group; whereas it ranged from 18-30, 24-32, 
control. 20-35 and 29-40 days in the ticks fed on rabbits 

immunized with GS, GM, Tx-GM and SDS-Tx-GM 
The engorgement weight of replete female ticks 

antigens, respectively. A significant (P<0.05) decrease 
ranged from 390-882 mg in control group; whereas it 

was recorded in response to GS, GM and Tx-GM 
ranged from 250-460 mg, 281-550 mg, 271-695 mg 

antigens, while no significant (P>0.05) change was 
and 301-871 mg in replete females fed on rabbits 

observed in SDS-Tx-GM Ag immunized group. A 
immunized with GS, GM, Tx-GM and SDS-Tx-GM 

significant decrease (P<0.05) in egg mass weight was 
antigens, respectively. Engorgement weight reduced 

recorded in ticks in response to GS, GM, Tx-GM and 
significantly (P<0.05) in ticks fed on rabbits 

SDS-Tx-GM antigens compared to controls . Per cent 
immunized with GS, GM and Tx-GM antigens and 

egg mass weight reduction was maximum in response 
maximum reduction was in response to GS Ag. The 

to GS Ag i.e. 38 % while in other immunized groups it 
tick engorged weight reduction was 32 % in ticks fed 

varied from 14-31%. A significant (P<0.05) and 
on rabbits immunized with GS Ag, while in other 

maximum decrease in reproductive index in ticks was 
immunized groups it varied from 9-25 %.

observed in response to GS Ag compared to other 
Reproductive performance of adult female ticks immunized groups and controls. The ticks fed on 

rabbits immunized with other three antigens also The results have been summarised  in Table IV and V.
showed significant (P<0.05) reduced reproductive 

Hyalomma anatolicum anatolicum efficiency .

Preoviposition period ranged from 5-8 days in female Humoral immune response
ticks fed on control rabbits; whereas in immunized 

Humoral immune response was determined by ELISA. groups it ranged from 6-9 days. The period prolonged 
Results are presented in Table VI.significantly (P<0.05) in ticks fed on the rabbits of all 

immunized groups compared to control. Oviposition The mean ELISA absorbance value of sera of 
period ranged from 15-27 days in control group and unimmunized (control) rabbits showed no significant 
15-21 days in immunized groups. Oviposition period variation during the entire period of study, i.e. up to 91 
decreased significantly (P<0.05) in response to all d.p.i. 
midgut antigens compared to controls. The per cent 

The antibody titre of pooled sera of immunized group 
egg mass reduction (P<0.05) was maximum in GS Ag 

(GS Ag) started to increase from 7 d.p.i. and reached 
immunized group, i.e. 52 %. In other immunized group 

maximum, i.e. 1:51,200 (on 42 d.p.i.), whereas it 
it varied from 17-42 per cent. Reproductive index 

reached maximum of up to 1:12, 800, 1:25,600 and 
decreased significantly (P<0.05) in ticks fed on 

1:25,600 in groups immunized with GM, Tx-GM and 
immunized rabbits. Egg incubation period ranged 

SDS-Tx-GM antigens, respectively on 42 d.p.i. The 
from 20-23 days in the control group, while in the 

antibody titre declined from 56 d.p.i. onwards in GS 
immunized groups it ranged from 19-20 days. No 

Ag immunized group and from 49 d.p.i. onwards in 
significant (P>0.05) change was observed in egg 

other three immunized groups.
incubation period in ticks fed on immunized rabbits

DISCUSSION
Hyalomma dromedarii

To determine whether the immunological approach is 
Pre-oviposition period ranged from 7-12 days in 

feasible or not in the control of H. a. anatolicum ticks, 
female ticks fed on controls and rabbits immunized 

the present study was carried out in rabbits by 
with GM, Tx-GM and SDS-Tx-GM antigens; whereas 

immunizing them with midgut antigens prepared from 
it ranged from 9-13 days in rabbits immunized with GS 

partially fed H. a. anatolicum female adult ticks. The 
Ag. Pre-oviposition period increased significantly 

use of partially fed females for the preparation of 
(P<0.05) in response to GS Ag. No significant 

antigen was based on the study carried out by Allien 
(P>0.05) change was observed in other immunized 

and Humphreys (1979) who obtained greater
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Table 1 : Feeding and moulting performance of Hyalomma larvae fed on immunized and control rabbits

               H.a. anatolicum               H. dromedarii
Immunization
regimen Per cent Per cent Per cent Per cent
(No. of animals) engorgement moulting engorgement moulting

GS Ag (4) 36.7±1.8** 71.7±1.9** 34.7±1.8* 80.8±0.7

GM Ag (4) 41.2±5.9 79.8±4.1 37.6±2.2 77.5±2.7

Tx-GM Ag (4) 40.0±4.3 81.6±1.8 42.2±2.4 79.0±2.0

SDS-Tx-GM Ag (4) 40.2±4.1 78.5±3.6 40.5±2.6 78.7±2.2

Control (3) 53.0±3.8 83.8±1.9 43.7±2.9 81.4±2.1

Each value denotes Mean ± SE

*P<0.05,  **P<0.01

GS Ag = Gut supernate antigen;  GM Ag = Gut membrane antigen; Tx-GM Ag = Triton extracted gut membrane 
antigen; SDS-Tx-GM Ag = Sodium dodecyl sulphate treated Triton extracted gut membrane pellet antigen.

Table II : Feeding performance of Hyalomma anatolicum anatolicum female adult ticks fed on rabbits 
immunized with midgut antigens

Immunization regimen Engorgement Ticks yield Engorgement Tick weight
(No. of animals) period (days) (%) weight (mg) reduction (%)

a a dGS Ag (4) 9.1±0.2 50.0±4.1 195.0±11.4 46.5

a a cdGM Ag (4) 8.7±0.2 50.0±4.1 231.6±11.8 36.4

b a bc
Tx-GM Ag (4) 7.4±0.2 55.0±2.9 251.9±10.0 30.9

b a b
SDS-Tx-GM Ag (4) 7.7±0.2 57.5±5.0 307.2±14.4 15.7

b a aControl (3) 7.2±0.2 56.7±3.3 364.5±25.9 -

Each value denotes Mean ± SE

Mean values bearing different superscripts within columns differ significantly (P<0.05) and those bearing 
common superscripts do not differ significantly (P>0.05)

GS Ag = Gut supernate antigen;  GM Ag = Gut membrane antigen; Tx-GM Ag = Triton extracted gut membrane 
antigen; SDS-Tx-GM Ag = Sodium dodecyl sulphate treated Triton extracted gut membrane pellet antigen.
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Table III : Feeding performance of Hyalomma dromedarii female adult ticks fed on rabbits immunized with 
midgut antigens of Hyalomma anatolicum anatolicum. 

Immunization regimen Engorgement Ticks yield Engorgement Tick weight
(No. of animals) period (days) (%) weight (mg) reduction (%)

a a dGS Ag (4) 9.1±0.3 55.0±2.9 380.0±12.8 32.3

ab a cd
GM Ag (4) 8.7±0.3 53.7±2.6 417.7±18.1 25.5

ab a bc
Tx-GM Ag (4) 8.5±0.2 55.0±2.9 467.3±30.0 16.7

ab a abSDS-Tx-GM Ag (4) 8.5±0.3 57.5±2.5 509.8±27.8 9.1

b a aControl (3) 8.0±0.2 56.7±3.3 561.0±32.7 -

Each value denotes Mean ± SE

Mean values bearing different superscripts within columns differ significantly (P<0.05) and those bearing 
common superscripts do not differ significantly (P>0.05)

GS Ag = Gut supernate antigen;  GM Ag = Gut membrane antigen; Tx-GM Ag = Triton extracted gut membrane 
antigen; SDS-Tx-GM Ag = Sodium dodecyl sulphate treated Triton extracted gut membrane pellet antigen.

Table IV : Reproductive performance of Hyalomma anatolicum anatolicum female adult ticks fed on rabbits 
immunized with midgut antigens

Immunization Preoviposi- Oviposition Egg mass Egg mass Reproduc- Egg incuba-
regimen (No. tion period period weight reduction tive Index tion period
of animals) (days) (days) (mg) (%) (%) (days)

a b d d a
GS Ag (4) 7.6±0.2 17.3±0.4 90.1±5.3 52.8 46.16±0.16 20.4±0.2

a b cd c a
GM Ag (4) 7.6±0.1 17.9±0.3 110.4±4.3 42.1 48.17±0.15 20.9±0.2

a b c b aTx-GM Ag (4) 7.8±0.2 18.0±0.2 127.8±5.1 33.0 49.98±0.15 20.7±0.2

a b b b aSDS-Tx-GM Ag (4) 7.9±0.2 17.6±0.2 157.0±7.4 17.7 50.29±0.20 20.6±0.2

b a a a a
Control (3) 6.3±0.2 19.9±0.8 190.8±13.7 - 52.16±0.24 21.1±0.2

Each value denotes Mean ± SE

Mean values bearing different superscripts within columns differ significantly (P<0.05) and those bearing 
common superscripts do not differ significantly (P>0.05)

GS Ag = Gut supernate antigen;  GM Ag = Gut membrane antigen; Tx-GM Ag = Triton extracted gut membrane 
antigen; SDS-Tx-GM Ag = Sodium dodecyl sulphate treated Triton extracted gut membrane pellet antigen.
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resistance in guinea pigs against D. andersoni on semi-purified midgut extract of R. appendiculatus. 
immunization with extracts prepared from the This means if we identify a protein which is common to 
partially fed adult female ticks rather than unfed ticks. all the developmental stages (larva, nymph and adult) 
The gut reaches to its maximum number of cells in the and protective in nature, it may be exploited in a better 
partially fed ticks (Balashov, 1972; Agbede and Kemp, way for control of ticks rather than using stage specific 
1986). The use of midgut antigens in the present study proteins.
was based on the concept of localisation of protective 

The feeding performance of the female H. a. 
antigens in the gut cells of B. microplus (Willadsen et 

anatolicum was impaired significantly in terms of 
al., 1989; Kemp  et al., 1986,1989).

prolongation of engorgement period and reduction in 
A significant reduction in per cent engorgement and engorgement weight fed on rabbits immunized with 
per cent moulting of H. a. anatolicum larvae was the GS and GM antigens. On the basis of this finding, 
observed when fed on the rabbits immunized with the we suggest that the immune response interfered with 
GS antigen. This indicates that there might be sharing the suction of blood by the ticks when fed on 
of gut antigens between the larval and adult stages of immunized rabbits. The findings simulates with the 
the tick. In our previous study a rejection of 10-39 %. results of Kumar and Kumar (1995) in H. dromedarii 
larvae was observed when fed on the rabbits fed on rabbits immunized with the midgut antigen, and 
immunized with the midgut antigens derived from Sahibi et al. (1997) in H. marginatum marginatum fed 
partially fed H. dromedarii female ticks (Kumar and on cattle immunized with the tick intestinal extracts.
Kumar, 1997). A significant reduction in the engorged 

A maximum level of protection was induced in 
of nymphs was observed by Jongejan et al. (1989) in 

response to GS Ag in terms of alteration of 
case of R. appendicidatus tick after being fed on 

reproductive performance parameters of replete 
rabbits immunized with tick gut extract. Essuman et al. 

female ticks. This indicates immunization with the 
(1991) also reported non-moulting of 38 % larvae 

midgut antigen in the hosts affect the vitellogenesis
when fed to repletion on the calves immunized with the 
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Table V : Reproductive performance of Hyalomma dromedarii female adult ticks fed on rabbits immunized 
with midgut antigens Hyalomma anatolicum anatolicum

Immunization Preoviposi- Oviposition Egg mass Egg mass Reproduc- Egg incuba-
regimen (No. tion period period weight reduction tive Index tion period
of animals) (days) (days) (mg) (%) (%) (days)

a c c c aGS Ag (4) 11.2±0.8 25.3±0.7 198.1±6.5 38.5 51.00±0.20 34.2±0.2

b b c b aGM Ag (4) 9.1±0.4 29.6±0.7 221.4±10.5 31.2 53.77±0.35 34.2±0.2

b bc b b a
Tx-GM Ag (4) 8.5±0.3 27.1±1.2 251.8±16.3 21.8 53.86±0.26 34.1±0.3

b a b b a
SDS-Tx-GM Ag (4) 8.3±0.2 33.5±0.7 274.3±14.6 14.8 53.90±0.20 34.3±0.2

b a a a aControl (3) 8.2±0.2 32.5±0.9 321.8±18.3 - 57.35±0.32 34.1±0.3

Each value denotes Mean ± SE

Mean values bearing different superscripts within columns differ significantly (P<0.05)

GS Ag = Gut supernate antigen;  GM Ag = Gut membrane antigen; Tx-GM Ag = Triton extracted gut membrane 
antigen; SDS-Tx-GM Ag = Sodium dodecyl sulphate treated Triton extracted gut membrane pellet antigen.
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process of the female ticks feeding on these hosts. This There was a positive correlation between the antibody 
might be due to alteration in function of certain titre and protection against ticks in the immunized 
enzymes, hormones and other biochemical processes rabbits. Opdebeeck et al. (1988 a,b) also reported 
essential for vitellogenesis. Ackerman et al. (1980) significant antibody levels against the GM and GS 
also observed prolonged pre-oviposition period and antigens, derived from B. microplus tick in sera from 
reduction in egg hatchability in case of D. variabilis the vaccinated cattle. There was significant correlation 
when fed on rats immunized with the tick midgut between the antibody and protection against B. 
extracts. However, in our study we did not observe microplus in immunized cattle (Opdebeeck et al., 1988 
reduction in egg hatchability. This might be due to the b).
difference in the host species, tick species, method of 

The immunized rabbits showed significant cross 
preparation of the antigen and immunization 

protection against H. dromedarii ticks but it was of 
procedure. The observations of significant reduction 

lesser degree than the protection shown against H. a. 
in egg mass of H. a. anatolicum in response to the 

anatolicum ticks. The results indicated that there 
midgut antigens are in confirmation with the findings 

might be some sharing of antigens between these two 
of Opdebeeck et al. (1988 a,b), Wong and Opdebeeck 

tick species. These findings are in agreement with the 
(1989), Wong et al. (1990) who also observed fewer 

findings of Trager (1939) and Mc Tier et al. (1981) 
egg production in B. microplus female ticks replete 

who observed cross-protection to D. variahilis in D. 
from cattle immunized with the gut membrane 

andersoni sensitized guinea pigs. Brown and 
antigens.

Askenase (1983) who observed cross-protection

Table VI : Antibody titres of pooled sera by ELISA collected from rabbits immunized with Hyalomma 
anatolicum anatolicum midgut antigens.

Day post-       GS Ag        GM Ag     Tx-GM Ag SDS-Tx-GM Ag
Immunization Titre Log Titre Log Titre Log Titre Log

7 1:3200 3.50 1:3200 3.50 1:1600 3.20 1:800 2.90

14 1:12800 4.10 1:12800 4.10 1:6400 3.80 1:1600 3.20

21 1:12800 4.10 1:12800 4.10 1:12800 4.10 1:3200 3.50

28 1:12800 4.10 1:6400 3.80 1:12800 4.10 1:12800 4.10

35 1:12800 4.10 1:6400 3.80 1:12800 4.10 1:12800 4.10

42 1:51200 4.70 1:12800 4.10 1:25600 4.40 1:25600 4.40

49 1:51200 4.70 1:6400 3.80 1:12800 4.10 1:12800 4.10

56 1:25600 4.40 1:6400 3.80 1:12800 4.10 1:12800 4.10

63 1:25600 4.40 1:6400 3.80 1:12800 4.10 1:12800 4.10

70 1:12800 4.10 1:6400 3.80 1:6400 3.80 1:12800 4.10

77 1:12800 4.10 1:6400 3.80 1:6400 3.80 1:6400 3.8

84 1:12800 4.10 1:6400 3.80 1:6400 3.80 1:6400 3.8

91 1:12800 4.10 1:6400 3.80 1:3200 3.50 1:3200 3.50

GS Ag = Gut supernate antigen;  GM Ag = Gut membrane antigen; Tx-GM Ag = Triton extracted gut 
membrane antigen; SDS-Tx-GM Ag = Sodium dodecyl sulphate treated Triton extracted gut membrane 
pellet antigen.
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Teaching Hospital (UUTH) both in Niger Delta region The scourge of malaria in the tropics cannot be 
of Nigeria. Patients were recruited after satisfying undermined because of its increasing mortality rate. 
standard criteria of the study which include infection The resistance of malaria parasites to available 
with P. falciparum only with a considerable parasite antimalarials especially chloroquine, the cheapest 
count as determined on Giemsa stained thick and thin among them, is a major concern. Pharmacokinetic and 
smear; history of treatment failure with chloroquine; host factors   contribute greatly to therapeutic failures 
no critical illness; no history of intolerance to of drugs (Bowman and Rands, 1988). Plasma total 
chloroquine; ability to take oral medication and protein has been reported to be significantly elevated 

et al agreement to participate in the study after explanation in malaria patients (Migasena , 1978). 
of what the study will involve. The thick and thin blood Chloroquine is highly bound (50 percent) to plasma 

et al smear stained with Giemsa were read by a medical protein and tissue (Buchanan , 1977). It therefore 
laboratory scientist for definitive counts and becomes imperative to evaluate the levels of plasma 
confirmation of plasmodium species. Therapeutic proteins in relation to chloroquine sensitivity of 
response to chloroquine was assessed using the malaria parasites.
classification by WHO (WHO, 1973). All the slides 

MATERIAL AND METHOD
were examined by oil immersion microscopy. Parasite 

The study was conducted between 1998 and 2002 on density was estimated by counting the number of 
60 adult malaria patients of ages 20 - 70 years recruited asexual parasites per 100 leucocytes assuming a mean 

3from out - patients attending University of Calabar leucocyte counts to be 6000mm  of whole blood. 
Teaching Hospital (UCTH) and University of Uyo. Parasite density was calculated as

Parasite density (PD) = Parasite count X6000 
Leucocytes count

Correlation between plasma total protein and albumin levels 
and chloroquine sensitivity of Plasmodium falciparum
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5ml of blood was collected from the cubital fossa veins reduced to 73 and 35 parasites per cubic millimeter of 
of each patient, after recruitment, into sterilized EDTA whole blood. Eleven early recrudescence cases, Rl 
bottles and later transferred into centrifuge tubes and (clearance of asexual parasitaemia as in sensitive 
spinned at 1000 rpm for 15 minutes to separate the infection followed by recrudescence in this case on day 
plasma and the erythrocytes. These were stored 7) and 19 cases of Rll levels of resistance (marked 
separately at - 20°C until analysed for total reduction of asexual parasitaemia but no clearance) 
chloroquine and protein levels. were recorded in the study.

In - vivo Test TOTAL CHLOROQUINE IN PLASMA AND 
ERYTHROCYTES AFTER C25 THERAPY.

The WHO in-vivo 7 day standard field test consisting 
of the administration of 25mg of chloroquine base per Determination of total chloroquine levels in plasma 
kilogram body weight (C25) over three days with a 7 and erythrocytes was carried out in blood samples of 
day observation period (WHO, 1973), was used. all the 60 patients on days 0, 3 and 7 (before and after 
Pfizerquine brand of chloroquine was procured form treatment). The mean plasma total chloroquine levels 
the manufacturer, Pfizer product Plc, Nigeria and used in patients with CSPF infections were 1.02± 0.5µg/ml, 
in the study. The chloroquine content of the capsules 76. 51 ±2.2 µg/ ml and 21. 18 ± 0.2µg/ml, on days zero, 
was confirmed prior to the study spectrophoto- 3 and 7 respectively, while the mean ± SEM of the 
metrically by comparing its absorbance with that of the plasma total chloroquine in patients with CRPF 
standard. Drug dosages were administered as infections on days 0, 3 and 7 were 0.81 ± 0.2 µg /ml, 77 . 
recommended by the manufacturer (25mg base / kg 62 ± 1.0 µg/ml and 33. 5 ± 2. 13 µg/ml respectively 
over three days). Patients enrolled for the study were (figure 2). The mean ±SEM of the erythrocytic levels 
examined on follow up days by experienced clinicians. of total chloroquine in patients with sensitive 
5ml of blood was collected from the patients on follow infections were 1.2l : 0.9 µg/ml, 251. 0 ±7.3µg/ml and 
up days (3 and 7) for parasites counts, determination of 135.2±15.9 µg/ml on days 0, 3 and 7 respectively and 
plasma total protein and albumin levels and total in resistant cases the levels were 5. 82 ± 2. 77 µg/ml, 
chloroquine level in plasma and erythrocytes. The 258. 6± 15. 8 µg/ ml and 151. 2 ± 12. µg/ml on Do, D3 
determination of total chloroquine in plasma and and D7 respectively (figure 3). There was no 
erythrocytes was done using the method of Essien significant difference in the means of the total 
(1978). Plasma total protein and albumin levels were chloroquine levels in plasma and erythrocytes of 
estimated by Biuret and Bromocresol methods (de patients with either sensitive or resistant infection 
Cediel et al, 1986) respectively. The study was when the levels in both groups were statistically 
approved by ethical committees of University of compared (P > 0.05).
Calabar and University of Uyo colleges of  medical 

PLASMA TOTAL PROTEIN AND ALBUMIN 
sciences respectively.

LEVEL BEFORE AND AFTER C25 THERAPY
RESULT

The mean plasma total protein level in 30 patients with 
Sixty of the 236 enrolled patients  who completed the CSPF infection were 6. 70 ± 0.08 (mean ± SEM). 6. 
follow - up study successfully were randomly selected 33±0.07 and 6.55 ± 0.07g/dl on days zero, 3 and 7 
for further studies. Thirty of the cases were infected respectively (figure 4), while the mean plasma total 
with chloroquine sensitive P. falciparum [CSPF]; protein levels in patients with CRPF infections on days 
while the other thirty had chloroquine resistant P zero, and 3 and 7 were 6. 50±0.35,6.04 ± 0.22 and 6. 35 
falciparum (CRPF) infection. The parasite mean ±0.29g/dl respectively (figure 4). There was no 

3 statistical significant difference (P< 0.05) between the density (PMD) of the patients studied was 120/mm  
3 means of the plasma total protein levels of patients whole blood, range (90 - 86mm ).

with either sensitive or resistant infections. When 
PARASITOLOGICAL RESPONSE

compared statistically (P < 0.05).
Figure 1 shows the susceptibility of P. falciparum to 

Similar trend was observed in the means of albumin 
C25. The mean PD on 3 and 7 were respectively 

levels of patients with CSPF and CRPF infections on
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Fig. 2 : Mean ± SEM of plasma total chloroquine 
levels in patients with cases of CSPF and infections
on days 0, 3 and 7 
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Fig. 1 : Susceptibility of P. falciparum to 
C 25 on day 0, 3 and 7
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Fig. 4 : Mean ± SEM of  plasma total protein 

levels of patients with CSPF infections of 
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that there is no correlation between the means of 
plasma total protein and albumin levels and the 
sensitivity of P. falciparum to chloroquine. There was 
no significant difference (P<0.05) between the mean 
levels of these proteins in patients with either sensitive 
or resistant infection. The levels of plasma total protein 
and albumin were observed to reduce following,C25 
therapy. This was attributed to the postulated 
inhibitory action of chloroquine on protein synthesis 
by interfering with nucleic acid synthesis (i.e DNA 
replication and RNA synthesis) (Slater; 1993). The 
non-existence of significant difference in the means of 
total chloroquine levels in plasma and erythrocytes of 
patients with either sensitive or resistant infection is an 
indication of equal absorption and availability at the 
site of infection (erythrocytes). Chloroquine 
sensitivity of malaria parasites, therefore has no 
correlation with plasma protein levels of the patients.
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