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SUMMARY 

 

This study was carried out in the department of Microbiology, Mymensingh Medical 

College, Mymensingh during the period from July 2005 to June 2006. A total of 98 

clinically suspected cases of malaria were included in the study of them 61 were 

males and 37 females. Another 30 age and sex matched healthy persons were taken as 

controls, of whom 15 were as healthy endemic controls and another 15 as healthy non 

endemic controls. The study was conducted to find out a suitable method for 

diagnosis of malaria. 

Out of 98 clinically suspected cases 59 (60.20%) were positive by microscopic 

examination of peripheral blood film. Among the microscopy positive cases highest 

20 (33.90%) had parasite count in between 10,000-49,999/ìl of blood and lowest 05 

(8.47%) cases had parasite count ≤600/ìl of blood.  

 

Among the microscopy positive cases sensitivity and specificity of ICT for antigen 

was 93.22% and 94.87% respectively when compared with peripheral blood film.  

When compared with controls sensitivity and specificity was 93.22% and 100% 

respectively. All 54 (100%) cases, was positive by ICT for antigen with parasite count 

> 600/ìl of blood.  But with parasite count ≤600/ìl of blood only 1(20%) was positive 

by ICT for antigen. No case was positive by ICT for antigen among the healthy 

control group. 

In case of ICT for antibody, sensitivity and specificity was 89.83% and 87.17% when 

compared with peripheral blood film. When compared with controls sensitivity and 

specificity was 89.83% and 90% respectively. Three cases were positive by ICT for 

antibody among the healthy controls. 

In comparison to microscopic examination of peripheral blood film both ICT for 

antigen and ICT for antibody are more sensitive and specific. Though there is no 

statistical difference in the sensitivity and specificity of two tests, ICT for antigen is 

superior to ICT for antibody. Because, present and past infection can not be 

differentiated by ICT for antibody. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



Introduction 

Malaria remains one of the leading cause of morbidity and mortality and is 

responsible for an estimated 300�500 million clinical attacks globally (Keiser et al., 

2004).  Approximately 1 to 3 million deaths occur annually, this represents at least 

one death every 30 seconds (Wikipedia, 2006). 

At the end of 2004, worldwide 107 countries and territories with 3.2 billion people 

had at risk of malaria transmission (World malaria report, 2005). Among the malaria 

cases 90% occur in sub-Saharan Africa. Of the remaining 10% of malaria cases, 70% 

occur in South East Asia (SEA) region and the other 30% in West Pacific region. 

During 1999-2003, a total of 2.7 million confirmed cases and 22 million probable 

cases were reported in SEA region. A total of 83.5% population are at risk in SEA 

that accounts for 30% of the global morbidity and 5% mortality due to malaria 

(WHO, 2004). 

Malaria is a major public health problem in Bangladesh. Thirteen, out of 64 districts 

in Bangladesh named, Khagrachari, Bandarban, Rangamati, Cox�s Bazar, Chittagong, 

Noakhali, Shunamgonj, Sylhet, Moulavi Bazar, Netrokona, Sherpur, Mymensingh and 

Kurigram are seriously affected by malaria. About 99% of the country's disease 

burden belongs to these thirteen districts (ICDDR,B, 2006). An estimated 1 million 

clinical cases are treated every year (WHO, 2005). During the year 2004, there were 

155,825 probable cases, 59,853 laboratory confirmed cases, and 505 deaths reported 

(WHO-Bangladesh, 2004). The parasitic incidence was 0.53% per 1,000 populations 

and Plasmodium falciparum (P. falciparum) accounts for 73.8% of all malaria cases 

(WHO, 2005). The malaria situation in Bangladesh is worsening in the recent years 

particularly in the hilly and forested areas in Hill Tract Districts and also along the 

border belt districts (WHO-Bangladesh, 2004). 

Severity of the disease depends on the interaction of a number of factors. These 

include the size of the infective dose of sporozoites, nutritional status of the host, level 

of acquired immunity, host genetic factors, parasite growth rate, drug resistance status, 

socioeconomic condition, availability of health care and education (Phillips, 2001). 

All age groups may be affected. Maximum mortality occurs in young children < 5 

years of age in endemic areas but incase of non-immune person�s mortality occurs 

regardless of age.  In addition to children, pregnant women, non-immune travelers, 



refugees, displaced persons and laborers are at highest risk of severe disease (Suh et 

al., 2004).  

Malaria is caused by intracellular protozoan parasite of the genus Plasmodium 

(Krause, 2000). Four species are responsible for human malaria. These include: 

P.falciparum, P.vivax, P.malariae and P.ovale. Of these, P.falciparum, P.vivax are 

found worldwide and P.falciparum is the most dangerous (CDC, 2004).  

Malarial parasites are usually transmitted to human by the bite of female Anopheles 

mosquito. The parasite can also be transmitted during blood transfusion and through 

placenta (Filler et al., 2003). There are about 380 species of Anopheles mosquito, but 

only 60 or more are able to transmit the parasite (WHO, 2004). In Bangladesh, 34 

species of Anopheles mosquitoes are recorded. Seven species have been identified as 

malaria vector. Among them, Anopheles (An.) dirus is the principal and An. maculatus 

is suspected to be a new vector in certain areas (WHO, 2004 and ICDDR,B, 2004).   

Infection with malarial parasites may result in a wide variety of symptoms, ranging 

from absent or very mild symptoms to severe disease and even death (CDC, 2004). 

Common symptoms and signs are: fever, chills, sweating, headache, nausea and 

vomiting, body aches, malaise, weakness and splenomegaly. In falciparum malaria, 

additional findings are: mild jaundice, hepatomegaly and tachypnoea. If falciparum 

malaria is not treated properly following complications may occur: cerebral malaria, 

severe anemia, hemoglobinuria, pulmonary edema, thrombocytopenia, cardiovascular 

collapse, shock, kidney failure, hyperparasitemia, metabolic acidosis and 

hypoglycemia (Tierney et al., 2000).  

A prompt and accurate diagnosis is the key to effective disease management in 

malaria. The two diagnostic approaches: clinical diagnosis and microscopic diagnosis 

are commonly used. Clinical diagnosis is the most widely used approach (Harani et 

al., 2006). Symptoms of malaria are very non-specific and overlap with other febrile 

illness. Therefore, diagnosis of malaria based on clinical grounds alone is unreliable 

and should be confirmed by laboratory tests (Iqbal et al., 2002). 

There are several laboratory procedures available for diagnosis of malaria. These 

include: different types of microscopy, immunological and molecular techniques 



(Saeed et al., 2002). The definitive diagnosis of malaria depends on the demonstration 

of malaria parasites in stained blood smears (Kong and Chung, 1995). 

Microscopic examination of blood film is regarded as the �gold standard� method 

(Mankhambo et al., 2002). This method is relatively simple and has low costs. 

However, this method is time consuming, intensive laborious and sensitivity is 

questionable for low level of parasitemia and interpretation of mixed infection (Joshi, 

2005). Moreover, the microscopic method is not suitable for surveillance and control 

programmes where large numbers of blood films have to be examined (Kaushal, 1997 

and Iqbal et al., 2002). 

Both thick and thin film should be examined. Thick film is about 30 times more 

sensitive than thin film and is suitable for low level of parasitemia (Cheeshbrough, 

1999). An experienced microscopist is capable of detecting about 50 parasites/µl of 

blood in the thick film. Species identification is much easier in thin film and provides 

greater specificity than the thick film examination (Moody, 2002).    

Schizogony of P.vivax, P.malariae and P.ovale occurs in the peripheral blood, hence 

the parasites can be readily be demonstrated (Chaterjee, 2006). But in case of 

P.falciparum infection parasites sequestered in the deep capillaries of spleen, liver 

and bone marrow. Thus, parasite detection may be missed in the blood films due to 

insufficient number of parasites in the peripheral blood (Moody, 2002).  

Most new technology is the detection of antigen and antibody by 

immunochromatographic (ICT) method. Current interest is focused on the histidine 

rich protein �Ⅱ (HRP�Ⅱ) from the P. falciparum and species-specific plasmodium 

lactate dehydrogenase (pLDH) or plasmodium aldolase (Harani et al., 2006). After 

successful treatment pLDH is cleared rapidly from the body but pfHRP�Ⅱ may 

persist up to 7 to 10 days. Thus detection of pLDH antigen may help to monitor the 

effectiveness of the treatment and in the detection of drug resistant status (Iqbal et al., 

2002). 

Detection of antibodies to malarial parasite could be a valuable tool for 

epidemiological studies, screening of blood donors and for diagnosis of infected 

individuals. For P.vivax recombinant proteins representing the 19kDa-C terminal 

region of the merozoite surface protein-1 (MSP1 19) could be used (Rodrigues et al., 

2003). Parasite extracts of P. falciparum and P.chaubudi and synthetic peptides from 



the P. falciparum merozoite surface antigen 2 (MSA2) can also be used for antibody 

detection (Graves et al., 1992).  

Enzyme Linked Immunosorbent Assay (ELISA) can detect malaria antigen and 

antibody. The procedure is reliable and quite specific (Saeed et al., 2002). ELISA can 

be applied for serological diagnosis and mass screening in endemic regions. This 

method is also a suitable screening test for blood transfusion (Kimi et al., 2003).  

Various molecular methods: species specific DNA probe, polymerase chain reaction 

(PCR) and ribosomal RNA (rRNA) probe have been developed (Swash et al., 1996).  

Among the several PCR methods, most often based on genus or species specific 

sequences of the parasites 18s subunit rRNA gene (Perandin et al., 2004). The 

technique with new modifications offers increased sensitivity and specificity. It is also 

useful for epidemiological studies, detection of mixed infections, low level 

parasitemia and evaluation of chemotherapy and vaccine trials (Nandwani et al., 

2005). 

Other method, Fluorescence microscopy is based on the ability of fluorescent dyes to 

detect RNA and DNA of parasite. Various staining techniques: Kawamotos Acridine 

orange (AO) staining of thin film and Quantitative Buffy Coat (QBC) assay have been 

designed (Malaria Roll Back, 2004). The sensitivity and specificity of this method is 

high but needs considerable amount of practice and costly equipments (Nandwani et 

al., 2005). 

In general, malaria is a curable disease. Early and accurate treatment reduces the 

mortality and morbidity due to malaria (Phillips, 2001). Resistance of P.falciparum to 

certain widely used drugs, such as chloroquine, quinine and mefloquine have made 

the malaria control and treatment difficult (D�Alessandro, 2001 and Noedl, 2003).   

As malaria is a major public health problem and it causes significant number of 

mortality and morbidity. It should be diagnosed accurately and rapidly. A rapid and 

accurate diagnosis can reduce the sufferings from it. It is important to establish a 

suitable and reliable laboratory procedure for diagnosis of malaria. For this reason, the 

study was carried out to compare between the microscopic examination of peripheral 

blood film, immunochromatographic tests (ICT) for the detection of both antigen and 

antibody. Thus the study will help accurate and rapid diagnosis of malaria. 



Objectives 

 

General objective: 

 

To find out a suitable method for laboratory diagnosis of malaria. 

 

Specific objectives: 

 

a) To compare among microscopic examination of peripheral blood smear, ICT for 

antigen and ICT for antibody in the diagnosis of malaria. 

b) To find out a more reliable, prompt and accurate method for diagnosis of malaria. 

c) To correlate between clinical and laboratory diagnosis of malaria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



REVIEW OF LITERATURE 

History of Malaria 

Malaria is one of the most important infectious diseases in the world and its history 

extends into antiquity (Cox, 2002). Malaria or a disease resembling malaria has been 

noted for more than 4,000 years. From the Italian for "bad air," mal'aria has probably 

influenced to a great extent of human populations and human history (CDC, 2004). It 

was centuries before the true causes of malaria were understood. Previously, it was 

thought that �miasma� (bad air or gas from swamps-mal-air-ia) caused the disease 

(WHO, 2004). The characteristic periodic fever of malaria are recorded from every 

civilized society from China in 2700 BC through the writings of Greek, Romania, 

Assyrian, Indian, Arabic and European physicians up to the 19th century following the 

establishment of the germ theory and the birth of microbiology (Cox, 2002).  

Charles Louis Alphones Laveran, first discovered the parasite on the 6th November 

1880 and was awarded the Nobel Prize in 1907 for his discovery. Italian 

neurophysiologist named Camillo Golgi, described in detail two species (P.vivax and 

P.malariae) of human malaria parasites in 1880 and got Nobel Prize in 1906. Then in 

1890 P.vivax and P.malariae were named by Giovanni Batista Grassi and Raimondo 

Filetti. In 1897 William H. Welch named the P.falciparum. John William and Watson 

Stephens described the fourth human malaria parasite P.ovale in 1922 (CDC, 2004). 

Romanowsky developed staining method for demonstrating plasmodia in blood smear 

in 1891. Mosquito transmit malaria parasites were first demonstrated by Ronald Ross 

in 1897 and got Nobel Prize in 1902 for his discovery (Gilles, 2002).  

Then in 1898 Italian investigator Grassi, Bignamia and Bastianelli described the 

mosquito cycle of human malaria parasites. In 1900 Patrick Manson confirmed the 

theory of mosquito transmission (Gilles, 2002). Shortt, Granham, Covell and Shute 

described pre-erythrocytic forms of P.vivax in 1948 and pre-erythrocytic forms of 

P.falciparum in the human liver in 1949. Pre-erythrocytic stage of P.ovale was 

discovered in 1954 by Granham (Chaterjee, 2006).  

 

Some ancient treatments were used remarkably effective. An infusion of qinghao 

(Artemesia annua) has been used for at least 2,000 years in China. The antifebrile 

properties of the bitter bark of Cinchona ledgeriana were known in Peru before the 



15th century (WHO, 2004). The bark from the tree was then called Peruvian bark and 

the tree was named Cinchona after the name of the Countess of Chinchon who was 

cured of her fever with this bark (CDC, 2004). In 1735, the tree producing the 

Peruvian bark was given its scientific name of Cinchona by Linnaeus (Gilles, 2002).  

In course of time different antimalarial drugs such as Pamaquine (1924), Mepacrine 

(1930), Chloroquine (1934), Proguanil (1944), Pyrimethamine (1952) and Primaquine 

(1956) were discovered. In between 1971-1975, Mefloquine was developed and 

introduced into the treatment of malaria. In between 1979-82, resistance to 

Chloroquine in P.falciparum was confirmed in several countries in East Africa. 

Clinical trials of Artemether began in countries out side China and Burma in 1990. 

Artemisimine compounds were established as antimalarials in between 1991-1998. 

These were effective in multidrug resistant areas (Gilles, 2002).  

 

Remarkable progress has been made in scientific activity related to malaria during the 

last 25 years. During this period, United Nations Development Programme (UNDP), 

World Bank, World Health Organization (WHO) extended malaria research over the 

whole range of the host parasite relationship, including the mosquito vector, the socio-

economic impact of the disease and the genome sequence of the P.falciparum (Gilles, 

2002). Currently scientists are exploring new approaches, such as the development of 

vaccines and more potent drugs. For example in 1984 the gene encoding the 

sporozoite antigen was cloned permitting the antigen to be mass-produced by genetic 

engineering techniques (Klein, 2002). 

 

Then in 1994 the falciparum genome sequencing began and in 2002 the complete 

DNA sequences of P. falciparum and An. gambiae were determined. Together with 

the human genome sequence researchers now have in hand the genetic blueprints for 

the parasites, its vector and its victims. This will make possible a holistic approach to 

understanding how the parasite interacts with the human host leading to new 

antimalarial strategies. Over all no greater achievement for molecular biology could 

be imagined than the control of malaria a disease that has caused untold misery 

throught the world since antiquity and remains one of the world�s most serious 

infectious disease (Gilles, 2002 and Klein, 2002). 

 

 



Taxonomy of Malarial parasite: 

   �Phylum - Apicomplexa (Sporozoa) 

�Class     - Haemosporidea (Sporozoea) 

�Order    - Haemosporidia 

�Genus   - Plasmodium 

 Sub-genus:  

Plasmodium 

Laverania 

Vinckeia 

 Species: (There are about 120 species, of which 

following 4 infect man) 

 P.falciparum 

 P.vivax.  

 P.ovale 

 P.malariae (Sinden and Gilles, 2002) 

Epidemiology of malaria: 

Geographical distribution:  

Malaria remains a major global health threat in the 21st century. The number of 

human infections continues to increase in countries where the disease is endemic as 

well as in regions where the disease is not endemic (Palmer et al., 2003). The 

distribution and severity of malaria depends on the interaction of a number of factors. 

These include the size of the infective dose of sporozoites, nutritional status of the 

host, level of acquired immunity, host genetic factors, parasite growth rate, drug 

resistance status, socioeconomic condition, availability of health care and education 

(Phillips, 2001).  

At the end of 2004, about 107 countries and territories are at risk of malaria 

transmission. Present estimates are that around 3.2 billion people lived in areas at risk 

of malaria transmission and about 350-500 million clinical disease episodes occur 

annually. Around 59% of the world�s clinical malaria cases occur in Africa, 38% in 

Asia, 3% in America. Regarding death, malaria causes about 3,000 deaths a day, over 

90% of which are in Sub-Sahara Africa; of the remaining 10% deaths, 70% are in 

South East Asia (SEA) region (WHO, 2005).  

 



Of the four species of plasmodium that cause human malaria: P.falciparum and 

P.vivax are widespread and P.malariae and P.ovale are less widespread (Malaria 

Report, 2005). Plasmodium falciparum is found mainly in the hotter and more humid 

regions: tropical and subtropical parts of Africa and parts of Central America and 

South America, Bangladesh, Pakistan, Afghanistan, Nepal, Sri Lanka, South East 

Asia, Indonesia, Islands of Melanesia, parts of India, Middle East and eastern 

Mediterranean. Plasmodium vivax is mainly found in South America, Mexico, Middle 

East, Northern Africa, India, Pakistan, Sri Lanka, Papua New Guinea, Solomon 

Islands and is also found in parts of South East Asia, Indonesia, Philippines, 

Madagascar, tropical and subtropical Africa, Korea and China. Plasmodium malariae 

is found in tropical and subtropical regions: Guyana, India, Sri Lanka and Malaysia. 

Plasmodium ovale has a restricted distribution and low prevalence. It is mainly in 

West Africa, Philippines, Indonesia, China and parts of the Far East, South East Asia 

and South America (Cheshbrough, 1999).  

Age distribution: 

In areas with lower transmission, infections are less frequent and a larger proportion 

of the older children and adults have no protective immunity. In such areas, malaria 

can be found in all age groups. However, in areas with higher transmission, newborns 

will be protected during the first few months of life by maternal antibodies transferred 

through the placenta. As these antibodies decrease with time, young children < 5 

years of age become vulnerable to disease and death by malaria (CDC, 2004). 

Sex distribution:  

Males are more frequently affected than females because the out-door life they lead. 

Further females are usually better clothed than males that give some sort of protection 

from mosquito bites (Park, 1998). In a study from Saudi Arabia among 334 cases of 

malaria sex distribution were 231 (69.2%) males and 103(30.8%) females (Malik et 

al., 1999). 

High-risk groups:  

The vast majority of deaths occur among young children due to lack of acquired 

immunity. Pregnant women are also highly susceptible science the natural defense 

mechanisms are reduced during pregnancy (WHO, 2004). Other high-risk groups are: 



non-immune travelers, refugees, displaced persons and laborers entering endemic 

areas (WHO, 1997). 

Socio economic condition:  

Social and economic reasons can influence the risk of malaria for individuals and 

communities. For example: due to lack of knowledge and financial reasons poor 

peoples cannot afford the prompt and accurate treatment, housing and bed nets that 

would protect them from exposure to mosquitoes (CDC, 2004). Due to lack of access 

of effective treatment; 60% of malaria deaths worldwide occur in the poorest 20% of 

the population (Suh et al., 2004).  

Environmental factors:  

Several environmental elements such as: temperature, humidity, rainfall, altitude have 

influence on malaria epidemiology.  

Temperature:  

The ideal temperature for development of malaria parasite is in between 20 to 30C 

with a relative humidity of 60 % (Park, 1998).  

Rainfall and Altitude:  

Rain increases atmospheric humidity and breeding places for mosquitoes. However, 

heavy rain may have an adverse affect in flushing out the breeding places. Anopheles 

mosquitoes are not found at altitudes above 2000-2500 meters (Park, 1998).  

Endemicity:  

Malaria endemicity may be categorized into three types. These are: stable endemic 

malaria, unstable endemic malaria and epidemic malaria. Stable malaria occurs when 

a population is continuously exposed to a fairly constant rate of malarial inoculation. 

The next category is unstable endemic malaria, when a population is subjected to 

more or less permanent malaria transmission but under circumstances in which there 

are large fluctuations in the rates at which malarial inoculations are delivered to 

individuals within the population. In terms of disease and immunity, these 

fluctuations become especially significant when they cause individuals to experience 

intervals of a year to several years between incubation of malaria. Epidemic malaria is 

an extreme form of unstable endemic malaria. It occurs when a population or even a 



small group of individuals is subjected to an increase in malaria transmission rates 

above that previously or normally experienced (Carter and Mendis, 2002). 

 

Table-I: Level of endemicity of malaria 

It may be defined as in terms of prevalence of parasitemia and a palpable spleen in 

children (< 9 years). 

                Type             Spleen rates            Parasite rates 

       Hypoendemicity      Not exceeding 10%       Not exceeding 10% 

       Mesoendemicity      Between 11%-15%       Between 11%-15% 

       Hyperendemicity     Constantly over 50%        Constantly over 50% 

       Holoendemicity     Constantly over 75%       Constantly over 75% 

(Snow and Gilles, 2002). 

Vector:  

For transmission of malaria female Anopheles mosquito acts as vector. There are 

about 380 species of Anopheles mosquitoes. Only 60 or more species acts as vector 

(WHO, 2004). Anopheles mosquitoes are found world wide except Antarctica (CDC, 

2004). The success of development of the malaria parasite in the mosquito depends on 

several factors. The most important is ambient temperature and humidity (CDC, 

2004).  

Anopheles mosquitoes have an almost world-wide distribution, but are notably absent 

from the pacific east of Vanuatu, including Polynesia. Different species are found in 

different geographical area. The species which are found in Africa are: An. gambiae, 

An. arabiensis, An. melas, An. merus, An. quaclriannulatus and An. bawambae. The 

following species are found in Europe, North Africa and Middle East: An. atropurvus, 

An. labranchiae, An. pharoensis, An. sacharovi, An. sergentii, An. stephensi and An. 

superpictus. Common vectors of South-East Asia are: An. culicifacies, An. dirus, An. 

flavirostris, An. fluviatilis, An. minimus, An. stephensi, An. aconitus, An. 

balabacensis, An. hyrcanus, An. letifer, An. maulatus and etc. Common species of 

America and Australia are: An. albimanus, An. albitarsis, An. aquaslis, An. darlingi, 

An. punctimacula, An. cruzil, An. bellator, An. nuneztovara, An. farauti and An. 

koliensis (Service, 2002). 



Reservoir:  

Chimpanzees in tropical Africa may carry the P. malariae. No other animal reservoir 

of human plasmodia is known to exist. A person can be a reservoir who harbors the 

sufficient number of viable, mature, male and female gametocytes in blood (Park, 

1998).    

Malaria in Bangladesh: 

Epidemiology: 

Malaria has been a major public health problem in Bangladesh. Thirteen, out of 64 

districts in Bangladesh named, Khagrachari, Bandarban, Rangamati, Cox�s Bazar, 

Chittagong, Noakhali, Shunamgonj, Sylhet, Moulavi Bazar, Netrokona, Sherpur, 

Mymensingh and Kurigram are seriously affected by malaria. (ICDDR,B, 2006).  

From these 13 districts about 10 million people are considered at the highest risk. The 

malaria situation in Bangladesh has been worsening in the recent years, particularly in 

the hilly and forested areas and also along the border belt areas. In 2004, there were 

1,55,825 probable malaria cases, 59,853 Laboratory confirmed cases and 505 deaths 

reported. Major epidemic was reported in 1993. In 2004, Chittagong, Netrokona and 

Cox�s Bazar were affected by malaria epidemics (WHO, Bangladesh, 2004). 90% of 

malaria cases are due to P.falciparum in and around the forest areas of the 13 highest 

risk districts. About two-thirds of the total cases are reported from Khagrachari, 

Bandarban, Rangamati, Cox�s Bazar districts. A community-based surveillance was 

done in Chokoria, Cox�s Bazar district, during June-September 2002. The estimated 

incidence rate was 2,025 per 1,00,000 populations during the three-month period. 

Nearly half (47.4%) of the cases were in children <18 years old, including 10.5% in 

children aged less than 5 years of age (ICDDR,B, 2003). 

 

Vector in Bangladesh: 

In Bangladesh 34 Anopheles mosquitoes are recorded. Among them, seven species act 

as malaria vector. These are: An. dirus, An. philipinensis, An. aconitus, An. vagus, An. 

minimus, An. sundicus and An. anularies. From recent epidemiological observation 

An. dirus is the principal and An.maculatus group suspected to be a new vector in 

certain areas of northern border districts (WHO, 2004).  

 



Drug Resistance status In Bangladesh:  

Drug resistance of malaria parasites has been reported to be emerging in Bangladesh. 

Chloroquine resistance in Bangladesh has been known since 1976.A study was 

conducted in 1997 in Ramu, Cox�s Bazar district and found a 56% treatment failure 

with chloroquine. The second-line regimen (three doses of quinine + one dose of 

sulfadoxine / pyrimethamine) was associated with a treatment failure rate of 21% in 

the same location (ICDDR,B, 2003). Another study, �drug resistant malaria in 

Bangladesh: An in vitro assessment� was done by Noedl et al., in 2003. Plasmodium 

falciparum isolates were collected from the outpatient department of Ramu Health 

Complex in Cox�s Bazar
 district (Noedl et al., 2003). A total of Forty-four (44) 

specimens were successfully cryopreserved, culture-adapted, and tested for their drug 

susceptibility at the laboratory of the Armed Forces Research Institute of Medical 

Sciences in Bangkok using a hypoxanthine uptake assay.  The study showed: P. 

falciparum isolates 84% were found resistant to chloroquine and 30% were found 

resistant to quinine. The most notable was mefloquine. Twenty-seven of 44 isolates 

(61%) and were resistant to mefloquine (Noedl et al., 2003).  

 

Malaria control programme in Bangladesh: 

Malaria control activities are integrated with the general health services.  Several 

strategies have been taken for control are as follows:  Active case detection (ACD), 

Passive case detection (PCD), early diagnosis and prompt treatment, management of 

severe malaria and complicated cases in hospital.  SEAR (South East Asia Region) 

working group recommend on revised control strategy that has been adopted.  

Country is engaged under RBM (Roll Back Malaria) process (DGHS and WHO, 

2004). 

Since 1994, two insecticides, malathion (57% EC) for indoor residual spray and 

deltamethrin (2.5% EC) for treatment of bed-nets, have been used for malaria vector 

control on a limited scale in Bangladesh (ICDDR,B, 2003). 

 

 

 

 

 

 



Life cycle of Malarial parasite:  

Pre-erythrocytic cycle:  

During the bite of an infected female mosquito sporozoites are released into the 

circulating blood of the host. Within 30 to 45 minutes, sporozoites  enter hepatocytes. 

Growth and division in the liver for the human malaria parasites take from 

approximately 6 to 15 days depending on the species: approximately 6, 10, and 

15 days for P. falciparum, P. vivax, and P. ovale and P. malariae, respectively. In 

P. vivax and P. ovale, some of the sporozoites appear to develop for about 24 hours 

before becoming dormant as a hypnozoite stage; this form can remain as such for 

months and even years until reactivated to complete the liver cycle, releasing 

merozoites into the blood to precipitate a relapse infection (Phillips, 2001).  

 

Erythrocytic cycle:  

At the end of the preerythrocytic cycle, thousands of merozoites are released into the 

blood and within 15 to 20 seconds, attach to and invade erythrocytes. The asexual 

erythrocytic cycle produces more merozoites that are released with the destruction of 

the red blood cell after 48 or 72 hours for the human malaria parasites, depending on 

the species, and which then immediately invade additional erythrocytes. The asexual 

cycle usually continues until controlled by the immune response or chemotherapy or 

until the patient dies (in case of P. falciparum). After invading red blood cells, 

eventually some merozoites differentiate into sexual forms called gametocytes 

(Phillips, 2001).  

 

Mosquito cycle: 

After ingestion by another female mosquito, gametocytes will mature to male and 

female gametes. After fertilization, the resulting zygote matures within 24 hours to the 

motile ookinete, which burrows through the midgut wall to encyst on the basal lamina, 

the extracellular matrix layer separating the hemocoel from the midgut. Within the 

developing oocysts, there are many mitotic divisions resulting in oocysts full of 

sporozoites. Rupture of the oocysts releases the sporozoites, which migrate through 

the hemocoel to the salivary glands to complete the cycle approximately 7 to 18 days 

after gametocyte ingestion, depending on host-parasite combination and external 

environmental conditions (Phillips, 2001).  



All stages in the life cycle are haploid, apart from the diploid zygote, which 

immediately after fertilization undergoes a two-step meiotic division, the resulting cell 

containing a nucleus with four haploid genomes. The sexual process and meiotic 

division following fertilization allow genetic recombination, which is reflected in the 

genetic makeup of the sporozoites and together with mutations provides the raw 

material upon which selective pressures such as antimalarial drugs can work (Phillips, 

2001).  

 

Transmission: 

Malaria parasites are usually transmitted to human by the bite of female Anopheles 

mosquito (WHO, 2004). The parasite can also be transmitted during blood 

transfusion, organ or tissue transplants or needle stick injuries, (Filler et al., 2003 and 

Warrell, 2002). Congenital infection of the newborn from an infected mother may 

also occur, but is comparatively rare (Park, 1998).   

 

Prepatent period:  

 

This is the interval between the bite of an infected mosquito and parasitemia. 

Prepatent period for different species are as follows: P.falciparum, 9-10 days; P.vivax, 

8-13 days; P.ovale, 9-14 days; and P.malarie, 15-16 days (Warrell, 2002). 

 

Incubation period: 

The interval between infection and the first symptom appears is termed as incubation 

period. During the incubation period patients are asymptomatic. The usual incubation 

periods for different species are as follows: P.falciparum, 7-14 days; P.vivax, 12-17 

days; P.ovale, 15-18 days; and P. malariae, 18-40 days (Bradley et al., 2000). The 

incubation period can prolonged for any plasmodium species with immunity or 

incomplete chemoprophylaxis and as long as 6-12 months for P.vivax (Krause, 2001). 

The incubation period is shorter when infection results from blood transfusion, organ 

or tissue transplants or needle stick injuries, because no preliminary hepatic cycle 

occurs before infection of erythrocytes (Warrell, 2002). 

 

 



Pathogenesis of Malaria: 

Virulence factors:  

Plasmodium falciparum is one of the world�s most devastating pathogen. It has an 

astonishing array of sequences and genes that play key roles in pathogenesis and 

immune evasion. Several factors such as: PfEMP1, rifin protein, stevor antigen, 

hemozoin, Glycosylphosphatidylinositol act as virulence factors in the pathogenesis 

of malaria. 

 

P. falciparum erythrocyte membrane protein 1(PfEMP1): 

Virulence of plasmodium falciparum is associated with the expression of variant 

surface antigens designated PfEMP1 that are encoded by a family of var genes 

(Lavstsen, 2005). These PfEMP1 proteins are high molecular weight proteins are 

transported to the surface of the infected red cell, where they have been demonstrated 

via CD36 and to uninfected red cells via complement receptor1 and heparan sulfates. 

Indirect evidence also suggests that PfEMP1 is the ligand that binds to intercellular 

adhesion molecule1 (Kyes et al., 1999). PfEMP1 also undergoes cloanal antigenic 

variation, with variant forms differing both antigenically and adhesion characteristics. 

The ability to adhere to different host endothelial receptors may also determine the 

virulence of P.falciparum (Hayward et al., 1999). 

 

Rifin protein:  

In the genome sequence of Plasmodium falciparum, other unique multicopy gene 

families have been identified. The largest of which belongs to the rif (repetitive 

interspersed family) gene family (Abdel- Latif et al., 2002). This gene family encodes 

clonally variant proteins (rifins) that are expressed on the infected red cell. Their high 

copy number, sequence variability and red cell surface location indicate an important 

role for rifins in malaria host-parasite interaction (Keys et al., 1999). 

 

Stevor antigen:  

The third family of variant proteins comprises stevor antigens. Although stevor genes 

are located in the tandem with rif and var genes, they seem to be much more 

conserved among strains than the Rif and var genes. The stevor genes (30 to 40 copies 

per haploid genome) have, a two-exon structure similarly to that of rif genes and code 

for 30 to 40 kDa proteins with a rather short intracellular domain that are expressed 



over a brief period by mature trophozoites and possibly by sporozoites and 

gametocytes as well. Their biological function is unknown (Ferreira, 2004). 

 

Others:  

The hemozoin (malaria pigment) has been implicated in the modulation of immune 

responses during malaria infection (Coban et al., 2002).Glycosylphosphatidylinositols 

are the anchor molecules of some membrane proteins of plasmodium species have 

also been implicated in the induction of TNFá and IL-1 during malaria infection  

( Souza et al., 2002 and Angulo, 2002).  

Virulence Events 

Cytoadherence:  

During the asexual cycle of malarial parasites which occurs within the RBCs. The 

infected RBCs adhere to the endothelial cells through electron-dense knobs on the 

RBCs. Several cell-surface molecules have been identified as potential receptors for 

RBC binding (Mackintosh et al., 2004). These include:  Thrombospondin, CD36, 

ICAM-1, vascular cell adhesion molecule1 (VCAM1), E selectin, P-selectin, 

chondroitin sulfate A, áVâ3-integrin and platelet endothelial cell adhesion molecule 

1. Adherence of P.falciparum infected erythrocytes to the endothelium of post 

capillary venules assists the parasite in avoiding splenic clearance and promotes 

sequestration in organs such as the brain and placenta (Reeder et al., 1999).  

 

Sequestration:  

The process whereby erythrocytes containing mature forms of P.falciparum adhere to 

microvascular endothelium and thus disappear from the circulation is known as 

sequestration. It occurs predominantly in the venules of vital organs. It is not 

distributed uniformly throughout the body, being greatest in the brain, heart, eyes, 

liver, kidneys, intestine, adipose tissue and least in the skin (White, 2003). 

Sequestration occurs principally during the second half of the intra-erythrocytic 

asexual growth phase of the parasite, following adherence (Mackintosh et al., 2004).  

Sequestration is the characteristic feature of infection with P.falciparum. This is the 

process involving the accumulation of large numbers of parasitized erythrocytes in 

various organs. It is mediated by adhesive interactions between parasite ligands on the 

surface of the infected erythrocytes (IEs) and host molecules present on microvascular 



endothelium (Beeson et al., 1999). Sequestration is facilitated by the expression of 

knob like productions under the surface of the infected RBC membrane (Hayward et 

al., 1999).   

 

Rosetting:  

Erythrocytes containing mature parasites, in addition to adhering to the endothelial 

cells and syncytiotrophoblast, mature-stage parasitized RBCs (pRBCs) can also 

adhere to the un-infected RBCs. This process leads to the formation of rosettes when 

suspensions of parasitized erythrocytes are viewed under the microscope (White, 

2003). 

 

Deformability/RBC changes:  

As the parasite matures inside the erythrocyte, the normally flexible biconcave disc 

becomes progressively more spherical and rigid. The deformability results from 

reduced membrane fluidity, increasing sphericity and the enlarging and relatively 

rigid intra-erythrocytic parasite (White, 2003). The membrane fluidity of the pRBCs 

is much lower than that of uninfected cells, and this renders pRBCs less flexible, more 

liable to damage in the circulation and more susceptible to spleenic clearance. 

However, uninfected RBCs also show alterations in their rheological characteristics 

during malaria which may also render them more susceptible to damage or splenic 

clearance (Warrell et al., 2002). 

The differences between parasite infected and uninfected RBCs are great such as: 

mechanical properties of pRBCs are changed. The membrane is less flexible, which 

makes it difficult for the cell to pass through the microvasculature, parasite nutrients: 

carbohydrates, amino acids and purine bases are transported into the cells. 

Furthermore, some pRBCs membrane components are digested or modified. Most 

interestingly several parasite derived polypeptides, including PfMP1 and 

rosettins/rifins are inserted into and then protrude from the membrane. All these 

parasite-derived polypeptides significantly change the nature of the RBC membrane 

(Chen et al., 2000). 

 

 

 

 



Factors involved in pathogenesis: 

Parasite Factors: 

Parasite adherent ligands: At least five parasite-derived proteins are associated with 

the cell membrane of an infected erythrocyte at various stages of the developmental 

cycle. Three of the malarial proteins are associated with knobs, PfEMP1, PfEMP2 and 

PfHRP1. Of these, PfEMP1 is the only protein that extends beyond the cell surface to 

mediate cytoadherence, whereas PfEMP2 and PfHRP1 remain on the internal surface 

of the erythrocyte membrane in association with electron-dense material.  

Two other parasite proteins, ring-infected erythrocyte surface antigen (RESA) and 

PfHRP2, are associated with the erythrocyte membrane but are not localized 

specifically to the knobs. PfHRP2 is secreted into the circulation and is currently 

being exploited for diagnostic assays (Ho and Nicholas, 1999). 

 

Toxins: Fatalities due to malaria are associated systemic and organ-specific 

inflammation initiated by parasite toxins. Recent studies show that 

glycosylphosphatidylinositol (GPI) functions as the dominant parasite toxin in the 

context of infection. GPI also serve as membrane anchors for several of the most 

important surface antigens of parasite invasive stages (Delorenzi et al., 2002).    

 

Host factors:  

Endothelial Receptors:  

The stage and host cell specificity of cytoadherence suggests that the process involves 

specific parasite or host ligands expressed on the surface of IRBC and vascular 

endothelium. A number of endothelial receptor molecules have been identified, based 

on their ability to support the adhesion (Ho and White, 1999). 

 

Thrombospondin (TSP):  

This was the first described endothelial receptor for infected RBC (IRBC). IRBC 

adhere to immobilized TSP in a dose-dependent manner. Subsequent investigations 

showed that, although TSP may contribute to cytoadherence, it is not sufficient to 

mediate the process by itself (Ho and White, 1999).  

 



CD36:  

The second receptor molecule to be implicated in cytoadherence was CD36. CD36 is 

found on monocytes, endothelial cells, platelets, and erythroblasts. It has been shown 

that IRBC interact with sites on the CD36 molecule that are distinct from the binding 

sites of TSP. The interaction of IRBC with CD36 expressed on monocytes leads to a 

respiratory burst, with the production of oxidative metabolites that are toxic to 

intraerythrocytic parasites (Ho and White, 1999).  

Intercellular adhesion molecule-1 (ICAM-1):  

This is a glycoprotein and plays a central role in the generation of an immune 

response. It acts as a receptor for IRBC selected on human umbilical vein 

endothelium. It is distributed widely on venular endothelium, where it has been shown 

to be crucial for neutrophil adhesion before the transmigration of these cells into an 

inflammatory focus. ICAM-1 expression on endothelial cells can be upregulated by 

the proinflammatory cytokines, tumor necrosis factor- (TNF-), interleukin-1 (IL-1), 

and interferon- (IFN-) (Ho and White, 1999).  

Vascular adhesion molecule-1 (VCAM-1):  

VCAM-1 is not expressed constitutively on endothelial cells but can be induced by 

TNF-, IL-1, and IL-4 on endothelium. Its interaction with its ligand, the 1-integrin 

very late antigen-4 (VLA-4; 41),
 provides a second lymphocyte-endothelium 

adhesion mechanism distinct from that of LFA-1 and ICAM-1. There is increasing 

evidence that VCAM-1 can mediate all three phases of leukocyte-endothelial cell 

interaction i.e., tethering, rolling, and adhesion. Neutrophils and sickle reticulocytes 

also adhere to VCAM-1 via VLA-4 (Ho and White, 1999). VCAM-1 acts as a 

endothelial cell surface receptor for parasitized RBC (Chen et al., 2000). 

Selectin:  

Selectins are a family of differentially expressed adhesive molecules that recognize 

fucosylated and sialylated carbohydrate ligands. Both P-selectin and E-selectin are 

intimately involved in the initial interaction of neutrophils at the onset of acute 

inflammation. E-selectin is not constitutively expressed on endothelial cells but is 

induced (peak 4-6 h) after exposure to IL-1 and TNF-. It supports the rolling of 

neutrophils on vascular endothelium in vitro but probably at a later stage of 



inflammation than P-selectin, which can be quickly mobilized from an intracellular 

store in Weibel-Palade bodies. P-selectin and E-selectin act as adhesion molecule for 

parasitized RBC (Ho and White, 1999).  

 

Chondroitin-4-sulfate (CSA):  

This is a glycosaminoglycan expressed throughout the microvasculature in association 

with various proteoglycans such as thrombomodulin. It has been shown to mediate the 

cytoadherence of IRBC. CSA is now recognized as the principal molecule mediating 

cytoadherence in the human placenta, where it is expressed on syncytiotrophoblasts 

(Ho and White, 1999).  

Cytokines:  

The importance of cytokines, especially TNF- and IFN- and their contribution to 

severe malaria have been extensively reviewed. Malaria parasites, by producing 

diverse elements, stimulate the human host and thereby result in excessive production 

of cytokines, which will have an adverse effect on disease progression. For example, 

high circulating levels of TNF- and IFN- are more often found in patients with 

severe malaria than in uncomplicated cases. Extensive deposition of TNF-, IFN-, 

and IL-1 in organs with massive sequestration (especially in the brain) is more 

frequently seen in patients who died of cerebral malaria. The proposed contributions 

of cytokines to severe malaria include (i) upregulation of endothelial receptor 

expression and redistribution on the endothelial surface; (ii) physical disturbances of 

the host, such as high fever; (iii) upregulation of nitric oxide production, which may 

cause local damage at sequestered loci; and (iv) suppression of erythrocyte production 

in the bone marrow (Chen et al., 2000). 

 

Serum Proteins:  

The binding of Igs to P. falciparum pRBCs occurred during incubation of pRBCs 

with immune or normal serum. It was found that a majority of rosetting parasites 

engage in Ig-binding activities. Some pRBCs bind only one class of Ig (IgM or IgG), 

while most bind both classes of Igs. Transmission electron microscopy (TEM) showed 

the bound Ig to be associated with knobs, where fibrillar structures are formed 

between infected and uninfected RBCs. Ig deposition on the affected vascular 

endothelium in cerebral malaria is also quite common, but the reason for local Ig 



accumulation is not known. In addition to IgG and IgM, several other serum proteins 

play a role in rosetting. Purified serum proteins, primarily fibrinogen and albumin and 

other proteins, were found to promote rosetting (Chen et al., 2000).  

Pathophysiology: 

Clinical illness is caused by the erythrocytic stage of the parasite. No disease is 

associated with sporozoites, the developing liver stage of the parasite, the merozoites 

released from the liver, or gametocytes. 

When an infected female anopheles mosquito takes blood meal from human host, 

sporozoites are inoculated in human blood. Within half an hour the sporozoites attach 

to and invade liver cell (Todd et al., 2004). The sporozoites bind to the hepatocyte 

receptor for the serum proteins, thrombospondin and properdin. Within the liver cell 

malaria parasites multiply rapidly, as many as 30,000 merozoites are released, when 

hepatocyte ruptures. In case of P.vivax and p.ovale, hypnozoites (latent form) are 

formed. Which cause relapse malaria in later (McAdam and Sharpe, 2004). The pre-

erythrocytic stage of infection produces minimal histopathologic changes. No 

detectable symptoms or functional disturbances seen in host (Warrell, 2002).  

After entry into the blood stream, merozoites rapidly invade erythrocytes. Attachment 

with RBC is mediated via specific surface receptor present on the erythrocyte. The 

receptor for P. vivax is related to the Duffy blood-group antigen Fya or Fyb (White, 

2005). In case of P. falciparum merozoites bind by a parasite lectinlike molecule to 

sialic residues on glycophorin molecules on the surface of the red blood cells and 

invade (McAdam and Sharpe, 2004). It is observed that P.falciparum invades 

erythrocytes of all ages, P.vivax and ovale invades young RBC whereas P.malariae 

invades normoblasts (Todd et al., 2005).  

Clinical illness in human begins with the direct effects of red cells invasion and 

destruction by the asexual stage of parasite and the host�s reaction. After invading an 

erythrocyte, the growing parasite progressively consumes and degrades intracellular 

protein, principally hemoglobin; the potentially toxic heme is polymerized to 

biologically inert hemozoin, or malaria pigment. The parasite also alters the red cell 

membrane by changing its transport properties, exposing cryptic surface antigens and 

inserting new parasite derived proteins (White, 2005).  

 



Studies suggest that the released factors and altered red cell surface membrane causes 

stimulation of the reticulo-endothelial system, changes in regional blood flow and 

vascular endothelium. Which causes release of cytokines such as: TNFá and 

interlukins, reactive oxygen intermediates, and other cellular products and play a 

prominent role in pathogenesis. These are responsible for febrile paroxysms, 

headache, pain and prostration, which are the most familiar and consistent symptoms 

of an acute malaria attack (Warrelll, 2002). The life cycles of the plasmodium species 

are similar, although P. plasmodium differs in ways that contribute to its greater 

virulence.  

Hypoglycemia is a recognized complication of severe malaria. One of the several 

causes of hypoglycemia is quinine induced hyperinsulinemia, which results in 

reduced hepatic gluconeogenesis and increased uptake of glucose by peripheral 

tissues. Other causes include: increased metabolism of glucose by parasite, increased 

host tissue metabolism, depletion of carbohydrate stores by starvation and 

malnutrition and glucose malabsorption from reduced splanchnic blood flow 

(Shulman, 2002). 

Pulmonary edema is the most dreaded complication of malaria may develop at any 

stage of the disease (Warrell, 2002). In these cases the mechanism is thought to 

involve leukocyte and complement mediated endothelial damage, resulting in leaky 

pulmonary capillaries (Shulman, 2002). 

Lactic acidosis is caused by the combination of anaerobic glycolysis in tissues where 

sequestered parasites interfere with microcirculatory flow, lactate production by the 

parasites and a failure of hepatic and renal lactate clearance (White, 2005). 

The pathogenesis of renal failure is unclear but may be related to erythrocyte 

sequestration interfering with renal microcirculatory flow and metabolism. Clinically 

and pathologically, this syndrome manifests as acute tubular necrosis (White, 2005). 

The pathogenesis of anemia is complex and undoubtedly involves multiple processes 

relating to both the destruction of erythrocytes and their reduced production 

(Mackintosh et al., 2004). Primary cause of anemia is infected RBCs are directly 

destroyed by infecting parasites. However, other processes such as: dyserythropoesis, 

enhanced splenic clearance and even blood loss, also contribute to anemia (Warrell et 

al., 2002). It is also suggests that during P.falciparum infection also causes 

suppression of bone marrow response to erythropoetin (Mackintosh et al., 2004). 



Thrombocytopenia is a common finding in falciparum and vivax malarias. Platelet 

survival is reduced to 2-4 days in severe falciparum malaria. Enhanced splenic uptake 

or sequestration may also contribute to thrombocytopenia. In patients with DIC; 

platelets may be removed from the circulation at sites of fibrin deposition (Warrell, 

2002). 

Mild leukopenia has been described in uncomplicated malaria, but a neutrophilic 

leukocytosis is an important abnormality in patients with severe falciparum malaria. 

This is associated with a bad prognosis (Warrell, 2002). 

Hyper reactive malarial splenomegaly is seen in older children and adults in areas 

where malaria is hyper endemic. It is associated with an exaggerated immune 

response to repeated malaria infection, and is characterized by anemia, massive 

splenomegaly and elevated IgM levels. In tropical splenomegaly syndrome (TSS) 

malaria parasites are scanty or absent. TSS usually responds to prolonged treatment 

with prophylactic antimalarial drugs (Finch et al., 2005). 

Chronic or repeated infections with P.malariae may cause soluble immune complex 

injury to the renal glomeruli, resulting in the nephrotic syndrome. Malaria 

nephropathy usually responds poorly to treatment with either antimalarial agents or 

glucocorticoides and cytotoxic drugs (White, 2005).   

Table-II: Important features of malaria: 

Clinical 

features 

P.falciparum P.vivax P.malariae 
P.ovale 

Prepatent 

period 

9-10 days 8-13 days 15-16 days 9-14 days 

Incubation 

period 

7-14 days 12-17 days 18-40 days 15-18 days 

Fever 

periodicity 

24,36,48 hours 48 hours 72 hours 48 hours 

Erythrocytes 

parasitized 

All Reticulocytes Mature Reticulocytes 

Relapses - + - + 

Recrudescence + + - - 

 

                                                           (Warrell, 2002, Bradely, 2000 and Krause, 2004) 



 

Immunity to Malaria: 

Both innate and acquired immunity play an important role in malaria. Initially the host 

responds to plasmodium infection by activating non-specific defense mechanism 

(White, 2005). 

Innate immunity: 

Innate immunity is thought to play a crucial role in clearing parasite from infected 

host. Most of the elimination occurs in the spleen under normal circumstances. 

Although the liver has been shown to function as an alternative clearing site. Within 

the spleen this task is apparently assumed by macrophages of the red pulp (Angulo 

and Fresno, 2002). Several inherited alterations in red blood cell give partial 

immunity to malaria in some population. It seems to cleared that Sickle cell disease, 

G6PD deficiency, thalassemia and other hemoglobinopathies provide some protection 

against lethal levels of falciparum infection (Heyneman, 2001). People who are 

heterozygous for the sickle cell trait (HbS), they are less likely to die from 

P.falciparum infection. HbS trait causes the parasites to grow poorly or die at low 

oxygen concentrations, perhaps because of low potassium levels caused by potassium 

efflux from red blood cells on hemoglobin sickling. HbC protects against severe 

malaria by reducing parasite proliferation. Individuals with the HLA B-53 are 

resistant to Plasmodium falciparum, because HLA B-53 presents liver stage-specific 

antigens to cytotoxic T cells (McAdam and Sharpe, 2004). Another red cell deformity 

is ovalocytosis, which confers reduced risk of infection with P.falciparum and P.vivax 

malaria. Due to the absence of the Duffy antigen (Fy Fy) people become resistant to 

P.vivax infection, because this antigen acts as a receptor for P.vivax malaria (Carter 

and Mendis, 2002). 

 

Acquired immunity: 

Both cellular and humoral immunity is involved in the process of acquired immunity 

(WHO, 1997). Individuals who are repeatedly exposed to malaria develop antibodies 

against sporozoites, liver stage, blood stage and sexual stage of parasite antigens. It is 

thought these antibodies are responsible for the decreased susceptibility to malaria 

infection and disease (Krause, 2000) Passive transferred IgG from mother to fetus 

contributes to the relative protection of infants from severe malaria in the first months 

of life (White, 2005). Another type of acquired immunity has been observed that 



appears to depend upon the presence of low-level parasitemia that some how inhibits 

new infections on maintains the infection at a nonsymptomatic level. This is called 

premunition. This type of immunity is soon lost after the parasites disappear from the 

blood (Heyneman, 2001). 

Immunity to pre-erythrocytic stage: 

Following the bite of the female mosquito, sporozoites circulate in the bloodstream 

for a very brief period. Some of the parasites invade hepatocytes, others being filtered 

out by a variety of non-specific mechanisms. At this stage the parasite would be 

susceptible to an antibody-mediated attack directed to components on the surface of 

the sporozoites. Such antibody could potentially exert its protective effect by any one 

of a variety of mechanisms, including opsonization, complement-mediated lysis or 

neutralization. Once invasion of hepatocytes has taken place HLA B-53 molecules 

presents processed antigen to the cytotoxic T cell. Then the parasites are killed by 

either direct lysis or by the range of soluble mediators (Marsh, 2002). 

 

Erythrocytic stage: 

Once inside the red cells, the parasites appear well positioned to avoid host responses, 

but there are several gaps in its defenses. When parasites mature inside RBC it 

induces a series of morphological, functional antigenic changes in the host red cell 

membrane. Some changes are a result of alteration of host constituents, but others 

result from the parasite inserting its own molecules into the host cell membrane. 

Host�s immune system acts against these neoantigens. Cytokines produced by 

immune cells plays an important role against this stage (Marsh, 2002). In a study done 

by Pombo et al., found that people can also be protected against the erythrocytic stage 

of malaria by a strong cell mediated immune response in the absence of detectable 

parasite-specific antibodies (Pombo et al., 2002).   

 

Natural killer cell: 

Natural killer (NK) cells derived from pluripotent hematopoietic stem cells are 

important cells of immune system that have two main functions: a cytolytic activity 

and a cytokine producing capacity. New insights into NK cell biology have suggested 

their major roles in the control of infections, particularly in P.falciparum infection 

(Mavoungoua, 2005). In a study Artavnis-Tsakonus and Riley have revealed that, in 



non immune donors NK cells are among the first cells in peripheral blood to produce 

IFN- in response to P.falciparum infected red blood cells. The authors observed that 

NK cells are activated during the first 18 hours of exposure to parasitized 

erythrocytes. This activation was dependent on IL-12 and also to a lesser extent on 

IL-18. This observation suggests that NK cells may represent an early source of IFN-

gamma, a cytokine that has been implicated in induction of various antiparasitic 

effector mechanisms (Artavanis-Tsakonas and Riley, 2002). It was also observed that 

during pregnancy cell function might be altered due to production of hormones and 

other pregnancy regulatory factors. A casual relationship between high cortisol levels 

and depressed NK cell cytotoxicity against P.falciparum parasitized erythrocytes and 

susceptibility to malaria has been demonstrated (Mavoungoua, 2005). 

 

T cell: 

Both cellular and humoral arms of the adaptive immune system are pivotal elements 

in the eradication of plasmodium from the body, and both are critically dependent on 

/ CD4+ lymphocytes. Both the Th1 and Th2 subsets of CD4+ T cells have 

regulatory functions in the human malaria (Angulo and Fresno, 2002). 

CD8+ T cells have been implicated as critical effector cells in protection against pre 

erythrocytic stage malaria. It is established that role CD8+ T cells is absolutely 

dependent not only on IFN-ã and NO, but also on IL-12 and in part on NK cells 

(Doolan and Hoffman, 1999). 

 

Clinical features: 

Malaria is an acute and chronic disease caused by obligate intracellular protozoa of 

the genus plasmodium with four recognized species (Rahman et al., 2003).  

 

Symptoms and signs: 

Common symptoms and sings of malaria are: fever, chill, sweating, headache, nausea, 

vomiting, body aches, generalized malaise, elevated temperature, perspiration, 

weakness and enlarged spleen. In P. falciparum malaria additional finding may 

include: mild jaundice, hepatomegaly, tachypnoea (CDC, 2004). 

Three hundred and thirty four cases of malaria were studied in Saudi Arabia. Three 

hundred and two (90.4%) had falciparum malaria and the remaining 32(9.6%) had 



vivax malaria. The distribution of clinical symptoms and signs were as follows: fever 

99.7%, vomiting 48.5%, splenomegaly 44.7%, hepatomegaly 35.3% and Jaundice 

4.8% (Malik et al., 1999). Another prospective type of study was done on 221 

Ghanaian patients. Hyper reactive malarial splenomegaly was found in 41% (Bedu-

Addou and Bates, 2002). Another cross sectional study was done in India. Among 

2991 patients, splenomegaly was seen in 53.3% hepatomegaly in 47% patients 

(Kamble et al., 2002). Classical malaria fever starts with a sudden inappropriate 

feeling of cold. Mild shivering quickly turns into violent teeth chattering and shaking 

of the whole body. The skin is cold, dry, pale, cyanosed and goose-pimpled. The 

pulse is rapid and low volume. Rigor lasts for 15-60 minutes. After which shivering 

ceases, the patient feels some waves of warmth and the hot stage ensues. In this stage 

the patients become unbearably hot. Other features are: throbbing headache, 

palpitation, tachypnoea, prostration, epigastric discomfort, nausea, vomiting and thirst 

develop as the temperature reaches its peak of 40-41C or more. The pulse is rapid, 

full and bonding. During this stage the patient may become confused or delirious. 

This stage lasts for 2 to 6 hours. In the sweating stage the patient breaks out into a 

profuse, drenching sweat. The fever declines over the next 2-4 hours. Symptoms 

diminish and the exhausted patient sleeps (Warrell, 2002). Malaria fever occurs every 

48 hours with vivax and ovale results in daily spikes and every 72 hours with malariae 

resulting in every other or every third day fever spikes. Periodicity is less apparent 

with P. falciparum and mixed infection. Patients with primary infection, such as 

travelers from nonendemic regions, also may have irregular symptomatic episodes for 

2-3 days before regular paroxysms begin (Krause, 2001). 

 

Vivax malaria:  

This type of malaria is less severe than P. falciparum malaria. It may cause severe 

anemia. Despite its uncomplicated course, requires special attention for two reasons. 

First, diagnosis often is complicated by the late onset of symptoms. Second, case 

management is complicated by the fact that parasites can remain dormant in the liver 

as hypnozoites. Thus, even if blood stages of the parasite are cleared, reactivation of 

these liver forms may cause relapses within a few months (Mahlberger et al., 2004). It 

may cause death as a result of ruptured spleen or in association with reticulocytosis 

and high parasitemia after anemia (Krause, 2001). 



Malariae malaria:  

Malariae malaria was formerly known as quartan malaria. In Africa, it accounts for up 

to 25% of Plasmodium infections and often accompanies infection with P.falciparum. 

There is no dormant hypnozoites stage in P.malariae and thus no relapses (Swash, 

1996).  This is the mildest and most chronic of all malaria. Recrudescence has been 

observed 30-50 years after an acute attack (Krause, 2001). 

Ovale malaria:  

Malaria caused by P.ovale is referred to as ovale malaria and was previously known 

as ovale tertian malaria. Like P.vivax it is also a relapsing species (Swash, 1996). Of 

all types of malaria, this is the least common. This is commonly found in conjunction 

with P.falciparum infection (Krause, 2001).   

 

Falciparum malaria: 

Plasmodium falciparum is the most severe form of malaria and is associated with 

more intense parasitemia. Fatality rate is up to 25% in nonimmune adults and 30% in 

nonimmune infants may occur if appropriate therapy is not instituted promptly 

(Krause, 2001). Malaria caused by P.falciparum is referred to as falciparum malaria, 

formerly known as sub tertian or malignant tertian malaria. It is the most wide spread, 

accounting for up to 80% of malaria cases worldwide. P.falciparum is the most 

pathogenic of the human malaria species with untreated infections causing severe 

disease and death, particularly in children, pregnant women and non-immune adults 

(Cheshbrough, 1999). Infection with P.falciparum is not limited to RBCs of a 

particular age and hence represents the highest level of parasitemia. This species also 

causes vascular obstruction due to its ability to adhere to endothelial cell walls. This 

properly leads to most complications of P.falciparum infection. Severe falciparum 

malaria is associated with cerebral malaria, blackwater fever, severe anemia, 

hypoglycemia, acidosis, renal failure, pulmonary edema, hypotension, haemostatic 

abnormalities, jaundice and hepatic dysfunction, and cardiovascular collapse shock 

(Cheshbrough, 1999; Warrell, 2002; White, 2005 and CDC, 2004). Recrudescence 

after a primary attack may occur from the survival of erythrocytic forms in blood 

stream (Krause, 2000). 

 



Complications of Malaria: 

Cerebral Malaria: 

Cerebral malaria is an acute febrile and mainly diffuse encephalopathy, occurring in a 

patient infected with P.falciparum. The World Health Organization Malaria Action 

Programme proposed three criteria for the diagnosis of cerebral malaria: unarousable 

coma, exclusion of other encephalopathies and confirmation of P.falciparum infection 

(Schmutzhard, 1998). The pathogenesis of cerebral malaria is heterogeneous and the 

neurological complications are often part of a multisystem dysfunction. The clinical 

presentation and pathophysiology differs between adults and children (Newton et al., 

2000). Cerebral malaria is the most severe and common complication affecting up to 

7% of all P.falciparum malaria cases and with mortality rates up to 50%. Initially 

patients often complain of nonspecific symptoms, even days before the onset of the 

paroxysm: malaise, headache, myalgia and fatigue are easily mistaken for beginning 

viral illness. Children usually experience an abrupt onset, frequently with 

hyperpyrexia, headache, restlessness and vomiting (Schmutzhard, 1998). Within 

hours but sometimes much slower features of CNS involvement set in. In malignant 

falciparum malaria however an asynchronous cycle of parasite multiplication leads to 

continuous, remittent or irregular. Unarousable coma may be preceded by severe 

headache, confusion, drowsiness, and in many instances convulsions. Meningeal 

irritation is rare as extra pyramidal and cerebeller signs, retinal hemorrhage, and 

exudates are infrequent. Hyper pyrexia, splenomegaly are frequently physical 

findings. Hepatomegaly is less often observed. In advanced disease, severe anemia, 

icterus, renal failure, acute pulmonary edema, heart failure, bleeding tendencies, 

spontaneous hemorrhages and hypoglycemia complicate the course of P. falciparum 

infection. In a series of 66 Tanzanian children, 73% presented with unarousable coma, 

15% had an organic psycho syndrome with confusion, disorientation and restlessness. 

Almost a quarter showed localizing signs; two-thirds of the children had generalized 

rarely focal seizures. In 52 of 65 of Malawian children presented with convulsions 

(Schmutzhard, 1998). A cross sectional study was carried out to investigate clinical 

features and outcome of cerebral malaria in Indian rural area. Of the 56 cases positive 

for malarial parasite on peripheral smear (PS) 4.3% were P.vivax and 2.8 % 

P.falciparum.15 patients fulfilled the criteria for a study, of which 7 were definite 

cerebral malaria (DCM) and 8 belong to probable cerebral malaria (PCM) group. 

12(80%) were in school going age and male: female was 2:1. All patients presented 



with fever and CNS involvement, 66.6% had convulsion, 7 developed coma and 

anemia was seen in 66% but only 20% required blood transfusion (Kamble et al., 

2002).  

 

Hypoglycemia:  

Hypoglycemia is an important complication of severe malaria. It is associated with 

poor prognosis particularly in children and pregnant women (White, 2005). 

 

Lactic acidosis:  

Lactic acidosis commonly co-exists with hypoglycemia in malaria patients. It is an 

important contributor to death from severe malaria. The prognosis of lactic acidosis is 

poor (White, 2005). The most common clinical sign, deep (Kussmaul) breathing, 

occurs in nearly two-thirds of patients with acidosis. Acidaemia and hyperlactatemia 

may also be present (Taylor and Molyneux, 2002). 

 

Pulmonary edema:  

Adults with falciparum malaria may develop noncardiogenic pulmonary edema even 

after several days of antimalarial therapy. The pathogenesis is unclear. The mortality 

is >80% (White, 2005). 

 

Renal impairment:  

Renal impairment is more common among adults then children with severe 

falciparum malaria. It may be due to erythrocyte sequestration interfering with renal 

microcirculatory flow and metabolism (White, 2005). 

 

Hematologic abnormalities:  

Common hematologic abnormalities are thrombocytopenia (platelet 

count<150x109/L) occurs in up to 70% of patients and anemia in 25% patient. The 

leukocyte count is normal or low. Leukocytosis is seen in less than 5% of cases and is 

poor prognostic factor (Suh et al., 2004).  

 

 

 

 



Liver dysfunction:  

Jaundice is more common among adults than children and results from: hemolysis, 

hepatocyte injury and cholestasis. Liver dysfunction carries a poor prognosis (White, 

2005). 

 

Hyper reactive malarial splenomegaly:  

It occurs infrequently and is attributed to an abnormal immune response to repeated 

malarial infections. The condition is associated with a very enlarged spleen, abnormal 

immunologic findings, anemia, and a susceptibility to other infections such as skin or 

respiratory infections (CDC, 2004). 

 

Nephrotic syndrome:  

A chronic and severe kidney disease can result from chronic or repeated infections 

with P. malariae. This condition is an indication of poor prognosis (CDC, 2004) 

 

Black water fever:  

Is a manifestation of falciparum malaria occurring in previously infected subjects and 

is characterized by sudden intravascular hemolysis followed by fever and 

hemoglobinuria. It is associated with infection by Plasmodium falciparum, most 

commonly observed among the non-immune (non-indigenous) individuals who have 

resided in malaria endemic countries previously for 6 months to 1 year and have had 

inadequate doses of quinine for both suppressive prophylaxis and treatment of 

repeated clinical attacks. In these cases quinine often act as a precipitating factor. 

Other factors that have been known to precipitate an attack of black water fever are: 

cold, exposure to the sun, fatigue, trauma, pregnancy and parturition and X-ray 

treatment of the spleen (Chaterjee, 2006). 

 

 

Relapse malaria:  

In P. vivax and P. ovale infections, patients having recovered from the first episode of 

illness may suffer several additional attacks (relapses) after months or even years 

without symptoms. Relapses occur because P. vivax and P.ovale have dormant liver 

stage parasites (hypnozoites) that may reactivate. Treatment to reduce the chance of 

such relapses is available should follow treatment of the first attack (CDC, 2004).  



Malaria in Pregnancy:  

During pregnancy, malaria is an important cause of maternal and infant morbidity and 

mortality. The impact of malaria during pregnancy depends on levels of pre-existing 

malarial immunity, the intensity and stability of malaria transmission and parity 

(Beeson et al., 1999). Maternal malaria has been associated with delivery of low birth-

weight (LBW) infants because of either preterm delivery (PTD) or intrauterine growth 

retardation (IUGR). LBW infants have elevated risks of dying during the postnatal 

period. Malaria-associated LBW may have different causes in different epidemiologic 

settings. In areas with a high rate of malaria transmission, infections early in 

pregnancy are associated with IUGR whereas infections later in pregnancy are 

associated with preterm delivery (Moormann et al., 1999). Erythrocytes infected with 

P.falciparum cengregate in the maternal placental vascular space where the sinusoidal 

and low pressure blood flow, and possibly parasite adherence to endothelial cells, 

allow parasites to sequester and replicate. An active immune response involving 

antibody production, cytokine release and cellular response is frequently observed in 

malaria infected placentas. The infection and possibly, aspects of the immune 

response contribute to poor pregnancy outcomes of prematurity and intra uterine 

growth retardation (Steketee, 2003).  

Malaria in Children:  

Malaria is still a major cause of severe disease, which is responsible for millions of 

deaths, mostly in children under 5 years old in tropical countries, especially sub-

Saharan Africa (Malaguarnera, 2002). Children with malaria often have special 

clinical features that differ from those of adults. The age-related differences in 

specific clinical manifestations are likely due to multiple factors, including differential 

parasite organ sequestration, low levels of complement regulatory proteins leading to 

increased red cell destruction, inadequate reticulocyte production and possibly the 

need for exposure to specific strains in cerebral malaria (Idro et al., 2005). Symptoms 

of malaria in children 2 months of age who are non-immune vary widely from low-

grade fever to 104F. Apart from fever, other features include: headache, 

drowsiness, hepato-splenomegaly, anemia, anorexia, nausea, vomiting, diarrhea, 

thrombocytopenia and a normal or low white blood cell count (Krause, 2001). 

Recurrent infection in children in the endemic area may result in malnutrition and 



subsequent growth retardation. Fever with convulsion is an important clinical 

presentation of acute malaria as well as cerebral malaria in non-immune and semi-

immune children below two years of age. A study done in Saudi Arabia among 9259 

children showed that 233 cases were diagnosed as malaria. Most of them were below 

four years of age and found clinical features like: fever 233(100), anemia 123(53), 

splenomegaly 104 (45), vomiting 54 (23), hepato splenomegaly 71(30), 

diarrhea 23 (10), and convulsion with 9 (4) of cases (Annobil et al., 1994). 

Another study in Gabon, among 583 cases reported as severe falciparum malaria. 

Most of them 92.3% were less than 5 years of age. Clinical manifestations: anemia in 

67.8% followed by respiratory distress in 31%, cerebral malaria in 24%, and 

hypoglycemia in 10% cases were found. It was also reported that, anemia was more 

common in children less than 18 months old, while cerebral malaria usually occurred 

in those over 18 months. The overall case fatality rate was 9% (Dzeing-Ella et al., 

2005). 

Differential diagnosis of malaria:  

The clinical manifestations of malaria are nonspecific and may be present in a variety 

of other febrile illness. Common infections such as influenza, viral gastroenteritis, 

viral hepatitis, encephalitis, meningitis may present similarly. Other conditions such 

as typhoid fever, relapsing fever, tuberculosis, pylonephritis, yellow fever, 

brucellosis, amoebic liver abscess etc may also be included in the differential 

diagnosis. Non-infectious causes of fever similar to malaria are Hodgkin disease and 

drug-induced fever with hemolysis (Toad et al., 2004 and White, 2005). 

Laboratory diagnosis of Malaria:  

Malaria remains an important parasitic disease Worldwide. Prompt and accurate 

diagnosis is the key to effective disease management. Therefore it is one of the main 

interventions of the global malaria control strategy. Several approaches are available 

for the diagnosis of Malaria, which includes:  

  -Clinical diagnosis  

  -Microscopic examination of thin and thick blood film under the light microscope  

  -Fluorescent microscopy (Quantitative Buffy Coat examination)  

  -Polymerase chain reaction (PCR)  



  -Malarial antigen and antibody based rapid diagnostic tests (RDT)  

Latest automated hematology analyzers can flag suspicious samples by detecting 

malarial pigment in the white blood cells but still requires confirmation by another 

method (Khan et al., 2004). 

 

Microscopic Examination:  

Microscopic examination of the blood smear still remains the gold standard in malaria 

diagnosis despite the fact that many other techniques have become available. When 

performed correctly, this technique has a remarkable sensitivity. The parasite 

detection threshold for thin blood film is 100 parasites/µL. For thick film the 

threshold is lower about 5-20 parasites/µL. In both cases the accuracy depends greatly 

on the experience of the microscopist (Roll Back Malaria, 2002). When performed by 

qualified personnel, this technique presents some advantages, such as: differentiation 

among species/stages, observation of morphological changes caused by recent 

treatment, quantification and storage for long periods permitting posterior quality 

control. Although easy to apply and cost-effective, this technique assumes that 

laboratories will have a certain infrastructure in place and it requires highly qualified 

professionals. Detecting from 10 - 50 parasites/µl, it has a reduced sensitivity 

depending on the qualification of the technician. Even in reference centers the Giemsa 

stained thick smear may not allow to differentiate plasmodia, whose morphology is 

similar to two or more species, as occurs with P. vivax, P. malariae and P. ovale. This 

differentiation is possible using the thin blood smear that permits to correlate shape 

and size of parasites and erythrocytes. However, this technique cannot be used alone 

for malaria diagnosis, because its sensitivity is from 10 to 30 times lower than Giemsa 

stained thick smear (Disanti et al., 2004). 

The demonstration of malarial parasite is a requisite for definitive diagnosis. The 

conventional method used for the diagnosis is the thick and thin smears. This method 

costs less, is easy to handle and does not pose any transport difficulty. On the other 

hand, it has several disadvantages, most notably:  the competence of the reader, the 

inevitability of artifacts that may hinder proper differentiation of the parasites, and the 

unnecessary tediousness of the procedure (Estacio et al., 1993) 

Conventional light microscopy has been widely used for malaria in endemic areas 

(Rodrigues et al., 2003). Leishman, Giemsa or Romanowsky's stained peripheral 

blood smear examination remains the gold standard for diagnosis of malaria in 



malaria endemic countries. For best results, the smear should be stained with a 3% 

Giemsa solution (pH of 7.2) for 30-45 minutes. It is sensitive, informative, and 

relatively inexpensive, provides permanent record and can be shared with other 

disease control programmes (Mendiratta, 2006). 

Blood obtained by pricking a finger or earlobe is the ideal sample because the density 

of developed trophozoites or schizonts is grater in blood from this capillary-rich area. 

Blood obtained by venepuncture collected in heparin or sequestrine (EDTA) 

anticoagulant coated tubes is acceptable if used shortly after being drawn to prevent 

alteration in the morphology of white blood cells (WBC) and malarial parasites 

(Moody, 2002). 

The parasites are more easily detected in the film when the blood has been taken 

several hours after the height of the paroxysm has been reached. Schizogony of 

P.vivax, P.malariae and P.ovale occurs in the peripheral blood, hence the parasites 

can be readily be demonstrated both during the febrile and afebrile periods. In case of 

P.falciparum parasite disappears from the peripheral blood during the afebrile period, 

hence the best time for demonstration of P. falciparum is a few hours after the febrile 

paroxysm reaches its peak (Chaterjee, 2006).  

The four Plasmodium species can be distinguished most of the time (but not always) 

based on the morphology of their blood stages. Ring form (young trophozoite), 

the early developmental stage, which includes chromatin (red), cytoplasm (blue), 

often arranged in a ring shape around a central vacuole. Trophozoite: next 

developmental stage, has lost its "ring" appearance, and begun to accumulate pigment. 

Schizont: late developmental stage, and is characterized by the presence of multiple 

contiguous chromatin dots and gametocytes: the sexual erythrocytic stage. There are 

some other malaria stages that can be seen, but are rare and do not assist in diagnosis.  

They are the merozoites, exflagellating gametocytes, microgametes, or even ookinetes 

(CDC, 2006). 

 

 

 

 

 

 

 



Table-III: Species differentiation on thin films 

 

Feature P.falciparum P.vivax P.ovale P.malariae 

Enlarged 

infected RBC 

_ ± ± _ 

Infected RBC 

shape 

Round Round, 

distorted 

Oval, 

fimbriated  

Round 

Stippling 

infected RBC 

Maurer�s 

clefts 

Schuffner 

spots 

Schuffner spots None 

Trophozoite 

shape 

Small ring, 

applique 

Large ring, 

amoeboid 

Large ring, 

compact 

Small ring, 

compact 

Chromatin dot Often double Single Large Single 

Mature 

schizont 

Rare, 12-30 

merozoites 

12-24 

merozoites 

4-12 merozoites 6-12 

merozoites 

Gamatocyte Crescent 

shape 

Large, round Large, round compact,  

round 

Multiple 

infectiions in 

RBC 

+ Rare _ _ 

Parasite, 

accole forms 

+ Rare _ _ 

Parasite, band 

forms 

_ _ _ + 

    

(Malaria Roll Back, 2002 and Hommel, 2002). 

 

 

Fluorescence Microscopy: 

Before rapid immunodiagnostic strip tests became available and to overcome the 

problems of conventional microscopy and to improve diagnostic accuracy two newer 

tests have developed: - these are the wet mount fluorescence microscopy of Acridine 

Orange (AO) stained thin blood films and the Quantitative Buffy Coat technique 

(QBC) for diagnosis of malaria (Nandwani et al., 2003 and Cheesbrough, 1999). 



 

 

Fluorescence microscopy with light microscope: 

Flurochrome staining to detect malarial parasites in blood film is more sensitive, 

easier to do and less time consuming but it requires standard epi-illuminated, mercury 

vapour and fluorescence microscope. This method is expensive, especially for tropical 

countries where malaria is endemic. Fluorescence microscopy with a standard light 

microscope and a new interference filter specially designed for the fluorochrome 

stain, acridine orange is used to detect malarial parasites in thick and thin blood films. 

In this system two flourescencecolours, green (nuclei) and red (cytoplasm), are 

emitted from stained parasites (Kawamoto, 1991). A.O. stained blood film compared 

with standard Giemsa stain was found 97.5% sensitive and 100% specific for all 

stages and species of malarial parasite by Nandwani et al. in Delhi, India (Nandwani 

et al., 2003). 

 

Quantitative Buffy Coat technique (QBC):  

The Quantitative Buffy coat technique is a method of diagnosing hematoparasites 

based on microcentrifugation, fluorescence and density gradient of infected red cells. 

This technique is an attractive alternative in the diagnosis of malaria. A precisely 

constructed capillary tube is internally coated with EDTA and acridine orange, filled 

with capillary or venous blood to a predetermined level (60 l) and capped. Staining 

of the nuclear DNA of the parasites by acridine orange makes determination of 

specimen immediately possible. This method offers several advantages: concentration 

of the parasites is ensured in a narrow zone for examination, enhanced sensitivity and 

case of performance. Though the QBC technique is more expensive than the standard 

blood films, but it is more sensitive than the smears (Estacio et al., 1993). In a study, a 

total of 198 Giemsa stained thick blood smears (GTS) were examined, 95 subjects 

(48%) showed parasitemia. Among the 95 blood films with a positive Giemsa stained 

thick blood smear, 94 were found positive by the QBC. However, positive QBC tubes 

were found in 29 out of 103 blood specimens with a negative GTS. Thus, relative to a 

GTS standard, the sensitivity and specificity of the QBC-test was 99.2% and 72% 

respectively (Bosch et al., 1996). QBC technique is rapid, more sensitive than thin 

film but equal to thick film and specific for detection of malaria. In spite of 



advantages this technique may not have the potential to be a substitute for the 

conventional microscopy for some disadvantages like: high cost and requirement for a 

fluorescent microscope (Kumar et al., 1993).  

 

Intradermal smear study: 

Chinese researchers have shown that smears from intradermal blood may contain 

more mature forms of plasmodium than that the peripheral blood. This is considered 

to allow a more complete assessment of severe malaria. The intradermal may also be 

positive or may show pigment-containing leucocytes after the blood smear is 

negative. The smears are taken from multiple intradermal punctures with a 25 G 

needle on the volar surface of the upper forearm. The puncture should not ooze blood 

spontaneously, but sero-sanguinous fluid can be expressed on to the slide by 

squeezing. In terms of diagnostic sensitivity intradermal smear is similar to the bone 

marrow (White, 2003).   

 

Post-mortem diagnosis: 

The diagnosis of cerebral malaria post-mortem can be confirmed from a brain smear. 

A needle aspirate or biopsy is obtained through the superior orbital foramen or the 

foramen magnum. A smear of gray matter is examined after staining the slide in the 

same way as for a thin blood film. Capillaries and venules are identified 

microscopically under low power, and examined under high power. If the patient died 

in the acute stage of cerebral malaria the vessels are packed with erythrocytes 

containing mature parasites and large amounts of pigment (White, 2003).       

 

Rapid diagnostic tests: 

Detection of antigens:  

One of the cornerstones in the control of malaria is early diagnosis and treatment. 

Even now, the gold standard for diagnosis is microscopic examination of a thick 

smear, a very accurate and cheap method, but which has the disadvantage that it 

requires an adequate framework to maintain the equipment and material and to 

instruct the laboratory technicians to guarantee the accuracy of the results. Therefore, 

in rural areas with poor accessibility, which do not have these resources, many 

patients delay their treatment or receive their therapy based only on clinical criteria; 

this situation is not adequate, as this increases costs, exposes the patients to adverse 



reactions, and contributes to the development and dissemination of drug resistance. 

For these reasons, rapid diagnostic strips have been developed. They are based on the 

capture of Plasmodium antigens (Tarazona et al., 2004). Development of malaria 

antigen based rapid diagnostic tests (RDTs) for detection of malaria in the past few 

years might offer a valid alternative to microscopy. These tests are based on the 

detection of antigens derived from malarial parasites in lysed blood, using 

immunochromatographic methods. These tests can be preformed in 15-20 minutes 

(Khan et al., 2004). Immunochromatographic tests rely on the migration of liquid 

across the surface of a nitrocellulose membrane. Antigens are captured from 

peripheral blood using monoclonal antibodies prepared against a malaria antigen 

target and conjugated to either a liposome containing selenium dye or gold particles in 

a mobile phase. A second or third capture monoclonal antibody applied to a strip of 

nitrocellulose acts as the immobile phase. The migration of the antigen-antibody 

complex in the mobile phase along the strip enables the labeled antigen to be captured 

by the monoclonal antibody of the immobile phase, thus producing a visible colored 

line (Moody, 2002). Currently targeted antigens are histidine-rich protein-2 (HRP-2), 

plasmodium lactate dehydrogenase (pLDH) and plasmodium aldolase (Harani et al., 

2006). 

Detection of HRP-II antigen: 

Histidine-rich protein-II (HRP-II) is a water-soluble protein produced by trophozoites 

and young gametocytes of P. falciparum (Harani et al., 2006). HRP-2 is a water 

soluble protein produced by asexual stages and young gametocytes of P.falciparum. It 

is expressed on the RBC membrane surface (Moody, 2002). HRP II antigen detection 

kits are rapid, do not require expertise and can detect P. falciparum infection when the 

parasites are sequestered. Following antimalarial therapy, HRP II has been shown to 

persist in blood for 7-14 days and up to 28 days. The positivity depends upon the 

number of parasites per microlitre of blood (Mendiratta et al., 2006). This method can 

complement or support microscopy of blood films in the diagnosis and treatment of 

patients with malaria and in epidemiological studies. However, there are certain 

limitations, including the decrease in sensitivity (<70%) in parasitemia of <50/µl and 

the occurrence of false-positive reactions in patients due to persistence of antigen for 

up to 28 days after asexual parasite clearance by antimalarial therapy from the 

peripheral blood. Further in recent studies false-positive reactions were observed in 

rheumatoid factor-positive patients. However, they must be evaluated thoroughly for 



their sensitivity and specificity at various epidemiological settings before they are put 

into practice. The detection of false-positive reactions with the PfHRP-2 antigen-

based assay should be taken into consideration when interpreting a positive result 

(Iqbal et al., 2000). Sensitivity of the HRP-II based test >90 when there are at least 

60 �100 parasitesl, and the threshold of detection is 40-60 parasitesl. However 

some authors reported false negative results with parasitemia (0.1), 5000 

parasitesl (Breiner-Pinchart et al., 2000). A study was done in India and found the 

sensitivity and specificity of 92.6 and 98.65% respectively (Mendiratta et al., 2006). 

Another prospective type of study was carried out at the Department of Pathology and 

Microbiology, Aga Khan University, Karachi. The test was 97.0% sensitive and 

98.3% specific for the diagnosis of P. falciparum malaria, with a PPV and an NPV of 

78.0% and 99.8% respectively. The corresponding sensitivity and specificity of P. 

vivax malaria are 89.7% and 97.9%, respectively with PPV and NPV of 70.3% and 

99.4% respectively. Sensitivity of P. vivax was significantly different from P. 

falciparum (P<0.0001) however specificity showed no significant difference between 

both species (Harani et al., 2006). 

 

Detection of Plasmodium Aldolase:  

The energy metabolism of the blood stages of the human malaria lacks a functional 

citric acid cycle, and generation of ATP depends fully on the glycolytic cycle. 

Aldolase is a key enzyme in this pathway. This enzyme within the glycolytic pathway 

recognized and considered as targets for rapid malaria diagnostic tests (Moody, 2002). 

Many first generation rapid diagnostic products relied on the detection of the histidine 

rich protein II (HRP II) antigen of P.falciparum and therefore could not detect other 

plasmodium species. A new rapid assay, the Binax, Inc. (Portland, ME). NOW ICT 

malaria test is designed to detect both falciparum and non-falciparum infections. The 

device contains immobilized antibodies specific for the HRP II of P.falciparum and 

antibodies specific for aldolase, a pan malarial antigen. It is important to note that this 

test does not distinguish between the non-falciparum species (P.vivax, P.ovale and 

P.malariae), nor can it reliably distinguish pure P.falciparum infections from mixed 

falciparum infections. A comparative study was done between the Binax ICT and 

PCR among 256 individuals presented with fever. The test was 94.3% sensitive and 

98.7% specific for P.falciparum. The test also shows 86.7% sensitivity for P.vivax 



and 61.5% sensitivity for P.ovale and P.malariae with a specificity of 100% 

(Gabriella, 2003). 

Detection of Plasmodium Lactate dehydrogenase (pLDH): 

It is (pLDH) a metabolic enzyme actively produced by all human malaria parasites 

during their growth in red cells. This enzyme does not persist in the blood, but clears 

at about the same time as the parasites following successful treatment. The test is 

therefore of use for monitoring responses to drug therapy and for detecting drug-

resistant malaria because pLDH reflects the presence of viable malaria parasites in the 

blood (Hommel, 2002). 

In the pLDH assay there are two diagnostic zones of reaction containing different 

antibodies. A monospecific antibody that recognizes only P.falciparum is present in 

the bottom reaction zone. A second, pan-specific antibody is present immediately 

above this zone. This monoclonal antibody recognizes the pLDH isoform of P.vivax. 

A third zone containing a pan-specific monoclonal antibody is present at the top of the 

test strip and serve as a procedural control for the assay (Iqbal et al., 2002). 

Optimal test is a rapid malaria antigen detection test, which utilizes a dipstick coated 

with monoclonal antibodies against the pLDH. Differentiation of malaria parasites is 

based on antigenic differences between the pLDH isoform. Since pLDH is produced 

only by live plasmodium parasites, this test has the ability to differentiate live from 

dead organisms. The optimal test showed sensitivities of 94% and 88% and 

specificities of 100 and 99% for P. vivax and P. falciparum respectively (Palmer et 

al., 1998). In another study done by Tarazona et al. fonund the sensitivity of the 

optimal test was 92.3%, the specificity 100%, the positive predictive value 100% and 

the negative predictive value 91.6% for P. vivax. The accuracy of the test was 95.8%. 

The sensitivity of the optimal test progressively decreased when parasitemia was 

lower than 1,000 parasites/microlitre (Tarazona et al., 2004).  

Serological methods for antibody detection:  

Serological methods are based on the detection of antibodies against malaria parasites.  

These methods have been used since the early 1960s, when indirect fluorescent 

antibody tests (IFAT) and indirect hemagglutination assay (IHA) were described 



(Hommel, 2002). Antibodies can also be detected by: Enzyme immunoassays, ELISA 

and ICT method. Development of antibody requires time and also persists in blood 

after recovery from the disease. Positive test cannot distinguish between past or 

present infection and for this reason serologic test is not practical for routine diagnosis 

and has limited value for treatment decisions of acute malaria (CDC, 2006). The main 

use of serological tests is for: retrospective confirmation of empirically treated non-

immunes, tracing asymptomatic infections in blood donors, investigating congenital 

malaria especially when mother's blood smear is negative and epidemiological studies 

to define malaria transmission areas and monitor effectiveness of preventive 

intervention strategies (Roll Back Malaria, 2002). 

 

Indirect fluorescent antibody test (IFAT): 

Malaria antibody detection can be performed by using the indirect fluorescent 

antibody test (IFAT). Species-specific test is available for the four human species: P. 

falciparum, P. vivax, P. malariae, and P. ovale.  Blood stage Plasmodium species 

schizonts are used as antigen.  The patient's serum is exposed to the organisms; if 

homologous antibody is present, attaches to the antigen and forms an antigen-

antibody (Ag-Ab) complex.  Fluorescent-labeled antihuman antibody is then added, 

which attaches to the patient's malaria-specific antibodies.  When examined with a 

fluorescence microscope, a positive reaction is when the parasites fluoresce an apple 

green color. Cross-reactions often occur between Plasmodium species and Babesia 

species (CDC, 2006). The disadvantages of IFAT are the requirement for a 

fluorescence microscope, the subjectivity of the reading and the fact that the method 

is relatively labour intensive (Hommel, 2002).   

 

Enzyme Linked Immunosorbent Assay (ELISA) method:  

Malaria specific antibody and antigen can be detected by using commercially 

available enzyme-linked immunosorbent assay (ELISA). The kits can detect antigen 

and antibody reliably and quite specific (Saeed et al., 2002). In ELISA the antibody or 

antigen is fixed to a surface, such as a well of a microlitre plate or a plastic bead. The 

test sample is applied and bound material is detected by a secondary enzymatically 

labeled antibody. They require highly purified reagents; uses of mAbs and 

recombinant antigens have greatly facilitated the widespread use of ELISA (Lowell, 

1997). 



Among several immunodiagnostic methods, ELISA method is commonly used for 

detection of malaria due to its simplistic approach and mass detection capability. 

Immunoreactivity of ELISA method is dependent on antigen and antibody binding on 

plastic surface of plates. Several studies have shown that good immunoreactions and 

sensitivity of ELISA depend on many factors eg: temperature, PH, antigenicity and 

specificity of antigen and type of ELISA plates (Mya et al., 2004). 

An enzyme linked immunosorbent assay (ELISA), based on the monoclonal and 

polyclonal antibody was developed for the detection of P.falciparum antigens. The 

monoclonal antibodies were originated from Thai strains of P.falciparum in mice 

models and polyclonal antibodies originated against Nepali strains of P.falciparum in 

rabbit model. A total of 154 falciparum infected blood samples were assayed. The 

sensitivity and specificity was 89.6% and 100% respectively (Joshi, 2005). 

In another study, a total of 1756 donors were studied. The seropositivity rate for 

malaria antibody was 7.6%, where as the antigen was 0.17% of screened donors 

population (Saeed et al., 2002). 

Another study parasite extracts of P.falciparum and P.chaubudi and three synthetic 

peptides from the P.falciparum MSA2 merozoite antigen were tested by ELISA 

method. The chaubudi extract was superior to P.falciparum extract for detection of 

P.vivax cases, while for P.falciparum cases the parasite extracts were equivalent. 

Single peptide antigens were generally less sensitive than parasite extracts. However, 

peptides G3 and G7 were more sensitive than parasite extracts for P.vivax in first 

attack. The combined sensitivity was 77.1% for P.falciparum and 88.6% for P.vivax 

cases with 91.1% specificity (Graves et al., 1992). 

 

Detection of antibody by immunochromatography: 

The Malaria Antibody Rapid Screening test (Malaria onsite Rapid test) is a one-step 

chromatographic immunoassay, which specifically detects the antibodies (IgG + IgM) 

to P.falciparum, P.vivax, P.ovale, and P.malariae in human serum or plasma. This 

test is a qualitative screening test. The test utilizes P.falciparum specific antigen HRP-

II and P.vivax aldolase antigen to ensure test specificity and sensitivity.  

A negative result does not rule out plasmodium infection because the antibodies to 

plasmodium may be absent at the time the specimen is taken or may be present 

insufficient quantity to be detected at early stage of infection (As per kit manual). 



There is no available study found regarding sensitivity and specificity of antibody by 

immunochromatographic method. 

 

Molecular diagnosis:  

Molecular diagnosis of malaria was created as a more sensitive and specific 

methodology to detect parasites (Disanti et al., 2004). 

 

DNA Probe: 

 The presence of parasites in the blood means the presence of parasite DNA and RNA. 

Various methods have been developed based on the principle of nucleic acid 

hybridization to detect this. In this method, a known sequence of nucleic acid 

(Oligonucleotide) is synthesized and labeled with either radioactive 32p or a non-

radioactive colorimetric reagent and this probe is used to detect parasite nucleic acid 

taking advantage of the fact that complementary sequences will hybridize. The 

simplest version of this technique is the use of DNA probes to detect parasites directly 

in a drop of patient�s blood immobilized on a filter paper (Hommel, 2002). 

Hybridization using labeled probes was described first in 1984. In comparison with 

thick blood smear the test displayed a sensitivity ranging from 65% to 81% and 

specificity close to 100% (Berry et al., 2005). In 1989, the use of four species-specific 

oligonucleotides for the small sub-unit ribosomal RNA (ssr RNA) genes was reported. 

They were used in hybridization studies as probes for detection of all plasmodium 

species in human. However this methodology has disadvantages, such as presenting 

low sensitivity and using radioactive material for which special laboratory conditions 

are necessary (Disanti et al., 2004). 

 

Polymerase chain reaction (PCR):  

This method is based on the molecular biology technique to identify parasite genetic 

material. The amplification principle behind the test allows to pick up a negligible 

amount of parasite DNA sequence and multiply it million times for easy detection. 

(Roll Back Malaria, 2002). Several PCR assays for malaria diagnosis have also been 

developed, most often based on genus or species specific sequences of the parasites 

18S subunit rRNA gene and single-stranded rRNA. Real-time PCR, a new 

methodology that employs fluorescent labels to enable the continuous monitoring of 



amplicon (PCR product) formation thought the reaction has recently been adapted to 

detect all four human malaria parasites indiscriminately and screen large numbers of 

samples (Perandin et al., 2004). In order to improve the sensitivity of this 

methodology, a nested PCR was developed. This technique utilizes two genus-specific 

primers in a first amplification reaction and a species-specific primer in a second 

reaction (Disanti et al., 2004). It has been estimated that PCR can detect malaria 

infections with parasitemia as low as 5 parasites/L (0.0001% parasitemia). This 

procedure also has the capacity to establish a species-specific diagnosis and recognize 

mixed infections; this makes PCR a very attractive tool (Ndao et al., 2004). However, 

molecular techniques are a costly procedure, including the cost of labour and access to 

reagents, compared to the examination of blood smears. This represents a true 

impairment for its implementation in reference laboratories located in poor regions of 

the world, where malaria is endemic (Johnston et al., 2006). Kathleen et al, showed 

the sensitivity and specificity of 100% and 95.4% respectively for detection of 

P.falciparum by using nested PCR, compared with microscopy (Zhong and Kain, 

1999). In another study, done by Perandin et al. showed that this method is 100% 

sensitive and 100% specific (Perandin et al., 2004). 

 

Control and prevention of malaria 

Soon after the Second World War, malaria was recognized by WHO not only as a 

health problem but also a socio-economic burden (Beale and Gilles, 2002). In the late 

1950s and early 1960s, the eradication of malaria seemed possible because the 

parasite does not have an animal reservoir and effective agents to interrupt 

transmission or to obtain a radical cure were available. On the basis of such 

observations, WHO spearheaded projects for malaria eradication by using indoor 

residual spraying and large mass drug administration programs using chloroquine 

(CQ) and pyrimethamine (Talisuna, 2004). 

Early in the Second World War, Dichloro Diphenyl Trichloroethene (DDT) was 

developed and initially it was used to combat malaria (Wikipedia, 2006). Expanded 

mosquito control program was carried out from 1955 to 1970. As a result malaria was 

eliminated from Europe and North America by judicious use of insecticides and 

manipulation of environmental and ecological characteristics (Shiff, 2002). 



However, in many tropical and some temperate areas the disease is increasing. This is 

due to the wide spread of distribution of mosquito breading place, large number of 

infected persons, inadequate resources, infrastructures and control programs (White, 

2005). In addition to these, resistance of parasites to certain drugs:  chloroquine, 

sulfadoxine-pyrimethamine, quinine and mefloquine have worsened the situation 

(Shiff, 2002). 

 

Strategy for malaria control:  

The World Health Organization suggests that there are three essential elements of 

malaria control (DGHS and WHO, Bangladesh, 2006). First, is the selective vector 

control by reduction of the numbers of mosquitoe. Second, is early diagnosis, effective 

and prompt treatment of the cases. The third element is early detection or forecasting 

of epidemics and rapid application of control measures (Phillips, 2001). 

 

Prevention of malaria:  

Following measures can prevent malaria such as:  

- Personal protection by mosquito nets, repellents, protecting clothing,  

- Antimosquito measures.  

- Prophylactic drugs. 

- Vaccination against malaria. 

 

Personal protection: 

Personal protection can be achieved by following measures: by using mosquito net, 

insecticide treated bed net, repellent creams and spray and by wearing of long sleeves 

and trousers (Bales and Gilles, 2002).  

 

Mosquito nets: 

The use of mosquito nets as a protection from mosquito bites during the night has 

been practiced from very early times. However, if the nets are treated with an 

insecticide such as: permethrin, deltamethrin and lanbda eyhalothrin, they afford 

better individual and family protection against the mosquito. (Bales and Gilles, 2002). 

 

 

 



Repellents: 

These are substances applied to the skin, clothing or mosquito nets to repel 

mosquitoes. In the past citronella or eucalyptus oil was used on the skin. Several 

newer compounds are now available and among them N-diethyl-3-methyl benzamide 

(DEET) appears to be the best. It is available in wide range of concentrations and 

formulations such as: 50 percent solution in alcohol, lotions, creams, gels, aerosols 

and pump sprays. Mosquito coil or joss sticks containing pyrethrum are also used as 

repellent (Beale and Gilles, 2002). 

 

Protecting clothing: 

Mosquito boots made of soft leather or canvas are useful to protect the ankles in the 

evening. Alternatively, a pair of thick socks may be pulled up outside the bottoms of 

trousers. Sleeves should be rolled down and trousers substituted for shorts or skirts 

after sunset (Beale and Gilles, 2002). 

 

Antimosquito measures: 

These may be directed toward adult mosquitoes and their larvae. Destruction of adult 

mosquitoes can be carried out by spraying with insecticide, such as DDT or 

Gammexane. Anti-larval measures consists of elimination of breeding places of the 

mosquitoes and use larvicide�s (oil, Paris green, DDT dissolved in oil) and culture of 

Gappi fish, Telapya fish etc in small ponds (Beale and Gilles, 2002).  

 

Prophylactic drugs: 

All travelers, unless eradication is complete, should take regular prophylactic drugs. 

Several, most of which are used for treatment of malaria, can be taken for 

prophylaxis. Generally, these drugs are taken daily or weekly, at a lower dose than 

curative dose (Wikipedia, 2006). For prophylaxis commonly used are drugs; 

mefloquine, doxycycline and Proguanil. The choice of drug is usually driven on the 

basis of the drug resistance status of the area (Jucket, 1999).   

 

Vaccination against malaria: 

To immunize human against malaria, first attempt was taken in 1973 with irradiated 

sporozoites of P. falciparum and P. vivax (Gilles, 2002). Then several experimental 

malaria vaccines have been developed. They were so called sub-unit vaccines based 



on either the sporozoite or merozoite stage of the parasite (WHO, 1997). In between 

1987- 1996, recombinant DNA vaccine, sporozoite vaccine, synthetic peptide vaccine 

and SPf66 vaccine were developed (Gilles, 2002). But yet, no successful vaccine for 

malaria is available as of June 2006 (Wikipedia, 2006). 

There are several reasons for the failure to develop an effective vaccine. These 

include: multi-stage life cycle, large genome, antigenic variation, complex immune 

response and immune evasion by parasites (Holfman and Epstain, 2002). Three main 

types of vaccine are currently under development:  

-Pre-erythrocyte stage vaccine.  

-Transmission-blocking vaccine.  

-Asexual blood stage vaccine (Phillips, 2001). 

 

Pre-erythrocyte stage vaccine: 

This is designed to prevent infection. A number of pre-erythrocytic stages P. 

falciparum vaccine have been developed and others are in progress. These are: CSP 

recombinant vaccine, synthetic multiple antigen peptide vaccine and carboxy terminal 

synthetic peptide from the PfCSP. Clinical trials with these vaccines shows poor 

efficacy (Holfman and Epstain, 2002). 

 

Transmission-Blocking Vaccines: 

This is designed to arrest the development of the parasite in the mosquito there by 

reducing or eliminating transmission of the disease (WHO, 1997). The three target 

antigens of transmission-blocking vaccine are: prefertilization antigens expressed on 

gametocytes, postfertilization antigens expressed on zygotes or ookinetes and late-

midgut-stage antigens such as: parasite-produced chitinase required for the ookinete to 

penetrate through the peritrophic membrane (Phillips, 2001). 

 

Erythrocytic vaccine: 

Among the several pre-erythrocytic vaccines the most promising is SPf66 vaccine. 

Most of the work has been done with this vaccine. Initial trials showed 30% or greater 

immunity. But recent trial of SPf66 is disappointing (Juckett, 1999). Several other 

experimental vaccines are: purified recombinant PfMSP-1 vaccine, purified 

recombinant proteins vaccine based on three (MSP-1, MSP-2 and a portion of RESA) 

blood-stage P. falciparum proteins, recombinant P. falciparum apical membrane-1 



(PfAMA-1) vaccine and MSP-3 synthetic peptide vaccine (Holfman and Epstain, 

2002). 

Roll Back Malaria: 

Roll Back Malaria (RBM) is the title that has been given to a priority project of the 

World Health Organization (WHO). The movement was established on 23 July 1998 

(Bales and Gilles, 2002).  

RBM is a global partnership of national governments, civil society, non-governmental 

organizations, research institutions, professional associations, UN and development 

agencies, development banks, the private sector and the media. Roll Back Malaria 

aims to halve the world's malaria burden by 2010 (WHO, 2003).  

The need for such an effort is abundantly clear: malaria places a huge burden on Sub-

Saharan Africa, with 300 million people suffering acute illness each year, and one 

million dying, at least 70% of whom are children or pregnant women (Narasimhan 

and Attaran, 2003). 

Roll Back Malaria was, therefore, called into being to promote an effective control 

strategy to combat the disease. This emphasizes rapid clinical case detection and 

treatment, use of insecticide treated bed nets, management of malaria during 

pregnancy, and focal control of malaria transmission in emergency or epidemic 

situations (Narasimhan and Attaran, 2003). 

 

Antimalarial drug resistance:  

Drug resistance is a major problem in the treatment and prophylaxis of malaria. 

Malaria parasites have been developed resistance against many different types of 

drugs, such as the aminoquinolines as well as the antifolates (WHO, 2000). Drug 

resistance has been confirmed in 2 of the 4 human malaria parasite species, 

P.falciparum and P. vivax (CDC, 2004).  

 

Drug-resistant P. falciparum:  

Chloroquine resistant P.falciparum (CRPF) was first developed in Southeast Asia, 

Oceania, and South America in the late 1950's and early 1960's. Since then, 

chloroquine resistance has spread to nearly all areas of the world where falciparum 

malaria is transmitted.  



P.falciparum has also developed resistance to nearly all of the other currently 

available antimalarial drugs, such as sulfadoxine/ pyrimethamine, mefloquine, 

halofantrine, and quinine (CDC, 2004).  

 

Drug-resistant P. vivax 

Chloroquine resistant P. vivax (CRPV) malaria was first identified in 1989 among 

Australians living in or traveling to Papua New Guinea. CRPV has also now been 

identified in Southeast Asia, in the Indian subcontinent, and in South America. Vivax 

malaria, particularly from Oceania, also exhibits decreased susceptibility to 

primaquine (CDC, 2004).  

 

Mechanism of resistance: 

Chloroquine: Defect in pigment formation: Many chloroquine resistant plasmodium 

strains are incapable of pigment formation. The absence of pigment would protect the 

parasite against the toxic action of chloroquine (WHO, 2000). Amplification of the pf 

mdr gene: In many chloroquine resistant isolates multiple copies of a gene 

homologous to the mammalian mdr gene are found. The mdr gene is often amplified 

and present in multiple copies in tumour cells that have become resistant to many 

different anti-cancer drugs. Interestingly an inhibitor of the mdr protein called 

verapamil is capable of reversing chloroquine resistance in plasmodium when 

administered at the same time as the anti-malarial drugs (WHO, 2000). Wellems and 

Colleagues, found that two genes on chromosome 7, cg 1 and cg 2, which have a 

complex polymorphic mutation pattern in chloroquine-sensitive (HB3) and the 

chloroquine-resistant (Dd2) clones of plasmodium falciparum. cg2 codes for a 

transmembrane protein. The chloroquine-resistant Dd2 type polymorphisms in cg1 

and especially in cg2 were significantly associated with chloroquine resistance 

(Phillips, 2001). 

 

Quinine, Mefloquine and Halofantrine: Amplification of the pf mdr1 gene has been 

associated with resistance to mefloquine, halofantrine and quinine in P.falciparum 

(Warrell, 2002). 

 

Antifolate drugs: Resistance to antifolates (Dihydro folate reductase [DHFR] 

inhibitors) developed more quickly after their introduction. Resistance occurs due to 



point mutations in the substrate-binding site of the target enzymes. At the present 

time, there are seven identified point mutations occurring in the DHFR gene which 

are associated with the reduced binding capacity in resistant DHFR strains of 

P.falciparum (Phillips, 2001). 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MATERIALS AND METHODS 

 

Place and the period of the study: 

The study was carried out in the Department of Microbiology, Mymensingh Medical 

College for a period of one year from July 2005 to June 2006. Cases of malaria were 

selected form Mymensingh Medical College Hospital (MMCH), Community Based 

Medical College Hospital (CBMCH), Mymensingh and Upazilla Health Complex 

(UHC), Haluaghat, Mymensingh. 

Type of study: 

The study was designed as cross sectional type. 

Study population:  

A total of 98 cases and 30 age, sex matched healthy controls were included in this 

study. 

Cases: 

A total of 98 febrile patients, were included in the study as cases who fulfilled the 

inclusion criteria. 

Inclusion criteria for cases: 

Cases of malaria were selected irrespective of age and sex, on the basis of following 

clinical findings (Harani et al., 2006): 

(1) Fever associated with chill and rigor  

(2) Sweating  

(3) Splenomegaly  

(4) Hepatomegaly  

(5) Headache  

(6) Fatigue and  

(7) Abdominal discomfort. 

Exclusion criteria for cases: 

All patients who were diagnosed and/or treated with antimalarial drugs within last six 

months were excluded from the study. 

Controls: 

A total of 30 age and sex matched healthy persons were taken as control. Of them, 15 

were taken from Haluaghat as healthy endemic control where the disease is endemic 

and another 15 from Mymensingh as healthy non-endemic control. Both the healthy 



endemic and non-endemic controls were the persons without having the history of 

malaria for the last six months. 

Data recording: 

All relevant history, clinical findings and laboratory records of every case and control 

was systematically recorded in a pre designed data sheet (Appendix-I). Subsequently, 

data were analyzed by computer programme SPSS version 12.0.  

Specimens: 

Capillary blood for thick and thin film and intravenous blood for serological tests. 

Two samples were collected from same person.  

Collection of sample: 

Blood was collected aseptically. The area was cleaned with 0.5% chlorhexidine 

gluconate (hexisol) before pricking. For thick and thin film, sample was collected 

from the tip of the finger by pricking with a needle. Then blood was allowed to ooze 

out. One drop of blood was collected on a clean, dust and grease free glass slide. For 

serological tests, 03 cc venous blood was collected into the collection tube containing 

anticoagulant (EDTA) by vene puncture and then processed (Cheeshbrough, 1999 and 

White, 2003).  

 

Preparation of thick film:  

After collection of blood on a clean and grease free glass slide, thick film was made 

by spreading one drop of blood with a spreader evenly on an area about 15×15 mm in 

diameter. Care was taken to avoid rouleaux formation.  Then, the slide was labeled 

properly and allowed to air-dry by keeping the slide on horizontal position. Precaution 

was taken during spreading and drying of the blood film so that an oval shaped and 

evenly spread thick film was made (Cheeshbrough, 1999). 

Dehemoglobinization of thick film:  

Unfixed dry thick film was placed in a coplinjar, containing buffered water 

(Appendix-II) till no more hemoglobin could be seen falling away from the film. 

Preparation of thin film: 

After collection of one drop of blood on a clean grease free slide, thin film was made 

by spreading the blood using a smooth edged slide or spreader at an angle of 45º from 

the horizontal plane. A well-prepared thin blood film should have a smooth tail end 



and free of vertical lines and holes. The slide was then labeled properly and allowed 

to air-dry (Cheeshbrough, 1999). 

Fixation of thin film: 

Absolute methanol or ethanol was used to fix the thin film. Following steps were 

taken for fixing the thin film (Cheeshbrough, 1999):  

 a) The slide was placed horizontally on a staining rack. 

 b) A small drop of absolute methanol or ethanol was applied to the thin film. 

 c) Then the slide was allowed to fix for 1-2 minutes. 

Staining of the film (Cheeshbrough, 1999):  

 a) The slide was first placed on a staining rack. 

 b) Then 3% Giemsa stain having a pH of 7.2 was poured gently on the fixed thin film 

or   dehemoglobinized thick film until the slide was totally covered. 

 c) Then the slide was allowed to stain for 30-45 minutes out of the sunlight. 

 d) Then the stain was washed with clean water. 

 e) Back of the slide was wiped and placed in a draining rack. 

 f) The slide was then allowed for air-dry. 

Microscopic examination of the stained film (Cheeshbrough, 1999):  

Thick film: 

The thick film was examined first. By using the 40x objective, a well-stained part of 

the thick film was selected which was well populated with WBC. Then the selected 

portion of the film was examined with 100x oil immersion objective by moving along 

the width of the slide. At least 100 fields were examined before a slide was considered 

as negative for malarial parasite. 

Thin film: 

The thin film was examined by the 40x objective first. Then 100x oil immersion 

objective was used. After applying immersion oil the film was examined by moving 

along the edge of the film. Then moving the slide inward by one field, returning in a 

lateral movement and so on. At least 100 fields were examined before a slide was 

considered as negative for malarial parasite. 

 



Counting of malaria parasites: 

Parasite was counted by examining the thick film. Total number of parasites was 

counted per 200 white blood cells (WBC) and this number was multiplied by 40 to 

give the number of parasites / µl of blood, assuming that there were 8000 WBC / µl of 

blood. It was counted by the given formula: 

Parasite count/ µl of blood = Number of parasite against 200 WBC × Total WBC 

count                                       

                                                                      200 

                                           = Parasites / µl of blood 

                                                                                      (Malaria Roll Back, 2002). 

Detection of Antigen:  

Antigen was detected by immunochromatographic (ICT) method with SD Bioline 

malaria antigen test kit. The kit was manufactured by Standard Diagnostics, Inc. 

Korea. Lot no: 044013. Test procedure was as per kit manual (Appendix-IV). 

Principle of the test: 

The test kit contains a membrane strip, which is pre-coated with two polyclonal 

antibodies as two separate lines across a test strip. In one line (test line P.f) polyclonal 

antibodies are specific to lactate dehydrogenase of P. falciparum and in other line 

(test line P.v/pan) plolyclonal antibodies are pan specific to lactate dehydrogenase of 

common to all four species (P.falciparum, P.vivax, P.malariae and P. ovale).      

Test procedure: 

 a) Conjugate well and washing well was inserted into microplate frame. 

 b) Then 1 (about 30 µl) drop of assay buffer into the conjugate well and 4 drops (120 

µl) of  assay buffer into the washing well were dispensed. 

 c) 20 µl of fresh collected blood was added into the conjugate well and mixed gently. 

Then it was allowed to stand for 1 minute. 

 d) The dipstick was then placed vertically into the conjugate well including specimen 

for 5 minutes. 

 e) Then the dipstick was transferred from the conjugate well to the washing well until 

the dipstick was cleared of blood and the control band became clearly visible (10-

15minutes). 

 f) Then the dipstick was removed from the washing well and result was taken. 



Interpretation of the result: 

Negative reaction:  

The test was considered as negative, if only the control band appeared. 

Positive reaction: 

The test was considered as positive for P.falciparum, if one or two colored line 

appeared in addition to the control line. 

Similarly the test was considered as positive for P.vivax, if a single line just next to 

the control line appeared. 

Invalid:  

The test was considered as invalid, if no control (C) line appeared. 

Detection of Antibody: 

Antibody was detected by immunochromatographic (ICT) method with Malaria Pf-

Pv.o.m Antibody onsite Rapid Screening Kit. The kit was manufactured by CTK 

Biotech, Inc.USA. Lot no: F 101783. Test procedure was as per kit manual 

(Appendix-VII). 

Principle of the test:  

The Malaria onsite Rapid test is a one step chromatograhic immunoassay which 

specifically detects the antibodies to P. falciparum, P.vivax, P.ovale and P.malariae 

in human serum or plasma. The test utilizes P.falciparum specific antigen HRP-II and 

P. vivax antigen aldolase to ensure test specificity and sensitivity. 

The Malaria onsite Rapid test is a two sided three-line lateral flow chromatographic 

immunoassay. It is composed of a conjugate pad containing the colloid gold 

conjugates capable of binding to human IgG + IgM antibodies and test regions of 

nitrocellulose membrane precoated with recombinant aldolase antigen (T2) or HRP- II 

antigens (T1). 

During the test, antibodies against HRP- II antigen, only found in P.falciparum 

infection, if present in the patient sample migrate through the conjugate pad where 

they bind to the gold conjugates, then captured by HRP- II antigen mobilized on T1 

region, forming a burgundy colored band on the test region (T1). 

Alternatively, sufficient amount of antibodies against aldolase, generated following 

either form of plasmodium protozoa infection, if present in the patient sample migrate 

through the conjugate pad where they bind to the conjugates. The antibody-conjugates 



are then captured by aldolase antigen immobilized on T2 region, forming a burgundy 

colored band on the test region (T2), indicating a positive result. 

Absence of any band in the test regions suggests a negative result. The test contains 

an internal control in the control region (C) which should always demonstrate a 

burgundy colored band regardless the presence of any antibodies. 

Test procedure: 

a) Test device was removed from the foil and was placed on a clean, flat surface. 

b) Then the device was labeled properly with specimen�s ID. 

c) 5 microlitre of serum was added to the sample well and then 2 drops of sample 

chasing buffer was added into the sample well immediately.   

d) Then test result was interpreted within 10 minutes after adding the sample. 

e) No result was taken as valid after 10 minutes.  

 

Interpretation of the test: 

Negative result: 

If only C line was present, the absence of a line in the test region (T1and T2) 

indicated that no plasmodium protozoa antibodies were detected. The result was 

negative. 

Positive result: 

In addition to the C line, if only T1 or both T1 and T2 lines were developed, indicated 

presence of antibodies to P.falciparum. The test was positive. The result was also 

positive if in addition to the C line only T2 line developed. The test indicated the 

presence of antibodies to P.vivax, P.ovale and or P.malariae. 

Invalid result: 

If no control line developed, the test was invalid.  

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 



 
RESULTS 

 
 
 
The present study was conducted on a total of 128 subjects. Among them, 98 were 

cases and 30 were age and sex matched healthy controls. 

 

 

Age and sex distribution of the study population is shown in the table no. 1. Among 

the cases, 61 were male and 37 were female and in the controls, 19 were male and 11 

were female. Majority of the cases (50) and controls (17) were in the age group of 16 

-35 years. Minimum number of cases (03) and control (01) were in the age group 0-5 

years. Male to female ratio was 1.65:1 for cases and 1.73:1 for controls. 
 

 

Table no.2 shows the age and sex distribution of microscopy positive cases. Among 

the 59 positive cases 40 were male and 19 were female. Majority of the cases (29) 

were in age group of 16-35 years. Minimum (02) were in age group of 0-5 and >50 

years. Male to female ratio was 2.10:1. 
 

 

Table no.3 shows, the rate of detection of malaria cases by different methods. Out of 

98 suspected cases 59 were positive and the rest 39 were negative by microscopic 

examination of peripheral blood film. The rate of positivity and negativity were 

60.20% and 39.80% respectively. In case of ICT for antigen and ICT for antibody, 57 

and 58 were positive and 41 and 40 were negative respectively. The positivity of ICT 

for antigen and ICT for antibody were 58.16% and 59.18% respectively. 

 

 

 

 



 

Table-1:   Age and sex distribution of clinically suspected cases and 

healthy controls: 

 
Study groups 

*Cases (n=98) **Control group (n=30) 
 

Age groups 
(Yrs) Male Female Total Male Female Total 
0-5 02 (66.67) 01 (33.33) 03 01 (100) 00 (00) 01 

6-15 10 (55.56) 08 (44.44) 18 03 (60) 02 (40) 05 

16-25 17 (77.27) 05 (22.73) 22 05 (71.43) 02 (28.57) 07 
26-35 15 (53.58) 13 (46.42) 28 07 (70) 03 (30) 10 
36-50 15 (68.18) 07 (31.82) 22 02 (40) 03 (60) 05 
>50 02 (40) 03 (60) 05 01 (50) 01 (50) 02 

Total 61 (62.24) 37 (37.76) 98 19 (63.33) 11 (36.67) 30 
Ratio Male: Female-1.65: 1 Male: Female-1.73: 1 

 
 

Figures in the parentheses indicate percentage. 

*Minimum age-05 years, maximum age-70 years, mean age-28.80 years, SD 

±14.4098 for cases. 

** Minimum age-04 years, maximum age-60 years, mean age-28.07 years, SD ±13.23 

for controls. 

 
 
 

 
 
 

 

 
 
 
 
 
 
 



 

Table 2:   Age and sex distribution of microscopy positive cases 

 
 

Age groups 

(Yrs) 

Male Female Total 
(n = 59) 

0-5 01 01 02 

6-15 06 07 13 

16-25 10 01 11 

26-35 13 05 18 

36-50 10 03 13 

>50 00 02 02 

Total 40 19 59 

Ratio Male: Female-2.10: 1 

 

 

* Minimum age-05 years, maximum age-70 years, mean age-28.07 years, SD 

±14.59 

 

 

 

 

 

 

 

 



                 Table 3: Rate of detection of malaria by different methods. 

 

Results  

Tests Positive Negative 

Peripheral blood film 

(n = 98) 

59 (60.20) 39 (39.80) 

ICT for antigen 

(n = 98) 

57 (58.16) 41 (41.84) 

ICT for antibody 

(n = 98) 

58 (59.19) 40 (40.81) 

 

Figures in the parentheses indicate percentage. 

 

 

 

 

 

 

 

 

 



Sensitivity and specificity of ICT for antigen when compared with microscopic 

examination of peripheral blood film is shown in table no.4. The sensitivity and 

specificity was 93.22% and 94.87% respectively. 

 

Table no.5 shows the sensitivity and specificity of ICT for antigen when compared 

with controls. Out of 59 malaria (MP+ve) cases, 55 were positive by ICT for antigen. 

Out of 30 healthy controls, all were negative by ICT for antigen. The sensitivity and 

specificity was 93.22% and 100% respectively. 

 

Sensitivity and specificity of ICT for antibody when compared with microscopic 

examination of peripheral blood film is shown in table no.6. The sensitivity and 

specificity was 89.83% and 87.17% respectively. 

 

Sensitivity and specificity of ICT for antibody when compared with controls is shown 

in table no.7. Out of 59 malaria (MP+ve) cases, 53 were positive by ICT antibody. 

Where as 03 from the healthy control group showed ICT antibody positive. The 

sensitivity and specificity was 89.83% and 90% respectively. 

 

Table no. 8 shows the comparison between ICT for antigen and ICT for antibody 

when compared with cases. At one degree of freedom, X2 value corresponding to 

probability 0.05 is 3.84, which is greater than calculated value 0.0208. Hence not 

significant at 5% level. Thus, there is no significant difference between the results of 

two tests (P>0.05 by Chi-square test). 

 

 
 



 
        

Table 4: Sensitivity and specificity of ICT for antigen when compared  

       with microscopic examination of peripheral blood film 

 

 
 

Test result Disease 
positive 

(MP +ve) 

Disease 
negative 
(MP -ve) 

Sensitivity 
 

Specificity 

ICT antigen 
+ve 

55(a) 02 (b) 

ICT antigen -ve 04 (c) 37 (d) 

Total 59 (a+c) 39 (b+d) 

 
93.22% 

 
94.87% 

 
 
 
N.B: Sensitivity and specificity was calculated by the following formula 

 a= True positive, b= False positive, c= False negative and d= True negative 

  

 Sensitivity = a / a+c × 100 

 Specificity = d / b+d ×100 

Positive predictive value = a /(a+b) ×100=96.49% 

Negative predictive value = d /(c+d)×100 = 80.48% 

 

 

 

 

 

 



 

 

 

     Table 5: Sensitivity and specificity of ICT for antigen when compared  

       with controls 

 
 

Test result Disease positive 
(MP +ve) 

Disease negative 
(Healthy control) 

 

Sensitivity 
 

Specificity 

ICT antigen +ve 55 (a) 00 (b) 

ICT antigen -ve 04 (c) 30 (d) 

Total 59 (a+c) 30 (b+d) 

 
93.22% 

 
100% 

 
 
 

N.B: Sensitivity and specificity was calculated by the following formula 

a= True positive, b= False positive, c= False negative and d= True negative 

 Sensitivity = a /a+c × 100 

 Specificity = d / b+d ×100 

Positive predictive value = a /(a+b) ×100=100% 

Negative predictive value = d /(c+d)×100 =88.23% 

 

 

 

 

 

 

 

 



 

 

 

     Table 6: Sensitivity and specificity of ICT for antibody when compared  

      with microscopic examination of peripheral blood film 

 

Test result Disease positive 
(MP +ve) 

Disease negative 
(MP -ve) 

Sensitivity 
 

Specificity 

ICT antibody +ve 53 (a)  05 (b)  

ICT antibody  
-ve 

06 (c)  34 (d)  

Total 59 (a+c)  39 (b+d)  

 
89.83% 

 
87.17% 

 

 

N.B: Sensitivity and specificity was calculated by the following formula 

 a= True positive, b= False positive, c= False negative and d= True negative 

  

 Sensitivity = a / a+c × 100 

 Specificity = d / b+d ×100 

Positive predictive value = a /(a+b) ×100=91.37% 

Negative predictive value = d /(c+d)×100 = 85% 

 

 

 

 

 

 



 

 

     Table 7: Sensitivity and specificity of ICT for antibody when compared  

      with controls 

 
 
 

Test result Disease positive 
(MP +ve) 

Disease negative 
(Healthy control) 

 

Sensitivity 
 

Specificity 

ICT antibody +ve 53 (a) 03 (b) 

ICT antibody -ve 06 (c) 27 (d) 

Total 59 (a+c) 30 (b+d) 

 
89.83% 

 
90% 

 
 
 

 N.B: Sensitivity and specificity was calculated by the following formula 

 a= True positive, b= False positive, c= False negative and d= True negative 

  

Sensitivity = a /a+c × 100 

 Specificity = d / b+d ×100 

Positive predictive value = a /(a+b) ×100=94.64% 

Negative predictive value = d /(c+d)×100 =81.81% 

 

 

 
 
 
 
   

 



 

 

 

 

 

        Table 8:  Comparison between ICT for antigen and ICT for antibody. 
 
 
 

Test Results 

Name of test Positive Negative Total 

ICT for 
antigen 

57 (58.16) 41 (41.84) 98 

ICT for 
antibody 

58 (59.19) 40 (40.81) 98 

Total 115 81 196 

 

         Figures in the parentheses indicate percentage. 

         (P>0.05 by Chi-square test) 

 

 

 
 
 
 
 
 
 
 
 
 



 

 

Table no.9 shows the distribution of parasitemia and their relation with ICT for 

antigen. It is shown that parasitemia between 10,000-49,999 parasite/µl of blood in 20 

cases, of which all are positive by ICT for antigen. Followed by 17 cases show 

parasitemia >50,000 parasite/µl of blood and all of them are positive by ICT for 

antigen. Lowest number 02 cases show parasitemia 600 parasite/µl of blood, of which 

01 is positive and 01 is negative by ICT for antigen. Parasitemia <599 parasite/µl of 

blood were in 03 cases and all of them were negative by ICT for antigen. 

 

Distribution of common symptoms and signs are shown in the table no. 10. Fever was 

found in all of the 59 (100%) cases, followed by headache in 48(81.35 %) cases, 

splenomegaly in 24(40.67%), hepatomegaly in 18(30.50%), vomiting in 11(18.64%) 

and diarrhea in 17(11.86%) cases. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 9: Distribution of parasitemia among the 59 microscopy 

positive cases and their relation with ICT for antigen: 

 
 

Parasite count/µl of 

blood 
Number of cases Positive by ICT for 

antigen 

<599 03(5.08) 00(00) 

600 02(3.38) 01(50) 

601-999 04(6.77) 04(100) 

1000-9999 13(22) 13(100) 

10000 -49999 20(33) 20(100) 

>50000 17(28.81) 17(100) 

Total n=59 n=55 

 
  
           Figures in the parentheses indicate percentage. 
 

 
 
 
 
 
 
 
 
 

 

 

 

 
 



 
 
Table 10:  Distribution of common symptoms and signs in malaria 
cases 

 
 
 

Clinical features No. of cases n=59 Percentage (%) 

Fever 59 100 

Headache 48 81.35 

Splenomegaly 24 40.67, 

Hepatomegaly 18 30.50 

Vomiting 11 18.64 

Diarrhea 07 11.86 

 
 
                Figures in the parentheses indicate percentage. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Discussion 



 

Despite 50 years of eradication efforts, malaria remains a major problem throughout 

the tropics (Juckett, 1999). The vast majority of cases occur in children under 5 years 

of age and pregnant women are also vulnerable. The death rate is expected to double 

in the next twenty years (Wikipedia, 2006). At the end of 2004, worldwide 107 

countries and territories with 3.2 billion people are at risk of malaria transmission 

(World malaria report, 2005). Sub-Saharan Africa accounts for 90% of malaria 

fatalities, but it is also prevalent in Northern part of South America and South and 

South East Asia (Fonjungo et al., 1999). 
 

In many parts of the world, physicians often go with presumptive malaria diagnosis 

based on clinical symptoms and signs. Various clinical algorithms have been 

suggested and the best of them predict only up to 50% of true malaria cases. This 

method has poor specificity and positive predictive value. It does not allow 

differentiation of different species of malaria infection (Malaria Roll Back, 2002). 

So far, the light microscopic examination (ME) of the stained blood smear has been 

considered as the gold standard test for the diagnosis of malaria. Microscopic 

examination of blood smear however, requires well-trained and experienced 

microscopist and it is also time consuming (Makler et al., 1998). Some other 

techniques such as: Quantitative Buffy Coat (QBC), polymerase chain reaction 

(PCR), Enzyme-Linked Immunosorbent Assay, Fluorescence microscopy, 

Immunochromatography (ICT) and several molecular methods are also used for 

malaria diagnosis (Malaria Roll Back, 2002). Test based on the detection of antigens 

(HRP-II, pLDH and Aldolase) and antibodies by ICT method have been introduced 

very recently. These tests are simple, rapid, reliable and therefore suitable (Moody, 

2002).  

The present study was carried out to compare between the microscopic examination 

of peripheral blood film and immunochromatographic tests for the detection of 



antigen and antibody. In this study, species-specific pLDH antigen and antibodies to 

HRP II of P.falciparum, and antibody to aldolase of P.vivax, P.malariae, and P.ovale 

were detected by ICT method. 

In the present study, we found all age groups ranging from 5-70 years were affected 

by malaria (Table 1and Table 2). Similar findings were found by a study in 2002 from 

Pakistan where age ranges between 02 -72 years were affected by malaria (Harani et 

al., 2002). Another study from Saudi Arabia in 1998 reported that age ranges between 

02 months to 80 years were affected by malaria (Malik et al., 1998). In the present 

study we found highest number 50 (51.02%) of clinically suspected cases and 29 

(49.15%) of the microscopy positive cases were in the age group 16- 35 years. This 

findings correlate with the result of a study from Uganda in 2005, where most of the 

clinically suspected cases were <40 years of age and 29% of the microscopy positive 

cases were in the age group 15-32 years (Idro et al., 2005). In another study from 

Philippines in 1993, informed that most of the malaria patients were in the age group 

19- 35 years (Estacio et al., 1993). From the present and other studies, it reveals that 

highest number of malaria cases occurs in age group of 16- 35 years. It may be due to 

the population of this group are usually engaged in out door work where they easily 

exposed to mosquito bites (Park, 1998). In our study we found lowest number 05 

(5.1%) of clinically suspected cases and 02 (3.38%) of the microscopy positive cases 

in the age group over 50 years. It is consisted with the study from Uganda, in which 

Idro et al. reported 3.41% of microscopy positive cases in the age group over 70 years 

(Idro et al., 2005). In the age group of 0-5 years we found 03 (3.06%) of the clinically 

suspected cases and 02 (3.38%) of the microscopy positive cases in the present study. 

A nearly similar finding was showed from a study by ICDDR,B in 2002, where 

10.5% of microscopy positive cases were in the under 05 years of age. Variation of 



rate of infection in different age groups is due to some sort of acquired immunity 

developed with the increase of age by multiple exposures to the disease (Sharma et 

al., 2004). 

 

In the present study, we found 61 (62.24%) males and 37 (37.76%) females in 

clinically suspected cases (Table 1). This result is very much similar with the study 

from Saudi Arabia by Malik et al. in 1998; they found 231 (69.17%) males and 103 

(30.83%) females in the clinically suspected cases (Malik et al., 1998). We also found 

40 (67.80%) males and 19 (32.20%) females in the microscopy positive cases (Table 

2). This result is also similar with the study from Uganda by Estacio et al. in 1993, 

they found 15 (60%) males and 10 (40%) females in the microscopy positive cases 

(Estacio et al., 1993). In another study from Saudi Arabia by Anobil et al. in 1994, 

reported that 132 (56.66%) males and 101 (43.34%) females were in the microscopy 

positive cases (Anobil et al., 1994). From the present and other studies, it is suggested 

that males are more frequently infected by malaria than females. This may be due to 

males are more frequently exposed to the risk of acquiring malaria than females 

because of their out door life they lead. Moreover, females are usually better clothed 

than males, particularly in our country, which provides them some sort of protection 

from mosquito bites (Park, 1998). 

 

In the present study, we found 59(60.20%) were positive by microscopic examination 

of peripheral blood film, 57(58.16%) were positive by ICT for antigen and 

58(59.16%) were positive by ICT for antibody in the clinically suspected cases (Table 

3). In a study by Khan et al. in 2004 from Pakistan found 45.5% positive by 

microscopic examination of peripheral blood film and 43.2% positive by ICT for 



antigen (Khan et al., 2004). In another study done by Palmer et al, in 1998 from 

United States of America found 48% were positive by microscopy and 45% were 

positive by ICT for antigen (Palmer et al., 1998). In another study done by Iqbal et al. 

in 2003 from Pakistan found 42% were positive by microscopy and 32 % were 

positive by ICT for antigen (Iqbal et al., 2003). In another study done by Palmer et al. 

found only 20% positive by microscopy and 19 % positive by ICT for antigen (Palmer 

et al., 2003). In a study by Bejon et al. in 2004, described the detection rate of parasite 

by microscopy at different levels of parasitemia. He found 9% positive when 

parasitemia in between 100-1,000 parasite/µl of blood, 29% positive when 

parasitemia in between 1,000-10,000 parasite/µl of blood and 81% positive when 

parasitemia was above 10,000 parasite/µl of blood (Bejon et al., 2004). From the 

above findings it is observed that, some results are close to and some remarkably 

differ from our present study. The difference may be due to studies were conducted at 

different geographical area. Because, disease prevalence differ from region to region. 

 

In the present study, we found sensitivity of 93.22% and specificity of 94.87% by ICT 

for antigen, when compared with microscopic examination of peripheral blood film 

(Table 4). But when compared with controls, sensitivity and specificity were 93.22% 

and 100% respectively (Table 5). In a study from Australia by Playford and Walker in 

2002, showed sensitivity of 85% and specificity of 96% when compared with 

microscopic examination of peripheral blood film (Playford and Walker, 2002). 

Palmer et al. in1998, from United States of America found sensitivities of 94% and 

88% and specificities of 100% and 99% when compared to traditional blood films for 

the detection of P. vivax and P. falciparum malaria respectively. Regarding sensitivity 

and specificity, these results are similar to the present study. From our study it was 



observed that the sensitivity was same but the specificity was high when compared 

with controls. This was due to 02 false cases, which were positive by ICT for antigen 

but negative by Microscopy. A similar finding was reported from Malawi by 

Mankhambo et al. in 2002. They found 08 false cases positive by ICT for antigen 

compared with microscopic examination of peripheral blood film (Mankhambo et al., 

2002). In another study by Laferi et al. from England in1998 found, 04 false positive 

cases by ICT for antigen compared with microscopic examination of peripheral blood 

film (Laferi et al., 1998). The possible reasons for false positive cases were: though 

the patients had parasitemia but could not detected by microscopic examination of 

peripheral blood film because parasites may be sequestered in the deeper organs at the 

time of blood collection or due to the parasitemia were bellow the detection limit 

(Iqbal et al., 2002). Another reason may be due to cross reactivity with rheumatoid 

factor. Mishra et al. from India in 1999, showed false positivity of 3.3%, due to the 

cross reactivity with rheumatoid factor (Mishra et al., 1999).  

 

In the present study, we found Sensitivity of 89.83% and specificity of 87.17% by 

ICT for antibody, when compared with microscopic examination of peripheral blood 

film. But when compared with controls the sensitivity and specificity was 89.83% and 

90 % respectively (table 6 and 7). Specificity is higher when compared with controls. 

No study is available for detection of antibody by ICT method. Several results are 

available by ELISA method for detection of antibody. In a study from Korea Park et 

al. in 2001, found sensitivity 97.9% and specificity 96.4% in control group (Park et 

al., 2001). In another study from Australia by Graves et al. in 1992, found sensitivity 

for P. falciparum and P. vivax 77.1% and 88.6% respectively with a combined 

specificity of 91.1% in acute cases of malaria (Graves et al., 1992).    

 



In the present study we found no statistical difference (p>0.05 by chi squire test) 

between the sensitivity and specificity of ICT for antigen and ICT for antibody (Table 

8). But there is more chance of presence of false positive and false negative cases in 

ICT for antibody.  Because it is known that development of antibody requires time 

and IgM antibody persist 2-4 months, whereas IgG   persists in blood after recovery 

from the disease (Park et al., 201). Thus a positive test does not distinguish between 

present or past infection and for this detection of antibody is not suitable as routine 

diagnostic procedure and has limited value for treatment of acute cases (CDC, 2006). 

On the other hand antigen detection indicates active infection because it disappears 

after successful treatment. In the present study pLDH antigen was detected. This is a 

metabolic enzyme and secreted by the living parasite. After successful treatment it 

disappears rapidly from blood (Iqbal et al., 2002). Hence detection of antigen 

indicates active infection. Despite of no statistical difference, ICT for antigen is more 

reliable and suitable method for diagnosis of active infection than ICT for antibody.  

In the present study (table 9), parasite count in between 10,000-49,999 /µl of blood 

was found in highest number 20 (33%) of malaria patients, while 17 (28.81%) cases 

had >50,000 parasite /µl of blood. Similar findings were also found in a study from 

Thailand by Pattanasin et al. in 2003. They reported that highest number 37 (26.24%) 

of patients had parasitemia in between 5,000-50,000/µl of blood followed by 20 

(14.18%) patients had parasitemia >50,000/µl of blood (Pattanasin et al., 2003). 

Another study from Gambia in 1999 by Cooke et al., found 69 (39.65%) of patients 

had parasitemia >50,000/µl of blood and 43(24.71%) patients had parasitemia in 

between 5,000-45,000/µl of blood. This finding does not correlate with the present 

study. The difference may be due to the studies were conducted in two different 



geographical area. As Gambia is a hyperendemic zone of malaria, so parasitemia was 

higher than our study.  

 

We found all 54 (100%) cases with parasitemia >600/µl of blood positive by ICT for 

antigen. Similar finding was found from the study by Cooke et al. from Gambia in 

1999, where they found all 100% cases positive by ICT for antigen with parasitemia 

>500/µl of blood and Mills et al. in 1999, from Canada found 100% positive by ICT 

for antigen with parasitemia >1,000/µl of blood. 

 

Another study by Pattanasin et al. from Thailand found 100% positive by ICT for 

antigen with parasitemia >50,000/µl of blood and 81.8% was positive by ICT for 

antigen in patients with parasitemia in between 500-5,000/µl of blood which does not 

correlate with our study (Pattanasin et al., 2003). According to Iqbal et al. from 

Pakistan, out 271 cases 05 were negative by ICT for antigen with parasitemia 

>5,000/µl of blood. Underlying cause of false negative in samples with higher level of 

parasitemia is unknown (Iqbal et at., 2002).  

 

We also found parasite count ≤600 parasite/µl of blood in 05 (8.47%) cases, of which 

01 (20%) was positive by ICT for antigen. Cooke et al. in1999 from Gambia found 4 

(26.66%) was positive by ICT for antigen, which correlate with our study (Cooke et 

al., 1999). In contrast Pattanasin et al. in 2003 from Thailand found 47 (33.33%) and 

Iqbal et al. in 2002 from Pakistan found 43.75% positive by ICT for antigen with 

parasitemia <500/µl of blood. Playford and Walker, from Australia found 43% and 

Mills et al. in 1999, from Canada found 68.75% positive by ICT for antigen with 

parasitemia <1,000/µl of blood. These results do not support our study. The 

dissimilarities may due to very small number of samples in this group in our study.                                                                                                                                                                                                                                                                                       



In the present study, we found fever in all the 59 (100%) microscopy positive cases. 

Next to fever we found headache in 48 (81.35%) cases, splenomegaly in 24(40.67%) 

cases, hepatomegaly in 18 (30.50%) cases, vomiting in 11 (18.64%) cases and 

diarrhea in 07 (11.86%) cases (table 10). In a study by Malik et al. in 1998 from Saudi 

Arabia found fever in 99.7%, vomiting in 48.5%, splenomegaly in 44.7%, 

hepatomegaly in 35.3%, headache in 26.9% and diarrhea in 10.8% cases (Malik et al., 

1998) These results are nearly similar to our findings except vomiting. In another 

study from by Samuel et al. in 1994 from Saudi Arabia found fever in 100%, 

splenomegaly in 45%, hepatomegaly in 30% and diarrhea in 10% cases (Anobil et al., 

1994). These findings are also similar to the present study. According to Kamble et al. 

in 2002 from India found splenomegaly in 53.3% and hepatomegaly in 47% cases. 

Bedu-Addo and Bates, in 2002 from Ghana found splenomegaly in 41% cases. All 

these features are nearly similar to present study. 

 

Analyzing the findings of the present study, it was concluded that malaria can affect 

all age groups but majority of cases were in 15-35 years of age. Males were more 

affected than females. Taking the microscopic examination of peripheral blood film as 

the Gold standard method we found sensitivity and specificity of ICT for antigen 

93.22% and 94.87% respectively. But when compared with controls sensitivity and 

specificity was 93.22% and 100%respectively. Sensitivity and specificity of ICT for 

antibody was 89.83% and 87.17% respectively when compared with microscopy but 

when compared with controls sensitivity and specificity was 89.83% and 90% 

respectively. 

 

 
 
 



 

CONCLUSION AND RECOMMENDATIONS 
 
 
 

From the present study it may be concluded that, ICT for antigen and antibody can 

diagnose malaria reliably. Incase of ICT for antigen sensitivity and specificity is good 

and it can detect low level of parasitemia. The method is simple, rapid and can be 

performed as bed side test. It also does not require special equipments, high level of 

setup and skillness. From our findings it is suggested that: as ICT for antigen is highly 

sensitive and specific, it may be used where skilled microscopist is not available and 

the existing laboratory service is inadequate to perform molecular and other 

sophisticated methods. It can also be used in highly suspected cases of malaria where 

parasite could not be detected in peripheral blood film. Though sensitivity and 

specificity is good, ICT for antibody can not distinguish between present and past 

infection. It can be used for screening purpose. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 

 



Bibliography 

 

Abdel�Latif MS, Khattab A, Lindenthal C, Kremsner PG and Klinkert M. 

Recognition of variant Rifin Antigens by Human Antibodies Induced during Natural 

Plasmodium falciparum Infections. Infection and Immunity 2002; 70 (12): 7013-

7021.  

 

Angulo I and Fresno M. Cytokines in the Pathogenesis of and Protection against 

Malaria. Clinical and Diagnostic Laboratory Immunology 2002; 9 (6): 1145-1152. 

 

Annobil SH, Okeahialam TC, Jamjoom GA, Bassuni WA. Malaria In Children- 

Experience From Asir Region, Saudi Arabia. Annual Saudi Medicine 1994; 14 (6): 

467-470. 

 

Artavanis TK and Riley EM. Innate immune response to malaria: rapid induction of 

IFN-gamma from human NK cells by live Plasmodium Falciparum infected 

erythrocytes. The Journal of Immunology 2002; 169 (6): 2956-2963.  

 

Bedu-Addo G, Bates I. Causes of massive tropical splenomegaly in Ghana. Lancet 

2002; 360: 449-454. 

 

Beeson JG, Brown GV, Molyneux ME, Mhango C, Dzinjalamala F and Stephen J 

et al., Plasmodium falciparum Isolates from Infected Pregnant Women and Children 

Are Associated with Distinct Adhesive and Antigenic Properties. The Journal of 

Infectious Diseases 1999; 180: 464-472. 

 

Bejon P, Andrews L, Hunt-Cooke A, Sanderson F, Gilbert SC and Hill AVS. The 

thick film examination for Plasmodium falciparum malaria has reduced sensitivity 

and underestimates parasite density. Malaria Journal 2006; 5:104-113.  



Berry A, Fabre R, Benoit VF, Cassaing S and Magnaval JF. Contribution of PCR 

based methods to diagnose and management of imported malaria. Tropical Medicine   

2005; 65 (2): 176-183. 

 

Bosch I, Bracho C, and Perez HA. Diagnosis of Malaria by Acridine Orange 

Fluorescent Microscopy in an Endemic Area of Venezuela. Mem Inst Oswaldo Cruz, 

Rio de Janeiro 1996; 91 (1): 83-86  

 

Bradley DJ, Newbold CI and Warrel DA. Malaria. In Concise Oxford Textbook of 

Medicine. Weatherall DJ, Ledingham JGG and Warrel DA. 3rd edn. Oxford Medical 

Publication, Oxford 2000; 1735-1750. 

 

Breiner-Pinchart MP, Pinel C, Croisonnier A, Biron JP, Faure O and Ponard D 

et al., Diagnosis of malaria in non-endemic countries by the Parasite-F test. American 

Journal of Tropical Medicine and Hygiene 2000; 63 (3): 150-152. 

 

Brooks GF, Butel JS, Ornston LN, Jawetz E, Melnick JL and Adelberg EA. In: 

Jawetz, Melnick and Adelberg�s Medical Microbiology. 19
th edn. Appleton and 

Lange, 25 Van Zant Street, East Norwalk, 1991; 347-351. 

 

Bruneel F, Gachot B, Wolff M, Bedos JP, Regnier B and Danis M et al., 

Backwater fever. Press Medicine 2002; 31(28): 1329-1334. 

 

Carter R and Mendis KN. Evolutionary and Historical Aspects of the Burden of 

Malaria. Clinical Microbiology Reviews 2002; 15 (4): 564-594. 

 

Center for Disease Control and Prevention. National Center for Infectious 

Diseases, Division of Parasitic Diseases 2004. 

 

Center for Disease Control and Prevention. DPDx. Laboratory Identification of 

Parasites of Public Health Concerns 2006. 



Center for Disease Control and Prevention. Laboratory Identification of Parasites 

of Public Health Concern. Diagnostic Findings Malaria 2006. 

 

Center for Disease control and Prevention. The History of Malaria an Ancient 

Disease 2004. 

 

Center for Disease Control and Prevention. Malaria. National center for infectious 

Diseases, Division Parasitic Diseases 2004. 

 

Center for Disease Control and Prevention. Malaria. Disease 2004. 

 

Chaterjee KD. Parasitology and Helminthology 20th edn. Chaterjee Medical 

Publishers. 4 Amrita Banerjee Road, Calcutta 2006; 216. 

 

Cheesbrough M. District Laboratory practice. In: Tropical Countries, Part-1, Low 

price edn. Bath press and bounded in at the University press, Cambridge 1999; 239-

258.  

 

Chen Q, Schlichtherle M and Wahlgren M. Molecular Aspects of Severe Malaria. 

Clinical Microbiology Reviews. 2000; 13 (3): 439-450.    

 

Coban C, Ishii KJ, Sullivan DJ and Kumar N. Purified malaria pigment 

(hemozoin) enhances dendritic cell maturation and modulates the isotype of 

antibodies induced by a DNA vaccine. Infection and Immunity 2002; 70 (7): 3939-

3943. 

 

Cooke AH, Doherty T, Chiodini PL, Moody AH, Ries J and Pinder M. 

Comparison of a parasite lactate dehydrogenase based immunochromatographic 

antigen detection assay with microscopy for the detection of malaria parasite in 

human blood samples. Am. J. Trop. Med. 1999; 60 (2): 173-176. 

 



D�Alessandro U and Buttiens. History and importance of antimalarial drug 

resistance. Trop Med Int Health 2001; 6 (11): 845-848. 

 

Delorenzi M, Sexton A, Shams-Eldin H, Schwarz RT, Speed T and Scofield L. 

Genes for glycosylphosphatidylinositol toxin biosynthesis in Plasmodium falciparum. 

Infect Immun 2002; 70 (8): 4510-4522. 

 

Director General of Health Services and World Health Organization, 

Bangladesh. Guidelines for the treatment of malaria 2006.  

 

Disanti SM, Kirchgatter K, Brunialti KCSA, Oliveira AM, Ferreira SRS and 

Boulos M. PCR-Based diagnosis to evaluate the performance of malaria reference 

centers. Reveiw. Instituto de Medcina tropical de Sao Paulo 2004; 46 (4): 183-187. 

 

Doolan DL and Hoffman SL. IL-12 and NK Cells Are Required for Antigen-specific 

Adaptive Immunity Against Malaria Initiated by CD8+ T cells in the Plasmodium 

yoelii Model. The Journal of Immunology 1999; 163:884-892.  

 

Dzeing-Ella A, Obiang PCN, Tchoua R, Planche T, Mboza B and Mbounja M et 

al., Severe falciparum malaria in Gabonese children: clinical and laboratory features. 

Malaria Journal 2005; 4: 1186-1193.  

 

Estacio RH, Edwin ER. Dy, Cresswell S, Coronel RF. and Alora AT. The 

Quantitative Buffy Coat Technique (QBC) in Early Diagnosis of Malaria: The Santo 

Tomas University Hospital Experience. Philippines Journal of Microbiology and 

Infectious Disease 1993; 22 (2): 56-59. 

 

Ferreira MU, Nunes MS and Wunderlich G. Antigenic Diversity and Immune 

Evasion by Malaria Parasites. Clinical and Diagnostic Laboratory Immunology 2004; 

11 (6): 987-995. 

 



Finch RG, Moss P, Jeffries DJ and Anderson J.  Infectious diseases, tropical 

medicine and sexually transmitted disease. In: Kumar P and Clark M editors. Kumar 

and Clark Clinical Medicine. 6th edn. Chapter-2. Elsevier Saunders 2005: 95-100. 

 

Filler s, Causer ML, Newman DR, Barber MA, Roberts MJ and MacArthur J et 

al.,  CDC. Malaria Surveillance -United States 2001 2003; 52: 1-4. 

 

Fonjungo PN, Elhassan IM, Cavanagh DR, Theander TG, Hviid L, Roper C et 

al., A Longitudinal Study of Human Antibody Responses to Plasmodium falciparum. 

Infection and Immunity1999; 67 (6): 2975-2985.  

 

Gabriella AF, Kathleen JYZ, Fiona EL, Chrispopher MG and Kevin CK. 

Evaluation of the BINAX NOW ICT test versus polymerase chain reaction and 

microscopy for the detection of malaria in returned travelers. American Journal of 

Tropical Medicine and Hygiene 2003; 69 (6): 589-592. 

 

Geertruyden JV, Thomas F, Erhart A and Alessandro DU. The Contribution of 

malaria In Pregnancy To Perinatal Mortality. American Journal of Tropical Medicine 

and Hygiene 2004; 71 (2): 35-40. 

 

Graves PM, Boreham R, Robert G, Fray L, Xu LJ and Huang YM et al., 

Antibody detection ELISA for malaria diagnosis. South Asian Journal of Tropical 

Medicine and public Health 1992; 4: 752-761. 

 

Harani MS, Beg MA, Khaleeq L, Adil SN, Kakepoto GN and Kurshid M. Role of 

ICT Malaria Immunochromatographic Test for Rapid diagnosis of Malaria. Journal of 

Pakistan Medical Association 2006; 56: (4). 

Hayward RE, Tiwari B, Piper KP, Baruch DI and Day KP. Proceeding of the 

National Academy of Sciences of the United States of America 1999; 96 (8): 4563-

4568. 



Hommel M. Diagnostic methods in malaria. In: Warrel DA, Gilles HM editors. 

Essential Malariology 4th edn. Arnold, a member of the Hodder Headline Group, 338 

Euston Road, London 2002; 36-58. 

 

International Center for Diarrheal Diseases and Research, Bangladesh. Malaria 

due to Plasmodium falciparum in Chokaria, Cox�s Bazar District. Health and Science 

Bulletin 2003: 1 (4). 

 

International Center for Diarrheal Diseases and Research, Bangladesh. New 

strategies for treating falciparum malaria in Bangladesh. Health and Science Bulletin 

2006; 4 (3).   

 

Idro R, Bitarakwate E, Tumwesigre S and John CC. Clinical Manifestations of 

Severe Malaria in The Highlands of Southwestern Uganda. American Journal of 

Tropical Medicine and Hygiene 2005; 72 (5): 561-567. 

 

Iqbal J, Khalid N and Hira PR. Comparison of Two Commercial Assays with 

Expert Microscopy for confirmation of symptomatically Diagnosed Malaria. Journal 

of Clinical Microbiology 2002; 40 (12): 4675-4678. 

 

Iqbal J, Sher A, and Rab A. Plasmodium falciparum Histidine-Rich Protein 2-Based 

Immunocapture Diagnostic Assay for Malaria: Cross-Reactivity with. Rheumatoid 

Factors. Journal of Clinical Microbiology 2000; 38 (3): 1184-1186. 

 

Iqbal A, Muneer A, Khalid N and Ahmed MA. Performance of the optimal test for 

malaria diagnosis among suspected malaria patients at the rural health centers. Am. J. 

Trop. Med. Hyg 2003; 68 (5): 624-628. 

 

Johnston SP, Pieniazek NJ, Xayavong MV, Slemenda SB, Wilkins PP, and Silva 

AJ. PCR as a Confirmatory Technique for Laboratory Diagnosis of Malaria. Journal 

of Clinical Microbiology 2006; 44 (3): 1087-1089. 



Joshi HH. Monoclonal Antibody Based ELISA: An Effective Diagnostic Tool For 

The Diagnosis Of Falciparum Malaria. Journal of Nepal Medical Association 2005; 

44: 79-83. 

 

Kamble MB, Raut PP,Hassain ZF. Celebral malaria in Rural India. Indian Journal 

of Pediatrics 2002; 69 (8): 659-661. 

 

Kawamoto F. Rapid diagnosis of malaria by fluorescence microscopy with light 

microscope and interference filter. Lancet 1991; 337: 200-202. 

 

Kaushal DC; Kaushal NA. Immunodiagnosis of malaria. Journal of Parasitic 

Diseases 1997; 21 (1): 31-40. 

 

Keiser J, Utziner J, DE Castro CM, Thomas A. Smith TA and Tanner M et al., 

Urbanization in Sub-Saharan Africa and implication for malaria control. American 

Journal of Tropical Medicine and Hygiene 2004; 71 (2 l):  118-127. 

 

Khan SA, Anwar M, Hussain S, Qureshi AH, Ahmad M and Afzal S. Comparison 

of Optimal Malarial Test with Light Microscopy for the diagnosis of Malaria Journal 

of Pakistan Medical Association 2004; 54: 404-408. 

 

Kimi S, Ahni H, Kim T and Nami H. ELISA detection of vivax malaria with 

recombinant multiple stage-specific antigens and its application to survey of residents 

in endemic areas. The Korean Journal of Parasitology 2003; 41(4): 203-207. 

 

Klein PH. A Brief History of Malaria. In: Pesecott Harley Klein Micrbiology 6thedn. 

McGrow Hill 2000: 930- 931. 

 

Kong HH and Chung D-II. Comparison of acridine orange and Giemsa stains for 

malaria diagnosis. The Korean Journal of Parasitology 1995; 33 (4): 391-394. 



Krause PJ. Malaria (Plasmodium). In: Behrman RE, Kliegroan RM, Jeson HB 

editors. Nelson Textbook of Pediatrics. 17th edn. Philadelphia. Saunders 2000; 1049-

1043. 

 

Krogstad D. Malaria. In: Lee Goldman and Denis Ausiello. Cecil Textbook of 

Medicine. 22nd edn. Vol-2. Saunders An Imprint of Elsevier. The curtis center, 

Independence Square, West Philadelphia, Pensylvania 2004: 2071-2073. 

 

Kumar BK, Fadell MA, and Sehgal SC. Efficacy and Limitations of QBC acridine 

orange staining as a routine diagnostic technique for malaria in developing countries. 

Journal of Tropical Medicine and Hygiene 1993; 96 (4): 245-248. 

 

Kyes SA, Rowe JA, Kriek N and Newbold CI. Rifins: A second family of clonally 

variant proteins expressed on the surface of red cells infected with Plasmodium 

falciparum. Proceeding of the National Academy of Sciences of the United States of 

America 1999; 96 (16): 9333-9338. 

 

Laferi H, Kandl K and Pichler H. Positive Dipstick Test for Malaria. N Engl J Med 

1998; 338 (15): 1075. 

 

Lavstsen T, Magistrado P, Hermsen CC, Salanti A, Jensen ATR and Sauerwein 

R et al., Expression of Plasmodium falciparum erythrocyte membrane protein1 in 

experimentally infected humans. Malaria Journal 2005; 4: 4-21. 

 

Lowell C. Clinical Laboratory Methods for Detection of Antigens and Antibodies. In: 

Parslow TG, Sites DP, Terr Al and Imboden JB editors. Medical Immunology 10th 

edn. The McGrow-Hill Companies 1997; 215-233.  

 

Mackintosh CL, Beeson JG and Marsh K. Clinical features and pathogenesis of 

severe malaria. Trends in Parasitology 2004; 20 (12): 597-602. 

 



Malaria Roll Back. Malaria Diagnostics 2002. WWW. malaria. am. 

 

Mahlberger N, Jelinek T, Gascon J, Probst M, Zoller T and Schunk M et al, 

Epidemiology and clinical features of vivax malaria imported to Europe: Sentinel 

surveillance data from Trop Net Europ. Malaria Journal 2004; 3: 3-5. 

 

Makler MT, Palmer CJ and Ager AL. A review of practical techniques for the 

diagnosis of malaria. Annals of Tropical Mdicine and Parasitology 1998; 92(4):419-

433. 

 

Malaguarnera L and Musumeci S. The immune response to Plasmodium 

falciparum malaria. Lancet Infectious Disease 2002; 2 (8): 472-478. 

 

Malik GM, Seidi O, EL-Taher A, Mohammad AS. Clinical Aspects of Malaria in 

the Asir Region Saudi Arabia. Anual Saudi Medicine 1998; 18 (1): 15-17. 

 

Malaria. From wikipedia, the free encyclopedia. http:// en.wikipedia. org/ 

wiki/Malaria.2006. 

 

Mankhambo L, Kanjala M, Rudman S, Lema VM and Rogerson SJ. Evaluation 

of the Optimal Rapid Antigen Test and Species-Specific PCR To Detect Placental 

Plasmodium falciparum Infection at Delivery. Journal of Clinical Microbiology 2002; 

40 (1): 155-158. 

 

Marsh K. Immunology of malaria. In: Warrel DA, Gilles HM editors. Essential 

Malariology 4th edn. Arnold, a member of the Hodder Headline Group, 338 Euston 

Road, London 2002; 252-257.  

 

Mavoungou E. Interactions Between Natural Killer Cells, Cortisol and Prolactin in 

Malaria During Pregnancy. Clinical Medicine & Research 2005; 4 (1): 33-41. 

http://


McAdam  AJ and Sharpe AH. Infectious Diseases. In: Kumar V, Abbas AKand 

Fausto N editors. Robins and Cortan Pathologic Basis of Disease. 7th edn. Saunders an 

Imprint of Elsevier. Philadelphia, Pennsylvenia 2004; 401-403. 

 

Mendiratta DK, Bhutada K, Narang R, Narang P. Evaluation of different methods 

for diagnosis of P. falciparum malaria. Indian Journal of Medical Microbiology 2006; 

24 (1): 49-51. 

 

Moody A. Rapid Diagnostic Tests for Malaria parasites. Clinical Microbiology 

Reviews 2002; 15 (1): 66-78. 

 

Moormann AM, Sullivan AD, Rochford RA, Chensue SW, Bock PJ, Nyirenda T 

et al.,. Malaria and pregnancy: placental cytokine expression and its relationship to 

intrauterine growth retardation. The Journal of Infectious Diseases1999; 180:1987-

1993. 

 

Mya MM, Saxena RK, Roy A and Rao DN. Determination of Immunoreactivity of 

P.falciparum Antigens, Serum Dilutions and Biomaterials. Indian Journal of Clinical 

Biochemistry 2004; 19 (1): 88-92. 

 

Nandwani S, Mathur M and Rawat S. Evaluation of the direct acridine orange 

staining method and QBC test for diagnosis of malaria in Delhi, India. Journal of 

Common Disease 2003; 35 (4): 279-282. 

 

Nandwani S, Mathur M, Rawat S. Evaluation of the polymerase chain reaction 

analysis for diagnosis of falciparum malaria in Delhi, India. Indian Journal of Medical 

Microbiology 2005; 23 (3): 176-178. 

 

Narasimhan V and Attaran A. Roll Back Malaria? The scarcity of international aid 

for malaria control. Malaria Journal 2003; 2: 8. 

 



Nchinda CT. Malaria: A Reemerging Disease in Africa. World Health Organization. 

1998; 4 (3): 398-403. 

 

Ndao M, Bandyayera E, Kokoskin E, Gyorkos TW, Maclean JD and Ward BJ. 

Comparison of Blood Smear, Antigen Detection, and Nested-PCR Methods for 

Screening Refugees from Regions Where Malaria Is Endemic after a Malaria 

Outbreak in Quebec, Canada. Journal of Clinical Microbiology 2004; 42 (6): 2694-

2700. 

 

Newton CRJC, Hien TT and White N. Neurological Aspects of Tropical Disease. 

Journal of Neuropsychiatry 2000; 69:433-441. 

 

Noedl H, Faiz MA, Yunis EB, Rahman MR, Hossain MA and Samad R et al, 

Drug-Resistant Malaria In Bangladesh: An In Vitro Assessment. American Journal of 

Tropical Medicine and Hygiene 2003; 68 (2): 140-142. 

 

Palmer CJ, Bonilla A, Bruckner DA, Barett ED, Miller NS and Haseeb MA et al, 

Multicenter study to Evaluate the optimal test for Rapid Diagnosis of Malaria in U.S. 

Hospitals. Journal of clinical Microbiology 2003; 41 (11): 5178-5182. 

 

Palmer CJ, Lindo JF, Klaskala WI, Quesada JA, Kaminsky R and Baum MK et 

al., Evaluation of the Optimal Test for Rapid Diagnosis of Plasmodium vivax and 

Plasmodium falciparum Malaria 1998; 36 (1): 203-206. 

 

Park JW, Moon SH, Yeom JS, Lim KJ, Sohn MJ and Jung WC et al., Naturally 

acquired antibody responses to the C-Terminal region of Marozoite surface protein-1 

of Plasmodium vivax in Koria. Clinical and diagnostic laboratory immunology 2001; 

8 (1):14-20. 

 

 



Pattanasin S, Proux S, Chompasuk D, Luwiradaj K, Jacquier P, Looareesuwan S 

and Nosten F. Evaluation of a new plasmodium lactate dehydrogenase assay for the 

detection of malaria. Transaction of the Royel society of tropical medicine and 

hygiene 2003; 97: 672-674.   

 

Perandin F, Manca N, Calderaro A, Piccolo G, Galati L and Ricci L et al., 

Development of a Real-Time PCR Assay for detection of plasmodium falciparum, 

Plasmodium vivax, and plasmodium ovale for Routine clinical diagnosis. Journal of 

Clinical Microbiology 2004; 42 (3): 1214-1219. 

 

Phillips RS. Current Status of Malaria and Potential for Control. Clinical 

Microbiology Reviews 2001; 14 (1): 208-226. 

 

Playford EG and Walker J. Evaluation of the ICT malaria p.f/p.v and the optimal 

rapid diagnostic tests for malaria in febrile returned travelers. Journal of Clinical 

Microbiology 2002; 40 (11):4166-4171. 

 

Presscott LM, Harely JP and Klein DA. In Presscott Harley Klein Microbiology. 6th 

edn. McGraw-Hill. 1221 Avenue of America, New York 2005; 929-930. 

 

Rahman M, Akhter GN, Rashid S, and Lodhi Y. Risk of malaria transmission 

through blood transfusion and its Detection by serological Method. Pakistan Journal 

of Medical Science 2003; 19 (2): 106-110. 

 

Reeder JC, Cowman AF, Davern KM, Beeson JG, Thompson JK and Rogerson 

SJ et al., Proceeding of the National Academy of Sciences of the United States of 

America 1999; 96 (9): 5198-5202. 

 

Rodrigues MHC, Cunha MG, Machado RLD, Ferreira jr OC, Rodrigues MM 

and Soares IS. Serological detection of plasmodium vivax malaria using recombinant 



proteins corresponding to the 19-kDA terminal region of the merozoite surface 

protein-1. Malaria Journal 2003; 2: 39-51. 

 

Saeed AA, Al Rasheed AM, Al Nasser I, Al Onaizi M and Al Kahtani S. Malaria 

Screening of Blood Donors in Saudi Arabia. Annual Saudi Medicine 2002; 22 (5): 

329-332. 

 

Sharma Sk, Chattopadhyay R, Chakrabarti K, Pati SS, Srivastava VK and 

Tyagi PK et al., Epidemiology of malaria trans mission and development of natural 

immunity in a malaria endemic village, San Dulakudar, in Orissa state, India. Am. J. 

Trop. Med. Hyg 2004;71 (4): 457-465. 

 

Schmutzhard E. Cerebral Malaria: Clinical features and neurological sequelae. The 

African Journal of neurological sciences 1998; 17 (1): 512-517. 

 

Service MW. Characteristics of some major Anopheles vectors of human malaria. In: 

Warrel DA, Gilles HM editors. Essential Malariology 4th edn. Arnold, a member of 

the Hodder Headline Group, 338 Euston Road, London 2002; 327-332.  

 

Sheikh NS, Sheikh AS, Hussain SI and Sheikh AA. Journal of College of physians 

and surgeons of Pakistan 2003; 13: 577-580. 

 

Shulman C and Dorman E. Clinical features of malaria in pregnancy. In: Warrel DA 

and Gilles HM. Essential malariology 4th edn. Arnold, a member of Hodder Headline 

group, 338 Euston Road, London 2002; 219-235.  

 

Sinden RE and Gilles HM. The malaria parasites. In: Warrel DA, Gilles HM. 

Essential Malariology 4th edn. Arnold, a member of Hodder Headline group, 338 

Euston Road, London 2002; 8-34. 

 



Snow RW and Gilles HM. The epidemiology of malaria. In:  Warrel DA, Gilles HM. 

Essential malariology 4th edn. Arnold, a member of Hodder Headline group, 338 

Euston Road, London 2002; 85-106. 

 

Steketee RW. Pregnancy, Nutrition and Parasitic Diseases. Journal of Nutrition.2003; 

133: 1661-1667. 

 

Stauffer W and Fischer PR. Diagnosis and Treatment of Malaria in Children. 

Clinical Infectious Disease 2003; 37: 1340- 1348. 

 

Suh KN, Kain KC and Keystone JS. Malaria. Canadian Medical Association 

Journal 2004; 170 (11), 1693-1703. 

 

Souza JB, Todd J, Krishegowda G, Gowda DC, Kwiatkowski D and Riley EM. 

Prevalence and boosting of antibodies to Plasmodium falciparum 

glycosylphosphatidylinositols and evaluation of their association with protection from 

mild and severe clinical malaria. Infection and Immunity 2002; 70 (9): 5045-5051. 

 

Swash M. Parasites in the blood and faeces. In: Hutchison�s Clinical Methods. 20
th 

edn. W. B. Saunders Company Ltd. London 1996; 427-433. 

 

Talisuna AO, Bloland P, and D�Alessandro U. History, Dynamics, and Public 

Health Importance of Malaria Parasite Resistance. Clinical Microbiology Reviews 

2004; 17 (1): 235-254. 

 

Tarazona AS, Zerpa LS, Requena DM, Cuentas A L, and Magill A. Evaluation of 

the rapid diagnostic test OptiMAL for diagnosis of malaria due to Plasmodium vivax. 

Brazilian Journal of Infectious Disease 2004; 8 (2). 

 



Taylor TE and Molyneux ME. Clinical features of malaria in children. In: Warrell 

DA and Gilles HM editors. Essential malariology 4th edn. Arnold, a member of 

Hodder Headline group, 338 Euston Road, London 2002; 206-217. 

 

Tierney LM, McPhee SJ and Papadakis MA. Malaria. In: Current Medical 

diagnosis and Treatment 49thedn. 2005: 1417-1426. 

Todd WTA, Lockwood DNJ, Nye FJ, Wilkins EGL and Carey PB. Infection and 

immune failure. In: Haslett C, Chilvers ER, Boon NA and Colledge NR editors. 

Davidson�s Principles and Practice of Medicine 19
th edn. Churchill Livingstone, 

Edinburgh, London 2004; 51-57. 

 

Warrell DA. Clinical features of malaria. In: Warrel Da and Gilles HM editors. 

Essential Malariology 4th edn. Arnold, a member of the Hodder Headline Group, 

London 2002; 191-205. 

 

Warrell DA, Turner GD and Francis N. Pathology and Pathophysiology of human 

malaria. In: Warrell DA and Gilles HM editors. Essential Malariology. 4th edn. 

Arnold A member of the Hodder Headline Group, London 2002, 236-251. 

 

White NJ. Malaria. In: Gordon C, Cook and Zumla A, editors. Manson s Tropical 

Diseases, 21st edn. Saunders Elsevier Science, Health Science Division, London 2003; 

1205-1295.  

White NJ and Breman JG. In: Kasper DL, Fauci AS, Longo D, Braunwald E, 

Hauser S and Jameson JL editors. Harrison�s Principles of Internal Medicine 16th  

edn.McGrow Hill, New Y0rk 2005; 1203-1210. 

 

World Health Organization. Lives at risk: malaria in pregnancy 2003. 

 

World Health Organization. Malaria. Disease Burden in SEA Region. Regional 

Office for South East Asia 2004. 



 

World Health Organization. Malaria. Disease Burden in SEA region. Regional 

Office For South-East Asia 2005. 

 

World Health Organization. Malaria. Division of control of Tropical Diseases 2004. 

 

World Health Organization. Malaria fact sheet. WHO press Release 1997. 

 

World Health Organization. Regional office for South-East Asia. Malaria situation 

in SEAR countries. Bangladesh 2004.  

 

World Health Organization. Roll Back Malaria, Geneva 27, Switzerland 1998. 

World Health Organization. WHO Press Release, Malaria Fact Sheet 1997. 

 

Zhong KJY and Kain KC. Evaluation of a Colorimetric PCR-Based Assay To 

Diagnose P.falciparum Malaria in Travelers. Journal of Clinical Microbiology 1999; 

37 (2): 339-341. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



APPENDICES 

Appendix-I 

DATA SHEET 

 

S.L. no:                                                                                  Date:                                                                   

Name of patient:                                     Age:                         Sex: M/F  

 
Father/Mother/Husbands Name: 

Address: 

         Vill:                                P.O:                      Thana:                         District:  

  Hospital: 

                Word no:                         Unit:                               Bed no: 

                 Date of admission:                              Reg.no: 

Patient Status: Tribal/Endemic/Traveler          

Clinical Presentation: 

Duration of fever��.�.Days/Months 

Type of fever: 

   Intermittent/Remittent/Continuous/�������.. 

Others:  

   Chill����...Rigor����..Sweating���.Headache���Bodyache�.                

    Malaise���..Vomiting���.diarrhea����Weakness� 

Past history of fever: 

   Malaria/ Typhoid/ Kala-azar/ Tuberculosis/ Others����Time: 

Treatment history: 

   Previously diagnosed as malaria: Yes/No 

   Received treatment for malaria: Yes/No 

   If yes, treatment completed or not completed. 

   Drugs taken: 

Physical Examination: 

   Anemia����.Jaundice���..Heart���.Lungs� 

   Orientation����� Liver������Spleen�����  

   Temperature���.. 



Complication: 

              Severe Anemia/Confusion/Abortion/Still birth/  Pulmonary edema /   

              Encephalopathy / Others.                                                             

Laboratory investigations:           

Microscopic examination of Peripheral blood Film: 

          Thick film: MP negative / MP positive  

           Parasite count: 

          Thin Film: Falciparum / Vivax/ Ovale / Malariae.  

           Intradermal smear: MP negative / MP positive. 

Immunochromatographic test:  

          Antigen detection: Negative / Positive. 

          Antibody detection: Negative / Positive. 

 

Comment: 

 

      
 
 
 
                                                                                                       Signature 



 

 

Appendix-III 

The composition and methods of preparation of different Giemsa stain used in this 

study is given below: 

Stock Giemsa Solution: 

Giemsa Powder � 3.8 gm. 

Glycerol � 250 ml. 

Methanol �250 ml. 

Measured amount of Giemsa Powder was kept in a 500 ml. capacity brown bottle 

along with a few glass beads. Measured amount of methanol was added to the stain 

mixed well, and then measured amount of Glycerol was added, mixed well. The bottle 

was placed in a water bath at 52-60ºC for up to two hours. Mixed well and at 

intervals. Stored at room temperature in the dark. 

 

 

 

 

 

 

 

 
 
 
 
 



Appendix-IV 
 

SD Malaria Antigen Rapid Test 
 
1. Explanation of the test 

Malaria is a serious; sometimes fatal, parasitic disease characterized by fever, chills, 

and anemia and is caused by a parasite that is transmitted from one human to another 

by the bite of infected Anopheles mosquitoes. There are four kinds of malaria that can 

infect humans: Plasmodium falciparum, P.vivax, P.ovale and P.malariae. In humans, 

the parasites (called sporozoites) migrate to the liver where they mature and release 

another form, the merozoites. The disease now occurs in more than 90 countries 

worldwide and it is estimated that there are over 500 million clinical cases and 2.7 

million malaria-caused deaths per year. At the present, malaria is diagnosed by 

looking for the parasites in a drop of blood. Blood will be put onto a microscope slide 

and so that the parasites will be visible under a microscope. 

The SD BIOLINE Malaria Antigen Test contains a membrane strip, which is pre-

coated with two polyclonal antibodies as two separate lines across a test strip. One 

polyclonal antibody (test line P.f) is specific to the lactate dehydrogenase of 

P.falciparum and the other polyclonal antibodies (test line P.v/pan) are pan specific to 

the lactate dehydrogenase of Plasmodium species (P.falciparum, vivax, malariae, 

ovale). Conjugate pad is dispensed with polyclonal antibodies, which is pan specific 

to the lactate dehydrogenase of Plasmodium species. 

Polyclonal antibodies pan specific to the lactate dehydrogenase of Plasmodium 

species have no cross-reactivity with the human lactate dehydrogenase, because these 

antibodies were adsorbed to human lactate dehydrogenase. Polyclonal antibodies 

specific to lactate dehydrogenase of Plasmodium falciparum have no cross-reactivity 



with the lactate dehydrogenase of human and P.vivax, because these antibodies were 

adsorbed to lactate dehydrogenase of human and P.vivax. 

So, SD BIOLINE Malaria Antigen Test is designed for differential diagnosis between 

Plasmodium falciparum and the other Plasmodium species. 

[Intended Use] The SD BIOLINE Malaria Antigen Test is a rapid, qualitative test for 

the detection of presence of Plasmodium lactate dehydrogenase (pLDH), an enzyme 

produced both in the sexual and asexual forms of parasite. SD BIOLINE Malaria 

Antigen Test is intended for professional use, only for an initial screening test and 

reactive samples should be confirmed by a supplemental assay such as microscopic 

examination of thin blood smear. For in vitro diagnosis only. 

2. Materials provided / Active ingredients of main components 

1) SD BIOLINE Malaria Antigen Test kit contains following items to perform the 

assay: 

[48 tests/kit contains] 

Test Strip.........    2 packs (24 strips/pack) 

Conjugate wells   3 packs (16 wells/pack) 

Microplate wells for washing.............. 1 piece (with 48 wells) 

Assay Buffer......................................... 1 vial of 10 ml 

Capillary pipette................................... 1 pack (with 48 pieces) 

Lancet................................................... 1 pack (with 48 pieces) 

Instruction for use 

[16 tests/kit contains] 

Test Strip.............................................. 1 packs (16 strips/pack) 

Conjugate Wells................................... 1 packs (16 wells/pack) 

Microplate Wells for washing.............. 1 piece (with 16 wells) 



Assay Buffer......................................... 1 vial of 4 ml 

Capillary pipette................................... 1 pack (with 16 pieces) 

Lancet................................................... 1 pack (with 16 pieces) 

Instruction for use 

 

2) Active ingredients of main components 

(1) 1 test strip includes: Test Line P.f : Mouse antibodies specific to LDH of Malaria 

Plasmodium falciparum (0.68+0.14g), Test Line P.v / pan : Mouse antibodies pan 

specific to LDH of Malaria Plasmodium sp. (0.68+0.14g), Control Line : 

Recombinant malaria Plasmodium falciparum LDH (0.23+0.05g). 

(2) 1conjugate well includes; Rabbit polyclonal antibodies pan specific to LDH of 

Malaria Plasmodium sps. - Conjugated gold colloid (OD 10, 10 l/well) 

(3) Assay buffer includes; Bovine serum albumin (q.s), Triton X-100 (q.s) 

 

3. Precautions / Storage and Kit Stability 

In order to obtain reproducible results, the following rules must be observed: 

1) SD BIOLINE Malaria Antigen Test should be stored at room temperature 

(230C). Do not store at refrigerator. 

2) The test strip and conjugate wells are sensitive to humidity as well as heat. 

3) Perform the test immediately after removing the test reagents from the foil pouch 

or container. 

4) Do not use it beyond the expiration date. 

5) The self-life of the kit is as indicated on the outer package.  

6) Do not use the test kit if the pouch/or container is damaged or the seal is broken. 

7) When transporting or storing the packages, avoid exposure to high temperature 

(over 45C) for a period longer than 1 week. 



4. Warnings 

1) for in vitro diagnostic use only. DO NOT RE-USE Test strip, Conjugate well and 

Washing well. 

2) The instruction must be followed exactly to get accurate results. Anyone 

performing an assay with this product must be trained in its use and must be 

experienced in laboratory procedures. 

3) Do not eat or smoke while handling specimens. 

4) Use disposable gloves while handling potentially infectious material and 

performing the assay. Wash hands thoroughly afterwards. 

5) Avoid splashing or aerosol formation. 

6) Clean up spills thoroughly using an appropriate disinfectant. 

7) Decontaminate and dispose of all specimens, reaction kits and potentially 

contaminated materials, as if they were infectious waste, in a biohazard container. 

8) When used as directed, SD BIOLINE Malaria Antigen Test reagents present no 

risk to the user. 

9) Do not pipette by mouth. 

10) Do not mix and interchange different specimen. 

11) Anticoagulants such as heparin, EDTA, and citrate do not affect the test results. 

12) As known relevant interference, hemolytic samples, rheumatoid factors-contained 

samples and lipaemic, icteric samples can lead to impair the test results. 

13) Use separate disposable capillary pipettes or pipette tips for each sample in order 

to avoid cross-contamination of either samples which could cause erroneous results. 

5. Test Procedure [Refer to figure] * The instruction must be followed exactly to 

get accurate results. 

1) Insert the Conjugate Wells and Washing Wells into microplate frame. 



2) Dispense 1 drop (about 30 l) of Assay Buffer into the Conjugate Wells and 4 

drops (about 120 l) of Assay Buffer into the Washing Wells. 

3) Add the entire volume of blood (about 20 l) by squeezing the pipette gently into 

the Conjugate Wells. Mix gently with the flat head of the same capillary pipette. 

Allow to stand for 1 minute. 

4) Place the Test Strip vertically into the Conjugate Wells including specimen and 

leave it in the well for 5 minutes. 

5) Transfer the Test Strip from the Conjugate Wells to the Washing Wells and leave it 

until the Test Strip is cleared of blood and the procedure control band becomes clearly 

visible (within 10-15 minutes). 

6) Remove the Test Strip from the Washing Wells and read the results. 

 

6. Limitations and Interferences 

1) The test procedure, precautions and interpretation of results for this test must be 

followed when testing. 

2) Anti-coagulants such as heparin, EDTA, and citrate do not affect the test result. 

3) This test kit detects Plasmodium lactate dehydrogenase in patient whole blood and 

is useful as a screening procedure of malaria diagnosis. 

4) Do not mix reagent of different lots. 

5) The test is limited to the detection of antigen to Malaria Plasmodium sp. Although 

the test is very accurate in detecting pLDH, a low incidence of false results can occur. 

Other clinically available tests are required if questionable results are obtained. As 

with all diagnostic tests, a definitive clinical diagnosis should not be based on the 

results of a single test, but should only be made by the physician after all clinical and 

laboratory findings have been evaluated. 

 



7. Internal Quality Control 

The SD BIOLINE Malaria Antigen Test Strip has �Test Lines� and �Control Line� on 

the surface of the strip. Both the Test Lines and Control Line in result window are not 

visible before applying any samples. The Control Line is used for procedural control. 

Control line should always appear if the test procedure is performed properly and the 

test reagents of control line are working. 

8. Expected values 

The SD BIOLINE Malaria Antigen Test has been compared with microscopic 

examination. The overall accuracy is greater or equal to 80%. 



Appendix-V 

 

 

 

Figure-1: Photograph of SD Malaria Antigen Rapid Test Kit. 

 

 

 

 

 

 

 

 

 

 



Appendix-VI 

 

 

 

Figure-2: Photograph of pLDH antigen based dipstick. 

 

 

 

 

 

 

 

 

 

 



Appendix-VII 

Malaria Pf-Pv.o.m Antibody onsite Rapid Screening Kit 

Two-In-One Cassette Test 

INTENDED USE 

The Malaria Antibody onsite Rapid Screening Kit (Malaria onsite Rapid test) is to be 

used for the qualitative screening of antibodies (IgG+IgM) to Plasmodium falciparum 

(pf), vivax, ovale, and malariae in human serum or plasma. It is intended for 

professional use only. 

All positive specimens must be confirmed with other confirmatory methods. 

 

SUMMARY AND EXPLANATION OF THE TEST 

Malaria is a mosquito-borne, hemolytic, febrile illness that is the world�s major health 

problem. The World Health Organization recognizes malaria as causing more 

morbidity and mortality than any other disease. Malaria infects over 200 million 

persons and yearly kills more than 1 million. Four species of Plasmodium causes 

malaria: P.falciparum, P.vivax, P.ovale, and P.malariae. These plasmodia all infect 

and destroy human erythrocytes, producing chills, fever, anemia and splenomegaly. 

P.falciparum causes more sever disease than the other plasmodiam species and 

accounts for most malaria deaths. P.falciparum and P.vivax are the most common 

pathogens, however, there is considerable geographic variation in species distribution. 

P.vivax is rear in Africa; there much of the black population lacks the erythrocyte cell 

surface receptors required for infection. P.falciparum and P.ovale are the dominant 

species in Africa. P.malariae is the least common and mildest form of malaria, 

although it has a broad geographic distribution (1). 



Traditionally, malaria is diagnosed by the demonstration of the organisms on Giemsa 

stained smears of peripheral blood, and the different species of plasmodium are 

distinguished by their appearance in infected erythrocytes (1). 

 The malaria onsite Rapid test is a one-step chromatographic immunoassay, which 

specifically detect the antibodies of P.falciparum, P.vivax, P.ovale, and P.malariae in 

human serum or plasma. The test utilizes P.falciparum specific antigen HRP-II (2,3,4) 

and P.vivax antigen aldolase (5) to ensure test specificity and sensitivity. 

 

REAGENTS AND MATERIALS PROVIDED 

1.One test device sealed in a pouch with a dropper and a desiccant. 

2. One drop bottle of sample chasing buffer. 

3.One set of product insert. 

 

MATERIALS REQUIRED BUT NOT PROVIDED 

1. Clock or Timer. 

2. A container for specimen collection. 

 

STORAGE AND STABILITY 

Store the test kit at room temperature (2-30C). 

Each device may be used until the expiration date printed on the label if it remains 

sealed in the foil pouch-containing desiccant. 

Do not freeze the kit and or expose the kit to the temperature over 30C. 

WARNING AND PRECAUTIONS 

This kit is for professional in vitro diagnostic use only. Instructions must be followed 

to obtain accurate results. Do not open the sealed pouch, unless ready to conduct the 

assay. 

Do not use expired devices. All patient samples should be treated as if capable of 



transmitting diseases. Dispose all of the specimens and used assay materials in a 

proper biohazard container. 

 

SAMPLE COLLECTION AND STORAGE 

Plasma 

1. Collect whole blood into an appropriate blood collection tube containing EDTA or 

citrate, or heparin following approved veinpuncture guides. 

2. Separate the plasma by centrifugation. 

3. Carefully withdraw the plasma, label and store in at 2-8C for up to two weeks. 

Plasma may be frozen below -20C for up one year. 

Serum 

1.Collect whole blood into an appropriate blood collection tube without 

anticoagulants following approved vein puncture guides. 

2. Allow the blood to clot. 

3. Separate the plasma by centrifugation carefully withdraws the serum, label and 

store in at 2-8C. For up to weeks, Serum may be frozen below -20C for up one year. 

 

ASSAY PROCEDURE 

Bring the sample and test components to room temperature if refrigerated. Mix the 

frozen sample well prior to assay after it is completely thawed. 

1. When ready to test, open the pouch at the notch and remove the test device. Place 

the test device on a clean, flat surface. 

2. Label the device with specimen�s ID. 

3. Transfer 5 ul of specimen and add to the samples well, the add two drops of sample 

chasing buffer into the sample well immediately. Start the timer. 



4. Read the test result in ten (10) minutes after adding the specimen. Positive result 

could be visible as short as 1 minute. 

Don�t read result after 10 minutes. 

 

INTERPRETATION OF RESULTS 

1. NEGATIVE RESULT: If only the C line is present, the absence of a line in the 

test region (T1 and T2) indicates that no plasmodium protozoa antibodies are 

detected. The result is negative. 

 

2. POSITIVE RESULT: 

2.1 In addition to the presence of C line, if only T1 or both T1 and T2 lines are     

developed, indicates presence of antibodies to P.falciparum, The test is positive. 

2.2 In addition to the presence of C line, if only T2 line is developed, the test indicates 

the presence of antibodies to P.vivax, oval, and or malariae. The result is positive. 

 

3. INVALID: If no C line develops the assay is invalid. In this case, repeat the assay 

with a new test device. 

 

LIMITATION OF THE TEST 

The Malaria Antibody Rapid Screen Test is to be used primarily for the qualitative 

screening of antibodies (IgG+IgM) to Plasmodium falciparum (pf), vivax in human 

serum or plasma. 

The test can also indicate the presence of antibodies for P.falciparum, ovale and 

malariae since the aldolase gene is highly conserved between all the plasmodium 

protozoa analyzed so far (5). 

The test is a qualitative screening assay and is not for determining quantitative 

concentration of malaria antibodies. There is no meaning attributed to line color 

intensity or width. 



A negative result does not rule out plasmodium infection because the antibodies to 

plasmodium may be absent at the time the specimen is taken or may not be present in 

sufficient quality to be detected at early stage of infection. 

As with all diagnostic tests, a definitive clinical diagnosis should not be based on the 

results of a single test, but should only be made by the physician after evaluation of 

all clinical and laboratory findings. 

 

PERFORMANCE CHARACTERIZATION: 

To be established. 
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Figure-3: Photograph of Malaria Pf-Pv.o.m Antibody onsite Rapid 

Screening Kit. 
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Figure-4: Photograph of malaria antibody test device. 
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Figure-5: Photograph showing P.vivax in thin film. 

 

 

 

 

 

 

 



Appendix-XI 

 

Figure-6a 

 

Figure-6b 

 

Figure-6: Photograph showing trophozoite (6a) and gamatocyte (6b) of 

P.falciparum in thin film. 

 


