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ABSTRACT 

Tl1e unavailability of accurate, rapid, reliable and cost effective malaria diagnostic instruments 

constitute a major challe11ge to malaria elinlination campaign. Tlus compels many laboratories to 

depend on t11e conventional method of detecting malaria parasitaemia using light microscopy. 

This method has cl1allenges such as labour-intensiveness, poor expertise, resulting in delayed 

turnaround time for diagnosis and thereby promoting high morbidity and mortality. Alternative 

diagnostic i11struments like cyscope fluorescent microscope (Cyscope ), quantitative huffy coat 

flt1orescent microscope (QBC) a11d CareStart™ rapid diagnostic kit (CareStart™) with the 

potential to address these challenges have been developed but their validity and cost effectiveness 

l1ave not bee11 determi11ed in Nigeria. This study was, therefore, designed to validate these 

inst1·uments a11d assess tl1eir comparative cost effectiveness. 

Using evaluative study desig11, five hundred and two (502) 011t of one thousand eight hundred 

(1,800) patients witl1 signs and syn1ptoms suggestive of malaria at the University College 

Hospital, Adeoyo State Hospital, and Kola Daisi Foundation Health center in Ibadan between 

January and April, 2014, were selected by systematic random sampling. Blood samples were 

collected a11d evaluated for malaria parasites; using Cyscope, QBC and CareStart™. The blood 

samples were then evaluated for malaria parasites using light microscopy as gold standard. For 

each instrument, validity indices assessed were sensitivity, specificity, Positive Predictive Value 

(PPV) and Negative Predictive Value (NPV). Cost per hour of use of each instrument was also 

determined. Data were analyzed with McNemar Chi-square and Kappa statistics at level of 

significance set at p = 0.05. 

Malaria prevalence in the samples was 19 .5%, 21. 7%, 30. 7% and 32. 7°/4 for CareStartn•, light 

microscopy, Cyscope, and QBC respectively. The sensitivity of the instruments compared ,vith 

light microscopy was 76.0% for CareStart™, 95.0o/o for Cyscope and 98.1 o/o for QBC; ,,,bile 

specificity for QBC was 85.5%, Cyscope had 87.3% and 96.0% for CareStartTt-1. Positive 

Predictive Value for the instruments was 65.2% for QBC, 67 5% for C)scopc, and 84 7o/o for 

CareStartTl.t ; with Negative Predictive Value of 93.63/o. 98 6% nnd 99 4% for CareStart™,

Cyscopc, and QBC respectively. l11tcr i11stru111c11t ngrcc111cnt index, K,1ppn ,,attics (Kt\) ,, as O. 71 
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(CI= 0.64 - 0.77) for QBC, 0.72 (CI= 0.65 - 0.78) for Cyscope and 0.75 (CI= 0.68 - 0.82) for 

CareStart™. Average cost per hour of use for Cyscope was $2.04, CareStart™ : $5.61, QBC: $5.89 

and $10. 77 for light microscopy. The turnaro·und time per result output was Cyscope: 5minutes, 

QBC: 1 On1inutes, CareStartn1: 20minutes and 45 minutes for light microscopy. 

Cyscope fluorescent n1icroscope had the least tu.maround diagnostic time and it is the most cost 

effective of all the laboratory diagnostic i1istruments evaluated. Cyscope fluorescent microscope 

is therefore strongly recommended for malaria parasite detection. 

Ke)"'vo1·ds: Malaria diagnosis, Rapid diagnostic test, Malaria parasites, Cyscope microscope. 

Word co1111t: 430 
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CHAPTER ONE 

1.0 INTRODUCTION 

Background ot· the study 

Approximately l1alf of the world's population is at risk of malaria, a11d an estimated 243 

111illion infected cases rest1lted i11 11early 863,000 deatl1s in 2008 (Wl-10, 2009). In sub

Sal1ai·a11 Afi·ica (SSA), where 91 % of all malaria-related deaths take place, malaria is 

estin1ated to rest1lt in at1 aimt1al loss of 35.4 million Disability Adjusted Life Years with 85% 

of the d.eatl1s rui1011gst cl1ildren below five years of age. In the same region, around 40% of all 

public l1ealtl1 spe11du1g is related to 1nala1·ia (WHO, 20 I 0). 

Malaria is respo11sible fo1· about a 1.3 per cent reduction in the average annual rate of 

eco110111ic g1·owtl1 for those countries with the highest burden (Oyindamola et al., 2010). In 

Nigeria. n1ala1·ia is tl1e 111ajo1· cause of morbidity and mortality, especially among children 

belo� five years of age (Alaba, 2007). Malaria is a social and economic problem, whicl1

consumed abot1t US$ 3 .5 1nillion in government funding and US$ 2.3 million from other 

stakeholders in the form of various control attempts in 2003 (WHO, 2005). 

Human infection begins when the mala1·ia vector, a female anopheline mosquito inoculates 

plasmodial sporozoites from its salivary gland into l1umans during a blood meal. The 

sporozoites mature i11 the liver and are released into the bloodstream as merozoites. These 

invade red blood cells, causing malaria fevers. Some forrns of the parasites (gametocytes) are 

ingested by anopheline mosquitoes during feedit1g and develop into sporozoites .. restarting the 

cycle (Mendis et c,I., 200 I). 

Patient5 \\-ith malaria typically becon1e sy111pton1atic a fe,, ,,eeh.s after 1ntcct1on, althottgh tl1e 

host's previous cx1105L1rc 01· immt1n1ty to 111nlaria affect .. the �) n1pto1111tolog, ru1d incttbtltton 

period. In addit1011, ct1ch J>/c1\111<Jc/111111 c.,pcc1�c., l1,ts n l) pic,11 i11 ttbl1t1on pl·ric)d. l1nporttu1tl)', 
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virtually all patients with 1nalaria present with fever. Clinical symptoms ir1clude headache, 

cougl1, fatigue, malaise, shaking clulls, arthralgia, myalgia. In severe cases, patient could 

present with convulsions, loss of consciousness, etc. Paroxysm of fever, shaking chills, and 

sweats (every 48hr 01· 72 hr, depending on species). The classic paroxysm begins with a 

period of sl1iveru1g ai1d cl1ills, wlucl1 lasts for approximately 1-2 hours and is followed by a 

l1igl1 feve1·. Fi11ally, tl1e patient experiences excessive diapl1oresis, a11d the body temperature of 

tl1e patient drops to normal or below 11ormal (Emilio, 2012). 

Malru·ia is tl1e 111ost co111mon single diagnosis made in most countries i11 Africa (Wl-IO, 2003). 

111 n1a11y e11den1ic cot1nt1·ies, cli11ical diagnosis is the only method used to decide on treatment 

eve11 thot1gl1 its acct1racy is lu11ited by tl1e low specificity of signs and symptoms of malaria 

(Cl1ai1d1·an1ol1ru1 el c1/., 2002 Kallander el al., 2004 a11d Mwangi et al., 2005). Presumptive 

antin1ala1·ia treatn1e11t for a11y fever with no obvious alternative cause is widely practiced, and 

studies suggest tl1at tl1is leads to significant overuse of antimalaria drugs throughout Africa 

(An1exo et al., 2004, Barat et al., 1999, Mwangi et al., 2005). 

Reliable diagnosis of malaria reqt1ires laboratory confirmation of the presence of malaria 

parasites in the blood of a febrile patient (Nevill, 1990), hence a prompt and accurate 

diagnosis of 1nalaria is tl1e key to effective disease management. Laboratory confmnation of 

1nalaria infection requires the availability of a rapid, sensitive, and specific test at an 

affordable cost. However, in many endemic countries, conventional laboratory technique 

through the use of Light microscopy using Gie1nsa stain, to confirm the clinical diagnosis of 

malaria are considered to be too labour-intensive (Bojang et al., 2000) and 11nreliable due to 

lack of skilled and certified microscopists, limited supplies, inadequate maintenance of 

microscopes and reagents, and inadequate or absence of quality control systems (Coleman et 

al .. 2002). 

In general, the screening of blood slides by Light microscop) t1si11g Gien1 .. a stain for detecting 

malar1a parasite is still considered as tl1e gold standard (.Jon�n1a11 et <11 .• l 99-). ·rhi m thod 1� 

cheap and si m pie bt1t labour-i 11tc11sivc, ti n1c-cor1st1111 i11g tt11d req lll�S \\ c 11-tr ttncd ,1nd certified 
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t1tilizatio11 of microscopy and the development of alternative diagnostic techniques could 

substantially improve 1nalaria control (Cook, 1992). Such objectives prove particularly 

1·elevant to tl1e Roll Back Malaria initiative, a global movement that emphasizes better 

application of existing tools and the development of new ones (WHO, 2000). 

Tl1ere exists cl1allenge of mis-diagnosis of malaria, lugl1 turnaround time, i11adequate number 

of skilled malaria 111-icroscopists. These have effects on timely and appropriate case 

management o·f n1alaria and tl1e i1nplementation of WHO's guideline of parasite based 

diagnosis before 1nala1·ia treat111e11t. Cyscope fluorescent microscope (Cyscope ), Quantitative 

Bt1ffy Coat flt1orescent n1icroscope (QBC), CareStart rapid diagnostic kit (CareStart) are some 

of tl1e 11ew 111alaria diagnostic tools with tl1e potential to provide a better alternative to Light 

1nic1·oscopy usi11g Gien1sa stain , tl1e rot1tinely available a11d conventional diagnostic tool. 

Tlus ,vill significa11tly resolve tl1e challe11ges earlier identified with the use of the 

co11ve11tio11al tool. However, the validation/performance assessment of these tools and their 

cost effectiveness has 11ot been done u1 Nigeria, an endemic and resource limited setting. 

He11ce no it1 cot111try/ local data to support their effective use and justify possible 

conside1·atio11 as tools for inclusion in the malaria elimination program of the country. 

1.3 Rationale and Justification for the study 

In public health especially in low resource settings, it is preferable to have cost-effective tools 

that can be deployed at the peripheral centres that are the only health facilities accessible to 

people in hard-to-reach ai·eas. Performance assessment of Cyscope, QBC, and CareStart 

using ligl1t microscopy as gold sta11dard needs to be established; knowing well that it is 

feasible to deploy these instrume11ts at primary/secondary/tertiary health facilities as their 

individual usage may be required or implied. Also there is visual fatigue associated ,vith 

having to read ht1ndred of slides in high malaria burden e11vironment using light microscopy, 

which suggests the need to consider alternative tool wlucl1 is relati,,el)' t1ser friendl)' \\ri.th les 

rigorous training on l1ow to operate as opposed to \Vhat 1s obtnine(i u .. ing co11, cntional light 

microscopy 
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The burden of defmitive diagnosis of malaria relies majorly on the laboratory and the 

outcome is dependent on tl1e expertise of the laboratory personnel, accuracy of the diagnostic 

equipn1ent, Turnaround time for result of diagnosis, avaiJability and affordability of relevant 

diagnostic tools. 

Malai·ia is greatly over diag11osed by clinicia11s owing to perceived equivalence of n1alaria 

witl1 febrile illness due to the endemic nattire of the disease. This disease is also rnis

diagnosed dt1e to lack of expert mic1·oscopists especially at the rural areas where majority of 

tl1e popt1lation 1·esides. Inability of clinicians to wait for the result of Light microscopy using 

Gien1sa stai11 clt1e to 1011g tt1rnarot1nd ti111e have 1·esulted 011 reliance on cli11ical judg1nent, thus 

prest1mptive treat111e11t vvitl1 its atte11dru1ce co11sequences. 

Failure of tl1e laboratory to provide timely diagnostic response with equipments that will 

ensure l1igl1 predictive val11es, tl1e subjective nature of malaria light microscopy and non 

availability of 1·apid diagnostic eqt1ipments has contributed to the perceived high burden of 

tl1e disease in Nigeria. There is paucity of information on comparability of Cyscope 

microscopy witl1 Giemsa-stained ligl1t ·microscopy and other routinely available diagnostic 

tools. There sti 11 exist issues with long turnaround time of conventional microscopy in 

facilities with higl1 patient load; complicated by inadequate number of skilled malaria 

microscopists. Tl1ese affects rational t1se of antimalarials for cases that do not need it and the 

resultant effects of these on ma11agement of malaria and the implementation of WHO's 

guideline of parasite based testing before treatment. 

Until recently, presu1nptive diagnosis of malaria by l1ealthcare professionals ,:vas tl1e routine 

method of diagnosis of malaria. Similarly, self-medicatio11 is a common practice among the 

general populace. These underscore the need for accurate and prompt diagnosis of malaria 

before treatment to achieve better disease control. Tl1ese challenges necessitated the 
.... 

development of easier and faster diagnostic n1etl1ods including rapid d1ag110" tic te .. t (RD r�) 

C,cnerally, RDTs are immunochromatograpl1ic tests targct111g spcct fie unt1gcn .. ot one or mor� 

P/c1.\111rJclit1111 species. 'r·11cy prodt1cc ca<;il) i11tcrr,rctnl1lc rc�t1lts ,, 1th1n a hort ti 111e; rcc1t1ir�
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minimal training and less expertise. A WHO product testing round 4 done in 2012, showed 

that CareStart has a parasite detection score of 1 OOo/o using cultured or clinical sample, 

however perfo1·mance of CareStart™, an HRP-Il-based RDT has not been evaluated in south

west Nigeria. Also, there are only few reports evaluating Cyscope® - a fluorescent 

n1icroscopic device for tl1e rapid diagnosis of malaria. Unlike most malaria RDTs which 

co11sist of late1·al-flow i1nmU11ocl1ron1atographic devices that detect parasite-specific antigens 

i.t1 tl1e blood, Cyscope 'RDT'' is a po11able, battery-operated fluorescent microscopy 

111anufactured by Partee, Germany. 

Tl1e pri1 1ciple of Cyscope is based on the detectio11 of intraerythrocytic Plasmodium DNA, 

wl1icl1 resltlts i11 a brigl1t i11tracelll1lar dot-sl1aped fluorescence if the red blood cells are 

infected witl1 Plc1s111odi11111 spp. A affordable pricing, portability and con1pact design of the 

CyScope11.0
• ru1d the fact tl1at reage11ts do not require cold storage, battery operated , make the 

111etl1od a pote11tially attractive alternative for 1nalaria diagnosis in the field and rural setting. 

Tl1ese tools ha,,e 11ot been validated alongside their cost-effectiveness in Nigeria, a resource 

lin1ited setti11g, l1ence the need to assess their perfor1nance and diagnostic accuracy, 

ttirnarot1nd ti111e and cost effectiveness for possible consideration in malaria diagnosis 

protocol in Natio11al Malaria Elimination Program 

1.4 Research Questions 

1. What is the se11sitivity of Cyscope 1nicroscope, QBC and CARESTART for the diagnosis

of malaria in this setting, usi11g light microscopy as gold standard? 

2. What is the specificity of Cyscope microscope, QBC and CARESTART for the diagnosis

of malaria in this setting, using light microscopy as gold standard? 

3. What is the predictive value of Cyscope microscope, QBC and CAREST ART for the

diagnosis of malaria in this setting, using light microscopy as gold standard? 

4. What is the likelihood ratio of Cyscope n1icroscope for tl1e diagnosis of n1alaria using

light microscopy as gold standard? 

5. I·Iow does I igl1t m1croscopy co111pare \Vitl1 C) scope 111icro5cope .. l'arc"' tart and QBC

for the diagnosis of malaria in tcrn1s of cost cffcct1,1cnec;� n11d Tt1rn,lrou11c.\ tin1t·'> 
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1.5 Hypothesis 

Using light n1icroscopy as gold standard, there is no difference in the diagnostic performance 

of Cyscope fluoresce11t microscope, Quantitative Buffy Coat fluorescent microscope and 

Cai·eStart™ rapid diagnostic kit, in malaria diagnosis. 

1.6 Aim ot· tl1e study 

The aim of tl1is study is to test and compare tl1e diagnostic perfo1·1nances cl1aracteristics of 

Cyscope (Partee, Gern1any), Quantitative Buffy Coat (QBC) and CareStart™ (AccessBio, 

Inc. New Je1·sey) i11 n1alaria parasite detection among clinical suspected malaria cases in a 

111alru·ia-ende1 11ic environ1nent using light microscopy as the gold sta11dard. 

1. 7 S11ecific Objectives of the study 

Tl1e objecti,,es of tl1is study were to: 

1 Deterr11ine tl1e diag11ostic performa11ce characteristics of Cyscope microscope, QBC 

1nicroscope ar1d Care Start™ rapid diagnostic kit, i11 malaria diagnosis using conventional 

ligl1t microscop)' as gold standard. 

2 Con1pare the diagnostic performance characteristics of Cyscope microscope, QBC 

n1icroscope ai1d Care Start™ 1·apid diagnostic kit, in malaria diagnosis using conventional 

light microscopy as gold standard. 

3 Assess the turnaround time of Cyscope microscope, QBC microscope and Care Start™

rapid diagnostic kit, under routine laboratory working condition 

4 Determine the average cost of malaria diagnosis using Cyscope microscope, QBC 

1nicroscope and Care Start™. 
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CHAPTER TWO 

LITERAT
U

RE REVIEW 

2.1 Aetiology of malaria 

Malaria was once thougl1t to be caused by breathing in foul swa1np vapour: the name is from 

the Italian word "mal'' - bad - and "aria", air (Suh et al., 2004). Swamps are indeed a cause, 

because tl1ey are b1·eedit1g grot1nds for n1osquitoes, which spread the malaria parasite from 

perso11 to person through their bite {St1l1 et al., 2004). Towards the e11d of the 19th century, 

Cl1arles Lot1is Alphonse Lavera11, a French army surgeon, noticed parasites in the blood of a 

patie11t suffering fron1 malaria and Dr Ronald Ross (Tuteja, 2007), a British medical officer in 

Hyderabad, I11dia, discovered tl1at mosquitoes transmitted malaria. The Italian professor 

Giova1mi Battista Grassi subsequently showed that human malaria could only be tr\ansmitted 

by Anopheles mosquitoes (Tuteja, 2007). 

2.1.1 The parasite 

Malaria is transmitted through the bite of an infected female Anopheles mosquito. During the 

life cycle in peripheral blood, the differe11t species may be observable in the four different 

life-cycle-stages which are generally morphologically distinguishable: ring, trophozoite, 

schizont, an.d gametocyte. The species differ in the changes of the shape of the infected 

( occupied) cell, presence of some characteristic dots (Schliffner's dots, Maurer's clefts, 

Ziemann's Stippling) and the morphology of the parasite in some of the life-cycle-stages 

(WHO, 1991). The life-cycle-stage of the parasite is defined by its morphology, size (i.e. 

maturity), and the presence or absence of malarial pigment (i.e. Haemozoin). Illustrations can 

be found in various sources, as reported by WHO in 1991 and Coatney et al. ( 1971 ). 

Of the approximately 400 species of Anopheles througl1out tl1e \Vorld, about 60 are n1alaria 

vectors under natural conditions, 30 of whic11 are of n1aJor 1111portancc (T\1teJa, 2007). lalaria 

parasites are cukaryotic s1ngle-ccllcd n1icroorgan1s111s tl1at bclo11g to the ge11us Plas,11ocli1,n1
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(Tuteja, 2007). Only 4 of the species of plasmodia are infectious to humans (Tuteja, 2007). 

The majority of cases and almost all deaths due to malaria are caused by Plasmodium 

falcipa1·un1 (Snow et al., 2004). Plas,nodiuni vivax, Plasmocliur11 ovate and Plasmodiuni 

nialariae cause less severe disease (Suh et al., 2004). These four species differ 

morphologically and immU11ologically, in their geographical clistribution, in their relapse 

patterns and in their drug responses (Tuteja, 2007). Plas1riodii1,1n falciparu111 is the agent of 

severe, potentially fatal malaria and is the pri11cipal cause of malaria deaths in young children 

in Africa (S11ow et al., 2004) and generally 90% of all cases in Africa (Suh et al., 2004). 

2.1.2 Parasite Distribution 

Malaria is endemic in 109 cot1ntries and is found throughout the tropics (WHO, 2008b) 

(Figure 1 ). In Africa, P. falciparL1111 predominates, as it does in Papua New Guinea and Haiti, 

whereas P. 11iva,"t is more con1mon in Central and parts of South America, North Africa, the 

Middle East and tl1e Indian subconti11ent (Cook et al., 2008). The prevalence of both species is 

approxin1ately equal in other parts of South America, South-east Asia and Oceania. P. vivax is 

rare in sub-Saharan Africa ( except for the horn of Africa), whereas P. ovale is common only 

in West Africa (Cook et al., 2008). P. 111alariae is found in most areas, but it is relatively 

uncommon outside Africa. Malaria was once endemic in Europe and 11orthern Asia and was 

introduced to North America but it has been eradicated from these areas. In northern Chi.na 

and North Korea, P. vivax strains (P. vivax hibernans) with long incubation periods and long 

intervals (10-12 months) between relapses may still be found (Cook et al., 2008). 
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Figure 1: Global distribution of malaria by WHO map 

(Source: http://gamapserver.who.int/mapLibrary/Files/Maps/global_cases.jpg, 2008) 
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2.1.3 Life cycle of the malaria pa·rasite 

The life cycle of malaria parasites is extremely complex and requires specialized protein 

expressio11 for survival in both the invertebrate and vertebrate hosts (Tuteja, 2007). These 

proteins are required for botl1 intracellular and extracellular survival, for the invasion of a 

variety of cell types and for the evasion of l1ost immune responses (Tuteja, 2007). Once 

irtjected into tl1e human host, P. falcipari,111 and P. n·zalariae sporozoites trigger i1nmediate 

schizogony, wl1ereas P. ovate and P. viva.,� sporozoites may either trigger immediate 

schizogony or lead to delayed schizogony as they pass tlu-ough the hypnozoite stage. The life 

cycle of the 1nalaria parasite is shown in Figure 2 and can be divided into several stages, 

starting witl1 sporozoite entry into tl1e bloodstream. 

2.1.3a Tissue scl1izogo11y (pre-erythrocytic schizogony) 

u1fective sporozoites from the salivary gland of the Anopl1eles mosquito are injected into the 

hun1an host along with anticoagulant-containing saliva to ensure an even-flowing blood meal 

(Tuteja, 2007). It was thought that sporozoites move rapidly away from the site of injection, 

bt1t a recent study using a rodent parasite species (Plas,nodium yoelii) as a model system 

i.t1dicates that the majority of infective sporozoites remain at the injection site for hours, witl1 

slow release into the circulation (Yamauchi et al., 2007). Once in the human bloodstream, P.

falcipari,111 sporozoites reach the liver and penetrate the liver cells (hepatocytes) where they 

remain for 9-16 days and u11dergo asexual replication known as exo-erythrocytic schizogony. 

The mechanism of targeting and invading the hepatocytes is not yet well understood, but 

studies have shown that sporozoite migration through several hepatocytes in the mammalian 

host is essential for completion of the life cycle (Mota et al., 2001). 

The receptors on sporozoites respo11sible for hepatocyte invasion are mainly the 

thrombospondin domains on the circumsporozoite protein and on thrornbospondin-related 

adhesive protein (Miller et al., 2002). These domains specifically bind to heparin sulfate 

proteoglycans on the hepatocytes (Frevert et al., 1993). Each sporozoite gives rise to tens of 

thousands of merozoites inside tl1c hepatocyte and eacl1 n1erozoite can in\ adc a red blood cell 

(RBC) on release fron1 the liver. In a11 intercslir1g study, nlso usi11g rodent n1a\aria parasites 
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(Plasmodium berghei), it has been shown that liver-stage parasites manipulate their. host cells 

to guarantee the safe delivery of merozoites into the bloodstream (Sturm et al., 2006). 

Hepatocyte-derived merosomes appear to act as shuttles that ensure the protection of parasites 

from the host inu11une system and tl1e release of viable merozoites directly into the circulation 

(Sturm et al., 2006). The time taken to complete the tissue phase varies, depending on the 

infecti11g species; (8-25 days for P. falcipa1·u1n, 8-27 days for P. vivax, 9-17 days for P. ovale 

and 15-30 days for P. nzalariae) and this interval is called tl1e prepatent period. 

2.l.3b Erytl1rocytic scl1izogony 

Merozoites enter erythrocytes by a complex invasion process, which can be divided into four 

phases: (a) initial recognition and reversible attachment of the merozoite to the erythrocyte 

membrane; (b) reorientation and junctio11 for1nation between the apical end of the merozoite 

(irreversible attaclu11ent) and tl1e release of substances from the rhoptry and mjcroneme 

orga11elles, leadi11g to fom1atio11 of the parasitophorous vacuole; ( c) movement of the junction 

and invagination of tl1e erythrocyte membrane around the merozoite accompanied by removal 

of the n1erozoite's surface coat; and ( d) resealing of the parasitophorous vacuole and 

erythrocyte membranes after completion of merozoite invasion (Miller et al., 2002). Tms is 

because the invasion of erythrocytes by P. falciparu,n requires a series of highly specific 

molecular interactions; it is regarded as an attractive target for the development of 

interventions to combat malaria (Frevert et al., 1993). 

Asexual division starts inside the erytlrrocyte and the parasites develop through different 

stages therein (Tuteja, 2007). The early trophozoite is often referred to as the ring foc1n, 

because of its characteristic morphology (Tuteja, 2007) (Figure 3). Trophozoite enlargement 

is accompanied by highly active metabolis1n, which includes glycolysis of large amounts of 

imported glucose, the ingestion of host cytoplasm and the proteolysis of hemoglobin into 

constituent amino acids (Tuteja, 2007). Malaria parasites cannot degrade the hen1e by-product 

and free heme is potentially toxic to the parasite (Tuteja, 2007) Tl1erefore during hemoglobtn 

degradation, most of the liberated he1ne is polyn1enzcd i11to hcn1020111 (n1ularia pigment) .. a 

crystalline substance that is stored witl1i11 tl1e food vacuoles (Miller ct '11 .. 2002) 
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The end of this trophic stage is marked by multiple rounds of nuclear division without 

cytokinesis resulting in the fonnation of schizonts (Miller et al., 2002) (see figure 2). Each 

mature schizont contains around 20 merozoites and these are released after lyses of the red 

blood cells (RBC) to invade furtl1er uninfected RBCs. This release coincides with the sharp 

increases in body temperature during the progression of the disease (Tuteja, 2007). This 

repetitive inti:aerythrocytic cycle of invasion multiplication release invasion continues, taking 

about 48 h in P. falcipa1"i1111, P. ovale ru1d P. viv�� infections and 72 11 i11 P. nialariae infection 

(Miller et al., 2002; Tuteja, 2007). It occurs quite synclu-onously and the merozoites are 

released at approxi1nately tl1e same time of the day (Tuteja, 2007). Tl1e contents of the 

infected RBC that are released upon its lyses stimulate the production of tumor necrosis factor 

and other cytokiI1es, whicl1 are responsible for the characteristic clinical manifestations of the 

disease. 

A s111all proportion of the 1nerozoites in the red blood cells eventually differentiate to produce 

n1icro and 111acrogametocytes (male and female, respectively), which have no further activity 

withiI1 tl1e human host (Carter et al., 1980). These gametocytes are essential for transmitting 

tl1e infection to new hosts through female Anopheles mosquitoes (Carter et al., 1980). 

Normally, a variable number of cycles of asexual erythrocytic schizogony occur before any 

gametocytes are produced (Tuteja, 2007). In P. falciparu,n, erythrocytic schizogony takes 

48hours and gametocytogenesis takes 10-12 days (Tuteja, 2007). 

Gametocytes appear on the fifth day of primary attack in P. vivax and P. ovale infections, and 

thereafter become numerous; they appear at anytime from 5-23 days after a primary attack by 

P. n1ala1·iae (Tuteja, 2007).

2.l .3c Sexual phase in the mosquito (sporogony)

A mosquito taking a blood meal on an infected individual may ingest these gametocytes into 

its midgut, where macrogametocytes form macrogameles and exflagellation of 

microgametocytes produce microgametes (Tuteja, 2007). These gan1etes fuse, undergo 

fertilization and form a zygote. This transforms into an ookinete, \\'hich penetrates the \\'all of 

a cell in the midgut and develops into an oocyst (Tt1teJa, 2007). 
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In a recent study, it has been shown that gamete surface antigen Pfs230 mediates human RBC 

binding to exflagellating male parasites to forn1 clusters te1n1ed exflagellation centers, from 

which individual motile microgametes are released. This protein thus plays an important role 

in subsequent oocyst development, wlucb is a critical step in malaria transmission (Eksi et al., 

2006). Sporogony within the oocyst produces many sporozoites and when tl1e oocyst ruptures, 

they migrate to the salivary glai1ds for onward transmission into another host. This fo11n of the 

parasite is found in the salivary glands after l 0-18 days and thereafter the mosquito remains 

infective for 1-2 1nonths. When an infected mosquito bites a susceptible host, t.he Plasmodium 

life cycle begins again (Tuteja, 2007). 

• 
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2.2. Diagnosis of malaria 

Prompt and accurate diagnosis is critical to the effective management of malaria. The global 

impact of malaria has spurred interest in developing effective diagnostic strategies not only 

for resource-limited areas where malaria is a substai1tial burden on society, but also in

developed cotmtries, where malaria diagnostic expertise is often lacking (Bell et al., 2005). 

Malaria diagi1osis involves ide11tifying malaria parasites or antigens/products in patient blood. 

Although this may seem sin1ple, the diagnostic efficacy is subject to many factors: The 

different forms of the five malaria parasite species, the different stages of erythrocytic 

scllizogony, the ende1nicity of differe11t species, the i11terrelation between levels of 

transmission, population n1oven1e11t, parasitemia, immunity and signs and syn1ptoms, drug 

resista11ce, tl1e proble1ns of recurre11t 1nalaria, persisting viable or non-viable parasitemia, 

sequestration of tl1e parasites in tl1e deeper tissues, and the use of chemoprophylaxis or even 

p1·esu111ptive treatn1ent on the basis of clinical diagnosis, can all influence the identification 

and i11terpretation of 1nalaria pa1·asite1nia in a diagnostic test (Reyburn et al., 2007). 

Malaria is a potential n1edical emergency and should be treated accordingly. Delays in 

diagnosis and treatment are leading causes of death in many countries 

(www.cdc.gov/1nalaria/facts.htm 2008). Diagnosis can be difficult where malaria is no longer 

endemic for healthcare providers unfamiliar with the disease. Clinicians may forget to 

consider malaria among the potential diagnoses for some patients and not order the necessary 

diagnostic tests. Some Medical Laboratory Scientists may be unfamiliar with, or lack 

experience with malaria, and fail to detect parasites when examining blood smears under a 

microscope. In some areas, malaria transmission is so intense that a large proportion of the 

population is infected but remains asymptomatic, e.g., in Africa. 

Such carriers have developed sufficient immunity to protect them from malarial illness, but 

not infection. In such situations, finding malaria parasites in an 111 person does not necessarily 

mean that the illness is caused by the parasites. In many n1alana-endcmic cotmtries .. the lack 

of resources 1s a maJor barrier to reliable and t1n1cly diagnosis Health personnel are 

undertrained, under- equipped, and u11derpaid. They of\c11 f nee C'\ccss1,1c paticr1t loads� und 
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must divide their attention between malaria and other equally severe infectious diseases, such 

as tuberculosis or HNI AIDS. 

2.2.1 Clinical Diagnosis of Malaria 

A clinical diagnosis of malaria is traditional among medical doctors. This method is least 

expe11sive and most widely practiced. Clinical diagnosis is based on the patients' signs and 

symptoms, and 011 physical findings at examination. The earliest symptoms of malaria are 

very nonspecific and variable, and include fever, l1eadache, weakness, myalgia, chills, 

dizziness, abdo1ninal pain, diarrl1ea, nausea, vo111iting, anorexia, and pruritus (Looareesuwan, 

1999). A clinical diagnosis of 1nalaria is still challenging because of the non-specific nature of 

tl1e sigi1s a11d symptor11s, wl1ich overlap considerably with other common, as well as 

potentially life-threate11i11g diseases, e.g. commo11 viral or bacterial infections, and other 

febrile illnesses. 

Tl1e overlapping of malaria symptoms with other tropical diseases impairs diagnostic 

specificity, which can promote the indiscriminate use of antimalarials and compromise the 

quality of care for patients with non-malarial fevers in endemic areas (Mwangi et al., 2005; 

Reyburn et al., 2004; McMorrow et al., 2008). The Integrated Management of Children 

Illness (IMCI) has provided clinical algorithms for managing and diagnosing common 

childhood illnesses by minimally trained health-care providers in the developing world having 

inappropriate equipment for laboratory diagnosis. 

A widely utilized clinical algorithm for malaria diagnosis, compared with a fully trained 

pediatrician with access to laboratory support, showed very low specificity (0-9%) but lOOo/o

sensitivity in African settings (Perki11s et al., 1997; Weber et al., 1997). This lack of 

specificity reveals the perils of distinguishing malaria from other causes of fever in children 

on clinical grounds alone. Recently, another study s110\ved that use of the IMCI clinical 

algorithm resulted in 30% over-diagnosis of malaria (Tagbo et al., 2005). Therefore, the 

accuracy of malaria diagnosis can be greatly enl1a11ccd by co111bining clinical-and p,1ras1te

bascd findings (Kyabayinze ct al., 2008). 
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2.2.2 Laboratory Diagnosis of Malaria 

Rapid and effective malaria diagnosis not only alleviates suffering, but also decreases 

community transn1ission. The non-specific nature of the clinical signs and symptoms of 

malaria may result in over-treatn1ent of malaria or non-treatment of other diseases in malaria-

endemic areas, and n1isdiagnosis in non-endemic areas (Bhandari et al., 2008). In the 

laboratory, n1alaria is diagnosed using different techniques, e.g. conventional n1icroscopic 

diagnosis by staining thin and thick peripheral blood s1nears (Ngasala et al.,2008), other 

conce11tration techniques, e.g. Qua11titative Buffy Coat (QBC) method (Bhandari et al., 2008), 

rapid diagt1ostic tests e.g., OptiMAL (Tagbor et al.,2008, Zerpa et al., 2008), ICT 

(Ratsin1basoa et al.,2008), Para- HIT-f (McMorrow et al., 2008), ParaScreen (Endesbaw et al., 

2008), SD Bioli11e (Lee et al., 2008), Paracl1eck (Harvey et al., 2008), and molecular 

diagi1ostic 1nethods, sucl1 as polyi11erase cl1ain reaction (PCR) (Holland et al., 2008) 

Son1e advru1tages and sl101tcon1ings of these methods have also been described, related to 

• 

sensitivity, specificity, accuracy, precision, time consumed, cost-effectiveness, labor . 

inte11sive11ess, the need for skilled microscopists, and the problem of inexperienced Medical 

Laboratory Scientists. (Holland et al., 2008) 

2.2.2a Microscopic diagnosis using Giemsa-stained thin and thick peripheral blood 

smears (PBS) 

Malaria is conventionally diagnosed by microscopic examination of stained blood films using 

Giemsa, Wright's, or Field's stains. This method l1as changed very little since Laverran's 

original discovery of the malaria parasite, and improvements in staining techniques by

Romanowsky in the late 1,800s. More than a century later, microscopic detection and 

identification of Plasmodium species in Giemsa-stained thick blood films (for screening the 

presenting malaria parasite), and thin blood films (for species' confrrmation) remains the gold 

standard for laboratory diagnosis (Bharti et al., 2007). Malaria is diagnosed microscopically 

by staining thick and thin blood films on a glass slide, to visualize n1alaria parasites. 

Bnefly, the patient's finger is cleaned with 70o/o ethyl alcohol, allo,,1ed to dry and then the 

side of fingertip ts picked with a sharp sterile lancet and t\, o drops of blood are placed on a 

glass slide. To prepare a thick blood ft Im, a blood spot ts stirred 1n a circular mot1on ,,,ith the 
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comer of the slide, talcing care not 1nake the preparation too thick, and allowed to dry without 

fixative. After drying, the spot is stained with diluted Giemsa (1: 20, vol. /vol.) for 20 min, 

and washed by placing the film in buffered water for 3 min. The slide is allowed to air- dry in 

a vertical position and examination usit1g a ligl1t 1nicroscope as they are unfixed, the red cells 

lyse when in a water-based stain is applied. 

A tlun blood film is prepared by immediately placing the smooth edge of a spreader slide in a 

drop of blood adjustiI1g the angle betwee11 slide and spreader to 45 degrees and then smearing 

the blood witl1 a swift and steady sweep along the surface. The film is then allowed to air 

dried and fixed with absolute 111ethanol. After drying, the sample is stained with diluted 

Gie1nsa (1 :20, vol. /vol.) for 20 minutes and washed by briefly dipping the slide in and out of 

a jar of buffered water ( excessive wasl1ing will decolorize the film). The slide is then allowed 

to air dry in a vertical position and examined under a light microscope (Chotivanich et al., 

2006). Tl1e wide acceptance of this technique by laboratories all around the world can be

attributed to its sin1plicity, low cost, its ability to identify the presence of parasites, the 

i11fecting species and assess parasite density/ all parameters useful for the management of

n1alaria. 

Recently, a study showed that conventional 1nalaria microscopy diagnosis at primary health 

care facility in Tanzania could reduce the prescription of antimalarial drugs, and also 

appeared to improve the appropriate management of non-malarial fevers (Ngasala et al., 

2008). However, the staining and interpretation processes are labor intensive, time 

consuming, and require considerable expertise and trained healthcare workers, particularly for 

identi- fying species accurately at low parasitemia or in mixed malarial infections. Toe most 

important shortcoming of microscopic examination is its relatively lo\v sensitivity, 

particularly at low parasite levels. Although the expert microscopist can detect up to 5 

parasites/µ!, the average microscopist detects only 50-100 parasites/ µl (Payne, l 988). 

This has probably resulted 1n underest1n1ating malaria infection rates, especially cases ,,,ith 

low parasitemia and asyn1ptomat1c n1alaria. Tl1c ability to n1ni11tai11 reqt11r�d le, els of malaria 
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diagnostics expertise is problematic, especially in remote medical centers in countries where 

the disease is rarely seen (Ohrt et al., 2002). Microscopy is laborious and ill-suited for high

through-put use, and species detennination at low parasite density is still challenging. 

Therefore, in re1note rural settings, e.g. peripheral medical clinics with no electricity and no 

l1ealtl1-facility resources, microscopy is often tmavailable (Erdman et al., 2008). 

The accepted laboratory practice for the diagnosis of malaria is the preparation and 

niicroscopic examination of blood films stained with Giemsa, Wrights, or Fields stain 

(Wa1·hurst et al., 1996). However in resource-poor areas, microscopic diagnosis has been 

shown to be insensitive a11d 11on-specific, especially when parasitaemia is low or mixed 

i11fectio11s are p1·esent (An1exo et al., 2004). In field conditio11s, sensitivities and specificities 

as low as 71-72% l1ave bee11 reported (Snow et.al. 2005). Other limitations include false 

negativity due to relatively sn1all amount of blood examined or low parasitaemia, and false 

positivity dt1e to debris (Salako et al., 1999). In an attempt to enhance the detection of malaria 

parasites, alternative n1ethods have been introduced. 

2.2.2b Rapid Diagnostic Tests (RDTs) 

Malaria rapid diagnostic tests, sometimes called "dipsticks" or malaria rapid diagnostic 

devices (MRDDs) are simple immunochromatographic tests that identify specific antigens of 

malaria parasites in whole or peripheral blood (Hopkins et al., 2008). RDTs are available as a 

simple dipstick, a cassette (dipstick in a plastic holder), or in a card for1nat. 

Simplicity of format ( e.g. cassettes) may be important to overall sensitivity (Tagbo et al., 

2005). Pictorial representation of the RDT fonnats is contained on the appendices page (ref. 

appendix). 

2.2.2bi Target Antigens 

Malaria antigens currently targeted by RDT are Histidi11e-rich protein TI of P. falcipan1n1 

(PfHRPin, Plasmodium aldolase and Parasite lactate del1ydrogenase (pLDH). H1st1d1ne-rich 

protein II of P. Jalcipari,,,, (PfHRPII) is a ,vatcr soluble protein that 1s produced by the 

asexual stages and gamctocytes of P falc1pa1·11111, cx1)rcsscd on the red cell me1nbranc surface, 
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and shown to remain in the blood for at least 28 days after the initiation of antimalaria 

therapy. Several RDTs targeting PfHRP II have been developed (McCutchan et al., 2008) 

Plasmodi1.1m aldolase is an enzyme of the parasite glycolytic pathway expressed by the blood 

stages of P. falcipan,,n as well as tl1e non-fa l ciparum malaria parasites. Monoclonal 

a11tibodies against Plasmodium aldolase are pa11-specific in tl1eir reaction and have been used 

in a combined 'P .f/P. v' immu11ocl1.romatographic test that targets tl1e pan malarial antigen 

(PMA) along with Pf HRPII (McCutchan et al., 2008). 

Parasite lactate del1ydrogenase (pLDH) is a soluble glycolytic enzyme produced by the 

asexual and sext1al stages of tl1e live parasites and it is present i11 and released from the 

parasite infected erytl1.rocytes. It has been found in all 4 human malaria species, and different 

isomers of pLDH for eacl1 of tl1e 4 species exist (Piper et al., 1999). With pLDH as the target, 

a quantitative inm1u11ocapture assay, a qualitative immunochron1atograpluc dipstick assay 

using monoclonal antibodies, an immunodot assay, and a dipstick assay using polyclonal 

a11tibodies have been developed. 

2.2.2bii Test performance of RDTs 

Dipstick RDTs 

Dipsticks are the commonly used forms of RDTs. Thls may be due to the fact that they are 

readily available in the market at a relatively cheap price US$ 0.5/test (Guthmann et al., 

2008). They are easy and quick to use and thus require very little training and a shorter turn

around time. Dipsticks do not offer enough protection against blood contamination 

(Kakkilaya, 2003), but if protective gloves are used during testing procedures, this problem 

can be solved or minimized. Most for1nats detect only the HRPII antigen which is specific for 

P. falciparu,n and therefore areas where non falciparum malaria is predonlinant may not find

this type of RDT formats very useful (Moody, 2002). 

Cassette and Cards RDTs 

These RDT forrnats are much safer to use. Tl1is is because the)' prevent blood contan1inat1on 

TI1cy arc also readily available but at a 40% pt ice 111gl1cr tha11 the dtpstick.s (\VHO, 2004). 
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These tests are not as simple as the dipsticks and thus require proper training before use and 

they also require much time for results to be ready. Unlike the dipsticks, most of these RDT 

fo11nats target two antigens (HRPII/Pan pLDH, HR.PII/Pan ·aldolase or HRPII/pLDH) 

(Moody, 2002) making it possible to detect all the plasmodiwn species. 

2.2.3 Fluorescence Microscopy 

The flt1orescence 1nicroscope is based on tl1e phenon1enon tl1at certai11 materials emit energy 

detectable as visible ligl1t wl1e11 irradiated with light of a specific wavelength. The sample can 

eitl1er be flt1orescing i11 its natural fonn like cltloropl1yll and son1e minerals, or treated with 

fluorescing cl1en1icals (Moody, 2002). In malaria diagnosis, many methods have been 

d.eveloped based 011 tl1is teclmique. Son1e of these methods are the Quantitative Buffy-Coat

(QBC) metl1od wl1ich is available as a commercial kit (QBC®; Becton Dickinson, Franklin 

Lakes, NJ); the Kawamoto Acridi11e-Orange (KAO) process (Kawamoto, 1991; Kong et al., 

1995; Boscl1 et al., 1996), the Benzothiocarboxypurine (BCP) procedure (Makler et al., 1998) 

and recently the Cyscope rapid malaria test® (Partee GmbH, Munster, Ger1nany). 

2.2.3a Test Performance of the fluorescent microscopy 

Quantitative Buffy Coat (QBC) method 

The QBC teclmique was designed to enhance microscopic detection of parasites and simplify 

malaria diagnosis (Clendennen et al., 1995). This method involves staining parasite 

deoxyribonucleic acid (DNA) in micro-l1ematocrit tubes with fluorescent dyes, e.g. acridine 

orange, and its subsequent detection by epi-fluorescent microscopy. Briefly, finger-prick 

blood is collected in a hematocrit tube containing acridine orange and anticoagulant. The tube 

is centrifuged at 12,000 revolutions /minute for 5 minute and immediately examined using an 

epi-fluorescent microscope (Chotivanich et al., 2006). Parasite nuclei fluoresces bnght green, 

while cytoplasm appears yellow-orange. 

The QBC technique has been shown to be a rapid and sensitive test for diagnos1ng malaria i11 

numerous laboratories settings (Bha11dari et al., 2008, Porns1 lapatip ct nl., 1990, Salako et al ... 

1999; Bannan et al., 2003; Adeoye ct al., 2007) Whtlc it cnha11ccs scnsit1,1il)' for P.
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falciparu,rz, it reduces sensitivity for non-falciparum species and decreases specificity due to 

staining of leukocyte DNA (Moody, 2002). Recently, it l1as been shown that acridine orange 

is tl1e preferred diagnostic method ( over light microscopy and imm11nochromatographic tests) 

in tl1e context of epidemjologic studies in asymptomatic populations in endemic areas, 

probably because of increased sensitivity at low parasitemia (Ochola et al., 2006). 

The QBC 1nethod uses Acridine Orange (AO) as the fluorochrome to stain the nucleic acids of 

any n1alarial parasites in tl1e sample (Figure 3). Although AO is a very intense fluorescent 

stain, it is non-specific and stains nucleic acids from all cell types (Moody, 2002). AO is 

considered hazardous and needs special disposal requirements, making it inappropriate for use 

in tl1e field. Co111pa1ing metl1odologies, the QBC is more demanding teclmically (Agabani et 

al., 1994) a11d 1·equi1·e special eqttipment and supplies making it more expensive (Craig et al., 

1997). However, QBC is rapid and l1as a l1igl1 P. vivax detection rate with sensitivity and 

specificity: 87.2% and 95% respectively as found by Wang et al., in 1996; but lower P.

falcipa,·i,111 detection rate with sensitivity and specificity of 55.9 % and 88.8% respectively in

tl1e fi11dings of Adeoye et al., 2007. 
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Figure 3: QBC Test showing discrete bands and a parasite 

(Source. QBC Diagnostics manufacturer's manual) 
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2.2.4 KAO and BCP method 

Whilst the Kawamoto Acridine-Orange (KAO) method uses AO as the fluorochrome to stain 

the nucleic acids of any malaria parasite in the sample, the Benzothiocarboxypurine (BCP) is 

used for the BCP method. Both methods are rapid even though the KAO is simpler 

(Kawan1oto, 1991 a; Kawamoto, 1991 b ). The BCP cru1 be applied directly to a lysed blood 

suspension or to an unfixed but dry tluck blood film and stains the nucleic acid of viable P.

falcipa1,J.111 parasites inte11sely (Figure 4) a11d has a reported sensitivity and specificity of 

>95% for P. falcipari,111 (Moody, 2002). Tl1e sensitivity of AO staining witl1 parasite levels of

<100 parasites/ ml has been reported to range from 41.7%- 93% (Lowe et al., 1996) and 

specificity of AO staining for P. vivax i11fections appears to be about 52%, whereas that for P.

falcipari11n infectio11s is arot1nd 93% (Clendennen, 1995). Botl1 methods cannot distinguish 

between the various plasmodium species. 
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Figure 4: Trophozoites of P. falciparum (arrowed) stained with BCP in the fluorescence 

method. Source: Moody, 2002 
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2.2.5 Cyscope Rapid Malaria Test® 

The test is done using the Partee CyScope®. It is a new innovative microscope that uses both 

UV fluorescence light and transmitted light simultaneously or in separate and integrates the 

most rece11tly available generation of powerful light emitting diode (LED) light sources 

(Figure 5). It is battery-operated and mobile, designed for several hours of use completely 

independent from any regular power supply. The Partee CyScope® is perfectly suited for all 

applications in light ru1d fluorescence nucroscopy (Nkrumah et al., 2010) and has ready

prepa1·ed a11d ready-to-use test slides wl1ich carry the dried-in 1·eagents (DAPI), ( emission 443 

1un, wavele11gtl1 365 11111, safely on the slide surface). Tl1erefore long-tem1 storage and 

slupn1ent ai·e signi.ficru1tly supported, making malaria testing easier, faster and more 

affordable than eve1· before (Nkrumal1 et al., 2010). Like the other fluorescent methods, trus 

method n1ay not be ideal for species identification . 
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Figure 5· Fluorescent nuclei of Plasmodium parasites (arrowed) within unstained peripheral 

erythrocytes beside the CyScope microscope The large fluorescent round areas 

represent the nuclei of leukocytes. LED fluorescence light (365 run)� 1000-fold 

magnification. (Source: www.partec.com) 
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2.2.S Molecular Techniques 

Molecular techniques such as Polymerase Chain Reaction (PCR) and Nucleic Acid Sequence

Based Amplification (NASBA) have been recently developed in the molecular diagnosis of 

m.alaria. Since 1990, several expe1imental assays l1ave been reported that use various primers, 

extraction and detectio11 techniques (Snounou et al., 1993b ). Several reports have shown that 

PCR l1as a higher sensitivity (infection with five parasites or less per µI can be detected with 

100% sensitivity ai1d specificity) (Kawamoto et al., 1996) than examination of thin blood 

s111ears, especially in cases with low parasitaemia or mixed infection (Makler et al., 1998). 

PCR is said to have a lower detection li111it of betwee11 O. 7 and 0.02 parasites/µI (Schneider et 

al., 2005). Quru1titative-11ucleic acid seqt1ence-based amplification (QT-NASBA) can detect 

parasites at a level as low as 0.02 parasites/µ! blood and allows for precise quantification of 

tl1e parasite load over a ra11ge of 20-108 parasites/ml blood (Schoone et al., 2000). 

However, 111ost publisl1ed PCR assays are gel based with (Brown et al., 1992)or without 

(Alves et al., 2002) subsequent probe hybridizations, resulting in a lengthy procedure not 

optin1al for cli11ical use. The need for a 111ore sensitive and time-efficient assay has led to the 

developn1ent of molecular assays involving Real time PCR (Lee et al., 2002). Real time PCR 

assays have the potential to detect low levels of parasitaemia, identify mixed infections, and 

allow for precise differentiation of species via melting curve analysis (Mangold et al., 2005). 

In a study conducted by Mangold et al., (2005), patient specimens infected at 0.01 to 0.02% 

parasitaemia densities were detected by Real time PCR, and analytical sensitivity was 

estimated to be 0.2 genome equivalent per reaction (Mangold et al., 2005). 

2.2.Sa Test Performance of Real time PCR 

Real time PCR is much easier to perform because it offers the option of using single probes 

instead of multiple probes with complex procedures. It is less time consuming since results 

interpretation is not gel based but rather on melting curve analysis ,vl1ich takes less t1n1e \\ith 

100% sensitivity and specificity (Boonma et al., 2007) Real time PCR also prevents 

carryover contamination as products are not reopc11ed for gel based electrophoresis On the 

other hand, the ther111al cyclers. pnn1ers, probes etc t1sccl for tl1c ,1mpl1fic,1t1on processes are 
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very expensive and therefore cannot be used for district hospitals and malaria endemic areas 

where they are needed most. It also requires much expertise and experience which are not 

available in these endemic areas (Brown et al., 1992 and Mangold et al., 2005). 

2.2.Sb Loop-mediated isothermal DNA amplification {LAMP) technique: The LAMP 

technique, tl1at detects 1-6 parasites /µ1 with minimal sample processing and requires no 

sophisticated equipment which ca11 be read with the naked eye have been launc11ed. It is 

clain1ed to be a simple and i11expe11sive n1olect1lar malaria-diagnostic test that detects the 

co11served 18S ribosome RNA ge11e of P. falcipa1·i1111 (Poon et al., 2006). Otl1er studies have 

sl1own higl1 sensitivity and specificity, not only for P. fcilciparu,n, but also P. vivax, P. ovale 

and P. 111a/a1·iae (Ha11 et al., 2007 and Aonuma et al., 2008). These observations suggest that 

LAMP is 1nore reliable and useful for routine screening for malaria parasites in regions wl1ere 

vector-bon1e diseases, such as 1nalaria, are endemic. LAMP appears to be easy, sensitive, 

quick ru1d lower in cost tl1a11 PCR. However, reagents require cold storage, and further clinical 

trials are needed to validate the feasibility and clinical utility of LAMP (Erdman et al., 2008). 

2.2.6 Flow Cytometry 

Flow cytometry carries some potential as an alternative tool for malaria diagnosis. Whereas 

this method appears to be too expensive for malaria-endemic countries, it might be of great 

value in affluent countries where flow cytometric blood cell differentiation is used routinely 

in hematology laboratories. An advantage of the method is its potential to detect cases in the 

absence of clinical suspicion (Hanscheid et al., 1999; Hanscheid et al., 2000). Recent studies 

using automated hematology analyzers have demonstrated unexpected abno1111alities in 

differential white blood cell plots and reticulocyte histograms from patients \Vith malaria. 

Nor1-r1al monocytes can be discriminated from monocytes that have ingested the malarial 

breakdown product hemozoin because of the ability of hemozoin to depolarize laser light used 

for routine differentiation of eosinophils. Nuclear 1naterial of intraer)1hrocyt1c n1alaria 

parasites could be discriminated by fluorescent nucleic acid d)'C ltscd in routine qt1antificatlon 

of reticulocytcs. The presc11cc of 1n fccted crytl1rocytcs lct1ds to �1 disti11cl fll1orcsccnt spike 1n 
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reticulocyte histograms, referred to as pseudoreticulocytosis. It has been suggested that this 

novel method is a useful addition to conventional microscopy (Hanscheid et al., 2001, 

Hoffmam1 et al., 1999 and Mendelow et al., 1999). 

Recently, depolarized light scatter of white blood cells has been applied to automated malaria 

diagnosis using commercial l1ematology analyzers such as the Cell-Dyn® 3500 (CD3500) 

(Abbott, Sa11ta Clara, CA) (Mendelow et al., 1999). This allows malaria diagnosis by 

detecting malaria pigments i11 white blood cells during routine full blood counts. Con1pared to 

1nicroscopy its sensitivity and specificity is 95% and 88% respectively (Hanscheid et al., 

2001). 

2.2. 7 Mass Spectrometry 

A novel metl1od for the i11 vitro detection of tl1e malaria parasite at a sensitivity of 10 

parasites/µ! of blood has been rece11tly reported. It comprises a protocol for clean-up of whole 

blood sa111ples, followed by direct ultraviolet laser desorption time-of-flight mass 

spectrometry. Inte11se ion signals are observed from intact ferriprotoporphyrin IX (heme), 

sequestered by n1alaria parasites during their growth in human red blood cells. The heme 

group is pl1otoactive and turns out to be easily detectable by direct laser-desorption mass 

spectrometry. The laser-desorption mass spectrum of the heme is structure-specific, and the 

signal intensities are correlated with the sample parasitaemia. Many samples could be 

prepared in parallel and measurement per sample may not take longer than a second. 

However, even though this teclmique may be fast, it is expensive thus cannot be used in 

developing countries let alone rural areas (Demirev et al., 2002 and Mann, 2002). 

2.2.8 Malaria Magnetic Deposition Microscopy (MDM) 

In an attempt to overcome some problems inherent to blood smear microscopy, a magnet

based approach to concentrate malaria parasites and augment detection of malaria-infected 

erythrocytes by microscopy has been developed. This system, malaria magnetic deposition 

microscopy (MDM), exploits the fact tl1at Plasmodiun1 parasites produce a Cr) stalline by

product, hemozo1n, from hen1e wh1cl1 is liberated during l1en1oglobi11 d1gest1on 1albandian et 

al., 1995 and Paul ct al., 1981 ). MOM ca1)turcs parasit1zcd Cl)'ll1roc)1lcs 1n a narro,,· n1agnetic 

11 

•

• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



field and deposits them directly onto a small region of a polyester slide, which is immediately 

ready for fixation and staining. By concentrating parasites, MDM increases the sensitivity of 

diagnosis and decreases the time it takes to read the slide and it the ability to concentrate 

parasites of all four humai1 malaria parasite species, including efficient capture of P.

falciparuni gametocytes. 

P. falciparit111-infected blood sa1nples were enricl1ed 40-fold from a parasitae1nia of 2.7°/o to

nearly 100% wllilst P. vivax-infected blood samples were enricl1ed up to 250-fold, from an 

initial pa1·asitaemia of 0.1 % to clusters wit11 25% infected erythrocytes (Zimmer·111an et al., 

2006). 

2.2.9 Light microscopy 

Tl1e accepted laboratory practice for the diagnosis of n1alaria is the preparation and 

microscopic exan1ination of blood films stained with Giemsa, Wrights, or Fields stain 

(Warl1urst et al., 1996). 

2.2.9a Test Pe1·formance 

Giemsa stain 

Giemsa microscopy is still regarded as the gold standard and the most suitable diagnostic 

instrument for malaria control because it is believed to be inexpensive to perfor111, able to 

differentiate malaria species and quantify parasites (Jonkman et al., 1995). However, 

microscopy is labour-intensive, time-consuming, requires well-trained (Reyburn et al., 2004), 

expert microscopists and rigorous maintenance of functional infrastructures plus effective 

quality control (QC) and quality assurance (QA) (Wongsrichanalai et al., 2007). Giemsa 

stained light microscopic diagnosis has been shown to be insensitive and nonspecific, 

especially when parasitaemia are low or mixed infections are present (Amexo et al., 2004) . 

Sensitivities and specificities as low as 71-72% have been reported (Arai et al., 1996 and 

Snounou et al., 1993a). 
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field and deposits them directly onto a small region of a polyester slide, which is immediately 

ready for fixation and staining. By concentrating parasites, MDM increases the sensitivity of 

diagnosis and decreases the time it takes to read the slide and it the ability to concentrate 

parasites of all four 11.uman malaria parasite species, including efficient capture of P.

falciparu,n gametocytes. 

P. falcipan,111-infected blood samples were enricl1ed 40-fold from a parasitaemia of 2.7°/o to

nearly 100% wl1ilst P. ,,t,,ax-infected blood samples were enricl1ed up to 250-fold, from an 

i11itial parasitaemia of 0.1 % to clusters with 25% infected erythrocytes (Zimmer·1nan et al., 

2006). 

2.2.9 Light microscopy 

Tl1e accepted laboratory practice for tl1e diagnosis of malaria is the preparation and 

microscopic examination of blood films stained with Giemsa, Wrights, or Fields stain 

(Warl1urst et al., 1996). 

2.2.9a Test Performance 

Giemsa stain 

Giemsa microscopy is still regarded as the gold standard and the most suitable diagnostic 

instrument for malaria control because it is believed to be inexpensive to perfot 1r1, able to 

differentiate malaria species and quantify parasites (Jonkman et al., 1995). However, 

microscopy is labour-intensive, time-consuming, requires well-trained (Reyburn et al., 2004), 

expert microscopists and rigorous maintenance of functional infrastructures plus effective 

quality control (QC) and quality assurance (QA) (Wongsrichanalai et al., 2007). Giemsa 

stained light microscopic diagnosis has been shown to be insensitive and nonspecific, 

especially when parasitaemia are low or mixed infections are present (Amexo et al., 2004) 

Sensitivities and specificities as low as 71-72% have been reported (Arai et al... 1996 and 

Snounou et al., 1993a). 
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Fields stain 

Field's stain is widely used as a rapid staining technique for thick and thin blood films for the 

diagnosis of malaria. This is mostly due to the fact that this teclmique is easy, quick and the 

stains are commercially prepared, ready for use and malaria films stained by this method 

sl1ow adequate staining of all stages of Plasmodium including tl1e Schueffner's and J ames's 

dots of P. viva.x and P. ovale respectively. However, just as Giemsa stain, a considerable 

amoU11t of expertise is needed to identify malaria parasites and the stain also fades with time. 

Compared to Giemsa, the sensitivity of Field's stain is low; 34.57% even though it has an 

excellent specificity, 100% (Mendiratta et al., 2006 and Moody et al., 1985) but other studies 

l1ave reported a higher se11sitivity of 96.3% ru1d a specificity of 96.3% (Ibrahi1n, 2002). 
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Figure 6: Giemsa stained malaria parasites (arrowed) as they appear in the thick and thln 

films under the light microscope (Source: MDCoE, Kisumu, Kenya) 

34 

.. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.3 Laboratory diagnosis in summary

The WHO practical microscopy guide for malaria provides detailed procedures for laboratory 

practitioners (WHO, 1991). Diagnosis initially requires determining the presence (or absence) 

of malarial parasites in the examined specimen. Then, if parasites are present two more tasks 

111ust be perforn1ed: 1) identification of tl1e species ai1d life-cycle stages causing the infection 

and 2) calculation of the degree of infection, by cottnting the ratio of parasites vs. healthy 

co1nponents (i.e. parasitaen1ia). However, these tasks are not necessarily perfor111ed separately 

01· l1ierarcl1ically. 

Using a microscope, visual detection a11d ide11tification of tl1e Plczs1nodiunz is possible and 

efficient via a cl1emical process called stainit1g. A popular stain, Giemsa, slightly colors red 

blood cells (RBCs) but l1igl1lights tl1e parasites, white blood cells (WBC), platelets, and 

va1ious artifacts. 111 order to detect the infection it could be sufficient to divide stained objects 

into two groups such as parasite/11on-parasite and differentiate between them. 

Ho,vever, to specify tl1e infection and to perform a detailed quantification, all four species of 

Plas111odiu111 at four life-cycle-stages must be differentiated. Despite that the term 'artifact" is 

not very definitive, any stained object that is not a regular blood component or a parasite is 

referred here using this term: these include bacteria, spores, crystallized stain chemicals, and 

particles due to dirt (WHO, 1991). It must be noted that other peripheral blood parasites and 

RBC anomalies (e.g. Howell-Jolly bodies, iron deficiency, reticulocytes) are included in this 

artifact class definition. They could be examined in individual dedicated classes if their 

identification is also required. 

A specimen for manual microscopy diagnosis can be prepared ( on a glass slide) in two

different for1ns: I) a tliick blood fil,n enables examination of a larger volume of blood; hence 

it is more sensitive to detect parasites (as low as 50 parasites/µ! (Moody A .. 2002). Ho\ve\ er,

the thick film preparation process destroys RBCs and thus 111akcs ident1ficat1on of species 

difficult. 2) On the other hand, a t/1111 blood fl/111 prcsen,es RBC shapes and parasites and is 

thus more suitable for species identi flcat1on. A con1n1011 prnct1cc i11 n1nnu,tl d1agnos1s 1s to 
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perfotm positive/negative type decisions in thick blood films and identify species and life

stages in the thin films. Parasitaemia can be calculated in both types of smears (WHO, 1991 ). 

Polymerase chain reaction (PCR) methods are known to be more sensitive and more specific 

than (manual) microscopy (Berry et al., 2008, Coleman et al., 2006 and Moody, 2002). 

Recent advances in the technique allow high-tlrroughput applications and promote its use in 

ro11tine diagnosis (Safeukui et al., 2008; Muldrew et al., 2009). Mueller et al. (2009), showed 

tl1at Post-PCR ligase detection reaction fluorescent microspl1ere assay is more accurate tl1an 

light microscopy in resolvi11g species in tl1e presence of 111ixed i11fections, which are commo11 

in the areas wl1ere malaria is endemic. PCR-based metl1ods may replace microscopy 

exa1nination as the gold-sta11dard (Berry et al., 2008); however, costs are significantly higher 

and more expe11sive instn11ne11ts are required (Erdman et al., 2008). On the other hand, 

e1ne1·ging new technologies sucl1 as Rapid Diagnostic Tests Kits do not require any special 

equip1ne11t and t1·aining. Tl1e detection sensitivity is lower but comparable to manual 

111icroscopy. Howeve1·, tl1ey provide poor species discrimination and do not provide 

qt1antification of the results (Chilton et al., 2006). 

In the tropics, practitioners are preoccupied by malaria diagnosis, not only i11 feverisl1 patients 

but also for many undiagnosed systemic disorders (WHO, 2003; UNICEF, 2003). Such 

malpractice is not limited to treatment of false positive malaria, but presumptive treatment is 

also frequently practiced (Amexo et al., 2004 and Zurovac et al., 2006). The low accuracy of 

malaria diagnosis is widely recognized in malaria endemic countries (Zurovac et al., 2006). 

Misdiagnosis of malaria is costly and results in considerable morbidity and mortality, because 

it contributes to both delay in treatment of the correct diagnosis and to increasing antimalarial 

drug pressure and thus resistance, thereby speeding up the obsolescence of affordable drugs 

(Bell et al., 2006). 

The WHO recommends malaria case management, where possible, to be based on 

parasitological diagnosis, except when considering young cl1ildren in areas of high 

transmission where lack of resources or urgency of response tcn1poranl) lin11ts its appl1cat1on 

(World Malaria Report WlIO, 2008). I-Iowevcr, 111ost n1alarin cases 1n rcsot1rre constrained 
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areas tend to go undiagnosed and, more often than not, untreated, as clinical diagnosis has 

limited specificity (Amexo et al., 2004) and quality malaria microscopy is difficult to 

implen1ent at rural clinic levels. The expansion of parasitologicaJ diagnosis leading to better 

case management even in the most remote areas endemic for malaria will soon rely 

pred.ominantly on rapid diagnostic tests (RDTs) (Bell et al., 2008), and until recently they all 

consisted of lateral-flow im.tnunochromatographic devices that detect parasite-specific 

antigens in the blood (WHO/TDR/FIND/CDC, 2010). 

Protnpt parasitological co11ftnnation by microscopy or alten1atively by rapid diagnostic tests 

(RDTs) is recomn1ended for all patients wit11 suspected malaria before treatment is started 

(Abba et al., 2011). Microscopy is the coiner stone in malaria diagnosis; it is a valuable 

teclulique wl1en performed correctly, bt1t it is unreliable and wasteful when poorly executed. 

In additio11, tl1e teclmique has its own i1lherent limitations. 

Traditio11al n1icroscopy using giemsa-stained blood smears and high-power light microscopes 

has a 11umber of problems. Giemsa stain is unstable at high temperatures and so has to be 

fresl1ly prepared; the technique is labour intensive and time-consuming; and low parasite 

numbers, below 20 parasites/µl of blood, may be missed. The number of slides that can be 

examined without undue strain is limited, and tired microscopists may be even more likely to 

miss occasional parasites in a Giemsa-stained smear (Guy et al., 2007). Alternative staining 

techniques using fluorescent stains have been described, and have the advantage of allo\ving 

rapid scanning of slides at lower magnification that both reduces rnicroscopist fatigue and 

increases rates of detection where the parasitaemia is low (Mendiratta et al., 2006). The 

fluorescent dye SYBR-Green I has bee11 shown to be the most useful in the detection of 

malaria parasites (Guy et al., 2007). However, the need for a special microscope v.rith UV 

light limited the value of such techniques. 

Many diagnostic procedures have been developed to reduce the tin1e, preparation, and training 

needed to diagnose malaria. The use of Plasn1odiun1 nucleic actd fluorescent dyes ,,,as found 
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to facilitate detection of the parasites even in low parasitaemia conditions due to the contrast

with the background (Guy et al., 2007).

More recently, however, a new type of 'RDT' has been developed using fluorescent

irucroscopy: a portable fluorescence 1nicroscope was developed in Germany called

''Cyscope'', by P rt G b b t d a ec m H, Munster, and Ger111any). The portable, attery-opera e 

CyScope® (Pattee, Ger1nany) aims at redt1cing time and training needed for diagnosis (for

i1uom1ation on technology see Guy et al., 2008).

Furthennore, the microscope is capable of botl1 fluorescent and transmitted light operation, 

and incorporates powerft1l lligl1-efficie11cy light-emitti11g diodes (LED) as light sources. It is 

battery-powered and portable and can be t1sed independently of mains power for about 12 

hours. A built-i11 ca111era interface enables images of the slides to be taken for further 

investigation by image a11alysis software if desired. Slides that are pre-coated with fluorescent 

stai11s can be used in cotnbination with the Cyscope to provide a rapid, affordable and. 

practical alternative to traditio11al microscopy methods of parasite detection. 

Albeit classifiable as a 'RDT' (average time per diagnosis under 10 min), the CyScope® is 

also thought able to quantify infection parasitaemia, by counting the number of malaria 

parasites per white blood cells, a feature missed by all lateral-flow tests, as well as, being used 

for direct morphological inspection of red blood cells. Understanding parasitaemia levels pre

and post- treatment is crucial particularly for in-patient case management in health centres, 

clinics or hospital wards. 

Cyscope® microscope is a mobile, battery-operated microscope witl1 ready slides ,vith 

malaria parasite DNA specific staining reagents in the dried fo11n. All that is needed is the 

addition of a drop of blood and viewing the slide under the microscope, saving time and 

preparation and relatively cheap (£818 for the microscope ai1d £0.40 per test) An optional 

add-on enables viewing the slides on a computer to facilitate the diagr1ost1c procedure and 

storage and retrieval of results. Ho'vvever, few pt1blisl1ed data on C)scopc ro n11croscopc 111 

malana diagnosis are available (Guy et c1I., 2007, Hassa11 et <11., 2010, ousa-Figt1c1rcdo et tll., 
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20lO and Nkrwnah et al., 2011). Given the fact that the test is relatively cheap, this technique

offers the possibility of a useful test especially for n1alaria endemic and resource limited

regions. 

In 2006, Mendiratta et al., fro1n India suggested that the use of acridine orange in fluorescent 

microscopy as obtainable i11 Cyscope microscope can be used for malaria parasite screening. 

Recently, a pio11eeru1g cross-sectional facility-based study of tl1e diagnostic perfo11nance of 

the CyScope® was conducted in Sudan witl1 very promising resL1lts: sensitivity of 98.2% and 

specificity of 98.3% (gold standard: light microscopy) was obtai11ed (Hassan et al., 2010). The 

affordable pricing, use of solar powered battery, portability, compact design of the CyScope 

n1icroscope, and tl1e fact tl1at reagents do not require cold storage, make t11e method a 

pote11tially attractive alternative for n1alaria diagnosis in the rural setting. 

A similar work do11e in 11eighbouring country of Ghana by Bernard Nkrumah et.al, published 

in 2010, fou11d tl1at the results of malaria diagnosis for the Cyscope microscope were obtained 

more quickly and at less cost than those for the light microscope (using PCR as gold standard) 

and tl1at while the performance cha1·acteristics of the cyscope microscope were almost equal 

to those of the light microscope, the operatio11al characteristics were better, and cyscope can 

tl1erefore be considered as an alternative n1ethod for light microscope. 

However, in 2013, Rabiu et. al., in Ibadan, Nigeria reported that Paracheck-Pf®, a HRP-2 

RDT demonstrated a better diagnostic perfonnance than Cyscope®mini (a miniature size of 

Cyscope microscope) for diagnosis of falcipa,,.u,n malaria and will be a good diagnostic tool 

for field studies. This fmding was inconsistent with other reports about Cyscope microscope 

and raised another reason to investigate without using the miniature size microscope, while 

employing the service of an experienced microscopist and under a similar en\'tronment to 

ascertain the true picture of this tool in the Nigeria population. W11en this 1s done alongside 

the cost effective analysis of some of the routinely used diagnostic instrun1ents, it ,vill gi,,e a 

better guidance in the choice of malana diagnostic tool to,vards enst1ri11g malaria elimination 

in Nigeria. 
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Cl-IAPTER THREE 

MATERIALS AND METHOD 

3.1 Study Area 

Tl1e stltdy area was tl1e 1nunicipal area of Ibadai1, wlucl1 is 1nade up of five local governn1ent 

ai·eas. Ibadan is tl1e capital city of Oyo State located in tl1e forest zone of southwestern 

Nige1·ia. Ibada11 city lies on tl1e longitude 3°5' East of Greenwicl1 meridian and latitude 7°23' 

No1ih of tl1e Equator. Besides being tl1e largest indigenous city in Africa south of Sahara, the 

city is an in1porta11t trade a11d educatio11al centre. It also houses one of the largest and 

fo1·en1ost teacl1ing hospitals i.11 Africa. l-Iowever, the city is characterized by low level of 

enviro1u11e11tal sa11itatio11, poor l1ot1sing, overcrowding, lack of potable water and improper 

n1a11agen1ent ot' wastes especially in the i11digenous core areas characterized by high density 

and lovv income populations; tl1ese predisposes to malaria infection (Okonkwo et. al., 2012 ). 

3.2 Study Site 

Tl1e Urtiversity College Hospital (UCH) Ibadan is a tertiary healthcare facility tl1at has been 

ove1· saddled with providing secondary and primary healthcare services due to a near collapse 

of the last two. This health facility has about 1,000 bed spaces witl1 almost 500 outpatients 

flow daily, wl1erein 1nore than 50% of these patients present with fever and are queried for 

malaria diagnosis. The UCH recently acquired Cyscope fluorescent microscope and QBC 

fluorescent microscope to support the existing light microscope for malaria diagnosis in her 

Medical Microbiology and Parasitology department. Witl1 access to an arra) of \VHO trained 

malaria diagnostic personnel wl10 participate in external quality assessment progran1s. thi 

facility was chosen for conducting the laboratory analysis of the stud) 
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3.3 Study Design 

Tlus was an evaluative cross-sectional study

3.4 Study Period 

Tl1e study was conducted within four n1onths (January 2014 to April 2014).

3.5 Inclusion / Exclusion Criteria

Patie11ts of ru1y a.ge witl1 fever, l1avi11g axillary body ten1perature above 37.5 °C, and/or

wl1erei11 tl1e cli11icia11 suspects malarial, presenting in tl1e selected clinics in Ibadan, Nigeria,

a11d co11sented were included in tl1e stt1dy. However, patients with symptoms suggestive of

111alru·ia but vvl10 l1ad taken any ar1timalaria dn1gs within fourteen days of reporting to the 

hospital were not i11clt1ded i11 tl1is sn1dy. 

3.6 Sample Size Calcul�ttion 

For tl1e calct1lation of the san1ple size, the follo\ving equation was used: 
., 

n� = (Za + Z(3)- x P(l-P) 

(P - Po)2

Sensitivity and specificity is given with the 95o/o Confidence Interval (CI) 

P: estimated se11sitivity (85%) 

P0 : recommended minin1um sensitivity (95%) 

nx : estimated 11umber of infected with disease 

n, - (1.96+ 1.28)2 X 0.85(1-0.85)

(0.85 - 0.95)2

133.8 

Where Px is the prevalence obtained from similar study, n (total positive san1ples expected) 

for this type of study is calculated

n =- nxlP, 

Using p = *76.4% malaria in children< 5 yrs (*Tiddi & Akogu11, 2005)

n = 133.8 
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n = 175 

Accounting for 1 Oo/o non response 

NR = ri/1-f 

= 175 X 1/0.9 

=194 

Using a desig11 effect of 3, tl1e total sa1nple size was calculated to be 582 (l 94x3). 

Howevet· of the 582 san1ples 01tly 502 were valid for processing dt1e to tra11sportation and 

otl1er logistics challe11ges, givi11g 13. 75% invalid samples. 

3.8 Sampling Tecl1nique 

A multi-stage sa1npli11g techt1iqt1e was used 

- Stage 1: 011e tertiary l1ealtl1 facility (I-IF), one secondary I-IF and two primary I-IFs were

selected by si111ple rai1don1 sa1npli11g 

- Stage 2: At eacl1 I-IF, pl1leboton1y u11.its were selected. by simple random sampling

Stage 3: Patients wl10 presented with laboratory forms req11esting for malaria parasite 

investigatio11 at the selected pl1lebotomy units and consented to participate were selected 

by systematic ra11dom sampling until the sample size was reached. 

About 95 % of patients enlisted in this study were attending University College Hospital, 

Adeoyo State Hospital and Kola Daisi comprehensive health center while the rest participants 

were from other HF in Ibadan ( Remi Babalola health center). 

3.8.1 Sample and data collection 

Patients with laboratory request form sent in by the requesting physician for malaria parasite 

test. who consented or assented to participate i11 the study were enrolled. Certified 

phlebotomists collected one millimete1· of blood sample by venepuncture fron1 each 

participant into an EDT A anticoagu]ant specimen bottle, wl1ich ,vas used to test for malaria 

parasite using all the diagnostic instn1ments. 

A structured data collectio11 register was used to record the b10 dnt,1 ,111(1 the r� tilts of the 

test� 
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3.8.2 Sample Transportation

Sanlples collected daily were stored/ preserved at 4°c iI1 a refrigerator when daily processing 

was 110t feasible. San1ples frorn I-IF not situated very close to t11e laboratory where ana]ysis 

was done were tra11sported within 24 l101rrs of collection u1 a geostat ice pack container to the 

processing laboratory site at the University College I-lospital, Ibadan e11suring cold chai11 and 

sru11ple integrity was maintained. 

3.8.3 Sample Processing 

Liglit microscopy: Tl1e Gien1sa stained tl1ick a11d thin films ,vere examined with a Zeiss light 

tnicroscope (Aziostar plt1s, Carl Zeiss Microitnaging, Gern1any) using tl1e high power ( 40x) 

a11d the oil inm1ersio11 ( 1 OOx) objectives by a WHO certified microscopist and double checked 

by a WHO trai11ed 111icroscopy expert of abot1t 1 O years experience. The microscopists were 

bli11ded to tl1e outco111e of othe1· diag11ostic instru1nents. Details of the procedure are 

co11tai11ed in tl1e a1mex. 

Cyscope fluorescent microscopy: A Cyscope® malaria fluorescent microscope from Partee 

Company� Gem1at1y, was used to diagnose malaria by other trained and experienced 

laboratory personnel, blinded to the other diagnostic instruments' result. According to the 

n1anufacturer's instrt1ction, ten (10) microlitre of blood sample was applied to the pre

prepared slides of tl1e flt1orescence microscope, wet mount, and viewed witl1 the microscope. 

Presence (or absence) of malaria parasites was confirmed by viewing the fluorescent DNA of 

plasmodia under tl1e 1nicroscope ( objective x 40). Details of the procedure are contained in 

the annex. 

Quantitative Buffy Coat fluorescent microscopy: Tl1e QBC malaria test ¥las done by a 

trained expert with 7 years experience using QBC Paralens Advance from QBC Diagnost1cs .. 

Port Matilda. U.S.A. Details of this procedure is contained in section 2.2.3a. 

CareStartTJ\1 rapid diagnostic kit: CareStart™ targeting histidine rich protein 2 specific tor

plasmodium falciparum specie, manufactured by Acess Bio� l11c c,, Jer C)t .. U 1\. ,, 1th Lot

number M03B 1 o and expiry dale slated for ,lt1ly 20 l 5 \\as ttsed for thi �tt1d\ ·r·n1111<:d ru1d
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experienced personnel followed c. 
· • • 

a manu1acturer' s 1nstruct1on on standard operating proce ures. 

Detail procedures are contained in the annex.

3.9 Turn-Around Time (TAT)

Tliis was lhe time taken starti11g fron1 when sample is received by the laboratory personnel

wl1o processed it, ai1d tl1e tune taken for completing all stages of the laboratory procedure and

results was generated followi11g tl1e sta11dard operating procedure for each diagnostic

instrun1ent. This was morutored by usi11g a stop watch and separately recorded in another 

sttuctured data collection register/ 'time sheet'. Time spent on eacl1 stage of processing 

accordir1g to tl1e SOP t1ntil result was ready for eacl1 diagnostic instrument was recorded and 

compa1·ed. 

3.10 Cost-Effectiveness Analysis 

Cost effective11ess analysis, is an eco11on1ic study in whicl1 the costs are expressed in 

n1onetary w1its. he1·e i11 U.S Dolla1·s (Naira equivalent slated at 162 naira for I U.S dollar at 

tl1e tin1e of tl1is stL1dy), and the results/ot1tcome in non-monetary units, here in number of tests 

done by each of tl1e i11struments. It is also the ratio between the resources used and the related 

effects which is deter111ined by comparison of the costs/input and consequences/outcome. The 

·Standard Gt1idelines on Health Economic Evaluation' as put together in 2006 by Evelyn

Walter and group of health economics experts from the Institute for Phar1naeconomic 

Researcl1, Vienna, was used for this analysis. 

3.10.1 Cost/ Input 

The costs were divided into machine or equipment cost, reagents /consumables cost, 

manpower/personnel. electricity or other miscellaneous. 

Ass111nptio11s: The following assumptions were made; 

• That machine cost is per unit time of ttse. assuming unifonn depreciation o, er t1n1c ' ltft'�pan

of the equipment (fixed lifespan is 3 years for the entire mac11i11c). 

• 'J hat period of use \.Vas fixed at 8 hours per day.
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Acquisition cost was divided by total life span of equipment (in real use days i.e. excluding

weekeods) to get machine cost per unit time of use. Cost of reagents/consumables was

calculated per session of use (8l1ours/day) (table 5). 

• Manpower/Personnel cost was calculated t1su1g standard mo11thly wage of basically qualified

staff to operate each diagnostic tool; expressed in wage/hour. Basic staff qualification for

CAREST ART (RDT) t1sage is post pri1nary education while the staff qualification for other 

diagnostic tools is post-seconda1·y education. Using tl1e United States Office of Personnel 

Managei11e11t , Ge11eral Schedule Qualificatio11 Standards, 2014; The General Scl1edule 2 (GS 

2) is tl1e sta11dru·d for secondary educatio11 equivalent in Nigeria, which is acceptable staff

qt1alificatio11 for operati11g tl1e CARESTART, while the Cyscope fluoresce11t microscope can 

be ope1·ated by a staff on GS 5 (i.e, a degree holder). Botl1 QBC fluorescent microscope and 

light Microscope will require a staff on GS 7 (i.e, a professional degree). 

At GS 2, the sta11dard salary is $25,114 per annum, which is equivalent to $12.50 per hour 

(given 21 worki11g days/ 111011th and 8 l1ours/ day). For GS 5, the equivale11t salary per hour is 

$17. l O (give11 $34, 415 pe1· annum). Tl1e standard schedule for GS 7 will provide a salary per 

l1our of $21.14 (at $42,631 per annun1). Electricity was estimated at $0.08/ hour ( equivalent of 

N12.99k). 

3.10.2 Consequences/Output 

It is expected that each diagnostic tool produces result (yield) for malaria parasite test as the 

output or consequence of the use. The yield per procedure over the work/ allotted time was 

calculated. Hence, cost per hour of use was deter1nined as the ratio between the resources 

used and the related effects, classified by comparison of the costs /input and 

conseque11ces/outcome per hour. 

3.11 Quality Control 

Standard operating procedures (SOPs) was developed and validated for ever) clinical and 

laboratory procedure to ensure co1npliance with inten1ational practic111g �tru1dard. Laborator)' 

procedures were repeated by anoll1er experienced profess1011nl for each of the tool and i, tie 

breaker observer was cr,gagcd \.Vl1erc tl,crc arc co11n1ct1ng rt.:,ltlt, bct�\'Cc11 ob�cn er u�1ng 
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same diagnostic instnunents t D bl d t , 0 ensure agreement before results were entered. ou e a a

entry and confi1·111ation was done to ensure data integrit)'.

3.12 Data Management and Analysis

Microsoft Excel (2008) was used for data entJ:y, data cleaning, and analysis. Quantitative data 

wei·e stunn1arized usi11g proportions a11d means. Witl1 the rest1lts from the light microscope as 

tl1e standard/i·efere11ce, sensitivity, defined as tl1e probability that a test correctly classifies 

people witl1 disease as positive, for eacl1 of the 1nalaria diagnostic tools were calct1lated as 

u·ue positives/ (trt1e positive + false negatives). Specificity, defined as probability that a test

correctly classifies people witl1out disease as 11egative, was calculated as true negatives/ (true 

11egatives + false positives); wltlle positive predictive value (PPV), defined as the proportion 

of people witl1 a positive test wl10 l1ave the disease, by each i11strument was calculated as true 

positives/(true positives + false positives); and negative predictive value (NPV), defined as 

tl1e proportio11 of people with a negative test who do not have the d.isease as determined by the 

instrt1111ents was also calculated as true 11egatives/ (true negatives+ false negatives). 

Statistical a11alyses of the validity indices were done using Mcnemar chi-square and inter 

instrt1n1ents agreen1ent was analyzed using Kappa statistics. This was done at 95% confidence 

interval with level of significance set at < 5%. 

3.12 Ethical Approval 

Ethical approval for the study was obtained fi·om tl1e University of Ibadan/University College 

Hospital Ethics Co1nmittee. Informed consent was obtained from participants before enrolling 

them into the stt1dy while their confidentiality was n1aintained by ensuring their nan1es cannot 

be linked to tl1e samples and infom1ation they gave. The participant's benefit of participation 

was presentation of tl1eir results to tl1e requesting clinicians a11d advised on treatment. To 

ensure minimal discomfort� experienced phlebotomists were en1plo)·ed to perforn1 

venepuncture. All eligible and consented/assented participants \\ere enl1 ted \\ttthot1t 

prejudice Copy of etlucal approval as obtained is attacl1ed under nppcnd1, 4. 

3.13 l(>nflict of Interest: [ dcclr,rc that t11crc i� no ct111n1ct ofi11tcr"'·,t 111 tl1i, ,tuc.l) 
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CHAPTER FOUR

RESULTS 

4.1 Demographic Characteristics of the Study Participants

A total of five l1t1ndred and two (502) participants were involved u1 this study. Out of this, 378

(75.23/o) were n1ales. Participants' age ranged fron1 3 to 47 years witl1 the median age being

18years. 

4.2 P1·evale11ce of Mala1·ia ac1·oss tl1e Tested Diagnostic Instruments 

Table 1: Mala1·ia parasite detection by tl1e diagnostic instruments 

(n =502) 

Diagnostic Instru1nent Malaria parasite detection rate (0/o) 

Light 1nic1·oscope 

Cyscope 

Quantitative Buffy Coat (QBC) 

CareStart 

47 

I 09 (21.7) 

154 (30.7) 

164 (32.7) 

98 (19.5) 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4.3 CareStartTl\t (HRP2) and Ligl1t Microscopy Results for Malaria Parasite

Diagnosis 

A total of 502 blood sainples were tested for malaria parasite t1sing tl1e conventional light

microscopy ai1d CareStart™ Rapid Diagnostic Test (CAREST ART) test kit (HRP2). Of the

502 blood samples tested for n1alaria parasites, 109 (21.7%) and 98 (19.5%) were positive for 

light microscopy a11d CareStart respectively. Also by specificity and sensitivity of 

CARESTART in co111pariso11 witl1 ligl1t n1icroscopy, CareStart had 96% and 76% 

respectively. Ft1rthen11ore, botl1 Positive Predictive Valt1e (PVP) and Negative Predictive 

Valtte (NVP) ,�ere respectively 84.7% and 93.6% for CareSta11 when compared witl1 light 

n1ic1·oscopy (table 2). 
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Table 2: CareStart (HRP2) and Light Microscopy Results for Malaria 

Parasite Diagnosis 

Light Microscopy 

Positive Negative 

CareStart Positive 83 (TP)*1 15 (FP)*2

Negative 26 (FN)*3 378 (TN)* 

Total 109 (27.1 °/o) 393 

Total (0/o) 

98 (19.5°/o) 

404 

502 

:1cTN: True Negative * 1 TP: l
"'

rL1e Positive *2F P: False Positive *3FN: False Negative

Sensitivity (Se)= TP I (TP + FN)* 100 

Se11sitivity of CareSta11 = 83/109 * 100 

Se11siti,,it)' of CareSta11 = 76% 

Specificity (Sp) = TN I (TN + FP)* 100 

Specificity of CareStart = 378/404 * 100 

Specificity of CareStart = 96% 

Positive Predictive Value (PPV) = TP/ TP+FP * 100 

PPV of CareStart = 83/98 * 100 

PPV of CareStart = 84. 7% 

Negative Predictive Value (NPV) = TN/ TN+FN 

NPV ofCareStart = 378/404 

N PV of CareStart = 93 .6°/o 
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4.4 Cyscope Fluo·rescent Microscopy and Light Microscopy Results for Malaria

Parasite Diagnosis 

Table 3 shows tl1e comparison of Cyscope florescent microscopy with tl1e conventional light

microscopy in tl1e laborato1·y diagnosis of malaria parasites. A total of 502 blood samples

were tested for tnalaria parasite using tl1e conve11tional ligl1t microscopy and Cyscope 

floresce11t microscopy. Of t11e 502 blood samples tested for n1alaria parasites, 109 (21.7%) 

and 154 (30. 7o/o) were positive for ligl1t microscopy a11d Cyscope florescent microscopy 

respectively. Also by specificity and se11sitivity of Cyscope florescent microscopy in 

co111pariso11 with ligl1t 111icroscopy, Cyscope florescent microscopy had 95% and 87.3% 

1·espectively. Furt]1ern101·e, both Positive Predictive Value (PPV) and Negative Predictive 

Valt1e (NPV) ,;ve1·e respectively 67.5% and 98.6% for Cyscope florescent microscopy when 

co111pared wit]1 light 1nicroscopy (table 3). 
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Table 3: Cyscope Fluorescent Mici·oscopy and Light Microscopy Results for Malaria

Parasite Diagnosis 

Light Microscopy 

Positive 

Positive I 04 (TP) 
Cyscope 

Negative 5 (FN) 

TOTAL 109 (27.1 o/o) 

Se11sitivity of Cyscope = I 04/109 * I 00 

Sensitivity of Cyscope = 95% 

Specificity of Cyscope = 343/393 * 100 

Specificity of Cyscope = 87.3% 

PVP of Cyscope = I 04/154 * 100 

PVP ofCyscope = 67.5% 

NPV of Cyscope = 343/348 

NPV of Cyscope = 98.6% 

51 

Negative Total 

50 (FP) 154 (30. 7°/o) 

343 (TN) 348 

393 502 
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4.5 Quantitative Buffy Coat (QBC) Fluorescent Microscopy and Light Microscopy

Results Fov Malaria Parasite Diagnosis

Table 4 shows the comparison of Quantitative Buffy Coat (QBC) microscopy with the

conventional light microscopy in the laboratory diagnosis of malaria parasites. A total of 502

blood samples were tested for 1 11alaria parasite L1su1g tl1e conventio11al light microscopy and 

QBC microscopy. Of tl1e 502 blood samples tested for malaria parasites, I 09 (21. 7%) and 164 

(32. 7%) were positive for light microscopy and QBC 1nicroscopy respectively (table 3). Also 

by specificity and se11sitivity of QBC i11 comparison witl1 ligl1t n1icroscopy, QBC microscopy 

had 98.1 % a11d 85.5% 1·espectively. l�t1rtl1er1nore, botl1 Positive Predictive Value (PPV) and 

Negative Predictive Value (NPV) were respectively 65.2% and 99.4% for QBC microscopy in 

co11 1par·iso11 witl1 light 111ic1·oscopy. 
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Table 4: Quantitative Buffy Coat (QBC) Fluorescent Microscopy and Light
Microscopy Results for Malaria Parasite Diagnosis

Light Microscopy

Positive 

Positive 107 
QBC 

Negative 02 

Total 109 (27.1 o/o) 

Sensitivity of QBC= 107 /l 09 * 100 

Se11sitivity of QBC = 98.1 % 

Specificity of QBC = 336/393 * 100 

Specificity of QBC = 85.5% 

pyp ofQBC= 107/164 * 100 

PVP of QBC = 65.23/o 

NPV of QBC = 336/338 

NPV of QBC = 99.4% 

Negative Total 

57 1. 64 (32. 7°/4)

336 338 

393 502 
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4.6 Comparison of the Diagnostic Accuracy of CareStart, Cyscope Fluorescent

Microscopy and QBC Fluorescent Microscopy

Comparison of the diagnostic accuracy of the three methods for the laboratory diagnosis of 

malaria parasites was carried out using Rapid Diagnostic Test (CareStart), Cyscope 

fluorescent microscopy, Qt1antitative Buffy Coat (QBC) fluorescent microscopy against the 

conve11tio11al ligl1t microscopy for the 502 blood samples fot· malaria parasite analysis (table 

5). Fo1· tl1e sensitivity of tl1e thr·ee 111etl1ods for t11e laboratory analysis of 1nalaria parasites in 

this study, QBC l1ad tl1e l1igl1est rate of 98.1 % wl1ile the lowest rate of 76% was obtained for 

Ca1·eStati. I--lowever for specificity of tl1e test, l1igl1est rate of 96% was obtained fo1· CareStart 

wl1ile lowest 1·ate (87.33/o) was obtained ·for Cyscope. Furtl1ermore, in terms of Positive 

Predictive ValL1e (PPV) and Negative Predictive Value (NPV) for the three laboratory test 

rnethods, higl1est rate (84.7%) and lowest 1·ate (65.2%) were obtained for CareStart and QBC 

respective!)'. On tl1e otl1er l1and, higl1est rate (99.4%) and lowest 1·ate (93.6%) were obtained 

for QBC and CareStart respectively (table 5). 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 5: DiagnoSfic Accuracy of CareStart, Cyscope Fluorescent Microscopy and QBC
Fluorescent Microscopy Using Light Microscopy as Gold Standard

Diagnostic Sensitivity Specificity Positive Predictive Negative 
Instrument (95°/o Cl) (95°/o CI) Value (95°/o CI) Predictive

Value (95°/o CI) 
76 96 93.6 CareStart 

84.7 

(72.26 - 79.74) (94.29 -97.71) (8 I .44 - 87.76) (91.46-95.74) 

Cyscope 95 87.3 67.5 98.6 

(93.09 - 96.91) (84.39 - 90.21) (63.4-71.6) (97.57 - 99.63) 

QBC 98.1 85.5 65.2 99.4 

(96.91-99.29) (82.42 - 88.58) (61.03 -69.37) (98.72 -100.08) 
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4.7 Comparison of Agreement Index amongst CareStart, Cyscope Fluorescent
Microscopy and QBC Fluorescent Microscopy Using Light Microscopy as Gold

Standard 

The inter-i11stn1111ent ag1·eement, using Kappa statistical analysis to generate t11e Kappa values 

a111ongst tl1e diagnostic instrt1ments tested in this study sl1owed tl1at CareStart, Cyscope 

flt1orescent microscopy ru1d Q BC fluorescent microscopy all l1ave good agreement with tlie 

Ligl1t n1icroscopy l1as sl1owi1 by I<.appa valt1es O. 7 1  (CI = 0.64 - O. 77), O. 72 (CJ=0.65 - 0. 78), 

0. 75 (CI=0.68 - 0.82) respectively. (Table 6)

Table 6: Ag1·ccment Index amongst CareStart, Cyscope Fluorescent Microscopy and 

QBC Fluorescent Microscopy Using Light Microscopy as Gold Standard (n= 502) 

Diag11ostic Expected Observed Standard Error 95% 
Kappa 

Confidence Instrt1ment Ag1·eement Agreement (o/o) 
Value 

(%) Interval 

CareStart (59.80) (88.25) 0.034 0.64 - 0.77 0.71 

Cyscope (60.93) (89. I) 0.035 0.65 - 0.78 0.72 

QBC (67.24) (91.83) 0.037 0.68 - 0.82 0.75 
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4.8 Comparison of tl1e Operat· I Ch . . " 1ona aracter1stics of CareStart, Cyscope
Fluorescent Microscopy and QBC Fluorescent Microscopy Using Light
Microscopy as Gold Standard

Witl1 reference to available findings froin this study and inf orn1ation from the 111ru1ufacturers

website the ope1·atio11al cl1aracteristics assessed in this stttdy included parameters like

Turnru·ot1nd Ti1ne, Cost of equi p1nent 

Table 7: Operational cl1aracte1·istics of :111 the diagnostic instrun1ents** 

Parameters Light Microscope Cyscope QBC CareStart 
Average ti111e/test 45 minutes 5 minutes 8 minutes 20 minutes 
Blood qty. 10 ul 8 ul 50 ul 3 ul 
needed/test 
Electric cu1Tent by No Yes No NA 
standby battery 

Average cost of $1,197 $1,155 $14,970 NA 
equipn1ent 
Number of 1 12 7 3 
Test/11our 

** p· d" t March 2014 obtained from tllis study procedures and manufacturers 1n 1ngs as a 
website. 

57 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4.9 Cost Effectiveness Analysi f h s O t c Diagnostic Accuracy of CareStart, Cyscope
Fluo1·escent, QBC Fluorescent d L" h an 1g t Microscopy 

(a) Input:

Tl1e costs a1·e divided into maclw· 1e or equipment cost, reagents /consumables cost,

111anpower/persoru1el Electricity · th . · · · � 01 o e1 1n1scellaneous. Tl1e following assumptions were

1nade· that machine cost is per· w11·t ti·m f · ·.r.: d · · · /e o use, assu1n1ng un1ionn eprec1at 1on over time 

lifespai1 of tl1e eq11ipn1ent (fixed lifespan is 3 years for the entire 1nachine ). Acquis·ition cost

was divided by total life span of eqt1ip111ent (i11 real t1se days i.e. exclt1ding weekends) to get

1naclu11e cost per Lt11it ti 1ne of use. Period of use assumed to be fixed at 8 l1ot1rs per day. Cost

of reage11ts/co11st1n1ables was calct1lated per session of use (8hours/day) (table 8).

Manpower/Persoru1el cost was calculated t1sing standard monthly wage of basically qualified 

staff to operate each diagnostic tool; expressed in wage/hour. Basic staff qualification for 

CareStart usage is post primary education while the staff qualification for other diagnostic 

tools is post-secondary education. Using the U11ited States Office of Personnel Management , 

General Schedule Qualification Standards, 2014; The General Schedule 2 (GS 2) is the 

standard for secondary education equivalent in Nigeria, which is acceptable staff qualification 

for operating the Cru·eStart, while the Cyscope fluorescent Microscope can be operated by a 

staff on GS 5 (i.e, a degree holder). Both QBC fluorescent microscope and Light Microscope 

will require a staff on GS 7 (i.e, a professional degree). At GS 2, the standard salar) is 

$25 114 per annum, which is equivalent to $12.50 per hour (Given 21 wo,rking days/ month 

and g hours/ day). For GS 5, the equivalent salary per hour is $17.10 (Gi\ en $34� 415 per 

annum). The standard schedule for GS 7 will provide a salary per hour of $2 l. l 4 (;.\t 42.631 

per annum). Electricity is estimated at $0.08/ hour (equivalent ofNl 2.991'.). 
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(b) Output/Consequences:

It is expected tl1at eacl1 diagnosti t l d c 00 pro uces result (yield) for malaria parasite test as tl1e
output or consequence of the use. Tl1e yield per procedure over tl1e work/ allotted time is thus

calctllated as sl1own in (table 7). On the estimate, based on the turnarot1nd time for each

diagnostic tool· for instance L 
· 

ht · . · · ' , ig 1n1c1oscopy takes about 45 minutes to yield a test resL1lt.

Tl1e CareStart tal<es abot1t 20 n1intites wlu'le th QBC fl 
· 

tak b t 1 O, e uorescent microscopy es a ou 

n1i11utes to pi·odtlce 1·est1lt respectively. Cyscope 011 the otl1er l1and takes less tl1an 5 minutes to

yield result. As sucl1, per l1our, tl1e Ligl1t microscope can yield about I test results; CareStart

ca11 yield approxi111ately 3 test rest1lts, wl1ile QBC and Cyscope can yield approximately 7 and

12 test rest1lts respectively (table 7). 

Cost Eff ective11ess Analysis 

Table 8 describes the Cost Effectiveness Analysis of the three diagnostic tools in comparison 

with ligl1t microscopy as gold standa1·d. Using Light Microscopy, with $21.54 spent per hour, 

tl1e yield will be 2 test rest1lts. This is equivalent to $ I 0.77 per test. On the other hand� 

CareStart cost per hour of use is $16.82 with a yield of 3 test results. Tl1is implies $5.61 per 

test. With Cyscope fluorescent 1nicroscopy, $24.53 per hour of use generated 12 test results. 

This is equivalent to $2.04 per test. The QBC fluorescent microscopy, $35.27 per hour of use 

produced approximately 6 test results, which brings the cost to $5.89. In summary. light 

microscopy, QBC, Care Start and Cyscope tools of malaria laboratory diagnosis costs $10. 77. 

$5.89. $5.61 and $2.04 respectively per hot1r of use and per yield/test result. This also could 

be interpreted when cornpared with the cost of other tools tl1at; x 5.28, x 2.89 and x 2. 75 

teams of light n1icroscopy. QBC fluorescence microscopy and CareStart cru1 be established 

for Cyscope fluorescent microscopy and also increase tl1e yield/test rcstLlt b) n1ult1plec; of 

5.28. 2 89 and 2. 75 respectively with i111proved tt1rnaround tin1c (table 8) if C, �Cllpe 

microscope were u<:;ed. 
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Table 8: Cost Effectiveness Analysis for the Diagnostic Performance of CnreStart,
C)rscope Fluorescent, QBC Fluorescent and Light Microscopy

INPUT 

Macliine/ Eqt1ip111ent cost($) 

Cost per unit ti111e of t1se ($/hr) 

Reagent/co11st1n1ables ($/test/hr) 

11a11po,ver/Perso1mel ($/l1r) 

Electricity ($/111·) 

Total Cost per test ($) 

LIGHT 

1,197 

0.2 

0.12 

21.14 

0.08 

10.77 

60 

CARESTART CYSCOPE QBC 

NA 1,155 14,970 

NA 0.2 2.5 

4.32 7.2 11.4 

12.5 17.10 21.14 

NA 0.03 0.23 

5.61 2.04 5.89 
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CHAPTER FIVE

5.1 
DISCUSSION

Malaria as a disease conditio11 has cont· 
. 

inued to cause hun1an and economic loss to developing
countries of the wo1·Id due to lack f D .- · · 

. . 
0 ac1l1t1es and appropriate diagnostic tool for precise

laboratory d1agnos1s of malaria . · patasites (Badaru, 2010). It is also known tl1at African
coL1ntries i11clt1di11g Nigeria are wo t l ·t · h rs 11 wit attendant pL1blic health p1·oblems on malaria as

l1ealtl1 co11ditio11 (Tagbo a11d Her1rieta 2007· u h k 2009) Th 'd f 200 , , zoc u wu, . e w1 e range o 
1nillion i11 tl1e freque11tly qL1oted �'300 500 ·11· · 

· - 1n1 ion cases per year'' 1n itself reflects the lack of

Precisio11 of curre11t 111alru·ia stat1'st·c A · · 1 s. ny atten1pt to estimate the nu1nber of malaria cases 

globally is lil<ely to becon1e st1bject to argt11nent most especially in developing countries of 

Africa (S11ovv et al .. 2005 ru1d Bill et al., 2005). 

Malaria is a 111ajor pL1blic health problem in Nigeria where it accounts for more cases and 

deatl1s than a11y otl1e1· count1·y in the world. The disease is a risk for 97% of Nigeria's 

population wl1ile the 1·emairling 3% of the population live in the mala1·ia free lughlands. The 

cotmtry also has an estimated 100 million malaria cases with over 300,000 deaths per year. 

This con1pares with 215,000 deatl1s per year in Nigeria from HIV/AIDS. Mala.ria also 

cont1·ibt1tes to a11 esti111ated 11 o/o of maternal mortality, accounts for 60% of outpatient visits 

and 30% of hospitalizations a111ong children under five years of age in Nigeria with greatest 

prevalence, close to 50%, i11 children age 6-59 months in the soutl1west. The south west 

regio11 of the cou11t1·y also has the least (20 .3 o/o) Insecticide Treated Nets ownership. 

In the present sn.1dy, while comparing the available different methods \\luch included

Cyscope florescei1t microscopy, Qt1antitative Buffy Coat (QBC) florescent n11croscopy and

CareStart Rapid Diagnostic Test (CareStart) for the detection of �'1alaria parc.1s1tes ,, 1th gold

d d l
. 

h · the prevalence rates of Malaria parasite� detection \\ere 12 7o/o
stan ar 1g t m1croscopy, 

(QBCJ. 30 ?% (Cyscopc) and 19.5% (CarcStart) when con1parcd ,, 1th '.; I 7% detection r,1te

· h 1. 
. rf} • , tcs ,,re lower co111p£,rcd to fi11cl1rtg� b) l3tl lurta ct.ill. of 76.3o/o ..

wit 1ght 1n1croscopy. 1csc ra .. " 

M c.l • y01,, 011cl ()lll ri.;s11c.:ct1, t..·1, i11 1 1gcrin {llt.11 t111cl I>\.. ·lane.
76.4o/o, and of 84. 7o/o at t11 Ltguri. .. , · 
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�00<>. 'v\11 l< , 2000: l3oc.lttrtt 20 IO) .11 . 

1 ... . . d 
.

, · ,is cotild be due to ll1c fact that the present study was
l�1rgl!) �Utrl� Olll 111 tl1e low trrinsn · .· 

. 
� 11ss1011 seaso11. ·1 hus, ind1scrim1nate use of antimalarials

sltoL1ld be avo,dec1 b,1scd on tl1e level f 
,.. > . , 

0 malaria prev,tlence recorded in this study and there
see111� to be 110 place fo1· presu111 tive . .. P tJ eatment of febrile jJJnesses as malana given the
re\iealed specificity of tl1e Cyscope QBC' aiid CareStart. A sirnilar conclusion was reached on
validity of Malaria pru·asites test diagnosr· t 1 • 1c oo s 111 a study in rural and urban Zambia 
(Sala�o, 1999). 

f\l{oreover, l1ad acct1rate 1nalaria diag11osis been acl · d t h · h · d bl· , 11eve oget er wit an improve pu 1c 

l1ealtl1 data 1·eporti11g system a11d I ltl · · · · · 1ea 1care access, inaccurate malaria parasites detection 

resultii1g iii serioLts l1ealtl1 isst1es would be lessened. Clinical diagnosis is imprecise but

1·e111ai11s tl,e basis of tl1erape11tic care for the majority of febrile patients in malaria endemic

areas, v\1l1ere laboratory support is ofte11 ot1t of reach. Scientific quantification or interpretation 

of tl1e effects ot
"' 

111alaria misdiagnosis on the treatment decision, epidemiologic records. or 

clinical studies has 11ot been adequately investigated. 

Despite a11 obvious need for improven1e11t, malaria diagnosis is the most neglected area of 

1nalaria resea1·cl1. accounting for less than 0.25% ($700,000) of the U.S.$323 million 

investment in research and development in 2004 (Malaria and RD Alliance. 2005 and 

Mephan1 et al., 2009) 

Furthermo1·e, tl1is study also validated tl1e malaria parasites diagnostic test tools in comparison

with light microscopy of which the specificity and sensitivity rates were CAREST ART (96o/o.

76%), Cyscope (95%, 87%) and QBC (98.1 o/o, 85.5%). This finding is in concordance \\1th

earlier studies on sensitivity and specificity of diagnostic tools for malaria parasite detection.

Previous studies conducted using P. Jalcipari1m only, rapid diagnostic kits in north-eastern

T 
· 

d · u d showed sensitivities of 95.4o/o, 97.2o/o a11d 97 6° o for Purache�.
anz.an1a an 1n gan a, 

Parachek pf and and ParaHIT J, respectively (Pekins el al. 1999 and Jeremiah et al 2007).

· rr. r: tl1er c:;ttld tCS \V111cl1 sl10\\ cd IO\\'(.'f ,c11�1t1,•it1\.�, "'l\ldlt'

liowever tl1c rcst1lt d1 1ers ,rorn o 
' 

... 11 , rt Ni<•ct il1 1111d i11 Etl1i<)pii, ,, l1icl1 tc,t,n i i �c.'11 .... iti� it)
co11ductcd ir1 Yola. 1�11ugt1, Port arcoti t:" 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2006; WHO, 2000; Badaru 2010) Tl· 
I ly carried OLlt · tl 1 ' 

· 118 could be due to the fact that tl1e present study was
arge 1n 1e ow transrni · 

Id b . d d b 
ssion season. Thus, indiscriminate use of antimalarials

shou e avo1 e ased on the level of tnalaria prevalence recorded in tl1is study and there
seems to be no place for presum 1· . . . P Ive tleatment of febrile illnesses as n1alaria given the
revealed spec1fic1ty of tl1e Cyscope QBC ' and CareStart. A similar conclusio11 was reached on
validity o·f Malaria parasites test diagnost · t 1 . 1c oo s 1n a study in rural and urban Zrunbia
(Salako, 1999).

Moreover, had acct1rate 1nalaria d · · b · . · · 1agi10s1s een acl11eved togetl1er with an 11nproved public
healtl1 data 1·epo11i11 ° system a11d 1 ltl · · · · 

t:, 1ea 1care access, 111accurate 1nalar1a pa1·as1tes detection
rest1lting in serious l1ealtl1 issues wot1ld be lessened. Clinical diagnosis is imprecise but
remai11s tl1e basis of tl1erapet1tic ca1·e for tl1e 1najority of febrile patie11ts in mala1·ia endemic
areas� wl1e1·e laborato1·y SLl}Jport is often ot1t of reach. Scientific quantification or interpretation
of tl1e eftects of n1alaria rnisdiagnosis on the treat1nent decision, epidemiologic records, or

clinical stt1dies has not been adeqt1ately investigated.

Despite a11 obviot1s 11eed fo1· improven1e11t, malaria diagnosis is the most neglected area of

malaria resea1·cl1, accot1nting for less than 0.25o/o ($700,000) of the U .S.$323 million

investment in researcl1 and development in 2004 (Malaria and RD Alliance, 2005 and

Mepl1am et al., 2009)

Furtl1ermore, this study also validated tl1e malaria parasites diagnostic test tools in comparison

with light microscopy of which the specificity and sensitivity rates were CAREST ART (96o/o�

76%). Cyscope (953/o, 87%) and QBC (98.1 o/o, 85.5%). This finding is in concordance with

earlier studies on sensitivity and specificity of diagnostic tools for malaria parasite detection.

Previous studies conducted using P. Jalcipari,m only, rapid diagnostic kits in north-eastern

T · d · u d showed sensitivities of 95.4o/o. 97.2o/o and 97.6° o for Parachek.
anz.an1a an 1n gan a, 

Parachek pf and and ParaHIT j respectively (Pekins et al. 1999 and Jeren11ah t'/ ,1/. 2007).

'fr. r.: t]1er studteS wl1icl1 S)lO\\ed )O\\Cl "-l'rlsili\'it1�, tt1d1t.,
11owcvcr the rcsu It d1 1ers I rom o ' 

� l 1 . trl Nigcrin 011d i11 l�tl1i(>pt,1 ,,ll1ch tbtt11<l \ ,�·n .. iti,,it)'
conducted 1n Yola, l:.,nugu, Port- nrcot 
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of 69.7% for Global device rapid dia n 
. . 

. . . . 
g ost1c kit 42.3% for a Pf ·a d' 

. 
k' 4701: .c 

SD Bioline rapid dia t· ki 
· rapt 1agnost1c 1t, /O 1or 

gnos Ic t pf/pv ai1d 4 7 50 
. . . . · Yo for Parascreen, an HRP -2 and pLDH based

rapid d1agnost1c kit respectively (Kad l es 1aw et al., 2008, WHO 2010a).

Tl1e specificity o·f CareStart obtaitled · 
111 this study (98.5%) is consistent with a study

conducted in Etl1iopia (98.So/0) but l 
. . 

' ower than 100% for global device rapid diagnostic kit

assessed 111 Yola-N 1geria (Kadest1a,� � / 2 ' el a., 008, WHO 20 l Oa). It is sligl1tly l1igher than

res11lts of si111ilar studies co11dt1cted in nortl1 t . T 
. . · d-eas e1n anzan1a and 1n Uganda which showe 

95.93/o, SS.So/o, ar1d 87-7o/o foi· Parachek, Parachek Pf and ParaHIT f (Pekins el al., 1997,

Je1·emial1 el al., 2007). 

However it is at ,,aria11ce witl1 findi11gs of 42. 9% for SD Bio line 1·apid diagnostic lcit in 

Obafe111i-Ovvode area of Ogun state, Nigeria. 

Tl1e absolute necessity for rational therapy in tl1e face of rampant drug resistance places 

increasing in1portance on the accu1·acy of 1nalaria diagnosis (Jager et al., 201 I). Giemsa 

mic1·oscopy and rapid diagnostic tests (RDTs) represent the two diagnostics most likely to

have tl1e largest i111pact on malaria control today. Tl1ese two 1nethods, each with characteristic

strengths and limitations, togetl1er represent the best hope for accurate diagnosis as a key

component of successful mala1·ia control (Agomo et al., 2003, and Murray et al., 2008).

This is the main reason why malaria parasite diagnosis should not depend only on the

conventional light microscopy when other tools with high specificity and sensitivity are now

available. In spite of a variation in the basic targets of malaria control from elin1ination of

mortality and minin1izing morbidity to reducing prevale11ce or eradication, all malarious

countries share a common need for reliable laboratory-diagnostic services to ensure early and

rational treatment, reliable epidemiologic infonnation, ai1d epiden1ic preparedness ( 1lagt11re cl

al, 2006) 

. . . . 1 (PPV) and 11egative prcdicti, c ,tnlt1c ( P\') delt'clcd in tht\

The po51t1ve prcd1ct1vc va ue

f 84 70.,, 91 6% (CorcStort) 6 7 5%. 98.6o/o (C, scop ') tu1d 62.5%.

study showed val uc rates o i'o, 
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of 69.7% for Global device rapid dia . . gnosti c kit 42 3o/c £ Pf 
. . . . 

SD Bl. oline rapid diag t· ki 

' · 0 or a · rapid d1agnost1c l<1t, 4 7% for 
nos 1c t pf/pv d 4 0 

. . . . 
an 7.s 1/o for Parascreen, an I-fRP -2 and pLDH based

rapid d1agnost1c kit respectively (Kad 1 es 1aw et al .. 2008, WHO 20 I Oa).

Tl1e specificity o·f CareStart obtained · 111 tl11s study (98.5%) is consistent witl1 a study
co11ducted in Etlliopia (98.5o/0) but 1 

. . 
' ower tha11 100% for global device rapid diagnostic kit

assessed 111 Yola-N1geria (Kadesl1aw l ?O et c, ., ... 08, WHO 201 Oa). 1t is slightly higher than

results of si1nilar studies conducted · I in 11ort 1-eastem Tanza11ia ai1d in Uganda which showed

95.9°/o, SS.So/o, atld 87-7% for Paracl1ek, Parachek Pf and ParaHIT f (Pekins el al., 1997,

Jeren1ial1 el al .. 2007). 

Howevei·,it is at vru·iaiice with fi11di11gs of 42.9% for SD Bioline rapid diagnostic kit in 

Obafemi-Owode area of Ogt1n state, Nigeria. 

Tl1e absolute 11ecessity for rational tl1erapy in tl1e face of rampant drug resistance places 

increasing i1nporta11ce on the accu1·acy of malaria diagnosis (Jager et al., 2011 ). Giemsa 

n1ic1·oscopy and rapid diag11ostic tests (RDTs) represent the two diagnostics most likely to 

have tl1e largest in1pact on malaria control today. Tl1ese two methods, each with characteristic 

strengths and limitations, togetl1er represent the best hope for accurate diagnosis as a key 

con1ponent of successful mala1·ia control (Agomo et al., 2003, and Mur1·ay et al., 2008). 

This is the main 1·eason why mala1·ia parasite diagnosis should not depend only on the 

conventional light microscopy wl1en otl1er tools with high specificity and sensitivity are now 

available. In spite of a variation in the basic targets of malaria control from elimination of 

mortality and minimizing morbidity to reducing prevalence or eradication. all malarious 

countries share a common need for reliable laboratory-diagnostic services to ensure earl}' and 

rational treatment. reliable epidemiolog ic infom1ation, and epiden1ic preparedness ( 1agttire et 

al, 2006). 

� (PPV) d negative prcdicti, c ,,ntuc P\') detected tn th1\ 
fhe po�itive predictive value an 

0.1 91 6% (('nrc�turt), 67.So/o, 98 6,) ( )' .. l1P ") t111(l 6,., ,o o ..

study sl1owe<l valL1c rates of 84 710, ) 
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99.4o/o (QBC) respectt\'el)'. Tl1e N.. t cga l\'c prcd t· . d. IC ivc Vt1ll1cs ol>l11i11ccl by tl1c three m,1IL1rio 
par�1s1tcs 1ag11ost1c test tool ,,alidalecl d 

. . 1 d . 
011 co,n1Jurcd \Vill1 ligl1t 111lct<>scopy ir1 1l1is �llr,ly. ,ire

cons, 'tc11t \\'ll 1 �tu ) 111 Ebute-�1lcttu 1 . • • 
" . Jugos-Nigel'tU. u11d l11trl1cr tl1rt11 tl1r1t (Q<) lo/o) repor1ccJ ir1

1,ortl1-�a!'.)tc111 l u111t1111t,11 (l>eki11s <!I c,/ l lJCJ?· , ·· · Okol1c. 2006). l.,o,vcr Nl'Vs tlf 6 <J% i1r1,I 68% 
r��pcct,, c.!l)' l1t1\ c l1c�11 rc1Jortc<l t11 olll er 'lll<.11�'1 <..(llldtactcd i11 Nigcriu (I Jt1111cr £'/ ti/., 2007 cind

1::11tle"l1 .. ,\,• ct (ti .• 2008) l>ositi,·, . ,.1 ' .. C l)lcutct1\'C \flllllCS of s�t. 7%, 67.So/c, (lfl(I 62.S'Yo ohtrainccl in

tl1is "'tttll\ rc'pt:cti\\!l\ IOI' t\1� tc,rt ,�.. cl • • " • S(tlllc t,11 QI i 1111c1·t1scor>Y ltrc 1,lsf1 t1t vr1rioncc w1tl1
titldiilg Cl(" t18" 0 tllld ??o/o i,1 Cllltet stl1tl1cs (l,cki11 et 11/, I <J971111cl I lt1111cr ,., ,,/, 2()07).

1\ltlll)ttglt it is I crti11c11t l\.l lltllc 1111,t tl1c ltJ\�"'r ,�11s·1,·1v·ity I ti 1· I 1 • h'cl,. • th,,.,."" (J lC I ' 1 lllJCI (lSCO()Y W I , I '-

fl'IC1 �ll l' l,n" ,Ill 'I tect Oil tl\1' l"l,. l1 "t1 I f 1 • ' • •
� "' � s; 1' c \'tl \t • c, t 1c oll1cr cl1c1g11ost1c 111 trt1mcr1ts ,n th1

Ile tt1111t1mt111 I ti111( { I 1\ l) for tl1c 111 ,li1r111 pr1r(1site ,lir,gr1ostic t<>ols cn1ploycd an tl1i. tudy 

,,h 't '- ,,111 1rt·d ,, 1tl1 tilt' C>11,1c11tionr,I ligl1t 1nicrc,scopy piny i, vitol role con 1dcr1n., the 

i11p,1t ru1d t1tpt1t ) iclti or results generated \Vith the tools involved Jn this study According 

t p�, ·\Ju� fi11 i11g 011 tt1maround time ('1 An lo produce troincd per onncl in malari

di. Jll ,i,. 1t t, k t,,,e , e days intensive training for Giemsa microscopy (011n et al. 2 7)

\\ hilc Part rapid n1alaria test take!) about three days. In ter1r1s of Lurnnround time lo ) 1e!d 

re�ull output. 1l tnke"' onl)' about 5 n1inutes lo obtain results from the J>ancc Rapid 1 I n

Te t P�I and 15 minutes from the Bina'= 1 O\\' rapid diagnostic tc t (B RD

--mpared to _5 minutes for the Giemsa tain (G ). Ho\�e,,er in the present u

e..'11·m te .. based on the turnaround time for each diagnostic 1001. Light m1croiscop) �Ees. u_..i:t�--·

ninu,?� to ) ield a test resuJt. The Care tart took about 20 minute • � • .  LA!..

� .... re'.scent 011cro cop) took bout 1 O minute to produce result re·snect1 .... ,�1,

le than 5 minute to yield result \ uch ..... r h

fl I h 
J 
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regarding the ir1put and output yield s or results of the test w· h $ 
L

. ht Microscopy tlie · Id . · 
it 2 1.54 spent per l1our using 

ig , y1e will be 2 test re I . . 

l tl er hand Ca. St . 
SU ts wluch is equivalent to $10. 77 per test. On

t 1e o 1 ' I e a1t cost per hou1· of . 

1
. 

$5 61 t 
use 13 $ l 6.82 with a yield of 3 test results. This

imp 1es . per est. With Cyscope fl . uoresce11t 1n1croscopy, $24.53 per hour of use
ge11erated 12 test results. TI1is is e ti· q 1valei1t to $2.04 per test. Tl1e QBC fluorescent
microscopy, $3 5 .2 7 per l1our of tlse r d 

. . 
P O ticed approx11nately 6 test results, which brings tl1e

cost to $5. 89. Tl11s 11npl ies tl1at there i . . . s a great advantage of these tlu·ee d1agnost1c test tools

for 111alaria pa1·asite diag11osis ove · o· 
· · 1 iemsa stain microscopy (OI1rt el al., 2007) as reported in

our fi11dings. 

In ter111s of cost li O lit 1nic1·oscopy QBC c s · t:, , , are tart and Cyscope 1nst1-uments for malaria

laboratory diagi1osis costs $10.77, $5.89, $5.61 and $2.04 respectively per hour of use and per

yield/test restil t. Tl1is also could be interpreted wl1en compared with the cost of other tools; x 

5.28, x 2.89 a11d x 2. 75 tea111s of Light microscopy, QBC fluorescence microscopy and 

Cru·eStart can be established for Cyscope and also increase the yield/test result by 1nultiples of 

5.28, 2.89 a11d 2.75 respectively witl1 improved turnaround time.

This study l1as reaffi1·med that there is the need to expand malaria diagnostic services as part 

of a greate1· f1·amework of l1ealth system strengthening within resource-limited settings. 

Increasingly, count1·ies and implementing partners have identified that li1nited diagnostic 

capacity represents a major bani.er to implementation and sustainability of prevention, 

treatment and care programs for malaria (Maputo Declaration, 2008). 

It was found that Cyscope fluorescent microscope is a reliable diagnostic tool that is very

sensitive and specific in diagnosing falcipa1-um malaria. Since this is the predominant species

· 
N

' · · t mortality and complications, this is \1ery relevant and useft1l. It 1

1n 1gena, causing n1os 

d h h C S Wl
.
11 show similar results for otl1er malaria species cspeciall,r P.

expecte t at t e y cope 
-

. b rta ·
111ed by this study. Further stt1d1c� are n�cdcJ to dctcrn1inc

v1vax. but tl11s could not e asce 

. .. . 
d

. · ther p las111od i t1111 spcc1t.:s.
its cff cct1 venes� 1 n 1agnos1ng o 
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Based on tl1e ASSURED criteria and tl ie need to expand al . . . . 

a greater framework of healtl 
ID aria d1agnost1c services as part of 

1 system strengthenin . 
h

. . . . 

(Ma uto.Declaration 2008) 
g W1t 1n resource-lim1ted settings 

p ' ' Cyscope sl1ould b · 
. c. 1

. . e considered as a point-of-care diagnostic
device 1or resou1·ce 1m1ted and ende m1 c ru·eas.

5.2 Lin1itations to Study 

Based on ot11· fi11dings from tl · k us vvor the coll · 1· · · h , 11 owing 1m1tat1011s were observed w en 

validating and co1111)a1·i11g tl1e 1nalar' ·. · . . . . 18 parasites d1agt1ost1c test tools w1tl1 l'lght n11croscopy as

gold sta11dard: 

I. Tl1e Cyscope 111alaria diag11ostic · · · . . eqt11pment 1s specific for Plas111od1u1n fc1lc1pari1n1 and 

does 11ot detect otl1e1· 1nalaria paras1· te spec1· . h tl · 1· · · · d · h c es, e11ce 1ere 1s 1m1tat1on 1n etectrng ot er 

circulatir1g species i11 tlus population witl1 this tool. I-Iowever, it is on record that 95% of

n1alai·ia cases in Nige1·ia children for instance are caused by Plasmodii,m falcipa,�um 

(NIMS, 2010). However, a11 effort to hybridize tl1e DNA of other plasmodium species 

i11to tl1e prese11t composition used by cyscope malaria diagnostic equipment by the 

111ant1facturer i11 Ge1·1nany is i11 progress. 

2. Also. parasite qt1a11tification was not comp1·ehensively done for all positive samples by the

n1icroscopists dt1e to time constJ:aints and l1ence evaluation of these tools as regards 

n1alaria parasitae111ia qt1antification was 11ot done. However, the parasite quantification 

done vvith the few positive samples gave a good co1nparison but too few to be generalized 

in reporting. 

3. The se11sitivity of light microscopy used as reference in this study is low due to different

objectivity of the microscopists. This might have negatively affected the perforx·nance

indices of other instn1ments which have higher sensitivity. However� the malaria parasite

detection rate of tl1e diagnostic i11struments revealed that the strength of individual

instrument detection under routine laboratory working conditions.

E d I · c. ositive samples not n1et due to tl1e le, el of tnalaria pre\·alence
4. xpecte samp e size 1or p 

· · d Th's could have affected tl1e strc11gtl1 of tl1c ,1rgtm1enl but the
during the stt1dy per10 . 1 

.
11 ffi ·e ,t to n1akc argt1111c11t os �t1ggcstccl b, t1b1t:�t 111t1ttcr

number gotten was st1 su 1c1 1 ' 

experts. 

66 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



s. In Africa over ?O¾ of malaria cases do not present initially to health facilities but
diagnosed and managed at home with traditional remedies or drugs bought from local
shops (Amexo et al., 2004). Patients only attend health centers after self-treatment fails
(Chandramohan et al., 2002). This 1night have affected the performance of some of the
test methods especially Ca1·eStart RDT.
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5.3 CONCLUSIONS AND RE COMMENDATIONS

All the three diag11ostic i11strume t 
. . 

8 ff C 

n s namely Cyscope florescent microscopy (Cyscope ),
Qua11t1tat1ve Ll y oat (QBC) floresc t 

. _ . . 
en tnicroscopy and Ca1·eStart Rapid Diagnostic Test

(Carestart) \Ve1e ve1·y sens1t1ve s ec·fi 
. . 

' P 1 tc, and had higl1 predictive values for tl1e laboratory

diag11os1s of malaria pai·asites when con . . . lpared with l1gl1t microscopy used as gold sta11dard in

tl1is study · QBC llad tlle highest se11sitivity rate of 98.1 % while tl1e lowest rate of 76% was

obtained for CareStart. However fo 'fi · r spec1 1c1ty of tl1e test, l1igl1est rate of 96o/o was obtained 

for CareStart vvllile lowest rate (87.3o/o) was obtained for Cyscope. TJ1e se11sitivity and

specificity vve1·e stable i1Tespective o·f I 1 -f · · · eve s o paras1taem1a a11d parasite rate. FurtJ1er111ore, 1n 

ter1ns of Positive Pi·edictive Value (PPV) a11d Negative Predictive Value (NPV) for the three 

labo1·atory test 111etl1ods, l1igl1est and lowest rates were obtai11ed for Carestart and QBC 

respectively. 011 the otl1er l1a11d, higl1est 1·ate and lowest rate were obtained for QBC and 

Carestart respectively 

This study has sl1ovvn tl1at Carestart QBC fluorescent microscopy and Cyscope fluorescent 

n1icroscopy ai·e val11able complement to light microscopy because they help expand the 

coverage of parasite-based diag11osis to the periphery and minimize exclusively clinical 

diagnosis. The cost of imp1·oved malaria diagnosis will inevitably increase, whether by 

investment i11 light 11 1icroscopy or Ca1·estart or both. However, such investment offers a more 

promising strategy to deal with increasing costs of therapy driven by drug resistance. Today· s 

multi-million dollar investment in anti-malarial drug development should be accompanied by 

a parallel commitment to improve diagnostic tools and their avrulability to those living in 

malaria endemic areas such as Nigeria.

C fl · e had tl1e shortest turnaround diagnostic time and it 1s the n1ost
yscope uorescent m1croscop 

cost effective of all the laboratory diagnostic i11stru1nents evaluated
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5.4
Recommendations 

This study l1as highlighted tl1e substa t
· 

1 
. . 

n Ia bttrden attributable to inadequate malaria parasites
diagnostic tools 1n  ot1r laboratories · 

. • . . 
111 soutl1western Nigeria as a public l1eaJth problem

especially 1n a resou1·ce l1m1ted and end · . emic setting. I therefore recommend as follows:
1. Cyscope flt1orescent microsco e i 

. 
P s strongly recommended fo·r malaria parasite detection

? 
-·

and tl1e pr1n1ru·y l1ealth care boa d · 0 · r 111 yo state sl1ould consider its deployn1ent to her
l1ealth facilities to complen1e11t light ini·croscopy and in areas withot1t access to light
n11c1·oscopy. 

Tl1e1·e sl1ould be provisio11 for ade t · 
+'. • • • • • qua e capacity 1or n1alar1a d1agnos1s using various too]s 

adopted itl tl1is Sh.idy for accL1rate diagnosis of n1alaria parasites rather than adopting the

co11ventio11al ligl1t 1nicroscopy alo11e. 

3. Tl1e gover11n1ents and l1ealtl1care stakel1olders shot1ld support tl1e need for tl1e training and

retraining of labo1·atory staff i11 our General Hospitals for tl1ose who lack the requisite

experience and skills for malaria diagnosis using these three tools for laboratory staff that 

l1ave 11ot t1nde1·gone for1nal training on Cyscope, QBC malaria microscopy and Carestart 

to l1elp enl1a11ce usage as tl1ere exist paucity of experienced laboratory professionals who 

can 11se this tools. 

4. Tl1e1·e is a need to create awareness and educate both the public and caregivers in the

com1nunities i11 Ibadan Nige11a on the need to use well equipped malaria laboratory

services for tl1e diag11osis of malaria parasites rather than treating presumptively at home

or at pate11t n1edicine stores. 

5. Tl1e ali·eady existing coinmt1nity-based interventions to roll out malaria from our

communities in Nigeria and the delivery of malaria diagnostic and treatment services 

sl1ould be st1·engthened. 

t · 11 Ibadan Nigeria as a 1natter of urgency should strengthen
6. The local gove1·nmen areas 1 , , 

. · · health facilities through provision of basic lnborntor)
malaria laboratory services 1n

. d · I supervisory and quality assurance n1echani n1 \\'hile
reagents, eq u1 pment an n1ateria s, 

. 
· · f laboratory staff on n1nlnr1u d1ag11ost1c t:n ice�

ensuring adequate and proper trainitlg 0 
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APPENDICES 
• 

Appendix 1 

Test Principle for Partee CyScope®

The Partee CyScope® uses DAPI (4' 6 d
. 

'd
· . , - 1am1 1no-2-phenyl1ndole) as the dried-in reagent on

the test slide. DAPI is a fl t 
· · uoresce11 stam tl1at binds strongly to DNA (intraerythrocytic DNA).

It is used extensively in fluores 
· 

s · · cence microscopy. 1nce DAPI can pass tl1rough an intact cell
membrane, it may be used to stai11 botl1 'live and fixed cells. For fluorescence microscopy,

DAPI is excited with ultraviolet light. When bot1nd to double-stra11ded DNA its absorption

maxiinum is at 358 run ru1d its emission maximwn is at 461 run (Du et al., 1998). DAPI will

also bi11d to RNA, thougl1 it is not as strongly fluorescent. Its emission sl1ifts to around 500

run when bound to RNA (Hard et al., 1990). 

Pa,·tec CyScope® Test P1·oced11re 

D Re111ove the test slide(s) from tl1e slide box. 

D Label then1 with the correspondi11g pathology number(s). 

D Take a drop of blood from a finger prick directly or from a well mixed blood in an EDT A 

tube. 

D Put the drop of blood onto the Test Slide ( delivered ready-prepared, already containing the 

necessary reagents dried-in for long and safe storage) making sure not to mismatch the 

samples. The drop of blood must be placed at the portion containing the reagent. 

D Cover the slide with a cover glass, wait for a minute and analyze the slide with the Partee 

CyScope® in a dark room. 

o The presence of bright shinny dots (Fig. 11) indicates a positive slide for malaria parasites.

o To prevent the slides from drying out, they must be kept in a wet chamber.

Cell Cou11t 

c Parasites were counted against 200 or 500 WBC's.

o For very heavy parasitaemia (> I 00 parasites/field), an appro"Xitnnte count ,, as done using a

quarter of the field.

· 
t twas then mult1pl1cd by four to gel tl1c O\'Cr,111 totnl cotint.

O The approx1ma e coun 
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Appendix 2 

Light Microscopy 

Thick film Preparation 

D U sit1g a tnicro-pipette place 12 µL drop of blood in the larger circle of the slide template on

a pre-labeled. slide. 

D Place the n1icro-pipette tip in tl1e 12 µL drop of blood and, using a circt1lar motion, spread 

tl1e blood so that it fills the larger circle or use a second microscope slide or an applicator

to spread the blood. 

D Air dry the slide on a flat surface. This slow dryi11g avoids cracking. 

D If tl1e tluck :fil1n dries too quickly it may ''crack''. A dry smear can be easily recognized by 

l1olding it to ligl1t a11d notu1g any wet a1·eas. (Dry slides can the11 be stored vertically in 

slide boxes up to 72 hours.) 

D The blood must be well nuxed before the films are prepared. 

Diameter of thick smear 15n1n1 

Amou11t of blood for thick smear 12µ1 

An1ount of blood for thin smear 2µ1 

Area covered by thick blood film 176.78sq.mm 

Slide ID 

Date 

Study Name 

Template for thick and thin blood film preparation

Thin ftlm Preparation

. · · tt 1 a 2µL drop of blood in the smaller circle of the slide template.

o Using a m1cro-p1pe e, P ace

Do not delay between applying the drop and spreading the drop.

. d I'd and place it in front of the 2µL drop of blood at a 30° - 45° angle Pull

o Obtain a secon s 1 e 

1
.
d d hold until the suspension ts evenly spread along the \\'1dth of the

back the s 1 e an 

d I .d Use a spreader s1ide witl1 a clca11 a11d pol1sl1cd end 

sprea er s 1 e. 
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0 Push the slide forward in a smooth 
. . . , contmuous motion. Avoid hesitation or jerky motions

when spreading the blood. (The feathered end of the film should have RBCs tl1at are in one
single, distinctive layer).

0 To avoid cross contaminat· d · 100, o not re-use the same slide for another subject's blood

sample. 

Fixing 

D Fix the tl1in filn1 by ge11tly immersi11g it into absolute 111etl1anol (never etl1anol) in a Coplin

jar. Allow the film to dry nah1rally in a vertical position. Care must be taken not to 

accidentally fix any portion of tl1e tl1ick fil1n. Tl1e thin film is dipped into methanol and

in1mediately removed. 

D Heat fix by blowing l1ot air (about 45 D C) over tl1e slides for 20 - 30 minutes or placing it 

in a dry box for 40 mint1tes. This gentle ''heat fixation'' allows thick films to adl1ere to the 

microscope slide 111t1cl1 better. 

D At all times during preparation and storage, slides should be protected from exposure to 

insects and dust. 

Giemsa Staining 

Preparation of Giemsa buff er 

a. Preparation of buffered water using buff er pellets

o Measure 1000 mL distilled or de-ionized water into a graduated cylinder

o Transfer the 1000 mL distilled or de-ionized water into a buffer bottle.

o Using a forceps or spatula, pick one pellet and put in the buffer bottle.

o Put a magnetic stirring bar into the bottle and close it tightly.

0 Place the cylinder on a stirring plate. Allow the contents to stir until the reagents are 

dissolved completely.

C Check the pH as outlined in ( d) below
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b. Checking the pH of the buffered water

D Prepare the pH meter in accordance with manufacturer's instruction
D Remove the probe from the store s 1 

. . . . . 0 ution, rmse with d1st1lled water and wipe excess water
with paper towel. 

D Put the probe into the buffi 1 · d . er so ut1on an read the pH as displayed on the meter.
D The pH of the buffered water should be between 7.0 and 7.2.

D If the pH of the buffered water is too acidic, add small quantities of the 2% Na2HP04 and 

recheck with the pH meter. Repeat this process until the desired pH is obtained. 

D If the pH of tl1e buffered water is too alkaline, add small quantities of the 2% KH2P04 and 

recheck with the pH meter. Repeat this process until the desired pH is obtai11ed. 

D Store tl1e buffer in a plastic co11tainer. Tl1e co11tainer should be labeled with co11tents, date 

prepared, expiration date, a11d tec11nician initials. 

D The buffer is co11sidered expired 7 days after preparation. 

Preparation of Giemsa ,vorking solution and staining 

a. For routine malaria blood film (10% solution) (Working Solution)

D Pour 90 mL of buffered water (pH 7.0- 7.2) into a 100 mL graduated cylinder. 

D Using a serological pipette, draw up 10 mL of Giemsa stain. Add the stain to the buffered 

water in the graduated cylinder. 

D Cover the top of the graduated cylinder with Para film or protected hands. Gently invert the 

cylinder several times ( or use a magnetic stirrer) until completely mixed. 

D Label the cylinder with contents, date prepared, time prepared, expiration time, and 

laboratory personnel's initials. 

o Buffered Giemsa stain (working solution) must be discarded and prepared afresh after 6

hours. 

b. Technique of staining with Giemsa stain solutions

o Each malaria blood film is stained singly on a staining rack, rather tl1an together in batche

to avoid cross-contamination.
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0 Routine and QC malaria blood films . . 

G. b fl 
. 

(both th.ick and thin films) will be stained in 3%
iemsa y oodmg the slide {d'I t d 

.

. 
I u e m buffered water of pH 7.0-7.2) for 45-60 minutes.

0 Acute malana and quality c tr 1 bl 
0 

• 

on ° ood films (both thick and thin films) will be stai11ed in
101/o G1emsa by flooding the slide for 10-15 minutes.

D Rinse the slide briefly and ti b gen Y Y gentle runn1ng tap water or by a gentle flow of clean

water from a beaker. 

0 Let tl1e slides dry in a v rt' I 
· · 

( 
· e ica pos1t1on. Drying may be hastened by use of a blow drier or 

slide wanne1·). 

D Keep the slides in the slide box/folder in sequential order according to subject identification 

nt1mbers. 

D At all tin1es duri11g preparation and storage, slides sl1ould be protected from exposure to 

insects and dust. 

Reading and quantification of parasites 

a. Quantification of parasites in thick films

0 The following n1ethod was used for quantifying asexual Plas1nodiu1n fonns (in either single 

or n1ixed species infections) as well as sexual (gametocyte) fo1·1ns. (If different species are 

observed, this fact will also be recorded). 

D Piano-type tally counters will be used for counting asexual parasite forzns and for counting 

WBCs. 

O If parasites are observed, count them while simultaneously counting WBCs, up to a total of 

200 WBCs. (But ensure that all parasites in the final HPF are counted even if a count of 

200 WBCs has been exceeded.)

D A malaria blood film was co11sidered negative if 100 HPFs ha\re been scanned and no

parasite observed. 

[1 A recent laboratory WBC count is used to convert a parasite count to a parasite density (per 

µl of blood) by the following fo1·1nula:# Parasites x (WBCs per µl blood) I # \\'BCs =

Parasites/µ] 

o If the parasite/field exceeds 100 in a thick film, discontinue the tl1ick filtn count nnd s,,,itch

to the thin film instead.

96 

•

• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



b. Quantification of infected RBCs in Thin ftlms

D Identify an area in tl1e thin film where RBCs do not overlap, preferably in the tail
(feathered edge) of the thin film.

D Upon observation of malaria parasites, begi11 to count parasitized RBCs per 1,000 total 

RBCs. 

D Perfonn tl1e count across tl1e width of the tl1in film using tl1e ''battlement method'' and stop 

the count 011 the 1 OOOtl1 RBC. 

D After the first reading, slides should be kept in the same order in tl1e slide box/folder for the 

second reader (who will follow tl1e same procedure, but will record the results on a 

different Microscopist worl< sl1eet). 

0 Acute slides are read in an expedited f asl1ion. Tl1is system is used ONLY to guide clinical 

ma11age1ne11t of subjects, wl1ereas parasite densities are used to detennine final results. 

D Record all tl1e HPFs scanned, parasites counted, WBCs counted, and parasitized RBCs 

cot1nted i11to the ''Microscopist Worksl1eet'' or t11e Malaria Microscopy Logbook provided. 
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Appendix 3 

Immunochromatographic Test Principle 

Immunochromatography relies on the n1igration of liquid across the surface of a nitrocellulose 

membrru1e. Immunochromatogr hi t ap c ests are based on tl1e captttre of parasite antigen from 

ona an 1 o 1es prepared against a malana antigen target andperipl1eral blood using mo11ocl I t'b d' 
· · 

conjugated to either a liposome contai11ing selenium dye or gold particles in a mobile phase.

A second or third capture monoclonal antibody applied to a strip of nitrocellulose acts as the

imn1obile phase. The migration of tl1e antige11-antibody complex in the mobile phase a]ong

the strip enables tl1e labeled antigen to be captured by the monoclonal antibody of the

immobile pl1ase, tht1s p1·oduci11g a visible colored line. Incorporation of a labeled goat

antimouse a11tibody captt11·e e11sures tl1at tl1e systen1 is controlled for migratio11 (Piper et al.,

1996). Migration depe11ds on seve1·al p11ysical characteristics of the component reagents,

prin1arily the porosity of the men1brane controlling the flow rate and the components of the

buffer solution used to transport the labeled antigen-antibody complex in the lysed blood

sample (Moody, 2002).

Procedure for CareStart RDT

Check the expiry date on the test packet. Put on the gloves. Use new gloves for each patient.

Open the alcohol swab. Grasp the 4th finger on the patient's left hand. Clean the finger with

the alcohol swab. Allow the finger to dry before pricking. Open the lancet. Do not allow the

tip of the lancet to touch anything before pricking the patient's finger. Prick patient's finger

to get a drop of blood. Discard the lancet in the Sharps Box. Gently release the pipette bulb to

draw blood after pricking to the graduated 3 ul line of the pipette. Touch the tip of the pipette

to the sample hole marked "S". Squeeze gently to transfer the blood. Discard the pipette in the

Sharps Box. 

Do not set the lancet down before discarding it. Put two (2) drops of buffer into the assay hole

marked "A". Wait 20 minutes after adding buffer. Read test results. 

(NOTE: Do not read the test sooner than 20 minutes afier adding the buffer. You may get

FALSE results.)
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How to read the test results: 

A line in ''C'' AND a line in ''T'' means the patient does have Plasmodiuni falciparum 

A line in ''C'' and NO LINE in ''T'' means does not have Plasn1odium falcipa1"um 

The test is POSITIVE even if the line in ''T'' is faint. 

NO LINE in ''C'' and a line or no line in ''T'' means tl1e test is INVALID. 

Repeat the test usu1g a new RDT if no control line appears. 
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Appendix 4 

RDT Format (Pictorial Representation) 
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Dipstick format 

Cassette format
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