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Abstract

Introduction

Schistosomiasis remains a public health major problem and little is known in many areas,
mainly in Sub-Saharan Africa

Objectives

To assess the burden and risk factors of schistosomiasis and intestinal parasitic helminthes
in the children of Cubal, Angola, and to compare different diagnostic approaches for urinary
schistosomiasis under field conditions.

Methods

A cross-sectional study was conducted. Urine and faeces samples of school children were
microscopically studied. A random sample of children was obtained from an alphabetically
arranged list of children, taking one of two children. Urine dipstick, colorimetric test and
macrohaematuria were considered as indirect diagnostic methods and compared to direct
urine examination. Possible risk factors for the infection were sex, age, distance to the river
and previous treatment with praziquantel; the assessment was performed using Chi-square
test.

Results

A total of 785 (61.18%) children showed S. haematobium eggs in urine; children living within
500 meters from the river had a higher odds for infection: Odds ratio 1.97 (1.45-2.7 ClI
95%); urine dipstick showed sensitivity of 96% and specificity of 61.3%, with a positive pre-
dictive value; colorimetric test showed sensitivity of 52.5%, specificity of 74.6% and a
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positive predictive value of 77%. Proteinuria was present in 653 (51.1%) children, being
more frequent in children with S. haematobium in urine (75.2%); 32 of 191 stool samples
(16%) showed the presence of other intestinal parasites and 8 (4%) for S. haematobium.

Conclusions

Prevalence of urinary schistosomiasis in our study area is much higher than the national
average, considering it as a high-risk community. Proximity to a source of water was a risk
factor for the infection. Indirect tests, as urine dipstick and colorimetric test, were useful
tools for diagnosis, due to ease of use and low cost. Proteinuria was a common finding,
probably showing an early structural damage due to schistosomiasis in this group of
children.

Author Summary

Schistosomiasis is a parasitic disease that affects both the individual and the community as
a whole. Its transmission and life cycle depend on non-safe water, as infection is acquired
bathing in fresh water. As in many neglected diseases, information about it is scarce in
many areas, mainly in Sub-Saharan Africa. It is the case in Angola, where a prolonged civil
war has hampered development and research for many years. This paper highlights the
epidemiology of the disease in Cubal, main town of a rural area in central Angola. It shows
a very high prevalence of urinary schistosomiasis in the school-age population of the area;
the risk is higher among the children living closer to one source of water. This population
must be considered as a high-risk community for the development of complications. We
advocate for the use of indirect tests for diagnosis, as urine dipstick and colorimetric test,
due to their easiness of use and low price. At the same time, it relates the presence of the
disease with signs of severity that are usually observed at an older age, suggesting that pre-
vention must be initiated as soon as possible. Overall, this paper will provide the research
and medical community with essential data for future intervention strategies to manage
schistosomiasis in the region.

Introduction

Human schistosomiasis remains, after malaria, one of the main sources of morbidity and mor-
tality in endemic countries, with major consequences on public health and economy, especially
in Sub-Saharan Africa. It is considered as one of the most prevalent parasitic infections in the
world with about 200 million people infected and 20 million with a severe form of the disease.
In Sub-Saharan Africa, it is estimated that more than 200,000 deaths per year are due to schis-
tosomiasis [1]. Other consequences of the disease, as anemia, chronic pain, growth stunting
and nutritional and cognitive impairment have also been recently demonstrated affecting not
only the individual, but also the community as a whole, hampering its development and per-
petuating poverty [2,3].

In 1984 the WHO Expert Committee for the Control of Schistosomiasis approved a strategy
for morbidity control, mainly based on periodic mass treatment in school-aged children, due
to the availability of safe and effective drugs, and ease to administer in a single dose [4]. Then,
one of the first steps required to eliminate the disease is a study of the local characteristics of
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the disease, in order to maximize the impact of the public health measures such as mass drug
administration of praziquantel, by prioritizing the places with a higher prevalence. Although
schistosomiasis may be eradicated in focal areas through current mass drug administration
programmes, global control and elimination will require an integrated approach with multifac-
torial and coordinated interventions. Thus, reliable data on the epidemiology of the disease will
be useful for further actions.

However, these data are scarce in Sub-Saharan Africa and especially in Angola, where there
has only been a single recent study, performed in the north of the country, which informed of
the existence of both intestinal and urinary types of schistosomiasis [5]. A recent national sur-
vey was conducted by the Ministry of Health in order to determine the impact of mass drug
administration campaigns as per the National Neglected Tropical Diseases guidelines. The
estimated overall prevalence of urinary schistosomiasis was 28% [6]. Data regarding urinary
schistosomiasis in Cubal district, in Central Angola, are also scarce and come from old studies
performed in the 1970s, with an estimated prevalence between 35% and 85% [7]. Concerning
intestinal schistosomiasis, there are only isolated reports’. Prevalence and intensity of the infec-
tion and description of intermediate hosts are unknown. The main aim of this study was to
determine the prevalence of urinary and intestinal schistosomiasis and other intestinal parasitic
infections in the children of Cubal. Other objectives were to compare different diagnostic
approaches under field conditions and the assessment of risk factors related to the infection.

Methods

A cross-sectional study was conducted between March 2013 and February 2014 in Cubal, the
capital city of the district.

Study population and data collection

The district of Cubal is situated in western-central Angola. It has an estimated population of
322,000 with 151,000 (47%) children under 15 [8]. In a primary field approach to possible
schistosomiasis infection sources, we noted a pond in the northeastern area of the city, and the
Cubal River, which crosses the city by its southern border. We found no other water facility
nearby used by the local population.

Children studying in years 4 and 5, corresponding to 9-10 years old, were recruited in every
school in Cubal. In order to be representative, we screened at least 50 children in each class,
from a total of approximately 100 children in each class. We randomly selected one of consecu-
tive pairs of children, in alphabetical order. Samples were collected during daily classes.

Participation in the study was voluntary, and with prior parental consent. We excluded chil-
dren whose parents or legal guardians objected to their participation. Age, sex, school and
neighbourhood of each child, as well as previous treatments with albendazole/mebendazole or
praziquantel within the two previous months, were recorded. Distance from their neighbour-
hood to a source of water was estimated on a local actualized map.

Sample size calculation

Sample size calculation was based on the estimated prevalence recorded in the recent National
Survey. For a local prevalence of schistosomiasis of 30% [6], sample size was estimated as 1,280
children under 15 years old for a margin of error of 2.5% (95% confidence interval, [CI 95%]).

In order to avoid missing data, finally 1,425 cases were recorded.
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Urine analysis for Schistosoma haematobium detection

Urine samples were requested from all children included in the survey. Micro and macrohae-
maturia were evaluated for the initial detection of schistosomiasis through three indirect tests:
a colorimetric test, a urine dipstick test, and the visual examination of urine by the researchers.

In the colorimetric test, a picture with six haematuric and non-haematuric urines was
shown to the children to identify what colour corresponded to their daily urine. Urine colours
1, 2 and 3 were considered non-haematuric and urine colours 4, 5 and 6 haematuric.

Microscopic haematuria was detected through urine dipstick test (Combi-Screen 11SYS).
The results were expressed with a number of crosses, with one cross denoting 5-10 erythro-
cytes per field; two crosses denoting 50 erythrocytes per field and three crosses denoting 300
erythrocytes per field. The same dipstick also detected proteinuria (1 cross = 30 mg/dL; 2
crosses = 100 mg/dL; 3 crosses = 300 mg/dL).

Macroscopic haematuria was determined by one trained researcher. Two blinded indepen-
dent researchers examined with optical microscopy all the urine samples that had micro/
macrohaematuria in at least one of the indirect tests.

The definitive diagnosis of urinary schistosomiasis was made if S. haematobium eggs were
present on the sample. To optimize resources, only one of every five urine samples with three
negative results in the indirect tests for haematuria was examined.

Stool diagnostic technique for schistosomiasis and other parasitic
infections

Stool samples were requested from one in two of the selected children. Microscopical examina-
tion was performed with the formol-ether diagnostic method by the same two blinded
researchers.

Statistical analysis

Continuous variables were expressed as means and standard deviations (SD). The estimated
prevalence of schistosomiasis was calculated overall and stratified by age, gender, school and
neighbourhood. The normal distribution of quantitative variables was tested through the Sha-
piro-Wilk test. Differences of normally distributed variables between groups were evaluated
with t-tests and ANOVA. For the non-normally distributed variables, differences were evalu-
ated with the Mann-Whitney U test. Differences on infection status, and odds ratio were evalu-
ated with Chi-square tests. We considered as possible risk factors of infection sex, age, distance
to one of the two possible sources of water (pond and river) and previous treatment with prazi-
quantel. The assessment of factors associated with infection was performed using Chi-square
tests.

Sensitivity, specificity, positive predictive value and positive and negative likelihood ratios
of the three indirect tests were determined using direct microscopical observation of S. haema-
tobium eggs as the gold standard technique. Comparison of sensitivity, specificity, positive and
negative predictive value of the different diagnostic approaches was made based on magnitude;
no specific statistical testing was performed.

Data collection and calculations were performed using EpilnfoTM version 7 and STATA
version 11.

Ethical aspects

The project was approved by the Vall d’'Hebron Research Institute Ethics Committee and by
the Health and Education regional institutions. We conducted previous informative talks with
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school principals, teachers, parents, and community leaders; informed consent was obtained
from all parents or legal guardians. Every student diagnosed with schistosomiasis or intestinal
parasites received appropriate treatment.

Results
Characteristics of the study population

A total of 1,425 children from 19 schools were initially included in the study. Participation ran-
ged from 29 to 192 children among the different schools. Due to drop outs during the recruit-
ment process, urine samples were finally obtained from 1,283 children (90%) and stool
samples from 191 children (13.4%). A total of 655 (51.05%) children were boys. Mean age was
8.7 years (SD 3.2). Only 65 children (4.5%) reported receiving treatment with praziquantel in
the two previous months and 22 (1.5%) with mebendazole or albendazole.

Prevalence of urinary schistosomiasis

Seven hundred and eighty five children were considered to be infected by S. haematobium. A
crude assessment of prevalence of schistosomiasis infection in the school age population of
Cubal considering only the samples analysed was 61.18% (CI 95%; 58.4-63.9). The prevalence
of urinary schistosomiasis in each neighbourhood of the city of Cubal is shown on Fig 1. As S.
haematobium eggs were found by microscopy in 15.5% of the samples with three previous neg-
ative tests, the true prevalence can be as high as 63.5% if the distribution for negative indirect
tests is maintained. No statistical differences were found on the distribution of the infection by
sex, age or previous treatment with praziquantel. Proximity to a source of water was associated
with an increased likelihood of infection (Odds ratio 1.97 (1.45-2.70) p < 0.001). These data
are shown in Table 1.

Estimated global prevalence of schistosomiasis through indirect tests

Colorimetric test. We made a total of 1.283 colorimetric tests. Among these, 539 children
(42%) reported haematuric urine (39.3-44.8, CI 95%).

Micro/macro haematuria. A total of 1,283 urine samples were observed for macroscopic
and microscopic haematuria. The dipstick urine test showed one cross of haematuria in 189
samples (14.7%); two crosses on 131 (10.24%) and three crosses on 524 (40.96%). Therefore,
844 samples were positive for microhaematuria equating to an estimated prevalence of 65.7%
(59.8-72.7, C1 95%). Macroscopic observation of haematuria was positive on 219 samples,
equating to an estimated global prevalence of 17.06% (15.15-19.35, CI 95%).

Sensitivity, specificity, positive predictive value, false positives and negative and positive
likelihood ratios of all indirect tests compared with the gold standard (direct visualization of S.
haematobium eggs) are detailed in Table 2.

Considering proteinuria, 1,283 tests were performed. Six hundred and fifty-three (51.1%)
samples were positive, 244 (19.1%) had one cross, 220 (17.2%) two crosses and 189 (14.8%)
three crosses. Proteinuria was found more frequently in the over-11 child age group (57.3%)
and less frequently in the under-five group (33%). The more severe degree of infection (three
crosses) was also more frequent in this group (21.5%). Also, it was much more frequent in the
children that had S. haematobium eggs in urine (75.2%). The relationship between the degree
of proteinuria with age and detection of S. haematobium eggs in urine samples is shown in
Table 3.
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CITY OF CUBAL

Rio Bom

Sagrada - Missdo
61%

64%
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63%
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Fig 1. Prevalence of urinary schistosomiasis considering 13 distinct neighborhoods and their relationship to the sources of water.

doi:10.1371/journal.pntd.0004055.9001
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28%
Passagem
Cidade 52%
44%
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80%

Other parasites’ infection prevalence

One hundred and ninety-one stool samples were collected. None was positive for S. mansoni;
Eight (4%) were positive for S. haematobium. The prevalence of various species of intestinal
parasites was 16.7% (12.5--23.7 CI 95%), as in Table 4.

Discussion

The prevalence of urinary schistosomiasis in the studied population (61%) is very high, much

higher than the national average (28%); these data imply that urinary schistosomiasis is a

major public health problem in the area; according to the WHO guidelines [9] the population

as a whole must be considered as a high-risk community and annual treatment campaigns

should be initiated. Furthermore, these data should be used as a baseline for implementation of
a wide range of measures that have been proven effective for schistosomiasis control, such as
health education, clean water supply facilities, sanitation and ecological intervention when pos-
sible [10]. Further studies are needed in order to obtain data about related morbidity and mor-
tality, or prevalence in other age groups. Cubal River surrounds the city of Cubal; throughout

its course it forms a significant number of water bodies appropriate for bathing; there is also a
pond in the north of the city where people wash their clothes. Once all the risk factors were
evaluated, the proximity to one of these sources of water was the only one associated with uri-
nary schistosomiasis. Proximity to a source of water where snail habitats flourish and people
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Table 1. Risk factors for schistosomiasis infection.

Total screened children n: 1.425 Number of children infected by S.haematobium n: 785 OR (Cl 95%) p
Gender
Girls 710 390/710 (54.9%) 1.08 (0.86—1.35) 0.55
Age
=<5 81 49/81 (60.4%) 1
6-8 434 248/434 (57.1%) 0.84 (0.50-1.40) 0.59
9-11 568 319/568 (56.1%) 0.64 (0.39-1.06) 0.11
>11 265 169/265 (63.7%) 1.05 (0.62-1.80) 0.94
Unknown 77
Distance to the source of water
>1500 219 108/219 (49.3%) 1
1000-1500m 162 87/162 (53.7%) 1.19 (0.79-1.70) 0.45
500-1000m 158 102/158 (64.6%) 1.87 (1.22-2.84) <0.05
<500m 742 488/742 (65.7%) 1.95 (1.43-2.64) <0.001
Unknown 0
Previous treatment with Praziquantel
Treated 65 38/65 (58.2%) 0.89 (0.54-1.48) 0.75
Unknown 111

OR: odds ratio. Cl: confidence interval.

doi:10.1371/journal.pntd.0004055.t001

are exposed to the water correlates with areas of high human schistosomiasis prevalence
[11,12]; this has also been shown to be the case in other endemic areas in northern Angola,
mainly endemic for S. haematobium [5]. Although not surprising, to highlight the river and the
pond as transmission areas for urinary schistosomiasis might provide a useful baseline for
future malacological studies and ecological interventions, including detection of hot-spots
where environmental intervention could have an impact. No differences of prevalence were
found in relation to age or gender, even considering children younger than five years old
(despite the low number of children in this group of age included in this analysis). These results
reinforce the idea that transmission in the area is really high. This has been shown in areas
highly endemic for intestinal and urinary schistosomiasis [13,14]. Further studies should be
performed to assess the prevalence, disease burden, and safety and efficacy of treatment in pre-
school-age children, as they are not usually included in official mass treatment campaigns.
Regarding the different indirect diagnostic tests, the most useful was the urine dipstick,
with a sensitivity of 96% and a specificity of 61%; these results are similar to others reported
in previous studies [15-17]. Because of its accuracy, ease of use and quick interpretation it
can be considered as a reliable marker for the rapid diagnosis of urinary schistosomiasis in a

Table 2. Indirect tests utility compared to gold standard (urine parasitological examination).

Positive tests/ Sensitivity Specificity Positive False Positive Negative
tests performed (%) (%) predictive value  positive (%) likelihood ratio likelihood ratio
(%)
Urine dipstick 844/1283 96.0 61.3 88.8 11.1 5.09 0.05
Haematuria 219/1283 271 97.5 97.2 0.2 22.63 0.74
Colorimetric test 539/1283 52.5 74.6 77.0 20.3 2.07 0.64

Gold standard (Direct
examination)

doi:10.1371/journal.pntd.0004055.t002

785/1283
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Table 3. Relationship of proteinuria with oth

Samples with proteinuria (n %)

er parameters.

Age Eggs of Schistosoma haematobium

=<5n=39 6-8n=406 9-11n=537 >=12n=260 P Positive n =785 Negative n = 498 P

+ (30 mg/dL) 5(12.8%) 74 (16.7%) 105(19.6%) 60 (23.1%) <0.01 197 (25.2%) 47 (9.4%) <0.01
++ (100 mg/dL) 6(15.4%) 92 (20.8%) 89 (16.6%) 33 (12.7%) 209 (26.6%) 12 (2.4%)

+++ (300 mg/dL) 2(5.1%)  75(16.9%) 56 (10.4%) 56 (21.5%) 186 (23.7%) 6 (1.2%)

Positive 13 (33.3%) 241 (54.4%) 250 (46.6%) 149 (57.3%) 592 (75.4%) 65 (13.0%)

Negative 26 (66.7%) 202 (45.6%) 287(53.4%) 111 (42.7%) 193 (24.5%) 433 (87.0%)

TOTAL 39(100%) 406 (100%) 537 (100%) 260 (100%) 785 (100%) 498 (100%)

doi:10.1371/journal.pntd.0004055.t003

low-resource, highly endemic context. The colorimetric test showed a lower performance, with
a sensitivity of 52% and a specificity of 75%; nevertheless, its positive predictive value was 77%;
despite its limitations, this test offers several advantages, mainly its ease of use, even by non-
qualified staff, at a much lower cost, as no laboratory material or infrastructure is needed.
Moreover, it can be conducted directly in the field, so treatment can be administered at the
same time. This method has been previously reported [18, 19] and it is accepted as a useful tool
in high-endemic areas where application of multifaceted approaches is needed in order to opti-
mize resources. For such cases, we propose a combination of methods, in order to reach as
many infected children as possible; if urine is haematuric, treatment could be directly adminis-
tered; in campaigns in highly affected neighbourhoods, treatment based on the colorimetric
test could be a reasonable approach, though cost-effectiveness studies should be conducted in
the area. Urine dipstick testing, if available, is a reasonable approach to diagnosis in the absence
of rapid access to microscopy.

Interestingly, 51% of the samples showed some degree of proteinuria; most of these cases
presented concomitantly haematuria and S. haematobium eggs and the older children were
more affected; the relationship of S. haematobium presence and proteinuria has been shown
previously [20, 21], but further studies are required to determine whether the presence of pro-
teinuria is associated with structural damage in the upper urinary tract, or a worse prognosis,
even at such a young age.

Despite urinary schistosomiasis and macroscopic haematuria being common among chil-
dren in the community, very few had received treatment with praziquantel (4.5% in the previ-
ous two months), showing the lack of preventive chemotherapy use in the area [6]. Further
studies of the knowledge and beliefs about the disease among community and health workers
could help to guide future educational campaigns [22, 23].

Table 4. Prevalence of intestinal parasites.

Parasite N (%) Cl 95%
Hookworm 11 5.79 2.93-10.12
Hymenolepis nana 10 5.26 2.55-9.47
Taenia sp. 5 2.63 0.86-6.03
Ascaris lumbricoides 5 2.63 0.86-6.03
Hymenolepis diminuta 2 1.05 0.13-3.75
Strongyloides stercoralis 1 0.53 0.01-2.90

Cl = Confidence Interval

doi:10.1371/journal.pntd.0004055.t004
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We did not detect the presence of intestinal schistosomiasis in the study area; this finding is
consistent with the clinical impression and with previous reports [5, 7], given that both species
of schistosomiasis are present in different regions in Angola, showing a patchy distribution.
This is possibly due to geographical and ecological factors, but it should be confirmed with
malacological studies which could identify the specific species of fresh water snails present in
the area.

Although other parasitic infections were not rare (16.75%) in the studied population, preva-
lence was lower than the national average (40% in school-aged children [6]), mainly in the case
of Strongyloides stercoralis. This lower ratio could be explained by diverse factors. We do not
believe that previous treatment could be the reason, as geohelminths mass treatment cam-
paigns have not been implemented on a regular basis in this area and only 1.5% children had
taken any antihelmintic treatment in the two previous months; the difficulty in collecting faecal
samples, which conditioned a low number of specimens, and the processing technique used
(formol-ether) in only one sample are likely reasons for the underestimation of the prevalence
of geohelminths, mainly for Strongyloides stercoralis [24], as larvae of this parasite are better
visualized on direct examination. These are the main limitations of this study. A secondary sur-
vey focused on intestinal helminths is warranted, in order to assess more precisely the preva-
lence and intensity levels of infection.

A not negligible amount of S. haematobium eggs in faeces was found. This is probably the
result of a hyperparasitation that leads to migration of parasites to the intestinal vessels; this
phenomenon can be explained by a spill-over caused by high loads of parasites [25]. Another
possible explanation, however less likely, might be contamination of faeces with urine, mainly
in the case of girls or very small children; however, this is not supported by the study’s data, as
6/8 (75%) children with S. haematobium eggs in faeces were boys and 8/8 (100%) were eight or
more years old. An explanation that has been suggested in other studies is sexual interaction
between the two species of schistosomes (S. haematobium and S. mansoni) [26, 27], but this is
unlikely in this study, as no S. mansoni was diagnosed. More studies are required to determine
whether different species of snails than previously described could have a role in these cases.

This survey is one of the few studies conducted in Angola into the epidemiology of neglected
tropical diseases, particularly schistosomiasis. It is the result of a coordinated effort between
educational authorities and the local administration and this is one of its mains strengths, as it
allowed for successful planning and implementation of the study, as well as a good way to
approach the community facilitating educational tasks. More importantly, such collaboration
will be essential for future interventions that are warranted in the community, such as imple-
mentation of preventive therapy, ecological studies or educational tasks. Additional informa-
tion, such as socio-economic characteristics, life habits in relation to the use of water and
latrines should be included in further surveys.

Conclusions

The prevalence of urinary schistosomiasis in the school-age population of Cubal, Angola, is very
high, indicating the need for urgent intervention at a public health level, the major risk factor
being the proximity to one of the main sources of water. Indirect tests, such as urine dipstick and
colorimetric tests are useful tools for diagnosis in this context. Further studies are needed in
order to assess more accurately the prevalence of intestinal schistosomiasis and geohelminths.

Supporting Information

S1 Checklist. STROBE checklist.
(DOCX)
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