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Introduction 

Ear ly,  prom pt  and accurate diagnosis and t reatm ent  is crucial to t he m anagem ent  of m orbid it y and 
m ortalit y  caused by m alaria and is one of the m ain intervent ions used in t he global cont rol of m alar ia.  
However,  poor diagnosis cont inues to hinder m easures for the cont rol of m alaria. Rising drug cost s 
result ing from  the need to use newer m edicat ions or com binat ion t herapy,  and recognit ion of the 
inaccuracy of clinical d iagnosis are increasing dem and for  t he dem onst rat ion of parasitaem ia pr ior  to 
therapy.  The diagnosis of m alar ia was m ost  recent ly  addressed in a report  ent it led New perspect ives:  
m alaria diagnosis 2000 [ 11] ,  developed from  the proceedings of a WHO/ USAID inform al consult at ion 
held in late 1999.  This report  sum m arized t he current  state of m alaria diagnost ics, explored issues on 
roles of rapid diagnost ic t est s (RDTs)  ( com m only referred to as Òdipst icksÓ)  in st rategies for the 
diagnosis and cont rol of m alaria,  and defined certain research needs and standards for  the wider 
im plem entat ion of RDTs in the m anagem ent  of m alaria.  I t  was generally  agreed t hat  RDTs have a 
place as an alt ernat ive to d iagnosis based on clinical grounds or m icroscopy in som e situat ions, in 
part icular,  where good qualit y m icroscopy services cannot  be readily  provided.  I n the 3 years since this 
report  cam e out , there have been som e changes that  m ay alt er the recom m endat ions and conclusions 
reached, but  there has also been lim it ed progress in addressing m any of t he recom m endat ions m ade 
for fur ther applied and operat ional research.    

Current approaches to the diagnosis of malaria  

Clinical diagnosis 

Clin ical diagnosis is t he m ost  widely  applied m ethod for  the diagnosis of m alaria.  Am ong the m any 
clinical signs and sym ptom s associated w ith m alaria and used in diagnosis, the m ost  prom inent  is 
fever,  which is oft en associated with chills,  perspirat ion, anorex ia,  headaches, vom it ing and m alaise.  
Addit ional signs indicat ing severe m alaria include confusion or  drowsiness.  However, although clinical 
diagnosis is sensit ive, it  is also poor ly  specif ic.  Nevertheless,  it  is oft en the only feasible approach in 
m any circum stances, such as in rural areas and at  peripheral health- care facilit ies and in areas of high 
endem icit y.  The approach requires t rained personnel but  is inexpensive to per form , and requires no 
specialized equipm ent . The m ajor d isadvantage relates to it s low  specificit y. Over diagnosis and 
subsequent  over t reatm ent  of pat ient s leads to increased drug pressure, which m ay facilitat e the 
developm ent  of drug resistance.  This m ay increase cost s,  part icularly wit h newer,  m ore expensive 
drugs,  and expose pat ient s to the unnecessary r isk of adverse event s.   



Microscopy 

I n the laboratory , convent ional light  m icroscopy is t he established Ògold standardÓ for  t he confirm at ion 
of m alar ia and has changed lit t le over  100 years. Microscopy requires t rained,  sk illed t echnicians, good 
superv isory personnel and good equipm ent  ( m icroscopes,  reagents)  in order to achieve Ògold 
standardÓ sensit ivit ies and specif icit ies.  A sk illed t echnician can detect  parasit es at  densit ies as low as 
5Ð10 parasit es per �l of b lood [ 9] .  However,  the detect ion capabilit ies of a t ypical m icroscopist  m ight  
be m ore realist ically p laced at  100 parasit es per  �l of blood [ 8] . 

Microscopy can be used t o quant ify  and characterize species and circulat ing stage,  provid ing indices to 
guide therapy.  This m ethod is relat ively  inexpensive at  US$ 0.12Ð0.40 per  slide in count r ies where 
m alaria is endem ic [ 11] .  The necessary skills and equipm ent  can be shared w it h other  disease cont rol 
program m es,  furt her  m inim izing cost s.  I n addit ion, unlike other d iagnost ic m odalit ies, m icroscopy 
provides a perm anent  record of results. Unfort unately,  m icroscopy can be t im e-consum ing ( requiring 
at  least  60 m inutes from  t im e of sam ple collect ion to diagnosis) , and clin icians m ay m ake t reatm ent  
decisions w ithout  t he benefit  of t he results. I n general,  use of m icroscopy is oft en very lim ited at  
peripheral health facilit ies as a result  of personnel and other resource const raints. 

Quantitative buffy coat and fluorochromes 

DNA-binding f luorochrom es can be used t o aid t he detect ion and quant ificat ion by m icroscopy of 
parasit es in blood sm ears and in the layer  of ery throcytes (Òbuffy  coatÓ)  in cent r ifuged blood sam ples. 
However,  such m odif icat ions increase the cost  of m icroscopy and require special equipm ent ,  elect ricit y, 
and addit ional supplies.   

Polymerase chain reaction 

Analysis of blood sam ples by am plificat ion of parasit e- specif ic nucleic acids by nested and real- t im e 
polym erase chain react ion (PCR)  is report ed to be highly sensit ive and specific. The t echnique requires 
highly  t rained personnel,  and is both t im e-  and resource- intensive. Special equipm ent ,  labile reagents 
and specialized t est ing env ironm ents are also required,  and these are not  rout inely  available in t he 
field.   

Rapid diagnostic tests  

Rapid diagnost ic t est s (RDTs)  use im m unochrom atographic m ethods t o detect  ant igens der ived from  
m alaria parasit es in lysed blood.  Test s that  are current ly available rely  on detect ion of t he follow ing:  

Hist id ine- rich protein I I  (HRP- I I )  [ 1]  (Howard et  al. ,  1986) ,  a water-soluble protein produced by 
t rophozoit es and young (not  m ature)  gam etocytes of P.  falciparum  only;  

Parasit e lactate dehydrogenase (pLDH)  (Makler  & Hinrichs,  1993)  produced by asexual and 
sexual stages (gam etocytes)  of parasites of P. falciparum  and non- falciparum  species;   

Aldolase,  another  enzym e in t he glycoly t ic pathway that  is present  in all four species of m alar ia 
parasit e,  is targeted in kit s t hat  also com bine detect ion of HRP- I I  ant igen of P. falciparum  
together wit h an unspecif ied Òpan-m alar ialÓ ant igen of the other  species.   

RDTs have generally  been reported to achieve sensit ivit ies of >  90%  in the detect ion of P.  falciparum  
at  densit ies at  or above 100 parasit es/ µl of blood. Below  th is level,  sensit ivit y  decreases m arkedly.  
Alt hough less extensively  st udied, k it s for  the detect ion of pLDH achieve sensit ivit ies for  P.  v ivax 
com parable to those for  P.  falciparum ,  as indicated by past  invest igat ions. The specificit y of RDTs is 
uniform ly high (m ost ly >  90% )  [ 11] . Previous issues related to cross react iv it ies and false-posit ive 



results,  part icularly  with the ear lier  t est s for  HRP- I I ,  have reportedly  been corrected.  Since RDTs 
detect  circulat ing ant igens,  t hey m ay detect  infect ion with P.  falciparum  even when t he parasit es are 
sequestered deep in the vascular  com partm ent  and t hus undetectable by m icroscopic exam inat ion of a 
peripheral blood sm ear. 

Am ong the advantages of RDTs are t heir ease of use and interpretat ion. They do not  require any 
elect ricit y or  special equipm ent ,  but  an appropr iate clinic or lab env ironm ent  m ay be helpful.  I t  has 
been stated that  only  m inim al, br ief t raining is necessary with good retent ion of sk ills and m inim al 
int er-user  var iability,  but  m ore recent  st udies cast  som e doubt  on th is b lanket  statem ent .  Test  kits can 
be shipped and stored under am bient  condit ions, but  these am bient  condit ions m ust  be with in a 
defined range.  

RDTs that  detect  only  HRP- I I  are of lim it ed use in areas where species other  than P. falciparum  are co-
endem ic and cause a significant  proport ion of disease.  Kits t hat  detect  LDH from  both P. falciparum  
and non- falciparum  species cannot  dif ferent iate between P.  v ivax,  P.  ovale and P.  m alar iae, nor  can 
they dist inguish pure infect ions w ith P.  falciparum  from  m ixed infect ions t hat  include P. falciparum . 
Neither t ype of RDT is able to different iate between sexual and asexual stages. Persist ent  posit ive 
results with t est s for  HRP- I I ,  up t o 7Ð14 days after  chem otherapy and parasit e clearance (Shiff et  al. ,  
1993) ,  place som e lim it s on the usefulness of these t est s in m onitor ing response to t herapy and 
indicat ing drug failure or drug resistance.  RDTs are not  quant itat ive,  and t hus are unable to provide 
inform at ion of prognost ic im portance. This also lim it s their  suitabilit y  for  use in t rials of t herapeut ic 
eff icacy. RDTs are generally  m ore expensive per  t est  than m icroscopy, ranging from  US$ 0.60 t o 
US$ 2.50 or  m ore, depending on t he m arket ing area [ 11] .   

More recent  use and evaluat ion of t hese t est s in rem ote areas and/ or  under condit ions of operat ional 
use have reported sensit ivit ies and specificit ies well below  those orig inally report ed [ 2,4,6] . These 
results have prom pted quest ions related to a range of issues,  including cast ing doubt  on the accuracy 
of RDT-based diagnosis in rem ote areas,  the stability  and robustness of these t est s in their  current  
form ats under field condit ions,  and in part icularly issues related to quality  cont rol during product ion.  
The past  few years have also witnessed a rapid expansion in the range of product  m aufacturers,  and 
the disappearance of som e product s upon which ear ly  evaluat ions of RDTs were based. There is clearly 
also a need to clarify  t he posit ion of RDTs in t he m anagem ent  and cont rol of m alar ial disease.   

Summary of current diagnostic practices 

Several factors determ ine the choice of d iagnost ic pract ices t o be used in a given geographic area, 
including level of endem icit y,  prevalence and t ype of drug resistance, geographic accessib ilit y, 
social/ econom ic characterist ics,  health infrast ructure, and the available diagnost ic tools.  The following 
sum m arizes the state of current  diagnost ic pract ices, which has changed lit t le from  the t im e of t he 
1999 WHO/ USAID inform al consultat ion report  on m alaria diagnosis [ 11] . 

I n areas of h igh t ransm ission, m alar ia occurs frequent ly  and predom inant ly in young children and 
access to health care is oft en diff icult .  Clinical diagnosis is used w idely;  cases in which t his in it ial 
diagnosis should be confirm ed with m icroscopy or  RDTs,  depending on the sit uat ion,  include:   

Cases of suspected severe m alaria,  t o guide in it ial therapy;   

Persist ence of parasit es needs to be proved to confirm  t reatm ent  failure (m icroscopy) ;  

Urban private- sector  health prov iders;  



Mult idrug resistance where t reatm ent  based on clinical d iagnosis alone ceases to be rat ional 
policy . 

I n areas of low  to m oderate t ransm ission,  m alar ia occurs less frequent ly and in all age groups.  
Mult idrug resistance has developed in som e of t hese areas. Laboratory  confirm at ion of m alaria is thus 
the goal.  Microscopy diagnosis is generally available at  t he cent ral level, but  is unreliable or absent  in 
rem ote areas. 

Sit uat ions benefit ing from  use of RDTs are:  

Highly  m obile populat ions in rem ote areas ( for  exam ple in nort hwest  Thailand, Cam bodia,  
I ndia,  and Brazil) ;  

I n areas affected by m ult idrug resistance,  for which the t reatm ents are m ore expensive t han 
the test ;  

Prevent ion and m anagem ent  of severe m alaria,  i.e. early  diagnosis and t reatm ent . 

Other  special situat ions that  could benefit  from  RDTs include com plex em ergencies, m alar ia epidem ics,  
m alaria in t ravellers returning to count ries where m alar ia is not  endem ic, stand-by em ergency self-
diagnosis in t ravellers,  and front - line at - risk act ive dut y m ilitary ( or  organized workforces) .   

Issues and research directions 

As noted above,  RDTs have a num ber of potent ial applicat ions in disease m anagem ent  and cont rol for 
m alaria.  The m aj or  applicat ion in term s of t est  volum es and im pact  on disease is that  of im proving 
diagnost ic accuracy in areas t hat  are rem ote from  facilit ies with m icroscopy and expert ise.  However,  
wherever possible,  m icroscopic equipm ent  should be m aintained and m icroscopist s should be t rained. 
Nevertheless, a need for  RDTs is apparent  and t hese devices are already widely  used for  diagnosis of 
m alaria in m any count r ies. Changes in t reatm ent  policies to use of m ore expensive m ult idrug regim ens 
will increase the im portance of obtaining an accurate diagnosis based on dem onst rat ion of 
parasitaem ia prior  to t reatm ent  and, along w ith a prov ision of funds to nat ional m alaria cont rol 
program m es from  the Global Fund t o Fight  AIDS, Tuberculosis and Malaria w ill furt her  increase t he use 
of RDTs.  An inform al assessm ent  of the current  status of RDTs in m alar ia cont rol and progress since 
the prev ious WHO inform al consultat ion in 1999 [ 11]  was held recent ly  in Manila, Philippines [ 10] ;  
steps were defined t o address a num ber of unresolved issues and research obj ect ives in regard to the 
widespread use of RDTs by m alar ia cont rol serv ices. 

Technical characteristics of rapid diagnostic tests and developmental 
research needs 

RDTs should provide diagnost ic results that  are at  least  as accurate as those der ived from  m icroscopy 
perform ed under rout ine field condit ions.  To m eet  t hat  ideal standard,  RDTs m ust  fulfil specific 
technical characterist ics as specif ied by the prev ious consultat ion in 1999 [ 11] . Sensit ivity  is t he m ost  
cr it ical issue, since false-negat ive result s can result  in failure to t reat  a potent ially  fatal d isease;  
sensit ivit y  should be close to 100%  or at  least  95%  at  100 parasit es per  µ l of b lood for  detect ion of P.  
falciparum ,  and ideally  also P.  vivax. RDTs should be able t o detect  all four species of m alar ia parasit e 
that  infect  hum ans,  or  at  least  t o d ifferent iate P.  falciparum  from  the other  species.  Specificity  should 
be >  90%  for  detect ion of m alar ia. Another  preferred character ist ic of m alar ia RDTs would be a shelf-
life of 18 m onths to 2 years at  40ûC.  These are ideal specif icat ions and it  is likely that  the specified 
perform ance capabilit ies w ill not  be m et  in the near future w it hout  addit ional developm ental research.  



Specific developmental research needs  

I dent if icat ion of new target  ant igens,  taking advantage of t he new ly available genom ic and 
proteom ic data.  Present ly  m arketed RDTs target  one or a com binat ion of P.  falciparum - specif ic 
pLDH, pan-specific pLDH, HRP- I I ,  or  pan- specif ic aldolase.  Developm ent  of tests t hat  
dist inguish between non- falciparum  species is worthwhile and will have increasing applicat ion in 
the future, if drug resistance of non- falciparum  species becom es m ore w idespread.   

Im provem ent  in current  t est  per form ance characterist ics t hrough enhanced form ats and 
product ion of robust  capture ant ibodies,  in order  to consistent ly  obtain a m inim um  sensit ivit y 
threshold of greater  than 95%  at  100 parasit es per µl of blood in all four  species.  Sensit ivity  for 
non- falciparum  species in par t icular requires fur ther  im provem ent . Specif icit y,  although less 
im portant ,  should rem ain at  a h igh level (>  90% )  in order  to d irect  therapy with accuracy.  Early 
field t r ials of RDT products dem onst rated t heir potent ial for achiev ing high sensit ivity  and 
specif icit y  [ 5]  but  several recent  t r ials have reported sensit iv it y and specificity  below  that  
required for  operat ional use [ 2] . 

Im provem ent  of ex ist ing blood t ransfer  dev ices.  Transfer  of the correct  volum e of b lood t o the 
st rip is a crit ical st ep that  can lead t o false results.  I m proving accuracy and ease of use of b lood 
t ransfer devices will lead t o im proved test  perform ance. 

Quality assurance and quality control needs 

While a num ber of count r ies ( Thailand,  Cam bodia, South Afr ica)  are already basing their  public- sector  
diagnosis of m alaria in rem ote areas on RDTs, variat ion in t est  result s on large- scale im plem entat ion 
has result ed in som e uncertainty  as to t heir suit ability  and reliabilit y.  I n this regard,  relat ively  few 
count ries have any m echanism s in place to m onitor  the qualit y of RDT perform ance.  Addit ionally,  the 
range of available m alar ia RDTs has changed and expanded rapidly  since 1999.  Twenty- five or  m ore 
brand-nam e product s are available com m ercially now,  or  will be available in t he near future.  The 
m ajority  of these target  P. falciparum  only. Six  product s available in or pr ior to 1998 are no longer on 
the m arket . The developm ent  of a com prehensive quality  assurance and cont rol program m e(s)  is 
essent ial to ensure that  t est  quality  is m aintained, reducing t he likelihood of m isdiagnosis and 
m aintaining confidence of healt h-care service providers and consum ers. 

The following are required:  

The m ost  appropriate m ethods/ system s for  m aintaining and m onitoring qualit y of RDTs before 
and dur ing dist ribut ion and use should be determ ined,  along with direct ions for future research 
on RDT qualit y  assurance system s. 

Developm ent  of a bank of reagents and a network of qualit y  cont rol ( QC)  t est ing sit es. Parasit e-
based QC panels from  geographically-d iverse areas, to allow  for  possible regional var iat ions in 
ant igenicit y,  should be developed and m ade available to m anufacturers and other  int erested 
part ies.  Sensit iv it y of som e test s could vary in geographically d ist inct  areas.   

Large-scale m ult i- site phase I I I / IV f ield t rial( s)  t o determ ine the best / m ost  appropriate RDT 
product s for field use,  to determ ine the m ain issues surrounding deploym ent  of RDTs t hat  m ay 
need to be addressed by furt her  research,  and t o define m inim um  standards/ guidelines 
appropriate for other  RDT field t r ials. 

Specific operational research needs 

The increased use of com binat ion therapies increases the im portance of dem onst rat ing parasitaem ia 
prior  t o t reatm ent .  This enlarges t he need for  operat ional research t o guide large- scale im plem entat ion 
of RDT-based diagnosis.  There is a need to:  



Evaluate the ease of use and accuracy of exist ing blood t ransfer devices and dispensers of 
buffer  solut ion in the hands of the likely end-users.  

Evaluate the im pact  of package inser t  form ats. I m proved insert  form ats,  including diagram s 
and t ext ,  adaptable to different  cultural backgrounds, should be developed. 

Evaluate the im pact  of the large- scale int roduct ion of RDTs at  a nat ional level on diagnosis and 
t reatm ent  of m alaria,  and in term s of im pact  on quality  of clin ical care,  costÐeffect iveness,  
sav ings in drug costs, im proved pat ient  m anagem ent  and health prov ide t reatm ent  pract ices. 

Assess,  t hrough qualitat ive and quant itat ive research m easures,  what  factors affect  the choice 
of a d iagnost ic test , it s im plem entat ion or  expansion of usage at  a nat ional level. 

Assess t he im pact  of the int roduct ion of a qualit y assurance schem e for RDTs on health- care 
service delivery,  including the qualit y  of t rain ing m ater ials. 

Assess different  d ist ribut ion system s to rem ote areas in order  to ensure a regular  supply  of 
RDTs that  are w it hin t heir expiry date and in a fit  condit ion for use,  including t em perature 
m onitor ing and evaluat ion of the feasib ilit y of developing low- cost  t em perature m onit ors for 
packaging with RDTs. 

I nvest igate t he pract icability  of using posit ive-cont rol wells containing target  ant igens at  a 
provincial or d ist rict  level for  quality  cont rol.   

Assess t he costÐeffect iveness and costÐbenefit  of RDTs and diagnost ic alt ernat ives w ith regard 
to epidem iology,  t reatm ent  cost s,  availability  of alt ernat ives,  case load,  t he aim s of the 
int ervent ion,  and t he cost  of the RDT it self.   

Assess t he present  use of RDTs in the pr ivate sector,  t he potent ial for expansion,  and t he likely  
regulatory problem s, to guide developm ent  of policy to encourage responsible use in this 
sector. 
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