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Abstract

Background: Malaria, filariasis, and intestinal parasitic infections (IPls) are common and frequently overlap in developing
countries. The prevalence and predictors of these infections were investigated in three different settlements
(rural, semi-urban, and urban) of Gabon.

Methods: During cross-sectional surveys performed from September 2013 to June 2014, 451 individuals were
interviewed. In addition, blood and stool samples were analysed for the presence of Plasmodium, filarial roundworm,
intestinal protozoan, and helminth infections.

Results: Intestinal parasitic infections (61.1%), including intestinal protozoa (56.7%) and soil-transmitted helminths
(STHSs) (22.2%), predominated, whereas Plasmodium falciparum (18.8%), Loa loa (4.7%), and Mansonella perstans (1.1%)
were less prevalent. Filariasis and STHs were mainly found in rural settlements, whereas a higher plasmodial infection
prevalence rate was observed in the periurban area. The most common IPI was blastocystosis (48.6%), followed by
ascaridiasis (13.7%), trichuriasis (11.8%), amoebiasis (9.3%), giardiasis (4.8%), and strongyloidiasis (3.7%). Hookworm was
detected in one adult from rural Dienga. Adults had a higher prevalence of Blastocystis hominis and STHs, whereas
Glardia duodenalis was more frequently observed among children aged below 5 years (P < 0.01). The polyparasitism
rate was 41.5%, with 7.0% Plasmodium-IPls and 1.8% Plasmodium-STH co-infections. The multivariate analysis showed
that living in a suburban area, belonging to the age group of 5-15 years, having none or a secondary education, or
having an open body water close to home were significant risk factors for malaria (P < 0.01). For STH infections,
identified risk factors were drinking untreated water and living in a rural area (P < 0.04). No significant predictors were
identified for IPls and malaria-IPI co-infection.

Conclusions: This study reports a high prevalence of IPls and intestinal protozoa, but a low rate of malaria-IPI
co-infections in the study sites. Improvements in the living conditions of the population such as adequate
water supply and proper health education and sanitation should be integrated into control strategies for
malaria, STHs, and IPIs.
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Multilingual abstracts

Please see Additional file 1 for translations of the abstract
into the five official working languages of the United
Nations.

Background

Intestinal parasitic infections (IPIs), such as soil-
transmitted helminth (STH) and protozoan infections, are
recognized as major causes of illness and disease in disad-
vantaged communities. From 450 to 840 million cases
occur worldwide, 95% of which are in developing coun-
tries [1].

Multiparasitism, defined as the simultaneous infection
of a single host with two or more parasite species, is also
common in individuals living in developing countries
[2]. This term covers the simultaneous occurrence of
IPIs and other communicable diseases, such as malaria
and Human Immunodeficiency Virus (HIV), in the indi-
vidual [3]. It has been suggested that co-infection may
adversely affect outcome and influence host specific
immunity [4, 5]. For example, chronic helminth infec-
tion leads to a modulation of the host immune response,
with strong stimulation of the production of effector
cytokines capable of downregulating the type 1 T helper
cell response, thereby increasing vulnerability to other
intracellular infections, such as malaria, HIV and tuber-
culosis [6, 7].

Plasmodium, the protozoan associated with the highest
disease burden in Africa, may have a positive or negative
impact on the progression of other parasitic diseases,
without necessarily being affected itself [3, 8, 9]. In 2016,
216 million cases of malaria were reported worldwide
[10]. In Gabon, malaria and IPIs are co-endemic, with
prevalence rates ranging from 1% to 60% in rural and
urban areas [5, 11-13].

Plasmodium falciparum infection is a common leading
cause of consultation and hospitalization for febrile
illness, and the number of clinical cases is currently
increasing in the country [11, 13, 14]. Together with
malaria and IPIs, loiasis is also a major cause of parasitic
morbidity in the country [15, 16]. In addition, high
prevalence rates of STH infections have been reported
in rural settings, whereas data are scarce for the urban
areas in which more than 60% of the population lives
and where the water supply may be problematic [17].
This condition decreases the quality of life of poor and
socioeconomically deprived populations and increases
their exposure to IPIs. Recently, non-negligible preva-
lence of protozoa, such as Cryptosporidium spp. (10%)
and Giardia duodenalis (20%), were recorded among
asymptomatic children from a shantytown in Libreville,
the capital city of Gabon [18].

All these pathogens are recognized as a public health
problem in Gabon. Greater preventive efforts, such as
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mass drug administration (MDA) strategies and the de-
velopment of effective vaccines, are urgently required.
However, local reports on IPI prevalence and risk factors
are scarce; those that do exist mainly focus on targeted
species (primarily STHs) a single area, and/or specific
age groups. Furthermore, polyparasitism and co-infections
with other parasites, which seem to be more frequent than
expected, are rarely studied.

Given the differences in IPI risk factors, such as socio-
economic status, environmental sanitation, level of educa-
tion, access to safe water, climate, hygiene and nutritional
status within regions, baseline infection levels should be
recorded at different geographic sites, and the relation-
ships between risk factors and parasite species and preva-
lence rates should be assessed. In Gabon, MDA with
albendazole has recently been adopted and campaigns for
the prevention of multiple parasitic infections will begin
soon. However, baseline data estimating the real distribu-
tion and reservoirs of STHs and protozoan parasites are
lacking, while different drugs are used for their elimin-
ation. Thus, the acquisition of such epidemiological and
parasitological information should facilitate the design of
integrated control programs for IPI prevention.

This study sought to investigate the epidemiology of
malaria, single and multiple IPIs, and the risk factors
associated with them, in three different settlements of
Gabon.

Methods

Study sites

A cross-sectional study was conducted from September
2013 to June 2014 in three areas of Gabon: Libreville,
the capital city; Melen, a suburban town located 11 km
from Libreville; and Dienga, a rural settlement of sev-
eral villages located 779 km south-east of Libreville
(see Fig. 1).

These three sites were selected because: one had a
high probability of adult participation (Libreville), one
had a high probability of children recruitment (Melen,
which is also a crossroad between the capital city and
rural areas), and one is remote settlement (Dienga).

Malaria prevalence was estimated at 24.1% for
Libreville, 36% for Melen and 25.2% for Dienga [14, 19].
Malaria transmission in Gabon is perennial, with a slight
peak of transmission during the rainy season [20]. The
endemic blood filarial species in the country are Loa loa
and Mansonella perstans, with prevalence rates of 22.4
to 39.5% in rural and urban regions of the country,
respectively [15, 16].

Sample size calculation

The sample size calculation was based on 5% preci-
sion with 95% level of confidence and an expected
prevalence of STH infection of 7.9% [21]. This
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expected prevalence was based on the assumption
that the prevalence of STHs, which was always found
to be lower than the prevalence of protozoa, will be
at least comparable to the recently reported preva-
lence (7.9%) of individuals living in Libreville [22].
Therefore, a minimum of 114 screened individuals
was required. Consenting participants living in the
study sites were prospectively included during the de-
fined study period, which was estimated sufficient to
include the required number of participants.

Ethical considerations

This study was nested in a survey estimating the burden
of microscopic and submicroscopic malaria in Gabon,
which was approved by the National Ethic Committee
for Research of Gabon (PROT N°0016/2013/SG/CNE for
Libreville and Melen, and PROT N°0018/2013/SG/CNE
for Dienga).

The study protocol and questionnaire were approved
and registered under PROT No. 0011/2014/ SG/CNE
and authorized by the Ministry of Health. Since partici-
pants at all sites had already given their written informed
consent (or fingerprint if a participant was illiterate) for
their participation in the main study evaluating the burden
of malaria in Gabon and for data record and publication,

it was agreed with the National Ethics Committee that
their consent for stool examination and analysis of data
will be given orally. Thus, oral informed consent was ob-
tained from all adult participants and from the parents or
guardians of the participating children.

The populations received information about the study
from team members assisted by community workers
who spoke the local language. The importance of the
study for both personal and public health, its objectives,
the procedures used, and the associated risks and bene-
fits were explained to all participants. They were also in-
formed that their personal information would be kept
strictly confidential and they could withdraw from the
study at any time without giving an explanation.

The main survey included free medical consultations
for the participants and the administration of appropri-
ate treatment according to national recommendations,
with referral to an identified specialist when required.
Biological testing was offered to participants and the
results were supplied to their physicians for case
management.

Questionnaire
In each site, volunteers (adults, children with parents
and/or guardians) were prospectively included during
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the study period. After consent had been obtained, each
participant was questioned by a trained team member
for the completion of a pre-tested questionnaire, which
was based on the national Demographic and Health
Survey.

Briefly, the questionnaire captured the following infor-
mation: demographic characteristics (age, sex, marital
status, education level); socioeconomic characteristics
(occupation, type of house, income); behavioural factors
(wearing shoes when outside, self-medication with anti-
malarial and/or anthelminthic drugs); and environmental
and living conditions (type of drinking water, presence
of toilets or a latrine, presence of water body close to
home, presence and self-reported use of bed nets).

Participants had to have been living at the site for at
least one month before the start of the study to be eli-
gible for inclusion. For participants aged below 18 years
and elderly participants under someone’s care, the par-
ents and guardians or the heads of the family responsible
for signing the informed consent form were interviewed.

Biological sample collection
An amount of 5 ml of venous blood was collected into
tubes containing ethylenediamine tetraacetic acid
(EDTA), for the diagnosis of malaria and filariasis. The
participants were also provided with clear instructions
and clean well-labelled stool collection vials to ensure
that stool samples were collected correctly. Each vial
was identified by the code number of the participant.
The participant was instructed to use the scoop pro-
vided to transfer a thumb-sized faecal sample to the
container, making sure that the sample was not contami-
nated with urine. Parents and guardians were advised to
monitor their children during collection. Participants
were asked to return the container the following day in
the morning for rapid processing. Information on the
exact collection time was not recorded.

Blood sample examination

Malaria rapid diagnostic test (RDT)

A RDT (SD BIOLINE, SD Standard Diagnostics Inc.,
South Korea, Seoul) was performed according to the
manufacturer’s instructions. This test allows the detec-
tion of P. falciparum and non-falciparum species. The
results were communicated to the physicians for appro-
priate management.

Thick blood films

Thick films were used for microscopic diagnosis, as pre-
viously described [23]. They were dried and stained with
20% Giemsa stain for 20 min, then 100 x oil-immersion
fields were read and parasitemia was determined as the
number of parasites per microliter of blood. Smears
were considered as negative if no parasite was detected
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on 100 x oil-immersion fields. Thin blood smears were
used for species identification.

Detection of microfilariae

Direct microscopic examination This was the first step
for the microscopic detection and quantification of micro-
filariae in 10 ul of fresh, uncoagulated blood (collected
into EDTA). Parasitemia was expressed as the number of
microfilariae per milliliter (mf/ml) of blood.

Leukoconcentration technique The second step was
the realization of the Ho Thi Sang and Petithory tech-
nique, which requires 4 ml of blood, as previously
described [24]. This technique has a higher sensitivity
than the direct examination of total blood if parasite
density is low. Because M. perstans parasitemia is often
low, leukoconcentration was performed for all partici-
pants, regardless of their L. loa microfilaremia.

Fecal sample examination

Direct microscopic examination

A small amount of the stool sample was mixed with
a drop of saline (0.9% sodium chloride) and covered
with a coverslip. The preparation obtained was exam-
ined under a light microscope for the observation of
motile parasites. This method is used to detect STHs
including Schistosoma intercalatum eggs, cysts, and
vegetative forms of Entamoeba spp., Blastocystis spp.,
and G. duodenalis. The sample was considered nega-
tive if no intestinal protozoa or helminths were found
on the entire slide.

MIF concentration

The merthiolate-iodine-formaldehyde (thimerosal) con-
centration (MIFc) method was carried out, as described
by Sapero and Lawless [25]. The MIFc method is a sim-
ple, rapid staining and concentration technique, in which
0.25 g of the collected faecal specimen is concentrated
in 235 mL thimerosal-formaldehyde solution and
stained with 5% Lugol’s solution. Ascaris [umbricoides
and Trichuris trichiura eggs, amoeba and G. duodenalis
cysts and vegetative forms, and Blastocystis hominis cysts
were stained. The stained preparation was homogenized
and incubated for 30 min at room temperature. It was
then filtered and centrifuged, and the entire pellet was
used to generate a smear, which was examined under a
light microscope.

The use of a combination of MIF and Lugol’s solution
for staining is sensitive for the detection, fixation, and
storage of vegetative forms and cysts of protozoa. The
identification of protozoa is facilitated by the addition of
iodine and eosin, which both stain vegetative forms
bright yellow or light brown.
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The species present were identified as follows. First,
the labelled cyst or vegetative form was detected at a
magnification of 10 x or 40 x. It was centred on the
microscope stage, a drop of immersion oil was added to
the slide, and the parasite was identified by examining at
a magnification of 1000 x. The nuclear membrane is
stained dark brown, the chromatin mass and siderophilic
bodies are visible due to their refractive power, and free
or phagocytized red blood cells appear bright red. Cysts
are colourless against a red background. Parasite species
observed after direct examination are also detected using
the MIFc method which increases the detection or re-
covery of STH eggs. Samples were considered positive
upon the detection of a single parasite.

Parasite culture

Parasites were cultured as previously described [26].
Briefly, about 1 g of stool sample was spread on a slide,
covered with filter paper. This disposal was placed in a
Petri dish and then sterile clean water was added in the
bottom of the Petri dish. The preparation was incubated
for 7 days at 25 °C. The water was collected, centrifuged,
and the sediment was examined under a microscope on
days three, five, and seven. Necator americanus and Stron-
gyloides stercoralis larvae were detected. The sample was
considered positive if at least one larva was present.

Quality control of biological analysis
Two microscopists read all the slides for internal quality
control.

Definitions

e DPresence of only intestinal helminths and no other
parasite in a stool sample was considered a “single
infection with helminths or single STH infection”.

e Presence of intestinal protozoa with no intestinal
helminths was defined as a “single infection with
intestinal protozoa”.

e The category of “other amoeba” comprises Entamoeba
hartmanni, Chilomastix mesnili, and lIodamoeba
biitschlii. They were considered non-pathogenic and
were always associated with known pathogenic species
such as E. histolytica or G. duodenalis.

e DPresence of at least two different intestinal and/or
blood parasite species was defined as “multiple
parasite infections” or “polyparasitism”.

e The mean number of parasites per participant was
defined as the mean number of parasites detected
per infected participant.

e Unemployed meant not working for an income.
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Statistical analysis

Frequencies (%) of sociodemographic data of partici-
pants, and of the presence of P. falciparum, L. loa, M.
perstans, intestinal parasites, STHs, intestinal protozoa,
monoparasitism or multiple parasites (i.e. polyparasit-
ism), P. falciparum/intestinal parasites, and P. falcip-
arum/L. loa were determined. P. falciparum, L. loa, and
M. perstans parasitemia are presented in medians with
interquartile ranges (non-Gaussian distribution), while
mean (+ standard deviation) numbers of parasites are
presented (Gaussian distribution).

Differences between the frequency of malaria and/or
filariasis and/or IPIs, and comparison of the presence
or absence of risk factors between and within groups
(age groups and location) were assessed using chi-
square or Fisher’s exact tests, if there were less than
five expected values for proportions. The comparison
of the mean number of parasite species according to
age, sex, and location was carried out using the
Student’s t-test or analysis of variance (ANOVA).

Crude odds ratios (cORs) and 95% confidence intervals
(CIs) were used to assess the association between malar-
ial and intestinal parasite groups, and age, sex, education
level, marital status, socioeconomic characteristics and
polyparasitism variables. For all these tests, the differ-
ence was considered significant if P < 0.05.

All the reported P-values are for two-tailed tests.
Logistic regression was performed to estimate the
adjusted odds ratio (aOR) between malarial, intestinal
parasite groups, and all variables with a P value <0.20 in
the bivariate analysis. Because some groups size were
very low (n < 10), a multivariate mixed logistic regression
model using likelihood ratio estimation for discrete
choice modelling of small datasets was performed. The
aORs and their 95% CIs were calculated. Associations
were found significant if P values were below 0.05 and a
trend was indicated if P -values were between 0.05 and
0.10. Stata version 13 (StataCorp, College Station, TX,
USA) was used for data analysis.

Results
General characteristics of the study population
Data from 451 consenting individuals were analysed,
their blood samples were collected and analysed (see
Additional file 2a). Intestinal parasite detection was per-
formed using microscopic direct examination, MIFc, and
parasite culture for 270 available stool samples, which
were returned by the participants to the study team
within the allocated time (see Additional file 2b).
According to the sociodemographic data, age was
known for 402 participants, including 231 of those who
provided stool samples. The age range was 3 months to
95 years, with children accounting for 63.2% of the study
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population. Just over half of the participants were female
(51.2%).

Overall, 149 individuals were from rural Dienga, 179
from periurban Melen, and 123 from Libreville, the
capital. Among the 361 adult participants, 36.8% were
single. Overall, 359% had no education or did not
complete primary school, with a higher proportion of
this group in Dienga (61.5%) compared to Melen
(22.6%) and Libreville (35.3%) (P = 0.01).

Almost two-thirds of the unemployed participants
(59 out of 90) lived in Dienga. The subjects came
from 269 households, with more than one family
living in the same house in some cases. Most partici-
pants from Dienga (87.5%) lived in a wooden house.
More than half of the participants from each site did
not have modern toilets. A high proportion of those
in Melen and Libreville drank tap water, whereas the
same trend was observed for not wearing shoes when
outside (64.1%) in Dienga. Overall, 177 of the 369
(48%) individuals for whom bed net information was avail-
able reported that they slept under a net (see Table 1).

Plasmodial infection

The only Plasmodium species identified was P. falcip-
arum. The frequency of positive blood smears (PBSs)
was 18.8% (85/451), with only three PBSs containing
gametocytes associated with asexual forms (see Fig. 2
and Additional file 2a). The median parasite density
was 7700 (287-36400) trophozoites (T)/ul, and 54.1%
(46/85) of the infected participants had a parasite
count below 10000 T/pl.

Of the Melen participants, 39.7% had a PBS, whereas
less than 10% were infected in Libreville and Dienga (see
Additional file 2a and Table 2). Children aged 5-15 years
were more frequently infected by P. falciparum (P < 0.01)
than the other age groups (see Table 2). Within age
groups, children aged below 5 years from Dienga (33.3%;
5/15) were more likely to be infected than children from
the same age group in Libreville (2.8%; 1/36) (P = 0.02).

Loiasis and blood mansonellosis
Overall, microfilariae were detected in 26 (5.8%) blood
samples with 4.7% for Loa loa and 1.1% for Mansonella
perstans (see Additional file 2a, Fig. 2, and Table 2). The
median parasite density was 5500 (500—185500) pf/ml
for L. loa and 500 (500-1500) pf/ml for M. perstans.
Eight (38.1%) of the 21 subjects with loiasis had microfil-
aria levels higher than 8000 pf/ml. No concomitant in-
fection with Loal loa and M.perstans was detected.
Adult participants and those living in the rural area
constituted the population at risk for blood filariasis:
filariae were more frequently detected in adults
(11.5%; 17/148) than in children (1.6%). Living in a
rural area was associated with a higher risk of filarial
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infection, as 76.9% (20/26) of the infected individuals
were from Dienga (P < 0.01) (see Table 2).

Intestinal parasite infections

The results of faecal sample examination with MIFc and
parasite culture are presented in Additional file 2b. The
distribution of the intestinal parasite species detected is
presented in Fig. 2, and Tables 2, 3 and 4. There was no
detection of IPIs in 105 (38.9%) participants.

The prevalence of IPIs increased significantly with
age: it was 39.6% in young children and 73.5% in par-
ticipants over the age of 15 years (P<0.01). Stool
specimens from participants living in rural and urban
areas were almost twice as likely to be infected as
those obtained from the participants living in the sub-
urban area (P < 0.01) (see Tables 2 and 3).

Distribution of intestinal parasite species

Intestinal parasitic infections (57.4%, 155/270) were
more common than STH infections (22.2%, 60/270)
(P<0.01) (see Table 3). Pathogenic species were found
in 89.7% (139/155) of the infected samples. The high-
est prevalence recorded was for B. hominis (94.2%,
131/139), followed by E. histolytica/dispar (18.0%, 25/
139) and G. duodenalis (9.4%, 13/139).

The global prevalence of gastrointestinal protozoa was
higher among adults (71.8%) compared to the other age
groups (53.6% and 37.9%) (P<0.01) (see Table 2). In
terms of the parasite species, B. hominis was more
frequently detected in adults (P < 0.01), whereas G. duo-
denalis was mostly found in younger children (P = 0.04)
(see Table 4). Entamoeba coli, E. histolytica/dispar, and
G. duodenalis were more common in participants from
the rural area than in participants from the suburban
and urban areas (P < 0.01). There were more B. hominis
infected samples in Libreville and Dienga (see Table 3).

The prevalence of STH infections among IPIs was
36.4% (60/165), with A. lumbricoides (61.7%, 37/60) the
most frequently detected helminth, followed by T.
trichiura (53.3%, 32/60), S. stercoralis (16.7%, 10/60),
and hookworm, which was found only in one subject
(1.7%, 1/60) (see Table 3). No Schistosoma species were
detected.

Regardless of the parasite species, the rate of STH in-
fections was highest among adults, who represented
two-thirds of the STH-infected population of the rural
city (P <0.01) (see Table 4). Indeed, A. lumbricoides and
T. trichiura were more common among adults and those
living in Dienga (see Tables 3 and 4) (P < 0.01).

Polyparasitism

Each infected participant had 1-6 different parasites. Infec-
tion with multiple parasites (blood and/or stool parasites)
was common in the study population: 41.5% (112/270).
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Table 1 Characteristics of the study population, according to the study areas
Urban Suburban Rural Total
n (%) n (%) n (%) n (%)

Age group (N=402)

0-4 years 32 (264) 80 (46.5) 19 (174) 131 (32.6)

5-15 years 22 (18.2) 83 (48.3) 18 (16.5) 123 (30.6)

>15 years 67 (55.4) 9(5.2) 72 (66.1) 148 (36.8)
Gender (N=451)

Female 70 (56.9) 81 (45.3) 80 (53.7) 231 (51.2)

Male 53 (41.1) 98 (54.7) 69 (46.3) 220 (48.8)
Marital status®* (N=361)

Single 38 (44.7) 45 (26.2) 50 (48.1) 133 (36.8)

In a couple 47 (55.3) 127 (73.8) 54 (51.9) 228 (63.2)
Education level* (N=351)

No education 6(7.1) 12 (7.1) 5 (4.8) 23 (6.6)

Primary school 24 (28.2) 26 (15.5) 59 (56.7) 103 (29.3)

Middle school 48 (56.5) 111 (66.1) 40 (385) 199 (56.7)

High school 7 (8.2) 19 (11.3) 0(0.0) 26 (74)
Type of house (N=269)

Brick house 38 (48.7) 44 (42.7) 4 (45) 86 (32.0)

Wooden house 37 (474) 50 (48.5) 77 (87.5) 164 (61.0)

Mixed house 339 9(838) 7 (80) 19 (7.0)
Occupation (N=304)

Middle manager 9 (15.3) 49 (29.9) 0 (0.0) 58 (24.4)

Senior manager 1(1.7) 10 (6.1) 13 (17.6) 24 (3.6)

Employee 40 (67.8) 84 (51.2) 227) 129 (42.4)

Unemployed 9(153) 21 (12.8) 59 (79.7) 90 (29.6)
Type of toilet (N=269)

Modern 32 (42.7) 82 (485) 20 (44.4) 114 (42.0)

Latrine 43 (57.3) 87 (51.5) 25 (55.6) 155 (58.0)
Self-reported net use (N=369)

Yes 43 (46.2) 112 (64.7) 48 (73.9) 177 (48.0)

No 50 (53.8) 61 (35.3) 17 (26.1) 192 (52.0)
Open water body near home (N=293)

Yes 36 (62.1) 116 (68.6) 0 (0.0) 152 (51.9)

No 22 (37.9) 53 (314) 66 (100.0) 141 (48.1)
Wearing of shoes when outside (N=147)

Yes 55(91.7) 102 (62.6) 37 (359) 80 (54.4)

No 5(83) 61 (374) 66 (64.1) 67 (45.6)
Source of drinking water (N=271)

Well 0 (0.0) 2012 0 (0.0) 2(0.7)

Spring 15 (20.0) 59 24 (96.0) 44 (16.2)

Tap 60 (80.0) 164 (95.9) 1 (4.0 225 (83.1)

*Data recorded among adults and parents or guardians
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Fig. 2 Prevalence and distribution of plasmodial infections, filariasis, and IPls among the study participants

The mean number of parasite species per participant was
143 (+ 1.38); it was higher in females (1.6 + 1.5) than in
males (1.3 + 1.2) (P =0.02), in adults (1.6 + 1.3) than in chil-
dren aged 0-5 years (1.0 £0.8) (P<0.01), and in partici-
pants living in the rural area (2.0 + 1.7) than in the urban
area (1.1 +1.0) (P <0.01).

The frequency of single and multiple parasite infections
was analysed in the population of the 270 participants
who underwent blood and faecal examination. Polypara-
sitism predominated (41.5% versus the 28.1% single

Table 2 Distribution of parasite infections by age and location

infection rate) when considering the whole population. In
contrast, after stratification according to the study area,
monoparasitism predominated in the suburban area of
Melen (n =31, 40.8% versus # = 16 multiple infected sam-
ples, 21.0%), whereas polyparasitism was common in rural
Dienga (n =71, 58.7% versus 17.4%, n = 21), while no dif-
ference was observed in the urban city (32.9% versus
34.2%). Double parasitism was more prevalent (see
Table 3). There was no sample solely with a parasite of the
“other amoeba” category or single E. coli infection.

Age group, in years Location

<5 5-15 > 15 P Urban Suburban Rural P

n (%) n (%) n (%) n (%) n (%) n (%)
P. falciparum malaria (N = 85)° 23 (17.6) 52 (42.3) 7 (4.7) < 0.01 7 (5.7) 71 (39.7) 7 (4.7) <001
Blood filariasis (N = 26)° 1(0.8) 1(0.8) 17.(115 - 6 (4.8 0 (0.0) 20 (134) -
Intestinal parasites (N = 165)° 23 (39.6) 28 (50.0) 86 (735 <001 50 (68.5) 29 (38.2) 86 (71.1) <001
Protozoan (N=153)¢ 22 (379 30 (53.6) 84 (71.8 < 0.01 49 (67.1) 27 (35.5) 79 (65.3) <001
Helminths (N = 60)° 8(13.8) 8 (14.3) 29 (248 0.19 8 (11.0) 2 (26) 50 (41.3) <001
Polyparasitism (N=112)f 15 (20.3) 22 (26.5) 55 (43.6 <001 7(184) 9 (10.0) 76 (49.0) <001

9Ages known for 82 Plasmodium-infected participants

bAges known for 19 filariae-infected participants

“Ages known for 137 intestinal parasite-infected participants

dAges known for 136 intestinal protozoa-infected participants

€Ages known for 45 intestinal helminth-infected participants

*Both ages and locations known for 92 participants with polyparasitism
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Table 3 Prevalence and distribution of parasite species, according to the study area

Parasite species, n (%) Total Libreville Melen Dienga
(n=270) (n=73) (n=76) (n=121)
Blood parasites
P. falciparum 37 (13.7) 34.1) 31 (42.7) 3(25)
Filariae 19 (7.0) 6 (8.2) 0(0.0) 13 (10.7)
Intestinal Protozoa
G. duodenalis 13 (4.8) 1(14) 2 (26) 10 (8.3)
E. histolytica/dispar 25(9.3) 4 (5.5) 39 18 (14.9)
B. hominis 131 (48.6) 40 (54.8) 26 (34.2) 65 (53.7)
E. coli 60 (22.2) 15 (20.5) 7092 38 (314)
STHs
A. lumbricoides 37.(137) 104 1(1.3) 35(289)
T. trichiura 32(11.8) 2(27) 1(1.3) 29 (24.0)
S. stercoralis 10 3.7) 5(6.8) 0 (0.0) 54.1)
N. americanus 1 (04) 0 (0.0) 0 (0.0) 1(0.8)

Monoparasitism

P. falciparum 19 (7.0) 1(14) 18 (23.7) 0 (0.0)
Filariae 4(1.5) 0 (0.0) 0(0.0) 4(3.2)
A. lumbricoides 2(0.7) 0 (0.0) 0 (0.0) 2(16)
S. stercoralis 1(04) 0 (0.0) 0 (0.0) 1(0.8)
G. duodenalis 1(04) 0 (0.0 0 (0.0) 1(0.8)

E. histolytica/dispar 0(0.0) 0 (0.0) 0(0.0) 0 (0.0)
B. hominis 43 (15.9) 19 (26.0) 12 (15.8) 12 (99
E. coli 6(2.2) 4 (5.5 1(1.3) 1(0.8)

Polyparasitism

Two parasites 54 (20.0) 16 (21.9) 8 (10.5) 30 (24.8)
P. falciparum + intestinal protozoa 8 (3.0) 2(27) 6 (7.9) 0 (0.0)
Filariae + intestinal protozoa 4(1.5) 34 0(0.0) 1(0.8)
Filariae + STH 2(0.7) 0 (0.0) 0(0.0) 2(16)
Intestinal protozoa 19 (7.0) 4 (5.5) 2(2.8) 13 (10.7)
STH 5(185) 1(14) 0 (0.0) 4(3.2)
Intestinal protozoa + STH 16 (5.9) 6 (8.2) 0 (0.0) 10 (8.3)
Three parasites 25(9.3) 7 (9.6) 3(3.9) 15 (12.4)
P. falciparum + intestinal protozoa 301 1014 2 (26) 0 (0.0)
Filariae + intestinal protozoa 1(04) 1(04) 0 (0.0) 0 (0.0)
Filariae + STH + intestinal protozoa 4 (1.5) 0 (0.0) 0 (0.0) 4 (3.3)
Intestinal protozoa + STH 8 (3.0) 104 1(1.3) 6 (5.0)
Intestinal protozoa 9(33) 4 (5.5) 0 (0.0) 5@4.0)

2 Four parasites 33(12.2) 227 5(6.6) 26 (21.5)
P. falciparum + intestinal protozoa + STH 5(1.5) 0 (0.0) 1(1.3) 4(32)
P. falciparum + intestinal protozoa 3(1.1) 0 (0.0) 3(3.9) 0 (0.0)
Filariae + STH + intestinal protozoa 1(04) 0 (0.0) 0 (0.0) 1(0.8)
Filariae + intestinal protozoa 3(1) 2(28) 0(0.0) 1(0.8)
Protozoa + STH 16 (5.9) 0 (0.0) 0 (0.0 16 (13.2)
Protozoa 5018 0 (0.0) 1(1.3) 4(3.2)
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Parasite species, n (%) < 5years old (n=58) 5-15 years old (n = 56) > 15 years old (n=117) P

E. histolytica/dispar 2 (34) 5(89) 9(7.7) 0.46

B. hominis 20 (34.5) 26 (46.4) 70 (58.8) <0.01
G. duodenalis 6 (10.3) 3(54) 20.7) 0.04

A. lumbricoides 5(8.0) 5(89) 15(12.8) 0.01

T. trichiura 5(8.0) 7 (11.0) 13 (12.5) 0.79

S. stercoralis 2 (34 0 (0.0 7 (6.0) 0.16

Hookworm 0 (0.0) 0 (0.0) 1(0.9)

STH-IPI co-infections

The frequency of IPIs due to both STH and protozoa
was 18.5% (50/270) (see Fig. 2 and Table 3). The most
common combinations included A. lumbricoides (11.5%,
31/270); with A. lumbricoides plus B. hominis the most
frequent combination recorded (38.0%, 19/50), followed
by A. lumbricoides plus T. trichiura plus B. hominis
(17.6%), and A. [umbricoides plus E. histolytica/dispar
(13.7%). Indeed, A. lumbricoides was associated with at
least two other parasites in 21 of the 31 samples. In
addition, 8 of the 10 samples positive for S. stercoralis
were also infected with B. hominis, with no other hel-
minth present. Co-infections with T. trichiura plus B.
hominis were found in 11 (21.9%) samples.

Plasmodium falciparum in association with microfilariae,
IPIs, and STHs

Overall, 37 of the 85 P. falciparum-infected participants
provided stool samples. Only one (1.2%) participant pre-
sented concomitant loiasis. All associations with P.
falciparum and other parasites are shown in Fig. 2. The
overall prevalence of P. falciparum-IPI co-infections was
7.0% (19/270).

All Plasmodium-infected participants with intestinal
parasites harbored intestinal protozoa (see Table 3). The
most common association was P. falciparum plus B.
hominis (84.2%, 16/19), followed by P. falciparum plus
“other amoeba” (47.3%, 9/19), and P. falciparum plus E.
histolytica/dispar (26.3%, 5/19). Plasmodium falciparum
was found in association with G. duodenalis only once
(5.3%). Double parasitism, which included P. falciparum,
comprised the combined infection P. falciparum plus E.
histolytica/dispar only once and seven P. falciparum
plus B. hominis infections.

Co-infection with STHs and P. falciparum was identi-
fied in five (13.5%) of the 37 individuals with a PBS, all
five had concomitant intestinal protozoan infection. P.
falciparum plus S. stercoralis and P. falciparum plus T.
trichiura coparasitisms were each detected in one stool
sample. A P. falciparum plus A. lumbricoides combined
infection was detected in two stool samples.

Polyparasitism with P. falciparum plus A. lumbricoides
plus T. trichiura was observed in one stool sample.

The participant presenting co-infection with P. falcip-
arum and T. trichiura lived in Libreville, whereas the
others inhabited the rural area. All these subjects were
below 15 years of age.

Among the other 233 malaria-negative participants
who underwent stool examination, 140 (60.1%) had an
IPI co-infection and 55 (23.6%) had at least one STH.
There were similar numbers of participants with intes-
tinal parasites in this group and among participants with
a PBS (P =0.32).

Risk factors for parasitic infections

The bivariate analysis identified five factors associated
with P. falciparum infection: belonging to the age group
of 5-15 years (P <0.01), not working (P < 0.01), living in
the suburban area of Melen (P < 0.01), not using a bed
net (P<0.01), and not having taken any antihelminthic
drugs in the last 12 months (OR =1.29; 95% CI=1.01-
1.65; P =0.038) (see Table 5).

Multivariate analysis by logistic regression con-
firmed that belonging to the age group of 5-15 years
(P<0.01), having no education (P=0.03), living in a
suburban area (P<0.01), and having an open water
body near home (P = 0.048) were significant risk fac-
tors for malaria (see Table 5).

The bivariate analysis showed that IPIs were associ-
ated with eight factors, including belonging to the age
group of >15 years (four times higher odds of infection,
P <0.01), the head of the family having no or primary
education (P<0.01), being unemployed (P = 0.02), liv-
ing in a rural area (P<0.01), drinking water obtained
directly from a river (P<0.01) or spring (P<0.01),
using a latrine (P= 0.03) and having an open water
body near home (P < 0.01) (see Table 6). Logistic regres-
sion analysis showed that only living in the rural area
was a risk factor for IPIs.

The bivariate analysis determined that STH infec-
tions were associated with living in a wooden house
(P<0.01), having no education (P<0.01), being un-
employed (P=0.01), not using a bed net (P=0.03),
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P. falciparum INFECTION

Risk factors cOR (95% () P aOR (95% () P
Sex

Female vs. male 1.2 (0.7-1.9) 053 1.2 (0.5-2.7) 0.7
Age group

5-15 years vs. < 5 years 34 (20-6.2) <001 48 (1.9-136) 0.001

5-15 years vs. > 15 years 14.8 (6.8-37.1) < 001 124 (2.7-95.7) 0.001

<5 years vs. > 15 years 43 (19-11.1) <001 25(05-20.7) 0.30
Marital status

Couple vs. single 19 (1.1-3.3) 0.02 1.2 (0.5-34) 0.62
House type

Wood vs. brick 0.7 (03-1.2) 0.19 0.8 (0.3-2.1) 0.72

Education level

None vs. middle school 0.7 (04-1.2) 0.19 15 (0.5-4.3) 043

None vs. high school 0.7 (0.3-2.1) 048 8.3 (1.2-19.7) 0.03
Occupation

Unemployed vs. employee 0.4 (0.2-0.7) < 001 2.5 (06-10.7) 0.20

Unemployed vs. senior manager 0.5 (0.2-1.0) 0.05 1.7 (0.3-8.7) 0.54
Regular bed net use

No vs. yes 7.6 (1.5-1384) <001 1.6 (0.6-4.1) 0.29
Location

Suburban area vs. rural area 59 (3.3-11.3) < 001 59 (2.3-13.1) <001

Suburban area vs. urban area 3.7 (19-7.7) < 001 28 (1.5-7.1) <001

Rural area vs. urban area 06 (0.3-14) 0.25 1.3 (0.7-4.6) 0.28
Antihelminthic drugs in the last 12 months

No vs. yes 1.3 (1.01-1.65) 0.038 14 (04-6.3) 0.54
Open water body close to home

Yes vs. no 1.5 (0.2-3.5) 0.12 29 (1.2-85) 0.048
living in a rural area (P<0.01), drinking untreated Discussion

water (P= 0.03), using latrines (P=0.02), having an
open water body near the home (P=0.03), and not
wearing shoes when outside (see Table 6). Having an
open water body near home (P=0.02), drinking un-
treated water from a river or spring (P =0.03), and
living in a rural area remained significantly associated
with STH infections after the multivariate analysis
was conducted (Table 6).

A bivariate analysis was also carried out for P. falcip-
arum-IPI co-infections. For such co-infections, belonging
to the age group of 5-15 years (P =0.02), having an occu-
pation (P = 0.04), living in a suburban area (P =0.02), and
drinking water from a river or spring (P = 0.04) were iden-
tified as risk factors (see Table 7). None of the studied vari-
ables remained significantly associated with polyparasitism
after logistic regression analysis was conducted (data not
shown).

In this study, the epidemiology of malaria, filariasis, and
IPIs were investigated in three areas of Gabon. While
data on pregnant women and children already exist,
those on non-pregnant adults and from populations liv-
ing in urban cities were lacking.

More than half of the study participants tested positive
for at least one parasite (55.4%). As positivity was based
on the results of only one stool and/or blood sample and
not all 451 individuals underwent complete parasitological
analysis, we would expect the true rates of infection in the
population to be higher. Indeed, asymptomatic polypara-
sitism is now often described in Africa [8, 9, 24]. Although
the prevalence rate of parasite carriage (61.1%) in this
study is lower than those previously reported in pregnant
women and children from rural areas of Gabon (90.0%),
the burden of parasitic diseases is non-negligible in this
asymptomatic population [17].
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IPI

STH infection

Factors cOR (95% C) P aOR (95% CI) P cOR (95% Cl) P aOR (95% CI) p
Sex
Female vs. male 1.2 (0.8-2.0) 04 0.7 (0.2-2.3) 0.55 14 (0.8-2.5) 0.29
Age group
5-15 years old vs. > 15 years old 04 (0.2-0.7) <001 0.7 (0.1-5.1) 0.68 0.5 (0.2-1.1) 0.11 0.5 (0.5-2.3) 0.49
> 15 years old vs. < 5 years old 42 (2.2-83) < 0.01 5.1 (04-67.5) 0.19 2.1 (09-5.1) 0.08 2.7 (0.9-4.4) 0.09
<5yearsoldvs.5-15yearsold 0.7 (03-14) 0.27 0.3 (0.04-1.6) 0.17 1.0 (03-28) 0.94
Marital status
Couple vs. single 0.6 (0.3-1.0) 0.07 2.7 (0.7-11.8) 0.15 0.7 (04-14) 0.34
House
Wood vs. brick 1.7 (0.8-3.9) 0.19 09 (0.2-4.7) 091 64 (1.8-414) <001 29 (04-27.8) 027
Education level
None vs. middle school 6.0 (1.7-27.8) < 001 23 (06-11.3) 0.30 23 (1.1-47) 0.02 2.1 (0.8-4.1) 0.18
None vs. high school 50(15-232) <001 32 (01-1256) 048 55(1.0-1027) 004 33(07-121.1) 066

Occupation
1.6 (0.8-3.5) 0.19
2.7 (1.1-6.7) 0.02

Unemployed vs. employee
Unemployed vs. senior manager

Regular bed net use

0.5 (0.05-4.7) 0.58
0.8 (0.08-7.4) 0.84

6.6 (23-24.3) <001
3.7 (1.3-14.0) 0.02

6.6 (0.9-16.5) 0.07
0.9 (0.06-12.9) 0.87

No vs. yes 06 (0.3-1.1) 0.09 0.7 (0.1-2.7) 0.57 27 (11-73) 0.03 1.2(0,18-7.3) 0.85
Location

Rural area vs. suburban area 4.7 (24-9.3) < 001 44 (1.9-9.0) <0.01 14.1 (4.2-28.6) < 001 14.0 (4.1-13.5) < 001

Rural area vs. urban area 29 (1.3-6.3) <001 2.7 (1.1-58) 0.03 4.3 (26-89) <001 32 (20-79) <001
Drinking of river water

Yes vs. no 4.9 (1.5-22.5) < 0.01 34 (0.8-10.5) 0.18 10.2 (2.9-28.5) < 001 8.1 (14-186) 0.03
Drinking of spring water

Yes vs. no 4.1 (1.5-134) 0.01 3.1 (1.0-10.7) 0.06 55(1.7-17.3) <0.01 36 (1.1-222) 0.04

Use of latrines

Yes vs. no 28 (1.1-7.7) < 0.01
Open water body near home

Yes vs. no 24 (1.2-4.7) 0.01
Wearing of shoes when outside

No vs. Yes 1.8 (0.9-34) 0.09

2.1 (04-112) 0.35

04 (0.05-2.6) 0.13

09 (0.2-4.04) 09

128 (1.5-26.7) 0,02 99 (0.8-13.3) 0.51

14.0 (3.9-89.3) <0.01 9.1 (1.2-17.0) 0.02

2.7 (1.1-7.3) 003 14 (0.2-12.1) 0.76

Plasmodium falciparum infection was found in only
18.8% of participants. The asymptomatic carriage may
account for this lower prevalence rate than that reported
in recent studies conducted in Gabon among febrile par-
ticipants (38.0% in 2011 and 42.0% in 2012) [11, 14].
Gabon is experiencing an epidemiological transition,
with the prevalence of clinical malaria currently on the
increase, following a significant decline after the intro-
duction of artemisinin-based combination therapies, and
intermittent preventive treatment [13, 14, 20]. A similar
trend is being observed for rates of asymptomatic P.
falciparum infection, which were 12.6% in 1991 and
12.0% in 2004, then estimated at 6.2% in several villages

of the country in 2008, with rates of 13.0-26.0%
reported since 2014 [19, 27-29].

Older children (5-15 years of age) were four times
more likely than younger children to be infected with
malarial parasites, as reported in another setting, involv-
ing a change from hyper- to meso-endemicity [30].
Nevertheless, in Dienga (rural area), children under the
age of five were more frequently infected than children
of the same age from Libreville (urban area). This trend
in malaria risk seems to apply to all age groups and
transmission rates remain high in rural areas of
Gabon in which access to control strategies is limited
[14, 19, 31]. This study’s results give incentives for
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Table 7 Factors associated with single or co-infections. Results
of the bivariate analysis with polyparasitism as the outcome

Factors COR [95% CI) P
Sex

Female vs. male 1.4 [0.6-4.0) 046
Age group

5-15 years vs. < 5 years 37 [1.2-139) 0.02

5-15 years vs. > 15 years 15.7 [4.1-103.4) <0.01

<5 yearsvs. > 15 years 43[0.8-314) 0.09
Marital status

Couple vs. single 1.6 [0.6-5.2) 0.39
House type

Wood vs. brick 0.5 [0.1-2.0) 0.29
Education level

None vs. middle school 04 [0.1-1.3) 012

None vs. high school 0.7 [0.1-13.2) 0.72
Occupation

Unemployed vs. employee 0.2 [0.0-0.9) 0.04

Unemployed vs. senior manager 0.3 [0.0-15) 0.13
Regular bed net use

No vs. yes 2.6 [09-88) 0.08
Location

Suburban area vs. rural area 40 [1.2-14.0) 0.02

Suburban area vs. urban area 0.8 [0.2-3.1) 0.79

Rural area vs. urban area 0.2 [0.1-0.8) 0.02
Drinking river water

Yes vs. no 4.1 [1.0-19.8) 0.06
Drinking spring water

Yes vs. no 2.7 [0.5-51.1) 0.28

No vs. yes 1.1 [0.3-5.3) 0.86
Use of latrines

Yes vs. no 56 [1.7-25.6) <0.01
Open water body near home

Yes vs. no 0.9 [8.8-0.1) 0.08
Wearing shoes when outside

Yes vs. no 0.9 [8.8-0.1) 0.08

improved malaria control in rural areas and also
confirm the heterogeneity of malaria endemicity in
Gabon.

The prevalence of IPIs was 61.1%, a value greater than
the 49.0% reported for Lambaréné, another rural area
located 229 km from the capital city. Reports on IPIs,
which include protozoa and association with filarial
infections and malaria, are scarce in neighbouring coun-
tries with comparable environmental and sociodemo-
graphic profiles. Thus, in comparison with other
settings, the observed frequency of intestinal parasitism
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in the asymptomatic population is higher than the 28.6
and 11.9% reported respectively in Muyuka and Mfou
districts in Cameroon and the 33.2% recorded in Cote
d’Ivoire [8, 9, 32]. Higher prevalence rates have been
found in Ethiopia (81.0%) and Malaysia (98.4%) [33, 34].
Intestinal parasitism was more prevalent in older chil-
dren and adults, regardless of the parasite species, con-
sistent with findings of other studies [9, 32, 33, 35].
Thus adults constitute a non-negligible parasite reservoir
likely to contribute to contamination within the family
and in the professional environment.

The rates of infection with STHs and intestinal proto-
zoa were 22.2 and 56.7%, respectively. The higher preva-
lence of intestinal protozoa than of helminths is
consistent with recent reports from Kenya and Tajikistan
[36, 37]. Helminth species predominate in rural areas, as
previously reported in Gabon and elsewhere [6, 17]. In
Cameroon and Céte d’Ivoire, STH infections also pre-
dominate in rural areas [8, 32]. Low socioeconomic sta-
tus, poor living conditions, insufficient knowledge and
practice of correct sanitation, and limited access to safe
water, which are known risk factors for STHs and IPIs,
are also common in populations from these settlements
[7, 9, 30, 32-36]. Indeed, people not having education
and being unemployed, people drinking unsafe water,
not wearing shoes when outside, and using latrines, par-
ticularly if inappropriately maintained and the presence
of an open water body close to people’s dwellings are all
common in the rural area of Dienga. These factors were
also found to be significantly associated with STHs. Fur-
thermore, the rates of STHs increased over the gradient
from urban to rural areas, regardless of the parasite spe-
cies. This finding is consistent with reports from
Ethiopia (70.8%in rural area versus 5.2% in a urban city)
and Rwanda (54.5% in a remote area versus 20% in a
periurban area), but contrasts with findings from Cote
d’Ivoire, Rwanda and Malaysia [33—38].

The predominant STH species were A. lumbricoides
and T. trichiura, as reported in remote areas of
Cameroon and Malaysia [8, 9, 39]. Hookworm and S.
stercoralis were predominantly found in adults from
Dienga, where risk factors such as the presence of an
open water body near the home, poorly maintained la-
trines, and not wearing shoes when outside are frequent.
Both these parasites are transmitted via skin penetration,
which is favoured by these conditions. In 2012, a lower
prevalence (20.2%) of STH infections was also reported
in a population of older children living in Plaine-Oréty,
a neighborhood of Libreville, while studies performed in
Gabon more than 20 years ago reported a higher preva-
lence of helminth infections; this difference may be due
to self-medication with albendazole, which is frequently
prescribed or provided to participants presenting digest-
ive symptoms, whatever the etiology [40]. Likewise, in
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Cambodia, the prevalence of intestinal helminth infec-
tions decreased after 2006, the year in which the MDA
of mebendazole began [41]. On the other hand, the
higher prevalence of protozoan infections in this study
may be explained by the systematic prescription of an
antihelminthic drug or deterioration in the living condi-
tions of the populations of Libreville and surrounding
areas. Indeed, Libreville and Melen have experienced un-
planned urban expansion, with slums and shantytowns
creating environmental conditions, such as poverty, poor
environmental sanitation, and lack of clean water, which
are likely to favour IPIs. With the frequent shortage of
clean drinking water observed in these cities, communal
water supply points have been established, increasing
the risk of contamination during the transport and stor-
age of drinking water from its source to its point of use.
Interestingly, species associated with poor hygiene and
an inadequate water supply, such as E. coli and B. homi-
nis, predominate in the study population. Nevertheless,
the MIFc method used for parasite detection may also
have contributed to the high frequency of protozoa re-
corded here, whereas in other studies, methods used for
faecal examination could be also less sensitive for the
detection of amoeba cysts and vegetative forms, or the
protozoan infection status was not the main purpose of
the examination.

The pathogenic protozoa G. duodenalis and E. histoly-
tica/E. dispar were detected in lower proportions of
asymptomatic subjects. All these protozoa, including the
suspected pathogenic B. hominis, may cause infections
that remain asymptomatic and thus undiagnosed for
long periods, rather than those that tend to be chronic.
Furthermore, the observed different age distribution of
B. hominis and G. duodenalis is in agreement with previ-
ous reports [42, 43]. Such infections, when becoming
chronic, can have a deleterious impact on normal phys-
ical and cognitive development, highlighting the neces-
sity of treating asymptomatic individuals and preventing
chronic infections.

Polyparasitism is a marker of poor sanitation and
poverty, but it is also associated with increased sus-
ceptibility to other diseases such as malaria and im-
pairment of nutritional anemia [4-6, 39]. It was
common (41.5%) in the study population and mostly
involved co-infections with different intestinal proto-
zoa. Rates of P. falciparum-intestinal protozoa (11.5%)
or P. falciparum-IPI (7.0%) co-infection were lower
than those reported in Coéte d'Ivoire (18-19%) and
rural Cameroon (22.1%), while prevalence rates of
5.0-11.0% have been recorded in Tanzania, Ethiopia,
and other cities in Cameroon [8, 9, 30, 32, 42, 43].
These dissimilarities may be explained by differences
in living conditions (rural versus urban areas) and
population characteristics (febrile versus asymptomatic
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P. falciparum-infected participants). However, it is dif-
ficult to draw conclusions about the associations be-
tween P. falciparum infection and IPIs, as most
plasmodial infections were found in the suburban city
of Melen in children who were less likely to have
IPIs, whereas most IPI-STH infections were found in
adults and rural areas with low malaria frequencies. Fur-
ther studies evaluating the burden and intensity of proto-
zoan and STH co-infections in the P. falciparum-infected
population will provide valuable information about the
relationship and the impact of co-infections on the pro-
gression and outcome of each parasitic infection.

The prevalence rates of L. loa and M. perstans in-
fections were low (5.8%), contrary to previous data of
other cities in Gabon, in which at least 20% of the
individuals screened carried one or both of these
worms [15, 16]. The participants of the present study
came from urban, periurban, and rural areas, and al-
most two-thirds were children. It is known that due
to their daily activities, such as farming (the main ac-
tivity in rural areas), adults are more susceptible to
carry filariae. The predominance of loiasis in Dienga,
with a prevalence similar to that found previously,
corroborates this [44].

Regardless of the parasite and type of sample (blood
or stool), the prevalence of infections increased with
age in our study. Older children and adults were
found to be three and five times more likely, respect-
ively, than younger children to be infected, consistent
with most recent studies performed in tropical areas,
whereas younger children were more likely to have
polyparasitism [8, 9, 33, 45]. Behavioural factors, out-
door activities, and a lower frequency of self-
medication may account for this link between age
and parasite burden, at least for IPIs. It is obvious
that older children and adults constitute a major
parasite reservoir and these groups should therefore
be targeted, in addition to preschool children, in pro-
grams to control malaria and IPIs. Drugs targeting
intestinal protozoa, which are certainly deleterious in
cases of chronic infections, should be investigated to
determine the feasibility of integrating such drugs into
mass deworming campaigns.

This is the first study to provide data on the risk
factors for single and multiple parasite infections in
Gabon. The key findings were that age, and factors
such as being unemployed (indicating a low family in-
come) and proximity to an open water body were as-
sociated with a prevalence of malaria and IPIs. The
small number of P. falciparum-infected individuals
and the similar levels of self-reported bed net use
between sites and age groups may account for the
absence of a relationship between malaria and bed
net use in the multivariate analysis. Consistent with
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the findings of many reports, inadequate general and
personal hygiene, an unsafe water supply, low levels
of parental education, and being unemployed have
been associated with polyparasitism, particularly with
STHs [33-36, 38, 40]. Parasite species-specific risk
factors were not investigated, but the factors cited
above, together with the contamination of drinking
water during its transport from dams or wells to
houses and its storage in containers, were also found
to be significantly associated with the presence of
Giardia, E. histolytica, and B. hominis, the predomin-
antly detected species in the present study [3, 6, 46—
48]. All these conditions are common in rural areas
and have also been common in the urban areas of
Gabon over the last 5 years. Indeed, frequent drinking
water shortages have led to the establishment of com-
munal supply points, increasing the risk of population
contamination. Beside all these factors, household
conditions and exact composition of families, close
contact within families and domestic animals, and fre-
quency of hand washing after defecation and before eat-
ing, which were not investigated here, are significantly
associated with IPIs [33, 34, 38, 45]. Therefore, together
with other control strategies, health education of all age
populations, which has been abandoned for more than
15 years, should be re-implemented in the country.

This study has several limitations. Stool samples were
collected only once from the subjects, potentially ac-
counting for the lower prevalence of intestinal helminths
than of intestinal protozoa. The intensity of IPIs was not
determined. However, the sensitivity of MIF staining and
concentration has been shown to be high for the detec-
tion of common STHs and protozoan species, including
Schistosoma species, even though the Kato-Katz method
is usually used for the detection and quantification of S.
mansoni in the field. Neither this species nor Taenia
spp. are endemic in Gabon. Data for the prevalence of
Cryptosporidium spp. and Isospora belli infections were
provided in a previous report [18]. Nevertheless, the study
provides local data on IPIs prevalence and human reser-
voir, on malaria-IPI co-infections and on associated risk
factors. These data are important for the design or the re-
adjustment of control strategies for the prevention of
these infections, at the time of the recent introduction in
Gabon of MDA with albendazole which only targets STH.

Conclusions

Intestinal parasite infections are highly prevalent and to-
gether with malaria are a major public health concern in
the poor and socioeconomically deprived communities
of the urban and rural areas of Gabon. The burden of
IPIs in this study was surprisingly high. Additional inves-
tigations in other parts of the country are now required.
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Integrated control strategies focusing on better health
education and improvements in environmental sanita-
tion and hygiene, coupled with improved housing, access
to safe water, and distribution of ITNs should be devel-
oped and implemented in Gabon.

Additional files

Additional file 1: Multilingual abstracts in the five official working
languages of the United Nations. (PDF 241 kb)
Additional file 2: a) Number of blood samples per site and positive

results according to diagnostic methods; b) Number of stool samples per
site and positive results according to diagnostic methods. (DOCX 102 kb)

Abbreviations

Cl: Confidence interval; COR: Crude odds ratio; EDTA: Ethylenediamine
tetraacetic acid; HIV: Human immunodeficiency virus; IPI: Intestinal parasitic
infection; ITN: Insecticide-treated net; MDA: Mass drug administration;
MIFc: Merthiolate-iodine-formaldehyde concentration; PBS: Positive blood
smear; RDT: Rapid diagnostic test; STH: Soil-transmitted helminth

Acknowledgements

We would like to thank the members of the Red Cross in Libreville and the
Ministry of Health for giving permission and logistical support for the
conduct of this study. We are also grateful to the study participants.

Funding
This study was funded by the Department of Parasitology-Mycology at the
University of Health Sciences and the Gabonese Red Cross, RELACS network.

Availability of data and materials
The datasets generated during and/or analysed during this study are available
upon reasonable request to the corresponding author.

Authors’ contributions

MKB-A was the principal investigator and conceived the study. NPM
collected all data in the field; biological sample collections and slides reading
were performed by NPM and JVLK. MKB-A and NPM wrote the paper. DPM-
M reviewed and edited the paper. The statistical analyses were carried out
by EK and MKB-A, and MNP took part in the interpretation of data. FT and
DN coordinated the field study at Dienga and COM was the physician of the
study. All Authors read and approved the final manuscript.

Ethics approval and consent to participate
This is detailed in the "Methods” section.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Parasitology-Mycology, Faculty of Medicine, University of
Health Sciences, P.O. Box 4009, Libreville, Gabon. “International Center for
Medical Research of Franceville, Franceville, Gabon.

Received: 4 April 2017 Accepted: 13 December 2017
Published online: 30 January 2018

References

1. Pullan RL, Smith JL, Jasrasaria R, Brooker SJ. Global numbers of infection and
disease burden of soil transmitted helminth infections in 2010. Parasit
Vectors. 2014;7:37. https://doi.org/10.1186/1756-3305-7-37.

2. Steinmann P, Utzinger J, Du ZW, Zhou XN. Multiparasitism. A neglected
reality on global, regional and local scale. Adv Parasitol. 2010;73(C):21-50.


dx.doi.org/10.1186/s40249-017-0381-4
dx.doi.org/10.1186/s40249-017-0381-4
https://doi.org/10.1186/1756-3305-7-37

M’bondoukwé et al. Infectious Diseases of Poverty (2018) 7:6

20.

21.

22.

Onkoba NW, Chimbari MJ, Mukaratirwa S. Malaria endemicity and co-
infection with tissue-dwelling parasites in sub-Saharan Africa: a review.
Infect Dis Poverty. 2015;4:35. https://doi.org/10.1186/540249-015-0070-0.
Elias D, Britton S, Kassu A, Akuffo H. Chronic helminth infections may
negatively influence immunity against tuberculosis and other diseases of
public health importance. Expert Rev Anti-Infect Ther. 2007,5:475-84.
Adegnika AA, Kremsner PG. Epidemiology of malaria and helminth
interaction: a review from 2001 to 2011. Curr Opin HIV AIDS. 2012;4:221-4.
http://www.ncbi.nim.nih.gov/pubmed/22418449.

Amare B, Moges B, Mulu A, Yifru S, Kassu A. Quadruple burden of HIV/AIDS,
tuberculosis, chronic intestinal parasitoses, and multiple micronutrient
deficiency in ethiopia: a summary of available findings. Biomed Res Int.
2015;9 Article 1D 598605. http://dx.doi.org/10.1155/2015/598605

Li XX, Chen JX, Wang LX, Tian LG, Zhang YP, Dong SP, et al.
Prevalence and risk factors of intestinal protozoan and helminth
infections among pulmonary tuberculosis patients without HIV infection
in a rural county in P. R China Acta Trop. 2015;149:19-26.

Njunda AL, Fon SG, Assob JC, Nsagha DS, Kwenti TD, Kwenti TE. Coinfection
with malaria and intestinal parasites, and its association with anaemia in
children in Cameroon. Infect Dis Poverty. 2015;4:43. https://doi.org/10.1186/
$40249-015-0078-5/r10.1186/540249-015-0078-5.

Zeukeng F, Tchinda VHM, Bigoga JD, Seumen CHT, Ndzi ES, Abonweh G,
et al. Co-infections of malaria and Geohelminthiasis in two rural
communities of Nkassomo and Vian in the Mfou Health District, Cameroon.
PLoS Negl Trop Dis. 2014;8:13-6.

WHO. World Malaria Report. 2017. http://apps.who.int/iris/bitstream/10665/
259492/1/9789241565523-eng.pdf?ua=1.

Bouyou-Akotet MK, Offouga CL, Mawili-Mboumba DP, Essola L, Madoungou
B, Kombila M. Falciparum malaria as an emerging cause of fever in adults
living in Gabon, Central Africa. Biomed Res Int. 2014;2014:10-2.
Mawili-Mboumba DP, Nikiéma R, Bouyou-Akotet MK, Bahamontes-Rosa N,
Traoré A, Kombila M. Sub-microscopic gametocyte carriage in febrile
children living in different areas of Gabon. Malar J. 2013;12:375. https.//doi.
0rg/10.1186/1475-2875-12-375.

Lekana-Douki JB, Pontarollo J, Zatra R, Touré-Ndouo FS. Malaria in Gabon:
results of a clinical and laboratory study at the Chinese-Gabonese friendship
Hospital of Franceville. Santé. 2011,21:193-8.

Mawili-Mboumba DP, Bouyou Akotet MK, Kendjo E, Nzamba J, Medang MO,
Mbina J-RM, et al. Increase in malaria prevalence and age of at risk
population in different areas of Gabon. Malar J. 2013;12:1-7. https.//doi.org/
10.1186/1475-2875-12-3.

Akue JP, Nkoghe D, Padilla C, Moussavou G, Moukana H, Mbou RA, et al.
Epidemiology of concomitant infection due to Loa Loa and mansonella
perstans in Gabon. PLoS Negl Trop Dis. 2011;5(10):e1329. https://doi.org/10.
1371/journal.pntd.0001329.

Bouyou Akotet MK, Owono-Medang M, Mawili-Mboumba DP,
Moussavou-Boussougou MN, Nzenze Aféne S, Kendjo E, et al. The
relationship between microfilaraemic and amicrofilaraemic loiasis
involving co-infection with Mansonella perstans and clinical symptoms
in an exposed population from Gabon. J Helminthol. 2015:1-7. https://
doi.org/10.1017/50022149X15000607.

Adegnika AA, Ramharter M, Agnandji ST, Ateba Ngoa U, Issifou S,
Yazdanbahksh M, et al. Epidemiology of parasitic co-infections during
pregnancy in Lambaréné, Gabon. Trop Med Int Heal. 2010;15:1204-9.
Bouyou-Akotet MK, Owono-Medang M, Moussavou-Boussougou MN,
Mamfoumbi MM, Mintsa-Nguema R, Mawili-Mboumba DP, et al. Low
sensitivity of the ImmunocardSTAT® crypto/Giardia rapid assay test for the
detection of Giardia and cryptosporidium in fecal samples from children
living in Libreville, Central Africa. J Parasit Dis. 2015;

Pegha Moukandija |, Biteghe Bi Essone JC, Sagara |, Kassa Kassa RF, Ondzaga
J, Lékana Douki J-B, et al. Marked rise in the prevalence of asymptomatic
plasmodium falciparum infection in rural Gabon. PLoS One. 2016;11:
e0153899. https://doi.org/10.1371/journal.pone.0153899.

Bouyou-Akotet MK, Mawili-Mboumba DP, Kendjo E, Mabika-Mamfoumbi M,
Ngoungou EB, Dzeing-Ella A, et al. Evidence of decline of malaria in the
general hospital of Libreville, Gabon from 2000 to 2008. Malar J. 2009;8:300.
https://doi.org/10.1186/1475-2875-8-300.

Wayne W D. Biostatistics: A Foundation for Analysis in the Health Sciences.
7th edition. 1999.

M'Bondoukwé NP, Mawili-Mboumba DP, Mondouo Manga F, Kombila M,
Bouyou-Akotet MK. Prevalence of Soil-transmitted Helminths and Intestinal

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 16 of 17

Protozoa in Shanty Towns of Libreville, Gabon. Int J Trop Dis Heal. 2016,20
April 2014:1-9.

Planche T, Krishna S, Kombila M, Engel K, Faucher JF, Kremsner PG, et al.
Comparison of methods for the rapid laboratory assessment of children
with malaria. Am J Trop Med Hyg. 2001,65:599-602. http://www.ncbi.nim.
nih.gov/pubmed/11716121.

Ho Thi Sang, Petithory J. Techniques for the Concentration of Microfilariae
from the Blood. Bull la Soc Pathol Exot. 1963;56:197-206.

Sapero JJ, Lawless DK. The MIF stain-preservation technic for the
identification of intestinal protozoa. Am J Trop Med Hyg. 1953;2:613-9.
Harada Y, Mori O. A New Method for culturing Hookworm. Yonago Acta
Trop. 1955;1:177-9.

Perret JL, Duong TH, Kombila M, Owono M, Nguemby-Mbina C. [Results of
a systematic search for Plasmodium in internal medicine in Gabon]. Bull Soc
Pathol Exot. 1991,84:323-9. http://www.ncbi.nlm.nih.gov/entrez/query.
fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=1807847.
Dal-Bianco MP, Késter KB, Kombila UD, Kun JFJ, Grobusch MP, Ngoma GM,
et al. High prevalence of asymptomatic Plasmodium falciparum infection in
Gabonese adults. Am J Trop Med Hyg. 2007,77:939-42. http://www.ncbi.
nim.nih.gov/pubmed/17984357.

Nkoghe D, Akue J-P, Gonzalez J-P, Leroy EM. Prevalence of Plasmodium
falciparum infection in asymptomatic rural Gabonese populations. Malar J.
2011;10:33. httpsy//doi.org/10.1186/1475-2875-10-33.

Winskill P, Rowland M, Mtove G, Malima RC, Kirby MJ. Malaria risk
factors in north-east Tanzania. Malar J. 2011;10:98. https://doi.org/10.
1186/1475-2875-10-98.

Assele V, Ndoh GE, Nkoghe D, Fandeur T. No evidence of decline in malaria
burden from 2006 to 2013 in a rural Province of Gabon: implications for
public health policy. BMC Public Health. 2015;15:81. https://doi.org/10.1186/
$12889-015-1456-4.

Harlimann E, Yapi RB, Houngbedji CA, Schmidlin T, Kouadio BA, Silué KD, et
al. The epidemiology of polyparasitism and implications for morbidity in
two rural communities of Cote d'lvoire. Parasit Vectors. 2014;7:81. https//
doi.org/10.1186/1756-3305-7-81.

Ngui R, Ishak S, Chuen CS, Mahmud R, Lim YAL. Prevalence and risk factors
of intestinal parasitism in rural and remote West Malaysia. PLoS Negl Trop
Dis. 2011;5:1-7.

Abossie A, Seid M. Assessment of the prevalence of intestinal parasitosis
and associated risk factors among primary school children in Chencha
town, Southern Ethiopia. BMC Public Health. 2014;14:166.

Njenga SM, Mwandawiro CS, Muniu E, Mwanje MT, Haji FM, Bockarie MJ.
Adult population as potential reservoir of NTD infections in rural villages of
Kwale district, Coastal Kenya: implications for preventive chemotherapy
interventions policy. Parasit Vectors. 2011;4:175. https://doi.org/10.1186/
1756-3305-4-175.

Matthys B, Bobieva M, Karimova G, Mengliboeva Z, Jean-Richard V,
Hoimnazarova M, et al. Prevalence and risk factors of helminths and
intestinal protozoa infections among children from primary schools in
western Tajikistan. Parasit Vectors. 2011;4:195. https://doi.org/10.1186/1756-
3305-4-195.

Obala AA, Simiyu CJ, Odhiambo DO, Nanyu V, Chege P, Downing R, et al.
Webuye health and demographic surveillance systems baseline survey of
soil-transmitted helminths and intestinal protozoa among children up to
five years. J Trop Med. 2013;7. Article ID 734562. http://dx.doi.org/10.1155/
2013/734562.

Staudacher O, Heimer J, Steiner F, Kayonga Y, Havugimana JM, Ignatius R,
et al. Soil-transmitted helminths in southern highland Rwanda: associated
factors and effectiveness of school-based preventive chemotherapy. Trop
Med Int Health. 2014;19:812-24.

Al-Delaimy AK, Al-Mekhlafi HM, Nasr NA, Sady H, Atroosh WM, Nashiry M,
et al. Epidemiology of intestinal polyparasitism among Orang Asli school
children in rural Malaysia. PLoS Negl Trop Dis. 2014;8:23074.

Mabicka Mamfoumbi M, Moussavou Boussougou MN, Mintsa Nguema R,
Owono Medang M, Mombo Ngoma G. Prévalence des helminthes
intestinaux dans une population d'enfants du quartier Plaine-Oréty de
Libreville (Gabon). Bull Médical d'Owendo. 2013;13:25-8.

Moore CE, Hor PC, Soeng S, Sun S, Lee SJ, Parry CM, et al. Changing
patterns of gastrointestinal parasite infections in cambodian children:
2006-2011. J Trop Pediatr. 2012;58:509-12.

Choy SH, Al-Mekhlafi HM, Mahdy MAK, Nasr NN, Sulaiman M, Lim YAL, et al.
Prevalence and Associated Risk Factors of Giardia Infection among


https://doi.org/10.1186/s40249-015-0070-0
http://www.ncbi.nlm.nih.gov/pubmed/22418449
https://doi.org/10.1186/s40249-015-0078-5/r10.1186/s40249-015-0078-5
https://doi.org/10.1186/s40249-015-0078-5/r10.1186/s40249-015-0078-5
http://apps.who.int/iris/bitstream/10665/259492/1/9789241565523-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/259492/1/9789241565523-eng.pdf?ua=1
http://dx.doi.org/10.1186/1475-2875-12-375
http://dx.doi.org/10.1186/1475-2875-12-375
http://dx.doi.org/10.1186/1475-2875-12-3
http://dx.doi.org/10.1186/1475-2875-12-3
http://dx.doi.org/10.1371/journal.pntd.0001329
http://dx.doi.org/10.1371/journal.pntd.0001329
https://doi.org/10.1017/S0022149X15000607
https://doi.org/10.1017/S0022149X15000607
http://dx.doi.org/10.1371/journal.pone.0153899
http://dx.doi.org/10.1186/1475-2875-8-300
http://www.ncbi.nlm.nih.gov/pubmed/11716121
http://www.ncbi.nlm.nih.gov/pubmed/11716121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=1807847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=1807847
http://www.ncbi.nlm.nih.gov/pubmed/17984357
http://www.ncbi.nlm.nih.gov/pubmed/17984357
http://dx.doi.org/10.1186/1475-2875-10-33
http://dx.doi.org/10.1186/1475-2875-10-98
http://dx.doi.org/10.1186/1475-2875-10-98
http://dx.doi.org/10.1186/s12889-015-1456-4
http://dx.doi.org/10.1186/s12889-015-1456-4
http://dx.doi.org/10.1186/1756-3305-7-81
http://dx.doi.org/10.1186/1756-3305-7-81
http://dx.doi.org/10.1186/1756-3305-4-175
http://dx.doi.org/10.1186/1756-3305-4-175
http://dx.doi.org/10.1186/1756-3305-4-195
http://dx.doi.org/10.1186/1756-3305-4-195
http://dx.doi.org/10.1155/2013/734562
http://dx.doi.org/10.1155/2013/734562

M’bondoukwé et al. Infectious Diseases of Poverty (2018) 7:6 Page 17 of 17

Indigenous Communities in Rural Malaysia. Sci Rep. 2015;4:6909. https://doi.
0rg/10.1038/srep06909.

43, Minvielle MC, Pezzani BC, Cordoba MA, De Luca MM, Apezteguia MC,
Basualdo JA. Epidemiological survey of Giardia spp. and Blastocystis hominis
in an Argentinian rural community. Korean J Parasitol. 2004;42:121-7.

44, Richard-Lenoble D, Kombila M, Carme B, Gilles J, Delattre P. [Prévalence
of human filariasis with microfilaremia in Gabon]. Bull Soc Pathol Exot
Fil. 1980;73:192-9.

45, Salim N, Knopp S, Lweno O, Abdul U, Mohamed A, Schindler T, et al.
Distribution and Risk Factors for Plasmodium and Helminth Co-infections: A
Cross-Sectional Survey among Children in Bagamoyo District, Coastal
Region of Tanzania. PLoS Negl Trop Dis. 2015;9:1-20.

46. Mara DD, Feachem RGA, (1999) Water- and Excreta-Related Diseases:
Unitary Environmental Classification. Journal of Environmental
Engineering 125 (4):334-339.

47.  Alyousefi NA, Mahdy MAK, Mahmud R, Lim YAL. Factors Associated with
High Prevalence of Intestinal Protozoan Infections among Patients in Sana'a
City, Yemen. PLoS ONE. 2011;6(7):e22044.

48. Cifuentes E, Sudrez L, Espinosa M, Judrez-Figueroa L, Martinez-Palomo A.
Risk of Giardia intestinalis infection in children from an artificially recharged
groundwater area in Mexico City. Am J Trop Med Hyg. 2004;71:65-70.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolVled Central



http://dx.doi.org/10.1038/srep06909
http://dx.doi.org/10.1038/srep06909

	Abstract
	Background
	Methods
	Results
	Conclusions

	Multilingual abstracts
	Background
	Methods
	Study sites
	Sample size calculation
	Ethical considerations
	Questionnaire
	Biological sample collection
	Blood sample examination
	Malaria rapid diagnostic test (RDT)
	Thick blood films
	Detection of microfilariae

	Fecal sample examination
	Direct microscopic examination
	MIF concentration
	Parasite culture

	Quality control of biological analysis
	Definitions
	Statistical analysis

	Results
	General characteristics of the study population
	Plasmodial infection
	Loiasis and blood mansonellosis
	Intestinal parasite infections
	Distribution of intestinal parasite species
	Polyparasitism
	STH-IPI co-infections
	Plasmodium falciparum in association with microfilariae, IPIs, and STHs

	Risk factors for parasitic infections

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References

