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Abstract
Introduction  School-based preventive chemotherapy (Deworming) with praziquantel and albendazole to control and elimi-
nate schistosomiasis and soil-transmitted helminths as public health problems is recommended by the World Health Organi-
zation (WHO). Safety monitoring during mass drug administration (MDA) is imperative but data from sub-Saharan Africa 
are scarce.
Objective  The aim of this active safety surveillance study was to identify the incidence, type, severity, and risk factors for 
adverse events (AEs) following mass administration of praziquantel and albendazole.
Methods  Overall, 8037 school children aged 5–15 years in Rwanda were enrolled. Baseline sociodemographic, medical 
history and any pre-existing clinical symptoms were recorded. Participants received a single dose of praziquantel and alben-
dazole during MDA. AEs were actively monitored on days 1, 2, and 7 post MDA.
Results  Overall, 3196 AEs were reported by 1658 children; 91.3%, 8.4%, and 0.3% of the AEs were mild, moderate, and 
severe, respectively, and most resolved within 3 days. Headache (21%), dizziness or fainting (15.2 %), nausea (12.8%) and 
stomach pain (12.2%) were the most common AEs. The overall cumulative incidence of experiencing at least one type of 
AE was 20.6% (95% confidence interval [CI] 19.7–21.5%), being significantly higher (p < 0.001) in children with pre-MDA 
clinical events (27.5%, 95% CI 25.4–29.6%) than those without (18.7%, 95% CI 17.7–19.7%). Females, older age, having pre-
MDA events, types of food taken before MDA and taking two or more praziquantel tablets were significant predictors of AEs.
Conclusions  Praziquantel and albendazole MDA is safe and well-tolerated; however, one in five children experience tran-
sient mild to moderate, and in few cases severe, AEs. The incidence of AEs varies significantly between sex and age groups. 
Pharmacovigilance in the MDA program is recommended for timely detection and management of AEs.
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1  Introduction

Schistosomiasis and soil-transmitted helminths (STH) 
are among the most prevalent neglected tropical diseases 
(NTDs) and public health problems that impose a great bur-
den in many parts of the world especially in sub-Saharan 
Africa (SSA) [1, 2]. Globally, over 1.5 billion people, i.e. 
approximately 24% of the world’s population, are infected 
with STH. SSA is one of the regions with a high burden of 

STH infections, and more than 90% of all schistosomiasis 
cases are from SSA [1–4]. Although NTDs are both pre-
ventable and treatable, they cause significant morbidity and 
mortality, especially among children [5–8]. Schistosomiasis 
and STH are both endemic in Rwanda, especially along Lake 
Kivu where a prevalence of up to 69.5% and 77%, respec-
tively, is reported [4, 9].

The World Health Organization (WHO) has introduced 
a global intervention strategy to control and eliminate these 
NTDs from being public health problems [10]. The primary 
intervention strategy recommended by the WHO is preven-
tive chemotherapy (deworming), a large-scale periodical 
mass administration of praziquantel and albendazole to 
all at-risk population groups irrespective of disease status 
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Key Points 

Our active safety surveillance study indicates that about 
one-fifth of children who receive mass praziquantel 
and albendazole experience transient mild to moderate 
adverse events (AEs). Headache, dizziness, nausea, and 
stomach ache were the most common AEs observed.

Being female, older age, receiving two or more tablets of 
praziquantel, having pre-existing clinical symptoms, and 
type of food taken before drug administration are inde-
pendent significant predictors of AEs following mass 
drug administration.

Although mass praziquantel and albendazole coadminis-
tration to children is generally safe and tolerable, safety 
monitoring is recommended for timely detection and 
management of AEs and to ensure public confidence in 
mass drug administration programs.

[11]. Children are at a higher risk of getting these infections 
and are therefore the main target groups for praziquantel 
and albendazole mass drug administration (MDA) [12]. 
In Rwanda, the annual MDA of praziquantel and biannual 
MDA of albendazole started in 2008 and several rounds have 
been conducted since then. More than 1 million school-aged 
children and 98,017 adults received praziquantel preventive 
chemotherapy for schistosomiasis and over 5 million pre-
school and school-aged children received mass albendazole 
preventive chemotherapy for STH in 2019 [13].

In most SSA countries, schistosomiasis and STH are 
coendemic, hence praziquantel and albendazole are coad-
ministered during MDA. Although coadministration of the 
two drugs targeting the two NTDs is cost effective, several 
factors, including risk for drug interaction and overlapping 
toxicities, underscores the need for safety monitoring [14, 
15]. Safety monitoring is essential to detect the number, 
type, and severity of AEs and identify risk factors associ-
ated with mass albendazole and praziquantel administration-
related AEs for timely interventions, thereby minimizing 
harm and sustaining public confidence in the MDA [16].

The WHO recommends ensuring safety in public health 
programs implementing large-scale MDA of anthelminthics 
drugs, including praziquantel and albendazole [17]. MDA 
of praziquantel and albendazole is delivered to all at-risk 
populations without prior screening or diagnosis, and hence 
the infection status and/or intensity is unknown. Individuals 
with heavy infection intensity experience more AEs com-
pared to those with light to moderate infection, partly due 
to immunologic reactions as a result of parasites’ treatment-
induced death [18–20], therefore it is important to monitor 
public drug safety during MDA.

Every year, millions of children receive periodic MDA 
of praziquantel and albendazole in SSA, including Rwanda, 
but safety data from large-scale active cohort event moni-
toring (CEM) studies are scarce partly due to lack of fully 
functional pharmacovigilance systems [14, 21, 22]. The 
NTD programs prioritize MDA coverage and AEs are often 
managed and contained at the sites they happened for fear 
of rumors, which may negatively affect public confidence, 
and are not reported to the National Medicines Regulatory 
Authorities (NMRAs) [14, 22]. The underreporting of AEs 
during MDA campaigns makes it challenging to accurately 
estimate the risks of medicine-related harm and inform 
healthcare policy and practice [14]. The WHO recommends 
active CEM for safety surveillance of medicines used in pub-
lic health interventions, particularly in areas where passive 
reporting is challenging [23].

Few studies that assessed the safety profiles of albenda-
zole and praziquantel in different settings reported transient 
AEs such as abdominal pain, nausea, vomiting, diarrhea, 
headache, dizziness, and fainting [18, 20, 24–26]. Safety 
surveillance studies in various target populations are impor-
tant since local factors such as comorbidities, nutritional 
status, genetic and environment differences affect variability 
in drug responses [27, 28]. Despite multiple rounds of MDA, 
the safety profile of praziquantel and albendazole MDA has 
not been investigated in Rwanda. Thus, we conducted a 
large-scale school-based active safety surveillance study to 
identify the incidence, type, severity, risk factors for AEs, 
and tolerability of single-dose mass administration of prazi-
quantel and albendazole among school children in Rwanda.

2 � Methods

2.1 � Study Design, Population, and Setting

This was a prospective, observational CEM study assessing 
the AEs following MDA of praziquantel and albendazole. 
The study participants were children attending eight schools 
in four districts of the Western Province of Rwanda in April 
2019. The public did not participate in the design of study. 
The study was conducted in four districts located around the 
belt of Lake Kivu, namely Rubavu, Rutsiro, Nyamasheke, 
and Rusizi in the Western Province (Fig. 1). The districts 
were selected using a purposive sampling method based on 
(1) schistosomiasis and STH prevalence data from previous 
studies [4, 9]; and (2) inclusion in the national NTD program 
for distribution of praziquantel and albendazole MDA in 
2019. Within each district, two schools were selected based 
on three criteria: (1) proximity to the lakes; (2) the number 
of school children attending; and (3) previous schistosomia-
sis and STH prevalence data. A sample proportion of each 
school to contribute to the whole study sample was based on 
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each student population size. A total of 8037 children aged 
5–15 years from the eight selected schools were enrolled in 
the safety monitoring study.

The target sample size for our study was 10,000, which 
was guided based on event frequency according to the 
WHO’s estimation. The sample size to detect at least three 
events at a frequency of 1 per 3333 with 95% confidence 
(95% probability) is 10,000 [29]. Our sample size of 8037 
will detect at least three events at a frequency of 1 per 2679 
with 95% confidence.

2.2 � Study Enrollment and Data Collection

Before starting the study, awareness creation and sensitiza-
tion meetings were held with education offices at the dis-
trict and the Head of district hospitals, health centers, school 
teachers, school administrators, and parents/guardians. The 
awareness meetings were held to provide information about 
the study, including the study objective, significance, pro-
cedures, and type of data to collect. The ultimate intention 
of the awareness meetings was to get permission from the 
community authorities and school administrators to conduct 

the study in the selected schools and obtain oral and written 
informed consent from parents/guardians.

School children aged between 5 and 15 years attending 
the selected eight schools whose parents or guardians gave 
informed consent and provided assent to participate were 
enrolled. They consented to the collection of personal data, 
including sociodemographic, comorbidities, concomitant 
medications, nutritional status using anthropometric data, 
and any medical, clinical, or physical event before and after 
the MDA. Children whose parents or guardians were not 
willing to provide informed consent and or dissent were 
not included in the study; however, they remained able to 
participate in the national MDA and received preventive 
chemotherapy deployed under Rwanda's NTD program, but 
no safety data were collected from them.

Data including sociodemographic, breakfast status, type 
of meal, concomitant medication, chronic medical condition, 
and pre-MDA symptoms were collected at baseline using a 
case record form before receiving MDA through in-person 
interviews. After receiving MDA, study participants were 
followed to document treatment-associated AEs on days 1, 
2, and 7 post MDA through in-person interviews. Data col-
lection was performed by trained data collectors and were 

Fig. 1   Map of Rwanda showing the study districts and selected schools [4]
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entered in the electronic database using tablets. A data man-
ager reviewed submitted data daily to cross-check and rectify 
for errors. The study coordinator assigned to each school 
supervised the study enrolment, data collection, and data 
entry into the database. For anthropometric measurements, 
children’s body weight was measured in kilograms (kg) and 
height was measured in centimeters (cm), and converted to 
body mass index (BMI)-for-age Z score (BAZ) and height-
for-age Z score (HAZ), respectively, using WHO Anthro-
Plus software for school-age children [30]. Children whose 
HAZ and BAZ scores were < 2 standard deviations were 
considered stunted and wasted/thin, respectively.

2.3 � Exposure and Outcome Variables

2.3.1 � Exposure Definition and Measurement

The main exposure of this study was receiving single-dose 
albendazole and praziquantel oral administration as pre-
ventive chemotherapy provided through MDA under the 
national NTD program. Study participants received prazi-
quantel according to height for children (≥ 94 cm dose pole, 
designed to deliver a dose of at least 40 mg/kg) and albenda-
zole 400 mg following the national and WHO MDA guide-
lines [31, 32]. The Rwanda Ministry of Health NTD public 
health program provided and administered praziquantel and 
albendazole as preventive chemotherapy to prevent transmis-
sion of schistosomiasis and STH. MDA was administered 
to all children attending the eight schools as scheduled by 
the Rwanda Ministry of Health. The study team had no role 
in the MDA planning, and providing or administering the 
drugs.

2.3.2 � Outcome Definition and Measurement

The primary study outcome was the incidence of MDA-
associated AEs (post-MDA AEs), defined as any event that 
was not reported before albendazole and praziquantel admin-
istration but occurred after drug exposure. The secondary 
outcomes were the type and severity of AEs. Prior to MDA, 
all participants were interviewed for any pre-existing clinical 
symptoms (pre-MDA event), such as fever, loss of appe-
tite, dizziness or fainting, confusion, drowsiness, headache, 
cough, difficulty in breathing, nausea, vomiting, diarrhea, 
stomach pain, itching, rash, and any other symptoms. Study 
participants were actively and prospectively monitored for 
any AEs on days 1, 2, and 7 post MDA. Between days 3 and 
6, participants only reported if they experienced any AEs.

Events reported by each study participant before and 
after MDA were cross-checked and verified to differenti-
ate pre-existing clinical symptoms from treatment-associ-
ated AEs following praziquantel and albendazole MDA. 
Events reported after MDA (post MDA) were considered 

as MDA-associated AEs if the same type of events were 
not reported before drug intake (pre-MDA). In addition, any 
event reported on days 2–7 was also considered an MDA-
associated AE if the study participant experienced that event 
on any of the follow-up days but did not experience the same 
symptom pre MDA and on preceding days.

All reported AEs were graded based on five levels of 
severity grading using the Common Terminology Criteria 
for Adverse Events (CTCAE) version 5.0 [33] as follows.

•	 Grade 1—Mild: Asymptomatic or mild symptoms; clini-
cal or diagnostic observations only; intervention not indi-
cated.

•	 Grade 2—Moderate: Minimal, local, or non-invasive 
intervention indicated; limiting age-appropriate instru-
mental activities of daily living (ADL).

•	 Grade 3—Severe or medically significant but not imme-
diately life-threatening: hospitalization or prolongation 
of hospitalization indicated; disabling; limiting self-care 
ADL.

•	 Grade 4—Life-threatening consequences: urgent inter-
vention indicated.

•	 Grade 5—Death related to AE

2.4 � Statistical Analysis

All data collected in the electronic database were imported 
into STATA 13 (StataCorp LLC, College Station, TX, USA) 
for cleaning and analysis. The outcome variable was cat-
egorized as a dichotomous variable (having any AE or not), 
irrespective of the type of AE. Associations between a cate-
gorical dependent variable and independent categorical vari-
ables were analyzed using the Chi-square test. Predictors of 
AEs were analyzed by a univariate followed by multivariate 
binomial logistic regression analysis. Biologically plausible 
predictor variables with a p value ≤0.2 in the univariate 
analyses were entered into the final multivariate model for 
analysis. We used log transformation to change coefficients 
into incidence risk ratios (IRR) for interpretation without 
changing their estimations. A p value < 0.05 was considered 
statistically significant.

2.5 � Ethical Consideration

This study was approved by the Rwandan National Ethics 
Committee (Review Approval Notice No. 0064/RNEC/2019) 
and the National Health Research Committee of the Ministry 
of Health, Rwanda (NHRC/2018/PROT/042). Before initiat-
ing the study, awareness creation and sensitization meetings 
were held with education offices at the district and the Head 
of district hospitals, health centers, school teachers, school 
administrators, and parents/guardians. Prior to enrolment, 
participants and their parents or legal guardians received 
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information about the study. For participants ≤ 12 years of 
age, verbal and written informed consent was obtained from 
their parent or guardian, and for participants > 12 years of 
age, verbal and written informed consent was obtained from 
the parent or guardian and assent was obtained from the 
study participant.

3 � Results

3.1 � Characteristics of Study Participants

The study enrolled 8037 school children between 5 and 15 
years of age who received albendazole and praziquantel dur-
ing the MDA campaign in 2019. The sociodemographic and 
baseline characteristics of study participants is presented in 
Table 1. Of the total 8037 children, 4224 (52.6%) were male 
and 5112 (63.6%) were between 10 and 15 years of age. 
The study participants were recruited from eight schools 
in four districts located along the shores of Lake Kivu in 
the Western Province of Rwanda. The anthropometric 
measurements indicated that 2805 children (34.9%) were 
stunted and 833 (10.4%) were wasted. Of the total study 
participants, 3301 (41.1%) received one praziquantel tablet, 
2415 (30%) received two to three praziquantel tablets, and 
2321 (28.9%) received more than three praziquantel tablets. 
Single-dose albendazole 400 mg was coadministered to all 
study participants.

3.2 � Incidence of Mass Drug Administration 
(MDA)‑Associated Adverse Events (AEs)

The study participants were followed prospectively for 7 
days to record all suspected AEs following the MDA. Base-
line assessment of self-reported symptoms through inter-
views were recorded before drug administration. A total of 
1795 children (22.3%) of 8037 participants reported at least 
one type of clinical symptom before taking MDA (pre-MDA 
event).

A total of 3196 AEs were reported by 1658 children. The 
overall cumulative incidence of experiencing at least one 
type of AE among school children was 20.6% (95% confi-
dence interval [CI] 19.7–21.5%, n = 1658) during the 7-day 
follow-up. The cumulative incidence of experiencing at least 
one type of MDA-associated AE among those who reported 
a pre-MDA event (27.5%, 95% CI 25.4–29.6%) was signifi-
cantly higher (p < 0.0001) than those who did not report 
pre-MDA events (18.7%, 95% CI 17.7–19.7%). The study 
flow chart and findings from the pre-MDA (baseline) and 
incidence of post-MDA safety monitoring are presented in 
Fig. 2.

Table 1   Sociodemographic and baseline characteristics of study par-
ticipants

Variable N %

Sex
 Male 4224 52.6
 Female 3813 47.4

Age categories, years
 5–9 2925 36.4
 10–15 5112 63.6

District
 Rubavu 2682 33.4
 Rutsiro 1589 19.8
 Nyamasheke 1357 16.8
 Rusizi 2409 30

School
 Rambo 1441 17.9
 Rubona 1241 15.4
 Rusororo 808 10.1
 Sure 781 9.7
 Buhokoro 423 5.3
 Mukoma 934 11.6
 Bugumira 1111 13.8
 Nkombo 1298 16.2

Stunting status (HAZ)
 Non-stunted 5232 65.1
 Stunted 2805 34.9

Wasting status (BAZ)
 Not wasted 7204 89.6
 Wasted 833 10.4

Have eaten breakfast
 Yes 4305 53.6
 No 3732 46.4

Type of food taken before MDA
 Fatty meal 107 2.5
 High protein 281 6.5

Carbohydrate meal 3917 91
Number of praziquantel tablets taken
 1 3301 41.1
 2 2415 30
 ≥ 3 2321 28.9

Concomitant medication
 Yes 275 3.4
 No 7762 96.6

Taking any traditional medication
 Yes 161 2
 No 7876 98

Having any chronic medical condition
 Yes 220 2.7
 No 7817 97.3

Type of chronic medical conditions
 Asthma or chronic lung disease 22 10
 Chronic kidney disease 47 21.4
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3.3 � Proportion of Various Types of AEs

Overall, 3196 AEs were reported during the 7 days of active 
surveillance. Headache (21%), dizziness or fainting (15.2%), 
nausea (12.8%), and stomach pain (12.2%) were the most 
common AEs following praziquantel and albendazole MDA 
among school children. The least reported AEs were confu-
sion (1%), other symptoms (1.6%), and rash (1.9%). The 
proportion of AEs reported during a 7-day follow-up period 
stratified by type of AE is presented in Fig. 3.

During the 7 days of AE monitoring, the highest num-
ber of AEs were observed on day 1 [2588 AEs (81%)] 
followed by day 2 [570 AEs (17.8%)], and 38 AEs were 
reported during days 3–7 post MDA. Most AEs reported 
on day 1 were headache [544 (7.4%)], dizziness or fainting 
[419 (5.6%)], nausea [352 (4.4%)], and stomach pain [327 
(4.3%)]. On day 2, like day 1, headache [118 (1.5%)] and 
dizziness or fainting [66 (0.9%)] were the most frequently 
reported AEs. Between days 3 and 7, headache 8 (0.1%) 

and diarrhea 7 (0.1%) were the most reported AEs, as pre-
sented in Fig. 4.

3.4 � Severity Grading of AEs

The severity of the reported AEs (3196) was graded as mild, 
moderate, or severe, following the CTCAE version 5.0 [33]. 
None of the participants reported potentially life-threatening 
or disabling AEs or death. The incidences of mild, moder-
ate, and severe AEs were 91.3% (number of AEs = 2919), 
8.4% (number of AEs = 267), and 0.3% (number of AEs = 
10) respectively. The total number of AEs reported as severe 

BAZ body mass index-for-age z-score, HAZ height-for-age z-score, 
MDA mass drug administration

Table 1   (continued)

Variable N %

 Diabetes 7 3.2
 HIV 5 2.3
 Epilepsy 5 2.3
 Hypertension 10 4.5
 Other 124 56.4

Fig. 2   Study flowchart of 
enrolled participants and follow-
up. AEs adverse events, MDA 
mass drug administration
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Fig. 3   Proportion of adverse events post mass drug administration 
(7-day follow-up)
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included one case of headache, seven cases of cough, and 
two cases of stomach pain, as described in Table 2.

3.5 � Factors Associated with Post‑MDA AEs

The incidence and associations of reported AEs post MDA 
are presented in Table 3. Sex was significantly associated 
with the occurrence of AEs (p < 0.001), and the incidence 
of AEs was significantly higher among female participants 
(23.2%) than male participants (17.7%) (p < 0.001). Strati-
fying by sex, all types of reported AEs, except vomiting, 

cough, and itching and skin rash, were significantly higher 
in female participants than male participants (Fig. 5). Age 
group was significantly associated with the occurrence of 
AEs (p < 0.001); participants between 10 and 15 years of 
age reported more AEs (24.8%) than those between 5 and 9 
years of age (13.4%). The type of food taken before MDA 
was significantly associated with the occurrence of AEs 
(p < 0.001); study participants who had a fatty meal before 
MDA reported more AEs (30.8%), followed by those who 
had a high protein meal (29.5%) and those who had a carbo-
hydrate meal (20.4%). The number of praziquantel tablets 

Fig. 4   Cumulative incidence of 
adverse events per day over a 
7-day follow-up. 7.
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Table 2   Severity grading of 
reported adverse events

Adverse events Total number of 
adverse events

Grade 1 (mild) [n (%)] Grade 2 (moder-
ate) [n (%)]

Grade 3 
(severe) 
[n (%)]

Fever 131 105 (80.2) 26 (19.8) –
Loss of appetite 178 159 (89.3) 19 (10.7) –
Dizziness or fainting 486 451 (92.8) 35 (7.2) –
Confusion 31 29 (93.5) 2 (6.5) –
Drowsiness 152 137 (90.1) 15 (9.9) –
Headache 670 598 (89.3) 71 (10.6) 1 (0.1)
Cough 173 162 (93.6) 4 (2.3) 7 (4)
Difficulty breathing 70 66 (94.3) 4 (5.7) –
Nausea 410 390 (95.1) 20 (4.9) –
Vomiting 181 161 (89) 20 (11) –
Diarrhea 118 105 (89) 13 (11) –
Stomach pain 391 361 (92.3) 28 (7.2) 2 (0.5)
Itching skin 91 86 (94.5) 5 (5.5) –
Rash 62 61 (98.4) 1 (1.6) –
Other symptoms 52 48 (92.3) 4 (7.7) –
Total 3196 2919 (91.3) 267 (8.4) 10 (0.3)
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administered was significantly associated with the occur-
rence of AEs (p < 0.001). Study participants who had taken 
more than three tablets reported more AEs (29.6%), followed 
by study participants who had taken two to three tablets 
(21.8%) and those who had taken one tablet (13.5%). Other 
variables such as stunting, concomitant medication, taking 
any traditional medicine, and having any chronic medical 
condition were not significantly associated with the occur-
rence of AEs. 

3.6 � Risk Factors Associated with Post‑MDA AEs

We analyzed risk factors associated with developing any AE 
following MDA using univariate and multivariate analysis 
and the results are presented in Table 4. Using log binomial 
regression in univariate analysis, sex, age category, wasting, 
type of food taken before MDA, and number of praziquantel 
tablets were significant predictors of developing at least one 
post-MDA AE. In multivariate analysis using log binomial 
regression for all variables from univariate analysis with a 
p value < 0.2, sex, age category, type of food taken, and 
number of praziquantel tablets administered were significant 
predictors of developing any post-MDA AEs.

4 � Discussion

This observational active safety surveillance study investi-
gated the incidence and associated factors of AEs following 
mass praziquantel and albendazole administration among 
children in Rwanda. Our results indicate that about one-fifth 
of the children who received praziquantel and albendazole 
as MDA experienced mild-to-moderate AEs, mostly within 
the first 2 days after MDA. Most AEs were transient and 
resolved within 1 week after MDA. The overall cumulative 
incidence of experiencing at least one type of AE was 20.6%. 
Different studies from SSA reported varying incidence rates 
of AEs associated with mass praziquantel and albendazole 
administration. Studies conducted in Kenya (25.3%), Tanza-
nia (28.5%), Angola (55.9%), and Ethiopia (83%) reported 
higher incidences than our study finding [19, 24, 25, 34]. 
Differences in the reported incidence of AEs can be due to 
variation in the studies, such as data collection methods, AE 
definition, and/or infection status of the study population 
(treatment in infected children versus preventive chemother-
apy in the target population with unknown infection status). 
The lower incidence of AEs in our study could be due to 
our stringent definition set for MDA-associated AEs that 
excludes pre-existing clinical symptoms.

The incidence rates of MDA-associated AEs were signifi-
cantly different among schools and the four study districts 
(Table 3). Children attending schools in the Rubavu dis-
trict had the highest AE incidence, possibly due to a higher 

prevalence of STH (92%), compared with the other districts 
Rutsiro (54%), Nyamasheke (60%), and Rusizi (87%) [4]. 
Study participants in the Rubavu district may have also had 
higher infection intensity compared with participants in the 
other districts. Children with moderate to heavy infection 
intensity are more likely to experience AEs compared with 
those with light infection intensity [18–20]. AEs may be 
induced by drugs or immunologic reaction due to the killing 
of the parasites mostly in heavy infection intensity [25, 35]. 
The occurrence of AEs could be influenced by other factors 
such as age, co-infections or comorbidities, concomitant 
medication, nutritional status, socioeconomic conditions, 
and environmental exposure [25, 36, 37]. A recent study 
from Kenya reported concomitant medications and chronic 
illness as significant risk factors for developing AEs fol-
lowing diethylcarbamazine citrate and albendazole MDA 
[38]. In our study, we did not find any significant associa-
tion between chronic illness/comorbidity or concomitant 
traditional medicine use with AEs. This could be because 
of the small number of children who had chronic illness/
comorbidity (2.7%) in our study population, and hence a lack 
of adequate power to detect any such association. On the 
other hand, we found that children who reported pre-MDA 
events experienced more post-MDA AEs (28%) compared 
with children who did not report pre-MDA events (19%). 
The association of having pre-MDA clinical symptoms 
with higher incidence of MDA-associated AEs has also 
been reported recently [38, 39]. Therefore, children with 
underlying clinical symptoms should be closely monitored 
after MDA.

The incidence of AEs varies depending on the type of 
AEs. A meta-analysis that evaluated the clinical efficacy and 
tolerability of praziquantel in the treatment of intestinal and 
urinary schistosomiasis reported that the incidence of AEs 
ranged from 2.3% for urticaria to 31.1% for abdominal pain 
[40]. The most observed AEs in our study were headache 
(21%), dizziness or fainting (15.2%), nausea (12.8%), and 
stomach pain (12.2%), as similarly reported by other studies 
from Angola, Ethiopia, Kenya, and Tanzania [19, 24, 25, 
34]. Wide interindividual variations in plasma praziquantel 
concentrations partly due to pharmacogenetic variations has 
recently been reported [41, 42]. Any association of praziqu-
antel pharmacokinetics and pharmacogenetic variation with 
susceptibility to treatment-induced AEs remains to be inves-
tigated. Generally, the AEs occurred within days 1 and 2 of 
post drug administration and were transient; most resolved 
by day 3 (Fig. 4). These findings are in line with previous 
studies where the majority of the reported AEs (80.8%) 
resolved within a day or two [24, 43].

Among the reported AEs, 91.3% were mild, 8.4% were 
moderate, and 0.3 % were graded as severe, which is in line 
with reports from other studies, including a randomized con-
trolled trial and meta-analysis [19, 24, 44, 45]. However, a 
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Table 3   Incidence and 
association of reported adverse 
events post MDA

Variable Adverse events

No (n = 6379)
n (%)

Yes (n = 1658)
n (%)

p value

Sex
 Male 3137 (82.3) 676 (17.7) < 0.0001
 Female 3242(76.8) 982 (23.2)

Age categories, years
 5–9 2534 (86.6) 391 (13.4) < 0.001
 10–15 3845 (75.2) 1267 (24.8)

District
 Rubavu 1967 (73.3) 715 (26.7) < 0.001
 Rutsiro 1405 (88.4) 184 (11.6)
 Nyamasheke 1033 (76.1) 324 (23.9)
 Rusizi 1974 (81.9) 435 (18.1)

School
 Rambo 1158 (80.4) 283 (19.6) < 0.001
 Rubona 809 (65.2) 432 (34.8)
 Rusororo 667 (82.5) 141 (17.5)
 Sure 738 (94.5) 43 (5.5)
 Buhokoro 384 (90.8) 39 (9.2)
 Mukoma 649 (69.5) 285 (30.5)
 Bugumira 1075 (96.8) 36 (3.2)
 Nkombo 899 (69.3) 399 (30.7)

Stunting status (HAZ)
 Non-stunted 4160 (79.5) 1072 (20.5) 0.67
 Stunted 2219 (79.1) 586 (20.9)

Have eaten breakfast
 Yes 3390 (78.7) 915 (21.3) 0.14
 No 2989 (80.1) 743 (19.9)

Type of food taken before MDA
 Fatty meal 74 (69.2) 33 (30.8) < 0.001
 High protein 198 (70.5) 83 (29.5)
 Carbohydrate 3118 (79.6) 799 (20.4))

Number of praziquantel tablets taken
 1 2856 (86.5) 445 (13.5) < 0.001
 2 1889 (78.2) 526 (21.8)
 ≥ 3 1634 (70.4) 687 (29.6)

Concomitant medication
 Yes 217 (78.9) 58 (21.1) 0.85
 No 6162 (79.4) 1600 (20.6)

Taking any traditional medication
 Yes 124 (77) 37 (23) 0.46
 No 6255 (79.4) 1621 (20.6)
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recent study conducted in India reported severe and serious 
AEs among children who received albendazole alone [46]. 
The severity of AEs could potentially be due to several fac-
tors, including, but not limited to, infection intensity and 
nutritional and health status. Thus, safety surveillance dur-
ing praziquantel and albendazole mass administration in 
various settings is imperative.

The current study revealed that older age, having pre-
MDA events, type of food taken before MDA, and increased 
number of praziquantel tablets taken were significant risk 
factors for developing at least one AE post MDA (Table 4). 
All study participants received one tablet of albendazole 

(400 mg) regardless of age, but the dose of praziquantel was 
based on the height of the child, corresponding to 40 mg/kg 
as recommended by the WHO MDA guideline [31]. Thus, 
the observed higher incidence of AEs among older children 
could be due to the increased number of praziquantel tab-
lets administered. Indeed, taking two or more praziquantel 
tablets was a significant predictor of AEs; however, after 
adjusting for the number of praziquantel tablets, the older 
age group still had an increased risk for AEs. This could be 
due to the higher STH prevalence in the older age group, 
which might be associated with a higher risk of AEs, as 
previously described [4, 36]. Interestingly, children who 

Table 3   (continued) Variable Adverse events

No (n = 6379)
n (%)

Yes (n = 1658)
n (%)

p value

Having any chronic medical condition
 Yes 169 (76.8) 51 (23.2) 0.34
 No 6210 (79.4) 1607 (20.6)

Type of chronic medical conditions

 Asthma or chronic lung disease 16 (72.7) 6 (27.3) 0.15

 Chronic kidney disease 41 (87.2) 6 (12.80)

 Diabetes 7 (100.0) –

 HIV 5 (100.0) –

 Epilepsy 4 (80.0) 1 (20.0)

 Hypertension 8 (80.0) 2 (20.0)

 Other 88 (71.0) 36 (29.0)
Having pre-MDA events
 Yes 1165 (70.3) 493 (29.7) < 0.001
 No 5077 (79.6) 1302 (20.4)

HAZ height-for-age z-score, MDA mass drug administration

Fig. 5   Cumulative incidence 
of adverse events stratified 
by sex. Asterisks indicate 
statistically significant differ-
ences. *p ≤ 0.05, **p ≤ 0.01, 
***p ≤ 0.001
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had a fatty or high protein diet before MDA had a higher 
risk of experiencing more AEs than those who had a car-
bohydrate meal. In line with our findings, a recent study 
reported the association of having a fatty or high protein 
meal before MDA with a higher incidence of AEs following 
mass diethylcarbamazine and albendazole administration for 
the elimination of lymphatic filariasis in Kenya [38]. Altered 
drug absorption and bioavailability with a fatty or high pro-
tein diet has been previously reported [47]. Accordingly, 
food–drug interactions influencing drug absorption could 
possibly alter the susceptibility to AEs following praziqu-
antel and albendazole MDA.

Our findings indicate that females are at a higher risk of 
experiencing more AEs than males. Similar to our findings, 

another study assessing the safety of praziquantel and alben-
dazole in Kenya reported that females and older children (≥ 
10 years) experienced more AEs [24]. A higher incidence of 
MDA-associated AEs in females than males who received 
preventive chemotherapy for the prevention of lymphatic 
filariasis has also been recently reported [38, 39]. Generally, 
women have a higher risk of developing AEs compared with 
men, however the reason for this is unclear but is possibly 
due to physiological and sex-related hormonal differences, 
which can affect drug metabolism [38, 48, 49].

To our knowledge, this is the first and largest active 
CEM study to investigate the incidence, type, severity, and 
predictors for AEs following mass praziquantel and alben-
dazole administration for the control and elimination of 

Table 4   Predictors of adverse events following mass praziquantel and albendazole administration in school children

BAZ body mass index-for-age z-score, HAZ height-for-age z-score, MDA mass drug administration, CI confidence interval

Variable Crude risk ratio 95% CI p value Adjusted risk 
ratio

95% CI p value

Sex
 Male 1 1
 Female 1.31 1.20–1.43 < 0.001 1.18 1.05–1.33 0.004

Age categories, years
 5–9 1 1
 10–15 1.85 1.67–2.06 < 0.001 1.36 1.12–1.64 0.002

Stunting status (HAZ)
 Non-stunted 1
 Stunted 1.02 0.93–1.12 0.67

Wasting status (BAZ)
 Not wasted 1 1
 Wasted 0.75 0.64–0.89 0.001 0.85 0.69–1.05 0.13

Type of food taken before MDA
 Fatty meal 1.51 1.13–2.02 0.005 1.52 1.16–2.01 0.003
 High protein 1.45 1.19–1.75 < 0.001 1.39 1.15–1.66 0.001
 Carbohydrate 1 1

Number of praziquantel tablets taken
 1 1
 2 1.62 1.44–1.81 < 0.001 1.38 1.14–1.67 0.001
 ≥ 3 2.2 1.97–2.44 < 0.001 1.63 1.33–1.98 < 0.001

Concomitant medication
 Yes 1.02 0.81–1.29 0.85
 No 1

Taking any traditional medication
 Yes 1.12 0.84–1.49 0.45
 No 1

Having any chronic medical condition
 Yes 1.13 0.88–1.44 0.34
 No 1

Having pre-MDA events
 Yes 1.47 1.34–1.61 < 0.001 1.36 1.21–1.53 < 0.001
 No 1 1
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schistosomiasis and STHs in Rwanda and SSA. The strength 
of our study is the large sample size, thereby enhancing the 
ability to detect rare AEs as recommended by the WHO. 
Secondly, assessment of the AEs was conducted using active 
surveillance for up to 7 days post MDA. This provided a 
chance to explore the immediate AEs following drug admin-
istration and those that can occur at a later stage. However, 
as mass albendazole and praziquantel administration is given 
to all eligible school children without a prior diagnosis, we 
could not compare the incidence of AEs between schistoso-
miasis and/or STH-infected versus healthy children, and this 
may subsequently be considered a limitation of our study.

5 � Conclusions

Single-dose praziquantel and albendazole administered 
during MDA for the control of schistosomiasis and soil-
transmitted helminthiasis among school children is safe 
and tolerable. However, the finding that one in five children 
experience transient mild-to-moderate AEs and few cases 
of severe AEs underlines the need to integrate pharma-
covigilance in MDA campaigns. Our study suggests being 
female, older age, taking two or more praziquantel tablets 
and having pre-existing clinical conditions or symptoms are 
independent risk factors for AEs following praziquantel and 
albendazole MDA. Our study highlights the importance of 
integrating pharmacovigilance into the national NTD public 
health program and safety monitoring during MDA for the 
timely detection and management of AEs.
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