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Abstract:
Background: Malaria is the leading cause of mortality and morbidity
in post-conflict country of Burundi. Because of the lack of qualified
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healthcare workers and laborants, frequent cuts of power and insuffi-
cient funds to provide regular microscopic examination in rural parts
of Burundi, where around 91% of population live, malaria rapid di-
agnostic tests (RDTs) are the most important tools in diagnostic pro-
cess of tropical malaria. Cheap P. falciparum Histidine Rich Protein 2
(PfHRP2) based RDTs are broadly used. The aim of the study was to
compare sensitivity and specificity of these tests comparing to micros-
copy as the golden standard, and to assess whether they are or not an
appropriate tool for diagnosing malaria in remote settings in Burundi.
Methods: A cross-sectional study was conducted in health centre Ga-
sura in rural part of northern Burundi, in meso-endemic malaria trans-
mission area. 190 patients (13 — 80 years old) presenting with fever
or history of fever in past 3 days were examined with ParaHIT f Ver.
1.0 Rapid Test for P. falciparum Malaria Dipstick (PfHRP2 detection
based RDT) from finger prick, and the blood slide was prepared to be
microscopically examined by expert laborant. Results were analysed
and sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were determined.

Results: Out of 190 examined patients, 134 patients were confirmed to
have P. falciparum infection by microscopic examination (70,5% prev-
alence). Out of those 134 patients, 92 patients had positive RDT. 56
patients were negative for P. falciparum using microscopy, out of whose
45 patients had also negative RDT. Overall sensitivity and specificity of
RDT comparing to microscopic examination, as golden standard, were
68,7% and 80,4%, respectively, while PPV and NPV were 89,3% and
51,7%, respectively. Sensitivity significantly increased with increasing
parasite density, 51,1% sensitivity for 100 — 500 parasites/pl, 71% sen-
sitivity for 501 — 1 000 parasites/pl, and 82,4% sensitivity for >1 000
parasites/pl.

Conclusion: Rapid diagnostic tests (RDTs) remain to be an important
tool in diagnosis of tropical malaria in remote settings, because of its
relatively easy performance, quick result and low price, but because
of relatively low sensitivity and specificity, microscopic examination
should be preferred over RDT in group of patients over 13 years old,
where available. In case of treatment failure, diagnosis based only on
RDT should be revised.
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tancies, or other equity interest), or non-financial interest (such as per-
sonal or professional relationships, affiliations, knowledge or beliefs) in
the subject matter or materials discussed in this manuscript.
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Background

Burundi is the landlocked country local-
ized in the South-East Africa. It is one of
the smallest countries of this continent with
high density of population, with the area
of 27,834 km? and 10,395,931 inhabitants
(2014 estimates). Only around 9% of the
population live in urban areas, the rest re-
main in rural parts of the country. Burundi
is characteristic by its varying altitude (the
mean altitude is of 1,707 m). Since its inde-
pendence in 1962, the population of Burundi
has suffered from several civil wars, amongst
which the most recent was held from 1993
until 2005 (Buru, 2015). According to the
data of the World Bank, since the end of the
civil war in 2005, Burundi annually ranked
as the poorest country globally according
to GDP until 2013. In 2014 it ranked the
second poorest country with GDP 267,10
USD per capita (GDP, 2015). According to
the Global Hunger Index 2014, this country
suffers from extremely alarming food and
hunger situation, and with the ratio of 35,6
it is the most starving country globally. The
severity is even more marked in micronutri-
ent deficiency, due to unbalanced diet and
starving (GMI, 2015). As the consequence
of the long lasting civil war, the quality
and coverage of health facilities are low, as
well as the education of healthcare workers
(nurses and laborants particularly) (Kimu-
li, 2016; Bujdova, 2015, Polonova, 2015,
2016). Based on the varying altitude of the
rural parts, Burundi consists of varying en-
demicity of malaria transmission, in general
specified as hyperendemic areas (altitude
<1,400 meters), meso- to hypoendemic ar-
eas (1,400 - 1,750 meters of altitude) and
arecas of no malaria transmission (altitude
>1,750 meters) (Amasi, 2011). Population
of Burundi is rather uneducated, particu-
larly in health issues and only a proportion
of the population is aware of the basic facts
about malaria transmission, diagnosis, and
treatment (Tagliaferri, 2012).

Malaria belongs to the major public
health issues in Burundi. According to na-
tional data from Ministry of Public Health
of Burundi, in 2013 confirmed uncompli-
cated malaria stood for 39,5% of all pathol-
ogies in health centres (4 168 908 cases),
what makes it the most common reason of
attending the healthcare facility in Burun-
di. It was followed by upper respiratory
tract infection in 20,3%, and non-specified
febrile diseases (suspicion of malaria with
negative diagnostic test) in 12,4% of all pa-
thologies. Confirmed severe malaria stood
for 0,9% of all pathologies in health centres.
In 2013 in health centres, 4 089 355 blood
slide examinations were performed, with
59% positivity and 2 827 930 rapid diag-
nostic tests performed, with 63,5% positiv-
ity. The mortality for confirmed malaria in
health centres stands for 30,4% of overall
health centre mortality. In hospital level,
malaria stands for 25,6% of overall hospi-
talizations, with mortality 36,3% of over-
all hospital mortality (Ministerie, 2014).
According to these statistics, malaria is the
leading cause of morbidity and mortality in
Burundi.

Vast majority of the population seeking
for healthcare attends health centres, which
are most commonly without the presence
of high qualified personnel (doctors or cer-
tified nurses), and sometimes even without
the possibility of microscopic examination.
Therefore, performance of rapid diagnostic
tests remains the most important tool for di-
agnosis of malaria. These tests are distribut-
ed to health centres free of charge, as a part
of national malaria transmission elimina-
tion program, but they mostly are one of the
cheapest tests available on market, based on
detection of presence of P. falciparum histi-
dine-rich protein 2. The outcomes of sever-
al previous studies based on evaluation of
sensitivity and specificity of PfHRP2 based
RDTs in comparison with other diagnostic
tools came up with different results, some
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of those more and another less satisfactory.
These studies were conducted in Tanzania
(Kweka, et al. 2011; Buhalata, et al. 2011;
Uganda (McMorrow, et al. 2010), Ethiopia
(Hailu, Kebede, 2014), Nigeria (Ajumobi,
2015; Elechi, 2015), but none of them in
Burundi. Therefore, the aim of this study
is to determine sensitivity and specificity
of widely used RDT based on the detection
of presence of P. falciparum histidine-rich
protein 2 comparing to microscopic exam-
ination of thick and thin blood smears (as
golden standard) in febrile patients, over 13
years old, presenting in health-centre in ru-
ral Burundi.

Patients and Methods

A cross-sectional study was conducted
in health centre Gasura, part of medical dis-
trict Vumbi, province of Kirundo in north-
ern Burundi, from June 2015 to July 2015.
Area of the study lies in altitude 1,450 me-
ters and belongs to mesoendemic malaria
transmission areas. Health centre Gasura is
the healthcare facility for the total popula-
tion of 34,586 inhabitants.

190 patients aged 13 - 80 years attend-
ing Health centre Gasura with elevated body
temperature (>37,5°C) or history of fever in
past 3 days and with no history of malaria or
taking antimalarial treatment in last 14 days,
were examined for tropical malaria by both,
PfHRP2 based RDT and microscopic exam-
ination (thick and thin blood film). The blood
slides were prepared and evaluated by the
expert laborant in laboratory of Health centre
Gasura, without knowing the result of RDT.

Thick and thin smears from finger prick
were put on the same slide, left to dry, fixed
with methanol and stained with 10% Giem-
sa during 30 minutes. Then thick smears
were examined under the microscope us-
ing 1000x magnification for the presence of
parasites and confirmed to be P. falciparum
monoinfection on thin smear. Parasite densi-
ty was determined by counting the parasites

against white blood cells and expressed as
number of parasites per microliter (ul) of
blood. Blood slide was considered negative
after examining 100 plasmodium-free mi-
croscopic fields.

The blood from the same finger prick
was used for rapid diagnosis of P. falci-
parum malaria using ParaHIT f Ver. 1.0.
Rapid Test for P. falciparum Malaria Dip-
stick, manufactured in March 2014 with ex-
piration in March 2016. Tests were stored
according to manufacturer’s recommenda-
tion at 25°C, protected from sunlight and
humidity. The tests were all performed ac-
cording to the instruction of manufacturer.
After the disinfection of fingertip by alcohol
wipe and air drying, sterile lancet was used
to pierce the skin and capillary blood was
collected to a plastic pipette and transported
to a dipstick, which was then put to a tube
containing 4 drops of a reaction buffer. Re-
sults were read after 25 minutes. Dipsticks
showing two lines (test and control) of any
intensity were considered positive, those
showing only control line were considered
negative. No invalid test was detected.

Data analysis and results

After collecting the data, sensitivity,
specificity, positive predictive value (PDV)
and negative predictive value (NPV) were
determined. Sensitivity was determined as
the proportion of number of patients with
true positive RDT results to number of
patients with positive microscopic result,
while specificity was calculated as the pro-
portion of number of patients with true neg-
ative RDT results to number of patients with
negative microscopic result. PPV was calcu-
lated as the proportion of number of patients
with true positive RDT results to number
of all patients with positive RDT result and
NPV was determined as the proportion of
number of patients with true negative RDT
result to number of all patients with negative
RDT result.
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Out of total 190 patients examined, 134
patients tested positive for P. falciparum
infection by blood smear microscopic ex-
amination, which stands for prevalence of
70,5%. Out of those 134 patients, 92 pa-
tients had positive RDT. 56 patients tested
negative for P. falciparum using microsco-
py, out of whose 45 patients had also nega-
tive RDT. Overall sensitivity and specificity
of RDT comparing to microscopic exam-
ination, as golden standard, were 68,7% and
80,4% respectively, while PPV and NPV
were 89,3% and 51,7% respectively.

When sensitivity was attributed to par-
asite density, it showed following results:
for density 100 - 500 parasites/pl, sensitivi-
ty was 51,1%, increased sensitivity of 71%
was proven in group of patients with den-
sity 501 - 1 000 parasites/pl and in group
of patients with density >1 000 parasites/pl
sensitivity was as high as 82,4%. No patient
with density <100 parasites/pl was detected.

Discussion

Correct diagnosis of malaria and early
treatment are crucial for eliminating mortal-
ity rate and transmission in endemic areas,
therefore reliable diagnostic tests are highly
required to be accessible in referral hospitals
as well as in remote settings. Because many
healthcare facilities in rural Burundi suffer
from lack of qualified staff, frequent cuts of
electricity or insufficient funds to provide
microscopic examination, RDTs mostly
based on detection of PfHRP2 are provided
from the government as a part of national
program for malaria transmission elimi-
nation. Annual report for 2013 of Ministry
of Health of Burundi showed, that overall
prevalence of malaria in Burundi in mi-
croscopically examined patients is 59%. In
this study, the prevalence was 70,5%. This
disproportion is probably due to altitude of
Health centre Gasura, where the study was
conducted, that lies in 1 450 meters in meso-
endemic area (comparing to average altitude

of Burundi, that is 1 707 meters, in hypo-
endemic area). Overall sensitivity of 68,7%
and specificity of 80,4% are important lim-
itations for correct tropical malaria diagno-
sis based exclusively on PfHRP2 RDTs, but
in remote settings with lack of qualified lab-
orants or no electricity access, they are still
of important value. Although sensitivity was
significantly increased with increasing par-
asite density (sensitivity of 51,1% for 100
- 500 parasites/pl, 71% for 501 - 1 000 par-
asites/pl and 82,4% for >1 000 parasites/pl)
with p < 0,01, it does not achieve the values
given in manufacturer’s information, where
sensitivity for >100 parasites/pul is claimed
to be 99,4% and specificity 99,7% (9-16).

Conclusions

This study shows, that rapid diagnostic
tests based on detection of PfHRP2 are of
limited value in diagnostic process of trop-
ical malaria in patients over 13 years old
and therefore, microscopic examination
should be recommended, where available.
In remote settings without possibility of mi-
croscopy, they remain to be an important di-
agnostic tool, because of its relatively easy
performance, quick result and low price.
Although, because sensitivity and specific-
ity of Pf HRP2 RDT was relatively low, di-
agnosis based only on PFHRP2 RDT should
be revised in case of treatment failure.

References

1. BURUNDI (2015). Source: https://en.wiki-
pedia.org/wiki/Burundi. Accessed July 6,
2015. GDP per capita (current US). Source:
http://data.worldbank.org/indicator/NY.
GDP. PCAP. CD?order=wbapi_data_val-
ue 2013+wbapi_data_valuet+wbapi_data
value-last&sort=asc. Accessed July 9, 2015.

2. GLOBAL HUNGER INDEX (2015).
Source:  https://dataverse.harvard.  edu/
dataset.xhtml?persistentld=doi:10.7910/
DVN/27557. Accessed July 21, 2015.

Clinical Social Work and Health Intervention Vol. 8 No. 2 2017



Clinical Social Work and Health Intervention

KIMULI D, MIKLOSKOVA M, SPANIK
S, SUVADA J, CZARNECKI P (2016). So-
cial Pathology II. Warszaw, Management
University, 2016. pp.: 455.

BUJDOVA N (2015). Development and le-
gal regulation of voluntary actvities in Slo-
vakia. Aspects of cross-border cooperation
in the field of volunteering. Liraprint Ukraji-
na, 2015, 194 s. ISBN 978-617-596-219-0.
BELOVICOVA M, ADAMCOVA ],
KAFKOVA J ET ALL (2017). Low inci-
dence of MRSA among physiotherapy pa-
tients.Clin Soc Work Health Intervention,
vo0l.8.2017,1,33-3. ISSN 2076-9741/Online.
BUJDOVA N. 2015. The elimination of
problematic behavior of childen in relation
to the State Family Policy. SPAY, Social Pa-
thology Among Youth. St. Elitabeth Univer-
sity of Health and Social Work Bratislava.
2015 s.93. ISBN 978-80-8132-131-3.
POLONOVA ] (2015). Respiratory infec-
tions after camping in free nature are the
current diseases in Migrants to Austria and
Germany via Hungary in September 2015:
Experience from Roszke and Vamoszaba-
di. In Kremery V, Liskova A, Mrazova M,
Herdics G, Khali I, Polonova J, Suvada J,
Bucko L, Bibza M, Ondova P, Hajj P, Fer
I. Clinical Social Work, 2015; 5(2 2015)
33-35. ISSN:2222-386X.

POLONOVA J (2015). Self-acceptance,
self-esteem building and experiencing of
healthy sexuality among youth as the pre-
vention of an abuse in partnerships In Su-
vada, J. — Tomanek, P. (eds.), 2015. Social
pathology among youth (abstract book).
Bratislava: St. Elisabeth University of
Health and Social Work Bratislava, 2015.
ISBN 978-80-8132-131-3. 73 — 74 p.
TAGLIAFERRI L, PRUNOTTO G,
HAKIZIMANA J, RIOS WP, PELUCCHI
C, PRINCIPI N, ESPOSITO S (2012).
Knowledge of malaria among women of
Burundi and its impact on the incidence of
the disease. ] Trop Pediatr. 2012 Aug; 58(4):
258-62.

10.

11.

12.

13.

14.

15.

16.

MINISTERE DE LA SANTE PUBLIQUE
ET DE LA LUTTE CONTRE LE SIDA
(2014). Annuaire statistique des donées des
centres de santé et des hopitaux pour 1’an-
née 2013. Bujumbura, Burundi; 2014.
KWEKAEJ,LOWASSAA, MSANGI S, KI-
MARO EE, LYATUU EE, MWANG’ONDE
BJ, MAHANDE AM, MAZIGO HD (2011).
Low sensitivity of ParaHIT-f rapid malar-
ia test among patients with fever in rural
health centers, Northern Tanzania. J Infect
Dev Ctries. 2011 Mar 21; 5(3): 204-8.
BUHALATA SN, MASSAGA JJ (2011).
Performance of ParaHit and OptiMAL tests
in the diagnosis of malaria in Mwanza,
north-western Tanzania. Tanzan J Health
Res. 2011 Jan; 13(1): 48-53.

KIMULI D, MIKLOSKOVA M, SPANIK S,
SUVADA J, ADAMCOVA J, TOMANEK
P, KAFKOVA J, CZARNECKI P (2016).
Social Pathology II. Warszaw, Management
University, 2016. pp.: 455.

KAFKOVA J, SILHAROVA B, KRCMERY
V, ABDO HASAN A (2017). Late present-
ers among HIV-positive patients, attending
a rural comprehensive care clinic in South-
ern Uganda. ECCMID 2017.

SZABO I, KULKOVA N, SOKOLOVA J,
MIKOLASOVA G, SUVADA J, KALAVS-
KA A, DOBRODENKOVA S, MATEIC-
KA F, KAFKOVA J, NKONWA I (2013).
Neurologic complications and sequellae of
infectious diseases in Uganda and Kenya:
Analysis of 288 cases from two rural hospi-
tals. In Neuroendocrinology Letters Vol. 34,
Suppl 1, 2013, Pages 28-31.

GREY E, HARDY M, SLADECKOVA YV,
ADAMCOVA J, BUCKO L, BLASKOVIC
J, PAUEROVA K, DUDASOVA T, POLO-
NOVAJ, RABAROVA L, BENCAJ (2013).
Neurologic disorders in HIV-positive or-
phans: 10 years of follow up. Neuroendocri-
nology Letters Vol. 34, Suppl 1, 2013, Pages
36-40.

Clinical Social Work and Health Intervention Vol. 8 No. 2 2017



Original Articles

25

17.

18.

19.

20.

BENCA J, ONDRUSOVA A, ADAMCO-
VA J, TAKACOVA M, POLONOVA J, TA-
ZIAROVA M (2007). Ten years experience
with 497 cases of neuroinfections in tropic:
in limited laboratory infrastructure initially
treat both, cerebral malaria and meningitis.
Neuroendocrinology Letters Vol. 28, Suppl
2, June 2007, Pages49-50.

MULI J M, SECKOVA S, SLADECKOVA
V, ADAMCOVA J, RABAROVA L, TAK-
ACOVA M, POLONOVA J, DUDASO-
VA T, PAUEROVA K, NAMULANDA V,
OKOTH V, JUMA O, DIANA E, JOHN-
SON J, DEADLINE J, BARTKOVJAK M,
KOLENOVA A, TAZIAROVA M, BENCA
J, NJAMBI Z (2007). Meningococcal men-
ingitis is still the commonest neuroinfection
in the community in tropics: overview of 62
cases. Neuroendocrinology letters Vol 28,
Suppl 3, Nov 2007, Pages 23-24.

MULI J M, SECKOVA S, SLADECKOVA
V, STENO J, ADAMCOVA J, RABAROVA
L, TAKACOVA M, POLONOVA J, DU-
DASOVA T, PAUEROVA K, NAMULAN-
DA V, OKOTH V, JUMA O, DIANA E,
JOHNSON 1J, DEADLINE J, BARTKOV-
JAK M, KOLENOVA A, TAZIAROVA M,
BENCA J, NJAMBI Z (2007). Meningitis in
diabetic patients. Neuroendocrinology let-
ters Vol 28, Suppl 3, Nov 2007, Pages 28-29.
MCMORROW ML, MASANJA MI, KA-
HIGWA E, ABDULLA SMK, KACHUR
SP (2010). Quality Assurance of Rapid

21.

22.

23.

24.

25.

Diagnostic Tests for Malaria in Routine Pa-
tient Care in Rural Tanzania. Am J Trop
Med Hyg. 2010 Jan; 82(1): 151-155.
MBABAZI P1, HOPKINS H2, OSILO E2,
KALUNGU M2, BYAKIKA-KIBWIKA
P2, KAMYA MR2 (2015). Accuracy of two
malaria rapid diagnostic tests (RDTS) for
initial diagnosis and treatment monitoring in
a high transmission setting in Uganda. Am J
Trop Med Hyg. 2015 Mar;92(3):530-6.
MOHAMMED H, KASSA M, KEBEDE
A, ENDESHAW T. PARACHECK-PF®
(2012). Test Versus Microscopy in the Diag-
nosis of Falciparum Malaria in Arbaminch
Zuria Woreda of South Ethiopia. Ethiop J
Health Sci. 2012 Jul; 22(2): 93-98.
KEBEDE T (2014). Assessing the Perfor-
mance of CareStart Malaria Pf/Pv Combo
Test Against Thick Blood Film in the Diag-
nosis of Malaria in Northwest Ethiopia. Am
J Trop Med Hyg. 2014 Jun 4; 90(6): 1109—
1112.

BAK T, MIERZWA ], JURJEWICZ H
(2015). Religion and Spirituality in Social
Work Practice. New Jersey 2015. 101 s.
ISBN 978-0-9967396-2-7.

AJUMOBI O, SABITU K, NGUKU P,
KWAGA J,NTADOM G, GITTA S, ELIZE-
US R, OYIBO W, NSUBUGA P, MAIRE
M, POGGENSEE G (2015). Performance
of an HRP-2 rapid diagnostic test in Nige-
rian children less than 5 years of age. Am J
Trop Med Hyg. 2015 Apr;92(4):828-33.

Clinical Social Work and Health Intervention Vol. 8 No. 2 2017



