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Abstract. Urinary schistosomiasis causes damage to the urological system. Ultrasound is a method that detects the
burden of secondary disease, individually and in epidemiological studies. In this study, the Schistosoma haematobium–

associated urinary tract pathology is analyzed before and after treatment in a short period of time. Seventy children who
had previously participated in an epidemiological study on schistosomiasis in the city of Cubal, Angola, and had also
performedurinary ultrasoundbetweenAugust 2013andFebruary 2014were cited6–8months later to assess thepossible
reinfection and repeat new urinary ultrasound, analyzing changes at the level of urinary pathology. The presence of
hematuria and proteinuria was also analyzed. Of the 70 children analyzed, 29 (41.4%) were girls, with an average age of
10.4 years (standard deviation 2.3). Fifty-three (75.7%) had an improvement in their bladder and/or kidney scores,
whereas 12 (17.1%) had no change and five (7.1%) had progression of the disease. None of the parameters analyzed
completely disappeared. After one single course of treatment with praziquantel, all the analyzed parameters showed
regression. Improvement was greater in the urinary bladder than in the upper urinary tract, though these lesions also
reversed; the reversion of all parameters was greater among children older than 10 years old than the younger ones.
Proteinuria was the parameter with a smaller reduction. Ultrasound should be a usual tool for diagnosis and follow-up in
urinary schistosomiasis, particularly in children; more accurate recommendations about follow-up in the case of children
whose lesions do not reverse should be established.

INTRODUCTION

Human schistosomiasis is one of the most prevalent para-
sitic infections in the world, and after malaria, produces the
greatest consequences for public health and the economy in
endemic countries.1,2 It is estimated that 240 million people
are infected,3,4 mainly in sub-Saharan Africa. It accounts for at
least 3.3 million disability-adjusted life years.5

At present, the primary means of schistosomiasis control is
mass drug administration (MDA) with praziquantel.6 The cur-
rent World Health Organization (WHO) guidelines on how to
conduct MDA for the control of severe morbidity are applied
depending on the initial prevalence and intensity of infection.7,8

The main objective of this strategy is the control of infection-
associated morbidities to limit the cumulative morbidity and in-
ternal damage from infection andany subsequent reinfection.8

In urinary schistosomiasis, the adultworms livemainly in the
venous plexus of the urinary bladder. Morbidity is caused by
egg deposition around the urinary tract, causing inflammation
and lesions; thus, the related pathology is found mainly in the
urinary bladder, ureters, and kidney.1,2 The most common
lesionsare irregularities of thebladderwall, a distortedbladder
shape, and wall thickening; bladder masses may be also
present. Lesions in the upper urinary tract, such as ureter di-
latation and hydronephrosis, are less frequent but usually
more severe, indicating ahigher level of pathology.9,10 Despite
lacking specificity, microhematuria, and proteinuria are the
best markers of morbidity due to urinary schistosomiasis.17

Although there is an association between the prevalence and

intensity of infection and morbidity, this is not a perfect
correlation.11,12 Some recent studies suggest that to establish
the periodicity of chemotherapy administration, it may be
useful to know the dynamics of some of the morbidity out-
comes, including the evolution of urologic lesions after taking
praziquantel considering initial morbidity, frequency of re-
infection, age, and other factors.13–15

After roughly 40 years of war, Angola has been recovering
control and surveillance activities in recent years. A recent
parasitological survey in the Cubal district in Central Angola
showed a prevalence of urinary schistosomiasis of at least
61% in school-age children.16 Thus, this area is considered a
highly endemic area where no MDA or other preventive ac-
tivities have yet been undertaken.
Our aim was to analyze the Schistosoma haematobium–

associated urinary tract pathology among school-age chil-
dren in this area, both pre- and shortly posttreatment, assess
the effects of age and reinfection, and analyze the association
of pathologic lesions with indirect measures of urinary schis-
tosomiasis infections such as hematuria and proteinuria.

METHODS

Study population and data collection. Between the
months of June and November of 2013 a cross-sectional
study was carried out in the city of Cubal. Urine samples were
collected in the fourth and fifth grade classes, corresponding
to 9 and 10 years old. We analyzed 1,283 urine samples, of
which 785 (61%) were positive for the presence of
S. haematobium eggs.16

Subsequently, 11 of these schoolswere randomly selected;
all patients diagnosed with schistosomiasis in these 11
schools (627 children) were cited for urinary ultrasound; of
them, 127 (25%) attended. Treatment with praziquantel was
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administered at a dose of 40 mg/kg on the same day. The
children and their parents also received information about the
pathophysiology and epidemiology of the disease, along with
recommendations to avoid bathing in river water.17 A flow
chart explaining inclusion in the study is shown in Figure 1.
Six to eight months later, all of the children who previously

underwent ultrasound and praziquantel treatment were given
a second ultrasound examination. A new urine sample was
collected; a urine dipstick test was simultaneous performed,
and a microscopic analysis followed later the same day. If
hematuria, proteinuria, or Schistosoma eggs were detected
from the urine strip andmicroscopic examinations, and/or any
alteration consistent with schistosomiasis was found in the
ultrasound, a new treatment regimenof praziquantel 40mg/kg
was administered. All patients were also asked whether they
had bathed in the river during that time.
Participation in the study was voluntary and had prior pa-

rental consent. We excluded children whose parents or legal
guardians objected to their participation.

Ultrasound examination. Ultrasonographic assessments
were performed at the Hospital Nossa Senhora da Paz with a
portable ultrasonographydevice (myLab25; ESAOTE,Genova,
Italy). All examinations were performed by the same clinician
who performed the first round of ultrasounds. A second cli-
nician supervised and compared the results.
Pathological changes caused by S. haematobium were

assessed following the same criteria as in the first round of
ultrasounds. The shape of the urinary bladder was recorded,
lesions detected on the bladder wall were defined, and the
degree of dilatation of the ureters and renal pelvis was mea-
sured, following current WHO guidelines.18 The exact cate-
gorization of the pathologic changeswas calculated using the
global score as an index of the severity of the morbidity and
lesions. Pregnancy was recorded if present. Children were
asked to drink water abundantly before the ultrasound ex-
amination, which took place only when the bladder was full. In
cases where any dilatation of the renal pelvis was detected,
the ultrasound was repeated after urination to rule out the
possibility of dilatation due to bladder and ureteral repletion.
Urinary tract abnormalities were assessed using the WHO

score. For successive analysis, childrenwith at least one point
on the WHO score were classified as having “urinary tract
abnormalities” and those with at least one point for the upper
urinary tract as having “upper urinary tract abnormalities.”
Statistical analysis. Continuous variables were expressed

by the mean and standard deviation, and quantitative vari-
ables by themedian andp25–p75quartiles.Normal distribution
was tested using the Shapiro–Wilk test. Differences in nor-
mally distributed variables were evaluated using the t test for
independent variables andanalysisof variance.TheMacNemar
test was used to measure the percentage differences in the
paired groups. The data collection and calculations were per-
formed using SPSS v 18 (IBM Corp., Armonk, NY).
Ethical aspects. The project was approved by the Vall

d’HebronResearch InstituteEthicsCommittee and the regional
health and education institutions. Before commencement, we
conducted informative talks with the school principals, teach-
ers, parents, and community leaders, and informed consent
was obtained from all parents or legal guardians.

RESULTS

Seventy of the 157 children who performed the initial ul-
trasound (44.8%) came to the control between6 and8months
later.” Among them, 29 (41.4%) were girls, the mean age was
10.4 (SD 2.3) years, and 22 (31.4%) children and their parents
or legal guardians stated that theywere still bathing in the river.
Table 1 shows the presence of macrohematuria, micro-

hematuria, proteinuria, and S. haematobium eggs at the initial
ultrasounds. Those children who did not undergo any ultra-
sound were significantly younger than those who underwent
all of the follow-up examinations; microscopic hematuria was
significantly lower in the group who completed all the follow-
ups than in the other two groups. We found no other differ-
ences among groups, as shown in Table 1.
Table 2 shows the differences in clinical parameters before

and after praziquantel treatment, including macroscopic and
microscopic hematuria, proteinuria, the presence of eggs of
S. haematobium in urine, and the median ultrasound score.
The difference in improvement between children 10 years
old and younger and those older than 10 was not statisticallyFIGURE 1. Flow chart of study enrollment.
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significant for any of the evaluated parameters: reduction in
macroscopic hematuria, P = 0.11; in microscopic hematuria,
P = 0.15; in proteinuria, P = 0.08; in S. haematobium eggs, P =
0.27; and the median ultrasound score, P = 0.14.
The differences between children older than 10 years or 10

years old and younger are also shown. Individual changes in
relation to microhaematuria are shown in Figure 2 and the
median ultrasound score before and after praziquantel is also
shown graphically in Figure 3.
Children who stated to keep bathing in the river had worse

overall ultrasound mean scores after treatment than children
who stated compliance with counseling of non-bathing; the
same trendwas also observed in clinical parameters, although
they had not statistical significance. These results are shown
in Table 3.
Of the 70 participating children, 53 (75.7%) showed im-

provedbladder and/or kidney scores,whereas 12 (17.1%) had
no change, and 5 (7.1%) showed disease progression. These
data are displayed in Figure 4. Of the 25 children with mod-
erate to severe upper tract lesions, 14 (56%) showedcomplete
resolution of their abnormalities, as did 37/61 (60.6%) of those
with bladder abnormalities.
Among those older than 10 years, 22/31 (70.9%) experi-

enced an improvement in their lesions, compared with 30/39

(76.9%) in the younger group,whereas seven in the older group
and two in the younger group showedno lesions in either of the
two ultrasounds. Given that only children with lesions could
experience improvement, this amounted to 22/24 (91.7%) in
the older group and 30/37 (81.1%) in the younger group.

DISCUSSION

The present study shows data for an area in Angola, where
the only schistosomiasis species present is S. haematobium,
endemicity is high, and no public health measures such as
MDA have yet been undertaken.
Ultrasound examination allows assessment of the actual

pathology of the urinary tract in S. haematobium infection,
providing a more accurate evaluation of internal damage than
by parasitological determination of eggs or urine analysis.
Furthermore, it is an effective method for evaluating the evo-
lution of the damage, as it is safe to allow repeat examination
of the same individual. Although it is widely accepted that this
should be a standard tool in the management of schistoso-
miasis, there is still limited use of this in wide areas of sub-
SaharanAfricawhere thedisease isendemic.A recent reviewof
morbidity reduction associated with urinary schistosomiasis
found just 15 studies that used ultrasound to detect urinary

TABLE 1
Basal demographic and clinical data of children who completed or not all the study follow-up

Cases
Attended follow-up

examination (N = 70) n (%)

Performed first ultrasound did
not attend follow-up

examination (N = 87) n (%) Statistical significance test
Did not perform

ultrasound (N = 638) n (%) Statistical significance test

Mean age 10.4 10.6 P = 0.834 9 P < 0.01
Female 29 (41.4%) 42 (48.3%) – 323 –

Macroscopic hematuria 10 (14.3%) 19 (21.9%) P = 0.603 184 (28.8%) –

Microscopic hematuria 62 (88.5%) 83 (95.4%) P = 0.011 608 (95.3%) P = 0.430
Proteinuria 43 (61.4%) 54 (62.1%) P = 0.848 490 (76.8%) P = 0.015
Mean ultrasound WHO
classification

5.5 5.3 P = 0.603T – P = 0.601

Lower urinary tract 3.3 2.9 P = 0.815 – –

Upper urinary tract 2.2 2.4 P = 0.614 – –

Bold values indicate significative statistical test (< 0.05).

TABLE 2
Clinical parameters before and after treatment with praziquantel (dose 40 mg/kg)

Before praziquantel n (%) After praziquantel n (%) Odds ratio (CI 95%) P value

Macroscopic hematuria 10 (14.2%) 3 (4.3%) 3.7 (0.9–21.8) 0.04
£ 10y (N = 39) 5/39 (12.8%) 3/39 (7.7%) 1.76 (0.3–12.1) 0.46
> 10y (N = 31) 5/31 (16.1%) 0 – –

Microscopic hematuria 62 (88.5%) 22 (31.4%) 16.9 (6.5–46.9) < 0.01
£ 10y (N = 39) 35/39 (89.7%) 15/39 (38.4%) 14 (3.7–62.7) < 0.01
> 10y (N = 31) 27/31 (87.1%) 7/31 (22.6%) 23.1 (5.2–115.5) < 0.01
+ 15 (21.4%) 4 (5.7%) 4.5 (1.3–19.5) < 0.01
++ 10 (14.3%) 5 (7.1%) 2.2 (0.6–8.5) 0.17
+++ 37 (52.8%) 13 (18.6%) 4.9 (2.2–11.5) < 0.01

Proteinuria 43 (61.4%) 21 (30%) 3.7 (1.7–7.9) < 0.01
£ 10y (N = 39) 21/39 (53.8%) 15/39 (38.4%) 1.9 (0.7–5.1) 0.17
> 10y (N = 31) 22/31 (70.9%) 6/31 (19.3%) 10.2 (2.8–39.9) < 0.01
+ 22 (31.4%) 11 (15.7%) 2.5 (1.0–6.2) 0.03
++ 9 (12.8%) 7 (10%) 1.3 (0.4–4.5) 0.59
+++ 12 (17.1%) 3 (4.3%) 4.6 (1.2–26.5) 0.01

Schistosoma haematobium eggs 70 (100%) 18 (25.7%) 199.3 (25.8–541.6) < 0.01
£ 10y (N = 39) 39/39 (100%) 12/39 (30.7%) 85.5 (10.5–697.4) < 0.01
> 10y (N = 31) 31/31 (100%) 6/31 (19.3%) 125.0 (14.1–108.6) < 0.01

Median ultrasound score 5,50 1.40 – < 0.01
£ 10y (N = 39) 5,33 (IQR 2–8) 1,72 (IQR 0–2) < 0.01
> 10y (N = 31) 5,71 (IQR 2–9) 1,00 (IQR 0–1) < 0.01

Bladder 3,34 (IQR 2–5) 0,56 (IQR 0–1) < 0.01
Upper urinary tract 2,16 (IQR 0–4) 0,79 (IQR 0–0) < 0.01
CI = confidence interval; IQR = interquartilic range.
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tract improvement after treatment; among them, nine ana-
lyzed both abnormalities in the bladder and in the upper uri-
nary tract, six analyzedonly the urinary bladder13; just onewas
performed in central Africa,15 and none were carried out in
southern Africa. Moreover, the last of these studies was per-
formed in 2008, and none included long-term assessment.
After a single standard40mg/kgdoseof praziquantel, those

with renal and bladder ultrasound findings showed a re-
gression of these abnormalities within a 6–8 month period.
Although improvement was greater in the urinary bladder than
in the upper urinary tract, even some of the most severe le-
sions were reversed, such as ureter dilatation and hydro-
nephrosis. Recovery was even found in children who still had
hematuria, proteinuria, or S. haematobium eggs in their urine.
This is an important finding showing the benefits of treatment
in areas with very high endemicity.
The reversal of all parameters was greater in the older group

than in those aged 10 or less. This finding is surprising be-
cause age is usually considered an important proxy for cu-
mulative parasite exposure and subsequent tissue damage,
and lesions are more difficult to reverse as infection prog-
resses to a more chronic and fibrotic stage.13,19 One

explanation may be that the older children were more re-
ceptive to health education advice, and therefore became
reinfected less frequently; another reason may be that youn-
ger children in this area, comparedwith older ones, are usually
more affected by other comorbidities such asmalnutrition and
anemia.20 As praziquantel requires a competent immune
system to take effect,21 it may be less effective in these chil-
dren. In addition, as each praziquantel tablet provides 600mg,
it can be difficult to adjust the dose for children weighing less
than 15 kg. Further studies are needed to verify these hy-
potheses, as big gaps in knowledge remain.
All laboratory data improved after treatment, including

macroscopic andmicroscopic hematuria, proteinuria, and the
presence of S. haematobium eggs in urine, although pro-
teinuria showed the smallest reduction, andnonedisappeared
completely. The presence of eggs in urine some months after
treatment is common in children in endemic areas.22–24 One
reason may be reinfection25 but other possibilities are the
presenceof immature forms at the timeof treatment,26 and the
ineffectiveness of 40 mg/kg single-dose praziquantel to
eliminate the full parasite burden in children with other
comorbidities or high parasite levels before treatment.27

FIGURE 2. Microscopic hematuria evolution before and after praziquantel. This figure appears in color at www.ajtmh.org.

FIGURE 3. Median ultrasound before and after praziquantel according to WHO score. This figure appears in color at www.ajtmh.org.
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Hematuria and proteinuria parameters are surrogates for pa-
thology, which respond to the inflammatory process unleashed
by the presence of S. haematobium eggs. As proteinuria has
been noted as amarker of upper tract pathology,28,29 it seems
logical that this parameter showed the smaller reduction. We
suggest that children with high proteinuria levels should be
more closely monitored during follow-up.
After the initial work of the research team in the area, em-

phasis was placed on educational activities such as in-
formational activities in schools. All children who participated
in the study along with their teachers, parents, and guardians
received information about the transmission of the disease
and how to avoid it. Nevertheless, 31.4% of these children or
their companions acknowledged having bathed in the river
after the first ultrasound. Despite that it is likely that many
others denied bathing to gain positive recognition, we found
differences in pathology between children who recognized to

continue bathing in the river compared with those who stated
that they no longer bathed, although these differences were
nonsignificant statistically. This indicates that educational
measuresmustbecontinuousandaccompaniedbysanitation
and hygiene measures to be effective.
The childrenwho dropped out during the studywere slightly

younger and hadmoremicroscopic hematuria than thosewho
completed the entire follow-up; no other significant differ-
ences were found between the two groups. Therefore, we
consider that although the number of children who did not
complete the study was high, this did not bias the results and
would in any case represent a reduction in the significance of
the results. The reasons why so many children failed to
complete the follow-upmaybe related to the lowawarenessof
disease in relation to schistosomiasis in the area, as no edu-
cational campaigns had been yet conducted in relation to its
importance; the high frequencyof hematuria in childrenmakes
it to be generally considered a pathology ofminor importance.
Another reason may be that the children had to go to the
hospital accompanied by a responsible adult to perform the
ultrasound. In some cases, the schools were distant and this
displacement could be difficult for some families.
The follow-up timewas short comparedwith other studies,14

yet even in such a short time the upper urinary tract lesions
could be reversed, possibly because at this early age most
lesions are due to congestive uropathy and very few to the
more chronic, precancerous lesions that are more difficult to
reverse. Although we do not know if the pathology detected
would end up degenerating in precancerous or cancerous
lesions, as there are enormous gaps in the knowledge on
this pathway,30 they represent an inflammatory response,with
consequences by itself. Nevertheless, 25% of the children
experienced no change (10% having no lesions in either the
first or second ultrasound); and five children got worse. This
findingmay be due to longer-standing disease that continued
to evolve despite treatment, bacterial superinfections that
hastened progression, or other immunity-related factors in
these patients. It may be also because of the fact that a single
dose of praziquantel may not be enough to cure completely

TABLE 3
Relationship between clinical and ultrasound evolution and self-
referred advice compliance (not bathing in the river)

Pretreatment Posttreatment P value

Macroscopic hematuria 0.7
Noncompliant
children (N = 22)

4 (18.2%) 2 (9.2%)

Compliant children
(N = 48)

7 (14.6%) 1 (2.1%)

Microscopic hematuria 0.4
Noncompliant children
(N = 22)

19 (86.4%) 3 (13.6%)

Compliant children
(N = 48)

43 (88.6%) 5 (10.4%)

Proteinuria 0.08
Noncompliant children
(N = 22)

12 (54.6%) 14 (63.3%)

Compliant children
(N = 48)

31 (64.6%) 8 (16.7%)

Median ultrasound score 0.15
Non-compliant children
(N = 22)

7 (IQR 2–8) 2.64 (IQR 1–3)

Compliant children
(N = 48)

4.8 (IQR 2–7) 0.83 (IQR 0–2)

FIGURE 4. Follow-up ultrasound evolution in the 70 participating children. This figure appears in color at www.ajtmh.org.
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the infection in very high intensity infections.31 In our study,
egg burden quantification could not be performed in the initial
epidemiological report because of technical and economical
constraints. Another reason may be reinfection, although it is
difficult to prove that new infections would lead to these le-
sions in such a short period. Further studies are needed to
assess these possibilities.

CONCLUSIONS

The severity of morbidity was very high in this group of
children, and our findings highlight the importance of treat-
ment at a young age, even in the presence of high reinfection
levels, as treatment can dramatically change morbidity in
school-age children. In this area, mass treatment should be
initiated as soon as possible.
Ultrasound should be a standard tool for the diagnosis and

follow-up of urinary schistosomiasis, particularly in children,
andmore accurate recommendations for follow-up should be
established in cases where children’s lesions do not reverse.
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