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Abstract

Introduction: Parasites are a major public health problem in developing countries. A coproparasitological and immunoparasitological study
was conducted in Burkina Faso, in the rural village of Touguri, in November and December 2011. The coproparasitologic analysis was
conducted in the pediatric population and seroprevalence surveys were conducted in the adult population to research intestinal, blood, and
helminth parasites.

Methodology: The coproparasitologic study was performed on stool samples using two diagnostic methods — standard microscopy and the
FLOTAC technique. The total of 49 stool samples analyzed were obtained from children between two months and eleven years of age. The
serology study was carried out to evaluate the prevalence of P. falciparum, Echinococcus spp., Tenia solium, and A. lumbricoides using
different immunological techniques such as ELISA and Western Blot techniques. The study population included 85 adult patients between 15
and 70 years of age.

Results: Results of coproparasitological analyses showed Hymenolepis nana as the only helminth found, in 28.6% of the total number of
patients. Results of serological evaluation revealed a practically null prevalence of Echinococcus, Taenia solium, and Ascaris lumbricoides,
and a 77.64% prevalence of Plasmodium falciparum.

Conclusions: Despite the small number (especially in terms of coprological samples) of individuals examined, this study showed that the
parasite prevalence in a rural area of Burkina Faso has a significant impact in the general population, particularly in children. Another finding
was that FLOTAC had a higher sensitivity than the widely used ethyl ether-based concentration technique for coprological sample analysis.
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Introduction

Parasites represent an important cause of mortality
and morbidity in the world, especially in developing
countries. Hot and humid climates, high population
density, very low hygienic conditions, the presence of
insect vectors, few economic resources available to
invest in prevention programs, and the uses and habits
of the populations in developing countries enable
parasites to spread more easily [1,2].

With regard to intestinal parasites, it is estimated
that two billion people in the world are affected by
helminthiasis, caused mainly by Ascaris lumbricoides,
Ancylostomal/Necator spp., Hymenolepis nana, and
Trichuris trichiura [3]; the most common protozoa are
Entamoeba histolytica, which affects about 50 million
people, and Giardia duodenalis, which affects
approximately 200 million people [4]. The
transmission, especially via the fecal-oral route, is

favored by the contamination of water and soil due to
the absence of adequate sanitation typically found in
rural areas. Parasites transmitted by protozoa are
undoubtedly the most widespread types. Malaria
seems to be responsible for 250-500 million febrile
illnesses and more than one million deaths per year
worldwide.

For Burkina Faso, a country at position 174a of
177 countries (in 2004) in the Human Development
Index of the United Nations Development Programme,
parasites are a major public health problem.

With regards to malaria, which plays a major role
in the health and economic situation in Africa, most
infections occur during or immediately after the short
rainy season — between June and October — and 99%
of malaria infections are due to P. falciparum. It also
seems that Burkina Faso has a prevalence and
mortality higher than other West African countries. In
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fact, a study that compared the situation in Burkina
Faso with that in Gambia showed that the estimated
mortality from malaria is 15.4 per 1,000 per year in
Burkina Faso, compared to 9.4 in Gambia, with a rate
of annual inoculations per person of 80 and 50,
respectively [5].

Another important problem for the country, and
more generally for all tropical countries, is represented
by Z0onoses, in particular cysticercosis,
toxoplasmosis, leishmaniosis, and echinococcosis.

Considering intestinal parasites, according to a
retrospective study performed between 1997 and 2007
in Burkina Faso of 904,733 patients who visited public
health centers distributed throughout the country, as
many as 54.7% (495,081) were positive, 8% of which
infections were due to helminths, 32% to protozoa,
and 14.7% to other parasites. In addition, the
emergence of intestinal parasites is significantly
different between desert regions (38.9% in the Sahel)
and those more humid (65.8% in the East) and
between rural and urban areas [6].

This study aimed to establish and quantify the
prevalence of some parasitic infections in a rural
setting in Burkina Faso, in patients who attended the
village’s consulting room with various
symptomatology and to the malnutrition center in
particular, by way of coproparasitologic surveys of the
pediatric population and through seroprevalence
surveys in the adult population. Another aim of this
study was to compare the results with other studies
previously conducted on African populations and to
compare the sensitivity of FLOTAC with the ethyl
ether-based concentration technique for the detection
of H. nana eggs in fixed stool samples.

Methodology
Coproparasitology
Stool samples

The study was conducted in the period between 8
November 2011 and 6 December 2011, and involved
56 patients, 7 of whom did not return their stool
sample, thus resulting in 49 samples analyzed by the
standard coproparassitologic technique and by the
FLOTAC technique (Flotac, Napoli, Italy).

Each patient was questioned and examined.
Informed consent for collecting samples was requested
from each patient. A Para-Pak EcoFix container used
to collect stool samples was delivered to the parents of
those children who do not have signs or symptoms
attributed to intestinal parasites, to investigate the
correlation between symptoms and parasitosis.
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The total of 49 stool samples were obtained from
children between 2 months and 11 years of age in
November 2011 from a rural setting in Burkina Faso.
The children attended the village’s consulting room
with various symptomatology and the malnutrition
center. Of the 49 children, 26 were female and 23 were
male, with a mean age of 3 years for females and 3.5
years for males. Approximately 1-2 grams of feces
were preserved in ecological fixative [7], in a ratio of
1 to 3, at room temperature.

The coproparasitologic study was performed on
Burkinabé stool samples using two diagnostic
techniques. One was the ethyl ether-based
concentration technique using stool samples fixed in
Para-Pak Plus EcoFix (Meridian Diagnostics, Milan,
Italy). The second one was the FLOTAC basic
technique with flotation solution (FS) 7 [8].

Coproparasitological methods

The ecological-fixed stool samples for helminth
were carefully filtered (at least 5 mL) and centrifuged
at 240xg for 10 minutes. The supernatant was poured
off and the sediment was mixed with 9 mL sodium
chloride (NaCl 0.9%). After 10 minutes of incubation,
the solution was divided into two aliquots of 5 mL,
one for ethyl ether concentration, the other one for
FLOTAC [8,9]. For the FLOTAC basic technique for
H. nana diagnosis, the tubes were filled with the best-
performing flotation solution FS7 (zinc sulphate,
density = 1.35) [8]. The suspension was transferred
into one of the two 5 mL chambers of a FLOTAC-100
apparatus, centrifuged at 120xg for 5 minutes, and
translated to separate the floating eggs from the
sedimented debris. All eggs visible through the ruled
window of the reading disk were enumerated under a
microscope at 100x magnification.

Serological analyses

The serology study was carried out to evaluate the
prevalence of P. falciparum, Echinococcus spp.,
Cisticercus spp., and A. lumbricoides in Burkinabé
using different immunological techniques such as
ELISA and Western Blot techniques.

The study population included 85 adult patients
between 15 and 70 years of age who attended the
village’s consulting room with various
symptomatology. There were a total of 46 females
(54.1%) and 39 males (45.9%), with a mean age of
34.5 years and 31.9 years, respectively.

After receiving informed consent, blood samples
were taken from patients’ fingertips and put on
absorbing paper that was dried in air and then put into
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a plastic bag which was then firmly closed to prevent
contamination.

The blood samples were reconstituted before
analysis. This procedure involved putting each
absorbent 12 mm of diameter paper disk in 1.6 mL of
phosphate buffer Tween 20 4% tot and Bovine Serum
Albumin 0,4% tot solution, in micro-agitation for 90
minutes.

The ELISA kits utilized respectively were
Echinococcus IgG (K 7621) for E. granulosus and E.
multilocularis (NovaTec, Dietzenbach, Germany),
Ascaris lumbricoides IgG (LUCIO — Medical ELISA-
nal von minden, Regensburg, Germany) and Malaria
ELISA (DRG, Marburg, Germany). The Western Blot
kits, confirmation test, were Echinococcus — Western
Blot IgG (LDBIO Diagnostic, Lyon, France) and
Cysticercosis — Western Blot IgG (LDBIO Diagnostic,
Lyon, France). Each kit was used as indicated into the
manufacturers’ instructions.

Results
Coproparasitological analyses

Of the 49 samples tested, 57.14% (28 samples)
were positive, of which 15 with poliparasitosis
(53.57% of positive cases). Among the 15 cases with
poliparasitosis, there were 5 cases with the
contemporary presence of helminth and protozoa and
10 cases with different protozoa.

Hymenolepis nana was the only helminth found, in
14 of the 28 positive samples (28.6% of the total
number).

Giardia duodenalis was found in 12 samples
(24.49%), Entamoeba  histolytica/dispar in 7
(14.29%), Entamoeba coli in 7 (14.29%), Blastocystis

Table 1. Poliparasitism found in the pediatric population
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hominis in 3 (6.12%), Entamoeba spp. in 3 (6.12%),
lodamoeba buetschilii in 2 (4.08%), and Endolimax
nana in 1 (2.04%) sample (Tables 1 and 2).

Of the 28 positive samples, 12 patients (42.85%)
had symptoms correlated with intestinal parasites.

FLOTAC with SF7 allowed for detection of
Hymenolepis nana in 9 samples that were previously
tested negative by conventional microscopy,
increasing the prevalence from 8.1% to 28.6%. This
method also made possible a quantitative estimate of
eggs per gram of feces (EPG = Nx1.2/0.25),
evidencing the presence of low concentrations in
positive samples (maximum concentration = 845
EPQG).

Serological analyses

The study involved a total of 85 patients.

Investigations to find specific antibodies for
Echinococcus, Plasmodium spp., Ascaris
lumbricoides, and Taenia solium we carried out.

For Echinococcus, the antibody search was carried
out first on 42 samples, of which all were negative in
the screening test, with index (optical density/cut-off)
between 2.3 and 8.85 (negativity < 9). In consideration
of these results and the data reported in the literature
regarding the prevalence of this parasite in the
country, which has extremely low prevalence values in
both humans and definitive hosts, the search was not
continued in the remaining samples.

For Plasmodium spp., of 85 samples tested,
77.64% were positive. Of these 66 positive patients,
38 were females (57.6%) with a mean age of 35.8
years and range between 15 and 70 years, and 28 were
males (42.4%) with a mean age of 35 years and range

Patients positive for parasite presence in the stool

28/49 i

Monoparasitism
Biparasitism
Presence of three parasites

13 (46.43%)
9 (32.14%)

0,
6 (21.43%) 15 (53.57%)

Table 2. Parasite species identified and their prevalence

Parasite

Occurrence n (%)

Hymenolepis nana
Giardia duodenalis
Entamoeba histolytica/dispar
Entamoeba coli
Blastocystis. hominis
Entamoeba spp.
lodamoeba buetschilii
Endolimax nana

14 (28.6%)
12 (24.49%)
7 (14.29%)
7 (14.29%)
3(6.12%)
3(6.12%)
2 (4.08%)
1 (2.04%)
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between 19 and 65 years. In negative samples, 10 were
females (52%) with a mean age of 33.3 years and
range between 20 and 50 years, and 9 were males with
a mean age of 37 years and range between 20 and 52
years. The maximum absorbance values were 1.928,
2.874, and 2.231, respectively.

For Ascaris lumbricoides, the 85 samples analyzed
were 100% negative, with indexes between 0.71 and
4.15 (negativity <9).

Western blot confirmation, performed on 3
samples for Echinococcus and on 11 for Cysticercus,
was negative in 100% of the samples. For
Echinococcus, the 3 samples selected were those
which, although they tested negative, had an index
closest to the cut-off.

The 11 samples analyzed for cysticercosis were
chosen randomly. Of these, 3 belonged to males with a
mean age of 36 years and range between 28 and 48
years, and 8 to females with a mean age of 34.4 years
and range between 15 and 60 years.

Discussion

Parasites continue to be a major public health
problem in developing countries, where microscopic
investigation is still the most widely used diagnostic
tool in parasitology. It is therefore essential to have a
reliable diagnostic method that is rapid and cost-
effective for early detection and management of
helminths and protozoa.

In Burkina Faso, a country with 15,224,780
inhabitants, 79.8% of the population lives in rural
areas. Our study was conducted in the rural municipal
district of Tougouri (76,345 inhabitants) in the
province of Namentenga, where 94.9% of the
population lives in rural setting [10]. It is also
important to note, in reference to the diffusion of some
parasitic disease, that 80% of the population in
Tougouri and in Burkina Faso is Muslim.

Regarding intestinal parasites, a retrospective
study of Burkina Faso that included 904,733 patients
showed a prevalence of 8% for helminths. The most
frequently occurring helminths were found to be
Schistosoma  mansoni, Taenia  spp., Ascaris
lumbricoides, Strongiloides stercoralis, Enterobius
vermicularis, and Hymenolepis nana [6]; in our study,
however, Hymenolepis nana was the only helminth
found in the coproparasitological study. Regarding
protozoa, the results in that study are similar to ours.

Regarding epidemiological data in Burkina Faso,
H. nana was the helminth encountered most frequently
— found in 3.99% of patients — though its incidence has
decreased in recent years [11]. In other African
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countries, the situation is similar. In Mali, a prevalence
lower than 1% has been reported [12]; in Morocco,
prevalence ranging from 7.2%, in stool samples from
regions using raw wastewater for agriculture to 0.6%
in control populations that do not practice wastewater
irrigation has been reported [13]. In Egypt, the
prevalence has been reported to range from 6.2% to
16% [14,15]. In Zimbabwe, where the prevalence was
21%, the infections occurred more frequently in
younger children in urban areas but in older children
in rural areas. The prevalence in urban areas (24%)
was higher than in rural areas (18%) [16]. It is also
important to note that infection by H. nana often
remain asymptomatic. Severe infections, supported by
more than 20,000 eggs per gram of feces, cause
enteritis with or without diarrhea, abdominal pain, and
loss of appetite. Children may experience more severe
intestinal symptoms, which can include epilepsy,
probably due to the toxic action that the products of
the inflammation cause. In chronic cases, skin
manifestations can appear [17, 18].

Diagnosis of H. nana and H. diminuta relies on the
microscopic detection of eggs in fecal samples [19].
Ethyl acetate or ether-based concentration techniques
[8] are recommended to increase sensitivity, as egg
numbers can be very low. Eggs can also be readily
observed in Kato—Katz thick smears [20], a widely
used diagnostic method in intestinal helminth surveys
[21,22]. As an alternative to traditional concentration
techniques, the FLOTAC apparatus has been
developed [23, 9]. In human parasitology, this tool has
proved to be more sensitive than the ether
concentration technique and multiple Kato—Katz thick
smears for the diagnosis of soil-transmitted helminths
(STHs) [24-26]. It has been reported that FLOTAC
had a higher sensitivity than the widely used ethyl
ether-based concentration technique [27].

The large discrepancy between the findings for H.
nana from our study and those reported in another
study in Burkina Faso in 2012 (28.6% and 3.99%,
respectively) [11] can be attributed to the small
number of samples we analyzed and to the rural area
origin of sample, or to the higher sensitivity of the
technique we used.

Furthermore, in the present study, FLOTAC
showed a higher sensitivity than the widely used ethyl
ether-based concentration technique: prevalence equal
to 35.7% with standard method, in comparison with
57.14% with FLOTAC. It is important to note that the
best flotation solution for H. nana diagnosis was zinc
sulphate (density = 1.20) [27], which is slightly
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different from the one we used (SF7, zinc sulphate,
density = 1.35).

Although the standard microscopy technique is a
valid method for the diagnosis of parasitic diseases in
developing countries, the FLOTAC technique has
proved to be an efficient coprodiagnostic technique for
detecting intestinal parasite infections because, besides
being multivalent, sensitive, simple technologically,
and low cost, allows for not only the accurate
detection of poliparasitosis, but also for the evaluation
of parasitic burden, a fundamental parameter in the
diagnosis and follow-up of helminth infection.
Specifically, H. nana can be added to the growing list
of human intestinal parasites which are reliably
diagnosed with the FLOTAC technique. These results
should be confirmed by other groups in areas where
hymenolepiasis is endemic [27].

Regarding the serological results, the prevalence of
Echinococcus was practically null.

This result might be expected, considering a
prevalence study conducted by the Ministry of Animal
Resources, carried out in Burkina Faso, which found a
prevalence of 0.007% in cattle [28].

On the contrary, other African countries such as
those bordering on the Mediterranean (Morocco,
Libya, Algeria, and part of Egypt) and, to a lesser
extent, those in East Africa (Kenya, Sudan, Ethiopia,
Uganda, and Tanzania) are more affected by this
parasitic infection [29].

A comparable situation to echinococcosis was
observed also for cysticercosis. Even for this parasitic
infection, our results showed a practically null
prevalence. According to the previously mentioned
study carried out in Burkina Faso, cysticercosis was
present in only 0.57% of pigs examined [28]. It should
be noted that our study was performed in a rural
setting, where the pork is mostly sold rather than
eaten, and in a mostly Muslim population that does not
consume pork. To our knowledge, data in the literature
that indicate the actual prevalence of this parasite in
Burkina Faso in humans are lacking.

The search for anti-Plasmodium antibodies showed
positive results in 77.64% of individuals examined. In
fact, an estimate of the intensity of transmission of the
disease is important to quantify the problem and focus,
monitor, and evaluate its control.

In comparison to the other method usually used,
the determination of serum positivity is now
considered the most appropriate and accurate
methodology for estimating the extent of transmission
(prevalence) and it is considered the most steady
method as well as the one less subjected to seasonal
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variation [30]. As reported in a study performed in
collaboration with local researchers, in Burkina Faso
the EIR increases from the dry season to the rainy
season from 1 to 10 in urban areas and from 50 to 200
in rural areas [31].

Finally, the seroprevalence for  Ascaris
lumbricoides was null. This negativity, although
unexpected because this nematode is well distributed
in African equatorial countries, was confirmed by our
coproparasitological study in the pediatric population
where the parasite was not found, by the data obtained
in the local laboratory (unpublished data), by the
retrospective study cited above (which showed a
prevalence of 0.5%), and by other epidemiological
studies [32]. Our results are in agreement with
observations from the northern region of Burkina Faso
(where the village of Tougouri is situated), where a
high prevalence of malaria but low or null prevalence
of A. lumbricoides was reported [32].

We are aware that our study is limited by a small
number of individuals and coprological samples
analyzed; however, it has value when the situation in
remote rural areas of African countries are considered,
from which data are more frequently collected than
from urban areas, opening the way to further studies of
a larger number of individuals of both pediatric and
adult ages who live in this geographical region.
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