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Background: Inadequate water supply and sanitation adversely affects the health and socio-
economic development of communities and places them at risk of contracting schistosomiasis
and soil-transmitted helminths (STHs). The aim of this study was to quantify the prevalence
and intensity of schistosomiasis (bilharzia) and STHs amongst female school-going pupils in
Ugu district.

Methods: A descriptive cross-sectional study was conducted in Ugu district amongst primary
school pupils from 18 randomly selected schools in 2010. A structured questionnaire was used
to collect information on the history and knowledge of bilharzia of 1057 pupils. One stool and
3 consecutive days of urine samples were collected per participant and screened for helminth
ova. Findings were compared with those reported by the parasite control programme, which
collected data in the same area in 1998.

Results: The prevalence of Ascaris lumbricoides and Trichuris trichiura was 25% and 26%,
respectively, and their corresponding mean intensities of infection were 21 and 26 eggs per
gram. The prevalence of Schistosoma haematobium was 32%, and its mean intensity of infection
was 52 eggs per 10 mL urine. Of the pupils, 60% knew about schistosomiasis, 9% reported red
urine in the past week and 22% had had dysuria before. Although the prevalence of ascariasis
and trichuriasis had decreased since 1998 (62% and 59%, respectively), the prevalence of
schistosomiasis had increased to 32% (p < 0.05).

Conclusion: Female pupils in rural schools remain at risk. A mass treatment campaign,
increased public awareness and improved sanitation are required to reduce these infections
and sustain a reduction of STHs and schistosomiasis.

Keywords: prevalence; intensity; schistosomiasis; soil-transmitted helminths; Ascaris lumbricoides;
Trichuris trichiura; Schistosoma haematobium; parasite control programme; water contact.

Introduction

The global prevalence of urogenital schistosomiasis (Schistosoma haematobium) is estimated to be
about 200 million with 500-600 million people from 74 developing countries at risk of being
infected because of inadequate sanitary facilities. This is as a result of poverty, poor housing and
sub-standard hygiene.! Approximately 80% of those infected with S. haematobium and Schistosoma
mansoni are in sub-Saharan Africa.

An estimated 4.5 billion people are infected with one of the three common soil-transmitted
helminth (STH) species, namely the roundworm (Ascaris lumbricoides), the whipworm (Trichuris
trichiura) and the hookworms (Ancylostoma duodenale and Necator americanus).® It is reported that
globally, 1221 million people are infected with A. [umbricoides, 795 million with T. trichiura
(whipworm) and 740 million people with hookworms.* Children are the most affected, and most
of them live in poor or malnourished populations, which contributes to the increase in morbidity
and mortality.” Hong et al. further noted that inadequate hygiene, poor healthcare systems and
facilities, social instability, civil war and natural disasters further exacerbate the situation.?

Dates: Received: 29 May 2019 | Accepted: 23 Jan. 2020 | Published: 03 June 2020

How to cite this article: Zulu SG, Kjetland EF, Gundersen SG, Taylor M. Prevalence and intensity of neglected tropical diseases
(schistosomiasis and soil-transmitted helminths) amongst rural female pupils in Ugu district, KwaZulu-Natal, South Africa. S Afr J Infect
Dis. 2020;35(1), a123. https://doi.org/10.4102/sajid.v35i1.123

Copyright: © 2020. The Authors. Licensee: AOSIS. This work is licensed under the Creative Commons Attribution License.

http://www.sajid.co.za . Open Access


http://www.sajid.co.za
https://orcid.org/0000-0002-4996-8827
https://orcid.org/0000-0002-5552-1095
https://orcid.org/0000-0001-8474-6106
https://orcid.org/0000-0003-3087-2240
mailto:siphogzulu@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.4102/sajid.v35i1.123=pdf&date_stamp=2020-06-03
https://doi.org/10.4102/sajid.v35i1.123

In general, the growth and survival of schistosome parasites
and their snail intermediate hosts are sensitive to changes in
weather patterns.® Previous studies have revealed that there is
evidence that S. mansoni in South Africa extends from Musina
in Limpopo down to Port St. Johns and Port Elizabeth in the
Eastern Cape.” Twenty years ago, infections (> 70%) were
reported in Mpumalanga.” Other rural areas of KwaZulu-
Natal such as Umbumbulu and Mtunzini had a prevalence of
51% —70%, and lower prevalence of schistosomiasis presented
in the coastal regions of the province including Port Shepstone,
which is the site of the study reported in this article.®

In 1938 and confirmed in the 1980s, the distribution of S.
haematobium was broader than that observed for S. mansoni
with the highest prevalence of 70% — 100% observed in the
Northern Province, Gauteng, North West Province,
Mpumalanga and KwaZulu-Natal.*!

Humid, warm and moist temperatures in these regions"
enable fast conversion of freshly deposited infertile eggs into
fertile infective eggs (A. lumbricoides and T. trichiura) or
infective larvae (hookworm species).

Materials and methods
Study population and area

A cross-sectional study was conducted in the Ugu district on
the south coast of the province of KwaZulu-Natal, South
Africa, between January and November 2010. Details about
the study area are discussed elsewhere.!?131

Study design and sample

Schools were randomly selected to participate in the study
based on the distance from the coast (> 10 km), using the
altitude map to locate potential schools situated below 300 m
because schistosomiasis prevalence decreases with an
increase in altitude.”® Eighteen schools were selected, and 17
of these schools were classified by the Department of
Education as rural and one school as urban. The study
population included female pupils aged 10-12 years old. All
girls in this age range were invited to participate. Parents
were informed about the study and its objectives at the
schools” parents’ meetings. Informed consent and assent to
participate in the study were obtained from the parents and
pupil, respectively. Of 1948 eligible girls from 18 randomly
selected primary schools, 1241 (64%) consented to participate
in the study, of whom 1057 participated and were interviewed.
Although parental consent was provided, 15% (n = 184) of
children did not attend school on the days that the interviews
were conducted and the samples were collected. The mean
age was 11.1 (standard deviation [s.d.] 0.85) years. The age of
two pupils was not included.

Parasitological assessment

Urine samples were collected per participant on three
consecutive days, requiring each school to be visited on three
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occasions. Clean pre-labelled ‘honey’ jars with unique identity
numbers were used to collect urines between 10:00 and 14:00
h each day. One stool sample was collected per participant in
a pre-labelled specimen jar. The collected samples were
packed in cooling boxes with ice packs to maintain
temperatures around 4 °C. They were transported to the
laboratory that had been set up in the field for processing by
trained research assistants on the same day. Schistosoma
haematobium infections were determined by egg count
microscopy using the urine centrifugation method and
categorised as per the World Health Organization (WHO)
quantification guidelines as mild (1-49 egg per 10 mL urine)
or heavy (> 50 eggs per 10 mL urine)." Individual stool
samples were processed in duplicate according to the Kato-
Katz technique on the following day. Slides were examined by
trained research assistants for the presence of ova of S. mansoni,
T. trichiura, A. lumbricoides and hookworm species. The egg
count was performed and the intensity of infection was
classified according to the WHO quantification guidelines.*®

Data analysis

The prevalence and intensity of the helminth infections
were analysed using univariate analysis. All data were
entered and analysed using the Statistical Programme for
Social Sciences version 18 (SPSS 18) statistical package. A X*
test was used to analyse associations between the prevalence
of schistosomiasis and factors such as knowledge about
schistosomiasis and reporting red urine, and between the
different helminth infections. The value p < 0.05 was
considered significant and 95% confidence intervals (CI)
are provided.

Ethical considerations

This study was given ethical clearance by the University of
KwaZulu-Natal’s Biomedical Research Ethics Committee
(Ref: BF005/12). The Departments of Health and Education
in Ugu district, KwaZulu-Natal, also gave permission for
this study. All subjects found positive for urinary and
intestinal schistosomiasis were treated with single dose
(40 mg/kg) praziquantel, and those infected with soil-
transmitted helminths were referred to primary health
clinics (PHC) for treatment, because PHC clinics held stocks
of the latter.

Results
Prevalence and intensity of helminth infections

Female pupils (N = 970) aged 10-12 years provided urine
samples and 853 pupils provided stool samples. Table 1
shows the prevalence and mean intensities of S. haematobium
if less than three urine samples were collected.

The prevalence of pupils found to be infected with
S. haematobium was 32.2% (95% CI 30.1% — 37.4%) (Table 1).
Schistosomiasis was found in all the schools with a prevalence
as high as 66.7% in some schools. One-third of the investigated
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TABLE 1: Prevalence and intensity of Schistosoma haematobium per number of
urine samples collected per study subject.

Number of urine
samples collected

S. haematobium (positive)  Mean intensity eggs per
10 mL (s.d.) S. haematobium

n % s.d. Mean
intensity

Pupils (n = 29) providing 7 24.1 44 10.6
one urine sample
Pupils (n = 150) providing 36 24.0 60 18.3
two urine samples
Pupils (n = 791) providing 269 34.0 32 9.6
three urine samples
Total urine samples 312 32.2 57 16.7
(n=970)

s.d., standard deviation.

TABLE 2: Prevalence of Schistosoma haematobium, Ascaris lumbricoides and
Trichuris trichiura amongst pupils (aged 10-12 years) attending 18 rural
KwaZulu-Natal primary schools.

Pupils count  Prevalence (%) 95% Prevalence (%) 95% Prevalence 95%
cl

per school of of Cl (%) of Cl
—————— S. haematobium A. lumbricoides T. trichiura
School n (n =1035) (n=853) (n=853)

100 43 33-56 35 25-45 42 32-52
B 71 40 25-56 32 14-33 28 1-30
C 37 50 27-73 40 22-61 25 6-28
D 114 38 26-52 26 17-38 48 36-61
B 11 20 3.6-62 11 2-43 22 6-55
F 50 20 11-35 25 15-39 27 17-41
G 37 36 20-55 19 9-35 19 9-39
H 101 47 36-57 24 16-35 37 27-47
| 44 48 33-62 37 24-52 29 18-44
J 46 54 39-68 38 25-52 47 33-61
K 172 11 7-16 19 14-26 16 12-23
L 77 17 9-29 19 11-30 21 13-32
M 63 8 2.6-20 27 17-40 14 7-24
N 34 13 5-29 20 10-37 17 14-44
of 22 10 3-30 15 5-37 5 1-24
P 7 25 5-70 16 3-56 0 0-4
Qf 42 9 3-23 0 0-10 0 0-10
RT 7 67 36-92 14 3-51 0 0-35

Cl, confidence interval.

T, The last five schools had few pupils as these schools were affected by the teachers’
strike (2010) and were visited during the time teachers were trying to catch up the lost
time and preparing for final exams.

schools was found to have schistosomiasis prevalence above
40.0% ranging from 40.0% to 66.7% (Table 2).

The mean intensity for pupils infected with S. haematobium
was 52 eggs per 10 mL (s.d. 90.3). A total of 71.8% (224 out of
312) of infected pupils had a low intensity of infection. There
was a significant difference (p < 0.05) in the intensity of
schistosomiasis between schools.

Ascaris lumbricoides and T. trichiura (Table 3) were found, but
no hookworm species (spp.) or Taenia spp. Of the pupils, a
proportion of 221 (25.9%) were infected with T. trichiura and
n =209 (24.5%) with A. lumbricoides. None of the schools had
an STHs prevalence above 50.0%. Ten of the schools had a
prevalence of A. lumbricoides and T. trichiura of 20.0% or
above (Table 2).

Fifteen of the schools had pupils infected with both ascariasis
and trichuriasis and two schools had pupils infected with
one helminth species. There was a statistically significant
association between the prevalence of T. trichiura and
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TABLE 3: Mean intensity (eggs per gram) of Schistosoma haematobium, Ascaris
lumbricoides and Trichuris trichiura amongst pupils attending 18 KwaZulu-Natal
primary schools.

School ID (n) S. haematobium A. lumbricoides T. trichiura
Eggs per +s.d. Eggs per +s.d. Eggs per *s.d.
10 mL urine gram gram
Overall 18 17 56 4110 14 841 146 641
schools
School A (100) 19 47 4956 12 403 188 411
School B (71) 7 12 9640 26 182 139 350
School C (37) 23 38 7091 17274 49 88
School D (114) 31 81 9689 37928 141 449
School E (11) 1 3 1951 5853 102 246
School F (50) 47 121 2762 6142 140 554
School G (37) 11 46 2380 5928 231 1006
School H (101) 30 70 2229 5490 319 1305
School | (44) 40 98 5197 8408 41 82
School J (46) 32 66 5635 8569 253 791
School K (172) 4 16 2239 5684 116 602
School L (77) 4 11 2691 6386 85 208
School M (63) 3 12 4446 8127 133 535
School Nt (34) 7 20 1726 4775 197 967
School OF (22) 0.44 1 2097 5811 17 76
School Pt (7) 54 99 210 514 0
School Qf (42) 0.86 0.3 0 0 0
School Rf (7) 14.8 17 2857 7559 0

s.d., standard deviation.

T, The last five schools had low number of pupils as these schools were affected by the
teachers’ strike (2010) and were visited during the time teachers were trying to catch up the
lost time and preparing for final exam.

S. haematobium (p < 0.05) within the schools; however,
significant differences in infections between schools were
found for all the infections found in the study (p < 0.01).

The burden of ascariasis and schistosomiasis varied per school
from those with a low mean intensity (210 eggs per gram) to
moderate infection (9689 eggs per gram). For trichuriasis, the
intensity of infection in all schools was low (Table 3). An
intensity of infection of 146 eggs per gram of stool was found
for T. trichiura, and this was the least intense infection of the
three helminths in this population with only 24 (10.4%) cases
found with moderate intensity of infection and one case (0.4%)
that had high intensity. The rest were found to have low
intensity of infection.

Intensity of infection in pupils with dual and
triple helminth infections

All dual infection cases had moderate to high intensities of
infection (Table 4). All triple infection cases had high
intensity of infection. Pupils with dual co-infections
comprised almost 30% of the pupils in our study who had
moderate to heavy infestation. High intensity (52 eggs per
10 mL urine) of S. haematobium infection was observed
amongst 27.9% of infected pupils.

Association of reported knowledge about
schistosomiasis and history (n = 1019)

Table 5 shows that most pupils had heard about
schistosomiasis (locally known as isichenene), and one in five
knew that they had bilharzia in the past, but less than one of
six knew about cases in their family. Having the knowledge
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and having had bilharzia were significantly associated with
the current S. haematobium infection.

Comparison of prevalence of helminth
infections and water contact in 1998 and 2010

There had been a reduction of more than half in the prevalence
of both A. lumbricoides and T. trichiura in female pupils aged

TABLE 4: Intensity of infection amongst dual- and triple-infected pupils from 18
Ugu district primary schools (N = 1044).

Infection Helminth Number of Mean intensity ts.d
category infected pupils
Dual infection - 116 - -

T. trichiura - 619 eggs per gram 1250

A. lumbricoides - 16 689 eggs per gram 19 189
Dual infection - 85 - -

T. trichiura - 441 eggs per gram 844

S. haematobium - 81 eggs per 10 mL 117
Dual infection - 69 - -

S. haematobium - 70 eggs per 10 mL 70

A. lumbricoides - 15 783 eggs per gram 16 732
Triple infection - 44 - -

S. haematobium - 90 eggs per 10 mL 117

A. lumbricoides - 17 819 eggs per gram 18 456

T. trichiura - 552 eggs per gram 905

s.d., standard deviation.

TABLE 5: Pupils’ knowledge and reported history of Schistosoma haematobium
(bilharzia).

Question N Response n %
Know what bilharzia is* 1020 - - -
No 393 39
Yes 587 58
Unsure 39 4
History of bilharzia within family** 1022 - - -
No 796 78
Yes 149 15
Do not know 77 8
Ever had bilharzia** 1020 - - -
No 773 76
Yes 226 22
Do not know 21 2
Ever treated for bilharzia* 237 - - -
No 102 45
Yes 129 54

*, Variable significant association with prevalence of S. haematobium (p < 0.05); **, Variable
significant association with prevalence S. haematobium and T. trichiura (p < 0.05).
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10-12 years. In addition, in 1998, the overall prevalence for
both helminths, for all pupils investigated (ages 5-14 years),
was more than twice what we found in our study. However,
the current prevalence of S. haematobium was found to be
significantly higher than the findings from the parasite
control programme (PCP) in 1998. The water contact seems
to be dramatically reduced since 1998.

The PCP study was conducted in the same area and reported
a mean egg count of 22.5, s.d. 57.2 eggs per 10 mL urine for S.
haematobium, which was similar to that found in our study
16.7, s.d. 56.4 eggs per 10 mL urine (Table 6).

Discussion

Athird of pupils investigated tested positive for S. haematobium
infection, a quarter of pupils investigated tested positive for T.
trichiura and almost a quarter of pupils investigated were
infected with A. lumbricoides. Ten per cent were co-infected
with both STHs. No other STHs were found in the study. The
majority had light and moderate intensities of infection. The
PCP found three species of STHs, whereas in our study, we
only identified two species as no hookworms were found in
our study. Hookworm species ova hatch fast and the method
used in our study to analyse stool samples (Kato-Katz
method) is not optimal to detect hookworm species; also the
delay in analysing stool samples (next day) may have further
reduced the possibility of finding hookworm species ova.”
The prevalence of A. lumbricoides and T. trichiura had decreased
by more than half, but the prevalence of S. haematobium had
increased when compared with the 1998 PCP study.

The high variability of multiple S. haematobium counts makes
single urine sample less accurate for estimating total
prevalence and for identifying the infection status of
individuals.’* The schistosomiasis prevalence amongst the
791 pupils who gave one urine was lower than the overall
prevalence for all urines collected. Only 853 of the participants
in the study gave stool samples and about a quarter of these
were infected with STHs found in our study.

TABLE 6: Comparison of prevalence and intensity of helminth infections and water contact in 1998 and 2010 studies in Ugu district.?°

Infection and water contact status 1998 (n = 398)

2010 (1 = 1057)

% 95% Cl  Eggs per 10 mLurine  Eggs per g stool % 95% Cl  Eggs per 10 mL urine  Eggs per g stool

n s.d. n s.d. n s.d. n s.d.
Prevalence
S. haematobium 15 12-19 - - - - 32.2 29-35 - - - -
A. lumbricoides 62 58-67 - - - - 24.5 22-27 - - - -
T. trichiura 59 54-63 - - - - 25.9 23-29 - - - -
Intensity
S. haematobium - - 22.5 57 - - - - 16.7 56 - -
A. lumbricoides - - - - 73 64 - - - - 4110 14841
T. trichiura - - - - 65 60 - - - - 146 642
Water contact
Fetch water from river 72 67-76 - - - - 8.0 6-10 - - - -
Wash clothes in river 44 39-49 - - - - 12.0 10-15 - - -
Swim in the river 48 43-53 - - - - 0.5 0.2-1 - - - -
Play in the river 47 43-53 - - - - 0.5 0.2-1 - - - -
Other water contactf 11 8-15 - - - - 63.0 60-66 - - - -

Note: Data from 1998 is from unpublished findings from the Parasite Control Program.
s.d., standard deviation; Cl, confidence interval.
T, Unlisted freshwater contact.

http://www.sajid.co.za . Open Access
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There has been a decrease in the prevalence of STH infections
since the PCP study, which was initiated in 1998 and
concluded in the year 2000. Ascaris lumbricoides and T. trichiura
were reported to be 24.5% and 25.9%, respectively, in 2010,
compared to 62.4% and 58.6% in 1998, whereas S. haematobium
had increased from 14.9% in 1998 to 32.2% in 2010.%
Temperature, dryness and ultraviolet light are the main
factors that can influence the death of helminth eggs.” Ugu
district has not faced drought in recent years, and there have
been efforts to improve water and sanitation facilities at
household level which may have contributed towards a
reduction in the prevalence of helminth infections.”

South Africa has a history of endemicity of STH infections.”?
A prevalence of A. lumbricoides of 70% was noted amongst
children in Cape Town attending the outpatients” department
of the Red Cross War Memorial Children’s Hospital.?
A survey of inpatients at King Edward VIII Hospital in
Durban yielded 80% positive for helminths,* whilst a survey
amongst Cape school children in the Tygerberg area reported
a prevalence of 96%.” The prevalence found in Ugu district
in 2010 was much lower.

Studies conducted in other parts of the province of KwaZulu-
Natal in the past have reported prevalence similar or higher to
those in this study. In a study that investigated the prevalence
of ascariasis and other helminths in children attending a rural
KwaZulu-Natal hospital and its referring clinic, 38.0% and
22.0% were found to be positive for A. lumbricoides and
T. trichiura, respectively® A study conducted in northern
KwaZulu-Natal school pupils found a prevalence of
S. haematobium infection of 68.0%." A proportion of 59.8% and
22.0% pupils were found to be infected with T. trichiura and
A. lumbricoides, respectively.”” Whilst these findings from the
past studies show us that the problem of helminths has been
present for some time in the province of KwaZulu-Natal, they
also indicate that S. haematobium, A. Ilumbricoides and
T. trichiura are co-endemic in many regions of the province.

These health problems can be reversed by administering the
recommended treatment for STHs (mebendazole or
albendazole) and for schistosomiasis (praziquantel) using
the correct dose (40 mg/kg). However, if untreated, the
damage caused by urogenital schistosomiasis cannot be
reversed even though egg deposition can be reduced
significantly. Urogenital schistosomiasis can result in bladder,
ureter and kidney diseases, which are often diagnosed at the
later stages of infection. Bladder cancer is another possible
late-stage complication. In women, urogenital schistosomiasis
may lead to genital lesions, vaginal bleeding, pain during
sexual intercourse and infertility.?* Male pupils also suffer
immensely from infection if they are not treated. Urogenital
schistosomiasis infections can induce pathology of seminal
vesicles, prostate and of other organs and may have long-
term irreversible effects, including infertility.*

In coastal Kenya, age-stratified analysis (< 12 years) showed
that overall children in the older (1220 years) age groups
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had less infection than those in the younger (5-11 years) age
groups, although at the outset of the programme in 1984, the
older children had the higher prevalence (71%) compared
with the younger age groups (63%).°! Older children may
have a lower risk for infection because of an acquired
immunity that is not found in younger children, as was
suggested by earlier studies on immune response and
reinfection 233357 Satayathum et al. in the findings
published in 2006 showed that gender-specific prevalence of
infection pattern over years was not constant as they found
over a period of 9 years of study, indicating that a number of
factors may influence gender-specific prevalence.™

The majority of cases found in our study were light infections.
These findings are in agreement with the findings from the
PCP study that reported overall light and moderate intensity
of infections.?’ Co-infections are common in endemic areas,
and Bradley and Buch also reported cases of Ascaris, Trichuris
and Taenia co-infections in earlier studies conducted in the
province.®

Soil transmitted helminths eggs can survive 10-12 months in
the soil upon excretion in tropical climate conditions®***
with Ascaris eggs being the most resistant.* This characteristic
of helminths ova may enable an increase in co-endemicity
through introduction of new infections, whilst old infections
have not yet been eradicated. Amongst all the 18 schools
included in the study, at least two of the three targeted
helminths were found in pupils. These findings confirm that
these areas are endemic for all three targeted helminths and
highlight the importance of improved sanitation, access to
clean water and helminth treatment to reduce the prevalence
and intensity of these infections in children. This study
targeted only female pupils but male pupils are also likely to
be equally infected.

Only female pupils aged 10-12 years were included in our
study as compared to both boys and girls from ages
5-17 years. Previous studies have reported that children
aged 9-13 years are most vulnerable and most likely to
contact helminths infection; hence, our study focused on the
most vulnerable age group making it possible to arrive to
general conclusion about prevalence status of all children
including boys. Also, we are able to draw conclusion for both
boys and girls using evidence from findings from previous
studies which show that both boys and girls are infected by
helminths similarly.

Towards the end of 2010, there was massive teachers’ strike
that lasted for couple of weeks towards the end of the
academic year. This strike meant that the interaction we had
with schools was very limited when the strike was over as
teachers were making up for the lost time and also preparing
for final exams. This led to last five schools we visited having
low participants. This was noted in our findings.

The following recommendations were made. To achieve
maximum health impact, greater focus is needed in ensuring
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installation of safe hygienic toilets and safe water for personal
and domestic hygiene in communities.

Proper sanitation facilities should be installed at the same time
as water facilities to significantly effect optimum reduction of
water-faecal-related infections. Access to water supply should
be as close as possible to each house to reduce the exposure to
unsafe water sources and maximise hygiene practices. School
and health programmes should emphasise hygiene education
to encourage personal hygiene and promote early health-
seeking behaviour. Pupils and communities should be
engaged about infections or diseases that are endemic in their
communities and collective solutions should be explored as to
how such diseases can be prevented from spreading.

Acknowledgements

The authors would like to thank Mr Roy Manyaira for data
management and the team at the Bilharzia Research Improving
Global Health Today (BRIGHT) Research Clinic (http://
brightresearch.org/) for their hard work. They would also like
to thank all the pupils enrolled and the parents for giving
consent for their pupils to participate in this study, as well as
the teachers, headmasters and the KwaZulu-Natal Department
of Education for giving permission and support to conduct the
study in the selected schools. The authors would like to thank
the whole KwaZulu Natal Parasite Control Programme team
for making the findings and data from their work in the study
area available for use and comparison analysis.

Competing interests

The authors have declared that no competing interests exist.

Authors’ contributions

EFK., M.T. and S.G.G. designed and conceived the study.
S.G.Z. and E.FK. conducted the study and collected data.
S.G.Z., M.T. and EFK. analysed the data. S.G.Z. wrote the
article. All authors read, reviewed and approved the final
manuscript.

Funding information

This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

Data availability statement

This study is a part of a larger ongoing study and, therefore,
data are not available for public purpose.

Disclaimer

The views and opinions expressed in this article are those of
the authors and do not necessarily reflect the official policy or
position of any affiliated agency of the authors.

References

1. World Health Organization. Schistosomiais fact sheet number 115. Geneva: World
Health Organization; 2014.

Page 6 of 7 . Original Research

10.

11.
12.
13.
14.
15.
16.
17.

18.

19.

20.
21.
22.
23.
24,

25.

26.

27.

28.

29.

http://www.sajid.co.za . Open Access

World Health Organization. Press release: Burkina Faso reaches major milestone
in protecting its people against tropical parasites [nomepage on the Internet].
2006 [cited 15 June 2006] . Available from: http://www.who.int/wormcontrol/
bf_press_release/en/print.html

Utzinger J, Keiser J. Schistosomiasis and soil-transmitted helminthiasis: Common
drugs for treatment and control. Expert Opin Pharmacother. 2004;5(2):263-285.
https://doi.org/10.1517/14656566.5.2.263

De Silva NR, Brooker S, Hotez PJ, Montresor A, Engels D, Savioli L. Soil transmitted
helminth infections: Updating the global picture. Trends Parasitol.
2003;19(12):547-551. https://doi.org/10.1016/j.pt.2003.10.002

Hong S-T, ChaiJY, Choi MH, Huh S, Rim HJ, Lee SH. A successful experience of soil-
transmitted helminth control in the Republic of Korea. Korean J Parasitol.
2006;44(3):177-185. https://doi.org/10.3347/kjp.2006.44.3.177

World Health Organization. Intestinal worms: Epidemiology. Senegal: Hindawi
Publishing Corporation; 2013.

Vermeulen MS, et al. Socio-demographic, sanitation and hygiene factors related
to nematode infection of a rural population in the Northern Province. S Afr J
Epidemiol Infect. 1997;12(3):85-90.

Schutte CHJ, Fripp PJ, Evans AC. An assessment of the schistosomiasis situation in
the Republic of South Africa. S Afr J Epidemiol Infect. 1995;10(2):37-43.

Schutte C, Eriksson IM, Anderson CB, Lamprecht T. Intestinal parasitic infections in
black scholars in northern KwaZulu. S Afr J Med J. 1981;60(4):137-141.

Moodley I, Kleinschmidt |, Sharp BL, Craig MH, Appleton CC. Schistosomiasis and
climate in South Africa: Preliminary models using geographic information systems.
In Part two: Schistosomiasis: Final report. Unpublished work. Durban: Medical
Research Council of South Africa; 1999.

Crompton D. Prevalence of ascariasis. In: Crompton D, Nesheim M & Pawlowski Z,
Editors. Ascariasis and its prevention and control. London: Taylor and Francis; 1989;
pp. 9-44.

Pillay P, Taylor M, Zulu SG, et al. Real-time polymerase chain reaction for detection
of Schistosoma DNA in small volume urine samples reflects focal distribution of
urogenital Schistosomiasis in primary school girls in KwaZulu-Natal, South Africa.
Am ] Trop Med Hyg. 2014;90(3):546-552. https://doi.org/10.4269/ajtmh.13-0406

Hegertun IE, Sulheim Gundersen KM, Kleppa E, et al. Schistosoma haematobium
as a common cause of genital morbidity in girls: A cross-sectional study of children
in South Africa. PLoS Negl Trop Dis. 2013;7(3):e2104. https://doi.org/10.1371/
journal.pntd.0002104

Molvik M, Heiland E, Zulu SG, et al. Co-infection with Schistosoma haematobium
and soil-transmitted helminths in rural South Africa. S AfrJ Sci. 2017;113(3/4):6p.

Appleton C, Kvalsvig J. A school-based helminth control programme successfully
implemented in KwaZulu-Natal. S Afr J Epidemiol Infect. 2006;21(2):55-67.
https://doi.org/10.1080/10158782.2006.11441265

World Health Organization. Prevention and control of schistosomiasis and soil-
transmitted helminthiasis. Technical report series 912. Geneva, Switzerland: WHO
Library Cataloguing in-Publication Data; 2002; p. 1-63.

Hotez PJ. Hookworm and poverty. Ann N Y Acad Sci. 2008;1136:38-44. https://
doi.org/10.1196/annals.1425.000

Savioli L, Hatz C, Dixon H, Kisumku UM, Mott KE. Control of morbidity due to
Schistosoma haematobium on Pemba Island: Egg excretion and hematuria as
indicators of infection. Am J Trop Med Hyg. 1990;43(3):289-295. https://doi.
org/10.4269/ajtmh.1990.43.289

Saathoff E, Olsen A, Magnussen P, Kvalsvig JD, Becker W, Appleton CC. Patterns
of Schistosoma haematobium infection, impact of praziquantel treatment and
re-infection after treatment in a cohort of schoolchildren from rural KwaZulu-
Natal/South Africa. BMC Infect Dis. 2004;4:40. https://doi.org/10.1186/1471-
2334-4-40

Kvalsvig J, Appleton CC, Archer C, Mthethwa P, Memela C, Mpanza. The KwaZulu-
Natal Parasite Control Programme 1998-2000. Unpublished. University of
KwaZulu-Natal; Durban, 2001.

Maya C, Torner-Morales FJ, Lucario ES, Hernandez E, Jiménez B. Viability of six
species of larval and non-larval helminth eggs for different conditions of
temperature, pH and dryness. Water Res. 2012;46(15):4770-4782. https://doi.
org/10.1016/j.watres.2012.06.014

Ugu District Municipality. Sector wide infrastructure audit: Final report. Port
Shepstone; 2011.

Louw JH. Abdomical complications of Ascaris lumbricoides infection in children. Br
J Surg. 1966;53(6):510-521. https://doi.org/10.1002/bjs.1800530606

Adeloye A, editor. Davey’s companion to surgery in Africa. 2nd ed. Edinburgh:
Churchill-Livingstone, 1987; p. 317-326.

Burger PJ. Die voorkoms van intestinale parasiete by skoolkinders in die
Tygerbergse omgewing. S Afr Med J. 1968;42:811-812.

Bradley JP, Buch E. The prevalence of Ascaris and other helminth infestations in
children attending a rural Natal hospital and its clinics. S Afr J Epidemiol Infect.
1994;9(2):42-44.

Saathoff E, Olsen A, Kvalsvig JD, Appleton CC. Patterns of geohelminth infection,
impact of albendazole treatment and re-infection after treatment in schoolchildren
from rural KwaZulu-Natal/South-Africa. BMC Infect Dis. 2004;4:27. https://doi.
org/10.1186/14751-2334-4-27

Wright ED, Chipangwi J, Hutt MSR. Schistosomiasis of the female genital tract. A
histopathological study of 176 cases from Malawi. Trans R Soc Trop Med Hyg.
1982;76(6):822-829. https://doi.org/10.1016/0035-9203(82)90118-3

Kjetland EF, Mduluza T, Ndhlovu PD, et al. Genital schistosomiasis in women — A
clinical in vivo 12-months’ study following treatment with praziquantel. Trans R Soc
Trop Med Hyg. 2006;100(8):740-752. https://doi.org/10.1016/j.trstmh.2005.09.010



http://www.sajid.co.za
http://brightresearch.org/
http://brightresearch.org/
http://www.who.int/wormcontrol/bf_press_release/en/print.html
http://www.who.int/wormcontrol/bf_press_release/en/print.html
https://doi.org/10.1517/14656566.5.2.263
https://doi.org/10.1016/j.pt.2003.10.002
https://doi.org/10.3347/kjp.2006.44.3.177
https://doi.org/10.4269/ajtmh.13-0406
https://doi.org/10.1371/journal.pntd.0002104
https://doi.org/10.1371/journal.pntd.0002104
https://doi.org/10.1080/10158782.2006.11441265
https://doi.org/10.1196/annals.1425.000
https://doi.org/10.1196/annals.1425.000
https://doi.org/10.4269/ajtmh.1990.43.289
https://doi.org/10.4269/ajtmh.1990.43.289
https://doi.org/10.1186/1471-2334-4-40
https://doi.org/10.1186/1471-2334-4-40
https://doi.org/10.1016/j.watres.2012.06.014
https://doi.org/10.1016/j.watres.2012.06.014
https://doi.org/10.1002/bjs.1800530606
https://doi.org/10.1186/1471-2334-4-27
https://doi.org/10.1186/1471-2334-4-27
https://doi.org/10.1016/0035-9203(82)90118-3
https://doi.org/10.1016/j.trstmh.2005.09.010

30.

31.

32.

33,

34.

Centers for Disease Control and Prevention. Schistosomiasis in Lake Malawi. The
Lancet. 1994;1(9037):1-10. https://doi.org/10.1016/5S0140-6736(96)01511-5

Satayathum SA, Muchiri EM, Ouma JH, Whalen CC, King CH. Factors affecting
infection or reinfection with Schistosoma haematobium in coastal Kenya: Survival
analysis during a nine-year, school-based treatment program. Am J Trop Med Hyg.
2006;75(1):83-92. https://doi.org/10.4269/ajtmh.2006.75.83

Sturrock RF, Kimani R, Cottrell BJ, et al. Observations on possible immunity to
reinfection among Kenyan schoolchildren after treatment for Schistosomiasis
mansoni. Trans R Soc Trop Med Hyg. 1983;77(3):363-371. https://doi.
0rg/10.1016/0035-9203(83)90166-9

Hagan P, Blumenthal UJ, Chaudri M, et al. Resistance to reinfection with
Schistosomiasis haematobium in Gambian children: Analysis of their immune
responses. Trans R Soc Trop Med Hyg. 1987;81(6):938-946. https://doi.
org/10.1016/0035-9203(87)90359-2

Etard JF, Audibert M, Dabo A. Age-acquired resistance and predisposition to
reinfection with Schistosoma haematobium after treatment with praziquantel in
Mali. Am J Trop Med Hyg. 1995;52(6):549-558. https://doi.org/10.4269/ajtmh.
1995.52.549

Page 7 of 7 . Original Research
35.

36.
37.
38.
39.

40.

Wolmarans CT, De Kock KN, Bornman M, Le Roux J. The use of school-based
questionnaires in the identification of factors and groups at risk of infection with
Schistosoma mansoni in the endemic areas of the Limpopo Province, South Africa. S
Afr ) Epidemiol Infect. 2004;19:18-22.

Hemson D. ‘The Toughest of Chores’: Policy and practice in children collecting water
in South Africa. Pol Futures Educ. 2007;5(3):315-326. https://doi.org/10.2304/
pfie.2007.5.3.315

Appleton CC, Maden H. Human schistosomiasis in wetlands in southern Africa.
Wetlands Ecol Manage. 2012;20:253-269. https://doi.org/10.1007/s11273-012-
9266-2

Larsen MN, Roepstorff A. Seasonal variation in development and survival of
Ascaris suum and Trichuris suis eggs on pastures. Parasitology. 1999;119:209-220.
https://doi.org/10.1017/50031182099004503

Sanguinetti GS, Tortul C, Garcia MC, Ferrer V, Montangero A, Strauss M. Investigating
helminth eggs and Salmonella sp. in stabilization ponds treating septage. Water Sci
Technol. 2005;51(12):239-247. https://doi.org/10.2166/wst.2005.0472

World Health Organization. Guidelines for the safe use of wastewater, excreta and
greywater. Geneva: World Health Organization; 2006.

http://www.sajid.co.za . Open Access



http://www.sajid.co.za
https://doi.org/10.1016/S0140-6736(96)01511-5
https://doi.org/10.4269/ajtmh.2006.75.83
https://doi.org/10.1016/0035-9203(83)90166-9
https://doi.org/10.1016/0035-9203(83)90166-9
https://doi.org/10.1016/0035-9203(87)90359-2
https://doi.org/10.1016/0035-9203(87)90359-2
https://doi.org/10.4269/ajtmh.1995.52.549
https://doi.org/10.4269/ajtmh.1995.52.549
https://doi.org/10.2304/pfie.2007.5.3.315
https://doi.org/10.2304/pfie.2007.5.3.315
https://doi.org/10.1007/s11273-012-9266-2
https://doi.org/10.1007/s11273-012-9266-2
https://doi.org/10.1017/S0031182099004503
https://doi.org/10.2166/wst.2005.0472

