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ABSTRACT 

Despite the remarkable progress made towards the reduction in the number of malaria cases and 
death globally, malaria still remains a life threatening disease of great public health importance 
in the world today, more especially in sub-Saharan Africa.  Detection and treatment of malaria 
with Artemeter-Lumefantrine at the early stage of the disease could be of immense help. The 
general objective of the study was to establish the major symptoms associated with subclinical 
malaria and to assess the efficacy of Artemeter-Lumefantrine in subclinical malaria in Owerri 
Nigeria. It was a community based interventional (therapeutic) study conducted between March 
and April 2016 at Naze(Owerri North) and Ikenegbu (Owerri Municipal) communities in Imo 
State Nigeria. The study population consisted of two groups(subclinical and clinical) both of 
which included consenting male and female aged 18 years and above, who fulfilled the 
inclusion criteria and were living in the study areas as at the period of study. A systematic house 
to house sampling technique was employed in selection of the participants who fulfilled the 
inclusion criteria for both groups. A total of 117 and 66 participants were recruited from study 
sites for the subclinical and clinical groups respectively. Data collections were done through 
screening using questionnaire, RDT, thick and thick film microscopy followed by treatment and 
follow up of recruited participants. The Data obtained were analyzed using IBM-SPSS Statistics 
version 20.0. Most findings were represented with frequency tables or bar chart. Chi square test 
was used to test the null hypothesis of no significant difference between parasite clearance rates 
in subclinical and clinical malaria. Ninety three out of 117 and 65/66 of participants in the 
subclinical and clinical groups respectively were successfully followed up to days 3 and 7. The 
major symptoms of subclinical malaria established were body itching, 111(12.9%), bone pains, 
110(12.8%), sleepiness,110 (12.8%), bad dreams,107(12.4%), dizziness, 92(10.7%), bitter/soar 
taste, 90(10.5%), joints/muscular pains, 77(9.0%), and weakness of the body, 75(8.7%).Others, 
88(10.2%), reported cough/catarrh,23(2.7%),abdominal discomfort,23(2.7%), loss of 
appetite,23(2.7%), yellow urine,7(0.8%),constipation,7(0.8%), and sleeplessness,5(0.6%). Day 
3 parasite clearance rate was significantly higher (86.0%) in subclinical cases than in clinical 
cases(67.7%)with P-value < 0.05 at CI of 95%.  On day 7, parasite clearance rate was 
apparently higher in subclinical cases (87.1%) than in the clinical cases (78.5%) with P-value> 
0.05 at CI of 95%.The sensitivity rate of RDT (Carestat) in subclinical malaria was calculated to 
be 19.7% while the specificity was 96.5% using thick film microscopy as the gold standard. No 
adverse effect from Artemeter-Lumefantrine was reported, only some side effects like headache, 
abdominal discomfort, dizziness, watery stooling and restlessness. In conclusion, there are 
associated symptoms of subclinical malaria which can aid early detection. Treatment of malaria 
with Artemeter-Lumefantrine provides a better outcome in subclinical stage than in the clinical 
stage. Further studies are urgently needed to rule out imminent Artemeter-Lumefantrine 
resistance in the study areas.  

 

Keywords: Major symptoms; subclinical malaria; therapeutic efficacy; arthemeter-lumefariline;  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Despite the remarkable progress made towards the reduction in the number of malaria cases and 

death globally, malaria still remains a life threatening disease of great public health importance 

in the world today, more especially in sub-Saharan Africa. According to the latest global report 

by the World Health Organization (WHO) released in December 2015, there were 214 Million 

cases of malaria in 2015 and 438,000 deaths globally and approximately 3.2 Billion people – 

newly half of the world’s population were also at risk of malaria in 2015 (WHO, 2015 a). 

According to the same source, 88% of these malaria cases and 90% of the deaths occurred in 

Sub-Saharan Africa where just two countries: Nigeria and the Democratic Republic of the 

Congo contributed 35% of all the deaths.  

The economic burden of malaria in the world in general and Nigeria in particular cannot be 

overemphasized. During the World Malaria Day 2016, WHO revealed that since the year 2000, 

malaria had cost Sub-Saharan Africa US $ 300 Million each year for care management alone 

and is estimated to cost endemic countries like Nigeria up to 1.3% GDP (WHO, 2016 b). 

Malaria is caused by infestation of red blood cell with protozoan parasites of the genus 

plasmodium inoculated into the human host by a feeding female anopheline mosquito. The four 

human plasmodium species transmitted from person to person are P. falciparum, P. vivax, P. 

ovale and P. malaria. Increasingly human infestations with the monkey malaria parasite, P. 

knowlesi are being reported from the forested region of South-East Asia and particularly the 

Island of Borneo (WHO, 2012). 
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The clinical symptoms of malaria are well known and documented. They include, fever, chills, 

perspiration, rigor, anorexia, vomiting and worsening malaise. In young children, malaria may 

also present with lethargy, poor feeding and cough. However, there are also some symptoms 

and signs which could present at the early stage of the disease. WHO (2015 b) has identified 

some of these symptoms as non-specific and similar to those of a minor systemic viral illness. 

They comprise headache, lassitude, fatigue, abdominal discomfort and muscle and joint aches. 

Others may include: bone pain, bad dreams, bitter taste, retrograde amnesia, hypothermia, 

pruritus on cold bath and restlessness. In Owerri, Imo State, no studies have been done to 

establish some of these symptoms which when present can raise a high index of suspicion in 

patients and prompting them to seek for malaria diagnosis and treatment early.  At this early 

stage of disease progression, with no evidence of vital organ dysfunction, a rapid, full recovery 

is expected, provided prompt, effective antimalarial treatment is given. If ineffective or poor 

quality medicines are given or if treatment is delayed, particularly in P. falciparum malaria, the 

parasite burden often continues to increase and the patient may develop potentially lethal severe 

malaria. The clinical objectives of treating uncomplicated malaria are to cure the infestations as 

rapidly as possible and to prevent progression to severe disease. The public health objectives of 

treatment are to prevent onward transmission of the infestations to others and to prevent the 

emergence and spread of resistance to antimalarial drugs (WHO, 2015 a).  

An artemisinin-based combination therapy (ACT) is advocated as the first line of antimalarial 

treatment and has been reported to be effective in reducing even the submicroscopic levels of 

gametocytes (Sutherland et al., 2005; Bousema et al., 2006). ACT is a combination of a rapid 

acting artemisinin derivative with a longer acting (more slowly eliminated) partner drug. The 

artemisinin component rapidly clears parasites from the blood (reducing parasite numbers by a 
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factor of approximately 10,000 in each 48hours asexual cycle) and is also active against the 

sexual stages of the parasite that mediate onward transmission to mosquitoes. The longer acting 

partner drug clears the remaining parasites and provides protection against development of 

resistance to the artemisinin derivative. According to WHO (2015 b), drugs with longer 

elimination half-lives also provide a period of post-treatment prophylaxis. The five ACTs 

recommended for treatment of uncomplicated P. falciparum malaria are: Artemeter 

+Lumefantrine; artesunate + amodiaquine; artesunate + mefloquine; artesunate + Sulphadoxine-

pyrimethamine; dilydroartemisinin + piperaquine (Sinclair, Zani, Donegan, Olliaro & Garner, 

2009). 

In 2005, the Nigeria government changed its policy for the treatment of uncomplicated malaria. 

Artemeter-lumefantrine and artesunate-amodiaquine replaced chloroquine and sulphadoxine-

pyrimethamine (SP) as the first line treatment (Federal Ministry of Health [FMOH], 2005). 

Clinical trials of ACTs in different parts of Nigeria since its introduction have shown good 

efficacy of ACTs in the treatment of uncomplicated malaria (Ayede et al., 2010).A cure rate of 

96.5% of Artemeter-Lumefantrine (coartem) has been documented in Nigeria (Gbotosho, 

Sowunmi, Happi & Okuboyejo, 2011).The high cure rates of ACTs have also been confirmed in 

different studies across Sub-Saharan Africa (Thwing, Eisele & Steketee, 2011). All these 

studies/clinical trials have involved symptomatic, clinical cases of malaria. The therapeutic 

efficacy of ACT in subclinical malaria needs to be assessed in order to determine if a better cure 

rate can be achieved when introduced at this early stage of malaria disease. Currently, ACT 

remains the most effective treatment for malaria. Resistance to artemisinin in Sub Saharan 

Africa will certainly have a devastating effect on malaria control. Therefore, constant, diligent 
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surveillance in this Sub region with the aim of monitoring the susceptibility of malaria parasites 

to artemisinin, its derivative and partner drugs in this part of the world is essential. 

Concerning the durations of ACT treatment, ACT regimen should provide 3 days treatment with 

an artemisinin-derivative according to WHO (2015 a). A 3-day course of the artemisinin 

component of ACTs covers two asexual cycles ensuring that only a small fraction of parasites 

remains for clearance by the partner drug, thus reducing the potential development of resistance 

to the partner drug. To maximize the likelihood of rapid clinical and parasitological cure, 

minimize transmission and retard drug resistance, ACT regimens must ensure optimal dosing as 

well. The dosage recommendation of ACT is derived from the understanding of the relationship 

between the pharmacokinetics, pharmacodynamics and safety of the drugs. The drug exposure 

of an individual patient also depends on factors such as the quality of the drug, the formulation, 

adherence and for some drugs, co-administration with fat. Poor adherence is a major cause of 

treatment failure and drives the emergence and spread of drug resistance (WHO, 2015 b). 

According to the current treatment guideline for malaria by WHO using Artemeter + 

Lumefantrine (AL), a total dose of 5-24mg/kg body weight of artemeter and 29-144mg/kg body 

weight of Lumefantrine are the target dose range. Artemeter - Lumefantrine is recommended to 

be given twice a day for 3days, according to body weight (total of six doses). For a subject 

weighing > 35kg, 80mg (artemeter) + 480mg (Lumefantrine) should be given twice daily. 

Recurrence of P. falciparum malaria can result from re-infection or recrudescence (treatment 

failure). Treatment failure may result from drug resistance or inadequate exposure to the drug 

due to sub-optimal dosing, poor adherence, vomiting, unusual pharmacokinetics in an individual 

or substandard medicines. Treatment failure must be confirmed parasitologically with 
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microscopy or Lactose Dehydrogenase (LDH)-based Rapid Diagnostic Test (RDT), as P. 

falciparum histidine-rich protein-2(pfHRP2) based tests may remain positive for weeks after the 

initial infection, even without recrudescence. It may not be possible to distinguish 

recrudescence from re-infection (except by parasite genotyping with Polymerase Chain 

Reaction [PCR]), although lack of resolution of fever and parasitaemia or their recurrence 

within 4 weeks of treatment are considered failures of treatment with currently recommended 

ACT (WHO, 2015b). 

Monitoring of therapeutic efficacy in falciparum malaria involves assessing clinical and 

parasitological outcomes of treatment for at least 28days after the start of adequate treatment 

and monitoring for the reappearance of parasite in blood. The exact duration of post treatment 

follow-up is based on the elimination half-life of the partner drug in ACT being evaluated.  

1.2 Statement of the Problem 

Despite all the efforts made to reduce the impact and burden of malaria globally but more 

especially in the Sub Saharan Africa, malaria still remains a life threatening disease of public 

health importance. In 2015, as much as 438,000 deaths due to malaria were recorded and 90% 

of these deaths occurred in sub Saharan Africa where Nigeria and the Democratic Republic of 

Congo contributed about 35% of the deaths (WHO, 2016 a). 

Studies have shown high therapeutic efficacy of ACT on symptomatic, uncomplicated malaria, 

in Nigeria (Ayede et al, 2010). Also, Falade et al (2008) confirmed similar high cure rate of 

ACT in Nigeria. However, since the adoption of ACT Artemeter-Lumefantrine [AL] or 

Artesunate+Amodiaquine [AQ]) as first line drug for treatment of uncomplicated malaria in 

Nigeria by the Federal Ministry of Health in 2005 (FMOH 2005), only eleven(11) studies on the 
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therapeutic efficacy of AL OR AQ have been carried out in Nigeria (WHO, 2015 a). No doubt, 

there is urgent need for more clinical trials.   

Secondly, all these studies recruited subjects who were symptomatic with high level of 

parasitaemia and fever. Consequently no studies have been done to ascertain the treatment 

effectiveness of the ACTs in subclinical malaria cases. It is thought that early identification and 

initiation of treatment could reduce the burden placed by malaria. It is also known that malaria 

cases due to P. falciparum can progress from uncomplicated to severe fatal cases if left 

untreated within 24hours after onset of symptoms. There is need therefore to assess the 

therapeutic efficacy of Artemeter-Lumefantrine (AL) in subclinical malaria cases and to 

compare it with that in symptomatic, clinical cases to ascertain which of them has a better 

therapeutic outcome. 

There is paucity of studies to evaluate and establish some of the symptoms and signs associated 

with subclinical malaria. Uncomplicated malaria particularly with P. falciparum malaria can 

progress to lethal severe malaria if left untreated with its attendant huge burden. On the other 

hand, at this early stage of disease progression, with little or no vital organ dysfunction, a rapid, 

full recovery is expected, provided prompt, effective antimalarial treatment is given. These 

symptoms when established can alert patients and medical personnel alike and increase their 

level of suspicion leading to early diagnosis and treatment of malaria. 

A study on efficacy of artemisinin combination therapy for the treatment of uncomplicated 

falciparum malaria conducted in southwestern part of Nigeria demonstrated good tolerability 

and safety of coartem and larimal (Ojurongbe et al., 2013). Some people still prefer chloroquine 

or sulphadoxine-pyrimethamine to ACT because of some of the adverse effects. Further studies 
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need to be conducted in order to confirm the safety and tolerability of Artemeter-Lumefantrine 

especially in the south eastern part of Nigeria. 

The World Health Organization (WHO) recommends that all cases of suspected malaria be 

confirmed using parasite based testing (either microscopy or rapid diagnostic test, RDT) before 

administering treatment (WHO, 2015 b). When diagnosis and treatment are required urgently it 

becomes obvious that use of rapid diagnostic test kits rather than microscopy is preferred. The 

sensitivity and specificity of some of these RDTs have been documented by the WHO and few 

studies have been reported in Nigeria to evaluate and compare the RDTs with the microscopy, 

which remains the gold standard (Wongsrichanalai, Barcus, Muth, Sutamihardja &  

Wernsdorfer, 2007). However, there is need for further studies to evaluate the reliability of 

RDTs in screening and diagnosis of malaria in our environment especially for the subclinical 

cases. 

1.3 Objectives of the Study 

1.3.1. General objective 

The general objective of this study is to establish the major symptoms associated with 

subclinical malaria and to assess the therapeutic efficacy of Artemeter-Lumefantrine in 

subclinical malaria in Owerri, Imo State Nigeria.  

1.3.2. Specific objectives 

 (i)  To determine the major symptoms of subclinical malaria in studied subjects in suburban 

and urban communities in Owerri Imo State Nigeria.  
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(ii) To ascertain the efficacy of Artemether-Lumefantrine (coartem) in the treatment of 

subclinical malaria by determining the days 3and 7 parasite clearance rates in subjects in 

suburban and urban communities in Owerri Imo State Nigeria  

(iii) To compare the days 3 and 7 parasite clearance rates of Artemether-Lumefantrine (coartem) 

in subclinical and clinical malaria in the studied subjects.  

(iv) To determine the sensitivity and specificity of RDT (Carestat) in the detection and 

diagnoses of malaria using thick film microscopy as gold standard. 

(v) To determine if any adverse effect is associated with Artemether-Lumefantrine (coartem) in 

the treatment of subclinical malaria in Owerri Imo State Nigeria.   

1.4   Research Questions 

(i). What are the major symptoms associated with subclinical malaria in Owerri Imo State 

Nigeria? 

(ii). What are the days 3 and 7 parasite clearance rates of Artemether-Lumefantrine (coartem) in 

subclinical malaria in Owerri Imo State Nigeria?  

(iii).Is there any significant difference in the parasite clearance rate of Artemether-Lumefantrine 

(coartem) in the treatment of subclinical and clinical malaria in Owerri Imo State Nigeria? 

(iv). What are the sensitivity and specificity of RDT (Carestat) in detecting subclinical malaria 

in the studied subjects and areas ? 

(v). Is there any adverse effect associated with Artemether-Lumefantrine (coartem) in the 

treatment of subclinical malaria in Owerri Imo State Nigeria?  
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1.5 Research Hypothesis. 

 (i). There is no significant difference in the parasite clearance of Artemeter-Lumefantrine in the 

treatment of subclinical and clinical malaria in the studied subjects and areas. 

1.6 Significance of the Study 

The health and economic burden of malaria whether uncomplicated or severe type have proven 

to be high especially in sub Saharan Africa. Identification and establishment of the symptoms 

and signs which present at the early stage of the disease can serve as warning signals and thus 

help the patient to seek for medical diagnosis and treatment quite early. These can as well raise 

the index of suspicion of the medical personnel aiding early management of malaria. Treatment 

at this early stage of the disease when there are little or no organs dysfunction usually leads to 

full recovery and stalls progression to lethal severe malaria especially in case of P. falciparum. 

Consequently, the burden of malaria can be minimized by reduction in mortality and morbidity 

rate, reduction in direct and indirect cost of treatment of malaria.  

Assessment of the therapeutic efficacy of Artemeter-Lumefantrine in subclinical malaria can 

help to determine the parasite clearance rate. A comparison could be made with the parasite 

clearance rate in clinical uncomplicated malaria to establish whether a better outcome is 

expected when treatment is initiated at the subclinical stage or not. Artemisinin resistance has 

been documented in Cambodia and other countries. Although, it is yet to be identified in Africa, 

efforts should be constantly made to ensure early identification in case of any spread to this part 

of the globe by conducting therapeutic efficacy studies from time to time. Are there signs of 

impending resistance to ACT in our environment any time soon? Obviously, there is paucity of 

studies in Nigeria on the therapeutic efficacy of ACT since its adoption as the first line drug for 
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treatment of uncomplicated malaria by the Federal Government of Nigeria in 2005. This 

research work will add to the number of studies done so far and further criticizes (positively or 

negatively) its continual use as the first line drug in Nigeria. 

There is a need for continual assessment of the tolerability and safety of Artemeter-

Lumefantrine.  Are there some adverse effects of these drugs that have not been documented? 

Ascertaining the safety via this study will on the other hand encourage the patience more to 

accept the Artemeter-Lumefantrine as a first line drug in the treatment of subclinical or clinical 

uncomplicated malaria.  

Establishing the sensitivity and specificity of RDT in the screening and diagnosis of subclinical 

P. falciparum malaria will aid early diagnosis and treatment of malaria. This is true as Rapid 

diagnostic test (RDT) has proven to be faster than light microscopy and does not require the use 

of light or experts to carry out the test. It is therefore of utmost important (especially now that 

the WHO recommends that all cases of suspected malaria should be confirmed using 

microscopy or RDT before treatment), that a study to show the reliability of the RDT to detect 

P. falciparum in subclinical cases should be carried out. This can provide a good stepping stone 

as to establishing a policy for home diagnosis of malaria using RDT and thus home treatment. 

1.7 Operational Definition of Terms 

Clinical symptoms: Classical symptoms such as headache, fever, chills and rigor. 

Subclinical symptoms: Early symptoms such as bone pain, joint/muscular pain, bitter/soar 

taste, body itching, sleepiness, bad dreams, dizziness, weakness of the body. 

Clinical stage: stage of malaria disease characterized by clinical symptoms. 
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Subclinical stage: Early stage of malaria characterized by subclinical symptoms. 

Clinical malaria: Uncomplicated malaria at the clinical stage. 

Subclinical malaria: Malaria at the subclinical stage. 

Subclinical group: group of participants with subclinical malaria. 

Clinical group: group of participants with clinical malaria. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

2.1. CONCEPTUAL FRAMEWORK 

2.1.1 Overview of Malaria 

According to the World Health Organization (WHO), malaria is a mosquito-borne infectious 

disease affecting humans and other animals caused by parasitic protozoans belonging to the 

Plasmodium type (WHO, 2014a). Malaria causes symptoms that typically include fever, fatigue, 

vomiting, and headaches. In severe cases it can cause yellow skin, seizures, coma, or death 

(Caraballo, 2014). Symptoms usually begin ten to fifteen days after being bitten. If not properly 

treated, people may have recurrences of the disease months later (WHO, 2014a). A study done 

by Caraballo (2014) showed that in those who have recently survived an infection, reinfection 

usually causes milder symptoms. This partial resistance disappears over months to years if the 

person has no continuing exposure to malaria. 

Malaria is most commonly transmitted by an infected female Anopheles mosquito. The 

mosquito bite introduces the parasites from the mosquito's saliva into a person's blood (WHO, 

2014 a). The parasites travel to the liver where they mature and reproduce. According to 

Caraballo (2014), five species of Plasmodium can infect and be spread by humans and most 

deaths are caused by P. falciparum because P. vivax, P. ovale, and P. malariae generally cause 

a  milder form of malaria. The WHO has identified another species, P. knowlesi which rarely 

causes disease in humans (WHO, 2014 a).  Diagnosis of malaria is typically by the microscopic 

examination of blood using blood films, or with antigen-based rapid diagnostic tests. According 

to Nadjm (2012), methods that use the polymerase chain reaction to detect the parasite's DNA 
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have been developed, but are not widely used in areas where malaria is common due to their 

cost and complexity. 

Mosquito bites prevention through the use of mosquito nets and insect repellents, or other 

mosquito-control measures such as spraying insecticides and draining standing water, have been 

observed to reduce the risk of the disease (Caraballo, 2014).  Several medications are available 

to prevent malaria in travellers to areas where the disease is endemic.  

Despite a need, no effective vaccine exists, although efforts to develop one are ongoing 

according to WHO (2014 a). The recommended treatment for malaria is a combination of 

antimalarial medications that includes an artemisinin (Caraballo, 2014). The second medication 

may be either amodiaquine, mefloquine, Lumefantrine, sulfadoxine/pyrimethamine or 

piperaquine (WHO, 2010 a).  

The WHO has also approved that Quinine along with doxycycline may be used if an artemisinin 

is not available. It is recommended that in areas where the disease is common, malaria is 

confirmed before treatment is started due to concerns of increasing drug resistance. Resistance 

among the parasites has developed to several antimalarial medications; for example, 

chloroquine-resistant P. falciparum has spread to most malarial areas, and resistance to 

artemisinin has become a problem in some parts of Southeast Asia (WHO, 2014 a). The disease 

is widespread in the tropical and subtropical regions that exist in a broad band around the 

equator (Caraballo, 2014).This includes much of Sub-Saharan Africa, Asia, and Latin America.  

In 2015, there were 214 million cases of malaria worldwide resulting in an estimated 438,000 

deaths, 90% of which occurred in Africa (WHO, 2016 a).Rates of disease have decreased from 

2000 to 2015 by 37% (WHO, 2016 a) but increased from 2014 during which there were 198 
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million cases (WHO, 2014 b).Several studies have shown that malaria is commonly associated 

with poverty and has a major negative effect on economic development (Gollin, 2007; Worrall, 

Basu & Hanson, 2005). In Africa, it is estimated to result in losses of US$12 billion a year due 

to increased healthcare costs, lost ability to work, and negative effects on tourism according to 

Greenwood and Wallems (2010). 

2.1.2 Signs, Symptoms and Complications of Malaria. 

The signs and symptoms of malaria typically begin 8–25 days following infection (Fairhurst & 

Wellems, 2010). However, according to the study by Caraballo (2014), symptoms may occur 

later in those who have taken antimalarial medications as prevention. At the subclinical stage of 

the disease, there are initial manifestations which are common to all malaria species and are 

similar to flu-like symptoms (Bartoloni, 2012). 

These symptoms are non-specific and can resemble other conditions such as sepsis, 

gastroenteritis, and viral diseases.  They comprise lassitude, fatigue, abdominal discomfort and 

muscle and joint aches (Nadjm, 2012; WHO, 2015 b). Others may include: bone pain, bad 

dreams, bitter taste, retrograde amnesia, hypothermia, pruritus on cold bath and restlessness. 

The later presentation may include headache, fever, shivering, joint pain, vomiting, hemolytic 

anemia, jaundice, hemoglobin in the urine, retinal damage, and convulsions (Beare, Taylor, 

Haiding, Lewallen & Molyneux, 2006).  

The classic symptom of malaria is paroxysm—a cyclical occurrence of sudden coldness 

followed by shivering and then fever and sweating, occurring every two days (tertian fever) in 

P. vivax and P. ovale infections, and every three days (quartan fever) for P. malariae. P. 
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falciparum infection can cause recurrent fever every 36–48 hours, or a less pronounced and 

almost continuous fever according to Ferri (2009). 

Severe malaria is usually caused by P. falciparum (often referred to as falciparum malaria). 

Symptoms of falciparum malaria arise 9–30 days after infection (Bartoloni, 2012).The same 

study observed that individuals with cerebral malaria frequently exhibit neurological symptoms, 

including abnormal posturing, nystagmus, conjugate gaze palsy (failure of the eyes to turn 

together in the same direction), opisthotonus, seizures, or coma (Bartoloni, 2012). 

Complications in malaria disease can be serious. Among these is the development of respiratory 

distress, which occurs in up to 25% of adults and 40% of children with severe P. falciparum 

malaria. Possible causes include respiratory compensation of metabolic acidosis, non-

cardiogenic pulmonary oedema, concomitant pneumonia, and severe anaemia. Although rare in 

young children with severe malaria, acute respiratory distress syndrome occurs in 5–25% of 

adults and up to 29% of pregnant women (Taylor, Hanson, Turner, White & Dondorp, 2012).  

Koremromp et al.(2005) showed that coinfection of HIV with malaria increases mortality. 

Renal failure is a feature of blackwater fever, where hemoglobin from lysed red blood cells 

leaks into the urine (Bartoloni, 2012). 

Infection with P. falciparum may result in cerebral malaria, a form of severe malaria that 

involves encephalopathy. It is associated with retinal whitening, which may be a useful clinical 

sign in distinguishing malaria from other causes of fever (Beare, Lewallen, Taylor & Molyneux, 

2011). Enlarged spleen, enlarged liver or both of these, severe headache, low blood sugar, and 

hemoglobin in the urine with renal failure may occur (Bartoloni, 2012). Complications may also 

include spontaneous bleeding, coagulopathy, and shock. 
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Hartman, Rogerson and Fischer (2010) identified malaria in pregnant women as an important 

cause of stillbirths, infant mortality, abortion and low birth weight, particularly in P. falciparum 

infection. However, Rijken,et al. (2012) also have associated these complications with P. vivax. 

2.1.3. The Aetiology of Malaria 

Malaria parasites belong to the genus Plasmodium (phylum Apicomplexa). Apicomplexa are 

predominantly intracellular parasites whose invasive stages involve organelles used for active 

cellular invasion grouped in a so-called apical  complex (apical ring,conoid, rhoptries and 

micronemes). They are characterized by haploid asexual multiplication stages(schizonts or 

meronts) which give rise to immature sexual stages(gametocytes) developing into male and 

female gametes whose fusion results in a diploid zygote; this zygote undergoes meiosis and the 

resultant haploid stages further multiply to proliferate the asexual generation. 

In humans, malaria is caused by P. falciparum, P. malariae, P. ovale, P. vivax and P. knowlesi 

(Mueller, Zimmerman & Reeder 2007; Collins, 2012). Among those infected, P. falciparum is 

the most common species identified (~75%) followed by P. vivax (~20%) (Nadjm, 2012). 

Although P. falciparum traditionally accounts for the majority of deaths (Sarkar, Ahluwalia, 

Vijayan & Talwar, 2009), recent evidence suggests that P. vivax malaria is associated with 

potentially life-threatening conditions about as often as with a diagnosis of P. falciparum 

infection (Baird, 2013). P. vivax proportionally is more common outside Africa (Arnott, Barry 

& Reeder, 2012). There have been documented human infections with several species of 

Plasmodium from higher apes; however, except for P. knowlesi: a zoonotic species that causes 

malaria in macaques (Collins, 2012), these are mostly of limited public health importance 

according to Collins and Barnwell (2009).  
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2.1.4. The Life Cycle of Malaria Parasite 

Between dusk and dawn, the female anopheles mosquito feeding on the human (Figure 1), 

injects from one or two to 200 sporozoites into the blood stream (Schlagenhauf-Lawlor, 2008). 

Some of the sporozoites enter the hepatocytes in the liver within thirty minutes. The intrinsic 

cycle in man (fig.2 ) has an asexual pre-erythrocytic multiplication stage( tissue schizogony) in 

the hepatocytes, which gives rise to thousands of infective merozoites within 5.5 to 7 days in P. 

falciparum  and within 30 days in the other species (Schlagenhauf-Lawlor,2008). These invade 

red blood cells to set up a series of asexual multiplication cycles of blood schizogony. Growth 

and divisions of the parasite within the red blood cells produce 8 to 24 infective merozoites 

followed by bursting of the red blood cells and infection of fresh red blood cells by the 

merozoites. 

The cycle takes 48 hours in P. vivax, P. falciparum and p. ovale (tertian malarias) and 72 hours 

in p. malaria (quartan malaria). The completion of the blood cycle and release of merozoites 

generally coincides with a fever associated with the release of tumour necrosis factor by the 

lymphoid system in response to the released antigens. In many P. falciparum infections, the 

presence of several broods of parasites leads to daily fever, sub tertian or quotidian fever 

(Fairhurst & Wellems, 2010). 

Some blood merozoites will develop into the potential sexual gametes, the gametocytes. Fifteen 

(15) days or more need to elapse after the infective bite before mature mosquito infective 

gametocytes are present in the blood. When a vector, a suitable fertilized female anopheles 

mosquito takes a blood meal containing gametocytes from a carrier, the extrinsic cycle of 

sporogony begins. The female and male sexual stages (macro- and microgametes) develop 
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within minutes in her stomach and sexual fusion occurs to produce a motile diploid zygote 

(ookinete) which penetrates and encysts on the outside of the stomach, bathed in the 

hemocoelem fluid as an oocyst. The developing oocyst first divides meiotically with 

recombination and then mitotically to give infective sporozoites which accumulates in the 

salivary gland, about 10 to 30 days after the infective meal and are injected into the new human 

host when the mosquito bites again (Cowman, Berry & Baum, 2012). The rate of development 

of the parasite in the mosquito is positively correlated to temperature with maturity in 30 days at 

16o C for P.vivax and 20oC for P. falciparum.  

Only female mosquitoes feed on blood; male mosquitoes feed on plant nectar, and do not 

transmit the disease. The females of the Anopheles genus of mosquito prefer to feed at night 

(figure 1). They usually start searching for a meal at dusk, and will continue throughout the 

night until taking a meal (Arrow, Panosian & Gilband, 2004). According to Owusu-Ofori, Parry 

and Bates (2010), malaria parasites can also be transmitted by blood transfusions, although this 

is rare. 

Symptoms of malaria can recur after varying symptom-free periods. Depending upon the cause, 

recurrence can be classified as recrudescence, relapse, or reinfection. Recrudescence is when 

symptoms return after a symptom-free period. It is caused by parasites surviving in the blood as 

a result of inadequate or ineffective treatment (WHO, 2010 a). 

Relapse is when symptoms reappear after the parasites have been eliminated from blood but 

persist as dormant hypnozoites in liver cells. Relapse commonly occurs between 8–24 weeks 

and is commonly seen with P. vivax and P. ovale infections (Nadjm, 2012).  P. vivax malaria 
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cases in temperate areas often involve overwintering by hypnozoites, with relapses beginning 

the year after the mosquito bite according to White (2011).  

Reinfection means the parasite that caused the past infection was eliminated from the body but a 

new parasite was introduced. Reinfection cannot readily be distinguished from recrudescence, 

although recurrence of infection within two weeks of treatment for the initial infection is 

typically attributed to treatment failure (WHO, 2010  a).Studies have found out that people may 

develop some immunity when exposed to frequent infections (Tran, Samal, Kirkness & 

Crompton 2012).  

 

Figure 1. Female Anopheles gambiae mosquito feeding.  

Source: WHO/TDR/Sinclair Stammers 
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Figure2. The life cycle of malaria parasite.  

Source: https://upload.wikimedia.org/wikipedia/commons/9/9a/ 

 

2.1.5. Pathophysiology of Malaria. 

Malaria infection develops via two phases: one that involves the liver (exoerythrocytic phase), 

and one that involves red blood cells or erythrocytes (erythrocytic phase). When an infected 

mosquito pierces a person's skin to take a blood meal, sporozoites in the mosquito's saliva enter 

the bloodstream and migrate to the liver where they infect hepatocytes, multiplying asexually 

and asymptomatically for a period of 8–30 days (Bledsoe, 2005). 
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After a potential dormant period in the liver, these organisms differentiate to yield thousands of 

merozoites, which, following rupture of their host cells, escape into the blood and infect red 

blood cells to begin the erythrocytic stage of the life cycle. The parasite escapes from the liver 

undetected by wrapping itself in the cell membrane of the infected host liver cell (Vaughan, Aly 

& Kappe, 2008). 

Within the red blood cells, the parasites multiply further, again asexually, periodically breaking 

out of their host cells to invade fresh red blood cells. Several such amplification cycles occur. 

Thus, classical descriptions of waves of fever arise from simultaneous waves of merozoites 

escaping and infecting red blood cells (Bledsoe,2005). 

Some P. vivax sporozoites do not immediately develop into exoerythrocytic-phase merozoites, 

but instead produce hypnozoites that remain dormant for periods ranging from several months 

(7–10 months is typical) to several years. After a period of dormancy, they reactivate and 

produce merozoites. Hypnozoites are responsible for long incubation and late relapses in P. 

vivax infections (WHO, 2010 a), although their existence in P. ovale is uncertain (Richter, 

Franken, Mehlhorn, Labisch, & Häussinger,2010). 

The parasite is relatively protected from attack by the body's immune system because for most 

of its human life cycle it resides within the liver and blood cells and is relatively invisible to 

immune surveillance. However, circulating infected blood cells are destroyed in the spleen. To 

avoid this fate, the P. falciparum parasite displays adhesive proteins on the surface of the 

infected blood cells, causing the blood cells to stick to the walls of small blood vessels, thereby 

sequestering the parasite from passage through the general circulation and the spleen (Tiley, 

Dixon & Kirk, 2011).The blockage of the microvasculature causes symptoms such as in 
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placental malaria (Mens, Bojtor & Schallig, 2012). Sequestered red blood cells can breach the 

blood–brain barrier and cause cerebral malaria (Renia et al.,2012). 

According to a 2005 review, due to the high levels of mortality and morbidity caused by 

malaria—especially the P. falciparum species—it has placed the greatest selective pressure on 

the human genome in recent history. Several genetic factors provide some resistance to malaria. 

These include sickle cell trait, thalassaemia traits, glucose-6-phosphate dehydrogenase 

deficiency, and the absence of Duffy antigens on red blood cells (Kwiatkowski, 2005; Hedrick, 

2011). 

The impact of sickle cell trait on malaria immunity illustrates some evolutionary trade-offs that 

have occurred because of endemic malaria. Sickle cell trait causes a change in the hemoglobin 

molecule in the blood. Normally, red blood cells have a very flexible, biconcave shape that 

allows them to move through narrow capillaries; however, when the modified hemoglobin S 

molecules are exposed to low amounts of oxygen, or crowd together due to dehydration, they 

can stick together forming strands that cause the cell to sickle or distort into a curved shape. In 

these strands, the molecule is not as effective in taking or releasing oxygen, and the cell is not 

flexible enough to circulate freely. 

In the early stages of malaria, the parasite can cause infected red cells to sickle, and so they are 

removed from circulation sooner. This reduces the frequency with which malaria parasites 

complete their life cycle in the cell. Individuals who are homozygous (with two copies of the 

abnormal hemoglobin beta allele) have sickle-cell anaemia, while those who are heterozygous 

(with one abnormal allele and one normal allele) experience resistance to malaria without severe 

anemia. Although the shorter life expectancy for those with the homozygous condition would 
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tend to disfavor the trait's survival, the trait is preserved in malaria-prone regions because of the 

benefits provided by the heterozygous form (Hedrick, 2011; Wetherall, 2008).  

Liver dysfunction as a result of malaria is uncommon and usually only occurs in those with 

another liver condition such as viral hepatitis or chronic liver disease. The syndrome is 

sometimes called malarial hepatitis (Bhalla, Suri & Singh, 2006). While it has been considered a 

rare occurrence, malarial hepatopathy has seen an increase, particularly in Southeast Asia and 

India. Abba et al. (2014) demonstrated that liver compromise in people with malaria correlates 

with a greater likelihood of complications and death. 

2.1.6. Classification of Malaria 

Malaria is classified into either "severe" or "uncomplicated" by the World Health Organization 

(Nadjm, 2012).  It is deemed severe when any of the following criteria are present, (decreased 

consciousness, significant weakness such that the person is unable to walk, inability to feed, two 

or more convulsions, low blood pressure (less than 70 mmHg in adults and 50 mmHg in 

children), breathing problems, circulatory shock, kidney failure or hemoglobin in the urine, 

bleeding problems, or hemoglobin less than 50 g/L (5 g/dL), pulmonary oedema, blood glucose 

less than 2.2 mmol/L (40 mg/dL) ,acidosis or lactate levels of greater than 5 mmol/L, a parasite 

level in the blood of greater than 100,000 per microlitre (µL) in low-intensity transmission 

areas, or 250,000 per µL in high-intensity transmission areas), otherwise, it is considered 

uncomplicated (WHO, 2010 a). 

WHO (2010 a), defined cerebral malaria as a severe P. falciparum-malaria presenting with 

neurological symptoms, including coma (with a Glasgow coma scale less than 11, or a Blantyre 

coma scale greater than 3), or with a coma that lasts longer than 30 minutes after a seizure. 
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2.1.7. Diagnosis of Malaria.  

Owing to the non-specific nature of the presentation of symptoms, diagnosis of malaria in non-

endemic areas requires a high degree of suspicion, which might be elicited by any of the 

following: recent travel history, enlarged spleen, fever, low number of platelets in the blood, 

and higher-than-normal levels of bilirubin in the blood combined with a normal level of white 

blood cells (Nadjm, 2012).The appropriateness of particular clinical diagnostic criteria varies 

from area to area according to the intensity of transmission, the prevalent species of malaria 

parasite and other prevailing causes of fever.  

Detailed weighting and scoring systems for clinical signs and symptoms of malaria may 

improve the accuracy of clinical diagnosis but still result in low sensitivity and specificity. 

Studies in Gambia achieved a sensitivity of 70-88.5 and specificity of 63-82% (WHO, 2015 b). 

A review of 10 studies indicated that use of the more restrictive criteria in clinical algorithms 

resulted in only trivial savings in drug costs in comparison with the use of a fever-based 

diagnosis and in areas of high prevalence greatly increased the probability of missing malaria 

infections (Chandramhan, Jaffar & Greenwood, 2002). The diagnosis of malaria therefore 

requires blood testing.  

Microscopy not only provides a highly sensitive, specific diagnosis of malaria when performed 

well but also allows quantification of malaria parasites and identification of the infecting species 

(figure 3) Light microscopy involves relatively high costs for training and supervision and the 

accuracy of the diagnosis is strongly dependent on the competence of the microscopist. 

Although nucleic acid amplification-based tests are more sensitive, light microscopy is still 

considered the “field standard” against which the sensitivity and specificity of other methods 



  25 
 

must be assessed. A skilled microscopist can detect asexual parasite at a density of <10 per uL 

of blood under typical field conditions, the limit of sensitivity is approximately 100 parasites per 

uL (WHO,2015 b). 

Microscopy (figure 3) is the most commonly used method to detect the malarial parasite—about 

165 million blood films were examined for malaria in 2010 (Wilson, 2012). The sensitivity of 

blood films ranges from 75–90% in optimum conditions, to as low as 50%. Microscopy 

provides good specificity for diagnosing malaria as the cause of a presenting febrile illness.  

Other advantages of light microscopy include low direct costs, if laboratory infrastructure to 

maintain the service is available; high sensitivity, if performance of the microscopist is high; 

differentiation of plasmodium species; determination of parasite density; detection of 

gametocytaemia; allows monitoring of response to therapy and can be used to diagnose many 

other conditions. However, good performance of microscopy can be difficult to maintain, 

because of the requirement for: adequate training and supervision of laboratory staff to ensure 

competence in malaria diagnosis, electricity, good quality slides and stains, provision and 

maintenance of quality assurance and control of laboratory services. 

The detection threshold in Giemsa-stained thick blood film has been estimated to be 4–20 

parasites/mcL (Payne, 1988). Under field conditions, a threshold of about 50–100 parasites/mcL 

blood is more realistic (Milne, kyi, Chiodini & Warhurst, 1994). In remote settings with less 

skilled microscopists and poor equipment, a still higher threshold is likely.  

Poor microscopy has long been recognized in practice and is a function of multiple factors, 

including training and skills maintenance, slide preparation techniques, workload, condition of 

the microscope, and quality of essential laboratory supplies. Even among local laboratories with 
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similar equipment and equal training and among reputed experts, abilities vary significantly 

(Maguire et al., 2006). This variability combined with the risk of untreated malaria in the face 

of safe, inexpensive therapy in the past led clinicians to treat febrile patients without regard to 

the laboratory results (Othnigue, Wyss, Tanner & Genton, 2006; Zurovac, Midia, Ochola, 

English & Snow, 2006). Even in developed countries, expert malaria microscopists are scarce 

and impaired microscopy-based diagnosis in hospital laboratories is common (Thomson, 

Lohmann, Crawford, Dubash,& Richardson, 2000; Johnston et al., 2006). 

In comparison to expert microscopy, a wide range of poor specificity of local microscopy is 

reported (Mckenzie, Sirichaisinthop, Miller, Gasser, & Wongsrichanalai, 2003). Poor blood film 

preparation generates artifacts commonly mistaken for malaria parasites, including bacteria, 

fungi, stain precipitation, and dirt and cell debris (Houwen, 2002). Normal blood components 

such as platelets also confound diagnosis. Improved training and higher quality of smear 

preparation and staining are required to reduce false positive reading. 

The chance of false negative results increases with decreasing parasite densities (Macguire et 

al., 2006; Mckenzie, Sirichaisinthop, Miller, Gasser, & Wongsrichanalai, 2003). Greater 

microscopist experience and increased examination time/ number of microscopic fields 

examined can reduce such an error. Recommended numbers of fields on a thick blood film 

required for examination before declaring a slide negative vary from 100–400 (WHO, 1991). 

A well-trained, proficient microscopist should be able to recognize the Plasmodium species 

correctly in thick blood films at relatively low parasite density. Sometimes it may be necessary 

to check the thin film for morphologic, differential-diagnostic details such as erythrocyte size, 
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shape, and crenation, characteristic dots in the erythrocyte stroma, pigment structure and color, 

as well as schizonts.  

Most documented species errors probably involve differentiating between P. vivax and P. ovale 

or recognizing occasional human infections with simian plasmodia such as P. knowlesi (Singh 

et al., 2004). However, even failure to differentiate P. falciparum from P. vivax, the two most 

common species, can be quite frequent in routine microscopy but is underreported (Mckenzie, 

Sirichaisinthop, Miller, Gasser, Wongsrichanalai, 2003). Underreporting of mixed-species 

infections is also common (Johnston et al., 2006). 

Parasite enumeration provides useful clinical management guidance (e.g., as an indication to 

initiate exchange transfusion) as well as for clinical trials and epidemiologic studies (Hansheid, 

1999). Several methods of estimation exist (Petersen, Marbiah, New & Gottschau, 1996; 

Makler, Palmer & Ager, 1998).  No standard procedure exists for counting parasites on a thick 

film. Variability in blood film preparation techniques and reading rules account for much of the 

variability in parasite counts (Kilian et al., 2000). Counting against white blood cells on a thick 

film and against red blood cells on a thin film, for example, could yield a large difference 

(O’Meara et al., 2006). Such variability could significantly affect research outcomes. 

Microscopy remains the gold standard and the only U.S. Food and Drug Administration (FDA)-

approved endpoint for assessing the outcomes of drug and vaccine trials, and for serving as a 

reference standard in the evaluation of new tools for malaria diagnosis (Wongsrichanalai, 

Barcus, Muth, Sutamihardja & Wernsdorfer, 2007). In clinical trials, false positive diagnoses 

lower the apparent efficacy of anti-malarial agents, subjecting potentially effective drugs or 

vaccines to unjustified discarding (Ohrt, Purnomo, Sutamihardja, Tang & Kain, 2002). False 
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negative results could lead to overly optimistic outcomes of interventions (unless a follow-up 

blood smear is possible) or underestimation of the specificity of new diagnostics under 

evaluation. 

Malaria can also be confirmed by antigen-based rapid diagnostic tests (RDT) (Abba et al., 

2011).  RDTs are immunochromatographic tests for detecting parasite-specific antigens in a 

finger- prick blood sample (fig.4). Rapid diagnostic test is a device that detects malaria antigen 

in a small amount of blood, usually 5–15 µL, by immunochromatographic assay with 

monoclonal antibodies directed against the target parasite antigen and impregnated on a test 

strip. The result, usually a colored test line, is obtained in 5–20 minutes (Wongsrichanalai, 

Barcus, Muth, Sutamihardja & Wernsdorfer, 2007). Some tests allow detection of only one 

species (P.falciparum); others allow detection of one or more of the other species of human 

malaria parasites, P.vivax, P.malaria and P.ovale (WHO, 2004). They are available 

commercially in various formats e.g. dipsticks, cassettes and cards. RDTs consist of 

nitrocellulose strips mostly embedded in plastic cassettes. When blood and buffer are applied, 

the red blood cells are lysed and targeted antigen binds to the detecting mouse antibody which is 

conjugated to colloidal gold.  

This complex moves further along the nitro cellulose strip until the antigen binds (by another 

motif) to the capture antibody embedded as a transverse line on the nitrocellulose strip. As a 

result the colloidal gold is concentrated on a small surface and becomes visible as a purple-red 

line.  

The non-bound conjugated antibodies move further along the strip until they are captured by the 

goat anti-mouse antibodies, thereby generating the control line. Two band RDTs (fig 4) consist 
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of a control line and a P.falciparum specific test line which targets either histidine rich protein-2 

(HRP-2) or P. falciparum specific lactate dehydrogenase (Pf-pLDH). Three-band RDTs display 

three lines: a control line, a P. falciparum specific line (detection of HRP-2 or Pf- pLDH ) , a 

third line detecting P.vivax( by a P.vivax- specific pLDH ), Pv-pLDH)  or an antigen common to 

all four species, either aldolase or pan-plasmodium-specific pLDH (pan-pLDH)(Valecha et al., 

2002; Iqbal, Hira, Sher & Al-Enezi, 2001). 

The mode of action of common malaria RDT format includes the first step of the test procedure 

which involves mixing the patient’s blood with a lysing agent in a test strip or well. This 

ruptures the red blood cells, releasing more parasite protein (fig 5 &6). A Dye-labeled antibody, 

specific for target antigen, is present on the lower end of nitrocellulose strip or in a plastic well 

provided with the strip. Antibody, also specific for the target antigen, is bound to the strip in a 

thin (test) line, and either antibody specific for the labeled antibody, or antigen, is bound at the 

control line. Blood and buffer, which have been placed on strip or in the well, are mixed with 

labeled antibody and are drawn up the strip across the lines of bound antibody (figure 7).  

If antigen is present, some labeled antibody-antigen complex will be trapped and accumulate on 

the test line. Excess-labeled antibody is trapped and accumulates on the control line. A visible 

control line indicates that labeled antibody has traversed the full length of the strip, past the test 

line, and that at least some free antibody remains conjugated to the dye and that some of the 

capturing properties of the antibodies remain intact (figure 7). The intensity of the test band will 

vary with the amount of antigen present, at least at low parasite densities (antigen 

concentration), as this will determine the amount of dye particles which will accumulate on the 

line. The control band intensity may decrease at higher parasite densities, as much of the labeled 

antibody will have been captured by the test band before reaching the control. 
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As opposed to HRP-2, which often persists in the patient’s blood for weeks after successful 

treatment, pLDH is a more appropriate target for treatment monitoring (Moody, Hunt-Cooke, 

Gabbett, Chiodini, 2000).However, plasmodial gametocytes also produce pLDH and so a pLDH 

test may remain positive despite clearance of the asexual parasite forms (Miller, McDaniel, 

Wongsrichanalai, 2001). Persistent HRP-2, on the other hand, could be an advantage in 

detecting low-level, fluctuating parasitaemia in chronic malaria (Bell, Wilson & Martin, 2005). 

Both HRP-2 and pLDH-based tests have been used with peripheral and placental blood 

specimens for the detection of malaria in pregnancy with variable outcomes (Singer et al., 2004; 

Vanderjagt et al., 2005). 

In the evaluation of an HRP-2 prototype assay in Thailand and Peru, P. falciparum sensitivity 

was found to be 100% for parasite density 500/mcL and 83% for < 500/mcL (Forney et al., 

2003). Roughly, RDT sensitivity declines at parasite densities < 500/mcL blood for P. 

falciparum and < 5,000/mcL for P. vivax. (Forney, et al., 2003).  Decreased test line intensity 

with parasite density was also demonstrated for both an aldolase assay (panmalaria specific) 

used to detect non-P. falciparum and an HRP-2 assay(Forney et al., 2001; Wongsrichanalai, 

2001).  

In spite of over 100 published RDT trial reports, comparative assessment is difficult because (1) 

trials do not share common guidelines; (2) clinical and epidemiologic characteristic of the study 

populations, especially the parasitemia level vary; (3) reference standards are different; even 

among those using Giemsa microscopy, reading rules and microscopist skills vary; and (4) 

products of different lots may differ in quality or be damaged by extreme temperature or 

humidity during transportation and storage. 
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HRP-2 tests commonly give P. falciparum sensitivity of > 90% in clinical cases (Forney et al., 

2003; Marx et al., 2005; Buchachart et al., 2004; Guthmann et al., 2002). When accompanied 

by an aldolase assay, the non-falciparum sensitivity is usually lower (Cho-Min-Naing & Gatton, 

2002; Forney et al., 2003). For pLDH assays, results varied among studies and product lots and 

variable field stability of the test kits could not be ruled out. Sensitivity for P. falciparum is 

excellent (> 95%) in some studies and poorer (80%+) in others (Pattanasin, 2003; Palmer, 2003; 

Iqbal, Muneer, Khalid & Ahmed, 2003; Singh et al., 2003). Some studies suggest that the tests 

were less sensitive for non-P. falciparum than for P. falciparum (Pattanasin, 2003; Playford & 

Walker, 2002). Extremely low sensitivity had been reported earlier for both HRP-2 and pLDH 

tests and batch-specific problems were suspected (Rubio, 2001; Coleman et al., 2002; Huong et 

al., 2002; Iqbal, Khalid & Hira, 2002).  

False positive RDT results occur in a few percent of tests. Cross-reactivity with rheumatoid 

factor in blood generates a false positive test line, but replacement of IgG with IgM in recent 

products reduces this problem (Laferl, Kandel & Pichler, 1997; Grobusch, Alpermann, 

Schwenke, Jelinek, & Warhurst, 1999). 

Cross-reactivity with heterophile antibodies may also occur (Moody & Chiodini, 2002). 

Occasional false negative results may be caused by deletion or mutation of the hrp-2 gene 

(Wellems, Walker-Jonah & Panton, 1991).  

It has been suggested that anti-HRP-2 antibodies in humans may explain why some tests were 

negative despite significant parasitaemia (Biswas, Tamar & Rao, 2005).  

Presence of an inhibitor in the patient’s blood preventing development of the control line is also 

noted (Durand, Faure, Brion & Pelloux, 2005). 
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Several factors in the manufacturing process as well as environmental conditions may affect 

RDT performance (Bell, Wongsrichanalai & Barnwell, 2006; Mboera et al., 2006). 

Manufacturers usually recommend 4°–30°C as the optimal temperature range. In practice, 

exposure of RDTs to > 70% humidity and/or > 30°C frequently occurs in the tropics. Quality 

Control (QC)/ Quality Assurance (QA) measures are important to ensure that the purchased 

products meet performance expectations and that product quality is maintained through the 

delivery process to the periphery of the healthcare system. The recently introduced WHO 

initiative of RDT product testing and QA aims to standardize testing of RDTs and to assist 

countries and manufacturers with distribution and use (Bell et al., 2006). Recommended 

guidelines for the field evaluation of malaria RDTs are available (Peeling, Smith & Bossuyt, 

2006). 

Since 2012,WHO has recommended that RDT should be selected in accordance with the 

following criteria, based on the results of the assessment of the WHO malaria RDT Product 

Testing Programme (WHO, 2012): for detection of P.falciparum in all transmission settings, the 

panel detection score against P.falciparum samples should be at least 75% at 200 parasites/UL; 

for detection of P. vivax in all transmission settings, the panel detection score against P. vivax 

should be at least 75% at 200 parasites/ UL; the false positive rate should be less than 10%; the 

invalid rate should be less than 5%.    

RDTs have many potential advantages including rapid provision of results and extension of 

diagnostic services to the lowest level health facilities and communities; fewer requirements for 

training and skilled personnel and reinforcement of patient confidence in the diagnosis and in 

the health service in general. They also have potential disadvantages including: inability in the 

case of pfHRP-2 based RDTs to distinguish new infections from recently and effectively treated 
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infections, due to the persistence of pf-HRP-2 in the blood for 1-5 weeks after effective 

treatment; the presence in countries in the amazon region of variable frequencies of HRP-2 

deletions in P. falciparum parasites making HRP-2 not suitable in this region; poor sensitivity 

for detecting P.malaria and P.ovale and the heterogeneous quality of commercially available 

products and existence of lot-to-lot variation. In a systematic review (Abba et al.,2011), the 

sensitivity and specificity of RDTs in detecting P. falciparum in blood samples from patients in 

endemic areas attending ambulatory health facilities with symptoms suggestive of malaria were 

compared with the sensitivity and specificity of microscopy or polymerase chain reaction. The 

average sensitivity of PfHRP-2 detecting RDTs was 95.0% (95% confidence interval [cl], 93.5-

96.2%) and the specificity was 95.2% (93.4-99.4%). RDTs for detecting PLDH from P. 

falciparum are generally less sensitive and more specific than those for detecting HRP2 with an 

average sensitivity (95%cl) of 93.2%( 88.0-96.2%) and a specificity of 98.5%( 96.7-99.4%).  

Diagnosis with either microscopy or RDTs is expected to reduce overuse of antimalarial 

medicines by ensuring that treatment is given only to patients with confirmed malaria infection, 

as opposed to treating all patients with fever (Thiam et al., 2011). Although providers of care 

may be willing to perform diagnostic tests, they do not however always respond appropriately to 

the results, especially when negative. It is therefore important to ensure the accuracy of parasite-

based diagnosis and also to demonstrate this to users and to provide them with the resources to 

manage both positive and negative results adequately (WHO, 2011). 

In regions where laboratory tests are readily available, malaria should be suspected, and tested 

for, in any unwell person who has been in an area where malaria is endemic. In areas that 

cannot afford laboratory diagnostic tests, it has become common to use only a history of fever 

as the indication to treat for malaria—thus the common teaching "fever equals malaria unless 
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proven otherwise". A drawback of this practice is over-diagnosis of malaria and 

mismanagement of non-malarial fever, which wastes limited resources, erodes confidence in the 

health care system, and contributes to drug resistance (Perkins & Bell, 2008). 

Detection of antibodies to parasites, which may be useful for epidemiological studies, is neither 

sensitive nor specific enough to be of use in the management of patients suspected of having 

malaria. Techniques to detect parasite nucleic acid e.g. polymerase chain reaction and loop- 

mediated isothermal amplification are highly sensitive and very useful for detecting mixed 

infections, in particular at low parasite densities that are not detectable by conventional 

microscopy or with RDTs. They are also useful for studies of drug resistance and other 

specialized epidemiological investigations (Bates, Iboro & Barnish, 2003); however, they are 

not generally available for large-scale use in malaria- endemic areas, nor are they appropriate 

for routine diagnosis in endemic areas where a large proportion of the population may have low-

density parasitaemia. At present, nucleic acid –based amplification techniques have no role in 

the clinical management of malaria or in routine surveillance system (WHO, 2014 a). Although 

polymerase chain reaction-based tests have been developed, they are not widely used in areas 

where malaria is common as of 2012, due to their complexity as reported by Nadjm (2012) 
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Figure 3. Giemsa-stained thick blood films showing early trophozoites (ring form, N  7) of P. 

falciparum in a specimen with high parasite density (A), two ring forms that look like artifacts 

(B), and various artifacts that resemble P. falciparum trophozoites on thick (C–F) and thin (G–

H) films, (courtesy of J. K. Baird.) 

 

Figure 4.A typical RDT cassette.  
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Inside the cassette is a strip made of filter paper and nitrocellulose. Typically, a drop of blood is 

added to the RDT through one hole (A; sample well), and then a number of drops of buffer 

usually through another hole (B; buffer well). Buffer carries the blood along the length of the 

RDT. 

 

 

Figure 5. RDT showing lysing agent, test and control bands. 

 

Figure 6.  RDT showing parasitized blood  flushed by the buffer agent along strip. 
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Figure 7. RDT showing the captured Ag-labeled Ab complex and labeled Ab. 

2.1.8. Treatment of Malaria 

Malaria is treated with antimalarial medications; the ones used depends on the type and severity 

of the disease. While medications against fever are commonly used, their effects on outcomes 

are not clear (Meremikwu et al.,2012). 

Simple or uncomplicated malaria may be treated with oral medications. The most effective 

treatment for P. falciparum infection is the use of artemisinins in combination with other 

antimalarials (known as artemisinin-combination therapy, or ACT), which decreases resistance 

to any single drug component (Kokwaro, 2009). These additional antimalarials include: 

amodiaquine, lumefantrine, mefloquine or sulfadoxine/pyrimethamine (WHO, 2010). Another 

recommended combination is dihydroartemisinin and piperaquine (WHO, 2010; Keating, 

2012).ACT is about 90% effective when used to treat uncomplicated malaria (Howitt, 2012).  

To treat malaria during pregnancy, the WHO recommends the use of quinine plus clindamycin 

early in the pregnancy (1st trimester), and ACT in later stages (2nd and 3rd trimesters) 

according to Manyando et al(2011). In the 2000s (decade), malaria with partial resistance to 

artemisins emerged in Southeast Asia (O’Brien, Henrich, Passi, Fidock, 2011 ; Fairhurst, 2012). 
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Infection with P.vivax, P.ovale or P.malariae usually does not require hospitalization. 

Treatment of P.vivax requires both treatment of blood stages (with chloroquine or ACT) and 

clearance of liver forms with primaquine (Waters & Edstein, 2012). Treatment with tafenoquine 

prevents relapses after confirmed P. vivax malaria (Rajapakse, 2015). 

Severe and complicated malaria are almost always caused by infection with P. falciparum. The 

other species usually cause only febrile disease (Kochar, 2005).  Severe and complicated 

malaria are medical emergencies since mortality rates are high (10% to 50%) (Pasvol, 2005). 

Cerebral malaria is the form of severe and complicated malaria with the worst neurological 

symptoms (Idro, Marsh, John & Newton, 2010). Recommended treatment for severe malaria is 

the intravenous use of antimalarial drugs. For severe malaria, parenteral artesunate was superior 

to quinine in both children and adults (Sinclair, Donegan, Isba & Lalloo, 2012). In another 

systematic review, artemisinin derivatives (artemeter and arteether) were as efficacious as 

quinine in the treatment of cerebral malaria in children (Kyu, Hmwe, Fernandez & Eduardo, 

2009). Treatment of severe malaria involves supportive measures that are best done in a critical 

care unit. This includes the management of high fevers and the seizures that may result from it. 

It also includes monitoring for poor breathing effort, low blood sugar, and low blood potassium 

(Sarka, Ahluwalia, Vijayan & Talwar, 2009). 

Resistance Drug resistance poses a growing problem in 21st-century malaria treatment (Sinha et 

al.,2014). Resistance is now common against all classes of antimalarial drugs apart from 

artemisinins. Treatment of resistant strains became increasingly dependent on this class of 

drugs. The cost of artemisinins limits their use in the developing world (White, 2008). Malaria 

strains found on the Cambodia–Thailand border are resistant to combination therapies that 

include artemisinins, and may therefore be untreatable (Wongsrichanalai & Meshnick, 2008).  
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Exposure of the parasite population to artemisinin monotherapies in subtherapeutic doses for 

over 30 years and the availability of substandard artemisinins likely drove the selection of the 

resistant phenotype (Dondorp et al., 2010). Resistance to artemisinin has been detected in 

Cambodia, Myanmar, Thailand, and Vietnam (WHO, 2013) and there has been emerging 

resistance in Laos (Briggs & Helen, 2014; Ashley et al., 2014).  

2.1.8.1. Artemeter-lumefantrine. 

Artemeter-Lumefantrine is indicated for the treatment of uncomplicated P.falciparum or P.vivax 

malaria and is considered effective against P.ovale, P.knowlesi and P.malaria.  Artemeter-

Lumefantrine may also be used as follow-on, but not initial, treatment in severe malaria when 

the patient is well enough to take oral medications. It is not indicated for malaria prophylaxis 

(WHO, 2015 b). 

Lumefantrine (Benflumetol) is a flourene derivative belonging to the aryl amino-alcohol group 

of antimalarias which includes quinine, halofantrine, and mefloquine (WHO, 2010). It is 

thought to work similarly to the other members of the group by preventing haem detoxification 

within the parasite food vacuole, thus causing accumulation of the toxic haem complex 

(German & Aweeka, 2008). Lumefantrine is not available as and has not been used as 

monotherapy, which should slow the selection and spread of resistance to this drug  
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Structure of artemeter & lumefantrine 

 

  figure 8. Lumefantrine                             figure 9. Artemether                                         
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Table 1. Pharmacokinetic Parameters Estimated for Artemeter-Lumefantrine and Their 

Respective Metabolites, Dihydroartemisinin and Desbutyllumefantrine in Studies of 

Currently Recommended Doses of Artemeter-Lumefantrine Used for Treatment of Acute 

Malaria. 

 

Parameter 

 

Artemete

r 

 

Dihydroartemisi

nin 

 

Lumefantri

ne 

 

Desbutyllumefantr

ine 

     

Gmax (ng/mL) 5.2-190 26-205 4456-28  

(300)                      

19.3-89 

Day7concentration(mg/

Ml) 

- - 156-1310 4 

Tmax(h) 0.5-2.13 0.8-3.0 2-66.3 8-62.7 

Ka(/h) - - 0.06-0.82 - 

AUC 40-

385ng.h/

mL 

90-382ng.h/Ml 207-

2730ug.h/m

L 

54Ug.h/mL 

Elimination. T1/2(h) 0.86-5.16 1-2.3 32.7-275 137-141 

Cl/f(L/h per kg) 1.46-4.26 3.48-13.61 0.077-0704 10.0 

Vd/f(L)kg 9.85-

143.5 

1.038-35.6 0.4-8.9 730-979 
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to a lesser extent than artesunate. Like other artemisinin derivatives, artemether has broad stage 

specificity against blood-stage parasites, from the ring stages through to early schizonts. It also 

reduces gametocytes carriage, limiting malaria transmission from the treated infection (WHO, 

2010).  

Artemether (figure 9) is more lipophilic than other artemisinin derivatives and is readily 

absorbed from the gastrointestinal tract, reaching peak plasma concentration within 2 hours of 

oral administration. It is then converted, primarily by CYP3A4 and to a lesser extent by 

CYP2B6, CYP2C9 and CYP2C19 enzymes, into dihydroartemisinin which is responsible for 

most of the antimalarial action. Artemether also undergoes auto-induction and both artemether 

and dihydroartemisinin are eliminated rapidly.  

Lumefantrine (figure 8) is highly lipophilic and is more readily absorbed when co-administered 

with fatty foods or milk (Ashley et al.,2007a; Mwebaza et al.,2013 & Borrmann et al.,2010). Its 

bioavailability and the time to reach maximum concentrations vary within and between 

individuals primarily due to fat-dependent absorption. The absorption of Lumefantrine is close 

to saturation at currently recommended doses, so increasing the dose does not result in a 

proportional increase in exposure (Ashley et al., 2007 b). Lumefantrine exhibits high plasma 

protein binding (99.7%) and has an elimination half-life of ~3 days. It is extensively 

metabolized in the liver, primarily by the CYP3A4 enzymes (German & Aweeka, 2008; 

Byakika-Kibwika, 2010). It’s active metabolite is desbutyl-lumefantrine (Wong et al., 2011).   

Artemether-lumefantrine has a wide therapeutic index and is generally well tolerated, with 

reported side-effects such as nausea, dizziness and headaches that are not easily distinguishable 

from symptoms of acute malaria (Hatz et al., 2008; Ngasala et al., 2011; rushing et al., 2011). 
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Artemether-lumefantrine does not significantly prolong the QTc interval. It should not be 

administered to patients with known hypersensitivity to either artemether or Lumefantrine. It is 

also cautioned that artemether-lumefantrine has not been studied in patients >65 years or 

children weighing <5kg. As a result these patients should be monitored closely when taking this 

medication. The manufacturer advises against administration to patients with congenital or 

clinical conditions resulting in QTc prolongation, a family history of congenital long QT 

syndrome or sudden death or those with electrolyte abnormalities such as hypokalemia or 

hypomagnesaemia which may affect cardiac conductivity, although there is no evidence for 

iatrogenic toxicity in these groups (Norvatis, 2009). 

To evaluate the feasibility of dose optimization, a population model of the pharmacokinetics of 

Lumefantrine was constructed at the Mahidol-Oxford Tropical Medicine Research Unit from 

pooled concentration-Time data for 1390 patients in four countries: Papua New Guinea, 

Thailand, Uganda and United Republic of Tanzania (WHO, 2015 b). Body weights from 8 to 

70kg were well represented.  A saturation model was used to describe the dose-limited 

absorption. The current dose recommendations resulted in a similar day-7 lumefantrine plasma 

concentrations in all non- pregnant patients except for the smallest children (weighing 5-14kg). 

Because of dose- limited absorption, however, it is uncertain whether increases in individual 

doses would result in predictably higher Lumefantrine exposure in these young children. 

Extended or more frequently dosing requires should be evaluated prospectively in this age 

group. 

Dosage recommendation of artemether-lumefantrine can be weight-based or age-based. While 

age-based dosing may be more practical in children, the relation between age and weight differs 

in different populations. Age-based dosing can therefore result in under-dosing or over-dosing 
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of some patients, unless large, region- specific weight-for-age databases are available to guide 

dosing in that region. Factors other than dosage regimen may also affect exposure to a drug and 

thus treatment efficacy. The drug exposure of an individual patient also depends as factors such 

as the quality of quality of the drug, the formulation, adherence and for some drug, co 

administration with fat. Poor adherence is a major cause of treatment failure and drives the 

emergence and spread of drug resistance. Fixed dose combinations encourages adherence and 

are preferred to loose (individual) tablets (WHO, 2015 b). 

Formulations currently available include dispersible (flavoured) or standard tablets containing 

20mg artemether and 120mg Lumefantrine, and standard tablets containing 40mg artemether 

and 240 mg Lumefantrine in a fixed-dose combination formulation. The target dose range is a 

total of 5-24mg/kg body weight of artemether and 29-144mg/kg body weight of Lumefantrine. 

Artemether-lumefantrine is given twice a day for 3 days (total, six doses). The first two doses 

should, ideally be given 8 hours apart. 

Table 2. Weight-Based Dosing of Artemether-Lumefantrine 

Body weight(kg) Dose (mg) artemether+Lumefantrine given 

twice daily for 3 days 

  

 5  to <15 

15 to <25 

25 to <35 

Greater or equal to 35 

20+120 

40 +240 

60 +360 

80 + 480 
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Decreased exposure to Lumefantrine has been documented in young children (<3 years) as well 

as pregnant women, large adults, patients taking mefloquine, rifampicin or efavirenz and in 

smokers. Increased exposure has been observed in patients concomitantly taking lopinavir-

lopinavir/ritonavir-based antiretroviral agents but with no increased in toxicity, therefore no 

dosage adjustment is indicated. Absorption is enhanced by co-administration with fat, taking 

immediately after food or a fat containing drink e.g. milk particularly on the second and third 

days of treatment (WHO, 2015 b).  

2.1.9. Current Trends in Infection Prevalence, Case Incidence and Mortality Rates of 

Malaria. 

2.1.9.1. Global malaria casesandmalaria deaths in all ages.   

According tothe latest report from the World Health Organization (WHO, 2016), the number of 

malaria cases globally fell from an estimated 262 million in 2000 (range: 205–316 million), to 

214 million in 2015 (range: 149–303 million), a decline of 18%. Most cases in 2015 were 

estimated to have occurred in the WHO African Region (88%), followed by the WHO South-

East Asia Region (10%) and the WHO Eastern Mediterranean Region (2%). The incidence of 

malaria, which takes into account population growth, is estimated to have decreased by 37% 

between 2000 and 2015. In total, 57 of 106 countries that had ongoing transmission in 2000 

have reduced malaria incidence by >75%. A further 18 countries are estimated to have reduced 

malaria incidence by 50–75%. Thus, the target of Millennium Development Goal (MDG) 6 “to 

have halted and begun to reverse the incidence of malaria” (Target 6C) has been achieved (UN, 

2008). 
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The number of malaria deaths globally fell from an estimated 839 000 in 2000 (range: 653 000–

1.1 million), to 438 000 in 2015 (range: 236 000–635 000), a decline of 48% (WHO, 2008; 

Bhatt et al.,2015). However, most deaths in 2015 were in the WHO African Region (90%), 

followed by the WHO South-East Asia Region (7%) and the WHO Eastern Mediterranean 

Region (2% according to WHO report(WHO, 2016 a). The malaria mortality rate, which takes 

into account population growth, is estimated to have decreased by 60% globally between 2000 

and 2015. Thus, substantial progress has been made towards the World Health Assembly target 

of reducing the malaria burden by 75% by 2015, and the Roll Back Malaria (RBM) Partnership 

target of reducing deaths to near zero( WHO, 2012). The latest WHO report on malaria (WHO, 

2016 a), has shown that the number of malaria deaths in children aged under 5 years is 

estimated to have decreased from 723 000 globally in 2000 (range: 563 000–948 000) to 306 

000 in 2015 (range: 219 000–421 000). The bulk of this decrease occurred in the WHO African 

Region, where the estimated number of deaths fell from 694 000 in 2000 (range: 569 000–901 

000) to 292 000 in 2015 (range: 212 000–384 000). As a result, malaria is no longer the leading 

cause of death among children in sub-Saharan Africa (Liu et al.,2014). In 2015, malaria was the 

fourth highest cause of death, accounting for 10% of child deaths in sub-Saharan Africa (WHO, 

2015a).  

Reductions in malaria deaths have contributed substantially to progress towards achieving the 

MDG 4 target of reducing the under-5 mortality rate by two thirds between 1990 and 2015. 

Nevertheless, malaria remains a major killer of children, particularly in sub-Saharan Africa, 

taking the life of a child every 2 minutes. The proportion of children infected with malaria 

parasites has halved in endemic areas of Africa since 2000. Infection prevalence among children 

aged 2–10 years is estimated to have declined from 33% in 2000 (uncertainty interval [UI]: 31–



  47 
 

35%) to 16% in 2015 (UI: 14–19%), with three quarters of this change occurring after 2005 

(Bhatt et al.,2015). It is estimated that a cumulative 1.2 billion fewer malaria cases and 6.2 

million fewer malaria deaths occurred globally between 2001 and 2015 than would have been 

the case had incidence and mortality rates remained unchanged since 2000. In sub-Saharan 

Africa, it is estimated that malaria control interventions accounted for 70% of the 943 million 

fewer malaria cases occurring between 2001 and 2015, averting 663 million malaria cases 

(range: 542–753 million). Of the 663 million cases averted due to malaria control interventions, 

it is estimated that 69% were averted due to use of insecticide-treated mosquito nets (ITNs) (UI: 

63–73%), 21% due to artemisinin-based combination therapy (ACT) (UI: 17–29%) and 10% 

due to indoor residual spraying (IRS) (UI: 6–14%) (WHO, 2015 a) 

An increasing number of countries are moving towards elimination of malaria. Whereas only 13 

countries were estimated to have fewer than 1000 malaria cases in 2000, 33 countries were 

estimated to have achieved this milestone in 2015. Also, in 2014, 16 countries reported zero 

indigenous cases (Argentina, Armenia, Azerbaijan, Costa Rica, Iraq, Georgia, Kyrgyzstan, 

Morocco, Oman, Paraguay, Sri Lanka, Tajikistan, Turkey, Turkmenistan, United Arab Emirates 

and Uzbekistan). Another three countries and territories reported fewer than 10 indigenous cases 

(Algeria, El Salvador and Mayotte [France]). The WHO European Region reported zero 

indigenous cases for the first time in 2015, in line with the goal of the Tashkent Declaration to 

eliminate malaria from the region by 2015 (WHO, 2015a). 

2.1.9.2. West Africa sub regional malaria profile 

About 342 million people in the 17 countries of this sub region are at risk for malaria, with 289 

million at high risk (reported incidence >1 per 1000). Malaria cases are almost exclusively due 

to P. falciparum. Among malaria endemic countries, 15 are focused on malaria control, while 
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Cabo Verde is in the pre-elimination programme phase, and Algeria in the elimination phase 

(Bhatt et al., 2015).Funding for malaria control rose substantially from US$ 104 million in 2005 

to US$ 586 million in 2012, with a minimal increase to US$ 637 million in 2014(World Bank, 

2015).  In 2012–2014, funding per capita per year exceeded US$ 4 in three countries (Cabo 

Verde, Gambia and Liberia), was US$ 1–3 in 12 countries, and was less than US$ 1 in two 

countries (Mauritania and Niger). 

In 2014, the proportion of the at-risk population estimated to have access to an insecticide-

treated mosquito net (ITN) in their household exceeded 50% in 11 countries of the 

region(Burkina Faso, Côte d’Ivoire, the Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, 

Senegal, Sierra Leone and Togo). Benin, Cabo Verde, the Gambia, Ghana, Mali and Senegal 

used indoor residual spraying (IRS), although this was limited to coverage of between 5% and 

20% of the at-risk population. Liberia, Benin and Nigeria had implemented IRS on a limited 

scale and had stopped spraying in 2014 (Bhatt et al., 2015). Algeria did not report on vector 

control coverage in 2014. All countries, except Guinea, Liberia, Mali and Togo delivered 

sufficient antimalarial medicines to treat more than 80% of patients attending public health 

facilities. Côte d’Ivoire did not report on the delivery of antimalarial medicines (WHO, 2015 b). 

Fourteen countries in West Africa have adopted either artesunate-amodiaquine (AS-AQ) or 

artemether-lumefantrine (AL) as their first-line treatment. The therapeutic efficacy of both 

treatments remains high, with a median treatment failure rate of less than 10% (WHO, 2015 b). 

Among all thecountries in this sub region, Algeria exceeded the target of a 75% reduction in 

case incidence between 2000 and 2014. It reported 266 cases, of which 260 were imported. 

Cabo Verde achieved a 72% decrease in case incidence between 2000 and 2014. In 2014, it 

reported only 46 cases, of which 20 were imported, and two malaria death (WHO, 2015 a). In 
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the remaining 14 countries including Nigeria, it was not possible to assess trends in case 

incidence or admissions, because of inconsistent reporting, or changes in diagnostic testing 

coverage (mostly increased testing) or access to health services.  

However, special studies undertaken to assess malaria trends shed some light on the situation in 

a few countries. For example, a review of trends in a sample of 83 hospitals nationwide in 

Ghana between 2005 and 2013 showed an increase in confirmed malaria cases, admissions and 

deaths in all age groups, although malaria deaths in children aged under 5 years fell by 29% 

(WHO, unpublished results). The increase in confirmed cases appeared to be related to 

expanded diagnostic testing and increased access to health services. The slide positivity rate 

(SPR) for all ages remained stable at 34%. Also, a review of trends in 186 hospitals in Nigeria 

between 2005 and 2013 indicated an increase, or no change, in confirmed malaria cases, 

admissions and deaths for all age groups, and a stable SPR (59%) (WHO, unpublished results). 

Subnational decreases in morbidity and mortality have been reported from Burkina Faso for 

1999–2009 (UN, 2008), Senegal for 1990–2012 (WHO, 2012; MEASURE DHS et al,. 2013) 

and Togo for 2005–2010 (WHO, 2008; Cibulskis, 2011), but these findings are insufficient to 

draw conclusions about national trends. Modelled estimates of case incidence fell by at least 

75% between 2000 and 2015 in three countries (the Gambia, Guinea-Bissau and Senegal), and 

by 50–75% in three countries (Ghana, Liberia and Mauritania). The remaining eight countries 

had a decrease in case incidence of less than 50% (Griffin et al., 2015).  

2.1.9.3. Nigeria epidemiological profile of malaria 

With an estimated population of 177 500 000 as at 2014, high transmission (>1 case per 1000 

population) rate in Nigeria was 76% (135 600 000); Low transmission (0–1 cases per 1000 
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population) rate was 24%(41 900 000) and malaria free (0 cases ) rate was 0.0% according to 

WHO (2015 a). The major plasmodium species is P. falciparum (100%), P. vivax (0%) while 

the major anopheles species are An. gambiae, An. funestus, An. arabiensis, An. moucheti, An. 

melas, An. Nili. Nigeria is currently in the control phase of the programme (WHO, 2012).  The 

reported confirmed cases was 7 826 954; estimated cases: (42 000 000–78 000 000); reported 

deaths: 6082 while estimated deaths was (81 000–150 000) as of 2013. Nigeria adopted the 

following antimalarial treatment policy in 2004: first-line treatment of unconfirmed malaria is 

artemether-lumefantrine(AL) or artesunate+amodiaquine (AQ); first-line treatment of P. 

falciparum is AL or AS+AQ also; Quinine(QN) is used for treatment failure of P. falciparum 

while Artesunate(AS), artemether (AM) or quinine (QN) is used for the treatment of severe 

malaria.  

2.2 THEORITICAL FRAMEWORK. 

2.2.1 Therapeutic Efficacy of Antimalarial Drugs 

Resistance to antimalarial drugs is a major public health problem, which hinders the control of 

malaria. In order to combat the growing resistance, a surveillance system is needed, which will 

facilitate monitoring and containment. In 1996, the World Health Organization (WHO) prepared 

a new protocol for assessing antimalarial drug efficacy in high transmission areas. Since then, 

WHO has regularly updated the therapeutic efficacy protocol for high transmission areas and 

validated the therapeutic efficacy protocol for low-to-moderate transmission areas on the basis 

of feedback from countries and scientific recommendations. The most recent version of the 

efficacy test protocol was adopted in 2001 (WHO, 2003), but adjustments are required to 

incorporate the changes recommended by the Technical Expert Group on Malaria 
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Chemotherapy, which met in 2005 and 2008 to discuss the Guidelines for the treatment of 

malaria (WHO, 2006a).  

The WHO standard therapeutic efficacy test provides the minimum essential information for 

deciding on a malaria treatment policy (WHO, 2005; Vestergaard, Ringwald, 2007). Studies 

with this basic design can form the basis of a surveillance system for monitoring changes in 

drug efficacy over time, when conducted periodically in a number of appropriately selected 

sentinel sites.  

2.2.2. Protocol for Surveillance of the Therapeutic Efficacy of Antimalarial Medicines. 

Inclusion criteria for study on therapeutic efficacy of antimalarial drugs include: age, 6–59 

months, i.e. under 5 years in areas of high transmission, and all patients over 6 months of age in 

areas of low-to-moderate transmission; mono-infection with P. falciparum detected by 

microscopy; asexual parasite count of 2000–200 000/μl in areas of high transmission and 1000–

100 000/μl in areas of low-to-moderate transmission; axillary temperature ≥ 37.5 °C or history 

of fever during the 24 h before recruitment; ability to swallow oral medication; ability and 

willingness to comply with the protocol for the duration of the study and to comply with the 

study visit schedule; informed consent from the patient or from a parent or guardian in the case 

of children; absence of general danger signs in children under 5 years or signs of severe 

falciparum malaria according to the definitions of WHO (WHO, 2000). 

Others include, absence of severe malnutrition according to WHO child growth standards 

(WHO, 2006b); absence of febrile condition due to diseases other than malaria (e.g. measles, 

acute lower respiratory tract infection, severe diarrhoea with dehydration) or other known 

underlying chronic or severe diseases (e.g. cardiac, renal or hepatic diseases, HIV/AIDS); 
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absence of regular medication, which might interfere with antimalarial pharmacokinetics; 

absence of history of hypersensitivity reactions or contraindication to any medicine being tested 

or used as alternative treatment; and a negative pregnancy test or not breastfeeding.  

2.2.3. Determining Factors for the Study Sample Size 

The required sample size is defined as the total number of patients who can be assigned a 

clinical outcome at the end of the study (i.e. adequate clinical and parasitological response or 

failure due to recrudescence, after confirmation with PCR correction). After the initial sample 

size calculation, an additional 20% should be added to account for patients who are likely to be 

either lost during follow-up, withdraw or are excluded after detection of reinfection with PCR 

correction (Stepniewska  & White, 2006). 

For single-arm efficacy studies, which were recommended by the Technical Expert Group on 

Malaria Chemotherapy in 2008, sample size should be determined using classical statistical 

methods. The calculation is based on an expected proportion of treatment failures in the study 

population and the desired levels of confidence (95%) and precision (5%). For example, in the 

case of a medicine with an expected failure rate of 5%, a confidence level of 95% and a 

precision level of 5%, a minimum of 73 patients should be enrolled. An additional 20% should 

be added for the reasons outlined above. If the treatment failure rate is unknown, a clinical 

failure rate of 50% should be assumed. In order for the study to be representative, a minimum 

sample of 50 patients is required, regardless of the rates of failure. 

Comparative, randomized studies of two or more antimalarial agents are relevant to 

programmes that are considering the introduction of a specific replacement medicine because 

the efficacy of the first-line treatment is less than 90% or in order to compare treatment 
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outcomes of first- and second-line medicines in the sentinel sites. In these cases, additional 

considerations are required to determine the necessary sample size. For instance, investigators 

must decide whether to demonstrate a difference between two treatments or ‘non-inferiority’. 

For highly effective treatments, it is more appropriate to show that a treatment is ‘non-inferior’ 

or not worse than the standard treatment, i.e. that the difference in failure rate is not higher than 

a pre-specified non-inferiority margin (WHO, 2009). 

In order to determine the required sample size, the therapeutic efficacy of the currently used 

treatment must be estimated and the required minimum detectable difference or the non-

inferiority margin between the current and the alternative treatment decided. For example, if the 

aim of the investigators is to detect a difference between the current treatment, which is 90% 

effective, and an alternative treatment, with an estimated efficacy of 95%, at least 435 patients 

would be required in each of the two study arms, with a two-sided z test that has a statistical 

power of 80% and a significance level of 5%. In contrast, if the aim is to demonstrate the non-

inferiority (by a margin of 5%) of an alternative treatment to a current treatment known to be 

95% effective, at least 299 patients would be necessary in each study arm, with a one-sided test 

that has a statistical power of 80% and a significance level of 2.5%. As previously noted, an 

additional 20% should be added to the estimate to account for those patients who will be lost or 

excluded. Thus, in the example of the study of the difference between two treatments, an 

additional 87 patients should be added, yielding 522 patients in each study arm. For non-

inferiority trials, an additional 60 patients should be added, yielding 359 patients in each study 

arm. Several statistical software packages are available that allow calculation of sample sizes 

for clinical trials. 
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2.2.4. Recommended Duration of Assessment 

Studies of directly observed treatment for uncomplicated malaria are prospective evaluations of 

clinical and parasitological responses on days 0, 1, 2, 3, 7, 14, 21 and 28 (35 and 42). The day 

the patient is enrolled and receives the first dose of medicine is traditionally day 0. A follow-up 

of 28 days is recommended as the minimum duration for medicines with elimination half-lives 

of less than 7 days (amodiaquine, artemisinin derivatives, atovaquone–proguanil, chloroquine, 

halofantrine, lumefantrine, quinine and sulfadoxine–pyrimethamine). For medicines with longer 

elimination half-lives (mefloquine, piperaquine), longer follow-up periods are necessary. 

Although a follow-up period of 42 days is optimal for most medicines, long periods of follow-

up for routine monitoring might not always be feasible for national malaria control programmes. 

A longer study follow-up increases the risk that more patients will be lost to follow-up, reducing 

the study’s validity and subsequently its sensitivity to reveal the true level of failure. Thus, as a 

compromise, a 28-day follow-up is recommended as the minimum standard to allow national 

malaria control programmes to capture most failures with most medicines, except mefloquine 

and piperaquine, for which the minimum follow-up should be 42 days (Stepniewska et al., 

2004).  

2.2.5. Classification of Responses to Treatment 

There are three categories of therapeutic response, namely, Early Treatment Failure (ETF), Late 

Treatment Failure (LTF) and Adequate Clinical and Parasitological Response (ACPR). This is 

based on WHO classification system (WHO, 2003).The same definitions of treatment response 

are now used for all levels of malaria transmission.   
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2.2.5.1. Early treatment failure(ETF)  

This is defined as danger signs or severe malaria on day 1, 2 or 3, in the presence of 

parasitaemia; parasitaemia on day 2 higher than on day 0, irrespective of axillary temperature; 

parasitaemia on day 3 with axillary temperature ≥ 37.5 °C; and parasitaemia on day 3 ≥ 25% of 

count on day 0. 

2.2.5.2. Late treatment failure (LTF)  

This includes late clinical failure (LCF) and late parasitological failure (LPF). LCF is defined as 

danger signs or severe malaria in the presence of parasitaemia on any day between day 4 and 

day 28 (day 42) in patients who did not previously meet any of the criteria of early treatment 

failure; and presence of parasitaemia on any day between day 4 and day 28 (day 42) with 

axillary temperature ≥ 37.5 °C in patients who did not previously meet any of the criteria of 

early treatment failure. LPF on the other hand is defined as presence of parasitaemia on any day 

between day 7 and day 28 (day 42) with axillary temperature < 37.5 °C in patients who did not 

previously meet any of the criteria of early treatment failure or late clinical failure. 

2.2.5.3. Adequate clinical and parasitological response (ACPR) 

This means absence of parasitaemia on day 28 (day 42), irrespective of axillary temperature, in 

patients who did not previously meet any of the criteria of early treatment failure, late clinical 

failure or late parasitological failure. 
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2.2.6. Parasite Clearance and Antimalarial Resistance 

2.2.6.1 Overview 

Sub-Saharan Africa carries the world’s greatest burden of Plasmodium falciparum and has seen 

some of the world’s greatest gains in malaria control, including an estimated 54 % reduction in 

mortality since 2000 (WHO, 2014 b). However, optimism here has been tempered firstly by the 

recent advent of high-level insecticide resistance in African mosquito vectors and secondly by 

the alarming emergence and spread of artemisinin-resistance in South-East Asia (Ashley et al., 

2010 ; WHO, 2014 b). Were artemisinin resistance to also arise in Africa, the consequences 

could be catastrophic. This could occur if South-East Asian P. falciparum strains found their 

way to Africa, or as is perhaps more likely, if resistance were to arise in situ in Africa as a 

separate independent event. The lessons from South-East Asia are sobering. 

Delayed early parasite clearance was first reported in the Pailin region of Western Cambodia in 

2008 (Noedl et al ., 2008).  By 2014, gene mutations associated with this resistant phenotype 

were already present in five South-East Asian countries and appeared close to encroaching on 

the Indian sub-continent (Ashley et al, 2010). Resistance has also now developed in ACT 

partner drugs, presumably because they effectively became unprotected monotherapies once the 

artemisinin component had been compromised (Chaorattanakaweeet al., 2015 ; Springet al., 

2015). This has occurred despite unprecedented levels of international financial assistance being 

mobilized to attempt to contain the spread of resistance from as early as 2008. Robust 

mechanisms for early detection and prompt response are necessary to avert such a scenario 

unfolding in Africa. 
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Delayed parasite clearance is the hallmark of artemisinin resistance ( Dondorp et al., 2009; 

Flegg, Guerin, White & Stepniewska, 2011 ; White, 2011). However, its precise measurement 

requires frequent sampling and this is often logistically difficult to implement in resource-

constrained settings (Flegg et al., 2013). Recently, specific mutations in the Kelch 13 (K13) 

gene have been shown to be highly correlated with the slow clearance phenotype in parasites 

from Northwest Cambodia  ( Ariey et al., 2014) and other parts of the Greater Mekong sub-

region (Ashley et al.,2014; Takala-Harrisonet al., 2014). Although K13 mutations are present in 

Africa, the variants differ from those in Southeast Asia and their correlation with artemisinin 

resistance has yet to be substantiated ( Conradet al., 2014; Kamauet al., 2014; Tayloret al., 

2014; WWARN Artemisinin based Combination Therapy [ACT] Africa Baseline Study Group, 

2015). 

Early detection of drug resistance in malaria is problematic. In vitro parasite culture-based 

assays are generally poorly predictive of in vivo drug susceptibility phenotype, especially for 

the artemisinin derivatives. An exception is a “ring stage assay” used to characterize the South-

East Asian artemisinin-resistant phenotype (Witkowsk et al., 2013). 

However, future foci of artemisinin resistance may arise through alternative, as yet unknown, 

biological pathways so may not be amenable to detection using this assay, nor to molecular 

methods for detecting associated mutations in the Kelch-13 propeller gene (Arieyet al., 2014). 

Therefore, in the foreseeable future, early detection of future foci of artemisinin resistance will 

probably still rely on “old-fashioned” methods of characterizing drug susceptibility by post-

treatment clinical evaluation. The South-East Asian experience demonstrates the importance of 

early parasite clearance as the earliest sign of incipient artemisinin resistance (Karunajeewa, 

2015). 
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2.2.6.2. Artemisinins and parasite clearance. 

Artemisinins rapidly kill all asexual blood stages of Plasmodium falciparum ( Jiang, Li, Guo, 

Kong, & Arnold, 1982), including young ring forms before they sequester in the microvessels of 

vital organs, and are thus more effective than quinolines in reducing malaria morbidity and 

mortality ( Dondorp, Nosten, Stepniewska, Day & White, 2005; Dondorpet al., 2010). For this 

reason, artemisinin-based combination therapies (ACTs) are first-line treatments for P. 

falciparum malaria worldwide (WHO, 2010 a).  

ACTs are the use of artemisinin or one of its derivatives—artesunate, artemether, 

dihydroartemisinin (DHA)—in combination with a partner drug. DHA, the active metabolite of 

all artemisinins, has a short half-life (approximately 1–3 hours) in plasma; therefore, partner 

drugs with longer half-lives (ie, approximately 7–21 days) are needed to eliminate residual 

parasites ( Nosten & White, 2007; Eastman & Fidock, 2009). 
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2.2.6.3. Parasite clearance: mechanisms 

Figure 10. Mechanism of malaria parasite clearance from the body. 

Source:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3636783/figure/JIT082F1/. 

Clearance of ring-stage Plasmodium falciparum parasites from peripheral blood during a parasite 

clearance rate study. Dihydroartemisinin, the active metabolite of all artemisinins, causes ring-

stage parasites to undergo pyknosis (A). These circulating pyknotic forms are eventually “pitted” 

from red blood cells (RBCs) as they pass through endothelial slits in the spleen, which returns the 

previously infected, intact RBCs to the peripheral blood. This process occurs in all patients treated 

with artesunate and is likely the predominant mechanism of parasite clearance in most cases. 

Depending on the maturity of ring-stage parasites, however, 2 additional processes may also work 

to reduce parasite density in an artemisinin-independent manner. Ring-stage parasites that are 
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sufficiently mature (indicated by a thicker ring of light blue cytoplasm in the figure) may place 

PfEMP1-laden knobs on the surface of their host RBCs at the same time artesunate is consumed 

and begins to kill parasites (B and C). If these PfEMP1-expressing parasitized RBCs are traveling 

through a microvessel at this time, they may successfully sequester there and disappear from the 

peripheral blood (C). On the other hand, if these parasitized RBCs are traveling through other 

blood vessels where sequestration does not occur, they become targets for antibodies against 

PfEMP1 and other surface antigens (B). By preventing parasitized RBCs from sequestering and 

opsonizing them for phagocytosis in the spleen, these antibodies may contribute to the clearance of 

ring-stage parasites.  

2.2.6.4. Methods for measuring parasite clearance 

Many methods have been used to define parasite clearance kinetics in the clinical trial setting. 

These include the time taken for parasitemia to become undetectable by microscopy (parasite 

clearance time), to decline by 50 % or 90 % of baseline and applying mathematical equations to 

define the slope of the parasite clearance curve ( Flegg, Guerin, White & Stepniewska, 2011; 

White, 1997). However, these all rely on very frequent (e.g. every 4 hours) blood slide 

microscopy and are impractical to implement in the field. By contrast, defining the proportion 

of a population sample with microscopically detectable parasitemia (the parasite positivity rate; 

PPR) at a given time is a more practical, albeit less sensitive index (Karunajeewa, 2015). The 

current WHO standardized 28-day protocol for in vivo evaluation of treatment response requires 

microscopy at days 2 and 3, and therefore these are especially feasible times to measure the PPR 

(WHO, 2009). Thus, the proportion of patients with persistent patent parasitaemia (parasite 

positivity rate, PPR) on day 3 has been proposed as a simple and pragmatic metric of choice for 

routine monitoring to identify suspected artemisinin resistance (WHO, 2014 c ). The approach 
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adopted by the Worldwide Antimalarial Resistance Network (WWARN) investigators therefore 

represents a pragmatic strategy, well-suited to future operational deployment. 

2.2.6.5. Factors that influence parasite clearance. 

It is known that the speed of parasite clearance is influenced by a number of host, parasite and 

drug factors ( Flegg, Guerin, White & Stepniewska, 2011; White, 2011; WWARN Parasite 

Clearance Study Group, 2015), including the level of acquired immunity( Maigaet al., 2012; 

Lopera-Mesaet al., 2013 ; Ndouretal.,2014), parasite density at presentation( Stepnieswskaet al., 

2010; Sowunmi et al., 2010; Das, Price, Bethell, Guerin & Stepniewska, 2013; Muhindoet al., 

2014), the quality of microscopy (Fairhurstet al., 2012), the pharmacokinetic/ 

pharmacodynamic profiles of the different artemisinin derivatives and the partner drugs (White, 

1997). 

In a research article published in BMC Medicine (WWARN Artemisinin based Combination 

Therapy [ACT] Africa Baseline Study Group, 2015), the WWARN investigators identify a 

number of factors associated with the PPR at day 3, many of which (age, fever, severe anaemia, 

and low transmission settings) probably represent separate proxies for malaria-specific 

immunity.  

The gradual acquisition of malaria immunity following repeated infections mean that, in high 

transmission settings, population immunity is higher so parasite clearance should be more rapid. 

The clinico-epidemiologic context should therefore be considered when determining the all-

important threshold values for triggering a more intensive investigative response. The authors 

make an excellent case that existing WHO recommended thresholds (WHO, 2014 c), may be 
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insufficiently sensitive for this purpose if applied in high transmission settings in Africa, risking 

the delayed identification of future new foci of artemisinin resistance. 

 

2.2.6.6. Thresholds for determining artemisinin resistance in P. falciparum 

As parasite clearance is a function of host, parasite, and drug factors (Anderson et al., 2010 ; 

White, 1997), there will always be considerable inter-individual variability in parasite clearance 

curves. In the wake of the discovery of artemisinin resistance in P. falciparum there has been 

considerable interest in devising threshold values for in-vivo monitoring studies, which could 

“rule-out” or “rule in” artemisinin resistance.  

Based on the largest available data set of in-vivo parasitological responses, the malaria blood 

smear on Day 3 (72 hours) proved a good predictor of subsequent treatment failure and provides 

a simple screening measure for artemisinin resistance ( Stepniewskaet al.,  2010). It was 

concluded that if “n” patients with parasitemias < 100,000/μl are given a currently 

recommended three day ACT, the number with a positive day 3 smear should not exceed 

(n+36)/24; artemisinin resistance was considered highly unlikely if this proportion was less than 

3%.  This threshold has been developed with data mostly from low transmission settings in 

Southeast Asia (Stepnieswskaet al., 2010 ). 

The inclusion of a day 3 parasite count in routine studies provides a method for ruling out 

artemisinin resistance with a defined precision. Unfortunately, this has been misinterpreted to 

mean that if day 3 thresholds are exceeded then artemisinin resistance is present. It does not. It 

indicates the need for further study to characterize parasite clearance more accurately at the 
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study location (White, 2011). In other words, the threshold “rules out” but it does not “rule in” 

artemisinin resistance.  

The day 3 value is also critically dependent upon precise timing of the samples - it should be a 

72-hour value. Sometimes patients are treated in the afternoon and seen for follow- up in the 

mornings -in which case “day 3” is < 72 hours. Sometimes inclusive reckoning is practiced in 

which treatment starts on day 1, in which case day 3 is 48 hours not 72 hours. 

According to WHO (2014 c), in depth clinical and parasitological assessments are warranted in 

sites where parasite positivity rate on day 3 (72 hours) exceeds 10 % in a study.  

2.3. EMPIRICAL STUDIES 

2.3.1. Therapeutic Efficacy and Adverse Effects of Artemether-Lumefantrine. Although 

there is high paucity of studies assessing the therapeutic efficacy of ACTs in subclinical cases of 

malaria, several studies have shown good therapeutic efficacy of artemether-lumefantrine and 

other ACTs both within and without the country, Nigeria in symptomatic/clinical malaria.  

A randomized comparative study was conducted by Ojurongbe et al.,(2013) at the Wesley Guild 

Hospital, Ilesa, Nigeria between February 2010 and September 2011 comparing the efficacy and 

safety of artemether-lumefantrine (Coartem) and fixed dose of artesunate plus amodiaquine 

(Larimal) in the treatment of uncomplicated P. falciparum malaria in children between 6 and 

144 months of age.  P. falciparum malaria parasitaemia was assessed by microscopy and rapid 

diagnostic test. Drugs were administered according to age for three days under supervision. The 

primary efficacy endpoint was a day 28 PCR-corrected parasitological cure. A total of 182 

patients were enrolled in the two treatment groups, Coartem (n = 101) and Larimal (n = 81), and 

tested after 28 days. In the intention-to-treat population, Coartem (n= 101) and Larimal (n= 81) 
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had a PCR-corrected cure rate of 98% and 100% respectively, while in the per-protocol 

population, Coartem (n = 89) and Larimal (n = 71) both had a PCR-corrected cure rate of 100% 

at day 28.  

According to Ojurongbe et al.,(2013), although parasite and fever clearance time was faster in 

the Larimal group, no significant difference was observed between the two drugs. No early 

treatment failure (ETF) was observed in the study. Fever and parasite clearance was comparable 

between the two treatment groups with both resolving rapidly within 48 hours of the initiation 

of treatment.  They were also shown to be tolerable and safe as no serious adverse effects were 

reported. None of the patients presented with serious adverse events that necessitated 

withdrawal from the study or hospitalization. Adverse effects associated with the 

gastrointestinal tract such as vomiting (20%), diarrhoea (5.8 %,) and abdominal pain (5.9%) 

were the most common effects considered to be treatment-related by the investigators. Allergies 

(scratching) also appeared in 17.3% of the patients. Overall, adverse events were more frequent 

in the Larimal group (21.8%) compared to the Coartem group (14.8%), but the difference was 

not significant. 

In another prospective study to review current therapeutic efficacy of artemether-lumefantrine 

(AL) for the treatment of uncomplicated Plasmodium falciparum malaria in patients in Enugu 

State, Nigeria by Ayogu, Ukwe and Nna (2015), one hundred and fifty four malaria patients 

from three different Local Government Areas (LGA) of Enugu State, southeastern Nigeria, that 

fulfilled the inclusion criteria were recruited through rapid diagnostic testing and blood film 

microscopy.  



  65 
 

The patients received a 3-day complete dose of AL treatment; they were monitored and 3 mL of 

blood in EDTA bottle was sampled on days 0, 3, 7, 14 and 28. The samples were evaluated by 

real-time polymerase chain reaction (RT-PCR) for identification and quantification of 

Plasmodium falciparum. Clinical and parasitological responses were recorded and analyzed 

statistically.  

In the results, there was significant decrease (p > 0.002) in patient’s temperature (from 40 to 37 

ºC) from day 0 to day 28. There was significant decrease (p < 0.001) between parasite mean 

density on day 0 and the values on days 3,7,14 and 28, with high prevalence of delayed parasite 

clearance (65 [58.0 %] patients had delayed parasite clearance with PCT of more than 3 days on 

days 3 and 7, while 47 [42.0 %] had total parasite clearance on days 3 with PCT of ≤ 3 days) . 

There was no early treatment failure, while 4 (3.4 %), 30 (25.4 %), and 84 (75.1 %) had late 

clinical failure, late parasitological response and adequate clinical and parasitological response, 

respectively. This study concluded a reduced therapeutic efficacy of artemether- lumefantrine 

combination therapy in Enugu State since it reduced fever in malaria patients but failed to 

totally clear parasitaemia density.  

Anopen label one arm prospective evaluation of the therapeutic efficacy of artemether-

Lumefantrine( coartesiane(R)) among children under five years of age, weighing less than10kg 

was conducted in two sentinel sites, Chongwe and Chipata in Zambia between March and May 

2005 (Chanda, Hawela, Kango & Sipilanyambe, 2006). Out of the 111 patients enrolled in the 

two sites, 91 were successfully followed up.  

The ACRP after 28 days follow up was 100% (95% confidence interval 96.0% to 100%). There 

was no early treatment failures reported and all the analyzable LCF and LPF were due to re-
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infections. No clinically detectable drug reactions were reported during the study period. The 

rate of re-infection was found to be 37% (Chongwe) and 20% (Chipata).  

A similar 42-day therapeutic efficacy study was conducted by Ogouyemi-Hounto et al.,(2016) 

between August and November 2014,in northwest Benin in accordance with 2009 WHO 

guidelines. One-hundred and twenty-three children, aged 6 months to 5 years, with 

uncomplicated falciparum malaria were recruited into the study. The primary endpoint was 

parasitological cure on day 28 and day 42 while the secondary endpoints included: parasite and 

fever clearance, improvement in haemoglobin levels. Outcomes were classified as early 

treatment failure (ETF), late clinical failure, late parasitological failure, and adequate clinical 

and parasitological response (ACPR).  

Before PCR correction, ACPR rates were 87 % (95 % CI 76.0–94.7) and 75.6 %, respectively 

(95 % CI 67.0–82.9) on day 28 and day 42. In each study site, ACPR rates were 78.3 % in 

Djougou and 73 % in Cobly on day 42. There was no ETF and after PCR correction ACPR was 

100 % in study population. All treatment failures were shown to be due to new infections. 

About the secondary study outcomes, on day 1 post-treatment, 21/123 (17.1 %) slides were 

negative while 101/123 (82.1 %) were negative on day 2. On day 3 all slides were negative. 

This rapid decrease of parasitaemia was confirmed by a rapid decline of mean parasitaemia 

during the first 18 h (H0 = 41,317 P/µl; H6 = 30,431 P/µl; H12 = 15,280 P/µl, H18 = 2631 

P/µl); the distribution of parasite clearance shows that most individuals had clearance half-lives 

of around 4 h with two individuals who had a delay in the speed of parasite clearance around 5.5 

h. There was a general reduction in fever within 24 h of initiation of treatment, and this was 

maintained until the end of the 42-day follow-up, indicating a fever clearance time of 24 h.  
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The haemoglobin concentration increased mildly in conjunction with parasitic clearance from 

the blood, however, the mean change in haemoglobin concentration was statistically significant 

from days 2 to 7 (P = 0.0113) and days 7 to 28 (P = 0.0000). 

Similar to the just mentioned research above was the recent efficacy study on Coartem done by 

Wudneh et al., (2016) in the Northwestern part of Ethiopia where complete clearance of parasite 

and fever on day 3 was shown. Fever was cleared in 69.6% of patients on day 1 and in 97.8% of 

patients on day 2, and complete clearance was observed on day 3. This fast action of AL was 

already reported in studies conducted elsewhere in Ethiopia (Assefaet al., 2010; Kinfu, Gebre-

selassie, & Fikrie, 2012) and Tanzania (Ngasala et al, 2011). 

2.3.2. Symptoms Associated with Subclinical Malaria. 

Inan unpublished seminar paper presented to the Department of Public Health, Federal 

University Of Technology, Owerri during the course of postgraduate study by Eteike, 

Onyemachi and Njoku in 2015, titled “the proposed physical signs and symptoms for detecting 

subclinical malaria”, symptoms such as bone pain, weakness of the joints, bad dreams, bitter 

taste, pruritus on cold bath, poor appetite, retrograde amnesia and hypothermia were identified.  

These symptoms and signs were gathered from the personal clinical experience of the presenters 

in addition to that of other medical personnel interviewed during the process of study. There is 

therefore a need to do further studies but this time by interviewing subjects in the field to 

identify some of the earlier symptoms they usually experience when they suspect malaria attack.  

At the subclinical stage of malaria, there are initial manifestations which are common to all 

malaria species and are similar to flu-like symptoms (Bartoloni, 2012). These symptoms are 

non-specific and can resemble other conditions such as sepsis, gastroenteritis, and viral diseases. 
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They comprise lassitude, fatigue, abdominal discomfort and muscle and joint aches (Nadjm, 

2012; WHO, 2015 b).  

In a study to investigate where a key stage of the lifecycle of malaria parasite takes place, Joice 

et al (2014) looked at tissue samples from autopsies of children who had died from malaria. The 

researchers initially used antibodies to identify the parasite in general, as well as specific 

antibodies to the sexual gametocytes to detect them in various tissues from six autopsies. They 

looked at the tissues samples from eight organs and the subcutaneous fat. Joice and co-

researchers then looked in detail at the bone marrow from 30 autopsies to gather more 

information about where the gametocyte mature.  

Results from the first six autopsies revealed that: the spleen, brain, heart and gut had the highest 

numbers of total parasites; levels of gametocytes were high in the spleen, brain, gut and bone 

marrow; there was a significantly higher proportion of gametocytes compared to total parasites 

in the bone marrow (44.9%), in comparison to the gut (12.4%), the brain (4.8%) and all other 

organs. The first stage of gametocyte gene activity was highest in the bone marrow.  

Results from the 30 autopsies of bone marrow found that: the youngest gametocytes did not 

stick to blood vessels as happens in the asexual reproduction of merozoites, instead, they were 

outside of the blood vessels in the bone marrow. Immature gametocytes appeared to grow inside 

young red blood cells. The laboratory experiments confirmed that Plasmodium falciparum 

gametocytes can mature inside young red blood cells.  This interesting study has found evidence 

of the likelihood that the sexual reproductive stage in the lifecycle of Plasmodium falciparum 

takes place outside of the blood vessels, in the bone marrow. It has also shown that these 

immature gametocytes are rarely destroyed by the immune system. While it is hoped that these 
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results can pave the way for the development of new drugs to target this key stage in the 

Plasmodium falciparum lifecycle, the study has also explained the manifestation of bone pains 

at the subclinical stage of the disease. 

2.3.3. Comparison of Rapid Diagnostic Test and Microscopy. 

Several studies have shown that the RDT can be used in place of light microscopy. In a 

comparison study of Carestart HRP2/pLDH COMBO rapid malaria test with light microscopy 

in north–west Ethiopia by Moges et al.(2012), the overall sensitivity and specificity of Carestart 

RDT was found to be 95%(90-97.9%, 95 Cl) and 94.2%(90.9-96%,95 Cl), respectively. The 

sensitivity of Carestart RDT for Plasmodium falciparum or mixed infection was calculated to be 

92.9%(82.5-98.4%, 95% Cl) while a sensitivity of 90.9% (74.1-98.4%, 95% Cl) was found for 

non- falciparum species. The specificity for P.falciparum or mixed infections was found to be 

95.4% (92.5-96.8%, 95%Cl) while it was 97.3% (94.8-98.4%, 95% Cl) for non-falciparum 

species.  

In a systematic review (Abba et al.,2011), the sensitivity and specificity of RDTs in detecting P. 

falciparum in blood samples from patients in endemic areas attending ambulatory health 

facilities with symptoms suggestive of malaria were compared with the sensitivity and 

specificity of microscopy or polymerase chain reaction. The average sensitivity of PfHRP-2 

detecting RDTs was 95.0% (95% confidence interval [cl], 93.5-96.2%) and the specificity was 

95.2% (93.4-99.4%). RDTs for detecting PLDH from P. falciparum are generally less sensitive 

and more specific than those for detecting HRP2 with an average sensitivity (95%cl) of 93.2%( 

88.0-96.2%) and a specificity of 98.5%( 96.7-99.4%). 
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Similar findings was a study done by Kurup and Marks (2012) to compare microscopic 

examination and rapid diagnostic tests used in Guyana, South America in the diagnose of  

malaria. The aim of this study was to compare rapid diagnostic tests (RDTs) for malaria with 

routine microscopy for a prompt and accurate diagnosis of malaria and to provide an effective 

disease management in Guyana. Blood samples were collected randomly from 624 patients with 

clinical suspicion of malaria from four private hospitals in Georgetown, Guyana. The five 

different test methods [Paramax-3, Optimal-IT, VISITECT Malaria Combo PAN/Pf, Standard 

Diagnostic (SD) Bioline and conventional Giemsa stain microscopy] were performed 

independently by well trained and competent laboratory staff to assess the presence of malaria 

parasites. Results from the rapid diagnostic kits were analyzed and compared to those obtained 

by general microscopy.  

Of the 624 patients involved in the study, 197 (31.6%) tested positive and 427 (68.4%) tested 

negative to RDT whereas 190 (30.4%) tested positive and 434 (69.6%) tested negative to 

microscopy. The positive agreement index between RDT and microscopy was 89%. A 

comparison of microscopy with the RDTs, Paramax, Opitmal- IT, Omega, SD, showed a 

positive agreement index of 93%, 86%, 80% and 86%, respectively. The study, therefore, 

highlights the importance of both methods in diagnosis of malaria in endemic areas. It suggests 

that microscopy is the more reliable method in rural areas where malaria is most prevalent. 

However, RDT offers a good alternative, being an easy and rapid method that does not require 

an experienced laboratory technician. 

Contrary to the results of the previous mentioned studies was a recent study in Nigeria by 

Anagu, Ikegbunam, Unachukwu, Uchenna and Esimone (2015) at Agulu and Awka South in 

Anambra State located in the South-East region of Nigeria. This study compared the sensitivity, 



  71 
 

specificity and predictive values of RDTs available in Nigeria market with microscopy. Two 

RDT kits were used and their results were compared with the gold standard, microscopy using 

thick and thin blood films. Thick blood film had sensitivity of 85%, specificity of 30%, positive 

predictive value (PPV) of 55.2%, and negative predictive value (NPV) of 66.6%; Thin blood 

film had sensitivity of 80%, specificity of 35%, positive predictive value (PPV) of 55.2%, and 

negative predictive value (NPV) of 63.6%.  

Among the RDTs, Care Start HRP2 kit had sensitivity of 65%, specificity of 50%, positive 

predictive value (PPV) of 56.5%, and negative predictive value (NPV) of 59% while SD Bioline 

kit had sensitivity of 55%, specificity of 65%, PPV of 61%, and NPV of 59%. They thus 

inferred that rapid diagnostic test kits were not as sensitive as microscopy in diagnosis of 

malaria parasite, but they were more accurate and are thus suitable alternatives to microscopy  

However, another study also conducted in Nigeria (Azikiwe et al.,2012) which  compared the 

two methods of rapid diagnostic tests (RDT based on antigen and RDT based on antibody) and 

microscopy in the diagnosis of malaria concluded that the RDTs based on malaria antigen 

(whole blood) method was specific as the traditional microscopy and even appeared more 

sensitive than microscopy. All the 200 patients used in the study tested positive to RDTs based 

on malaria antibodies (serum) method (100%). One hundred and twenty eight (128) out of 200 

tested positive to RDTs based on malaria antigen (whole blood) method (64%), while 118 out of 

200 patients studied tested positive to visual microscopy of Lieshman and diluted Giemsa 

(59%). All patients that tested positive to microscopy also tested positive to RDTs based on 

antigen. Also, all patients on the second day of follow-up were non-febrile and had antimalaria 

drugs.  
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CHAPTER THREE 

 

MATERIALS AND METHODS 

3.1 Study Design 

This was a community-based, interventional (therapeutic) study conducted between September 
and October, 2016. 

3.2 Area of Study 

The study was conducted in two different communities from two local government areas 

(LGAs) in Owerri, Imo State, Nigeria. Naze from Owerri North LGA and Ikenegbu from 

Owerri Municipal LGA were selected, to represent semi-urban and urban areas respectively. 

Naze is one of the autonomous communities in Owerri North, Imo State Nigeria. It is a sub 

urban area comprising of 6 villages: Umuosu, Umuorie, Okpuala, Ezeakiri, Umuakali and 

Umuezuo. Predominantly, Naze is made up of Christians of Catholic and Anglican 

denominations. The occupants are in various occupations including farming, civil/public 

service, studying and business.      

Owerri North is one of the three (3) LGAs that constitute Owerri and is among the 27 LGAs in 

Imo State Nigeria. Its headquarters is located at Orie Uratta. It has an area of 198km2 and a 

population of 175,395 at the 2006 census. Owerri North occupies latitude 50 271_50 45I) North; 

longitude 7o 6I - 70 10I) East; average elevation 115m (377 feet). Owerri North is a semi-urban 

government area that encircles Owerri Municipal like a peninsula (Wikimedia Foundation, 19 

March 2016). 

Six major roads cut across Owerri North Local Government communities. In the North, Orlu 

Road leads to Amakohia and Akwakuma communities. In the East, Okigwe Road leads to Orji 
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community. MCC Road leads off WetheraI Road to Obibi Uratta and Ihiteoha communities. In 

the South, Mbaise Road heads to Egbu and Emekuku communities while Aba Road leads to 

Naze, Agbala, and Ulakwo communities. There are nineteen (19) autonomous communities in 

Owerri North LGA: Agbala, Akwakuma, Amakohia, Awaka, Azaraegbelu, Egbu. Emekuku, 

Emii, Ezimba, Ihiteoha, Ihitta Ogada, Mbaoma, Naze, Obibiezena, Obibi, Orji , Ulakwo,Uratta 

and Umuakaliku. 

Ikenegbu is an urban community in Owerri Municipal LGA of Imo State. Excluding its 

extension, Ikenegbu has about twenty five (25) streets: Aaron Ogbonna, Egbukole, 

Nwaturuocha, Eni Njoku, Bishop Crowder, Oduobi Crescent, Onukogu, Ekwema crescent, 

Louis Mbanefo, Umez Erononi, Kalu Ezera, Dele Udo, Avu, Mbari, Item, Arugo, Arch Deacon 

Dennis, Awonmama, Bishop Okoye, Oguta, Arochukwu, Nzimiro,Ikenegbu Layout, Mbaonu 

Ojike and Harcourt White. Ikenegbu is bounded by Wetheral Road on the South, Aladinma 

Hospital Road on the North, MCC-Uratta Road on the East while Israel Nwobe and Ohaozara 

streets lie on the Westside. The occupants are majorly students and civil/public servants and a 

few business men and women. 

Owerri Municipal is the headquarters of Imo State and one of the L.G.As. It has an area of 

58km2 and a population of 127,213 at the 2006 census, where 62,990 were males and 64,223 

were females (Wikimedia, 26 December 2015). Owerri Municipal is made of the Igbo ethnic 

group with heterogeneous residence of all other ethnic groups in Nigeria who are either traders, 

businessmen and women, civil and public servants, military and paramilitary and other walks of 

life.  
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It has 15 council wards: New Owerri and Aladinma with two (2) wards each, Azuzi with five 

(5) wards and Ikenegbu with four (4) wards. 

Generally, Owerri sits in the rain forest. It has a tropical wet climate. Rain falls for most months 

of the year with a brief dry season. The average temperature is 26.4oC while average 

precipitation is 2,219mm (Wikimedia Foundation, 26 November 2015). It is a malaria endemic 

area with P.falciparum predominating other species (Ukpai & Ajoku, 2001; Chukwuocha et al., 

2016; WHO, 2002; Chukwura et al., 2008). 

 

 

 

 

 

 

 

 

 

                          Figure 11. Map of Nigeria indicating Imo State in red 
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Figure 12.   Map Of Imo State Showing Study Areas With Dots (Naze In Red Dot, 

Ikenegbu In blue dot).  

3.3 Study Population        

The study population consisted of two groups (subclinical and clinical groups) both of which 

included consenting male and female aged eighteen (18) years and above who  were living in 

the study areas as at the period of study (September and October,2016).  
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The inclusion criteria for the first (subclinical) group included: confirmed subclinical 

Plasmodium falciparum malaria; absence of clinical malaria symptoms or signs especially 

fever, headache, chills or rigor; presence of subclinical/early malaria symptoms like bone/joint 

pains, dizziness, bitter taste, muscular pain, body itching, sleepiness, bad dreams ; ability to 

swallow and tolerate the oral medication (coartem), give informed consent and willingness to 

comply with the protocol for the duration of the study as well as absence of regular medication 

which might interfere with antimalarial pharmacokinetics. 

Anyone who did not meet the inclusion criteria was excluded. Also excluded were those who 

treated malaria within two weeks before the study and pregnant/lactating mothers.   

The inclusion criteria for the second (clinical) group included: mono-infection with P. 

falciparum detected by microscopy; asexual parasite count of at least 1000/μl; axillary 

temperature ≥ 37.5 °C or history of fever during the 24 h before recruitment; ability to swallow 

oral medication; ability and willingness to give consent and to comply with the protocol for the 

duration of the study and to comply with the study visit schedule; absence of regular 

medication, which might interfere with antimalarial pharmacokinetics; absence of history of 

hypersensitivity reactions or contraindication to Artemether-Lumefantrine or quinine used as 

alternative treatment.  

Pregnant women, lactating mothers, those who took antimalarial within two weeks into the 

study period in addition to those who could not meet the inclusion criteria for the this group 

were excluded from the study.  
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3.4 Sample Size and Sampling Technique 

3.4.1 Sample size 

As the prevalence of subclinical malaria as well as the treatment failure rate of coartem in the 

study areas is yet unknown, WHO (2009) proposed that  in order for  any malaria therapeutic 

efficacy study to be representative, a minimum sample of 50 patients is required, regardless of 

the rates of failure of the drug used.  

Consequently, for the first  (subclinical) group, a total of one hundred and seventeen (117) 

participants were recruited into the study from the two study areas, (fifty one from Naze 

community, Owerri North and sixty six from Ikenegbu, Owerri Municipal) while a total of sixty 

six (66) subjects were recruited from both sites for the second (clinical) group.     

3.4.2 Sampling technique 

Stratified simple random sampling technique was employed in the selection of the two LGAs 

used for the study (Owerri Municipal and Owerri North). The three (3) LGAs in Owerri were 

first stratified into urban (Owerri Municipal) and semi urban (Owerri West and Owerri North) 

areas. Then, a simple random method by balloting was used to select Owerri North as a semi 

urban LGA. 

The nineteen (19) autonomous communities in Owerri North were enlisted on different ballot 

papers and through a simple random technique, Naze autonomous community was selected to 

represent a semi urban community in Owerri North LGA. The same method was adopted in the 

selection of Ikenegbu wards out of the fifteen (15) council wards in Owerri Municipal LGA to 



  78 
 

represent an urban area in the study. Furthermore, Ikenegbu was categorized into two: main and 

Extension and Ikenegbu main was selected by simple balloting.  

The six (6) villages in Naze were enlisted on different ballot papers and three (3) of them 

(Umuosu, Umuezuo and Okpuala) were randomly selected. In Ikenegbu main, the 25 streets 

were arranged in alphabetical order and systematic sampling method was used to select thirteen 

of them: Aaron Ogbonna, Arochukwu, Avu, Bishop Crowther, Dele Udo, Ekwema Crescent, 

Harcourt White, Kalu Ezera, Mbaonu Ojike, Nwaturuocha, Oduobi Crescent, and Onukogu 

streets.  

At Naze community, a thorough house mapping and numbering were carried out by the 

researcher in collaboration with the community’s traditional ruler and the village heads of each 

of the selected villages. A systematic sampling technique was adopted to select the houses to be 

visited by the researcher for recruitment of participants who fulfilled the inclusion criteria. For 

example houses 1,3,5 ,7,9 e.t.c were visited in each selected village and in a situation where a 

house occupants did not meet the inclusion criteria, the next house to it was visited( e.g. where 

house number 3 did not have anybody who qualified to be included in the study, house number 

4 was visited). The recruitment exercise was termed completed when the required sample size 

was reached for a particular village. 

At Ikenegbu, the houses were already numbered. Using the same method, houses were 

systematically visited by the researcher and the field assistants in each of the selected streets and 

where the occupants of a selected house did not meet the inclusion criteria, the next house to it 

was visited until the expected sample size from that street was achieved.  
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3.5 Instruments for Data Collection  

The instruments used included: the questionnaire for information from participants; the 

informed consent form; the case follow-up form; the Carestat RDT kits; Coartem antimalarial 

drug and the light microscope, microscope slides, and  Giemsa stain. 

3.5.1 The study questionnaire; informed consent form and case follow up form. 

These were carefully prepared by the researcher using information from the literature and they 

were face validated by the project supervisor after few corrections and thereafter were accepted. 

The study questionnaire for the first group was made up of three (3) sections. Section A 

contained questions related to respondent’s demographic characteristics. Section B was 

constructed among other reasons, to exclude those with major symptoms and signs of clinical 

malaria while section C consisted of questions to aid the establishment of major symptoms and 

signs associated with subclinical malaria.  

The informed consent form was approved also by the ethical committee, Department of Public 

Health, Federal University of Technology, Owerri.  It has two parts: part 1(information sheet) 

which shared information about the study with the participant) and part II (certificate of 

consent) which was for signatures if the participant agreed to take part in the study.  

The case follow-up form sought to provide information from study participants: whether they 

adhered to the given instructions on how to take the test drug or not: to know the treatment 

outcomes and if there were any adverse reactions encountered from the drug among other 

things.   
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3.5.2 The rapid diagnostic test (RDT) kits 

The RDT kit used was the Carestat Malaria HRP2/pLDH manufactured by ACCESS BIO, Inc. 

65 Clyde Road, Suite A, Somerset NJ 08873,USA; NAFDAC No: 03-1727; MFD: JUL 2015; 

LOT: M015G04;EXP:DEC,2017. Each packet contained 25 test kits; 25 lancets; 25 pipettes and 

25 alcohol swab. Carestat Malaria HRP2/pLDH is one of the RDTs for detection of 

P.falciparum and other Plasmodium species approved bythe WHO and the Nigerian Federal 

Ministry of Health (WHO, 2012). To ensure its potency, the RDT kits used were all sourced 

from the Federal Ministry of Health via the Society for Family Health, Nigeria.  

3.5.3 Coartem(R) 

Coartem, an Artemether-Lumefantrine, ACT antimalarial was used for the therapeutic efficacy 

study. It was manufactured by Ipca Laboratories Ltd, plot no 255/1, Athal, Sivassa,396 230 

(D&NH) Regd. Off.:48, kandivli Ind. Estate, Mumbai 400 067, India for Society of Family 

Health, block 1V, Plot 24,25,26 & 27, Ogun State Housing Corporation Estate, off Idiroko 

Road, Ota, Ogun State. Its batch No. was DY11145114; Mfg.:06/2015; Exp.:05/2017 and 

NAFDAC no.:A4-4666. 

Coartem is an Lrtemeter-Lumefantrine type Artemisinin Combination Therapy, indicated for the 

treatment of uncomplicated malaria caused by P.falciparum in particular. Each packet of the 

coartem used for the study contained 10 packs of 24 tablets each and each tablet contained 

artemether 20mg, lumefantrine 120mg. This is the recommended strength for adults of 35kg and 

above. To reduce the possibility of fake, the drugs used were sourced directly from the Federal 

Ministry of Health, Nigeria through the Society for Family Health Nigeria.    
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3.5.4 The light microscope and accessories, slides and giemsa stain. 

Themicroscope usedwas reliable and well- maintained. It was binocular and x10 eye piece and 

an oil immersion lens(x100) with a built in electrical light source. A high quality immersion oil 

with a refractive index of 1.5 was used according to the manufacturer’s recommendations.  

The microscope slides used were single end frosted, free of surface abrasions and purchased 

from a reputable supplier. They were free from grease, moisture or fungus and none was re-

used. The alcohol-based Giemsa stain was used both for the blood films. The Giemsa stain was 

bought from a reputable supplier. 

Other supplies used included timers, markers, lens cleaning solution, lens-cleaning tissues, 

cotton-wool, safety items such as gloves, sharps boxes, gowns and detergents. 

3.6 Method of Data Collection 

3.6.1 Advocacy visits to the community leaders in the study areas 

Advocacy visits were made to the traditional ruler (including heads of the selected villages) of 

the Naze community as well as the street’s chairmen and leaders of the selected streets of 

Ikenegbu area. A brief introduction of the researcher with the research assistants and 

explanation of the research topic and the procedures involved were done while their total 

assistance especially in the form of community mobilization was sought. These leaders happily 

received the research and thereafter pledged there unalloyed support as required especially in 

the areas of community mobilization and streets/ village/ house mappings.  
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3.6.2 Training and recruitment of research assistants 

Atotal of eight (8) research assistants (all nurses) were recruited (four for each study area). They 

were all living around the study sites and most of them were familiar with the people in these 

areas which increased the acceptability from the people and eased the field work as a result. 

A one-day intensive training workshop was organized for the research assistants. They were 

instructed on the administration and filling of the questionnaires, consent and case report forms 

as well as the proper technique for the storage and transportation of samples.  

3.6.3 Screening and recruitment of participants. 

The first screening was done using the questionnaire to divide the participants into clinical and 

subclinical groups. Those who have fever or have had fever in the last 24 hours prior to that 

time were categorized into the clinical group while those without fever, or major clinical 

symptoms like headache, chills or rigor and have not had fever in the last 24 hours prior to the 

time of visit but have other subclinical symptoms earlier mentioned, were classified into the 

subclinical group. Also, it was used to determine the different subclinical symptoms that create 

suspicion of impending malaria attack in participants. 

The questionnaire was administered to the respondents by the trained research assistants after an 

informed consent was obtained. The literate respondents were allowed to fill the questionnaire 

themselves but the illiterate respondents (especially from the semi urban study area), had the 

questions interpreted in their local language and their responses were filled by the research 

assistant. The respondents that met the inclusion criteria from the questionnaire were allowed to 

undergo rapid test with RDT and then laboratory screening.  
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Few of the recruited participants in the second (clinical) group were febrile patients who 

attended the hospital for treatment within the study period, were living in the study areas and 

met the inclusion criteria for the study. These were systematically screened and those who met 

the inclusion criteria were recruited into the study 

3.6.4 Test procedure for RDT 

The RDT was used in the field to screen participants for subclinical and clinical malaria and the 

results were confirmed with thick film microscopy. According to the procedural guideline 

issued by the World Health organization, WHO (2012) and the test kits manufacturer, the 

following test procedures were carried out by the researcher:  a new pair of gloves was put on 

and the identification number assigned to the participant was written on the cassette; the 

fingertip (to be pierced) was cleaned using an alcohol pad, and allowed to dry before it was 

squeezed and pierced by the provided lancet; the lancet was discarded afterwards into the sharps 

box; five (5) µL of blood sample was collected with the provided pipette and dropped into the  

“S” well of the test kit; two (2) drops (60 µL) of the assay buffer solution was added into the  

“A” well of the kit and the timer was started; the result was read in 20 minutes and interpreted 

as positive, negative or invalid according to the number and position of the colour bands.  

3.6.5 Laboratory screening using thick and thin blood smears  

The laboratory screening involved a finger prick to collect blood samples for detection and 

confirmation of malaria parasites by microscopy using the thick and thin smears for detection of 

parasites, level of parasitaemia and species of plasmodium. Thick film microscopy was repeated 

on days 3 and 7 to determine the parasite clearance rates in both groups.  
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The standard procedure as provided by WHO (2010 b), for preparing and staining of blood 

films was adhered to as follows: the pre-cleaned, single end frosted slides were labeled with 

patient’s Identification Number (ID); a pair of gloves was worn ; the middle or ring finger was 

selected and the ball of the finger cleaned with 70% alcohol and allowed to dry before puncture 

was made; the first drop of blood was wiped away with clean gauze while the next drops of 

blood were touched with a clean slide (a small drop at the centre for the thin film, and 2-3 larger 

drops placed about 1cm away from the centre for the thick film). If blood did not well up, gentle 

squeeze of the finger was applied. 

For the thin film, a clean spreader slide, held at a 45° angle, was brought toward the drop of 

blood on the specimen slide and allowed until the blood spreads along the entire width of the 

spreader slide (while holding the spreader slide at the same angle) before pushing it forward 

rapidly and smoothly. 

For the thick film, using the corner of another clean slide, the drops of blood were spread in a 

circle (with about 3-6 strokes) to the size of a dime (diameter of about 1 cm) while taking 

precaution of not making the smear too thick.  

The thin and thick films were allowed to completely dry before staining. The thick film was 

protected from sunlight, extreme heat, dust and flies. All the dried blood films were 

immediately transported to the laboratory (Akarugo Hospital and Laboratory) in a slide box for 

staining and microscopy. 

Three (3%) Giemsa working solution was prepared and placed in a small container. The thin 

film only was carefully fixed with methanol avoiding contact between the thick film and 

methanol to prevent accidental fixation. The blood films were allowed to dry in air on a drying 
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rack and thereafter, the slides were placed back-to-back in a staining tray. Prepared stain was 

slowly poured on the slides. Direct pouring onto the thick films was avoided. The timer was set 

to 45-60 minutes as time allowed for staining of the blood films. Gently, clean water was 

poured into the tray to float off the iridescent scum. Any remaining stain was also gently poured 

off and rinsed with clean water. Carefully, the slides were removed and allowed to dry while the 

remaining 3% Giemsa solution was discarded.  

The slides were screened microscopically under x100 oil immersion lens using a light 

microscope. Parasite density was determined with the thick films by counting the number of 

asexual parasites per 200 white blood cells (WBC) and calculated per µL using the following 

formula: numbered parasite x 8000/200 assuming a WBC count of 8000 cells/µL (WHO, 2009). 

Absence of malaria parasite in 100 high power ocular fields of the thick film was considered as 

negative (WHO, 1991). Detection of the parasites species was done with thin films. 

There was a blinded re-checking of all slides by the laboratory scientist at Akarugo Hospital and 

Laboratory, Ikenegbu or the hospital annex at Naze. Where there was a discrepant result, the 

help of the second laboratory scientist from the same hospital was sought and his result was 

regarded as final. 

Participants who fulfilled the inclusion criteria from the questionnaire and from the results of 

the RDT and microscopy were enrolled into either group of the study proper, after oral and 

written informed consents. 

An identification tag with a number was given to each participant for easy identification during 

follow up. 
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3.6.6 Treatment and follow-up   

Participants enrolled in the study were treated with Coartem, an AL (1 X 24 tablets). The drugs 

were administered according to the manufacturer’s recommended dose based on the weight of 

participant (WHO, 2014). As all participants were above 35kg body weight, a full course of six 

doses to be taken twice daily for three days was given. Each participant was instructed on when 

and how to take drugs: 8 hours after the first dose and then twelve hourly for the remaining two 

days, taking after food. 

The day a patient was enrolled and received the first dose of Coartem, was designated day 0. 

The phone contacts of the researcher and a research assistant in each area were given to the 

participant in case of any enquiry. Also, telephone calls were put across to every participant on 

two occasions to remind them to take the drug as instructed. 

Follow up was done with scheduled visits by the researcher and the assistants on days 3 and 7. 

In each visit, a clinical assessment (including an axillary temperature measurement) of each 

participant was done and a finger prick blood sample was collected on the labeled slide for 

microscopy (thick blood film) from each participant. The case follow-up form was filled also by 

the participant to know if they took drug as instructed and if any adverse effect was experienced 

during treatment among other information. Those who were not at home during visit perhaps 

travelled and could not be traced and those who refused the finger prick were regarded as loss to 

follow-up. 

For the few in the second group (clinical cases) recruited from the hospital, they were instructed 

to return back on the 3rd and 7th day of study for clinical and parasitological examinations. 
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In each case, thick smear and microscopy were performed as earlier described and those whose 

results were still positive were informed and second line drug (injections artesunate/artemeter or 

quinine) was administered for proper treatment.  

3.7 Method of Data Analysis  

Data obtained were entered onto Microsoft excel sheet 2010 version and analyzed using IBM-

SPSS Statistics version 20.0 (SPSS Inc., Chicago, IL,USA). Descriptive method was used to 

summarize the data characteristics. Frequency distribution tables were constructed for the major 

symptoms of subclinical malaria, sensitivity and specificity of the RDT were calculated and 

represented in tables while a bar chart was constructed to show the side effects of artemeter-

Lumefantrine reportedby participants. Chi-square test of independence interpreted at 5% level 

of significance and confidence interval (CI) level of 95% was used to test the null hypothesis of 

no significant difference between the days 3 and 7 parasite clearance rates in subclinical and 

clinical malaria. P-value of < 0.05 was used in interpretation of significance.  

3.8 Ethical Considerations. 

The study was conducted in accordance with the standard of good clinical practice. Ethical 

clearance was sought from the Ethical Committee of the Department of Public Health, Federal 

University of Technology Owerri, Imo State, Nigeria. All participants were enrolled after oral 

and written consents were obtained from them. All information obtained in the study was 

treated with the confidentiality it deserved.  
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CHAPTER FOUR 

 

RESULTS 

 

4.0 Summary and Characteristics of Participants Recruited for the Study of Subclinical 

Malaria in Owerri Imo State 

A total of 117 participants who met the inclusion criteria were recruited for this study from the 

urban and suburban communities in Owerri Imo State. Out of these 117 participants, 7 (6.0%) 

were loss to follow up (those that either were not present on the day of follow up visit or refused 

finger pricking for blood sample collection), 17 (14.5%) were excluded from the study because 

they failed to heed to instructions on how to take the Artemeter-Lumefantrine, and 93 (79.5%) 

were available for follow up to till the day 7 (Table 3). 
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Table 3. Summary of Participants Recruited for the Study of Subclinical Malaria in 

Owerri Imo State 

Participants Subclinical malaria group 

Number Percent (%) 

   

Loss to follow up 7 6.0 

Number excluded from study 17 14.5 

Number present for analysis Days 3 and 7 93 79.5 

Total number Recruited 117 100 
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4.1 Sociodemographic Characteristics of Participants 

A total of 117 participants were recruited for the study, 51 (43.6%) from the suburban 

community (Naze), 66(56.4%) from the urban community (Ikenegbu) in Owerri Imo State 

Nigeria.  Forty nine (41.9%) of them were male while 68(58.1%) were female (Table 4). 

 

Out of the 117 participants, 42 (35.9%) were between the ages of 18-22, 13 (11.1%) between 

23-27 years, 19(16.2%) between 28-32 while 13(11.1%), 6(5.1%) and 24 (20.5%) were between 

the ages of 33-37, 38-42 and ≥43 years respectively  (Table 4).The mean age was 32 years in 

both study areas.  

 

In the area of occupation of the participants, majority, 34(29.1%) were students, 30(25.6%) 

were civil/public servants, 30(25.6%) were in business whereas 19(16.2%) and 4(3.4%) were 

farmers and unemployed respectively. However, at the suburban study community (Naze), 

majority of the participants, 17(33.3%) were farmers while at Ikenegbu (urban community), 

majority of the participants, 22 (33.3%) were in business (Table 4 
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__________________________________________________________________ 

Table 4. Sociodemographic Characteristics of Participants 

Variables                                  Naze, N (%)                Ikenegbu, N (%)                 Total, N(%) 

 

Sex       Male                                  26(51.0)            23(34.8)                                 49(41.9) 

            Female                              25(49.0)                              43(63.2                                   68(58.1)                   

           Total                           51(100.0)       66(100.0)      117(100) 

Age      18-22                            17(33.3)                        25(37.9)       42(35.9) 

           23-27                             5(9.8)                             8(12.1)        13(11.1) 

           28-32                             6(11.8)      13(19.7)           19(16.2) 

           33-37 4(7.8)                              9(13.6)           13(11.1) 

           38-42                            3(5.9)        3(4.5)       6(5.1) 

           ≥43                             16(31.4)                             8(12.1)       24(20.5) 

          Total                            51(100.0)                           66(100.0)     117(100.0) 

Occupation 

   Civil/Public Service                   9(17.6)                          21(31.8) 30(25.6) 

   Business                                  8(15.7)                          22(33.3) 30(25.6) 

   Studying                                   14(27.5)                         20(30.3) 34(29.1) 

   Farming                                   17(33.3)                         2(3.0) 19(16.2) 

   Unemployed                             3(5.9)                            1(1.5) 4(3.4) 

   Total                                       51(100.0)                      66(100)  117(100.0) 

Location                                      51(43.6)   66(56.4)        117(100.0)  
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4.2. Major Symptoms of Subclinical Malaria in Owerri Imo State. 

The major symptoms of subclinical malaria reported by the participants from both study sites 

included body itching, 111(12.9%), bone pains, 110(12.8%), sleepiness, 110 (12.8%), bad 

dreams,107(12.4%), dizziness, 92(10.7%), bitter/soar taste, 90(10.5%), joints/muscular pains, 

77(9.0%), and weakness of the body, 75(8.7%).  Others, 88 (10.2%), reported cough/catarrh, 

23(2.7%), abdominal discomfort,23(2.7%),loss of appetite 23(2.7%), yellow 

urine,7(0.8%),constipation,7(0.8%),or sleeplessness,5(0.6%) (Table 5).  

At the suburban community of study (Naze), the order of frequency of the major symptoms of 

clinical malaria varied as follows: bad dreams, 49 (13.6%), sleepiness and body itching, 

48(13.3%) each, bone pain, 46(12.8%), bitter/soar taste, 43(11.9%), joint/muscular pain, 

31(8.6%), weakness of the body, 22(6.1%) and others, 36 (10.0%).  At Ikenegbu (the urban 

community of study), bone pain was highest, 64 (12.8%), followed by body itching, 63 (12.6%), 

sleepiness, 62(12.4%), bad dreams, 58(11.6%), dizziness, 55(11.0%), weakness of the body, 

53(10.6%), bitter/soar taste, 47(9.4%), joint/muscular pain, 46 (9.2%), and others 52(10.4%) 

(Table 5) 
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Table 5. Major Symptoms of Subclinical Malaria in Owerri Imo State. 
 
 
Major Symptoms of 

Subclinical Malaria 

Locations 

  Naze, N(%)          Ikenegbu, N(%)             Total, N(%) 

  

 Bone pain   46(12.8)                 64 (12.8)                           110 (12.8)                                                      

 Joint/muscular pains   31(8.6)                   46(9.2)                              77 (9.0)                   

 weakness of the body   22(6.1)                  53(10.6)                             75 (8.7)                                                       

 Bad dreams   49(13.6)                58(11.6)                            107(12.4)                                                                       

 Dizziness   37(10.3)                55(11.0)                             92(10.7)                                          

 Bitter/soar taste   43(11.9)                47(9.4)                               90(10.5)                                                       

 Sleepiness   48(13.3)                62(12.4)                            110(12.8)        

 Body itching   48(13.3)                63(12.6)                            111(12.9)                                   

 

Others(cough/catarrh, 

abdominal discomfort, 

loss of appetite, yellow 

urine, constipation, 

sleepless night) 

 36(10.0)                52(10.4)                              88(10.2)                                                       

 
N.B. There were multiple responses from participants. Some indicated more than one 
subclinical symptom. 
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4.3. Therapeutic Efficacy of Artemeter-Lumefantrine (Coartem) in Subclinical Malaria. 

4.3.1. Day 3 and 7 parasite clearance rates of artemeter-lumefantrine (coartem) in 

treatment of subclinical malaria in Owerri Imo State. 

Outof the 93 participants who took Artemeter-Lumefantrine as instructed, 80(86.0%) were 

negative to microscopic malaria test done on day 3 of the follow up while 13(14%) of them 

were still positive, thus giving a parasite clearance of 86.0%  and parasite positivity rate of  14% 

on day 3 (Table 6). On the day 7 of follow up, the parasite clearance rate slightly increased to 

87.1% while parasite positivity rate decreased to 12.9% as the number of negatives increased to 

81(87.1%) and positives decreased to 12 (12.9%) (Table 6). 

At Naze, Out of the 35(61.4%) participants who were compliant to their medication, 31(88.6%) 

were negative on malaria microscopy both on day 3 and day 7 while 4 were still positive on said 

days giving a parasite clearance rate of 88.6% on both days. At Ikenegbu (the urban area of 

study), 49(84.5%) and 50(86.2) tested negative to malaria on microscopy days 3 and 7 

respectively while 9(15.5%) and 8(13.8) still remained positive on days 3 and 7 respectively, 

giving a parasite clearance rate of 84.5% and 86.2% respectively (Table 6). 
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Table 6. Day 3 and 7 Parasite Clearance Rates of Artemeter-Lumefantrine (Coartem) In 

Treatment of Subclinical Malaria In Owerri Imo State. 

Microscopy Result Naze, N (%) Ikenegbu, N (%) Total, N (%) 

    

Day 3   Positive 4(11.4) 9(15.5) 13(14.0) 

Negative 31(88.6) 49(84.5) 80(86.0) 

Total 35(100.0) 58(100.0) 93(100.0) 

Day 7   Positive 4(11.4) 8(13.8) 12(12.9) 

Negative 31(88.6) 50(86.2) 81(87.1) 

Total 35(100.0) 58(100) 93(100.0) 
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4.4. Therapeutic Efficacy of Artemeter-Lumefantrine in Clinical Malaria in Owerri  Imo 

State. 

4.4.1 Summary of recruited participants in the clinical group of study. 

A total of 66 participants were recruited for the study, 36 (54.5%) from Naze and 30(45.5%) 

from Ikenegbu communities. One (1.5%) of the participants was lost to follow up, none was 

exclude from the study as they all complied to the instructions for the medication, and 

65(98.5%) participants were present for follow up on days 3 and 7 of the study (Table 7)  
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Table 7. Summary of the Recruited Participants for the Clinical Group 

Participants Clinical group of study 

Number Percent (%) 

   

Loss to Follow up 1 1.5 

Number excluded from study 0 0 

Number present for analysis Day 3 and 7 65 98.5 

Total number Recruited 66 100 
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4.4.2. Days 3 and 7 parasite clearance rates of artemeter-lumefantrine in the treatment of 

clinical malaria in Owerri Imo State. 

Onday 3 of follow up, Forty four (67.7%) tested negative to malaria microscopy test while 

21(32.3%) were still positive giving a parasite clearance rate of 67.7%. On day 7 of follow up, 

51(78.5%) participants tested negative while 14 (21.5%) remained positive thereby increasing 

the parasite clearance rate to 78.5% (Table 8). 

At Naze, Days 3 and 7 number of positives were 12(32.4%) and 7(18.9%) respectively while 

the number of negatives were 25(67.6%) and 30(81.1%) respectively. Thus, the days 3 and 7 

parasite clearance rates were 67.6% and 81.1% respectively. 

At Ikenegbu, days 3 and 7 number of positives were 9(32.1%) and 7(25.0%) while the number 

of negatives were 19(67.9%) and 21(75.0%) respectively. Therefore, the days 3 and 7 parasite 

clearance rates were 67.9% and 75.0% respectively (Table 8). 
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Table 8. Days 3 And 7 Parasite Clearance Rates of Artemeter-Lumefantrine in The 

Treatment of Clinical Malaria in Owerri Imo State. 

Clinical Malaria Microscopy Result Naze, N(%) Ikenegbu, N(%) Total,N 

(%) 

    

Day 3                 Positive     12(32.4%) 9(32.1%) 21(32.3) 

                           Negative 25(67.6) 19(67.9) 44(67.7) 

                           Total 37(100.0) 28(100.0) 65(100.0) 

Day 7                 Positive 7(18.9) 7(25.0) 14(21.5) 

                           Negative 30(81.1) 21(75.0) 51(78.5) 

                           Total 37(100.0) 28(100.0) 65(100.0) 
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4.5. Comparison of the Day 3 Parasite Clearance Rates in Subclinical and Clinical Malaria 

in Owerri Imo State.  

Onday 3 of follow up, 13(14.0%) and 21(32.3%) of participants were positive to the microscopy 

test in subclinical and clinical malaria respectively. On the other hand, 80(86.0%) and 

19(67.7%) were negative to test in subclinical and clinical malaria respectively. Therefore, on 

day 3, the parasite clearance rate was 86.0% for the subclinical malaria and 67.7% for the 

clinical malaria case (Table 9). The calculated Chi square value was 9.42 and  P-value was 

0.001(<0.05) at 5% significance level and CI of 95%. 
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Table 9.Comparison of Day 3 Parasite Clearance Rates in Subclinical and Clinical Malaria In 

Owerri Imo State. 

Day 3 malaria microscopy result Type of malaria              

Subclinical Clinical 

   

             Positive                               13(14.0%) 21(32.3%) 

             Negative    80(86.0%) 19(67.7%) 

             P- Value             0.001  

            Calculated X2 value                           9.42 
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4.6 Comparison of the Day 7 Parasite Clearance Rates of Artemeter-Lumefantrine in 

Subclinical and Clinical Malaria in Owerri Imo State. 

Thepercentage positives to microscopy tests were 12(12.9%) and 14(21.5%) for the subclinical 

and clinical cases respectively on the day 7 of follow up. Of all the participants in each group, 

81(87.1%) and 51(78.5%) were negative to microscopy test on the day 7 of follow up for the 

subclinical and clinical malaria respectively. These thus gave a day 7 parasite clearance rate of 

87.1% and 78.5% for the subclinical and clinical malaria respectively. The calculated X2 value 

was 2.60 and the P- value was 0.1(>0.05) at 5% significance level and 95% confidence interval 

(Table 10). 
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Table 10. Comparison of Day 7 Parasite Clearance Rate of Artemeter- Lumefantrine in 

Subclinical and Clinical Malaria in Owerri Imo State.  

 

 

 

Calculated X2 value                                  2.60 

 

 

 

 

 

 

 

 

Day 7 Malaria Microscopy result      Type of Malaria 

Subclinical       Clinical 

   

Positive  12(12.9%)      14(21.5%) 

Negative  81(87.1%)      51(78.5%) 

P-Value                                                                             0.1(>0.05)  



  104 
 

4.7 Sensitivity and Specificity of RDT (Carestat) in the Detection of Subclinical Malaria in 

Owerri Imo State. 

4.7.1. Sensitivity of RDT (Carestat) in the diagnosis of subclinical malaria in Owerri Imo 

State. 

Out of the200 subjects screened in this group, 23(11.5%) were true positives (TP), 3(1.5%) 

were False positives (FP), 94(47%) were False negatives (FN) while 83(41.5%) were true 

negatives (TN). The sensitivity rate of RDT (Carestat) in subclinical malaria was thus calculated 

to be 19.7% (Table 11). 
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Table 11. Sensitivity of RDT(Carestat)  in Subclinical Malaria in Owerri Imo State 

 

                                                                          Subclinical 

       Positive       Negative 

   

               Positive True positive(a) 

23 

False positive (b) 

3 

               Negative False negative (c) 

94 

True negative (d) 

83 

 

Sensitivity (%)  =  a ∕ a +c x 100   = 23/117 x100 = 19.7%  
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4.7.2 Specificity of RDT (Caraestat) in subclinical malaria in Owerri Imo State. 

Out of the 200 subjects screened in this group, 23(11.5%) were true positives (TP), 3(1.5%) 

were False positives (FP), 94(47%) were False negatives (FN) while 83(41.5%) were true 

negatives (TN). The specificity was therefore calculated to be 96.5% (Table 12). 
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Table 12. Specificity of RDT (Carestat) in Subclinical Malaria in Owerri Imo State 

 

                                                                     Subclinical malaria 

        Positive        Negative 

   

               Positive True positive(a) 

23 

False positive (b) 

3 

               Negative False negative (c) 

94 

True negative (d) 

83 

 

Specificity % = d/ d +b x 100= 83/83+3 x100 = 96.5% 
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4.7.3 Parasite density as a factor affecting RDT results 

For those who tested positive with RDT and microscopy, mean parasite density was 640.29/µL 

while for the negatives, it was 276.25/µL. (Table 13) 
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Table 13.Parasite Density and RDT results 

 

 

Malaria parasite RDT result Day 0 N Minimum Maximum Mean Std. Deviation 

 
Positive 

 
 
Parasite Density Day 0  
/µL 

 
14 

 
424 

 
968 

 
640.29 

 
167.364 

 
Negative 

 
 
Parasite Density Day 0 
/µL 

 
102 

 
120 

 
1246 

 
276.25 

 
133.458 

Invalid 

 
Parasite Density Day 0 
/µL 

 
1 

 
212 

 
212 

 
212.00 

. 
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4.8. Side Effects of Artemeter-Lumefantrine in the Treatment of Subclinical Malaria in 
Owerri Imo State. 
 
None of the participants had any adverse reaction. Only 23 out of the 93 (24.7%) participants 

who completed their drug as instructed reportedly had mild side effects. Sixteen (69.5%) of the 

participants reported headache, 4(17.3%) had abdominal discomfort, 1(4.4%) dizziness, 1 (4.4 

%) watery stooling and another 1 (4.4%) reported restlessness (Figure 13). 
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Figure 13. Bar Chart Showing the Types of Side Effects of Artemeter-Lumefantrine 

(Coartem) Reported in the Treatment of Subclinical Malaria in Urban and Suburban 

Communities in Owerri Imo State. 
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CHAPTER FIVE 

DISCUSSION,CONCLUSION AND RECOMMENDATIONS 

5.1 Discussion  

The participants lost to follow up were those that either were not present on the day of follow up 

visit or refused finger pricking for blood sample collection), while those excluded from the 

study were those that failed to heed to instructions on how to take the Artemeter-Lumefantrine 

(Table3).   

The clinical group had much lesser number of participants lost to follow up as well as those 

excluded from the study compared to the subclinical group (Table 3). The reasons for these 

differences may not be far from the fact that many people in the study setting tend to seek for 

medical attention and seem to be more compliant to prescribed medications only when they are 

seriously sick.  

Participants were recruited almost equally from an urban community (Ikenegbu) and also from 

the suburban community (Naze). The mean age of participants was 32 years and the selected 

age limit of 18 years and above enabled the researcher to get consent, compliance and relevant 

information directly from the participants without requiring informants. Thus, this helped in no 

small measure in the authentication of the derived information during the course of study Table 

(4). Also male and females were almost equally recruited as seen in table 4.  

The occupations of participants were distributed as follows: studying, civil/public service, 

business, farming and unemployed in descending order of frequency (Table 4). However, at the 
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suburban study community (Naze), majority of the participants, were expectedly farmers while 

at Ikenegbu (urban community), majority of the participants were in business (Table 4). 

The major symptoms of subclinical malaria established from this study(in a decreasing order of 

frequency) include body itching, bone pains, sleepiness, bad dreams, dizziness, bitter/soar taste, 

joints/muscular pains, and weakness of the body. Few others reported constipation, abdominal 

discomfort, loss of appetite, yellow urine, cough/catarrh or sleeplessness. This was similar to 

earlier  findings by  Nadjm (2012) and WHO (2015 b) who had identified some of the above 

mentioned symptoms (weakness of the body, abdominal discomfort, muscular/joint pains) and 

bone pains (Joice et al., 2014) to occur at the early stage of malaria. Others like bad dreams, 

dizziness, bitter/soar taste and sleepiness, sleeplessness have thus been established by this study.  

These symptoms create suspicion of impending malaria attack among individuals. Information 

deduced from the participants showed that many of them could always and sometimes predict 

subclinical malaria disease following the experience of these symptoms. This could cause them 

to take further actions towards proper diagnosis and treatment at the early stage. 

At this early stage of disease progression, with mild or no vital organ dysfunction, a rapid, full 

recovery is expected, provided prompt, effective antimalarial treatment is given. If ineffective or 

poor quality medicines are given or if treatment is delayed, particularly in P. falciparum 

malaria, the parasite burden often continues to increase and the patient may develop potentially 

lethal severe malaria (WHO, 2015b). The clinical objectives of treating uncomplicated malaria 

are to cure the infections as rapidly as possible and to prevent progression to severe disease. The 

public health objectives of treatment are to prevent onward transmission of the infection to 

others and to prevent the emergence and spread of resistance to antimalarial drugs (WHO, 2015 

a). 
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Early detection and treatment of malaria has been known not only to prevent progression to 

severe form of malaria but also reduce morbidity and mortality and burden of disease in terms 

of (cost of treatment and prolonged hospital stay). Also, the subclinical symptoms established in 

this study will raise a high index of suspicion among medical personnel as these patients present 

to them for diagnosis and treatment.  

The parasite clearance rate which is a measure of therapeutic efficacy of Artemeter-

Lumefantrine, was a little lower than 90% (Table 6) in the subclinical malaria cases and still 

much lower in the clinical malaria cases (Table 8). This means that the parasite positivity rates 

in both subclinical and clinical malaria groups were higher than 10%. There was a very 

significant difference (P-value < 0.05) between day 3 parasite clearance rate in the subclinical 

and clinical malaria cases. There was however, an apparent difference between the two on day 7 

(P- value >0.05).  This implies that patients will tend to recover faster and better if malaria is 

detected and adequate treatment commenced immediately at the subclinical stage than at the 

clinical stage of malaria.  

There was paucity of studies on the therapeutic efficacy of Artemeter-Lumefantrine in 

subclinical malaria, thus, no major comparison could be made with previous studies. However, 

some therapeutic efficacy studies of Artemeter-Lumefantrine in clinical malaria cases in 

Southwest Nigeria (Ojurongbe et al., 2013) and in some African countries like Northwest Benin 

(Ogouyemi-Hounto et al., 2016), Northwest Ethiopia (Wudneh et al., 2016) and Tanzania 

(Ngasala et al., 2011) showed a very high parasite clearance rate of almost 100% on days 3 and 

7 contrary to the findings in this research where they were 67.7% and 78.5% respectively (Table 

Table 8). However, a similar study in Southeast Nigeria (the same geographical zone with this 
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study sites) by Ayogu et al (2015) at Enugu State demonstrated a high prevalence of delayed 

parasite clearance on days 3 and 7 similar to the findings here. 

Delayed parasite clearance is the hallmark of artemisinin resistance (Dondorpet al., 2009; Flegg, 

Guerin, White & Stepniewska, 2011 ; White, 2011).Delayed early parasite clearance was first 

reported in the Pailin region of Western Cambodia in 2008 (Noedl et al., 2008).  By 2014, gene 

mutations associated with this resistant phenotype were already present in five South-East Asian 

countries and appeared close to encroaching on the Indian sub-continent (Ashley et al,  2010) .  

Resistance has also now developed in ACT partner drugs, presumably because they effectively 

became unprotected monotherapies once the artemisinin component had been compromised 

(Chaorattanakawee  et al., 2015 ; Springet al., 2015). This has occurred despite unprecedented 

levels of international financial assistance being mobilized to attempt to contain the spread of 

resistance from as early as 2008. Robust mechanisms for early detection and prompt response 

are necessary to avert such a scenario unfolding in Africa. 

The proportion of patients with persistent patent parasitaemia (parasite positivity rate, PPR) on 

day 3 has been proposed as a simple and pragmatic metric of choice for routine monitoring to 

identify suspected artemisinin resistance (WHO, 2014 c). 

It is known that the speed of parasite clearance is influenced by a number of host, parasite and 

drug factors ( Flegg, Guerin, White & Stepniewska, 2011; White, 2011; WWARN Parasite 

Clearance Study Group, 2015), including the level of acquired immunity( Maigaet al., 2012; 

Lopera-Mesaet al., 2013 ; Ndouret al.,2014), parasite density at presentation( Stepnieswskaet 

al., 2010; Sowunmi et al., 2010; Das, Price, Bethell, Guerin & Stepniewska, 2013; Muhindoet 

al., 2014), the quality of microscopy (Fairhurstet al., 2012), the pharmacokinetic/ 
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pharmacodynamic profiles of the different artemisinin derivatives and the partner drugs (White, 

1997).Some of these could have been contributory to the differences noticed between this study 

and the ones mentioned earlier.   

However, based on the largest available data set of in-vivo parasitological responses, the 

malaria blood smear on Day 3 (72 hours) proved a good predictor of subsequent treatment 

failure and provides a simple screening measure for artemisinin resistance ( Stepniewskaet al.,  

2010). It was concluded that if “n” patients with parasitemias < 100,000/μl are given a currently 

recommended three day ACT, the number with a positive day 3 smear should not exceed 

(n+36)/24; artemisinin resistance was considered highly unlikely if this proportion was less than 

3%.  

Applying this formula, for the clinical group, (n+36)/24 was 5 where n =65 while the number 

with a positive day 3 smear was 21 (32.3%). For the subclinical group, (n+36)/24 was 6 where n 

=93 while the number with a positive day 3 smear was 13 (14.0%). This threshold has been 

developed with data mostly from low transmission settings in Southeast Asia (Stepnieswska et 

al., 2010).This study results therefore call for serious attention and further researches to rule out 

or rule in imminent artemeter-lumefantrine resistance particularly in the study areas and 

generally in Nigeria.   

To further buttress this, WHO (2014 c) stated that an in-depth clinical and parasitological 

assessments are warranted in sites where parasite positivity rate on day 3 (72 hours) exceeds 10 

% in a study. In this study, the day 3 parasite positivity rate in  both the clinical and subclinical 

malaria groups exceeded the 10% threshold given by WHO (2014 c) and thus warrants further 

in depth clinico-parasitological assessment as suggested. 
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The sensitivity rate of RDT (Carestat) in subclinical malaria in this study wascalculated to be 

19.7% (Table 11) while the specificity was calculated to be 96.5% (Table 12).  

HRP-2 tests commonly give P. falciparum sensitivity of > 90% in clinical cases depending on 

the product (Forney et al., 2003; Marx et al., 2005; Buchachart et al., 2004; Guthmann et al., 

2002). The sensitivity of the Carestat HRP2 in clinical cases has been found to vary from 65% 

(Anagu et al, 2015 ; Azikiwe et al., 2012) to 95% (Abba et al., 2011 ; Moges et al., 2012). In all 

the above cited studies, the sensitivity was much higher than what was found in the subclinical 

cases in this study (19.7%).  However, the specificity of Carestat HRP2 in our study was quite 

high, 96.5% which was similar to finding in the clinical cases (Anaguet al.,2015). Many factors 

which can contribute to the low sensitivity rate of RDT have been noted. 

In the evaluation of an HRP-2 prototype assay in Thailand and Peru, P. falciparum sensitivity 

was found to be 100% for parasite density 500/mcL and 83% for < 500/mcL (Forney et al., 

2003). Roughly, RDT sensitivity declines at parasite densities < 500/mcL(as noted in this study, 

Table 13) blood for P. falciparum (Forney et al., 2003). In subclinical cases, the parasite density 

seems to be low since this is at the early stage of the disease. This can explain the high number 

of false negatives in this study.   

Occasional false negative results may be caused by deletion or mutation of the hrp-2 gene 

(Wellems, Walker-Jonah & Panton, 1991).  It has been suggested that anti-HRP-2 antibodies in 

humans may explain why some tests were negative despite significant parasitaemia (Biswas, 

Tamar & Rao, 2005).  Presence of an inhibitor in the patient’s blood preventing development of 

the control line has also been noted (Durand, Faure, Brion & Pelloux, 2005). Several factors in 
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the manufacturing process as well as environmental conditions may also affect RDT 

performance (Bell et al., 2006; Mboera et al., 2006).  

Artemether-lumefantrine has a wide therapeutic index and is generally well tolerated, with 

reported side-effects such as nausea, dizziness and headaches that are not easily distinguishable 

from symptoms of acute malaria (Hatz et al., 2008; Ngasala et al., 2011; rushing et al., 2011). 

No adverse reaction was reported. However, Less than one-quarter of participants who 

completed their drug as instructed reportedly had mild side effect (figure 13) similar to previous 

studies (Ojurongbe et al.,2013;Wudneh et al.,2016 ; Chanda, Hawela, Kango & Sipilanyambe, 

2006). The side effects reported by the participants included headache, abdominal discomfort, 

dizziness, watery stooling and restlessness in decreasing order of frequency (Figure 13). This 

study confirmed that artemeter-lumefantrine remains tolerable and safe with only mild side 

effects. 

5.2 Conclusion 

Thestudy was able to establish the major symptoms associated with subclinical malaria in the 

study sites to include body itching, bone pain, sleepiness, bad dreams, dizziness, bitter/soar 

taste, joints/muscular pains and weakness of the body. These symptoms serve as alert to both 

patients and medical personnel prompting them towards early diagnosis and proper treatment 

which in turn will reduce the morbidity and mortality rates.  

The therapeutic efficacy of Artemeter- Lumefantrine was higher in subclinical malaria cases 

than in clinical cases. Therefore, better treatment outcome could be obtained by commencing 

treatment of malaria at the subclinical stage. However, the parasite positivity rates in both 

groups exceeded the WHO  recommended threshold of 10% above which resistance should be 
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suspected and further studies on this should be carried out. This is a matter of urgency as ACT 

resistance in this part of the world will be disastrous since no new alternative drug has been 

fully developed presently. Artemeter-Lumefantrine was also found to be safe and tolerable. 

Since WHO has recommended “test, treat, and track” principle, efforts should be made at 

confirmation of every negative RDT result in subclinical malaria cases with microscopy since 

the parasite density may be low at this stage giving a false negative result. Finally, early 

detection/diagnosis of malaria, proper treatment with ACT and total compliance to medication 

remain the hallmark of malaria control.  

5.3 Recommendations. 

1. The major symptoms of subclinical malaria established through this study should serve as 

early warning to individuals and medical personnel alike who should seek immediate attention 

or proper diagnosis of malaria as the case may be so as to commence early treatment where 

applicable.  

2. Patients should be encouraged to adhere to artemeter-lumefantrine when prescribed for the 

treatment of malaria since it has been found to be safe and tolerable. This will not only help to 

increase the cure rate but also reduce the risk of resistance development to the drug.  

3. Further studies on the therapeutic efficacy of Artemeter-Lumefantrine in the study areas and 

Nigeria in general should urgently be done as an imminent resistance to the drug seems 

inevitable.   
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