
(HAZ). In this study, the impact of an acute uncomplicated attack of malaria on the 
nutritional status of children living in Kataragama, a malaria endemic area of Sri Lanka, 
was investigated. Two cohorts of children (one with malaria and a control group) under 
12 years of age were observed over a period of thirteen months. Each child was followed 
up for children with malaria the day of presentation to malarial diagnosis to treatment 
clinics in the area and for age and sex matched controls the day of recruitment) and 
subsequently on days 7, 14, 30,  60 and 90. At the time of presentation, weight for age 
(WAZ) of children with malaria was significantly lower than control children (-1.9±0.7 
vs-1.6±0.7).Weight for height (WHZ) was also significantly lower than control children 
with malaria on day 0 as compared to control children (-1.6+0.8 vs-1.4+0.8). There was no 
difference in height for age (HAZ) between the two groups. The significant differences in WAZ 
and WHZ between children of the two groups persisted up to 14 days. Among the children with 
malaria, there was gradual improvement in WAZ and WHZ during the follow up period. Among 
the control children, there were no significant differences in any of the antropometric indices 
(WAZ, WHZ and HAZ) during the follow up period. An acute attack of malaria results in an 
acute loss of weight that is reflected in WAZ and WHZ. 
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Differences in cytokine profile of uncomplicated Plasmodium falciparum and Plasmodium 
vivax malaria in Sri Lanka 
 
 
Blood was collected in 0.1% EDTA bottles at room temperature, spun at 2000 rpm. For minutes. 
Plasma was separated and frozen at -70º C until. The plasma levels of IL-10, IFN-gamma, IL-4 
and TNF-alpha were measured by commercially available ELISA kits (BIOSOURCE 
INTERNATIONAL) and plasma IgE levels were assayed at the University of Stockholm by an 
ELISA. Percentage parasitaemia derived by counting the number of infected erythrocytes in 1000 
microscopic fields and expressing it as a percentage of total erythrocytes. 
 
According to our results percentage parasitaemia was significantly higher in uncomplicated 
Plasmodium falciparum patients compared to Plasmodium vivax patients (p=0.010). There were 
no significant differences in clinical score, days of symptoms, and number of past malarial 
infections between uncomplicated Plasmodium falciparum patients and Plasmodium vivax 
patients. 
 
Plasma IL-10, plasma TNF-alpha, plasma IgE, and plasma IgG levels were significantly higher in 
Plasmodium vivax patients compared to uncomplicated Plasmodium falciparum patients 
(p=0.000, p=0.001, p=0.029,p=0.001 respectively). There were no significant differences in 
plasma IL-4, and plasma IFN-gamma levels (p= 0.155, 0.436 respectively) between 
uncomplicated Plasmodium falciparum patients and Plasmodium vivax patients. 
This study emphasize that P. vivax can cause febrile and paroxysmal episodes at a much lower 
parasite density than does P.falciparum. Cytokines associated with the pathogenesis of malaria 
such as Il-10, TNF-alpha and IgE are significantly higher in P. vivax. 
 
This could be because clusters of P.falciparum schizonts can sequester in vessels of internal 
organs and parasites are not present in the peripheral blood continuously and thus unable to 
stimulate as many lymphocytes as P. vivax to produce cytokines. Is it possible that these 
cytokines play a protective Nutritional status in children with malaria.    
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Nitric Oxide – a mediator of clinical disease in P. vivax infections 
 



Nitric Oxide (NO) is thought to play an important role both in protection and pathology of 
malarial disease. The present studies investigate the possible role of NO in acute P. vivax 
infections. 
 
The two study groups were P.vivax infected patients (n=17) from malarial non-endemic area 
(Colombo) and patients from endemic area (Kataragama) (n=9). Age and sex matched clinically 
healthy individuals (n=9) from each area who were blood film negative served as control groups. 
Blood was obtained before/during/after a paroxysm and also at random timing during the acute 
infection. Peripheral blood mononuclear cells (PBMC) were purified using sodium metrizoate on 
a density gradient basis. These cells were cryo-preserved till the measurement of NO production 
which was carried out based on the conversion of radio labeled arginine to citrulline by inducible 
isoform of NO synthase (NOS2) enzyme present in PBMC. 
 
Malaria patients infected with P. vivax tended to have high NOS2 activity (147.75 +38.55 pmol / 
mg) when compared to healthy controls (136.45 + 15.4 pmol /mg); (p>0.05). NOS2 activity in 
non-immune malarial patients a were significantly higher (mean = 174.9 + 56.8 pmol /mg) when 
compared to the levels in endemic patients (mean = 120.6 + 25 pmol /mg); (p<0.05). Most 
pronounced NOS2 activity was observed during paroxysms (mean = 251.5 + 32.8 pmol /mg) of 
P. vivax infections in clinically non immune patients when compared with samples collected at 
random timing during acute stage of infection (164 + 21.5); (p<0.05). 
 
In conclusion, NO production is associated with clinical disease in P. vivax infections. It is likely 
that cytokines released following schizont rupture trigger the production of NO, the levels of 
which coincide with clinical paroxysms. 
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Immunogenicity of Merozoite Surface Protein-1 based malaria vaccine candidate antigen in 
combination with two novel adjuvants, MF59 and Montanide ISA 51 
 
The Plasmodium cynomolgi-toque monkey (Macaca sinica) system which is highly analogous to 
the P. vivax-human system was used in this pre-clinical trial to test the immunogenicity and 
safety of baculovirus-expressed, His-tagged 19kDa C-terminal region of P. cynomolgi major 
merozoite surface protein-1 (MSP 1p 19) with two experimental adjuvants, MF59 and Montanide 
ISA51. This trial comprised four groups of animals. Groups 1 and 3, comprising three animals 
each, were immunized with MSP 1p 19+MF59 (Chiron) and Montanide ISA51 (SEPPIC) 
respectively in three doses. Groups 2 and 4, comprising two animals each, served as the 
respective adjuvant controls. No adverse reactions were observed as a result of immunization. 
After each immunization, anti- MSP 1p19 antibody responses were assayed by ELISA. Three 
weeks after the third immunization, the ELISA titers in group 1 had reached 3.7x103 and group 3 
showed a higher titer of 5.3x105. Peripheral blood mononuclear cells were assessed for in vitro 
proliferative responses against the MSP 1p19 antigen. Although animals of all groups showed 
similar non-specific cellular proliferative responses observed in the two immunized groups. The 
levels of cytokines in these PBMC supernatants showed induction of specific cytokines following 
immunization. These results indicate that the two novel adjuvant tested are safe and, antigenic 
formulation with Montanide ISA51 was immunogenic. It is interesting to note that immunization 
of toque monkeys with MSP1p19+Montanide ISA51 resulted in a higher humoral immune 
response, similar to the responses earlier observed in combination with Freunds adjuvant. 
Whether, this vaccine-induced immunity is protective against a malaria infection remains to be 
evaluated. 
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Studies on entomological parameters in a typical malaria endemic area in Sri Lanka 
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