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Abstract

Background: The study evaluated the impact of anthilminthic treatment,
given as non-investigational drugs, on helminth infections, anaemia, and
hemoglobin (Hb) level in the context of a malaria clinical trial in which Sulfadoxine
Pyrimethamine (SP) and SP+Piperaquine (PQ) were also evaluated as an
intermittent preventive treatment strategy in schoolchildren in the Democratic
Republic of Congo (DRC).

Methods: In a nested cohort study, 616 malaria asymptomatic children
attending primary schools of Biyela health area were enrolled and follow-up
from November 2012 to November 2013. The control group for the nested study
was the negative on helminth infections. They received one dose of PZQ and
ALB at baseline and then 2 doses of ALB at 4 months intervals. During the
12-months of follow-up, stool and urine samples were collected for helminth
infections and finger prick blood for Hb level. Paired test analyses were used to
compare the status before and after treatment, and confounding variables for
Hb level were tested by multiple linear regression analysis.

Results: At baseline, the prevalence of helminth infections and anaemia
were 39.2% (95% ClI: 34.7-43.7), and 41.8% (95% ClI: 37.3-46.3), respectively.
Mean Hb level was 11.6g/dl (SD+1.3). After 12-months post-anthelminthic
treatment, the prevalence of helminth infections reduced to 7.2% (p<0.001).
There was no change in Hb level and anaemia in the control which received only
the anthelminthic drug (p=1.00 and p=0.26, respectively) at 12-months post-
intervention, compared to those who received active antimalarial SP (p=0.02
and p=0.09, respectively) and PQ (p=0.01 and p<0.001, respectively). Similarly,
no difference in Hb level was observed among the infected and uninfected
schoolchildren with helminths at 12-months after anthelminthic treatment.

Conclusion: These findings suggest that anthelminthic treatment reduces
significantly the prevalence of helminth infections. There was no impact on
anaemia and Hb level due to the use of anthelmintic drugs.

Keywords: Helminth; Malaria; Anthelminthic treatment; Hemoglobin level;
Schoolchildren; The Democratic Republic of the Congo

Most cases were found in sub-Saharan Africa (SSA). The burden of
disease caused by these helminth infections is estimated to 1,627,844

SCH: Schistosoma spp; STH: Soil-Transmitted Helminths; SSA:
Sub-Saharan Africa; SAC: School-Aged Children; PZQ: Praziquantel;
ALB: Albendazole; MBZ: Mebendazole; DRC: The Democratic
Republic Of The Congo; MDA: Mass Drug Administration; RCT:
Randomized Clinical Trial; IPTsc: Intermittent Preventive Treatment
in Schoolchildren; SP: Sulfadoxine Pyrimethamine; PQ: Piperaquine;
Hb: Hemoglobin

Background

In 2019, 236.6 million and 1.5 billion people were worldwide
chronically infected with helminth infections caused by Schistosoma
spp (SCH) and soil-transmitted helminths (STH) respectively [1].

and 2,748,420 disability-adjusted life years for SCH and STH
respectively in 2019 [2].

SCH and STH are among the most frequent health problems
affecting school-aged children (SAC) living in tropical areas, where
low hygienic and environmental conditions allow their transmission
[3-5]. Approximately 1282 million SAC are estimated to be at risk
for SCH and 7464 million for STH [1]. SAC is an important high-
risk group for infections because they are traditionally responsible for
water-related household chores in endemic countries, like spending
free time swimming, and living in the poorest sanitation environment.
Chronic (co-) infection with these helminths has health consequences
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such as anaemia, nutritional troubles, alteration of growth, impaired
cognitive abilities, and irreversible consequences in adulthood [6-8].
Concomitant infections with other parasites such as P. falciparum are
frequently observed and may have additional effects or worsen the
health status [9,10]. Therefore, preventive and curative interventions
are needed in SAC.

According to the World Health Organization (WHO), the
main aim of SCH and STH control is to reduce or prevent related
morbidity and transmission [11]. The control strategy is based on a
periodic deworming of the at-risk population in the endemic area
using praziquantel (PZQ) 40mg/Kg and albendazole (ALB) 400mg or
mebendazole (MBZ) 500mg, respectively for SCH and STH control.
This approach is used in many national control programs against SCH
and STH across SSA with positive effects on health status [12,13].

Democratic Republic of Congo (DRC) is one of the countries in
SSA most affected by SCH and STH (A. lumbricoides, T. trichiuria,
hookworm) infections [3,14]. Recent data in DRC showed a high
prevalence of these parasitic infections, especially among SAC
[15-18]. The Ministry of Health of DRC throughout the National
Schistosomiasis and Intestinal Parasitic Infections Control Program
has adopted the periodic mass drug administration (MDA) of PZQ
and ALB. However, this strategy has only been implemented in
children attending schools, and little is known about the impact of
this school-based deworming program on children’s health.

This nested study aimed to assess the added value of anthelminthic
while schoolchildren received in a randomized trial design whether
antimalarial drugs in intermittent preventive treatment (IPT) strategy
using either SP or SP/PQ. We assessed and compared the baseline
data with the 12-months follow-up data regarding the helminth
infections, anaemia, and difference in hemoglobin (Hb) level.

Methodology

Ethics statement

This study is a secondary analysis of a RCT evaluating the efficacy
and safety of IPTsc with Sulfadoxine Pyrimethamine (SP) and
SP+Piperaquine (PQ) on anaemia and malaria morbidity in Congolese
schoolchildren. Trial Registration Number: NCT01722539; https://
clinicaltrials.gov/ct2/show/NCT01722539 [19]. Ethical clearance
was sought and obtained from the Ethical Committee of the School
of Public Health, Kinshasa; DRC, and the University of Antwerpen,
Belgium before the launch of the study. Written informed consent
was also obtained from parents or legal guardians of all children
before their enrollment [20].

Study area and period

The study was conducted from November 2012 to November
2013 in Mokali health area of Biyela Health Zone in Kinshasa,
RDC. This urban-rural health zone is one of the health zones of
Kinshasa endemic for SCH and STH [17,18] but no MDA was ever
implemented. The administered population of Biyela health zone
was 182,421 inhabitants distributed over nine health areas, and
approximately 15% of this population lives in Mokali health area.
The climate is tropical with a rainy season from September to May,
followed by a short dry season. Biyela’s population has no access to
tap water. The three rivers that cross the area: Mokali, Mango, and
Nsanga represent the main source of water for household duties

and children’s baths. Moreover, most households do not have toilets
leading to poor sanitary conditions (archive report of Health Zone,
unpublished data).

Study design and procedures

This was a nested cohort study from schoolchildren enrolled in the
RCT study. This study enrolled malaria asymptomatic schoolchildren
from the first to 5 primary school year in two schools (EP Boyambi
and EP Likabo) in Mokali health area and randomly allocated them
to three treatment arms: SP given alone, SP combined with PQ, and
the control group without malaria prevention. Details on procedures
and results of this RCT are largely described by Matangila et al in
2019 [20].

Study subjects

All participants were enrolled irrespective of helminth infections
status.

Helminth infections assessment

Stool and urine samples were collected at the enrollment and
12-months later for STH and SCH diagnosis. Blood samples were
collected at baseline, at months 4, 7, and 12, for for Hb assessment.
Plasmodium detection was done at the baseline and month 12 [19].

Stool samples were processed using the Kato-Katz technique
(2x25myg) for the presence of intestinal helminth infections [21]. Two
slides were performed and examined microscopically within 24h
of preparation by two different technicians. Results were expressed
as eggs per gram of feces (epg/gr). To obtain helminth infections
intensities, the number of eggs found on duplicate Kato Katz slide
was multiplied by factor 20, and intensities were classified into low,
moderate, and heavy infection per WHO criteria [22].

Urine samples were tested using urine reagent strips (Combur7
Test’, Roche Diagnostics GmbH, Manheim, Germany) to the detected
presence of microscopic hematuria. The results were recorded semi-
quantitatively: negative, positive with (+), (++) and (+++). Moreover,
all urine samples positive for urine reagent strips were processed by
the centrifugation technique for the detection of S. haematobium
eggs in urine [23]. The intensity of infection was estimated according
to the number of eggs per 10ml of urine and classifying per WHO
criteria [22].

Helminth infections were defined as a presence of any helminth
either in the stool or urine samples.

Measuring Hb level and determination of anaemia

Blood samples were obtained from each child by the finger prick
and the Hb level was determined using the portable photometer
(HemoControl, EKF Diagnostics, Germany) per manufacturer’s
instructions [24]. Anaemia was defined by Hb concentration <11g/dl
for children aged under 5 years, <11.5g/dl for children 5-11.9 years,
and <12g/dl for children aged 12-14.9 years [25].

Helminth treatment

After sample collection for baseline assessment, all participants
were treated twice with PZQ (40mg/kg) and ALB (400mg) per WHO
protocol [22]. The first dose of PZQ was given at baseline and a second
at the 12-month follow-up survey. While for ALB, the first dose was
given at baseline and 2 consecutive doses were given at an interval
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Attending schoolchildren
from 2 primary school n=650

n=616

Enrolled for the study

Excluded for
Mo stool and urine samples
n=159

Completed samples
(stool, urine and blood samples),
included to the baseline analysis n=457

Lost to follow-up for

- No stool and urine
samples n=207

- No blood sample n=156

Completed stool and urine samples, included to
analyses of impact of anthelminthic treatment on
prevalence of helmimth infections n=250

Completed blood samples, included to analysis of the
impact of anti-helminth treatment on Hb level
n=301

Figure 1: Flow-diagram of the study showing 457 participants included in the study.

of four months after baseline. PZQ and ALB used in this study were
supplied by the IDA Foundation, Amsterdam, Netherlands.

Data management and statistical analysis

Survey data were double entered in Epi-Info 3.5.1 version
(Centers for Disease Control and Prevention, Atlanta, USA) and
imported into StatalC 11.1 software (StataCorp., College Station, TX,
USA) for statistical analysis.

Statistical analysis for the impact of anti-helminth treatment on
helminth infections was restricted to schoolchildren who provided
a stool and urine samples at month 12. While analysis of the impact
of anti-helminth treatment on Hb level or anaemia was done on all
schoolchildren who provided a blood sample at month 12 irrespective
the presence of a stool and urine samples after 12-months (Figure
1). To control for the influence of antimalarial treatment on the Hb
level, we stratified the groups randomized to an active antimalarial
(SP, SP+PQ) and the control group not receiving an antimalarial.
A descriptive analysis summarized the data. Paired tests analysis
compared the prevalence of helminth infections, anaemia, and
the mean Hb level before and 12-months after treatment delivery.
Likewise, a stratified analysis was done to evaluate the effect of
treatment in infected and uninfected subjects at baseline. The
influence of the antimalarial intervention on the boost of the Hb
level at 12-months post-treatment was explored using multiple linear
regression analysis. The significant level was set at a P-value <0.05.

Results

Baseline characteristics of the study population

Overall, 616 schoolchildren from the two primary schools were
enrolled in the RCT study. Atbaseline, out of the 616 enrolled children,
159 (25.8%) children did not give the stool and urine samples while
457 (74.2%) provided stool and urine samples, and were tested for
helminth infections (Table 1). The median age, the proportion by sex,

the rate of anaemia, malaria infection rate were not significant in the
two groups (data not shown). The median age of the 457 participants
was 8 years (IQR: 7-9 years), 249 (54.5%; 95% CI: 49.9-59.1) were
aged 8-13 years and, 242 (53.0%; 95% CI: 48.4-57.5) were male. One
hundred and seventy-nine out of 457 participants (39.2%; 95% CI:
34.7-43.7) had an helminth infections, and 191 (41.8%; 95% CI: 37.3-
46.3) had anaemia. The mean Hb level of all participants was 11.6g/dl
(SD+1.3g/dl) (Table 1).

Changes in the prevalence of helminth infections

Over 12-months post-treatment, 301 persons provided samples:
249 (54.5%) provided stool, urine and blood samples while 250
(54.7%) provided stool and urine, and 301 (65.9%) provided blood
samples (Figure 1). General characteristics of participants lost to
follow-up were not different from those who were present 12 months
after treatment delivery (data not shown).

There was a decrease in the prevalence of helminth infections 12
months post-treatment from 37.6% at baseline to 7.2% (p<0.001) and
this decrease was similar in all malaria intervention groups (Table 2).
At 12 months, assuming a total helminth clearance, the cumulative
incidence was similar in infected and non-helminth infected [8
(8.5%) vs 10 (6.4%); p=0.62].

Changes in the proportion of anaemia, and Hb level

At 12-months post-intervention, there was no change in anaemia
in the control group, which received only the anthelminthic drug
(p=1.00) and mean Hb increased by 0.2g/dl (CI96: -0.1-0.4; p=0.26).
In those who received active antimalarial, we observed no additional
impact of helminth treatment in mean Hb levels or anaemia between
helminth infected and uninfected schoolchildren at 12-months follow
up (Table 2). The multivariate regression model (Table 3) showed
that the mean Hb level increased with antimalarial treatment in the
IPTsc intervention with the SP+PQ (p=0.01) and malaria infection
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Table 1: Baseline characteristics of schoolchildren in Kinshasa, Democratic Republic of the Congo.

‘ All Ao Helminth infections Negative
Variables
n % (95% ClI) n % (95% Cl) n % (95% Cl)
Total 457 179 39.2 (34.7-43.7) 378 60.8 (56.3-65.3)
Demographic characteristics
Median age, years (IQR) 8 (7-9) 8 (7-9) 8 (6-8)
Age 4-7 years 208 45.5 (40.9-50.1) 74 41.3 (34.1-48.6) 234 48.2 (42.3-54.1)
Age 8-13 years 249 54.5 (49.9-59.1) 105 58.7 (51.4-65.9) 144 51.8 (45.9-57.7)
Male 242 53.0 (48.4-57.5) 101 56.4 (49.1-63.7) 141 50.7 (44.8-56.6)
Malaria infection 87 19.0 (15.4-22.7) 36 20.1 (14.2-26.0) 51 18.3 (13.8-22.9)
Mean Hb, g/dI£SD 11.6+1.3 11.5+1.2 11.6+1.3
Anaemia 191 41.8 (37.3-46.3) 76 42.5 (35.2-49.7) 115 41.4 (35.6-47.2)

Table 2: Stratified analysis of the impact of anthelminthic treatment on helminths infection, Hb level, and anaemia on schoolchildren stratified by malarial IPT intervention.

All participants (N=250) No malaria intervention group (N=83) SP group (N=93) SP/PQ group (N=74)
Variables Baseline 12 months RR Baseline 12 months RR Baseline 12 months RR Baseline 12 months RR
05% CI P-value 05% CI P-value 5% CI P-value 05% CI P-value
No. (%) No. o) | (9% C) No. (%) No. ) | (%5%CD No. (%) No. o) | ¢ ) No. (%) No. o) | (O5%CD
Helminth 0.19 (0.12- 0.09 (0.03- 0.27 (0.14-
) ) 94 (37.6) 18(7.2) <0.001* | 28 (33.7) 6(7.2%) 0.2(0.1-0.5)| 0.001* = 33(35.5) 3(3.2%) <0.001* | 65 (87.8) 9(12.2) 0.001*
infections 0.31) 0.27) 0.54)
All participants (N=301) No malaria intervention group (N=104) SP group (N=109) SP/PQ group (N=88)
- 0.77 (0.65- 1.0 (0.75- 0.7 (0.5
Anemia 120(39.9) | 93(30.9) 058) 0.006* | 40 (38.5) 40 (38.5) 13) 44 (40.4) 31 (28.4) 0.96) 0.02* 36 (40.9) 22(25) | 0.6(0.4-0.9) | 0.006%
Helminth 0.74 (0.55-
infection 47/119 (39.2) | 35/119 (29.4) 1.01) 0.06 16/39 (41.0) 13/39 (33) |0.8(0.5-1.4)| 0.44 29 (41.4) 12(30.8) |0.8(0.4-1.5) 0.47 20 (42.6) 12 (25.5) |0.6(0.4-0.97)| 0.03*
in .
Non- 0.79 (0.64
Helminth | 73/182 (40.1) | 58/182 (31.9)| 0 99') 0.04* | 24/65 (36.9) | 27/65 (41.5) | 1.1(0.8-1.6)| 0.49 15 (38.5) 19(27.1) |0.7(0.5-0.9)| 0.01* 16 (44.4) 10 (24.4) | 0.6 (0.4-1.0) | 0.06
infection )
Mean Mean MD Mean Mean MD Mean Mean MD Mean Mean MD
P-value P-value P-value P-value
(95% Cl) (95% Cl) | (95% Cl) (95% Cl) (95% CI) (95% CI) (95% CI) (95% CI) (95% Cl) (95% CI) (95% CI) (95% Cl)
11.6 (11.5- 11.9(11.8- | 0.3(0.15- 11.7 (11.4- 11.8 (11.6- 0.2 (-0.1- 11.8 (11.5- 11.9 (11.7- 0.2 (-0.0- 11.4 (11.2- 12.0 (11.8-
Hb level 0.001* 0.26 0.09 0.6 (0.3-0.8) | <0.001*
11.8) 12.1) 0.45) 11.9) 12.0) 0.4) 12.0) 12.1) 0.45) 11.7) 12.3)
Helminth | 11.6 (11.4- | 12.0 (11.8- 11.7 (11.4- | 12.0(11.6- | 0.3(-0.2- 116 (11.2- | 11.8(11.4- | 0.2(-0.2- 115(11.1- | 121 (11.7-
. . 0.4 (0.1-0.6) | 0.0015* 0.18 0.27 0.6 (0.3-0.9) | 0.0005*
infection 11.8) 12.2) 12.0) 12.3) 0.8) 11.9) 12.2) 0.7) 11.9) 12.4)
Non-
, 11.7 (11.5- | 11.9 (11.7- 117 (11.3- | 11.7 (115- | 0.1(-0.3- 11.9 (11.6- | 12.0(11.8- | 0.2(-0.1- 11.4 (11.0- | 12.0 (11.6-
Helminth 0.2 (0.1-0.4) | 0.0126* 0.71 0.19 0.6 (0.2-1.0) | 0.0042*
o 11.9) 12.1) 12.0) 12.0) 0.4) 12.1) 12.3) 0.5) 11.8) 12.4)
infection
P-value = mc Nemar test or paired t-test.
*Significant at <0.05.

at baseline (p<0.001). Other factors were not found to contribute
to improving the mean Hb level. While all participants received
anthelmintic drugs, we found no interaction between malaria drugs
and anthelmintic. In the non-malaria intervention group, despite
the treatment with anthelminthic drugs, there was no significant
difference in anaemia and Hb level at 12-months compared to the
baseline data.

Discussion

In this study, we evaluated the impact of anthelminthic treatment
using PZQ and ALB, given as non-investigational drugs, on helminth
infections, anaemia, and Hb level in the context of an malaria RCT
enrolling asymptomatic schoolchildren to evaluate the efficacy and
safety of IPTsc with SP or SP+PQ on anaemia and malaria morbidity
in Congolese schoolchildren.

Our findings showed that anthelminthic treatment (ALB + PZQ)
sustainably reduced the prevalence of helminth infections among
schoolchilden by at least 80%. The impact of anthelminthic drugs on
anaemia and Hb level on top of the increase due to malaria drugs was
not proven in this study. All schoolchildren received the anthelminthic
drugs, and the only significant changes were observed in the SP+PQ
group (p=0.01) and malaria infection (p<0.001). Since the present

study was not primarily developed to evaluate the effectiveness of
anthelmintic treatment, had at least the merit to provide additional
evidence of the positive impact of the administration of anthelmintic
on the infection in schoolchildren.

The efficacy demonstrated by this therapeutic scheme makes it a
promising approach for the control of helminth infections (SCH and
STH) in schoolchildren. Indeed, for WHO, anthelminthic treatment
using ALB and PZQ remains molecules of choice to fight against
helminths [26-28]. These two molecules have been adopted regarding
their effectiveness and tolerability. Their impact on the prevalence
and intensity of infection and their contribution to improving Hb
level in schoolchildren have been reported in several studies [26,29].

Similar to our findings concerning helminth infections,
anthelminthic treatment impacted positively the prevalence and
intensity of helminth infections among schoolchildren in North-
West Ethiopia [29] and Central Province Kenya [30]. Although
treatment significantly reduced the infections in this study from
39.2% at baseline to 7.2% (p<0.001) at 12-month, despite this
important reduction, we observed that 6.4% of schoolchildren who
were not infected at the baseline time became infected, and 8.5% who
were initially infected remained infected 12-months after treatment.
This could be explained by the level of transmission rate in the study
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Table 3: Multivariate analysis of the effect of anthelminthic treatment on Hb level controlling for antimalarial intervention in schoolchildren in Kinshasa.

Bivariate analysis Multivariate analysis
Variables
Coefficient std Err P-value Coefficient std Err P-value
Gender 0 0.2 0.81 - - -
Age (years) 0.3 0.2 0.04* 0.2 0.1 0.15
Helminth infections at baseline 0.1 0.2 0.39 0 0.2 0.74
Helminth infections at 12 months 0.6 0.3 0.08 - - -
Malaria infection at baseline 0.8 0.2 <0.001* 0.8 0.2 <0.001*
Malaria infection at 12 months -0.3 0.2 0.1 - - -
Antimalarial intervention regim
SP 0 0.2 0.78 0.1 0.2 0.73
SP/PQ 0.4 0.2 0.02* 0.5 0.2 0.01*
*Significant at p<0.05.
area what could be high. 2020.
3. Hotez PJ, Kamath A. Neglected tropical diseases in sub-saharan Africa:

Regarding the improvement of the Hb level in our study, we found
no evidence of the effect of anthelminthic treatment on improving
the Hb level among the schoolchildren, since we found no significant
changes in the non-malaria intervention group (Table 2). It is likely
that, the lack of the impact of anthelminthic drug found on Hb level
and anaemia seen in this study due to the lack of the association
found between anaemia and helminth infections at baseline. In
fact, anaemia was significantly associated with malaria infection at
the baseline and before anthelminthic drug administration. That
supports the significant association seen between the increasing
mean Hb level with malaria infection (p<0.001) and the use of SP+PQ
(p=0.01) in the present study (Table 3). There is an agreement with
that reported elsewhere [10,31]. Hiirlimann et al. in eastern Cdte
d’Ivoire [10] found the same results among schoolchildren. In their
study, anthelminthic treatment did not have any effect on the Hb
level. However, in the same study, the Hb level increases significantly
over time among children who were found with the high Plasmodium
parasitemia at baseline, and no significant relationship was shown
with helminth infection at the baseline. The authors mentioned that
their observations were likely due to malaria treatment. The absence of
effect of anthelminthic drugs was confirmed in the recent systematic
review with meta-analysis performed on malaria and helminth co-
infections in children living in endemic countries [31].

Nevertheless, we assume that antimalarial treatment in the IPTsc
intervention, especially with the SP+PQ combination (Table 2 and
3), was the best in improving Hb levels and reducing anaemia in our
study area.

Conclusion

Given these results, it appears that the administration of
anthelminthic treatment would be adequate to substantially reduce
the prevalence of helminth infections in schoolchildren but not to
rapidly impact on the Hb level.
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