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Abstract. Women with female genital schistosomiasis (FGS) have been found to have genital symptoms and a three-
fold higher risk of HIV infection. Despite WHO recommendations, regular antischistosomal mass drug administration
(MDA) has not yet been implemented in South Africa possibly because of the lack of updated epidemiological data. To
providedata for futureprevention efforts against FGSandHIV, this study exploredSchistosomahaematobiumprevalence
in girls and young women and the effects of antischistosomal MDA, respectively. Urinary schistosomiasis and genital
symptoms were investigated in 70 randomly selected secondary schools in three districts within KwaZulu-Natal and 18
primary schools. All study participants were treated for schistosomiasis, and schools with the highest urinary prevalence
were followed up after 1 and 4 years of MDA. At baseline, urine analysis data showed that most schools were within the
moderate-risk prevalence category where biennial antischistosomal MDA is recommended, as per WHO guidelines.
Young women had high prevalence of genital symptoms (36%) after correcting for sexually transmitted infections. These
symptomsmaybe causedby infectionwith schistosomes.However, FGScannot bediagnosedbyurine analysis alone. In
KwaZulu-Natal rural schools, this study suggests that antischistosomal MDA with praziquantel could prevent genital
symptoms in more than 200,000 young women. Furthermore, it is feasible that more than 5,000 HIV infections could be
prevented in adolescent girls and young women by treatment and prevention of FGS.

INTRODUCTION

Schistosomiasis (Bilharzia) is a waterborne parasitic in-
fection found around the world but predominantly in sub-
Saharan Africa, where more than 800 million people are
estimated to be currently at risk of infection.1 Schistosomiasis
is estimated to account for more than 200,000 deaths in this
continent annually. This infection is associated with pain and
sometimes causes debilitating morbidity in both adults and
children.1

The most common species of schistosome in Africa is
Schistosoma haematobium, characterized by urogenital dis-
ease.1 Schistosoma haematobium is notably associated with
morbidity of the male and female genitals, bladder, and kid-
neys.2 Adult worms live mainly in the venous plexus sur-
rounding the bladder andgenital tissue, depositing eggs in the
urogenital tract.3 The ensuing host inflammation is composed
of immunological cells, fibrosis, and angiogenesis.3–5 The
female genital manifestations of S. haematobium, noted as
female genital schistosomiasis (FGS), have previously been
reported to affect a mean of 54% (range 33–75%) of women
and girls living in schistosome-endemic areas.6,7 The pres-
ence of schistosome eggs in genital tissue is classically as-
sociated with a burning sensation in the genitals, malodorous
discharge, and pain as well as infertility, ectopic pregnancies,
and miscarriage.7

Furthermore, FGShas been associatedwith amore than 3-
fold higher risk of HIV infection in women.8–11 Sub-Saharan
Africa accounts for approximately 69% of global HIV infec-
tions, and the Joint United Nations Program on HIV/AIDS
(UNAIDS) reports an HIV incidence of 1.5–2.8% in young
women in KwaZulu-Natal.12 The two diseases place an al-
ready vulnerable population further at risk.6,9,13 To improve
the sexual and reproductive health outcomes of women and
girls, the WHO and UNAIDS together recommend interven-
tions in and research on populations affected by HIV and
FGS.13,14

Praziquantel is the recommended treatment for schistosomi-
asis.14,15 However, it is effective only in killing adult worms,
thereby decreasing egg excretion and deposition, preventing
further tissue damage.16 The WHO, therefore, recommends
routine, early, and repeated treatment for those at risk.17 The
antischistosomal mass drug administration (MDA) strategies
focus almost exclusively on primary school learners aged
6–14 years, although data and treatment among adolescents
and young adults are lacking. While many African countries
have implemented at least one round of MDA, South Africa,
home to the worst HIV epidemic in the world, has not yet
implemented universal treatment.6,15 There is a lack of epi-
demiological data on adolescents and young adults in this
region, and the consequences of FGS have not been taken
into consideration in strategic documents in regard to ado-
lescent health and HIV.15,18–20 To provide epidemiological
data for use in prevention efforts against both FGS and HIV,
this study explored the implications of the natural progression
of urogenital schistosomiasis in untreated girls aged 10−12
years and young women aged 16−22 years in KwaZulu-Natal
Province, South Africa.
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METHODS

Study area and design. According to South Africa’s De-
partment of Education, there are 1,747,010 learners in 4,353
rural schools in KwaZulu-Natal Province.21 A cross-sectional
study was performed in 70 randomly selected rural sec-
ondary schools within three districts along the eastern
coastline of KwaZulu-Natal (Figure 1). In young women, uri-
nary and interview data collection began in 2011. Further-
more, approximately 1 year after MDA, follow-up data were
collected from the same individuals in 29 of these secondary
schools. In 2015, after approximately 4 years of annual MDA,
data collection was again performed in 28 of these second-
ary schools, this time among new learners now populating
the schools. To study the effects of antischistosomal treat-
ment, schools with low baseline urinary prevalence and low
treatment coverage were excluded from the follow-up
investigations.
In addition, in 2015, we included 17 new randomly selected

rural, secondary schools within the same districts. These
youngwomen had never previously receivedMDA.Moreover,
girls from 18 rural primary schools in Ugu district were also
included, as has been described previously.22 The study re-
gion is known to be endemic for HIV and S. haematobium,
whereas only occasional cases ofSchistosomamansoni have
been reported.23–26

Study population. The research was nested in a larger
study on FGS in KwaZulu-Natal.27,28 Consenting female par-
ticipants in secondary schools between ages 16 and 22 years,
hereafter referred to as “young women,” were invited to par-
ticipate in the study. The study excluded those with chronic or
severe illness, those who were currently pregnant, and who
hadnohistory of sexual activity. Assenting female participants
in primary schools between the ages of 10 and 12 years,
hereafter referred to as “girls,”were also invited to participate
in the study with parental consent.29

Mass drug administration.Mass drug administration was
offered by our team in collaboration with the districts’ de-
partments of health to both male and female individuals in all
included schools.18 The WHO recommends routine and re-
peated MDA defined as mass treatment with praziquantel (40
mg/kg) for endemic area schools as, shown in Table 1.

Laboratory analyses. Urine analysis. Trained research
assistants and school nurses collected urine between 10:00
and 14:00 for three consecutive days from girls included in
the study.22 For young women, one urine sample was col-
lected.27 Samples were transported to the laboratory in dark
and temperature-controlled containers. Two 10 mL urine
samples were preserved with 1 mL of 2% tincture of Mer-
thiolate in 5% formalin solution. Samples were centrifuged
for 10minutes at 4,000 rpmandmicroscopically investigated
at ×10 magnification for S. haematobium eggs. The egg
counts were recorded for each 10 mL of urine separately.
When more than 1,000 eggs were seen, counting was
stopped. Microscopy was performed blinded to previous
results and by separate technicians. Quality control was
performed by an independent expert on 10% of randomly
selected samples.
Herpes simplex virus type 2 (HSV-2) and human papilloma-

virus analyses (HPV). In young women, samples of cervico-
vaginal lavage (CVL) were collected during colposcopy by
spraying 10 mL of saline on the cervical surface and with-
drawing it back into the syringe, as described previously.30

Herpes simplex virus type 2 antibodies were detected in se-
rum using ELISA Ridascreen HSV-2 IgG (Davies Diagnostics,
Randburg, South Africa) and in ELISA HerpeSelect®, IgG as-
say (Focus Diagnostics, Russelheim, Germany). Herpes sim-
plex virus type 2 PCR was only performed in a subsample of
participants because of financial and practical constraints.
Likewise, HPVPCRwas carried out in a subsample and tested
for GP5+/6 + HPV PCR followed by an enzyme immunoassay
method using a cocktail mixHPVprobes 16, 18, 26, 31, 33, 35,
39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82 (Whitehead
Scientific, Cape Town, South Africa).31

Chlamydia trachomatis (CT) and Neisseria gonorrhea (GC)
analysis. Cervicovaginal lavage was analyzed using ProbeTec
CT/GC strand displacement PCR assay for Chlamydia tracho-
matis and Neisseria gonorrhea (Becton Dickinson, Microbiology
systems, Johannesburg, South Africa).28,32

Trichomonas vaginalis and HSV PCR. In-house PCR was
used at the Laboratory of Infection, Prevention and Control at
the University of KwaZulu-Natal, Durban, South Africa.33

Syphilis analysis. Syphilis was detected in thawed serum
samples using a Macro-VueTM test 110/112 (BD, Becton

FIGURE 1. Study population. Legend: a2009. bUgu district. cStarted 2011. dUgu, iLembe, and Southern uThungulu (King Cetshwayo) districts.
eStarted 2012, excluding previous schools with low baseline urinary prevalence and low treatment coverage. fStarted 2015, excluding previous
schools that refused (n = 2), with low baseline urinary prevalence. *We excluded primary and secondary schools with fewer than 10 study
participants or for which urine results were contaminated or otherwise not available. This figure appears in color at www.ajtmh.org.
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Dickinson Microbiology systems) for a rapid plasma reagin
test (RPR) and Immutrep for Treponema pallidum hemag-
glutination assay (Omega diagnostics group PLC, Alva,
Scotland, United Kingdom).
Bacterial vaginosis analysis. Nugent’s scoring criteria was

used for the diagnosis of bacterial vaginosis.34 Candidiasis
was diagnosed using the Gram staining technique under light
microscopy and severity scored (one to five) in accordance
with the number of spores seen.35 Sexually transmitted in-
fection (STI) analyses were not performed for girls aged 10–12
years.
Interviews. Each school administration provided the names

of the associated primary and secondary school(s) in
the area. In each school, research assistants invited con-
senting female study participants to private interviews con-
ducted in the local language, isiZulu.22,27 The study
participants answered questions regarding their history of
genital symptoms and high-risk water contact, defined as
regular exposure to potentially infective water bodies cov-
ering at least 10% of the body surface, or being in the risk
water at least 60 minutes per exposure.22 Study participants
were askedquestions about each year of their lives, including
where they lived and whether they might have had contact
with freshwater. They were also asked about their housing,
laundry, and bathing routines; tap water access; and water
outages.
The symptoms, genital burning, abnormal vaginal bleeding,

and malodorous discharge, have been reported in girls pre-
viously.22 By comparison, the same symptoms in the young
women were also analyzed. We excluded those who had
tested positive for one or more STI, which could otherwise
explain their specific symptom or symptoms.28,30 Cases with
gonorrhea and/or chlamydia were excluded for those who
reported bloody vaginal discharge. We excluded cases who
were positive for HSV, gonorrhea, chlamydia, T. vaginalis,
bacterial vaginosis, and/or yeast infection for those who re-
portedmalodorous discharge. For those who reported genital
burning, we excluded herpes simplex virus, gonorrhea, chla-
mydia, T. vaginalis, and/or yeast infection.
Ethics and permissions. Ethical clearancewasprovidedby the

Biomedical Research Ethics Committee (BREC), University of
KwaZulu-Natal, 2009 (Ref BF029/07), and from theDepartment of
Health, Pietermaritzburg,KZN, 2009 (RefHRKM010-08).Regional
Ethics Committee Eastern Norway gave ethical clearance on Sep-
tember 17, 2007 (Ref 469–07066a1.2007.535). The Departments
of Health and Education in KwaZulu-Natal gave permission. Male
and female learners of all participating schools were offered MDA
at least once. Carewas taken to provide confidentiality for all study
participants. Girls provided verbal assent aswell aswritten consent
from a parent or guardian prior to participation. Young women
provided their written and verbal consent, andparents or guardians
of the young women were informed about their participation.

RESULTS

At baseline, 3,250 female learners from 18 primary schools
and 70 secondary schools participated in the study (Figure 1).
The median age was 18 (range 16–22) years in the secondary
schools and 11 (range 10–12) years in the primary schools.
Figure 2 shows the young women’s likely risk water contact.
Contact with potentially contaminated water was highest
betweenages8–14years, peaking at the ageof 10years. River
water was the most common type of risk water contact re-
ported among the young women in this study; 93% (2,229/
2,387) remembered risk water contact in their lifetime. Tap
water was accessible to 96.9% (range 86–100%) of the pri-
mary school study participants. As displayed in Figure 3,
S. haematobium prevalence was highest in the girls, peaking
at age 12 years, where over 30% of girls tested urine positive
for S. haematobium.
Baseline prevalence rates. As shown in Table 2, approx-

imately three-quarters of the secondary schools had urinary
schistosomiasis prevalence between 10 and 49%, qualifying
them for biennial MDA per WHO guidelines. Median second-
ary school prevalence was 20% (range 0–75%), whereas
median school prevalence among primary schools was 34%
(range 0–61%). As shown in Figure 4, most of the primary
schools also fell between 10% and 49% prevalence, and five
schools fell above 50%prevalence, qualifying them for annual
MDA (Figure 4).
Rural KwaZulu-Natal’s need for MDA. Extrapolating a

conservative estimate of 20.5% urinary schistosomiasis from
this study to rural KwaZulu-Natal school children using school
data from the South African Department of Education Master
Lists,21 approximately 329,247 learners are likely to have de-
tectable urinary schistosomiasis (of 1,606,083 rural learners).
Furthermore, as per WHO guidelines, approximately 2,625
rural primary schools in KwaZulu-Natal (approximately
934,462 learners) should be offered annual or biennial anti-
schistosomal treatment.
Baseline genital symptom prevalence. The median school

prevalence for genital symptoms in sexually active 16–22-
year-old young women was 67% (range 35–92%) (Figure 5).
Further excluding study participants who had one or more
sexually transmitted disease(s) that could otherwise cause
these symptoms, the median school prevalence for self-
reported symptoms in the genitalswas 36% (range 13–74%).
Nine of the 62 secondary schools had 50% or higher genital
symptom prevalence. In girls aged 10–12 years, the median
school prevalence for genital symptoms was 30% (range
0–47%).
Extrapolating these prevalence rates to the whole of ru-

ral KwaZulu-Natal, approximately 257,056 (32%, range
34,978–450,077) of female learners in this province have
genital symptoms, not caused by STIs and hence possibly
caused by schistosomiasis.

TABLE 1
WHO risk levels and MDA

High risk Moderate risk Low risk

Urinary Schistosoma haematobium
prevalence

³ 50% 10–49% < 10%

WHO recommendations Annual MDA Biennial MDA Two rounds of MDA throughout primary
school years

MDA = mass drug administration.
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In a subsample inUgudistrict, 11 untreated primary schools
were paired with the closest associated seven untreated
secondary school(s) (Figure 6). Figure 7 shows that prevalence
of urinary egg excretion was higher in 10- to 12-year-old girls
than young women in neighboring schools (P = 0.005). The

bestfit line for geographicallyconnectedareasprovidesa formula
for estimating urinary schistosomiasis prevalence: Secondary
school prevalence = Primary school prevalence/2.48 + 7.8%.
In this subsample of 18 schools, there was a trend but no

statistically significant association betweennon-STI secondary

FIGURE 2. Age vs. risk water contact. Histogram representing percentage of surveyed learners with affirmative risk water contact at
given age. The inference on water contact each year was based on where the young woman was staying (anecdotally) and her own or the
research staff’s knowledge on when tap water became available in this area, if at all. This figure appears in color at www.ajtmh.org.

FIGURE 3. Female urinary schistosomiasis prevalence by age. This figure appears in color at www.ajtmh.org.
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schools and in primary school genital symptoms of the same
geographical area (P = 0.183). Specifically, there was no sig-
nificant association in reported sensation of genital burning
(P = 0.232) or malodorous discharge (P = 0.065).
Analysis of rivers contacted. Approximately 42% (993/

2350) of youngwomenwere able to provide the name(s) of the
rivers or other water bodieswithwhich theyweremost often in
contact, if any. As shown in Figure 8, more than 50% of those
who mentioned the Mvoti River had detectable urinary
schistosomiasis qualifying them for annual MDA. There are
approximately 30 schools along Mvoti in iLembe district; only
two were included in this study, and both qualified for MDA
per WHO recommendations, annually and biennially, respec-
tively. Figure 8 shows that schools along the same river may
fall in different MDA management categories. Likewise, it can
be seen from the map that even schools relatively close to
each other, for example, within a 5-km radius, may land in
different WHO treatment categories. Notably, all the tested
schools in iLembe were secondary schools; most of the other
schools are primary schools. As shown in Figure 7, these
primary schools would likely have higher prevalence of
schistosomes than indicated on the map.
One and 4 years after annual MDA. The young women

aged 16–22 years were investigated again approximately 1
year following the first MDA. On this follow-up, nearly half of

the schools (13/29 or 44.8%) had fallen below the 10%
prevalence level after just one MDA effort (Figure 9).
These schools were investigated again following 4 years of

annual MDA, with a new group of young women now popu-
lating each school. After four rounds of mass treatment, 18/25
(72%) of the schools were now below the 10% urinary prev-
alence level andnoneof the schools had remained above50%
prevalence.
Potential effects of MDA on the HIV epidemic. If 329,247

of rural learners in KwaZulu-Natal have detectable urogenital
schistosomiasis, we may presume half of these are female,
164,624. If 54% (range 33–75%) of these have FGS, it would
follow that 88,897 female learners in KwaZulu-Natal Province
will exhibit current or developing FGS symptoms and signs.
Table 3 shows that more than 5,300 HIV seroconversions
could be prevented annually by adequate treatment and pre-
vention of S. haematobium in girls and young women.

DISCUSSION

In accordance with the WHO recommendations, we have
found that almost one million children are in need of anti-
schistosomal treatment in KwaZulu-Natal and more than
2,600 schools in this province qualify for annual or biennial
MDA. If such interventions were implemented, this study

TABLE 2
Risk level findings by urinary Schistosoma haematobium prevalence

High risk (³ 50%) Moderate risk (10–49%) Low risk (< 10%)

Primary schools* 5/16 (31.3%) 9/16 (56.3%) 2/16 (12.5%)
Secondary schools* 2/62 (3.2%) 47/62 (75.8%) 13/62 (20.9%)
* Excluding 2 primary schools and 8 secondary schools that either had fewer than 10 study participants or for which urine results were not available.

FIGURE 4. Baseline urinary schistosomiasis prevalence among
KwaZulu-Natal primary schools (girls aged 10–12 years) in 2009 and
secondary schools (girls aged 16–22 years) in 2011 combined.

FIGURE 5. Baseline genital symptom prevalence among KwaZulu-
Natal school girls aged 10–12 years and young women aged 16–22
years combined. Legend: The girls and young women were inter-
viewed in 2009 and 2011, respectively.
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indicates that 5,300 annual incidents of HIV transmission
could be prevented among these adolescent girls and young
women.6,9–12 Despite access to tap water in much of the

region, more than 90% of the participants in this study re-
ported to have had risk water contact and more than 30%
reported genital symptoms that could not be otherwise
explained by STIs.
As in previous studies, our findings suggest that the mor-

bidity of S. haematobium infection does not necessarily de-
crease with age but may become more difficult to detect
through urine sampling.7,37 Other studies have shown that
schistosome egg excretion in the urine is highest between the
ages of 10 and 15 years.37 However, circulating anodic anti-
gen (CAA) levels indicate that adults also have live worms.
After the age of 15 years, urinary egg excretion begins to de-
cline, despite CAA levels indicating a relatively high worm
burden.37–39 This warrants MDA among secondary learners in
endemic areas. Moreover, such MDA efforts would be best
strategized based on the detected prevalence rates in the
primary schools, as primary school prevalence appears to
show a more accurate representation of geographical burden
of S. haematobium.
Several studies have indicated that treating schistosome

infections in endemic areas of sub-Saharan Africa could be a
novel approach to reducing HIV incidence.11,36,40–42 Female
genital schistosomiasis has been found to be associated
with higher frequencies of monocytes and the HIV receptor
CCR5, both of which decrease following antischistosomal
treatment with praziquantel.28 Furthermore, schistosomiasis/
HIV coinfection has been found to increase HIV-1 viral loads in
HIV-1–infected individuals, potentially accelerating AIDS de-
velopment by up to 3 years.11 With approximately six million
individuals infected with schistosomiasis in South Africa,

FIGURE 6. Ugu district primary schools and associated secondary
schools displayed in 8 separate color-coded clusters.

FIGURE 7. Comparison of urinary schistosomiasis prevalence levels between KwaZulu-Natal 10- to 12-year- old girls and 16- to 22-year-old
young women in adjacent primary and secondary schools. This figure appears in color at www.ajtmh.org.

2060 LIVINGSTON AND OTHERS

http://www.ajtmh.org


routine and repeated MDA could have an important effect on
transmission, morbidity, and mortality from both infections.
The South African Department of Health and the WHO rec-

ommend 75% treatment coverage in schistosome-endemic
area schools.17,43 However, only a few ad hoc mass drug in-
terventions have been implemented, and seldom have these
campaigns met adequate treatment coverage.18 In 2011,
treatment coveragewas just less than45%(range14.5–82.6%).18

Of those who did not receive treatment, the majority were
reported to be secondary school learners aged 15–24 years
and disproportionately male. Before this small pilot effort, it
had been 14 years since the last mass praziquantel treatment
campaign in South Africa.23

There is currently no method to accurately distinguish be-
tween early- and late-stage schistosome infection, and the
S. haematobium parasites can survive as long as 30 years.2

Consequently, it is not possible to know whether infected
young women contracted schistosomiasis near their sec-
ondary school recently, or their primary school years pre-
viously.16 In our data analysis, behavioral differences between
primary girls and young women suggest higher risk of contact
with contaminated water between ages 8 and 14 years,
peaking at age 10 years. It is therefore quite likely that many
positive young women had become infected with S. haema-
tobium as children, several years before. This is an important

epidemiological consideration asmost South African learners
attend primary and secondary schools in different locations,
often several kilometers apart.21 TheDepartment of Education
Lists show approximately three times more primary schools
than secondary schools, necessitating secondary learners to
commute further distances to their respective schools.21 In
determining the exact locations of the contaminated water
sources, it should also be noted that schistosomiasis trans-
mission is highly focal.44 Our data indicate large differences
in prevalence among schools within relatively close distance.
For this reason, it might be useful to determine treatment
frequency by considering the primary school as a point of
reference for the decisions regarding interventions.
Limitations. We collected one urine sample from young

women, and it is likely that school prevalence rateswould have
been higher had multiple samples been collected from each
individual.27 Furthermore, we did not look at intensity of
S. haematobium in this population; this might have provided
useful information. This study includes data from two cohorts;
only 18 primary schools were included, and for financial rea-
sons, it was not possible to include girls aged 13–15 years.
Most children reported tohaveaccess to tapwater for drinking
purposes. However, there a few recreational facilities for
swimming in rural KwaZulu-Natal, and children continue to
swim in infested waters even if they have taps.29 Furthermore,

FIGURE 8. Rivers mentioned by young women aged 16–22 years and their secondary schools and uninvestigated schools. Legend: Mona,
Tongaat,Mvoti, Tugela, andMhlathuze riversmentionedby46, 31, 33, 43, and63 individuals, respectively; prevalence calculatedamong thosewho
mentioned contact with each river.
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after the recruitment was completed, it is possible that envi-
ronmental changes, such as increased access to tap water,
may have occurred within this region, changing infection in-
cidence patterns. However, if individuals become infected in
childhood, it is likely they remain infected, without anti-
schistosomal treatment, regardless of any environmental
changes which may have occurred since their initial infection.
Extrapolated calculations for the estimated overall urogenital
schistosomiasis and genital symptom prevalence among
KwaZulu-Natal learners are based on the assumption of uni-
form age and gender distributions in other rural areas, but this
could not be confirmed.45,46 Furthermore, these calculations
are based on data from the Department of Education, which
only include enrolled learners. Children and young adults who
are not enrolled in school are perhaps more infected than
those who do attend school, through their domestic chores.
The true prevalences may therefore be higher for genital
symptoms, urinary schistosomiasis, and HIV incidence.
Conclusion. By conservative estimates, treating for uro-

genital schistosomiasis infections in endemic areas of this
region could cost-effectively prevent more than 53,000 new
casesofHIV the next decade.6,47Our data indicatemost of the

tested primary and secondary schools within the Ugu, iLembe,
and uThungulu districts of KwaZulu-Natal fall in the moderate-
risk schistosomiasis category and would require biennial
antischistosomal MDA per WHO guidelines.17 We would rec-
ommend mass treatment of both primary and secondary school
learners not only to avoid FGS in adolescents but also be-
cause of the impact that this may have on HIV prevention in
this population. We further suggest that frequency of MDA
in secondary schools should be based on the prevalence
category of the associated primary schools.
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