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Abstract
Background: Schistosomiasis and soil-transmitted helminths (STHs) contribute high disease burdens amongst the neglected tropical diseases (NTDs) and
are public health problems in Angola. This study reports the prevalence, intensity and risk factors for schistosomiasis and STH infection in Huambo, Uige
and Zaire provinces, Angola, to inform a school-based preventive chemotherapy program.

Methods: A two-stage cluster design was used to select schools and schoolchildren to participate in parasitological and water, sanitation and hygiene
(WASH) surveys across Huambo, Uige, and Zaire provinces. Point-of-care circulating cathodic antigen and urinalysis rapid diagnostic tests (RDTs) were used
to determine the prevalence of Schistosoma mansoni and S. haematobium, respectively. Kato-Katz was used to identify and quantify STH species and
quantify and compare with RDTs for S. mansoni. Urine �ltration was used to quantify and compare with RDTs for S. haematobium. Descriptive statistics
were used for prevalence and infection intensity of schistosomiasis and STH infection. Performance of RDTs was assessed through speci�city and Cohen’s
Kappa agreement with microscopy. A multivariate regression analysis was used to determine demographic and WASH factors associated with
schistosomiasis and STH infection.

Results: A total 575 schools and 17,093 schoolchildren participated in the schistosomiasis survey, of which 121 schools and 3,649 schoolchildren
participated in the STH survey. Overall prevalence of S. mansoni was 21.2% (municipality range 0.9-74.8%) and S. haematobium 13.6% (range 0-31.2%), with
an overall prevalence of schistosomiasis of 31.4% (range 5.9-77.3%). Overall prevalence of A. lumbricoides was 25.1% (range 0-89.7%), hookworm 5.2%
(range 0-42.6%), and T. trichiura 3.6% (range 0-24.2%), with an overall prevalence of STH infection of 29.5% (0.8-89.7%). Ecological zone and ethnicity were
factors associated with schistosomiasis and STH infection, with older age and female sex additional risk factors for S. haematobium.

Conclusions: Most municipalities met WHO-de�ned prevalence thresholds for a schistosomiasis preventive chemotherapy program. A STH preventive
chemotherapy program is indicated for nearly all municipalities in Uige and select municipalities in Huambo and Zaire. The association between ecological
zone and ethnicity with schistosomiasis and STH infection necessitates further evaluation of home and school environmental, sociodemographic and
behavioural factors to inform targeted control strategies to complement preventive chemotherapy programs.

Background
Schistosomiasis (infection caused by Schistosoma species) and soil-transmitted helminth (STH) infections including hookworms (Necator americanus,
Ancylostoma duodenale, A. ceylanicum), Ascaris lumbricoides, and Trichuris trichiura are prevalent in tropical and subtropical areas, particularly in low-
resourced communities with limited access to good quality water sources, sanitation and hygiene [1]. They cause a range of gastrointestinal and urogenital
disease, that can lead to anaemia and malnutrition, and occasionally death [1]. School-age children are particularly susceptible to these infections as they
are frequently exposed to contaminated soil and water (through playing, washing, eating and drinking) with less awareness of sanitation and hygiene,
during an important period of physical and cognitive development [1]. STH infections contribute the greatest burden of disease of the neglected tropical
diseases (NTDs), accounting for over 3.3 million disease-adjusted life years (DALYs) [2]. Schistosomiasis accounts for over 1.8 million DALYs, the third
highest burden attributable to a NTD behind STH infections and dengue [2]. As such, the World Health Organization (WHO) have targeted schistosomiasis
and STH infections for elimination as a public health problem by 2030 [3]. For schistosomiasis, this means reducing the proportion of heavy intensity
infection to <1% in school-age children; while for STH infection, this means decreasing the proportion of moderate and heavy intensity infection to <2% in
school-age children [3–5].

An integral component to schistosomiasis and STH control programs is the implementation of large-scale preventive chemotherapy programs, consisting of
regular distribution of anthelminthic therapy to entire populations or targeted to at-risk populations such as school-age children [1]. The WHO recommends
the prevalence of such infections as the main indicator for preventive chemotherapy programs and the frequency at which anthelminthic therapy is delivered
[1, 6]. In addition to preventive chemotherapy, strategies to increase access to clean water, improved sanitation and adequate hygiene practices are
recommended for sustainable control of schistosomiasis and STH infections [3].

Diagnostic techniques that facilitate e�cient and cost-effective �eld work increase the capacity of �eld teams to survey larger cohorts with greater
geographic spread, thereby sampling a more representative sample of the population being assessed for control measures. There has been evolving interest
in the use of rapid diagnostic tests (RDTs) for schistosomiasis, with the �rst large-scale prevalence survey using schistosomiasis RDTs undertaken in
Namibia in 2012 and 2013 [7]. This prevalence survey, using schistosomiasis RDTs to detect S. mansoni and S. haematobium, was able to survey 17,896
schoolchildren from 299 schools, and demonstrated a sensitivity above 80% and speci�city above 95% for both RDTs when compared to the WHO reference
microscopy techniques (Kato-Katz and urine �ltration). Additional large-scale schistosomiasis RDT surveys have since been conducted that build upon the
�eld work capacity and role of schistosomiasis RDTs in informing the implementation and impact of schistosomiasis control programs [8–12].

Schistosomiasis and STH infections have long been recognised as public health problems in Angola. A cross-sectional survey in 2010 across three
communes in Bengo province demonstrated the prevalence of at least one STH infection as 22.6% in preschool children and 31.6% in school-age children;
and the prevalence of microhaematuria (as a proxy for S. haematobium) as 10.0% and 16.6% in preschool and school-age children respectively [13]. A cross-
sectional survey (2013–2014) in children in Cubal estimated a crude prevalence of urinary schistosomiasis (by the presence of haematuria) of 61.2% [14].
Recognising the burden of schistosomiasis and STH infection, the Ministry of Health in Angola undertook a school-based preventive chemotherapy program
with albendazole in 2013 followed by a school-based preventive chemotherapy program with praziquantel and albendazole from 2014. To inform the
implementation of the program from 2014 onwards in each province, parasitological and water, sanitation and hygiene (WASH) surveys were carried out in
stages across the country, with Huambo, Uige and Zaire the �rst three provinces to be surveyed. This analysis reports the results from those surveys
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including: (i) the prevalence and intensity of schistosomiasis and STH infections; (ii) comparing the performance of RDTs and microscopy in diagnosing
schistosomiasis; and (iii) demographic and WASH factors associated with schistosomiasis and STH infection.

Methods

Study design and sampling
A two-stage cluster design was employed to select schools and schoolchildren to participate in the surveys. The surveys consisted of: (i) a RDT survey to
determine the prevalence of S. mansoni and S. haematobium; and (ii) a microscopy survey to detect and quantify STH infection (hookworm, A. lumbricoides,
and T. trichiura), as well as quantify and provide diagnostic comparison with RDTs for S. mansoni and S. haematobium. The primary sampling frame was
all registered primary and combined schools across Huambo, Uige and Zaire provinces. Following a similar approach to the schistosomiasis and STH
mapping conducted in Namibia [7], sample size calculations for schistosomiasis prevalence were conducted using an estimated prevalence of 25%,
precision of 5%, con�dence level of 95% and design effect of 2.5 (using Epi Info v7.1.2; CDC Atlanta, USA). Based on these sample size calculations and the
number of registered schools across Huambo, Uige and Zaire, a mapping resolution of 1 in 4 schools was deemed su�cient, resulting in 575 schools to be
surveyed across the three provinces. The one in four schools for the schistosomiasis survey were selected using systematic random sampling and was
adjusted to ensure representation from each municipality in each province. Of schools selected for the schistosomiasis survey, one in �ve were selected to
participate in the STH survey. This sampling strategy resulted in 121 schools to be surveyed for STHs, with representation from each municipality, which
provides a larger sample size than the WHO recommended �ve to ten schools for each of the three ecological zones in Angola.[1] In selecting schoolchildren,
a sampling frame was created of all children attending school on the day of the survey, from which 30 children (15 males and 15 females) were selected
using systematic random sampling.

Field work
Field teams collected data per province in three periods in 2014. Zaire province data collection took place between 23rd March and 2nd April, Uige province
data collection occurred between 2nd June and 18th July, and Huambo province data collection was undertaken between 23rd June and 12th August.

Survey procedures
Field work teams were designated to either perform schistosomiasis RDTs or perform microscopy to detect and quantify STH and Schistosoma species.
These teams operated independently in the �eld but were coordinated for schools selected to participate in both the schistosomiasis and STH surveys. On
the day of the survey, selected schools were visited by �eld teams to explain the surveys to the school director and obtain written consent for the school and
the schoolchildren to participate. Schoolchildren were selected using systematic random sampling of children present at the school on the day of the
parasitological survey. Each participating child was given a single sample collection vial for urine, and those participating in the STH survey were also
provided with a single sample collection vial for stool. The samples were returned to the �eld workers and analysed on the same day. Upon receipt of
samples, the age of each child was recorded, and all participating children were provided with one tablet of albendazole and the appropriate number of
tablets of praziquantel, as determined using a dose pole. For the schistosomiasis survey, technicians used the point-of-care circulating cathodic antigen
(POC-CCA®) test to detect S. mansoni and Hemastix® to detect haematuria as a proxy for S. haematobium. For the STH survey, microscopists used the
Kato-Katz technique (single smear) to detect and quantify STH species (hookworm, A. lumbrocoides and T. trichiura). Field teams performing microscopy
also analysed specimens to detect and quantify S. mansoni and S. haematobium using Kato-Katz and the urine �ltration technique respectively. A
questionnaire was conducted in an interview with the school director of each school to evaluate: (i) the presence and functionality of latrines at the school;
(ii) the accessibility to safe drinking water at the school; (iii) whether the schoolchildren had previously received preventive chemotherapy for
schistosomiasis and STHs; and (iv) their knowledge of schistosomiasis. Data was entered manually into data entry forms by the �eld workers. The data
entry forms were collated then the data was manually entered into an electronic database.

Detection and classi�cation of infection
Single urine samples were collected from all schoolchildren to evaluate the prevalence of S. mansoni and S. haematobium using RDTs. The POC-CCA®
results were graded as “negative”, “trace”, “+”, “++” and “+++”. The Hemastix® results were graded as “negative”, “trace not haemolysed”, “trace
haemolysed”, “+”, “++” and “+++”. Single stool samples were used for microscopy with the Kato-Katz technique to detect and determine the number of eggs
per gram of faeces for STH species and S. mansoni [1]. The urine �ltration technique was used to determine the number of S. haematobium eggs per 10mL
of urine [1].

Ethics statement
Approval for the survey protocol was obtained by the Ministry of Public Health of Angola (101/GD/DNSP/2014). Informed written consent was obtained
from the school directors of each school to permit participation of children in the school-based surveys.

Statistical analysis
Descriptive statistics were used to report the characteristics of the schools and schoolchildren that participated in the schistosomiasis and STH surveys for
each municipality across Huambo, Uige and Zaire provinces. Prevalence, with 95% con�dence intervals (CIs), for schistosomiasis and STH infection was
calculated for each municipality with adjustments made for the cluster survey design. Prevalence was separately determined for when RDT trace readings
were considered positive and for when they were considered negative. Descriptive statistics were used to report infection intensity for STH and Schistosoma
species as determined by microscopy. The spatial distribution of schistosomiasis and STH prevalence was represented graphically using QGIS version 3.18.
Diagnostic agreement between the RDTs (for trace readings as positive and trace readings as negative) and microscopy was performed using Cohen’s
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Kappa agreement statistics (very good, κ > 0.8; good, 0.6 < κ ≤ 0.8; moderate, 0.4 < κ ≤ 0.6; fair, 0.2 < κ ≤ 0.4; poor, κ ≤ 0.2). The speci�city of the RDTs in
detecting S. mansoni and S. haematobium was calculated using Kato-Katz and urine �ltration as the comparator, respectively. A logistic regression analysis
was used, using a mixed-effects model and adjusted for the cluster survey design, to assess factors associated with speci�c Schistosoma or STH species,
as well as any schistosomiasis or STH infection. Covariates with a p-value <0.2 on univariate logistic regression analysis were included in a multivariate
logistic regression analysis. The multivariate logistic regression analysis was conducted to determine adjusted odds ratios (aORs) in a stepwise fashion
maintaining covariates that retained a p-value <0.05. Covariates included sex, age, school setting (rural, urban), ecological zone (Northern-coastal, Coffee,
Central highland), ethnicity (Kikongo, Kimbundo, Umbundo), previous school deworming in 2013, presence of functional latrines at school, and presence of a
reliable safe drinking water source at school. The primary logistic regression analysis was conducted considering infection determined by RDT trace
readings as positive, with a secondary logistic regression analysis performed considering RDT trace readings as negative. All statistical analyses were
performed using Stata version 17.0 (StataCorp LP, College Station, Texas).

Results

Survey population
There were a total 575 schools across Huambo, Uige and Zaire provinces from which 17,093 schoolchildren participated in the schistosomiasis survey. From
this, 121 schools and 3,649 schoolchildren also participated in the STH survey. Overall, there was equal representation of males and females, and the
median age of participants was 11 (interquartile range (IQR) 10, 13) years. Table 1 shows the demographics of the schistosomiasis and STH survey
populations for each province, and Additional File 1 provides the demographics of the schistosomiasis and STH surveys for each municipality.

Table 1
Demographics of participants in the schistosomiasis and soil-transmitted helminth surveys for Huambo, Uige and Zaire provinces.

  Huambo Uige Zaire Total

  RDT

N=7620

Microscopy

N=1501

RDT

N=7793

Microscopy

N=1818

RDT

N=1680

Microscopy

N=330

RDT

N=17093

Microscopy

N=3649

Schools 254 50 265 60 56 11 575 121

Students                

Male 3796 (49.2%) 750 (50.0%) 3916 (50.3%) 903 (49.7%) 838 (49.9%) 165 (50.0%) 8550 (50.0%) 1818 (49.8%)

Female 3824 (50.2%) 751 (50.0%) 3877 (49.8%) 915 (50.3%) 842 (50.1%) 165 (50.0%) 8543 (50.0%) 1831 (50.2%)

Age, years (IQR) 11 (10, 13) 11 (10, 13) 11 (10, 13) 11 (9, 13) 12 (10, 13) 12 (10,14) 11 (10, 13) 11 (10,13)

Setting                

Rural 6150 (80.7%) 1411 (94.0%) 6740 (86.6%) 1643 (90.5%) 1350 (80.4%) 270 (81.8%) 14249 (83.4%) 3324 (91.1%)

Urban 1470 (19.3%) 90 (6.0%) 1044 (13.4%) 173 (9.5%) 330 (19.6%) 60 (18.2%) 2844 (16.6%) 323 (8.9%)

Ethnicity                

Kikongo 0 0 6257 (80.3%) 1488 (81.9%) 1680 (100%) 330 (100%) 7937 (46.4%) 1818 (49.9%)

Kimbundo 0 0 1536 (19.7%) 328 (18.1%) 0 0 1536 (9.0%) 328 (9.0%)

Umbundo 7620 (100%) 1501 (100%) 0 0 0 0 7620 (44.6%) 1501 (41.2%)

Ecological zone                

Northern-coastal 0 0 0 0 930 (55.4%) 210 (63.6%) 930 (5.4%) 210 (5.8%)

Coffee 0 0 2553 (32.8%) 738 (40.6%) 750 (44.6%) 120 (36.4%) 3303 (19.3%) 858 (23.5%)

Central highland 7620 (100%) 1501 (100%) 5240 (67.2%) 1078 (59.4%) 0 0 12860 (75.2%) 2579 (70.7%)

N: number of school children participating in the respective surveys. IQR: interquartile range. RDT: rapid diagnostic test.

Prevalence and infection intensity
When considering RDT trace readings as positive, the overall prevalence (adjusted for clustering) of S. mansoni was 21.2% (95%CI 18.1, 24.6) and S.
haematobium was 13.6% (95%CI 11.9, 15.6), with an overall prevalence of any schistosomiasis of 31.4% (95%CI 28.2, 34.7) (Table 2). When considering
RDT trace readings as negative, the overall prevalence (adjusted for clustering) of S. mansoni was 11.8% (95%CI 9.7, 14.3) and S. haematobium was 8.4%
(95%CI 7.1, 9.9), with an overall prevalence of any schistosomiasis of 19.0% (95%CI 16.7, 21.5) (Table 2). Additional File 2 provides the prevalence (adjusted
for clustering) of schistosomiasis as determined by RDTs for each municipality. Figures 1, 2 and 3 show the spatial distribution of schistosomiasis infection
for each municipality (as determined when considering RDT trace readings as positive) across Huambo, Uige and Zaire provinces accordingly. Of the 3,131
POC-CCA® results with a detectable reading 1,406 (44.9%) were trace readings, 1,052 (33.6%) were “+”, 400 (12.8%) were “++”, and 273 (8.7%) were “+++”. Of
the 2,005 Hemastix® results with a detectable reading, 767 (38.3%) were trace readings, 567 (28.3%) were “+”, 299 (14.9%) were “++”, and 372 (18.6%) were
“+++”.
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Table 2
Prevalence of schistosomiasis based on rapid diagnostic tests and microscopy for Huambo, Uige and Zaire provinces.

  Huambo Uige Zaire Total

S. mansoni        

RDT N = 7620 N = 7793 N = 1680 N = 17093

Overall when trace pos, % (range) 20.8 (6.6-47.2) 21.2 (2.0-74.8) 23.1 (0.9-47.1) 21.2 (0.9-74.8)

Overall when trace neg, % (range) 8.9 (2.7-18.4) 16.1 (0.9-55.0) 14.1 (0-29.9) 11.8 (0-55.0)

Microscopy N = 1501 N = 1818 N = 330 N = 3649

Light intensity, % (95%CI) 0.2 (0.05, 0.9) 20.0 (9.0, 38.6) 0.1 (0.01, 1.1) 8.9 (3.5, 20.4)

Moderate intensity, % (95%CI) 0 0.04 (0.01, 0.3) 0 0.02 (0.003, 0.1)

Heavy intensity, % (95%CI) 0 0 0 0

Overall, % (range) 0.2 (0-0.8) 20.0 (0-87.4) 0.1 (0-1.3) 8.9 (0-87.4)

S. haematobium        

RDT N = 7620 N = 7793 N = 1680 N = 17093

Overall when trace pos, % (range) 18.7 (0-29.8) 5.6 (0.7-9.9) 11.3 (3.8-31.2) 13.6 (0-31.2)

Overall when trace neg, % (range) 11.9 (0-20.8) 2.8 (0.3-9.6) 7.0 (0-18.0) 8.4 (0-20.8)

Microscopy N = 1500 N = 1615 N = 330 N = 3445

Light intensity, % (95%CI) 5.7 (3.3, 9.6) 0.6 (0.2, 1.7) 1.7 (0.3, 8.7) 3.4 (2.1, 5.4)

Heavy intensity, % (95%CI) 2.7 (1.3, 5.5) 0.1 (0.05, 0.4) 1.6 (0.2, 12.7) 1.6 (0.8, 3.1)

Overall, % (range) 8.4 (0-34.4) 0.7 (0-5.9) 3.3 (0-6.6) 5.0 (0-34.4)

Any schistosomiasis        

RDT N = 7620 N = 7793 N = 1680 N = 17093

Overall when trace pos, % (range) 34.7 (26.9-57.0) 25.3 (5.9-77.3) 32.2 (6.9-51.2) 31.4 (5.9-77.3)

Overall when trace neg, % (range) 19.1 (12.5-31.5) 18.4 (3.5-55.6) 20.1 (1.6-34.1) 19.0 (1.6-55.6)

Microscopy N = 1501 N = 1818 N = 330 N = 3649

Overall, % (range) 8.6 (0-34.4) 24.7 (0-87.4) 3.3 (0-6.6) 14.5 (0-87.4)

Overall when trace pos: trace readings from rapid diagnostic test considered positive for infection. Overall when trace neg: trace readings from rapid
diagnostic tests considered negative for infection. N: number of school children providing specimens for the respective surveys. Range: municipality
range. RDT: rapid diagnostic test. Adjusted for clustering at school level.

For the subset of schoolchildren who submitted a sample for microscopy the overall prevalence (adjusted for clustering) of S. mansoni was 8.9% (95%CI 3.6,
20.5) and S. haematobium was 5.0% (95%CI 3.1, 8.0), with an overall prevalence of any schistosomiasis of 14.5% (95%CI 8.2, 24.4) (Additional File 2).
Nearly all S. mansoni infections were of light intensity (183/184, 98.5%), while for S. haematobium 145/233 (62.2%) were light and 88/233 (37.8%) were
heavy intensity infections. The overall prevalence (adjusted for clustering) of moderate or heavy intensity S. mansoni infection was 0.2% (95%CI 0.003, 0.1),
and the overall prevalence (adjusted for clustering) of heavy intensity S. haematobium infection was 1.6% (95%CI 0.8, 3.1) (Table 2).

The overall prevalence (adjusted for clustering) of any STH infection across the three provinces was 29.5% (95%CI 23.2, 36.6) (Table 3). Ascaris
lumbricoides was the most common STH species, with an overall prevalence of 25.1% (95%CI 19.4, 31.9) (Table 3). The overall prevalence of hookworm
was 5.2% (95%CI 3.7, 7.3) and the overall prevalence of T. trichiura was 3.6% (95%CI 2.6, 5.0) (Table 3). Additional File 3 shows the prevalence of STH
species for each municipality. Figures 1, 2 and 3 display the spatial representation of STH prevalence for each municipality across Huambo, Uige and Zaire
provinces respectively. Nearly all STH infections were of light intensity, with 324/324 (100%) hookworm, 1,114/1,126 (98.9%) A. lumbricoides, and 167/170
(98.2%) T. trichiura infections determined light intensity. The overall prevalence (adjusted for clustering) of moderate or heavy intensity infections was 0.7%
(95%CI 0.2, 2.4) for A. lumbricoides, 0.04% (95%CI 0.01, 0.2) for T. trichiura and 0% for hookworm (Table 3).
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Table 3
Prevalence of soil-transmitted helminths by microscopy for Huambo, Uige and Zaire provinces.

  Huambo Uige Zaire Total

Hookworm N = 1501 N = 1816 N = 330 N = 3647

Light intensity, % (95%CI) 0.1 (0.02, 1.1) 11.1 (7.2, 16.8) 4.2 (0.9, 18.1) 5.2 (3.7, 7.3)

Moderate intensity, % (95%CI) 0 0 0 0

Heavy intensity, % (95%CI) 0 0 0 0

Overall, % (range) 0.1 (0-0.6) 11.1 (0-42.6) 4.2 (0-8.0) 5.2 (0-42.6)

A. lumbricoides N = 1501 N = 1816 N = 330 N = 3647

Light intensity, % (95%CI) 12.4 (6.6, 21.9) 39.4 (30.1, 49.6) 16.5 (8.7, 28.9) 24.5 (19.1, 30.8)

Moderate intensity, % (95%CI) 0.1 (0.02, 0.9) 1.4 (0.4, 5.0) 0 0.7 (0.2, 2.4)

Heavy intensity, % (95%CI) 0 0 0 0

Overall, % (range) 12.5 (0-32.8) 40.8 (3.4-89.7) 16.5 (0-30.9) 25.1 (0-89.7)

T. trichiura N = 1496 N = 1813 N = 330 N = 3639

Light intensity, % (95%CI) 0.6 (0.2, 1.4) 7.1 (5.2, 9.7) 2.4 (0.8, 6.7) 3.6 (2.5, 5.0)

Moderate intensity, % (95%CI) 0.08 (0.02, 0.4) 0 0 0.04 (0.01, 0.2)

Heavy intensity, % (95%CI) 0 0 0 0

Overall, % (95%CI) 0.7 (0-4.2) 7.1 (0-24.2) 2.4 (0-7.4) 3.6 (0-7.4)

Any STH N = 1501 N = 1818 N = 330 N = 3647

Overall, % (range) 13.1 (0.8-33.2) 49.4 (5.2-89.7) 20.6 (6.7-36.8) 29.5 (0.8-89.7)

CI: con�dence interval. N: number of school children providing specimens. Range: municipality range. STH: soil-transmitted helminth. Adjusted for
clustering at school level.

Diagnostic performance of RDTs compared to microscopy
Table 4 summarises the comparative diagnostic performance between schistosomiasis RDTs and microscopy. When considering RDT trace readings as
positive, the diagnostic agreement between POC-CCA® and Kato-Katz in detecting S. mansoni infection was fair (κ = 0.38, p<0.001), and the diagnostic
agreement between Hemastix® and urine �ltration was moderate (κ = 0.51, p<0.001). The speci�city of the RDTs compared to microscopy was 88.8%
(95%CI 87.7, 89.9) for POC-CCA® and 92.7% (95%CI 91.7, 93.5) for Hemastix®. When considering RDT trace readings as negative, the diagnostic agreement
between POC-CCA® and Kato-Katz was moderate (κ = 0.57, p<0.001), and the diagnostic agreement between Hemastix® and urine �ltration was moderate
(κ = 0.53, p<0.001). The speci�city of the RDTs compared to microscopy was 95.2% (95%CI 94.4, 95.9) for POC-CCA® and 94.9% (95%CI 94.1, 95.6) for
Hemastix®.

Table 4
Diagnostic performance between schistosomiasis rapid diagnostic tests and microscopy.

  Kat-Katz RDT (trace positive) RDT (trace negative)

    Detected Not
detected

Agreement Kappa
statistica

p-
value

Detected Not
detected

Agreement Kappa
statistica

p-
value

S. mansoni Detected 155 29 88.6% 0.38 <0.001 150 34 94.5% 0.57 <0.001

  Not
detected

387 3078       167 3298      

S.
haematobium

Detected 181 52 91.6% 0.51 <0.001 157 76 93.0% 0.53 <0.001

  Not
detected

236 2976       164 3048      

aKappa agreement classi�cation: ≤0.20 = poor; 0.21-0.40 = fair; 0.41-0.60 = moderate; 0.61-0.80 = good; 0.81-1.00 = very good. RDT = rapid diagnostic
test.

There were 225 samples that had a trace POC-CCA® reading and were analysed by Kato-Katz for S. mansoni. Of these, 220/225 (97.8%) were negative on
microscopy and 5/225 (2.2%) were determined light intensity S. mansoni infection, with no moderate or heavy intensity S. mansoni infections identi�ed. For
S. haematobium, there were 96 samples that had a trace Hemastix® reading and were analysed by urine �ltration. Of these 72/96 (75.0%) were negative on
microscopy, 18/96 (18.8%) were determined light intensity infection and 6/96 (6.2%) were determined heavy intensity infection.
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School questionnaire on school WASH indicators
Table 5 summarises the results of the school WASH questionnaire for each province. Of the 575 schools participating in the parasitological surveys there
were 217 (37.7%) schools that had functional bathrooms and 134 (23.3%) that had a reliable safe drinking water source. There were 472/576 (81.9%) that
received school-based anthelminthic preventive chemotherapy in 2013. Additional File 4 displays results from the WASH questionnaire for all municipalities
across Huambo, Uige and Zaire provinces.

Table 5
Results from school water, sanitation and hygiene questionnaires for Huambo, Uige and Zaire provinces.

  Huambo

N = 254

n (%)

Uige

N = 265

n (%)

Zaire

N = 56

n (%)

Total

N = 575

n (%)

How many schools had bathrooms? 148 (58.3) 127 (47.9) 40 (71.4) 315 (54.8)

How many schools had bathrooms in good condition? 124 (48.8) 81 (30.6) 12 (21.4) 217 (37.7)

How many schools had a reliable safe drinking water source? 86 (33.9) 40 (15.1) 8 (14.3) 134 (23.3)

Water source type?        

Tap 63 (24.8) 20 (7.5) 2 (3.6) 85 (14.8)

Hole/others 18 (7.1) 20 (7.5) 6 (10.7) 49 (8.5)

How many schools were dewormed in 2013? 203 (79.9) 218 (82.3) 51 (91.1) 472 (82.1)

School Directors’ demonstrated knowledge of schistosomiasis. 81 (31.9) 55 (20.8) 29 (51.8) 165 (28.7)

N: number of schools participating.

Factors associated with schistosomiasis or STH infection
On multivariate regression analysis, factors associated with S. mansoni included: ecological zone, with schoolchildren in the Central highland (aOR 2.90
(95%CI 1.20, 7.02), p=0.02) or Coffee (aOR 23.21 (95%CI 9.13, 58.98), p<0.01) ecological zones more likely to be infected compared to schoolchildren in the
Northern-coastal ecological zone; and ethnicity, with schoolchildren of Kikongo (aOR 0.34 (95%CI 0.24, 0.49), p<0.001) or Kimbundo (aOR 0.40 (95%CI 0.21,
0.77), p=006) ethnicity less likely to be infected than schoolchildren of Umbundo ethnicity (Table 6). For S. haematobium, schoolchildren in the Coffee (aOR
0.42 (95%CI 0.19, 0.91), p=0.03) or Central highland (aOR 0.29 (95%CI 0.13, 0.64), p=0.002) ecological zones were less likely to be infected compared to
schoolchildren in the Northern-coastal ecological zone; as well as schoolchildren of Kikongo (aOR 0.21 (95%CI 0.15, 0.29), p<0.001) or Kumbundo ethnicity
(aOR 0.36 (95%CI 0.27, 0.49), p<0.001) were less likely to be infected than schoolchildren of Umbundo ethnicity. Other factors associated with S.
haematobium infection included a higher odds for females (aOR 1.51 (95%CI 1.27, 1.80), p<0.001) compared to males, age more than 12 years compared to
age less than 11 years (aOR 1.76 (95%CI 1.40, 2.22), p<0.001), and attending school in an urban setting (aOR 1.60 (95%CI 1.17, 2.18), p<0.001) compared to
a rural setting (Table 6). Factors associated with any schistosomiasis infection are displayed in Table 6. Additional File 5 shows the results of the
multivariate regression analyses when considering schistosomiasis RDT trace readings as negative, which demonstrates similar associations between age,
setting, ecological zone and ethnicity variables and any schistosomiasis.
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Table 6
Factors on multivariate analysis associated with schistosomiasis.

  S. mansoni S. haematobium Any schistosomiasis

  n/N aOR [95%CI] p n/N aOR [95%CI] p n/N aOR
[95%CI]

p

Sex                  

Male 1574/8550 NS NS 855/8550 1 - 2215/8550 1 -

Female 1557/8543 NS NS 1150/8543 1.51 [1.27,
1.80]

<0.001 2409/8543 1.16 [1.02,
1.33]

0.02

Age group (years)                  

<11 1151/6348 NS NS 608/6348 1   1589/6348 1 -

11-12 959/5436 NS NS 665/5436 1.31 [1.00,
1.72]

0.05 1479/5436 1.09 [0.92,
1.30]

0.31

>12 971/5204 NS NS 722/5204 1.76 [1.40,
2.22]

<0.001 1502/5204 1.24 [1.00,
1.53]

0.046

School setting                  

Rural 2508/14249 NS NS 1552/14249 1 - 3655/14249 1 -

Urban 623/2844 NS NS 453/,844 1.60 [1.17,
2.18]

0.03 969/2844 1.40 [1.02,
1.91]

0.04

Ecological zone of
school

                 

Northern-coastal 25/930 1 - 133/930 1 - 152/930 1 -

Coffee 1019/3303 23.21 [9,13,
58.98]

<0.001 228/3303 0.42 [0.19,
0.91]

0.03 1165/3303 3.69 [1.72,
7.89]

0.001

Central highland 2087/12860 2.90 [1.20, 7.02] 0.02 1644/12860 0.29 [0.13,
0.64]

0.002 3307/12860 0.70 [0.35,
1.42]

0.32

Ethnicity                  

Umbundo 1762/7620 1 - 1413/7620 1 - 2774/7620 1 -

Kikongo 1239/7937 0.34 [0.24, 0.49] <0.001 493/7937 0.21 [0.15,
0.29]

<0.001 1637/7937 0.26 [0.20,
0.35]

<0.001

Kimbundo 130/1536 0.40 [0.21, 0.77] 0.006 99/1536 0.36 [0.27,
0.49]

<0.001 213/1536 0.35 [ 0.35,
0.53]

<0.001

School dewormed
2013

                 

No 575/3061 NS NS 355/3061 NS NS 853/3061 NS NS

Yes 2556/14032 NS NS 1650/14032 NS NS 3771/14032 NS NS

Latrines at school                  

None/non-functional 1816/10603 NS NS 1256/10603 NS NS 2759/10603 NS NS

Functional 1315/6490 NS NS 749/6490 NS NS 1865/6490 NS NS

Water at school                  

Not available 2269/13063 NS NS 1455/13063 NS NS 3345/13063 NS NS

Available 862/4030 NS NS 550/4030 NS NS 1279/4030 NS NS

n/N: number of infections / at-risk population. aOR: adjusted odds ratio. CI: con�dence interval. NS: not signi�cant on univariate analysis. Based on
rapid diagnostic tests (trace readings considered positive) in determining schistosomiasis.

Table 7 reports the factors on multivariate regression analysis associated with STH infection. For hookworm, there was a higher odds of infection for
schoolchildren of Kikongo (aOR 68.83 (95%CI 8.44, 482.56), p<0.01) or Kumbundo (aOR 50.41 (95%CI 4.47, 568.21), p=0.002) ethnicity compared to
schoolchildren of Kikongo ethnicity; while there was a lower odds of infection for schoolchildren at schools with functional latrines (aOR 0.35 (95CI 0.03,
0.14), p=0.02) compared to those at schools without functional latrines. For A. lumbricoides there was a higher odds of infection for schoolchildren of
Kikongo (aOR 6.91 (95%CI 2.86, 16.70), p<0.001) or Kumbundo (aOR 9.21 (95%CI 3.87, 21.96), p<0.001) ethnicity compared to Umbundo ethnicity, as well as
for schoolchildren in the Central highland ecological zone (aOR 5.65 (95%CI 1.79, 17.82), p=0.03) compared to those in the Northern-coastal ecological zone.
For T. trichiura, there was a higher odds of infection for schoolchildren of Kikongo (aOR 10.35 (95%CI 4.25, 25.33), p<0.001) or Kumbundo (aOR 9.95 (95%CI
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3.30, 30.01), p<0.001) ethnicity compared to schoolchildren of Umbundo ethnicity, while females (aOR 0.40 (95%CI 0.23, 0.69), p=0.01) were found to be less
likely to be infected than males. Overall, the only factor associated with any STH infection was ethnicity, with those from Kikongo (aOR 4.96 (95%CI 2.26,
10.89), p<0.001) or Kumbundo (aOR 10.74 (95%CI 4.95, 23.31), p<0.001) more likely to have a STH infection than schoolchildren from Umbundo ethnicity.
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Table 7
Factors on multivariate analysis associated with soil-transmitted helminth infection.

  Hookworm A. lumbricoides T. trichiura Any STH

  n/N aOR
[95%CI]

p n/N aOR
[95%CI]

p n/N aOR
[95%CI]

p n/N aOR
[95%CI]

p

Sex                        

Male 186/1818 1 - 572/1818 NS NS 99/1813 1 - 688/1818 1 -

Female 138/1829 0.72
[0.49,
1.07]

0.11 554/1829 NS NS 71/1826 0.40
[0.23,
0.69]

0.001 641/1829 0.82
[0.62,
1.08]

0.15

Age group
(years)

                       

<11 143/1394 1 - 500/1394 1 - 68/1391 1 - 576/1394 1 -

11-12 80/1096 0.74
[0.50,
1.09]

0.12 315/1096 0.84
[0.63,
1.12]

0.23 50/1092 1.10
[0.61,
1.98]

0.31 363/1096 0.79
[0.56,
1.11]

0.17

>12 101/1090 0.82
[0.54,
1.23]

0.33 310/1090 0.73
[0.44,
1.21]

0.21 52/1089 0.62
[0.32,
1.19]

0.15 389/1090 0.72
[0.43,
1.21]

0.22

School
setting

                       

Rural 305/3324 NS NS 1028/3324 NS NS 158/3316 NS NS 1218/3324 NS NS

Urban 19/323 NS NS 98/323 NS NS 12/323 NS NS 111/323 NS NS

Ecological
zone of
school

                       

Northern-
coastal

16/210 NS NS 41/210 1 - 10/210 NS NS 58/210 NS NS

Coffee 790/858 NS NS 285/858 2.49
[0.75,
8.25]

0.14 48/856 NS NS 335/858 NS NS

Central
highland

240/2579 NS NS 800/2579 5.65
[1.79,
17.82]

0.003 112/2573 NS NS 936/2579 NS NS

Ethnicity                        

Kikongo 252/1818 1 - 754/1818 1 - 1672/1815 1 - 910/1818 1 -

Kimbundo 70/328 0.79
[0.18,
3.38]

0.75 199/328 1.33
[0.61,
2.91]

0.47 12/328 0.96
[0.42,
2.19]

0.92 233/328 2.17
[1.19,
3.94]

0.01

Umbundo 2/1501 0.02
[0.002,
0.12]

<0.001 173/1501 0.14
[0.06,
0.35]

<0.001 15/1496 0.10
[0.04,
0.24]

<0.001 186/1501 0.20
[0.09,
0.44]

<0.001

School
dewormed
2013/2014

                       

No 86/714 1 - 187/714 NS NS 33/713 NS NS 225/714 NS NS

Yes 238/2933 0.71
[0.21,
2.38]

0.57 939/2933 NS NS 137/2926 NS NS 1104/2933 NS NS

Latrines at
school

                       

None/non-
functional

306/2462 1 - 874/2462 NS NS 137/2,458 NS NS 1052/2462 NS NS

Functional 18/1185 0.35
[0.03,
0.14]

0.03 252/1185 NS NS 33/1181 NS NS 277/1185 NS NS

n/N: number of infections / at-risk population. aOR: adjusted odds ratio. CI: con�dence interval. NS: did not meet signi�cance threshold on univariate
analysis (p<0.2) to be included in multivariate analysis. STH: soil-transmitted helminth.
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  Hookworm A. lumbricoides T. trichiura Any STH

Safe
drinking
water at
school

                       

Not
available

314/2793 1 - 987/2793 1 - 147/2789 1 - 1174/2793 1 -

Available 10/854 0.55
[0.11,
2.83]

0.47 139/854 0.57
[0.22,
1.46]

0.24 23/850 0.58
[0.20,
1.69]

0.31 155/854 0.50
[0.19,
1.30]

0.15

n/N: number of infections / at-risk population. aOR: adjusted odds ratio. CI: con�dence interval. NS: did not meet signi�cance threshold on univariate
analysis (p<0.2) to be included in multivariate analysis. STH: soil-transmitted helminth.

Discussion
This survey, which was carried out in 2014, represents one of the earlier experiences in using schistosomiasis RDTs as a component of a large-scale school-
based prevalence survey, following the experience in Namibia,[7] and provides the risk-strati�ed rationale for the school-based preventive chemotherapy
program with praziquantel and albendazole. As expected, there were differences in schistosomiasis prevalence based on whether the schistosomiasis RDT
trace readings were considered positive or negative. However, this had little impact on risk strati�cation according to WHO-endorsed prevalence criteria, with
the majority of municipalities found to be moderate to high risk schistosomiasis regions (prevalence ≥10%) [1] irrespective of the interpretation of trace RDT
readings. As for STH infection, there was variable STH distribution across municipalities, however only 2 of 11 municipalities in Huambo and 3 of 6
municipalities in Zaire had a STH prevalence ≥20%. This may in part be due to the impact of prior deworming undertaken in schools throughout 2013.
However, it is uncertain as to whether the WHO preventive chemotherapy coverage goals of at least 75% of the target population [1] were achieved. Of
particular concern is the prevalence of STH infections in Uige, with 15 of 16 municipalities with a STH prevalence ≥20%.

How to interpret trace RDT in determining schistosomiasis infection across different settings has not been de�nitively established [15]. Of particular interest
is the impact of the enhanced capacity for �eld work using RDTs that facilitate surveys from larger and more geographically representative populations.
There was a small improvement in speci�city for the RDTs when considering trace readings as negative compared to positive, as well as improved
diagnostic agreement between POC-CCA® and Kato-Katz when RDT trace readings were considered negative, however there was no difference in diagnostic
agreement between Hemastix® and urine �ltration based on whether trace readings were considered positive or negative. Given the comparatively low
detection of schistosomiasis on microscopy compared to RDTs, there is concern for the low sensitivity of microscopy methods in our survey, which hinders
the ability to make more de�nitive conclusions as to whether RDT trace readings re�ect true infection or not. The low sensitivity of microscopy methods in
�eld surveys is well recognized, particularly in low-prevalence and light-intensity settings, which has prompted an increasing reliance on RDTs to estimate
schistosomiasis prevalence [8, 11, 12, 14, 16–18]. This is in part due to the �uctuation in S. mansoni egg excretion and variable distribution of eggs in stool
[19], with the variability in S. mansoni antigen excretion as detected by POC-CCA® shown to be less pronounced than egg excretion in stool for detection by
Kato-Katz [20–22]. The lack of an established gold standard rapid diagnostic test for schistosomiasis and the increasingly recognized low sensitivity of
Kato-Katz limits the capacity to accurately determine the prevalence of schistosomiasis and STH in the �eld [18, 23, 24]. Operational research is ongoing to
evaluate and validate �eld diagnostics for schistosomiasis and STH infection, which will become increasingly important as countries strive toward
elimination.

Our analysis identi�ed both ecological zone and ethnicity to be associated with S. mansoni infection. Given that Umbundo ethnicity was exclusive to
Huambo province in this survey, it is likely that the association with ethnicity is in part explained by other environmental, sociodemographic or behavioural
differences between the provinces. As such it is di�cult to ascertain as to whether any cultural practices speci�c to schoolchildren of Umbundo ethnicity
place them at higher risk for S. mansoni infection compared to schoolchildren of Kikongo or Kimbundo ethnicity. For S. haematobium, females, older age,
and urban school settings were found to be risk factors in addition to ecological zone and ethnicity characteristics. Previous studies demonstrate mixed
results with respect to the association of age and sex with S. haematobium [25–30], which likely re�ects local conventions relating to the home environment
that would increase exposure to water sources, such as playing, fetching water or washing.

The main factor identi�ed on our analysis to be associated with STH infection was ethnicity, with schoolchildren of Kikongo or Kimbundo ethnicity more
likely to be infected with any of the STH species, as well overall STH infection, compared to schoolchildren of Umbundo ethnicity. As previously discussed,
the association singling out Umbundo ethnicity as a lower risk group is likely to in part re�ect other environmental, sociodemographic or behavioural
differences between Huambo province and the others.

There are several limitations to be acknowledged with this survey. Firstly, only a single Kato-Katz smear was conducted on stool specimens to assess for S.
mansoni and STH species, which is not in keeping with the WHO recommendations for double Kato-Katz smears and is likely to underestimate S. mansoni
and STH prevalence in the microscopy survey [31]. This was done to facilitate time- and cost-e�cient �eld work given the large distances �eld teams had to
travel throughout the provinces. This limitation is further compounded by the operator-dependent nature of microscopy, which is reliant upon training of �eld
workers with variable experience in specimen handling and microscopy. This survey is vulnerable to selection bias associated with only selecting
schoolchildren present on the day of specimen collection. This may result in selecting from a population who are well enough to attend school, which risks
underestimating the prevalence of schistosomiasis and STH infection. Lastly, there was limited data collected relating to school-based water, sanitation and
hygiene measures, and no data relating to home or community activities and environment for schoolchildren that could be incorporated into the risk factor
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analysis. However, through the inclusion of ecological zone and ethnicity variables, some broader representation of the out-of-school context for these
schoolchildren is represented.

Conclusions
This survey identi�ed most municipalities across Huambo, Uige and Zaire met the prevalence threshold for a school-based schistosomiasis preventive
chemotherapy program. As for STH, while the prevalence in many municipalities in Huambo and Zaire did not meet the WHO threshold for a school-based
preventive chemotherapy program, there were a high proportion of schools that had received prior deworming. Despite this inability to discern an accurate
baseline prevalence, this survey provided critical data for informing the next steps for a school-based STH preventive chemotherapy program. Ecological
zone and ethnicity were factors associated with schistosomiasis and STH infection, which identi�es the need for further evaluation of environmental,
sociodemographic and behavioural factors at school and home to inform targeted control strategies to compliment preventive chemotherapy programs.
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Figures

Figure 1

Prevalence of schistosomiasis and soil-transmitted helminth (STH) infections for Huambo province (based on rapid diagnostic tests, considering readings
as positive).
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Figure 2

Prevalence of schistosomiasis and soil-transmitted helminth (STH) infections for Huambo province (based on rapid diagnostic tests, considering readings
as positive).

Figure 3

Prevalence of schistosomiasis and soil-transmitted helminth (STH) infections for Huambo province (based on rapid diagnostic tests, considering readings
as positive).
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