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The Role of Malaria Rapid Diagnostic 
Tests in Screening of Patients to 

be Enrolled in Clinical Trials in Low 
Malaria Transmission Settings

Abstract
Background: Since	 malaria	 rapid	 diagnostic	 tests	 (mRDTs)	 are	 widely	 used	 for	
parasitological	diagnosis	and	targeting	of	treatment	with	effective	antimalarials,	
this	study	assessed	their	performance	for	screening	of	patients	to	be	enrolled	in	
clinical	trials	and	other	studies,	particularly	in	areas	with	progressively	declining	
transmission.	

Methods: Patients	aged	≥	6	months	targeted	for	enrolment	 in	clinical	trials	and	
studies	 of	 malaria	 parasite	 genomics	 were	 screened	 with	 mRDTs	 followed	 by	
microscopy.	The	performance	of	mRDTs	was	compared	with	microscopy	as	a	gold	
standard,	 and	 factors	 affecting	 their	 accuracy	were	 explored	 using	multivariate	
logistic	regression	models.

Results: Of	the	1,910	participants	screened,	1,188	(62.1%)	were	positive	by	mRDTs	
and	1,019	(53.2%)	by	microscopy.	Unadjusted	sensitivity	of	mRDTs	was	>97%	while	
the	 specificity	was	 relatively	 lower	 (range;	 64.9%	 to	88.7%).	After	 adjusting	 for	
age,	 fever	status,	 site	and	study	type,	 the	sensitivity	of	mRDTs	was	significantly	
higher	 (99.3%)	 in	 patients	 with	 parasite	 density	 ≥	 4000	 asexual	 parasites/µl	
(OR=6.30,	p=0.003).	The	specificity	of	mRDTs	(adjusted	for	age,	fever	status,	site	
and	study	type)	was	lower	at	all	sites	(p	≥	0.525),	except	at	Muleba	and	Ujiji	where	
the	specificity	was	significantly	lower	(p	≤	0.007)	due	to	high	rates	of	false	positive	
mRDT	results.

Conclusion: High	sensitivity	indicate	that	mRDTs	can	be	useful	for	initial	screening	
to	exclude	majority	of	patients	without	malaria	and	save	time	and	other	resources	
which	would	be	used	for	microscopy.	Because	of	low	specificity,	all	positive	mRDT	
cases	must	be	confirmed	with	microscopy	to	avoid	enrolment	of	patients	without	
malaria	parasites.
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Background 
Prompt	diagnosis	with	parasitological	confirmation	and	effective	
treatment	 with	 efficacious	 antimalarials	 have	 been	 advocated	
by	 the	 World	 Health	 Organisation	 (WHO),	 among	 the	 most	
effective	 strategies	 for	 malaria	 control	 which	 could	 help	 to	
reduce	malaria	 related	morbidity	and	mortality	 [1-3].	However,	
the	recently	reported	artemisinin	resistance	in	the	Great	Mekong	
sub-region	 (Cambodia,	 The	 Lao	 People’s	 Democratic	 Republic,	
Myanmar,	Thailand	and	Vietnam)	is	a	major	concern	for	malaria	
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control	 and	 therefore,	 urgent	 surveillance	 and/or	 containment	
measures	need	to	be	launched	by	all	malaria	endemic	countries	
as	 recommended	 by	 WHO	 [4,5].	 Continuous	 and	 sustained	
surveillances	 of	 antimalarial	 efficacy	 and	 parasite	 resistance	
are	critical	components	of	the	WHO	Global	plan	for	artemisinin	
resistance	containment	(GPARC)	[5].	

Microscopic	examination	of	blood	smears	to	confirm	the	presence	
of	 malaria	 parasites	 remains	 the	 gold	 standard	 for	 malaria	
diagnosis	and	it	 is	the	most	commonly	used	method	in	malaria	
clinical	 trials	 [6].	 However,	 microscopy	 is	 limited	 by	 demands	
for	 equipment,	 laboratory	 infrastructures	 including	 electricity,	
skilled	 personnel	 and	 sustained	 delivery	 of	 laboratory	 supplies	
and	 consumables	 [6-8].	 As	 a	 result	 of	 such	 limitations,	 WHO	
recommended	 use	 of	 malaria	 rapid	 diagnostic	 tests	 (mRDTs)	
for	 parasitological	 confirmation	 in	 routine	 practice	 as	 part	 of	
the	 strategies	 to	 improve	 case	 management	 and	 reduce	 over	
prescription	of	antimalarial	(particularly	artemisinin	combination	
therapy-ACTs	 which	 are	 relatively	 expensive)	 [1].	 The	 strategy	
is	also	aimed	at	 improving	the	quality	of	care,	 reducing	misuse	
of	the	drugs	by	targeting	patients	with	parasites	and	preventing	
emergence	 of	 parasite	 resistance	 to	 ACTs	 [2,3,9].	 Thus,	 most	
of	 malaria	 endemic	 countries	 have	 deployed	 mRDTs	 for	
parasitological	confirmation	of	malaria	in	public	health	facilities	
particularly	in	remote	areas	with	limited	capacity	for	performing	
high	quality	microscopy	[3,10].	

The	 currently	 used	mRDTs	 rely	 on	 detection	 of	 three	 different	
types	of	Plasmodium	antigens	namely,	Plasmodium	histidine	rich	
protein	 2	 (pHRP-2),	Plasmodium lactate dehydrogenase	 (pLDH)	
and	 Plasmodium aldolase	 (pAldo)	 [11,12].	 The	 mRDTs	 based	
on	 pHRP-2	 are	 only	 specific	 to	 Plasmodium falciparum,	 while	
the	 tests	which	utilise	pLDH	and	pAldo	antigens	are	 specific	 to	
the	 four	 common	 malaria	 parasite	 species	 (P. falciparum, P. 
vivax, P. malariae and P. ovale)	 [11,12].	Plasmodium	glutamate	
dehydrogenase	(pGluDH)	is	another	antigen	which	has	also	been	
considered	 for	 production	 of	 mRDTs	 for	 all	 malaria	 parasite	
species	but	such	tests	are	not	yet	in	the	market	[13].	By	combining	
different	antigens,	mRDTs	capable	of	detecting	the	 four	human	
malaria	parasites	have	been	developed	and	have	received	wide	
applicability	in	clinical	settings	[11,12].	Reports	have	shown	that	
mRDTs	 have	 good	 operation	 accuracy	 despite	 wide	 variability	
which	 depends	 on	 other	 factors	 such	 as	 malaria	 endemicity,	
level	of	parasitaemia,	type	and	thermo-stability	of	the	tests,	and	
user’s	skills	[14].	Overall,	mRDTs	are	highly	acceptable	with	high	
level	of	applicability	for	case	management	particularly	in	health	
facilities	which	lack	equipment,	resources	and	skilled	technicians	
to	perform	good	quality	microscopy.	

Tanzania	 introduced	 mRDTs	 for	 malaria	 diagnosis	 in	 all	 public	
health	 facilities	 and	 the	 phased	 introduction	 process	 was	
completed	 in	 2012	 (NMCP,	 unpublished	 data).	 To	 ensure	 all	
malaria	 cases	 receive	 prompt	 diagnosis,	 the	 National	 Malaria	
Control	 Program	 (NMCP)	 and	 its	 partners	 are	 developing	
strategies	to	introduce	mRDTs	in	private	outlets	using	an	approach	
similar	to	the	affordable	medicine	facilities	for	malaria	medicines	
(AMFm)	[15,16].	Five	brands	of	mRDTs	have	been	registered	by	
the	Tanzania	Food	and	Drugs	Authority	(TFDA),	namely	Paracheck	
Pf®	(Orchid	Biomedical	Systems	-	Mumbai,	India),	ParaHIT®	(Span	

Diagnostics	 -	 Surat,	 India),	 ICT	Malaria-Combo	 (ICT	Diagnostics,	
South	 Africa),	 First®	 Response	 (Premier	 Medical	 Corporation	
Limited,	 India)	 and	 SD	 Bioline	 Malaria	 Ag	 Pf/Pan	 (Standard	
Diagnostics	 Inc.,	 India)	 (S.	 Mkude,	 Personal	 Communication).	
The	mRDTs	are	currently	available	in	retail	pharmacy	shops	and	
wholesale	 distributors	 for	 the	 private	 sector	 while	 the	 public	
sector	depends	on	the	medical	stores	department	(MSD)	which	is	
a	government	owned	procurement	and	distribution	agent.

Although	mRDTs	are	now	widely	used	in	public	health	facilities	for	
malaria	diagnosis	in	Tanzania	and	other	malaria	endemic	countries,	
their	applicability	in	clinical	trials	for	screening	and	management	
of	patients	has	not	been	well	 assessed.	With	declining	malaria	
burden	which	has	created	a	demand	of	screening	many	patients	
before	confirming	patients	to	be	enrolled	in	clinical	trials,	there	
has	been	an	interest	in	utilizing	mRDTs	to	screen	patients	before	
recruitment	[6,17].	Using	mRDTs	could	help	to	quickly	screen	a	
large	 number	 of	 patients	 leading	 to	 saving	time	 and	 resources	
which	would	otherwise	be	used	for	microscopy	based	screening	
process.	However,	the	operational	challenges	and	the	benefits	of	
using	mRDTs	for	screening	of	patients	before	enrolment	in	clinical	
trials	and	other	studies	have	not	been	rigorously	assessed.	The	
present	 study	 was	 therefore	 conducted	 as	 part	 of	 completed	
studies	which	were	 implemented	 in	different	parts	of	 Tanzania	
to	assess	the	performance	of	mRDTs	when	used	for	screening	of	
patients	to	be	enrolled	in	clinical	trials	and	related	studies.

Methods 
Study sites
The	data	 used	 in	 this	 study	were	 obtained	 from	 studies	which	
were	 conducted	 at	 five	 health	 facilities	 (HFs)	 of	 Mkuzi	 Health	
Centre	 and	 Muheza	 designated	 district	 hospital	 (DDH),	 Rubya	
DDH	 and	 Nachingwea	 district	 hospital,	 and	 Ujiji	 Health	 Centre	
in	 four	 districts	 of	Muheza,	Muleba,	 Nachingwea	 and	 Kigoma,	
respectively	(Figure 1).	The	sites	of	Mkuzi/Muheza	in	Tanga	region	
and	Ujiji	 in	Kigoma	are	among	the	eight	sentinel	sites	of	NMCP	
in	Tanzania	which	are	routinely	used	to	monitor	 the	efficacy	of	
antimalarials	[18,19].	

Muheza	 is	 one	 of	 the	 eight	 districts	 of	 Tanga	 region	 which	 is	
located	 in	 north-eastern	 Tanzania.	 Malaria	 epidemiological	
profile	 of	 Muheza	 district	 has	 been	 well	 characterized	 and	 a	
detailed	description	has	been	given	elsewhere	[20,21].	However,	
recent	 studies	 conducted	 in	 Muheza	 have	 shown	 a	 significant	
decline	of	malaria	burden	[22]	and	shrinking	as	well	as	changes	in	
the	structure	of	mosquito	populations	[23,24].	Most	studies	have	
further	shown	that	malaria	transmission	in	Muheza	and	possibly	
other	parts	of	the	country	is	resilient	to	weather	changes	whereby	
a	slight	 increase	in	rainfalls	 in	2013	[25]	and	2014	(F.	Francis	et	
al.,	Manuscript	in	preparation)	were	significantly	associated	with	
resurgence	of	malaria.	

Citation: Ishengoma	DS,Shayo	A,	Mandara	
CI,	et	al.	The	Role	of	Malaria	Rapid	
Diagnostic	Tests	in	Screening	of	Patients	to	
be	Enrolled	in	Clinical	Trials	in	Low	Malaria	
Transmission	Settings.	Health	Syst	Policy	
Res.	2016,	3:2.
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Ujiji	 Health	 Centre	 is	 one	 of	 the	 21	 HFs	 in	 Kigoma	 district	 of	
Kigoma	 region.	 The	 region	 is	 located	 on	 the	 eastern	 shores	 of	
Lake	Tanganyika	in	the	north-western	part	of	Tanzania	between	
3.5°	-	6.5°	south	and	29.5°	-	31.5°	east.	Kigoma	district	(Kigoma-
Ujiji	Municipality)	with	a	population	of	427,024	[26]	is	one	of	the	
six	districts	of	Kigoma	region	and	it	is	the	region’s	headquarters.	
The	 Municipality	 receives	 moderate	 rainfall	 ranging	 from	
800mm	 to	 1600	mm	 per	 year	 (between	 November	 and	 April)	
with	 relatively	variable	and	unpredictable	patterns.	The	21	HFs	
in	the	district	include	two	hospitals	(one	of	them	is	the	regional	
hospital,	 Maweni),	 three	 health	 centres	 and	 16	 dispensaries	
whereby	five	of	these	(three	dispensaries,	one	health	centre	and	
a	hospital)	are	private	facilities.	The	district	experiences	perennial	
malaria	 transmission	and	malaria	 is	 the	main	 cause	of	hospital	
attendances	and	admissions	(Ujiji	Municipal	Council,	Unpublished	
data).	Kigoma	region	is	among	the	areas	of	the	country	with	high	
burden	 of	malaria	 whereby	 parasite	 prevalence	 among	 under-
fives	reported	in	2012	was	26%	[27].

Muleba	 is	 located	 on	 the	 western	 part	 of	 Lake	 Victoria	 in	
Kagera	 region	 in	 north-western	 Tanzania	 and	 is	 one	 of	 the	
districts	 which	 are	 prone	 to	 malaria	 epidemics	 in	 the	 country	
[28,29].	 Recent	 studies	 conducted	 in	Muleba	 have	 shown	 that	
malaria	is	still	a	major	public	health	problem	despite	intensified	
control	 through	 deployment	 and	 wide	 coverage	 of	 different	
interventions	including	insecticide	treated	bed-nets/long	lasting	
insecticidal	nets	 (ITNs/LLINs)	 and	 indoor	 residual	 spraying	 (IRS)	

[30-32].	 Muleba	 receives	 bimodal	 rainfall	 pattern	 and	 malaria	
transmission	 peaks	 during	 and	 after	 the	 rain	 seasons	 between	
August	and	January,	and	March	and	June.	The	main	malaria	vector	
in	Muleba	 is	An. gambiaess	with	no	reports	of	changing	vector	
population	structure	as	reported	in	other	areas	with	intensified	
vector	control	[33].

Lindi	region	 located	 in	south-eastern	Tanzania	has	a	population	
of	864,652	and	Nachingwea	(with	a	population	of	178,464)	[26]	
is	 one	of	 the	 six	districts	of	 the	 region.	 The	district	has	 a	 total	
of	 37	 HFs	 including	 three	 hospitals,	 two	 Health	 Centres	 and	
33	 dispensaries.	 Of	 these,	 36	 are	 currently	 providing	 malaria	
diagnostic	 services	 using	 mRDTs	 while	 only	 10	 facilities	 are	
capable	of	 conducting	malaria	diagnosis	by	microscopy	 (NMCP,	
unpublished	 DHIS	 data	 -	 2014).	 The	 incidence	 of	 malaria	 in	
Nachingwea	 is	 estimated	 at	 287/1000	 cases	 and	 the	 parasite	
positivity	rate	is	about	38%	(NMCP	2014,	unpublished	DHIS	and	
School	survey	data).	Nachingwea	is	hyper-endemic	to	malaria	and	
it	is	considered	to	be	one	of	the	areas	with	the	highest	burden	of	
malaria	in	the	country	[27].	

Study design and study populations
A	cross	sectional	study	(CSS)	was	conducted	in	three	districts	of	
Muheza,	Muleba	and	Nachingwea	in	2013	while	two	antimalarial	
efficacy	trials	were	conducted	at	Mkuzi	in	2013,	and	in	Muheza	
and	 Ujiji	 in	 2014	 (in	 Muheza	 and	 Kigoma	 districts).	 The	 CSS	
enrolled	 patients	 aged	 ≥	 6	 months	 with	 either	 uncomplicated	

Muleba

Indian Ocean

Key
National boundary
Districtregional boundary

Study sites

Muheza

Map	of	Tanzania	showing	the	location	of	the	study	sites	(red	stars). Figure 1
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or	 complicated/severe	 malaria	 from	 outpatient	 and	 inpatient	
departments.	Convenient	 sampling	was	used	 to	 select	patients	
with	a	history	of	fever	in	the	past	24	hours	or	fever	at	presentation	
(defined	as	axillary	temperature	≥	37.5°C)	who	were	screened	for	
possible	 inclusion	 in	 the	 study.	 At	Mkuzi	 site	 in	 2013,	Muheza	
DDH	and	Ujiji	 in	2014,	the	studies	 included	patients	enrolled	in	
clinical	trials	to	test	the	efficacy	of	antimalarial	drugs	(Shayo	et	al.	
[25]	and	Mandara	et	al.,	(manuscript	in	preparation).	The	efficacy	
studies	enrolled	patients	aged	6	months	to	10	years	with	malaria	
parasites	confirmed	by	microscopy	and	meeting	other	inclusion	
criteria	 according	 to	 WHO	 guidelines	 [4].	 At	 Mkuzi	 in	 2013,	
patients	who	failed	to	meet	inclusion	criteria	for	enrolment	in	the	
efficacy	studies	(e.g.	aged	>10	or	those	with	severe	malaria)	were	
assessed	for	possible	inclusion	in	the	CSS	study.

All	patients	targeted	for	inclusion	in	the	study	were	examined	by	
the	 attending	 clinicians	who	 recorded	 their	 clinical	 history	 and	
conducted	a	thorough	clinical	examination	to	assess	eligibility	for	
possible	 enrolment.	 Demographic,	 clinical	 and	 laboratory	 data	
obtained	from	study	participants	were	recorded	on	case	record	
forms	 (CRFs).	Patients	with	positive	mRDT	 results	were	 treated	
with	antimalarials	and	other	drugs	according	 to	 the	presenting	
symptoms	 as	 per	 national	 guidelines	 for	 treatment	 of	 malaria	
[34]	 and	 guidelines	 for	 integrated	 management	 of	 childhood	
illnesses	(IMCI)	[35].	

Inclusion and exclusion criteria
For	 the	 efficacy	 studies,	 samples	were	 collected	 from	 enrolled	
patients	 according	 to	 the	 criteria	 specified	 in	 the	 respective	
protocols	which	were	based	on	WHO	guidelines	for	antimalarial	
efficacy	testing	[4].	However,	for	patients	enrolled	in	the	CSS,	the	
criteria	included	age	of	patients	(	≥	6	months),	 infection	with	P.	
falciparum	detected	by	mRDTs	 (with	or	without	other	species),	
history	of	fever	or	other	symptoms	suggestive	of	malaria	during	
the	past	24	hours	(with	or	without	fever	at	presentation,	axillary	
temperature	≥	37.5°C)	and	informed	consent	from	participants/
parents	or	guardians	of	children.	For	the	CSS	studies	at	all	sites,	
patients	 with	 positive	 mRDT	 results	 and	 a	 history	 of	 taking	
antimalarials	 in	 the	past	14	days	before	 the	study,	which	could	
lead	 to	 false	 positive	 mRDTs	 were	 excluded.	 Other	 exclusion	
criteria	were	presence	of	severe	illness	(including	severe	malaria)	
or	severe	anaemia	(Hb<5	g/dl)	and	with	general	danger	signs,	and	
hospitalization	with	or	without	multiple	blood	sampling.	Children	
with	severe	malnutrition	(defined	as	growth	standard	below	–3	
z-score,	symmetrical	oedema	involving	at	 least	the	feet	or	mid-
upper	arm	circumference	<110	mm),	and	febrile	conditions	due	
to	diseases	other	than	malaria	(e.g.	acute	lower	respiratory	tract	
infection,	severe	diarrhoea	with	dehydration)	were	not	recruited.	
Patients	with	other	known	underlying	chronic	or	severe	diseases	
(e.g.	cardiac,	renal	and	hepatic	diseases	and	HIV/AIDS)	were	also	
excluded.

Laboratory screening, sample collection and 
processing
Laboratory	 screening	 involved	 two	 steps	 whereby	 suspected	
patients	were	initially	tested	using	malaria	rapid	diagnostic	tests	
(mRDTs,	with	ParaHIT®,	SD	Bioline	or	First®	Response)	and	blood	
smears	 were	 taken	 for	 confirmation	 of	 diagnosis.	 Thick	 and	

thin	 blood	 smears	 were	 used	 for	 detection	 and	 quantification	
of	 malaria	 parasites	 to	 confirm	 the	 eligibility	 criteria	 before	
enrolment	in	the	respective	studies.	

The	 blood	 smears	 were	 dried	 at	 the	 sites	 and	 the	 thin	 films	
were	 fixed	 with	 methanol.	 The	 smears	 were	 stained	 on	 the	
same	day	using	3%	Giemsa	stain	 for	45	minutes	and	examined	
to	 detect	 parasite	 infection	 status	 and	 parasitaemia.	 Parasites	
were	 counted	 as	 asexual	 or	 sexual	 parasites	 per	 200	 or	 500	
White	 Blood	 Cells	 (WBCs),	 respectively.	 Parasite	 density	 was	
calculated	 by	 multiplying	 the	 number	 of	 asexual	 parasites	 by	
40	 and	 sexual	 parasites	 by	 16	 assuming	 that	 one	microliter	 of	
blood	contained	8000	WBCs.	A	blood	smear	was	considered	to	
be	negative	if	no	parasites	were	seen	after	examining	200	fields.	
All	 specimens	were	 labelled	anonymously	using	patients’	 study	
number	together	with	the	code	of	each	study	site	and	the	date	
of	enrolment.

Sample size
This	 was	 an	 exploratory	 study	 and	 thus	 statistical	 based	
calculation	was	not	used	to	determine	the	samples	size	for	the	
data	to	be	included	in	the	analysis.	For	the	CSS,	the	research	team	
visited	the	selected	health	facilities	for	three	weeks	and	targeted	
to	recruit	100	patients	of	all	age	groups	and	both	sexes	at	each	
of	 the	 three	sites.	 In	 the	efficacy	studies,	 the	sample	size	were	
calculated	based	on	the	study	specific	end	points	as	described	by	
Shayo	et	al.	[25]	and	Mandara	et	al.,	(manuscript	in	preparation).

Ethical issues
The	 studies	which	provided	data	 for	 this	paper	were	approved	
by	the	Medical	Research	Coordination	Committee	of	the	National	
Institute	 for	 Medical	 Research	 (NIMR-MRCC).	 Permission	 to	
conduct	 the	 studies	 at	 the	 HFs	 was	 sought	 from	 the	 relevant	
regional	and	district	authorities	and	the	heads	of	the	respective	
HFs.	Before	enrolment	into	the	studies,	written	informed	consent	
was	sought	from	patients	or	parents/guardians	in	case	of	children.	

Data management and statistical analysis 
The	data	 from	both	CSS	and	clinical	 trials	were	double	entered	
into	Microsoft	Access	database	which	 incorporated	consistency	
checks	and	validation	while	data	of	all	screened	patients	but	not	
enrolled	were	managed	using	Microsoft	Excel.	Data	cleaning	was	
performed	 followed	 by	 analysis	 using	 STATA	 version	 11	 (STATA	
Corp	 Inc.,	TX,	USA).	Categorical	data	were	compared	using	chi-
square	test	while	continuous	variables	were	tested	using	Students	
t-test	 or	 analysis	 of	 variance	 (ANOVA)	 for	 normally	 distributed	
data.	Non-normal	continuous	variables	such	as	parasite	density	
were	 log	 transformed	 to	 normality.	 Linear	 regression	 models	
were	used	 to	 test	 the	 relationship	between	 the	positivity	 rates	
as	response	variables	against	explanatory	variables	such	as	site,	
study	type	and	fever,	with	adjustments	for	age	of	patients.	Factors	
which	 determine	 the	 sensitivity	 of	 mRDTs	 (risk	 of	 obtaining	
false	 negative	 results)	 were	 assessed	 using	 a	 multivariate	
logistic	regression	model	adjusting	for	age	of	study	participants	
(under-fives	vs.	 cases	 aged	≥	5	 years	old),	 fever	 status	 (axillary	
temperature	≥	37.5°C	vs.	temperature	<37.5°C),	parasite	density,	
site	 and	 study	 type	 as	 a	 measure	 of	 malaria	 endemicity.	 For	
predictors	of	specificity	of	mRDTs	(risk	of	false	positive	results),	
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adjustment	was	 done	 for	 age	 of	 study	 participants,	 site,	 study	
type	and	fever	status.	P-value	≤	0.05	was	considered	significant.

Results
Baseline characteristics of study participants
A	total	of	1,910	participants	with	fever	at	presentation	(axillary	
temperature	≥	37.5°C)	or	a	history	of	fever	in	the	past	24	hours	
were	screened	for	possible	enrolment	in	the	studies	which	were	
conducted	 in	 2013	 (n=819,	 42.9%)	 and	2014	 (n=1,091,	 57.1%).	
Of	these,	1,252	(65.6%)	participants	were	screened	in	the	clinical	
trials	 and	 67.8%	 of	 all	 participants	 were	 under-fives.	 Most	 of	
the	 patients	 (n=963,	 50.4%)	 were	 females	 and	 there	 was	 a	
significantly	higher	proportion	of	 females	 in	 the	CSS	 compared	
to	 the	 clinical	 trials	 due	 to	 a	 large	 number	 of	 female	 patients	
aged	≥	10year	in	CSS	(p<0.001)	(Table 1).	The	mean	age	of	study	
participants	 screened	 in	 the	clinical	 trials	was	3.4	years	 (range,	
0.1	to	11.7	years)	with	a	significantly	lower	mean	age	at	Muheza	
in	 2014	 (p<0.001).	 In	 the	 CSS,	 the	 mean	 age	 was	 14.0	 years	
(range,	0.4	to	82.1	years)	and	there	was	no	significant	difference	
among	 the	sites	 (p>0.55).	Majority	of	 the	patients	 (56.6%)	had	
fever	at	presentation	(axillary	temperature	≥	37.5°C)	with	mean	
axillary	temperature	>37.5°C	at	all	sites	except	Nachingwea.	The	
mean	axillary	temperature	was	significantly	different	among	the	
study	sites	and	between	the	study	types	(p<0.001).	However,	the	
proportion	of	patients	with	fever	(axillary	temperature	≥	37.5°C)	
was	 significantly	 different	 among	 the	 sites	 (p<0.001)	 and	 not	
between	the	study	types	(clinical	trials	vs.	CSS,	p=0.741) (Table 1).

Parasite positivity rates by mRDTs and 
microscopy
Among	 the	 patients	 screened,	 1,188	 (62.1%)	 were	 positive	 by	
mRDTs	 and	 the	 positivity	 rates	 was	 significantly	 higher	 in	 the	
clinical	trials	compared	to	CSS.	In	the	CSS,	the	mRDT	positivity	rate	
among	the	study	sites	was	significantly	different	and	the	highest	
rate	was	 seen	 at	Muleba	while	 the	 lowest	was	 at	Nachingwea	
(p<0.001).	The	positivity	rate	by	mRDTs	in	the	clinical	trials	was	
significantly	higher	at	Ujiji	compared	to	the	two	sites	in	Muheza	
(p<0.001).	 For	 microscopy	 and	 both	 types	 of	 studies,	 1,019	
(53.2%)	participants	had	malaria	parasites	(P.	falciparum).	In	the	
CSS,	the	positivity	rates	by	microscopy	were	significantly	higher	

at	 the	 two	sites	of	Muleba	and	Muheza	 (>55.0%)	compared	 to	
Nachingwea	 (35.8%,	 p<0.001).	 The	 highest	 parasite	 positivity	
rates	in	the	clinical	trials	was	reported	at	Ujiji	and	the	difference	
among	the	sites	was	statistically	significant	(p=0.001).	The	overall	
parasite	positivity	rate	detected	by	microscopy	(for	P.	falciparum)	
was	 significantly	 higher	 in	 the	 clinical	 trials	 compared	 to	 the	
CSS	 studies	 (p=0.001).	 The	geometric	mean	parasite	density	of	
P.	falciparum	asexual	parasites/µl	was	significantly	higher	in	the	
clinical	trials	compared	to	the	CSS	(p<0.001)	and	the	differences	
among	 the	 sites	 by	 the	 type	 of	 study	 were	 also	 statistically	
significant	(p<0.001	 in	the	clinical	trials	and	p=0.03	 in	the	CSS).	
In	cases	where	the	mRDTs	were	based	on	pLDH	antigens	which	
could	 detect	 all	 species,	 7/68(10.3%)	 patients	with	P. malariae 
were	negative	by	mRDTs	while	8/22	(36.4%)	with	P. ovale	were	
not	detected	by	mRDTs.

Accuracy of mRDTs when compared to 
microscopy
The	sensitivity	of	mRDTs	ranged	from	97.3%	to	99.3%	at	all	sites	
with	no	significant	differences	between	the	sites	 (p>0.583)	and	
the	type	of	study	(p>0.210)	(Table 2).	The	sensitivity	of	mRDTs	was	
higher	even	at	 low	parasites	density	with	a	sensitivity	of	96.4%	
at	parasite	density	between	100	and	<4000	asexual	parasite/µl.	
The	highest	sensitivity	of	99.3%	was	observed	when	the	parasite	
density	was	≥	4000	asexual	parasite/µl	of	blood,	after	adjusting	
for	 fever	 status,	 age,	 site	 and	 type	 of	 the	 study	 (OR=6.30,	
p=0.003)	 (Table 3).	 The	 specificity	 of	 mRDTs	 was	 generally	
lower,	 ranging	 from	 64.9%	 to	 87.7%	 (Table 2).	 Overall,	 mRDTs	
had	higher	negative	but	lower	positive	predictive	values	(Table 2). 
Although	fever	was	a	strong	predictor	of	parasite	positivity	rate	
by	 microscopy	 (OR=2.32,	 p<0.001),	 the	 sensitivity	 of	 mRDTs	
was	not	affected	by	 fever	even	after	adjusting	for	age,	parasite	
density,	site	and	the	study	type	(p>0.064).	With	the	exception	of	
low	specificity	at	Muleba	(OR=0.34,	p=0.007)	and	Ujiji	(OR=0.30,	
p<0.001),	the	specificity	of	mRDTs	was	similar	in	all	patients	even	
after	adjusting	 for	 the	effects	of	 fever	status,	 type	of	 the	study	
and	age	of	participants	(p	≥	0.525)	(Table 4). 

Discussion
The	 findings	 of	 this	 study	 showed	 that	 mRDTs	 had	 very	 high	

Study site N(%)
Age,

Sex-male(%) Axillary temp.
mean(range)

Fever,
mean(range) N(%)

Efficacy studies
Muheza1 161(12.8) 3.8(0.4-11.7) 88(54.7) 37.7(36.0-41.0) 83(51.6)
Muheza3 468(37.3) 2.6(0.0-10.3) 270(58.2) 38.1(35.1-40.9) 307(65.6)

Ujiji 626(49.9) 4.7(0-10.4) 312(49.8) 37.7(35.1-40.9) 325(51.9)
Total 1255(100) 3.8(0.2-11.7) 670(53.6) 37.9(35.1-41.0) 615(57.0)

Cross-sectional study
Muheza2 172(26.1) 16.2(0.5-75.0) 74(43.0) 37.7(36.0-41.0) 119(69.2)
Muleba 179(27.2) 13.6(0.5-82.1) 78(43.6) 38.1(35.9-42.0) 124(69.4)

Nachingwea 307(46.7) 13.0(0.4-78.0) 123(40.1) 37.3(35.5-41.0) 126(41.0)
Total 658(100) 14.0(0.4-82.1) 275(41.8) 37.6(35.5-42.0) 369(56.2)

Note:	 Muheza1	 and	Muheza3=Efficacy	 studies	 involving	 children	 between	 6	 months	 and	 10	 years	 conducted	 in	 2013	 and	 2014	 respectively.	
Muheza2=cross-sectional	study	which	was	conducted	in	2013	and	involved	patients	of	all	age	groups.	N=number	of	patients,	temp=temperature	
and	%=percentage.

Table 1 Baseline	characteristics	of	participants	screened	at	the	three	districts	of	Muheza,	Muleba	and	Nachingwea.



2016
Vol. 3 No. 2: 13

6  This article is available from: http://www.hsprj.com/archive.php

Health Systems and  Policy Research
ISSN 2254-9137

sensitivity	 (>96%)	 which	 helped	 to	 exclude	 majority	 of	 the	
patients	who	had	no	malaria	parasites.	Unlike	previous	 studies	
which	 showed	 that	 the	 sensitivity	 of	 mRDTs	 largely	 depended	
on	 the	 parasite	 density,	 fever	 status	 and	 the	 level	 of	 malaria	
transmission	[36],	the	current	study	showed	that	parasite	density	
was	the	only	predictor	of	sensitivity	of	mRDTs.	This	could	partly	
be	 due	 to	 the	 nature	 of	 the	 current	 studies	 and	 the	 fact	 that	
the	 largest	proportion	of	patients	 (>80%)	enrolled	at	 the	 study	
sites	had	higher	parasite	density	 (with	more	than	4000	asexual	
parasites/µl	of	blood).	

Fourteen	 patients	 (0.7%)	 had	 false	 negative	mRDTs	 results,	 six	
of	 these	 had	 high	 fever	 at	 presentation	 (axillary	 temperature	
≥	37.5°C)	and	five	had	high	parasitaemia	 (with	22,360;	79,489;	
86,669;	 189,333;	 199,660	 and	 231,200	 asexual	 parasites/µl).	
Two	of	these	patients	with	higher	parasitaemia	had	high	fever	at	
presentation	(38.1°C	and	40.2°C)	suggesting	that	mRDTs	can	fail	

to	pick	up	 severely	 sick	patients	who	might	progress	 to	 severe	
malaria	and	other	complications	if	left	untreated.	Previous	studies	
conducted	 elsewhere	 have	 shown	 high	 sensitivity	 of	mRDTs	 in	
severely	sick	patients	[37-39].	The	failure	of	mRDTs	to	detect	such	
patients	could	be	due	to	hrp-2	gene	deletion,	parasites	expressing	
low	level	of	target	antigens,	prozone	effect	or	other	factors	which	
could	not	be	established	[40]	and	further	assessment	is	urgently	
needed.	Thus,	febrile	patients	with	occult	symptoms	suggestive	
of	malaria	and	negative	mRDTs	results	should	whenever	possible	
be	confirmed	using	another	test	preferably	microscopy	to	rule	out	
malaria	 and	 support	 appropriate	 management	 of	 non-malaria	
febrile	infections.	

It	was	also	shown	that	about	10.0%	of	patients	with	P.	malariae	
and	36.0%	with	P.	ovale	could	not	be	detected	by	mRDTs	although	
the	tests	had	the	capacity	to	detect	non-falciparum	species.	This	
could	possibly	 be	due	 to	 low	parasitaemia	 among	 the	patients	
whereby	some	of	the	patients	missed	could	have	had	low	parasite	
density	(<200	asexual	parasites/µl).	However,	only	three	patients	
had	such	low	parasitaemia	for	both	species	suggesting	that	the	
failure	 could	 be	 due	 to	 other	 factors	 [40].	 Furthermore,	 the	
limited	performance	of	the	mRDTs	for	detection	of	species	other	

Study site  mRDT +Ve  BS +ve  Sensitivity   Specificity  PPV  NPV 
 Efficacy studies 

Muheza1 97(60.3) 90(55.9) 98.9 87.7 91.8 98.4
Muheza3 264(56.4) 235(50.2) 99.6 87.1 88.6 99.5

Ujiji 458(73.3) 384(61.4) 98.7 67.2 82.6 97.0
Total 819(65.3) 709(56.4) 99.0 78.5 85.7 98.4

Cross-sectional study
Muheza2 106(61.6) 96(55.8) 97.9 84.2 88.7 97.0
Muleba 128(71.5) 102(57.0) 99.2 64.9 78.9 98.0

Nachingwea 135(44.0) 110(35.8) 97.3 85.8 79.3 98.3
Total 369(56.1) 308(46.8) 98.5 80.9 81.8 97.9

Note:	mRDT=malaria	rapid	diagnostic	test,	BS=blood	slide	for	detection	of	malaria	parasites,	+ve=positive	test,	N=number	of	patients,	
%=percentage,	PPV=positive	predictive	value	and	NPV=negative	predictive	value.

Table 2 Sensitivity,	specificity,	negative	and	positive	predictive	values	of	mRDTs	when	used	for	screening	of	febrile	patients	compared	to	microscopy.	

 Sensitivity(%) Unadjusted 
OR(p-value)

Adjusted OR(p-
value)

Age group    
<5yrs 646/652(99.1) reference reference
>5yr 358/365(98.1) 0.48(0.184) 0.59(0.396)

Fever    
No	fever 344/347(99.1) reference reference

		With	fever 660/670(98.5) 0.58(0.404) 0.27(0.064)
Pf Density    
<4000 188/195(96.4) reference reference
≥	4000 815/821(99.3) 5.06(<0.004) 6.30(0.003)

Study type    
Clinical	trials 702/709(99.0) reference reference

CSS 302/308(98.1) 0.50(0.219) 0.40(0.384)
Site    

Muheza 417/421(99.1) reference reference
Muleba 101/102(99.0) 0.97(0.978) 3.00(0.382)

Nachingwea 107/110(97.3) 0.34(0.164) 0.82(0.829)
Ujiji 379/384(98.7) 0.72(0.637) 0.40(0.384)

Note:	 mRDTs=malaria	 rapid	 diagnostic	 tests,	 OR=odds	 ratio,	
Pf=Plasmodium	falciparum

Table 3 Factors	 which	 affect	 the	 sensitivity	 of	 mRDTs	 when	 used	 for	
screening	 of	 patients	 before	 enrolment	 in	 clinical	 trials	 and	 related	
studies.	

 Specificity(%) Unadjusted 
OR(p-value)

Adjusted OR(p-
value)

Age group    
<5yrs 511/639(80.0) reference reference
>5yr 200/256(78.1) 0.89(0.538) 0.88(0.540)

Fever    
No	fever 381/481(79.2) reference reference

		With	fever 330/414(79.7) 1.03(0.854) 1.05(0.776)
Study type    
Clinical	trials 428/545(78.5) reference reference

CSS 283/350(80.0) 1.15(0.401) 0.80(0.525)
Site    

Muheza 350/380(86.4) reference reference
Muleba 50/77(64.9) 0.28(<0.001) 0.34(0.007)

Nachingwea 169/197(85.8) 0.91(0.725) 1.15(0.713)
Ujiji 162/241(67.2) 0.30(<0.001) 0.30(<0.001)

Note:	mRDTs=malaria	rapid	diagnostic	tests,	OR=odds	ratio

Table 4 Factors	which	affect	the	specificity	of	mRDTs	when	used	for	screening	
of	patients	before	enrolment	in	clinical	trials	and	related	studies.



2016
Vol. 3 No. 2:  13

7© Under License of Creative Commons Attribution 3.0 License 

Health Systems and  Policy Research
ISSN 2254-9137

than	 P.	 falciparum	 could	 be	 attributed	 to	 limitations	 of	 pLDH	
antigen	such	as	allelic	variation	and	prozone	effect	as	previously	
described	 [6].	 Thus,	 further	 studies	 are	 needed	 to	 assess	 and	
determine	 the	 performance	 of	 mRDTs	 for	 detection	 of	 non-
falciparum	species	in	areas	of	different	epidemiological	settings.	

The	results	further	showed	that	mRDTs	had	low	specificity	which	
might	 lead	 to	 recruitment	 of	 a	 significant	 number	 of	 patients	
without	malaria	parasites.	 In	these	studies,	184	patients	(9.6%)	
had	 false	 positive	 results	 indicating	 that	 if	 mRDTs	 were	 used	
alone,	 such	 patients	would	 have	 been	wrongly	 enrolled	 in	 the	
studies.	These	patients	might	have	 recovered	 from	malaria	but	
still	had	circulating	falciparum	antigens	or	the	results	were	due	to	
cross-reactivity	with	non-specific	antigens	[6].	

The	specificity	of	mRDTs	was	not	affected	by	any	of	the	factors	
which	 have	 been	 shown	 to	 influence	 the	 risk	 of	 false	 positive	
results	such	as	fever	status	and	the	level	of	transmission	intensity	
[36].	 Whereas	 previous	 studies	 showed	 that	 individuals	 with	
fever	had	high	risk	of	 false	positive	results	possibly	due	to	self-
treatment,	 fever	was	not	a	 risk	 factor	of	positive	 results	 in	 the	
current	study.	Similarly,	it	was	shown	that	individuals	from	areas	
with	 low	 malaria	 transmission	 were	 less	 likely	 to	 have	 false	
positive	 results	 [36].	 Surprisingly,	 false	 positivity	 rates	 in	 this	
study	 were	 independent	 of	 fever	 status	 and	 age	 although	 the	
risk	was	 higher	 in	Muleba	 and	 Kigoma	districts.	 The	 high	 false	
positivity	rates	in	Muleba	could	possibly	be	due	to	the	outbreak	
of	malaria	which	occurred	a	few	months	before	the	study	(NMCP,	
unpublished	reports).	The	outbreak	could	have	caused	prolonged	
exposure	 to	 malaria	 parasites,	 frequent	 illness	 leading	 to	
sustained	levels	of	detectable	antigens	and	also	self-medication.	
The	high	false	positivity	rates	at	Kigoma,	could	possibly	be	due	
to	high	transmission	intensity	[27]	which	leads	to	high	morbidity	
and	increased	chances	of	self	treatment	or	recurrent	infections.

This	study	covered	areas	with	varying	malaria	transmission	and	
some	of	 the	sites	 such	as	Muheza	were	previously	 reported	 to	
have	relatively	low	malaria	burden	[22,27].	However,	it	was	shown	
that	Muheza	had	higher	positivity	 rates	and	a	 large	number	of	
patients	with	fever.	Together	with	Muleba	and	Ujiji,	Muheza	had	
a	higher	 risk	of	malaria	positivity	 rates.	 It	was	also	 shown	 that	
only	at	Nachingwea	fever	was	not	a	strong	predictor	of	the	risk	of	
malaria	parasite	infection.	These	variations	could	be	attributed	to	
the	heavy	rains	of	March	to	May	2013	and	2014	which	resulted	
in	 increased	malaria	cases	 in	many	parts	of	the	country	and	an	
outbreak	 of	 malaria	 in	 Muleba	 (NMCP,	 unpublished	 reports).	
Thus,	 more	 studies	 are	 needed	 to	 map	 the	 performance	 of	
mRDTs	under	different	epidemiological	settings	due	to	the	rapidly	
changing	malaria	transmission	in	Tanzania.

Due	 to	declining	malaria	burden	 in	 Tanzania	 from	2008,	 it	was	
increasingly	 becoming	 difficult	 to	 conduct	 studies	 to	 monitor	
the	efficacy	of	ACT	and	other	antimalarials	as	recommended	by	
WHO.	Studies	conducted	at	Muheza	and	other	parts	of	Tanzania	
from	2009	showed	that	it	was	difficult	to	find	patients	to	recruit	
in	 clinical	 trials,	 even	when	enrolment	duration	and	 target	 age	
groups	 were	 extended	 (Kabanywanyi	 et	 al.	 Unpublished	 data).	
On	the	contrary,	the	study	conducted	in	Muheza	from	May	2013	
was	able	recruit	sufficiently	large	number	of	patients	in	less	than	
two	months	[25].	An	increase	in	the	number	of	cases	in	Muheza	

has	been	 linked	 to	high	 rainfall	 that	was	 recorded	 from	March	
2013	 [25]	 and	2014	 (F.	 Francis,	 unpublished	data).	 This	 further	
shows	 the	significant	 impact	of	 rainfall	as	a	major	determinant	
of	 malaria	 transmission	 and	 related	 morbidity	 and	 mortality	
[41-43];	 suggesting	 that	 mapping	 of	 malaria	 case	 load	 will	 be	
required	to	identify	areas	suitable	for	drug	resistance	surveillance	
in	Tanzania.

Conclusion 
The	findings	 showed	high	 sensitivity	of	mRDTs	 in	patients	with	
different	levels	of	parasitaemia	suggesting	that	the	tests	can	play	
a	 significant	 role	 in	 excluding	majority	 of	 the	 patients	without	
malaria	 and	 save	 time	 and	 other	 resources	 which	 would	 be	
used	 for	microscopy.	 Few	 patients	with	 high	 parasitaemia	 and	
some	with	non-falciparum	 infections	 could	 not	 be	detected	by	
mRDTs	exposing	such	patients	to	the	danger	of	developing	severe	
malaria	 and	 related	 complications.	 Furthermore,	 the	 relatively	
low	 specificity	 of	 mRDTs	 could	 lead	 to	 enrolment	 of	 some	
patients	without	malaria	parasites	and	compromise	 the	quality	
of	the	trials.	The	different	epidemiological	picture	and	accuracy	
of	mRDTs	at	the	study	sites	suggest	that	more	studies	covering	
diverse	sites	are	required	to	provide	a	detailed	profile	of	malaria	
burden	 and	 performance	 of	 mRDTs	 in	 the	 country.	 In	 clinical	
trials,	mRDTs	should	only	be	used	for	initial	screening	to	exclude	
negative	 cases	 and	 all	 patients	with	 positive	 results	 should	 be	
confirmed	with	microscopy	or	another	test	with	high	specificity	
such	as	PCR	based	assay.
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