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Abstract

Background Soil-transmitted helminth (STH) infections are a public health concern in endemic areas. For efficient
control, the epidemiology of the disease needs to be monitored. This report assesses the prevalence, incidence, post-
treatment infection (PTI) rate, and risk factors for STH infections in two rural areas of Gabon.

Method In this longitudinal and prospective study, participants aged six to 30 years from the vicinity of Lambaréné
and selected households using a simple randomization process were included and followed in two consecutive
periods of six and nine months. Stool samples were obtained at the beginning and the end of each follow-up phase
(FUP). The Kato-Katz technique was used for the detection of STH eggs, while the Harada-Mori technique and copro-
culture were used for the detection of larvae in stool processed within a maximum of four hours of collection.
Prevalence was determined at the three main time points of the study, incidence was assessed during the two study
phases, and PTl was defined as an infection detected nine months post-treatment.

Results A total of 262 participants were included. The overall prevalence of STH infections was 42% (95%Cl: 34-50)
and 44% (95%Cl: 37-51) at baseline for the six and nine month FUPs, respectively. Trichuris trichiura was the most
prevalent species at each time point of assessment. The cumulative incidence of STH at the 6- and 9-month follow-
ups was 18% (95%Cl: 12-27) and 35% (95%Cl: 27-43), respectively, while the incidence rates were 41 (95%Cl: 28-55)
and 56 (95%Cl: 46-67) per 100 person-years, respectively. The PTl rates at the 9-month follow-up for T. trichiura, hook-
worm, and Ascaris lumbricoides were 58% (95%Cl: 41-74), 31% (95%Cl: 11-59) and 18% (95%Cl: 5-40), respectively. The
STH infection intensity was generally light.

Conclusion The prevalence level of STH infection is moderate in the vicinity of Lambaréné, with T. trichiura being
the most prevalent species. Our results reveal a rapid spread of the disease in the population mainly following inter-
vention, particularly for trichuriasis, and therefore call for the full implementation of the World Health Organization’s
recommendations in the area.
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Introduction

Soil-transmitted helminths (STHs) are helminths trans-
mitted to humans by contaminated soil. The most
prevalent STH species include Ascaris lumbricoides,
Trichuris trichiura, Strongyloides stercoralis, and hook-
worms (Necator americanus and Ancylostoma duode-
nale). Transmission occurs when eggs of the parasite are
present in human faeces and contaminate the soil. Two
modes of transmission can be described: first, by active
skin penetration of larvae for hookworm and S. sterc-
oralis, although the latest autoinfection is possible and
therefore very often leads to chronic infections, and sec-
ond, through ingestion of eggs in contaminated food or
water for A. lumbricoides and T. trichiura.

STH infections are among the most common infec-
tions worldwide and represent a significant public health
threat. The World Health Organization (WHO) reported
in 2020 an estimated 1.5 billion people infected with STH
worldwide, with over 267 million preschool-age children
and over 568 million school-age children living in areas
where these parasites are transmitted [1]. These infec-
tions are widely distributed in tropical and subtropical
regions due to a combination of factors, such as living
conditions and climatic influences. Indeed, the highest
burden of STH infections is observed in Southeast Asia
and sub-Saharan Africa, where warm and humid climates
provide favourable conditions for the survival of STH
parasites [1] while poor living conditions, inadequate
access to safe water, and a lack of proper sanitation facili-
ties further contribute to their transmission [2]. Poorest
and most deprived communities consequently bear the
high burden of the disease [2].

STH infections commonly lead to disease with rela-
tively mild symptoms. However, the severity of the infec-
tion and associated morbidity can vary depending on the
intensity of the infection. In addition to mild symptoms,
more severe forms of the infection can occur, resulting in
various clinical manifestations and long-term sequelae.
These include general malaise, fatigue, intestinal manifes-
tations (diarrhoea and abdominal pain), anaemia, growth
impairment, intellectual retardation, and cognitive and
educational deficits [3]. Benzimidazole drugs are effec-
tive for treating of STH infections. In addition, alben-
dazole (ABZ) and mebendazole, also used in mass drug
administration (MDA) campaigns for STH control, have
indeed demonstrated high efficacy (with a more than 95%

egg reduction rate) against A. lumbricoides and hook-
worm infections [4] but low efficacy against T. trichiura
infection, with a cure rate of approximately 50% [4—6].
To improve the efficacy against T. trichiura, repeated
administration of ABZ has been suggested with a bet-
ter outcome [4]. Despite the satisfactory efficacy of these
drugs and when administered repeatedly for T. trichiura
[4, 7], a high risk of reinfection is observed [8, 9], prob-
ably because of early re-exposure. Therefore, for effective
control of STH infections, it is crucial to provide not only
anthelmintic treatment for the reduction of disease mor-
bidity, but also implement comprehensive interventions
to prevent exposure to the disease [10, 11].

Gabon is a Central African country with approxi-
mately 2.3 million inhabitants [12]. The country is known
to be endemic for STH infections [13] where rural area
is one of the risk factors for the disease as reported by
Mintsa Nguéma et al. [14], and with children particu-
larly exposed to the disease. Indeed, the WHO stated in
2018 that 483,207 children, including 156,713 preschool
aged children and 326,494 school-aged children, required
preventive chemotherapy in the country [15]. Despite
the evidence of their presence in Gabon, epidemiologi-
cal data on STH are sparse, highlighting the necessity to
characterize the epidemiological profile of the disease in
the country. In general, prevalence and risk factors are
very often reported as epidemiological data of STHs. To
the best of our knowledge, no study has addressed the
dynamics and spread of these infections in Gabon. In the
present analysis, we report the prevalence and dynam-
ics of STH infections before and after treatment, and the
incidence of STH infections among children and young
adults living in rural Gabon.

Materials and methods

Study design

The present analysis is a subanalysis of a longitudinal,
prospective and assessor blind study designed to assess
the effect of pre- and post-treatment of schistosomiasis
with praziquantel on malaria transmission.

Study area and study population

The study was conducted in the vicinity areas (Zilé-PK
area and Bindo village) of Lambaréné. Those rural areas
are known to be endemic to STH [4, 16]. They have inad-
equate environmental sanitation and poor hygiene [17].
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The Zilé-PK area is a set of villages at point km 14 along
the N1 national road southeast of Lambaréné. The area
is characterized by the absence of pipe water with few
public pumps which are not always functional. Small
tributaries of the Ogooué River and wells are therefore
the main water source for the population for their daily
activities. Houses are mainly wooden and usually have
an earthen floor and a pit latrine aside. The area has two
primary schools and two dispensaries. In contrast to
the Zilé-PK area, Bindo village is a remote area located
65 km away from Lambaréné. It is mainly built around a
commercial palm plantation. The village is populated by
approximately 1000 inhabitants, mainly workers of the
palm plantation and their families. Bindo is character-
ized by the presence of electricity and two public taps
supplied directly by the Ogooué River through a pipeline.
Tributaries of the Ogooué River and wells are also used
as water sources by the population. Houses are mainly
made of concrete and have concrete floors. There is one
primary school and one dispensary. To be eligible to par-
ticipate in the present study, volunteers should be appar-
ently healthy, aged from six to 30 years, and living in the
study area.

Sample size consideration

The first objective of this analysis was to determine at
baseline the prevalence of any STH infection in the
community where the study population was randomly
selected. From the main study, we were able to include in
the analysis 268 participants with stool results available.
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Using the formula of sample size calculation for a cross-
sectional study [18] and considering a previous 31% prev-
alence of any STH infection reported in the area a decade
ago [19], the sample size of 268 gives us a 95% chance
(confidence level) that the real value of STH prevalence
in the community is within+5. 54% (margin of error) of
the measure value.

Sampling procedure

The selection of participants in the main study was per-
formed in two steps: (i) census of all the houses present
in the study area, and (ii) household selection using a
simple randomization procedure. For each household
selected, inhabitants aged 6—30 years old who agreed to
participate in the study underwent the informed consent
process and eligibility criteria assessment.

Study procedure

The study was conducted from June 2016 to November
2018. As previously described [20], the follow-up (FU)
consisted of monthly visits to the participants’ homes
by the study team during which participants’ health was
checked and intake of medications was investigated and
recorded. As depicted in Fig. 1, all participants were
seen in the study at the M, visit during which baseline
information was collected. Participants were followed
in two phases of six and nine months, respectively,
with three different time points where stool samples
were collected: at baseline (M,), at the end of the first
6-month FU phase (M), which was also considered the

First round of stool collection ‘

Second round of stool collection

Third round of stool collection
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beginning of the second study phase, and at the end
of the second 9-month FU phase (M;;5). In the frame
of this analysis, only participants from the main study
[20] who provided at least one stool sample at any of
these three time points were considered. We there-
fore considered in the first follow-up phase (FUP) all
participants who provided a stool sample at inclusion
(M,), while in the second FUP, we considered partici-
pants who provided a stool sample at M and/or at M.
Stool collection at M comprised participants from the
first FUP and those who provided stool samples for the
first time at that time point. The results of stool sam-
ples collected at M, were not released until the end of
the first FU period (Mg) unless the participant had hel-
minthiasis related symptoms anytime during the FUP.
This allowed assessment of the dynamic of the infec-
tion without intervention. All participants positive
at My and those with positive stool samples from M,
were treated for STH infection before starting the sec-
ond FUP which lasted nine months (from Mg to M;;),
equating to a total of 15 months of FU for both phases.
Stool samples collected at M,; were immediately tested
and when positive, the participants were treated. For
any medical concern occurring between the monthly
visits, participants were invited to come to the research
centre to receive medical care. In the case of gastro-
intestinal symptoms, a stool sample was collected and
examined for the presence of STH eggs and/or larvae,
and the participant was treated if infected. STH infec-
tion was treated with 400 mg of ABZ (DAPMéd-Africa)
once a day for three consecutive days [4]. All treat-
ments were administered under the observation of a
member of the study team.

Stool sample collection procedure

Stool samples were collected by the participant himself.
A single stool sample was requested from each partic-
ipant at each time point of sample collection. A plas-
tic container was provided to each participant along
with clear instructions for stool collection. The collec-
tion process was explained to each participant, and for
young children, instructions were given to the parents
who were in charge of assisting the child. After receiv-
ing the plastic container, the participant was requested
to provide the stool sample in the morning of the next
day. In the morning of sample collection, the stool
sample was picked up from the participant by a mem-
ber of the research team between 8 a.m. and 10 a.m.
and immediately placed in a temperature-controlled
cooler to maintain appropriate storage conditions.
After collection, the samples were transported within a
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maximum of four hours to the parasitological labora-
tory where they were immediately processed.

Laboratory examination

For the diagnosis of STH infections, we performed
microscopy techniques using the fresh stool samples
we collected. To increase the sensitivity of the method,
particularly for hookworm and Strongyloides stercora-
lis infections, we performed parallel testing using three
tests: Kato-Katz, Harada-Mori technique, and coprocul-
ture [21]. We used the Kato-Katz technique for the detec-
tion of A. lumbricoides, T. trichiura and hookworm eggs,
while the Harada-Mori technique and coproculture were
used for the detection of S. stercoralis and hookworm
larvae.

Case definitions

A participant was considered infected with STH if the
stool sample was positive for the presence of at least one
STH egg or larva, irrespective of the STH species. Oth-
erwise, the participant was considered negative. When
positive on at least one time point of stool collection, a
participant was allocated to the STH-positive group,
while those who remained negative at all stool collection
time points were allocated to the STH-negative study
group. Except for S. stercoralis infection for which it is
not possible to have the egg count, the intensity of the
respective STH infection was defined as light, moderate
or heavy according to the threshold of the egg count of
each STH species (see Additional file 1: Table S1).

Statistical consideration

The participants’ sociodemographic data were collected
at baseline, including age, gender and location. Their
STH status was assessed at the three different study time-
points of stool collection: M, My and M;; and, if clini-
cally indicated. Data were collected using a paper-based
case report form and digitalized using REDCap hosted
at the Centre de Recherches Médicales de Lambaréné
(CERMEL) [22]. The clean database was imported into
R software (version 4.0.2) for analysis. The prevalence of
STH infections was calculated by dividing the number of
positive cases by the total number of participants tested.
This was done for any STH as well as for the respective
species. The incidence was estimated at the end of both
follow-up phases among participants who provided a
stool sample and were previously negative for the respec-
tive STH species (first follow-up and second follow-up)
or treated (second follow-up phase). The cumulative
incidence (or incidence proportion) and the incidence
rate expressed in person-years were therefore obtained
by dividing the number of new positive cases occurring
between M, to My and My to M;; by the total number
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of participants tested during the same period or by the
total time of at risk of infection, respectively. Time at risk
for participants negative for STH at M,, was defined as
six months for those who remained negative at My and as
three months for those positive, assuming that for these
last ones, the infection occurred halfway between M,
and M. In the same manner, time at risk during the sec-
ond follow-up phase (FUP) was defined as nine months
for participants found negative at the end of the FUP
(M;5), or 4.5 months for those found positive. The post-
treatment infection (PTI) rate was defined as the num-
ber of STH infections observed during the second FUP
and particularly at M,; among those treated at M. Cat-
egorical variables were summarized as proportions and
95% confidence intervals (CI), while continuous variables
were summarized by means and standard deviations
(SD) when normally distributed. The dynamic of STH
infections was assessed by comparing the prevalence
from inclusion to the end of the FU for each study phase.
Otherwise, the variable was summarized as median and
interquartile range (IQR). Study groups were compared
using the Chi square test while incidences between both
study phases were compared using the binom.test() func-
tion from the stats package in R. Logistic regression was
performed to assess factors associated with STH infec-
tion. A double-sided p value less than 5% was considered
statistically significant.

Results

Study population characteristics and study groups

As presented in Table 1, a total of 262 participants were
included in the analysis. The mean (SD) age was 12.1
(SD=4.8) years, with a female-to-male sex ratio of 0.98.
Eighty-three percent (218/262) of the study population
came from the Zilé-PK area. Out of the 262 participants,
138 (53%) were infected with STH and were included in
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the STH-positive (STH*) study group while their coun-
terparts negative for STH infection were included in the
STH-negative (STH™) study group. There was no sta-
tistically significant difference in age between the study
groups (p value=0.24). However, in the STH-positive
group, there is a trend for males to be overrepresented
compared to females (56% vs. 44%, p value=0.08).
Regarding participant location, a statistically significant
association was found in both study groups, as partici-
pants predominantly came from the Zilé-PK area rather
than the Bindo village (p value=0.02).

Stool sample collection flow and follow-up outcomes

Of the study participants followed over the 15 months of
the study course, 262 provided a stool sample at least at
one of the three study time-points where a stool sample
was requested; My, Mg, and M;;. As depicted in Fig. 2,
160 participants provided stool sample at M, and con-
stituted the first cohort. Among them, 67/160 (42%) were
positive for any STH at M,,. The second round of stool
collection was carried out at 6 months (M) of the par-
ticipant FU, where 215 participants provided stool sam-
ples and thus constituted the second cohort. Among
them, 128 participants who completed the first FU phase
and 87 who provided stool sample for the first time at
that time-point (M). Of those 215 participants, 94 (41%)
were tested positive for any STH, all treated, and FU for
nine months (second FU phase). At the end of the sec-
ond FU phase, 146 (68%) out of the 215 included pro-
vided stool samples. In addition to them, 14 participants
who provided stool sample for the first time and three
who provided stool samples at M, but not at M were
included, yielding a total of 163 stool samples collected
at M. Of them, 60/163 (37%) samples were positive for
any STH. No stool sample was collected outside of the
three time points of stool collection since no participant

Table 1 Characteristics of study population and study groups. The STH-positive study group included participants with at least one
stool sample positive for STH eggs and/or larvae over the study course

Overall population STH-negative study group  STH-positive study group  p-value
n % 95% CI n % n %
Total 262 - - 124 473 138 527
Age (mean, SD) 121 4.8) - 11.8 4.1 11.2 (3.8 0.24
Sex 0.08
Female 130 496 434-55.8 69 55.6 61 44.2
Male 132 504 44.2-56.6 55 444 77 558
Ratio (F/M) 0.98 - - 132 - 0.77 -
Address 0.02
Bindo 44 16.8 125-219 22 17.7 22 159
Zilé-PK area 218 832 78.1-87.5 102 823 116 84.1
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Flow and outcome of the 160 stool samples collected at M,
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reported symptoms related to helminthiasis during the
study course.

STH prevalence and prevalence dynamic over the study
course

As described in Table 2, the overall prevalence of any
STH infections was 42% (67/160; 95%CI: 34—50) and 44%
(94/215; 95%CI: 37-51) at inclusion for both cohorts (M,
and M), respectively. At both time points, T. trichiura
was the most prevalent STH species with 29% (46/160;
95%CI: 22-36) and 31% (66/215; 95%CI: 25—37) preva-
lence, respectively. Except for S. stercoralis infection, for
which we did not determine the intensity of infection, all
cases of Hookworm and T. trichiura infections were of
light intensity, while 6% (5/80) of A. lumbricoides infec-
tions were of moderate intensity, and the remaining 94%
were of light intensity. As presented in Table 2, no dif-
ference (p value=0.92) was observed in the prevalence
level for any STH infection from M, to My among par-
ticipants present at both time points, while a slight but
not statistically significant decrease was observed in the
prevalence level from Mg to M,; among participants
included in the second FUP either for any STHs (44% vs.
35%, p-value=0.12), or for A. lumbricoides (17% vs. 11%,
p-value=0.17), T trichiura (31% vs. 24%, p-value=0.20),

Page 7 of 13

and hookworm (13% vs. 9%, p value=0.30). The decrease
in the prevalence observed was statistically significant
only for S. stercoralis (11%, 95%CIL: 7-16 vs. 2%, 95%CI:
0.4-6, p-value=0.004). Furthermore, among the partici-
pants diagnosed with ascariasis at M, 9 (45%) out of 20
were found to be negative for ascariasis at M. Similarly,
6 (15%) out of 40, 7 (50%) out of 14, and 5 (62%) out of 8
participants tested negative at M, for trichuriasis, hook-
worm infection, and strongyloidiasis, respectively, were
found to be negative for the respective species at M6.

Incidence of STH at 6- and 9-month follow-up

As presented in Table 3, the incidence proportions of
any STH infection at 6 months (from M) and 9 months
(from M) follow-up were 18% (23/124; 95%CI: 12-27)
and 35% (51/146; 95%CI: 27-43), respectively, while
the incidence rates were 41 (95%CI: 28-55) and 56
(95%CI: 46-67) per 100 person-years, respectively.
Considering the STH species, no significant difference
was observed either in the incidence proportion or in
the incidence rate between the STH species during the
first FU phase (95%CI overlapping), while during the
second FU phase, T. trichiura had the highest incidence
and S. stercoralis had the lowest incidence. Comparing
the two study FU phases, a significant difference was

Table 2 Prevalence of soil-transmitted helminths (STHs) assessed at inclusion and at the end of each follow-up phase

First follow-up p-value Second follow-up p-value
Inclusion (M), Six-month follow-up Inclusion (M), Nine-month follow-up
N=160 (Mg), N=128 N=215 (M,5), N=146
n % 95% CI n % 95% CI n % 95% Cl n % 95% Cl
Any STH 67 419 341-499 52 406 320-497 092 94 437 370-506 51 349 272-432 0.2
Ascaris lumbricoides 26 162 109-229 18 141 85-213 0.73 36 167 120-224 16 110 64-172 0.17
Trichuris trichiura 46 287 219-364 40 312 233-400 074 66 307 246-373 35 240 173-31.7 020
Hookworm 15 94 53-15.0 14 109 6.1-177 0.81 28 130 88-133 13 89 4.8-14.7 0.30
Strongyloides stercoralis 10 6.2 30-11.2 12 94 49-15.8 044 23 107 69-156 3 2.0 04-59 0.004
n: number of positive participants
Table 3 Incidence proportion (Ip) and incidence rate (1) of STH species over the study course
First follow-up phase, 6 months Second follow-up phase, 9 months p-value*
N n  1,(%) 95%CI ET Ig 95%Cl N n  1p(%) 95%Cl ET I 95%ClI
Any STH species 124 23 185 123-26.7 562 409 280-548 146 51 349 274-433 904 564 456-6068 0.001
Ascaris lumbricoides 105 7 67 29-137 507 138 57-264 146 16 110 66-175 1035 155 91-239 009
Trichuris trichiura 8 6 71 29-153 410 146 56-292 146 35 240 17.5-319 964 363 268-46.7 <0.001
Hookworm 109 7 64 28-132 527 133 55-254 146 13 89 50-150 1046 124 68-203 026
Strongyloides stercoralis 115 9 7.8 39-147 552 163 7.7-287 146 3 20 0.5-6.3 1084 28 06-79 0.15

*p-value using binom.test of stats r package comparing the Ip and I; at the two time points

N: Total number of participants considered as negative at the beginning of the follow-up phase and for the respective species; n: Total number of positive participants;

E.T: Exposure time expressed in 100 person-year
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observed only for T. trichiura (p value <0.001) with an
increased incidence observed during the second FU
phase, as compared to the first FU phase for both inci-
dence proportion (24% vs. 7%) and incidence rate (36.3
vs. 14.6 per 100 person-years). Only a non-statistically
significant increasing trend in the incidence level was
observed for A. lumbricoides (p-value=0.09), while a
non-statistically significant decrease in the incidence
level was observed for S. stercoralis (p-value=0.15).
No statistically significant difference was observed for
hookworm infection in terms of both incidence pro-
portion and incidence rate (p-value =0.26).

STH infection rate at 9 months post-treatment

As shown in Fig. 2, of the 94 participants found posi-
tive for any STH at the beginning of the second FU
phase (M) and treated, 57 were present at the end of
the 9-month follow-up (M;;). Of them, 33 (58%; 95%Cl:
44-71) were found to be positive for any STH at M,
(Table 4). Considering the STH species at M, of the
14 cases of ascariasis treated at My, ten (71%; 95%ClI:
42-92) converted to STH-negative while four (29%;
95%CI: 8—58) were still positive for ascariasis. In addi-
tion, five new ascariasis cases were observed. Similarly,
of the 25 participants treated for trichuriasis at Mg, 22
(88%; 95%CI: 69-97) had the same infection and only
three (12%; 95%CIL: 2.5-31.2) participants converted
to STH-negative. Four trichuriasis cases observed at
M, ; were new. Of the 11 participants treated for hook-
worm infection, six (54%; 95%CI: 23—83) converted to
STH-negative while five (45%; 95%CI: 17-77) were still
infected. Three cases of hookworm infection observed
at M;; were new. With regard to S. stercoralis infection,
the only case observed at M; was a new case.

Table 4 Nine months post-treatment infection rate among
the 57 study participants assessed during the second follow-up
phase of the study

Second follow-up study phase

N n % 95% Cl
Any STH 33 25 758 57.7-88.7
Ascaris lumbricoides 14 4 286 84-58.1
Trichuris trichiura 25 22 88.0 68.8-97.4
Hookworm 1 5 454 16.7-76.6
Strongyloides stercoralis 8 0 0.0 -

N: Number of participants positive for the respective STH species and treated at
the beginning of the second follow-up study phase and present at the end of
the follow-up phase; n: number of participants positive at the end of the second
follow-up phase among the N
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Factors associated with STH infection

We investigated age, sex and location as potential fac-
tors associated with exposure to STH parasites and
being in the positive study group. Similar to the univari-
ate analysis results (Table 5), we found at the multivari-
ate analysis level an association between A. [umbricoides
infection status and age (p-value=0.001), and between
hookworm infection status and age (p-value=0.01).
Indeed, the odds of having ascariasis decreased as when
age increased (aOR=0.87, 95%CI: 0.79-0.95), while the
odds of having hookworm infection increased with age
(aOR=1.11, 95%CI: 1.02-1.21). By investigating the
association between gender and STH infection status,
we found a relationship between gender and hookworm
(p-value=0.01) infection status. Here, males had a trend
to have higher odds of being infected with T. trichiura
(aOR=1.64; 0.98-2.74) and significantly higher odds of
being infected with hookworm (aOR=2.28; 1.15-4.71).
No statistically significant association was found between
S. stercoralis infection and age (p-value=0.79), gender
(p-value=0.16), and location (p-value=0.81).

Discussion
This study assessed the distribution and spread of STH
infections among schoolchildren and young adults liv-
ing in two different rural areas endemic for STH para-
sites. Our results reveal a moderate prevalence of STH
infections, with T. trichiura and A. lumbricoides being
the most prevalent. Similarly, we found a moderate rate
of infection with the same STH species post-treatment
while the STH incidence was relatively high, particularly
during months following treatment. Age and gender were
found to be associated with the risk of STH infection.
The main indicator we used to assess the distribution
of STH infection in our population was the prevalence.
We reported a moderate prevalence of any STH infec-
tion, with a 42% prevalence found at baseline. A lower
prevalence (31%, 95%CI: 27-35) was found in the area in
2012 [19], showing no improvement and ongoing trans-
mission in the local population. This suggests a lack or
inefficiency of the STH infection control programme in
the study area. Indeed, Gabon has endorsed the WHO
recommendation for STH control consisting of the mass
drug administration of albendazole among school chil-
dren. Considering the STH species, T. trichiura was the
most prevalent species in the area, followed by A. lumbri-
coides. This profile is similar to what has been reported
from other areas in Gabon [14, 23] but different from
what was reported by Staudacher et al. in Rwanda using
Kato-Katz and polymerase chain reaction methods
for the diagnosis of STH infection and by Kirwan et al.
in Nigeria who used the formol ether concentration
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Table 5 Logistic regression analysis assessing the risk of STH infection at any time point of the study with age, gender and location

Variable Frequency Crude analysis Adjusted analysis
n % cOR 95% Cl p-value aOR 95% Cl p-value
Ascaris lumbricoides
Age 64 24.4 0.87 0.79-0.95 0.001 0.87 0.79-0.95 0.001
Gender
Female 31 238 1 - 0.82 1 - 0.87
Male 33 250 1.06 0.60-1.87 1.05 0.59-1.89
Location
Bindo 13 29.5 1 - 0.008 1 - 0.17
PK 51 234 0.73 0.36-1.54 0.59 0.28-1.27
Trichuris trichiura
Age 97 37.0 0.96 0.89-1.02 0.19 0.97 0.90-1.03 0.32
Gender
Female 40 30.8 1 - 0.03 1 - 0.06
Male 57 432 1.71 1.03-2.85 1.64 0.98-2.74
Location
Bindo 12 27.3 1 - 0.14 1 - 0.26
PK 85 39.0 1.70 0.85-3.61 1.52 0.74-3.26
Hookworm
Age 44 16.8 1.09 1.01-1.17 0.03 .11 1.02-1.21 0.01
Gender
Female 15 1.5 1 - 0.02 1 - 0.02
Male 29 220 2.15 1.11-434 228 1.15-4.71
Location
Bindo 5 114 1 - 0.29 1 - 0.20
PK 39 17.9 1.70 0.68-5.17 191 0.73-6.04
Strongyloides stercoralis
Age 1.00 091-1.09 0.91 1.01 0.92-1.11 0.79
Gender
Female 13 10.0 1 - 0.16 1 - 0.16
Male 21 159 1.70 0.82-3.64 1.70 0.82-3.66
Location
Bindo 5 114 1 - 0.72 1 - 0.81
PK 29 133 1.20 047-3.69 113 043-3.55

technique as a diagnostic method. Both authors reported
A. lumbricoides as the dominant species [24, 25] in pre-
school- and school-age children. Although the sensitivity
of the diagnostic methods used in different studies may
explain some of the observed differences, we hypothesize
that the high relative prevalence of T. trichiura species
we reported could be due to the use in the community
of benzimidazole drugs for the treatment of STH infec-
tions known to be less effective for trichuriasis [4] and
potentially leading to a chronic carriage observed for this
infection. Indeed, it has been shown that the peak preva-
lence of T. trichiura and A. lumbricoides infection occurs
in childhood and drops in persons older than 15 years old
for A. lumbricoides infection, but not for T. trichiura [26,

27]. From our side, we included school age children and
young adults, and we found a decreased risk of A. lum-
bricoides infection with age, while the risk of T. trichiura
infection was similar in different age groups, probably
because infection with T. trichiura could occur in child-
hood already in our community and is not efficiently
controlled by the benzimidazole (ABZ and mebendazole)
used for either the treatment of STH infection cases or in
the frame of MDA campaigns.

Assessing the intensity of STH infections, we found
light intensity basically for all infections, with only some
cases of ascariasis of moderate intensity. In our area
where the prevalence of STH infections is moderate,
this result could be surprising. However, our result is
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similar to what is reported by some authors in areas with
moderate [28] or even high [29, 30] STH prevalence. As
suggested by Merfie et al. [30], we hypothesize that the
absence of heavy infection intensity in our community
could be explained by frequent deworming of children by
their parents, which is a common practice in the coun-
try, particularly when the child presents helminth-like
symptoms and thus in cases of heavy infection intensity.
Such targeted treatment could therefore contribute to the
reduction in the intensity of infection cases and probably
disease-related morbidity in the community. The con-
trast between the moderate prevalence and light intensity
of infection we found could therefore indicate that such
an approach cannot control the risk of infection in the
community.

The second indicator we used to assess the presence
of STH was the incidence, an indicator of the spread of
the disease in the community. Using the incidence pro-
portion, we found an 18% incidence of STH for 6 months
of follow-up, indicating that approximately two school
children or young adults out of 10 are infected every
6 months, with one of the different STH parasites
endemic in the area. More precisely and using the inci-
dence rate, between 28 and 55 per 100 school children
and young adults are infected with at least one STH
species per year. Applying this incidence to the approxi-
mately 12.000 inhabitants aged 6 to 30 years living in the
vicinity of Lambaréné as estimated in 2017 (CERMEL-
sudesa, 2017. unpublished data), the estimated number
of new cases of STH infection irrespective of the species
in children and young adults could therefore be between
3300 and 6600 each year. Assessing the incidence of STH
species after treatment of the positive cases before the
follow-up which could be assimilated to a targeted inter-
vention, we noticed a significant increase in the level of
incidence when considering any STH in the cohort, sug-
gesting that our population could be re-infected early
after treatment or that the drug we used only induced
some reduction in egg production by the parasites. Con-
sidering the species, the pattern observed is significant
only for T. trichiura. Indeed, the incidence of T. trichiura
was two and a half times higher after treatment than
before treatment. As we did not assess the outcome of
STH treatment, we hypothesize that this situation could
be due to the combination of the high incidence of T.
trichiura with either the persistence of the infection after
treatment, or to an early reinfection. Indeed, T. trichiura
is reported to occur rapidly after treatment as reviewed
by Jia et al. [8]. Indeed, a previous study conducted in the
same population years before showed that T. trichiura is
less sensitive to the treatment protocol we used than the
other species. The study reported a dose dependent sen-
sitivity of STHs to ABZ, with A. lumbricoides sensitive to
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one dose of 400 mg, while one dose of 400 mg on two
or three consecutive days was necessary to improve the
treatment of hookworm and T. trichiura [4]. In Indone-
sia, Sungkar et al. reported the same trend with T. trichi-
ura being less sensitive to the same treatment protocol
than A. lumbricoides and hookworm infection [31]. Con-
cerning the other species, no change was observed in the
incidence after intervention compared to before inter-
vention. This suggests that the treatment of STH does
not affect the spread of the disease in the population,
probably because of an early re-exposure, but at least
could contribute to the control of disease morbidity. We
therefore think that to control STH in our context, act-
ing on the risk factors is a necessity and will be the best
approach to reduce the propagation of the disease, in
combination with targeted treatment or large-scale treat-
ment to reduce the STH morbidity in the population.

The follow-up of participants treated for STH during
the second follow-up phase enabled us to assess the PTI
rate and thus to estimate the potential impact of treat-
ment on the presence of each STH species in the commu-
nity. After 9 months of post-treatment follow-up, almost
one participant out of two (44%, 95%CI: 31-58) was still
infected with the same species of STH and could be con-
sidered reinfected or cases of treatment failure. Although
with a longer period of follow-up, a similar infection rate
post-treatment (35%, 95%CI: 27-42) and, in that case,
clearly defined as reinfection was reported by Speich
et al. in Tanzania among a cohort of school-aged chil-
dren, 18 weeks after treatment [32]. Similarly, our finding
is higher than the 7% infection rate found by Staudacher
et al. among children in Rwanda, 3 months after treat-
ment [24]. From our side, the level of the PTI rate could
indicate that a part of our population is living in condi-
tions exposing them to parasites, showing for them the
necessity of health education with regard to STH infec-
tions. Indeed, the WHO recommends health education
of the at-risk population to control the transmission of
the disease in endemic areas [33]. We found T. trichi-
ura as the STH species with the highest PTI rate. This
result is consistent with the 37% PTI rate for T. trichiura
reported by Speich et al. in Tanzania, and could indicate
that T trichiura should be a particular interest when
fighting STH. Indeed, despite treatment, the prevalence
of trichuriasis should continuously increase and become
a major medical concern in endemic areas. Therefore,
there is a need for an effective treatment of trichuriasis.

We found that gender and age were associated with
being infected with STH parasites over the course of the
study. Indeed, males were more likely to be infected with
hookworm than female, while the risk of being infected
with ascariasis decreased with age, in contrast to the risk
of being infected with hookworm which increased with
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age. These results could indicate that gender and age-
related behaviours influence the distribution of STH in
the community. Similar results on gender as an associated
factor for STH infections were reported in other studies
[34, 35]. As suggested by Scott, we hypothesize that the
risk of being infected with A. lumbricoides decreases in
adulthood because adults care better about hygiene than
children [35]. Similarly, we can assume that the increase
in hookworm infection with age and its association with
gender is because adults and particularly males could be
more involved in activities exposing them to infested soil
and hence hookworm infection. However, this needs to
be further investigated.

Limitations of the study

This study has some limitations. We used microscopy-
based techniques for the diagnosis of STH infection.
Although it is the goal standard method recommended
by the WHO, the sensitivity of Kato-Katz remains low,
particularly for light-intensity STH infections [36]. We
indeed found, for instance, some participants negative
for STH after being tested positive six months before
and this without receiving any treatment. This situation
probably led to misclassification bias but is not specific
to our study. To improve the sensitivity of the technique,
it is recommended to collect more than one stool sam-
ple, which was not the case in our study. However, as we
used the same process at the three time-points of STH
infection assessment, we remain confident our findings
regarding the dynamic of STH infection in our commu-
nity remain reliable. One of our main objectives was to
determine the STH PTI rate in our cohort. As we did
not assess the outcome of STH infection treatment, as
another limitation of our study, we could not confirm
the post-treatment cure. Therefore, the cases of infection
observed post-treatment could be either re-infection, or
a possibility of treatment failure, particularly for 7. trichi-
ura infection. Indeed, a previous study on the efficacy of
ABZ for the treatment of STH infection conducted in
the same area showed that one dose of ABZ per day for
three consecutive days as we did, is more effective than
a single dose which has a moderate effect on hookworm
and T. trichuriasis infections [4]. These results make us
more confident that most of those cases are reinfection
cases. Furthermore, the main difficulty we encountered
over the study course was to collect stool samples for
each participant at the three time points of assessment,
leading to missing stool samples for some participants
at some assessment time points. Although this situation
could affect the indicators of the presence of STH in our
community we reported here, we remain confident that
based on our sample size, our results reflect the situation
of STH infection in the field.
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Conclusion

Our results confirm that the rural area around Lam-
baréné is endemic for STH infection and show that T.
trichiura is the most prevalent species, indicating the
necessity to re-think the drugs used in the community
STH control programme as benzimidazole is known
to be less effective. If the level of STH prevalence we
reported here indicates the necessity to implement an
annual deworming programme for the community to
control disease morbidity our findings on the incidence
highlight the need for the implementation of measures
aiming to control the spread of the disease in the com-
munity. For tailored and effective control programmes,
investigation of population practices related to STH
infections and potential additional risk factors are needed
to further explain the situation of STH infections in our
community.

Abbreviations

ABZ Albendazole

CERMEL  Centre de Recherches Médicales de Lambaréné
a Confidence interval

FU Follow-up

FUP Follow-up phase

OR Odds ratio

PTI Post-treatment infection

SD Standard deviation

STH Soil-transmitted helminth

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/541182-023-00567-z.

Additional file 1. Classes of intensity for soil-transmitted helminth
infections.

Acknowledgements

We would like to thank the study participants and their parents for their
voluntary participation to the main study from which this subanalysis was
performed. We also thank field-workers, laboratory technicians and the data
management team for their commitment during the project, and Eddy
Mbena for his contribution in the statistical analysis. We are grateful to DFG for
funding the project in which data have been obtained.

Author contributions

JRE and JCDA performed the clinical investigation, the formal analysis, and
wrote the original draft of the manuscript. YJH and JFZ performed the clinical
investigation. TGW, BM and AAA conceptualized the study design, and super-
vised the study conduct. BRA, YJH, JFZ, STBS, TGW, BM and AAA substantively
revised the manuscript. All the authors have read and approved the final
manuscript.

Funding

This study was supported by the funding granted by Deutsche Forschungsge-
meinschaft (DFG), Grant number: MO 1071/12-1. The funding body had no
role in the design of the study and collection, analysis, and interpretation of
data and in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.


https://doi.org/10.1186/s41182-023-00567-z
https://doi.org/10.1186/s41182-023-00567-z

Edoa et al. Tropical Medicine and Health (2024) 52:3

Declarations

Ethics approval and consent to participate

The study protocol was approved by the institutional ethics committee of
CERMEL, Lambaréné, Gabon (Reference number: CEI-CERMEL 009/2014). In
the inclusion process, volunteers were approached by trained field staff who
explained the purpose and objectives of the main study in a clear and com-
prehensible manner. The study’s potential risks and benefits were also com-
municated to the volunteers during the explanation. Participation in the study
was entirely voluntary, and individuals were given sufficient time to consider
their decision. Written informed consent was obtained from all participants

or their legal guardians if they were minors. For illiterate participants, the
consent form was read aloud, and a thumbprint was obtained to indicate their
agreement to participate. For the present analysis, no additional intervention
was made. The study was conducted in line with the Good Clinical Practice
principles of the International Conference on Harmonization [37] and the
Declaration of Helsinki [38].

Consent for publication
Not applicable.

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

Author details

!Centre de Recherches Médicales de Lambaréné, PO. Box 242, Lambaréng,
Gabon. Center of Tropical Medicine and Travel Medicine, Department

of Infectious Diseases, Division of Internal Medicine, Amsterdam University
Medical Centers, Location AMC, Amsterdam Public Health, Amsterdam Infec-
tion and Immunity, University of Amsterdam, Amsterdam, The Netherlands.
3Fondation Pour la Recherche Scientifique, ISBA, PO. Box 88, Cotonovu,

Bénin. “Department of Parasitology, Leiden University Medical Center, 2333
ZA Leiden, The Netherlands. °Institut fur Tropenmedizin, Universitatsklinikum
Tubingen, WilhelmstraBe 27, 72074 Tibingen, Germany. °German Center

for Infection Research, Tibingen, Germany. 7Department of Medical Microbiol-
ogy, Radboud University Medical Center, Nijmegen, The Netherlands.

Received: 3 October 2023 Accepted: 16 December 2023
Published online: 02 January 2024

References

1. World Health Organization. https://apps.who.int/neglected_diseases/
ntddata/sth/sth.html. Accessed 20 July 2020.

2. Organization WH. Soil-transmitted helminthiases: eliminating as public
health problem soil-transmitted helminthiases in children : progress
report 2001-2010 and strategic plan 2011-2020. World Health Organiza-
tion; 2012. https://apps.who.int/iris/handle/10665/44804. Accessed 20
July 2020.

3. Partners for Parasite Control. Meeting (3rd: 2004 : Geneva S, Team WHOSD
and M for PD and VC. Deworming for health and development : report
of the third global meeting of the partners for parasite control. 2005.
https://apps.who.int/iris/handle/10665/69005. Accessed 20 July 2020.

4. Adegnika AA, Zinsou JF, Issifou S, Ateba-Ngoa U, Kassa RF, Feugap EN,
et al. Randomized, controlled, assessor-blind clinical trial to assess the
efficacy of single- versus repeated-dose albendazole to treat ascaris lum-
bricoides, Trichuris trichiura, and hookworm infection. Antimicrob Agents
Chemother. 2014;58(5):2535-40.

5. Moser W, Schindler C, Keiser J. Efficacy of recommended drugs against
soil transmitted helminths: systematic review and network meta-analysis.
BMJ. 2017;j4307.

6. Keiser J, Utzinger J. Efficacy of current drugs against soil-transmitted
helminth infections: systematic review and meta-analysis. JAMA.
2008;299(16)

7. Tee MZ, Lee SC, Er YX, Yap NJ, Ngui R, Easton AV, et al. Efficacy of triple
dose albendazole treatment for soil-transmitted helminth infections.
PLoS ONE. 2022;17(8): €0272821.

20.

21.

22.

23.

24.

25.

26.

Page 12 of 13

Jia TW, Melville S, Utzinger J, King CH, Zhou XN. Soil-transmitted helminth
reinfection after drug treatment: a systematic review and meta-analysis.
PLoS Negl Trop Dis. 2012;6(5): e1621.

Truscott JE, Turner HC, Farrell SH, Anderson RM. Soil-transmitted
helminths: mathematical models of transmission, the impact of mass
drug administration and transmission elimination criteria. Adv Parasitol.
2016;94:133-98.

. Crompton DWT, Organization WH. Preventive chemotherapy in human

helminthiasis : coordinated use of anthelminthic drugs in control inter-
ventions : a manual for health professionals and programme managers.
World Health Organization; 2006. https://apps.who.int/iris/handle/10665/
43545, Accessed 22 July 2020.

. Campbell SJ, Savage GB, Gray DJ, Atkinson JAM, Magalhdes RIS, Nery

SV, et al. Water, sanitation, and hygiene (WASH): a critical component for
sustainable soil-transmitted helminth and schistosomiasis control. PLoS
Negl Trop Dis. 2014;8(4): €2651.

. Gabon Population 2023. https://worldpopulationreview.com/countries/

gabon-population. Accessed 09 September 2023.

. M'bondoukwé NP, Kendjo E, Mawili-Mboumba DP, Koumba Lengongo

JV, Offouga Mbouoronde C, Nkoghe D, et al. Prevalence of and risk fac-
tors for malaria, filariasis, and intestinal parasites as single infections or
co-infections in different settlements of Gabon. Central Africa Infect Dis
Poverty. 2018;7(1):6.

. Mintsa Nguema R, Mavoungou JF, Mengue Me Ngou-Milama K, Mabicka

Mamfoumbi M, Koumba AA, Sani Lamine M, et al. Baseline mapping of
schistosomiasis and soil transmitted helminthiasis in the northern and
eastern health regions of Gabon, central Africa: recommendations for
preventive chemotherapy. Trop Med Infect Dis. 2018;3(4):119.

. WHO.WHO | PCT databank. WHO. World Health Organization; 2020.

http//www.who.int/neglected_diseases/preventive_chemotherapy/sth/
en/. Accessed 21 July 2020.

. van Riet E, Adegnika AA, Retra K, Vieira R, Tielens AGM, Lell B, et al. Cellular

and humoral responses to influenza in Gabonese children living in rural
and semi-urban areas. J Infect Dis. 2007;196(11):1671-8.

. Ulukanligil M, Seyrek A, Aslan G, Ozbilge H, Atay S. Environmental pol-

lution with soil-transmitted helminths in Sanliurfa, Turkey. Mem Inst
Oswaldo Cruz. 2001;96:903-9.

. Wang X, Ji X. Sample size estimation in clinical research: from randomized

controlled trials to observational studies. Chest juill. 2020;158(15):512-20.
Dejon-Agobé JC, Zinsou JF, Honkpehedji YJ, Ateba-Ngoa U, Edoa JR,
Adegbite BR, et al. Schistosoma haematobium effects on Plasmodium
falciparum infection modified by soil-transmitted helminths in school-
age children living in rural areas of Gabon. PLoS Negl Trop Dis. 2018;12(8):
e0006663.

Dejon-Agobé JC, Edoa JR, Honkpehedji YJ, Zinsou JF, Adégbite BR,
Ngwese MM, et al. Schistosoma haematobium infection morbidity, prazi-
quantel effectiveness and reinfection rate among children and young
adults in Gabon. Parasit Vectors. 2019;12(1):577.

Mbong Ngwese M, Prince Manouana G, Nguema Moure PA, Ramharter
M, Esen M, Adégnika AA. Diagnostic techniques of soil-transmitted
helminths: impact on control measures. Trop Med Infect Dis. 2020;5(2):93.
Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)-a metadata-driven methodology and
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42(2):377-81.

Dejon-Agobé JC, Honkpehedji YJ, Zinsou JF, Edoa JR, Adégbite BR, Man-
gaboula A, et al. Epidemiology of schistosomiasis and soil-transmitted
helminth coinfections among schoolchildren living in lambaréné. Gabon
Am J Trop Med Hyg. 2020;103(1):325-33.

Staudacher O, Heimer J, Steiner F, Kayonga Y, Havugimana JM, Ignatius

R, et al. Soil-transmitted helminths in southern highland Rwanda: associ-
ated factors and effectiveness of school-based preventive chemotherapy.
Trop Med Int Health TM IH. 2014;19(7):812-24.

Kirwan P, Asaolu SO, Molloy SF, Abiona TC, Jackson AL, Holland CV. Pat-
terns of soil-transmitted helminth infection and impact of four-monthly
albendazole treatments in preschool children from semi-urban com-
munities in Nigeria: a double-blind placebo-controlled randomised trial.
BMC Infect Dis. 2009;9(1):20.

Bundy DAP, Cooper ES, Thompson DE, Didier JM, Simmons I. Epidemi-
ology and population dynamics of Ascaris lumbricoides and Trichuris


https://apps.who.int/neglected_diseases/ntddata/sth/sth.html
https://apps.who.int/neglected_diseases/ntddata/sth/sth.html
https://apps.who.int/iris/handle/10665/44804
https://apps.who.int/iris/handle/10665/69005
https://apps.who.int/iris/handle/10665/43545
https://apps.who.int/iris/handle/10665/43545
https://worldpopulationreview.com/countries/gabon-population
https://worldpopulationreview.com/countries/gabon-population
http://www.who.int/neglected_diseases/preventive_chemotherapy/sth/en/
http://www.who.int/neglected_diseases/preventive_chemotherapy/sth/en/

Edoa et al. Tropical Medicine and Health

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

(2024) 52:3

trichiura infection in the same community. Trans R Soc Trop Med Hyg.
1987,81(6):987-93.

Hasegawa H, Miyagi |, Toma T, Kamimura K, Nainggolan IJ, Tumewu-
Wagei M, et al. Intestinal parasitic infections in Likupang, North Sulawesi,
Indonesia. Southeast Asian J Trop Med Public Health. 1992;23(2):219-27.
Zerdo Z, Bastiaens H, Anthierens S, Massebo F, Masne M, Biresaw G, et al.
Prevalence, intensity and endemicity of intestinal schistosomiasis and
soil-transmitted helminthiasis and its associated factors among school-
aged children in Southern Ethiopia. Sci Rep. 2022;12(1):4586.

Aung E, Han KT, Gordon CA, Hlaing NN, Aye MM, Htun MW, et al. High
prevalence of soil-transmitted helminth infections in Myanmar school-
children. Infect Dis Poverty. 2022;11(1):28.

Mefie GR, Agobé JCD, Besaha JCM, Ndoho FAO, Abdulla S, Adegnika

AA. Prevalence, intensity and associated risk factors of soil-transmitted
helminth infections among individuals living in Bata district, Equatorial
Guinea. PLoS Negl Trop Dis. 2023;17(5): €0011345.

Sungkar S, Putri KQ, Taufik MIS, Gozali MN, Sudarmono P. The effective-
ness of triple dose albendazole in treating soil transmitted helminths
infection. J Parasitol Res. 2019;2019: e6438497.

Speich B, Moser W, Ali SM, Ame SM, Albonico M, Hattendorf J, et al.
Efficacy and reinfection with soil-transmitted helminths 18-weeks post-
treatment with albendazole-ivermectin, albendazole-mebendazole,
albendazole-oxantel pamoate and mebendazole. Parasit Vectors.
2016,9(1):123.

Soil-transmitted helminth infections. https://www.who.int/news-room/
fact-sheets/detail/soil-transmitted-helminth-infections. Accessed 03
September 2023.

Debalke S, Worku A, Jahur N, Mekonnen Z. Soil transmitted helminths
and associated factors among schoolchildren in government and private
primary school in Jimma Town, Southwest Ethiopia. Ethiop J Health Sci.
2013;23(3):237-44.

Scott ME. Ascaris lumbricoides: a review of its epidemiology and relation-
ship to other infections. Ann Nestlé Engl Ed. 2008;66(1):7-22.

Moser W, Barenbold O, Mirams GJ, Cools P, Vlaminck J, Ali SM, et al.
Diagnostic comparison between FECPAKG2 and the Kato-Katz method
for analyzing soil-transmitted helminth eggs in stool. PLoS Negl Trop Dis.
2018;12(6): €0006562.

Singh J. International conference on harmonization of technical require-
ments for registration of pharmaceuticals for human use. J Pharmacol
Pharmacother. 2015:6(3):185-7.

WMA—The World Medical Association-Declaration of Helsinki. https://
www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/.
Accessed 22 July 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections
https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/

	Epidemiology of soil-transmitted helminth infections and the differential effect of treatment on the distribution of helminth species in rural areas of Gabon
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Study area and study population
	Sample size consideration
	Sampling procedure
	Study procedure
	Stool sample collection procedure
	Laboratory examination
	Case definitions
	Statistical consideration

	Results
	Study population characteristics and study groups
	Stool sample collection flow and follow-up outcomes
	STH prevalence and prevalence dynamic over the study course
	Incidence of STH at 6- and 9-month follow-up
	STH infection rate at 9 months post-treatment
	Factors associated with STH infection

	Discussion
	Limitations of the study

	Conclusion
	Anchor 28
	Acknowledgements
	References


