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Abstract

copy and other diagnostic tools is imperative.

Parasite lactose dehydrogenase enzyme (pLDH)

Objective: Rapid diagnostic tests have been of tremendous help in malaria control in endemic areas, helping in
diagnosis and treatment of malaria cases. It is heavily relied upon in many endemic areas where microscopy cannot
be obtained. However, caution should be taken in the interpretation of its result in clinical setting due to its limitations
and inherent weakness. This paper seeks to present the varying malaria RDT test results, the possible interpretations
and explanation of these results common in endemic regions. Published works on malaria RDT studies were identified
using the following search terms “malaria RDT in endemic areas’,"Plasmodium falciparum and bacterial coinfection”
"Plasmodium falciparum RDT test results in children in endemic areas”in Google Scholar and PubMed.

Results: The review results show that RDT positive results in febrile patients can either be true or false positive. True
positive, representing either a possible single infection of Plasmodium or a co-infection of bacteria and P, falciparum.
False RDT negative results can be seen in febrile patient with P, falciparum infection in prozone effect, Histidine rich
protein 2 (HRP2) gene deletion and faulty RDT kits. Hence, a scale up of laboratory facilities especially expert micros-

Keywords: Rapid diagnostic tests (RDT), Malaria diagnosis, Plasmodium falciparum histidine rich proteins-2 (HRP2),

Introduction

Prompt and accurate malaria diagnosis is important to
malaria control programs in endemic regions as it lim-
its over diagnosis as well as provide evidence of infec-
tion that requires prompt and adequate treatment [1].
In 2010 for instance, the World Health Organization
(WHO) revised the malaria management component of
its Integrated Management of Childhood Illness (IMCI)
program to an evidence based program of test, treat and
track [2]. This is because, the IMCI program formerly
recommended that children presenting with fever in
malaria endemic regions be treated promptly with anti-
malarials [1, 3]. This recommendation was hinged on two
main reasons; the first being the limited parasitological
diagnostic tools in resource constrained endemic regions
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and the second being the high prevalence of morbidity
and mortality of clinical malaria infections among chil-
dren in endemic regions [1, 3]. The World Health Organi-
zation fully aware of this malaria diagnostic challenge
common in endemic regions collaborated with manu-
factures, scientists and clinicians in the development and
introduction into clinical practice a rapid, easy to read
and accurate diagnostic test in 2010 [4, 5]. Hence, rapid
diagnostic test (RDT) was introduced into clinical man-
agement of malaria and since then, more than one mil-
lion RDTs are used yearly in various health facilities in
malaria endemic areas [6, 7]. Although RDT can be used
alone in areas where there is no microscopy, it is ideally
not meant to replace microscopy which is the gold stand-
ard for diagnosis, but rather to complement it [8, 9].
Rapid diagnostic test kits, commonly used in most
health facilities in endemic areas include those specific
for Plasmodium falciparum histidine rich proteins-2
(HRP2) from SD Bioline Malaria Ag Pf® (Stand-
ard Diagnostics, Kyonggi, Korea) and First Response
Malaria Ag Pf ® (Premier Medical Corporation Ltd,
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India) [10]. Other less commonly used ones include
CareStart Malaria pLDH/HRP2 combo’" (AccessBio
Inc., NJ, USA) and Acon Malaria pLDH/HRP2. Com-
parison studies have shown that there is not much sig-
nificant difference between HRP2 and pLDH in terms
of their effectiveness in detecting malaria parasites
[10]. Rapid diagnostic tests employ lateral flow immu-
nochromatographic assay methods in malaria antigens
detection. This involves antigen—antibody interactions
on a nitrocellulose test strip [11, 12].

Although, malaria RDTs are of tremendous help, a
number of studies have highlighted some weaknesses
of the test kits. It is therefore important to highlight
the varying presentations of RDTs results, and the
possible interpretation and explanations. Hence, this
paper seeks to present the varied malaria RDT test
results common in endemic regions and provide inter-
pretations for these diverse test results by reviewing
various published literature on the subject.

Main text

Methods

A review of published research work was used to pre-
sent the diverse malaria RDT test results, provide pos-
sible causes and interpretations of the test outcomes.
The search words used were “Plasmodium falcipa-
rum RDT test results in children in endemic areas’,
“Malaria RDT in endemic areas’, “Plasmodium falci-
parum and bacterial coinfection” and “Asymptomatic
plasmodium falciparum in children” Google scholar
and PubMed were the databases used to identify the
review documents.

For an overview of the search plan, articles published
between the years 2010 to 2018 were included in the
search (Fig. 1). The search was undertaken in May
2018 with the total number of articles found in the
databases adding up to 38,559. A total of 37,850 arti-
cles were found in Google Scholar and 709 retrieved
from PubMed. Careful reading of the titles of each arti-
cle from both databases enabled researchers remove
duplicates as well as include only articles on P. falcipa-
rum. This trimmed down the number of articles to 128
(Fig. 1). The Abstract of all 128 articles were read and
articles that reported RDTs results, performance, pres-
entation, interpretation and limitation were included
for further review. This process reduced the articles to
74. Further review of the selected articles resulted in
the exclusion of articles published before 2010, main
text written in foreign languages and study location
outside P. falciparum endemic areas. A total of 27 arti-
cles were finally selected for the review.
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Fig. 1 Flow diagram of the article search process

Results

Interpreting RDT results

One of the challenges of the RDT, is the interpretation of
the results, especially when compared with microscopy
[10, 13]. There are instances where RDT will be positive
but no parasites will be seen on microscopy, conversely,
there are instances where RDT will be negative but
microscopy will detect parasites in the blood [14]. There
are instances too, when RDT will be positive but there is
no clinical malaria or, the fever is not caused by malaria
[15]. Despite the fact that RDTs have been recommended
as a means of laboratory confirmation of malaria before
the prescription of antimalarial, the interpretation of test
results should be done with caution to ensure better clin-
ical outcome in patient management [12—-14].

RDT positive in a patient with fever

Malaria RDT positive results in patient with fever, aside
malaria, can be caused by other possible infections
(Fig. 2). It may be a risky clinical practice to solely con-
sider malaria and ignore other possible causes of fever in
a patient with positive RDT results. This is because it is
possible that a patient with a positive RDT results might
truly have P, falciparum infection but that infection may
not be responsible for the fever (Fig. 2) [14]. This means
that a patient can have P, falciparum infection but there
will be no clinical malaria, suggesting that fever might be
caused by another fever causing pathogen like bacteria
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Fig. 2 Possible presentation and interpretations of RDT result in a febrile patient

or virus. This clinical scenario is not difficult to come by
since asymptomatic P, falciparum infection with low par-
asite density is a common presentation in endemic areas
[14, 15] and they can co-exist with several bacterial infec-
tions (Fig. 2) [14]. Therefore, relying solely on RDT posi-
tive results and subsequently treating for malaria may
sometimes prove fatal for the patients [14].

There is also another possibility where the fever
is indeed caused by P falciparum infection together
with a bacteria, making it a malaria and bacteria co-
infection, which is another common presentation in
malaria endemic area (Fig. 2) [16—18]. False positive in a
patient with fever is also a possibility [19] and have been
reported in patients with hepatitis C, dengue virus and
Toxoplasma gondii infections (Fig. 2) [19, 20]. Immuno-
logic cross-reaction from heterophile antigens produced
by these pathogens have been implicated as the cause of
these false positive results [21].

RDT negative in a patient with fever

Antimalarial treatment is not recommended in RDT
negative patient with fever, as per the current malaria
treatment protocol, such fevers are considered not to
be caused by malaria. However, cases of false negative
have been reported in patient with high parasite den-
sities, a phenomenon called the prozone effect (Fig. 2)
[12]. The prozone effect, also called the high dose-
hook phenomenon is caused by excess parasite anti-
gens binding with antigen detecting antibody with no
epitope available for capture or test band antibody, to
produce the test band result [12].

Genetic variation of P. falciparum HRP2 have also
been implicated in some cases of false negative RDT
(Fig. 2) [22, 23]. Reports show that HRP2 gene deletion
in endemic areas, lead to absence of HRP2 antigens
causing negative result with RDT [24]. However WHO,
making a pronouncement on the issue of HRP2 genetic
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causing false negative RDT result, stated that HRP2
gene deletion might not be the main cause of false neg-
ative but rather malfunctioning RDTs due to poor stor-
age and transport condition, operator errors and poor
quality RDTs [25].

False negative can also occur at low parasite densities
defined as<100 asexual parasites/micro liter of blood
or<0.002% of red blood cells infected (Fig. 2) [12]. It is
argued that low parasitaemia that is missed by RDT is
usually of no clinical significant especially in adult [14].
However, care should be taken in infants and young
children with fever and negative RDTs because their
rudimentary immunity can allow low parasite density
(undetected by RDT) to cause fever (Fig. 2) [12]. How-
ever, studies have shown that it is safe to withhold anti
malaria from febrile infants and young children with neg-
ative RDT [26, 27].

RDT negative result in a patient with fever, have given
rise to another nagging problem of over prescription of
antibiotics [28, 29]. The main explanation for this is that
the health worker assumes that a major non malaria
cause of fever is probably a bacterial infection [29]. The
interpretation and subsequent decision to give antibiot-
ics to a febrile patient with negative RDT, might not be
entirely wrong [29]. However, it is also possible that these
patients might have only needed antipyretics [30] instead
of antibiotics since some fevers can be caused by viruses
(31, 32].
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RDT positive in a patient without fever

An afebrile patient testing positive for P falciparum with
RDT probably has an asymptomatic infection (Fig. 3).
The preponderance of asymptomatic infections especially
in older children and adults in endemic areas is a well-
established fact [15]. However, classifying their status
as heathy or unhealthy and if they require antimalarial
treatment is where some argument still abound. Some
studies show that asymptomatic infection confers protec-
tion and treating it can increase the risk of subsequent
clinical malaria [33, 34]. Others did not show protection
and also revealed that treatment did no increase the risk
of subsequent clinic malaria [35, 36]. Some studies even
show that asymptomatic infection is detrimental to the
health and intellectual development of children [14, 37].

Positive RDT results without fever can also occur in
patients recovering from malaria after treatment (Fig. 3)
[38]. This is because despite successful parasite clear-
ance there can be persistent circulating HRP2 antigens
in the blood [38, 39]. These antigens can persists weeks
after treatment resulting in positive result, wrong diagno-
sis and unnecessary treatment of malaria, defeating the
whole aim of RDT which is to prevent misdiagnosis and
treatment [38, 40].

In some situations, there might not be any parasite or
antigens at all in the person’s blood stream and RDT will
still be positive. Certain non-fever causing diseases can
produce heterophile antigens that can react with test kits
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antibodies to produce a false positive results [19]. False
positive results can arise from disease like Chagas dis-
eases, leshmaniasis, trypanosomiasis and patients with
rheumatoid factor (Fig. 3) [19-21].

RDT negative in a patient without fever

A patient without fever and testing negative for malaria
with RDT is most likely free from malaria. However, if
they are asymptomatic, their true status will evade RDT
especially if the parasite density is very low (Fig. 3) [12].
It will be appropriate not to treat patient with negative
RDT especially when afebrile. But again, cases have been
reported where health workers treat patients with anti
malarials, although they tested negative for RDT and are
afebrile, thereby showing a total disregard of the negative
RDT result [19].

Conclusion

The introduction of RDTs have reduced over prescription
and indiscriminate use of antimalarial in endemic areas.
However, RDT may be flawed by some weakness in esti-
mating parasite densities and inability to detect parasites
at low densities. Furthermore, its inability to differentiate
between the exact causes of fever in patients with malaria
and bacterial infection or other fever causing pathogens
has made it dicey in managing febrile patients with anti-
malarial alone. There is also the problem of false positive
results from diseases that produce heterophile antigens
and false negative from, prozone effect, HRP2 gene dele-
tion and poor quality RDT.

These weaknesses in malaria RDT kits shows that
it cannot solve all the problems of malaria diagnosis in
endemic areas. The success of RDT cannot drown the
nagging need of a scale up of laboratory facilities in
resource limited settings. Expert microscopy should be
the goal, together with other necessary laboratory tools
to aid in the overall diagnosis of febrile and afebrile
patients in malaria endemic areas.

Limitations of the study

Two search engines were used for this review and the
researchers acknowledge that it limited the number
of studies identified with the subject of interest. This
notwithstanding, the articles retrieved present a valid
reasoning on the need to be circumspect in the interpre-
tation of RDT test results in endemic regions.
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