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Abstract. We evaluated the performance of a malaria rapid diagnostic test (RDT; Malaria Quick TestÒ; Cypress
Diagnostic) compared with the standard thick-smear microscopy method using blood samples from human immuno-
deficiency virus (HIV)-infected individuals and individuals of unknown HIV status collected in Ouagadougou, Burkina
Faso. Our results show that 42.1% of 114 HIV-infected patients were concordantly RDT- and thick smear-positive, and
55.3% were concordantly negative. Sensitivity and specificity of the RDT test were 100.0% and 95.4%, respectively, with
5.9% false-positive results and a total agreement of 97.4%; 127 patients with unknown HIV serology were analyzed; of
them, 40.9% were RDT- and thick smear-positive, and 46.4% concordantly negative. Sensitivity and specificity were
100.0% and 78.6%, respectively, with 23.5% false-positive results and a total agreement of 87.4%. Malaria Quick TestÒ is
rapid and effective for the diagnosis of malaria and has a high sensitivity, confirming its use in general and HIV patients
in particular.

INTRODUCTION

The World Health Organization (WHO) estimates that
one-half of the world’s population is at risk of contracting
malaria, with 207 million cases estimated in 2012 and 627,000
estimated deaths, of which 90% occurred in sub-Saharan
Africa.1 In addition, in this region, nearly 22.5 million individ-
uals are infected with human immunodeficiency virus (HIV).2

The interaction between HIV and malaria infection is bidirec-
tional and synergistic.3 The geographic overlap between
malaria and HIV and the rates of coinfection make the rela-
tionship between the two diseases a global health problem.4–6

HIV impairs the immune response, which is necessary for an
effective antimalarial response, resulting in more frequent
and severe malaria cases and transient rises of HIV viral load
during malaria episodes. This accelerates the progression of
HIV infection as well as the risk of HIV transmission.7–12 A
key for effective management of malaria is early and accurate
diagnosis in both endemic areas and imported cases in non-
endemic countries.12 Because of the global impact of malaria,
there has been an increase in the development of diagnostic
strategies. The WHO recommendations have also been
updated, and theWHO now suggests that all cases of suspected
malaria must be confirmed with a diagnostic test before receiv-
ing treatment.13 This underlines the importance and need for
simple, low cost, and rapid diagnostic tools, such as rapid diag-
nostic tests (RDTs). Accurate diagnosis for malaria is neces-
sary to reduce and prevent morbidity and mortality while
differentiating malarial from non-malarial fevers, thus avoiding
the unnecessary use of antimalarial drugs.14,15 This is particu-
larly important in HIV-positive patients, where febrile illnesses
other than malaria are common.
The use of antigen-detecting RDTs is part of such strategy

aimed at expanding access to malaria etiologic diagnosis in
areas where good quality microscopy (Giemsa; the reference
method) cannot be performed.16

Giemsa microscopy and RDTs represent the two diagnostic
tools most likely to have the largest impact on malaria control

today. These two methods together, each with strengths and
limitations, represent the best hope for accurate diagnosis as a
key component of successful malaria control.17

Good performance of an RDT has already been reported
among HIV-negative people but not yet properly investigated
among HIV-positive individuals.18,19

In this study, we evaluated the performance of a commer-
cially available P. falciparum histidine-rich protein type-2
(PfHRP-2) -based RDT compared with the gold standard
microscopy method using samples from HIV individuals and
individuals of unknownHIV serology collected inOuagadougou,
Burkina Faso.

MATERIALS AND METHODS

Study setting. This study was carried out from August to
December of 2011 during and right after the rainy season,
when the peak of malaria incidence, mostly caused by Plas-
modium falciparum, is usually observed. The study was per-
formed at three health centers in Ouagadougou, the capital
town situated on the central plateau of Burkina Faso, an
endemic area for malaria. The most recent official data on
malaria and HIV prevalence in Ouagadougou (from the Health
and Demographic Survey [HDS] carried out in 2010) show that
malaria prevalence among children ages 6–59 months is 18%,
whereas HIV prevalence in the age range between 15 and
49 years is 0.8% in male and 1.2% in female.20 The three
centers included in the study were Saint Camille Medical
Center (SCMC; a large mother and child center providing
care for HIV/acquired immunodeficiency syndrome [AIDS]
patients), the Center for Biomolecular Research Pietro
Annigoni, Saint Camille (CERBA; providing care for HIV/
AIDS patients), and the outpatient clinic Centre d’Accueil
Notre Dame de Fatima (CANDAF; open to all typologies of
people needing care).
Sampling method. Patients enrolled in the study were HIV-

positive adults and children and adults and children with
unknown HIV status identified according to signs or symp-
toms consistent with malaria (including fever, arthralgia,
headache, fatigue, and asthenia).
Patients having been treated with antimalarial drugs during

the previous 15 days were not eligible for this study.
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Two groups of patients were sampled: (1) HIV-positive
patients (mostly women as a reflection of the sex ratio of
CERBA and CMSC patients) and (2) individuals with unknown
HIV serology (principally represented by children). Burkina
Faso is an area of high malaria endemicity, and symptomatic
cases are predominantly among children who have not yet
reached an efficient level of immunity against the parasite.
Laboratory tests. Venous blood was collected by standard

venipuncture into a collection tube containing ethylenediamine-
tetraacetic acid (EDTA), or capillary blood was obtained by
puncture of a finger; 5 mL blood was immediately tested for
malaria using the Malaria Quick TestÒ (Cypress Diagnostic,
Langdorp, Belgium) according to the manufacturer’s instruc-
tions. When the test could not be performed immediately, the
blood was stored for up to 3 days at 2–8°C. The Malaria
Quick TestÒ is a rapid and qualitative antigen-capture assay
detecting the presence of the soluble P. falciparum histidine-
rich protein 2 (PfHRP-2), which is present in and released
from P. falciparum-infected red blood cells. The presence of
both control and temple lines shows that the P. falciparum

antigen is present, and the test can be considered positive.21

In case the control band did not appear on the first test kit,
the test was considered null, and the use of a second kit
(identical to that previously used and belonging to the same
lot) was allowed.
Thick and thin smears were prepared from EDTA antico-

agulated fresh blood or blood from a finger prick, stained with
Giemsa solution, and microscopically evaluated according to
WHO guidelines.22,23 Examination of the smears was per-
formed by three different laboratory technicians who were
unaware of the subject’s identity or the RDT test results.
Results of blood slides were compared, and another additional
reading was performed in case of positive–negative disagree-
ment. The positivity of the thick smear was defined by the
presence of one or more confirmed asexual malaria parasites,
and the density was calculated according to WHO guidelines.
Finally, the correlation between the results of RDT and
microscopy was calculated, and the total agreement (K value)
was interpreted according to Altman.24

Data processing and analysis. Data were collected and elab-
orated with Excel (Windows 7) and SAS (SAS V8; SAS Insti-
tute Inc., Cary, NC). The study sample was divided in two
groups: HIV-positive patients and patients with unknown HIV
serology. Both groups of individuals were analyzed according
to four variables: age, sex, RDT results, and thick smear results.
Informed consent and ethical aspects. The Ethics Commit-

tees of CERBA, CANDAF, and SCMC approved this study;
each patient at the moment of recruitment was informed
about the characteristics and course of the study and asked
for an informed consent.
A detailed information sheet was prepared in French and

read to patients; if necessary, a translation into the local lan-
guage was assured by local staff. In the case of minor patients,
consent for inclusion in the study was signed by parents or those
who accompanied children at the moment of examination.

RESULTS

In total, 114 HIV-positive patients with suspected malaria
were included in the study: 23 of 114 (20.2%) were male, and
91 of 114 (79.8%) were female. The mean age of the individ-
uals was 35 years old (range = 3–63 years old). As shown in

Table 1, 48 of 114 (42.1%) samples were both RDT- and thick
smear-positive, and 63 of 114 (55.3%) were concordantly nega-
tive. None of the samples were found to be thick film-positive
and RDT-negative, whereas 3 of 51 (5.9%) samples were found
to be thick film-negative and RDT-positive.
Sensitivity and specificity of the RDT test were 100.0%

(95% confidence interval [95% CI] = 95.9–100.0%) and 95.5%
(95% CI = 89.4–98.3%), respectively, with 5.9% false-positive
results. The total agreement found in the HIV-positive popula-
tion between RDT and microscopy was very good (K = 97.4%)
based on the K value.
In total, 127 individuals had unknown serological status

for HIV, of whom 57 (44.9%) were male and 70 (55.1%) were
female. The mean age was 12 years old, with a range of
3 months to 46 years. As shown in Table 1, 52 of 127
(40.9%) samples were both RDT- and thick smear-positive,
and 59 of 127 (46.4%) samples were concordantly negative.
None of the samples were found to be thick film-positive and
RDT-negative, whereas 16 of 68 (23.5%) samples were found
to be thick film-negative and RDT-positive.
Sensitivity and specificity of the RDT in this population

were 100.0% (95% CI = 96.3–100.0%) and 78.7% (95% CI =
70.3–85.2%), respectively, with 23.5% false-positive results.
In the population with unknown serology, the total agreement
was good (K = 75.12%) between the two tests compared.

DISCUSSION

In this study, we evaluated the accuracy of one PfHRP-2–
based RDT in HIV-positive patients and patients with
unknown HIV serology compared with thick smears results.
Both groups of individuals were also analyzed according to

their age and sex, but data obtained did not show significant
results. Our HIV-positive population was composed of indi-
viduals followed in medical centers providing free care and
examinations for HIV/AIDS patients.
The population with an unknown HIV serology came from

a primary healthcare service (CANDAF), where patients with
different medical complaints are treated: these patients do not
have free access to treatments or examinations. Another
important challenge for this group of patients was collecting
the information related to antimalarial drugs taken before the
RDT test.
The different characteristics of these populations have

affected the specificity of the test, which is reflected by the
different values obtained. For example, specificity of the
HIV-positive population was 95.5%, whereas for the popula-
tion with unknown HIV serology, a specificity of 78.7% was

Table 1

Performance of the RDT versus thick film microscopy among HIV-
positive participants and participants with unknown serology

RDT

Thick smear

Positive Negative Total

HIV-positive participants
Positive 48 (94.1%) 3 (5.9%) 51 (100.0%)
Negative 0 (0.0%) 63 (100.0%) 63 (100.0%)
Total 48 (42.1%) 66 (57.9%) 114 (100.0%)

Unknown serology participants
Positive 52 (76.5) 16 (23.5%) 68 (100.0%)
Negative 0 (0.0%) 59 (100.0%) 59 (100.0%)
Total 52 (40.9%) 75 (59.1%) 127 (100.0%)
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obtained. There was also a difference in false-positive results
between the two groups; 5.9% and 23.5% were found for the
HIV-positive population and the population of unknown
HIV serology, respectively. This result may likely be related
to the fact that patients from CANDAF were mainly chil-
dren under 5 years old frequently accompanied by parents
or relatives who were unable to recall the previous intake
of antimalarial drugs, which has already been reported.25 In
addition, the cost of care has a significant relevance on the
decision to consult a healthcare center, and according to these
patients, before consulting a doctor, they often try to take
drugs or use traditional medicine at home and do not inform
the health staff during the interview. However, patients
enrolled in the HIV program could easily access the health
facilities and obtain free tests and drugs without taking self-
treatment as the first choice.
The high rate of false-positive results is an important aspect

that should be taken in account, because it might cause over-
treatment of malaria or failure to treat non-malaria–related
fever cases properly. Providing a correct diagnosis of malaria
may eventually limit the unnecessary use of antimalarial drugs.
The observed sensitivity of the test is 100.0% for both pop-

ulations, which is in good agreement with other studies
on HIV-positive populations and HIV-uninfected individ-
uals.15,18,26,27 Given that, in HIV-positive patients, the risk of
malaria misdiagnosis is high because of febrile illness or other
infection that may mimic malaria, our findings show that most
HIV patients with presumptive malaria infection were appro-
priately diagnosed for P. falciparum using the RDT in exam-
ination.28 This shows the high sensitivity of the RDTs,
compared with the reference microscopy method. Further-
more, the 100% sensitivity of the test in the HIV-positive
group, the low number of false-positive cases, and the absence
of false-negative cases suggest that HIV does not interfere or
corrupt the performance of the test used in this study,
confirming the good performance of RDTs in general and
HIV patients in particular.13,18,29,30

Despite some of the limitations associated with the Malaria
Quick TestÒ, such as the inability to detect mixed infection or
infection caused by plasmodia other than P. falciparum, it is
rapid (less than 20 minutes), it is easy to perform, and it does
not need particular laboratory facilities or health worker
training. All of these characteristics make it useful in
resource-limited countries. Another limitation of the study
was the relatively short period (15 days) that we used as
inclusion criterion in the cohort; although it is known that
the average time that the PfHRP-2 remains positive is about
2 weeks, it is also known that this protein can take more than
1 month to be cleared. Therefore, the short period defined
could explain the false-positive results reported.19,31,32

Nevertheless, considering the results obtained from this
evaluation, which are in agreement with other studies, RDTs
might have an important role for the diagnosis of malaria and
in general, the management of febrile illnesses of all typolo-
gies in individuals, including HIV-positive patients.
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Centre de Recherche Biomoléculaire Pietro Annigoni, Saint Camille,
University of Ouagadougou, Ouagadougou, Burkina Faso, E-mails:
wetiens@yahoo.fr and jacques.simpore@yahoo.fr.

REFERENCES

1. World Health Organization, 2013. World Malaria Report 2013.
Available at: http://www.who.int/malaria/publications/world_
malaria_report_2013/report/en/. Accessed November 28, 2014.

2. United Nations, 2010. Joint United Nations Program on HIV/
AIDS. Available at: http://www.unaids.org/documents/20101123_
GlobalReport_em.pdf. Accessed November 28, 2014.

3. Hochman S, Kim K, 2009. The impact of HIV and malaria coin-
fection: what is known and suggested venues for further study.
Interdiscip Perspect Infect Dis 2009: 617954.

4. Cohen C, Karstaedt A, Frean J, Thomas J, Govender N, Prentice
E, Dini L, Galpin J, Crewe-Brown H, 2005. Increased preva-
lence of severe malaria in HIV-infected adults in South Africa.
Clin Infect Dis 11: 1631–1637.

5. Kublin JG, Steketee RW, 2006. HIV infection and malaria.
Understanding the interactions. J Infect Dis 193: 1–3.

6. World Health Organization, 2004. Malaria and HIV/AIDS Inter-
actions and Implications: Conclusion of Technical Consulta-
tion. Geneva: World Health Organization.

7. Ezeamama AE, Spiegelman D, Hertzmark E, Bosch RJ, Manji
KP, Duggan C, Kupka R, Lo MW, Okuma JO, Kisenge R,
Aboud S, Fawzi WW, 2012. HIV infection and the incidence of
malaria among HIV-exposed children from Tanzania. J Infect
Dis 10: 1486–1494.

8. Goselle ON, Onwuliri COE, Onwuliri VA, 2009. Malaria infec-
tion in HIV/AIDS patients and its correlation with packed
cell volume (PCV). J Vector Borne Dis 46: 205–211.

9. Skinner-Adams TS, McCarthy JS, Gardiner DL, Andrews KT,
2008. HIV and malaria co-infection: interactions and conse-
quences of chemotherapy. Trends Parasitol 24: 264–271.

10. Grimwade K, French N, Mbatha DD, Zungu DD, Dedicoat M,
Gilks CF, 2004. HIV infection as a cofactor for severe
falciparum malaria in adults living in a region of unstable
malaria transmission in South Africa. AIDS 18: 547–554.

11. Ter Kuile FO, Parise ME, Verhoeff FH, Udhayakumar V, Newman
RD, van Eijk AM, Rogerson SJ, Steketee RW, 2004. The burden
of co-infection with human immunodeficiency virus type 1 and
malaria in pregnant women in sub-saharan Africa. Am J Trop
Med Hyg 71: 41–54.

12. Van Geertruyden JP, D’Alessandro U, 2007. Malaria and HIV:
a silent alliance. Trends Parasitol 23: 465–467.

13. Murray CK, Gasser RA, Magill AJ, Miller RS, 2008. Update on
rapid diagnostic testing for malaria.ClinMicrobiol Rev 21: 97–110.

14. Batwala V, Magnussen P, Nuwaha F, 2011. Comparative feasibil-
ity of implementing rapid diagnostic test and microscopy for
parasitological diagnosis of malaria in Uganda.Malar J 10: 373.

15. Mills LA, Kagaayi J, Nakigozi G, Galiwango RM, Ouma J, Shott
JP, Ssempijja V, Gray RH, Wawer MJ, Serwadda D, Quinn
TC, Reynolds SJ, 2010. Utility of a point-of-care malaria rapid
diagnostic test for excluding malaria as the cause of fever
among HIV-positive adults in Rural Rakai, Uganda. Am J
Trop Med Hyg 82: 145–147.

16. World Health Organization, 2011. Malaria Rapid Diagnostic Test
Performance 2008–2011, Summary. Available at: http://www.who
.int/tdr/publications/tdr-research-publications/rdt3_summary.pdf.
Accessed November 28, 2014.

836 ANDREOLI AND OTHERS



17. Wongsrichanalai C, Barcus MJ, Muth S, Sutamihardja A,
Wernsdorfer WH, 2007. A review of malaria diagnostic tools:
microscopy and rapid diagnostic test (RDT). Am J Trop Med
Hyg 77: 119–127.

18. Mills LA, Kagaayi J, Shott JP, Newell K, Bwanika JB, Ssempijja
V, Aluma S, Quinn TC, Reynolds SJ, Gray RH, 2010. Perfor-
mance of a prototype malaria rapid diagnostic test versus thick
film microscopy among HIV-positive subjects in rural Rakai,
Uganda. Trans R Soc Trop Med Hyg 104: 237–239.

19. Falade CO, Adesina-Adewole B, Dada-Adegbola HO, Ajayi IO,
Akinyemi JO, Ademowo OG, Adewole IF, Kanki P, 2013.
Evaluation of Paracheck-PfTM rapid malaria diagnostic test
for the diagnosis of malaria among HIV-positive patients in
Ibadan, south-western Nigeria. Pathog Glob Health 107: 69–77.

20. Institut National de la Statistique et de la Démographie, 2010.
Enquête Démographique et de Santé et à Indicateurs Multiples.
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