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Abstract

Background: In sub-Saharan Africa, renal abnormalities are a major public health concern, especially in children
living in Schistosoma haematobium endemic areas. However, there is a dearth of data on renal abnormalities
among children living in Schistosoma mansoni endemic areas. The objective of the study was to assess the
prevalence of renal abnormalities among school children in a Schistosoma mansoni endemic community in
Northwestern Tanzania.

Methods: A cross-sectional study was conducted between January and March 2017 among school children aged
6-13 years, attending three primary schools located along the shoreline of Lake Victoria. A single urine sample was
collected from each child and screened for S. mansoni using circulating cathodic antigen and for S. haematobium
eggs using a urine filtration technique. A urine dipstick was used to screen for urine protein levels, creatinine levels,
microalbuminuria, and red blood cells. Venous blood was obtained for estimation of creatinine level and for malaria
diagnosis. The primary outcomes were the prevalence of renal abnormalities, defined by the presence of low
estimated glomerular filtration rate (eGFR), proteinuria or microalbuminuria, and hematuria in urine.

Results: Of 507 children included in the final analysis, 49.9% (253/507) were male with a mean age of 851 + 1.3
years. Overall, 64.0% (326/507) of the children were infected with S. mansoni, and 1.6% (8/507) of the children were
infected with S. haematobium. A total of 71 (14%) of the children had proteinuria, 37 (7.3%) had hematuria, and 8
(1.6%) had a low estimated glomerular filtration rate (eGFR). Overall prevalence of renal abnormalities was 22.9%.
Renal abnormalities (proteinuria) were associated with S. mansoni infection (OR = 4.9, 95% Cl 2.1-11.2, p < 0.001)
and having red blood cells in urine (OR = 5.3, 95% Cl 2.5-11.2, p < 0.001).

Conclusion: Twenty-two percent of school children who participated in this study had renal abnormalities
associated with S. mansoni infection. Given the high prevalence of S. mansoni, longitudinal epidemiological
surveillance is warranted to measure the burden of renal abnormalities and assess the impact of the praziquantel
treatment on these abnormalities.
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Background

Early detection and identification of renal diseases in chil-
dren and adolescents is very important in the prevention
of chronic renal diseases. Childhood renal diseases can
lead to treatable disorders without long-term conse-
quences and in other cases life-threatening conditions for
children [1]. Proteinuria/microalbuminuria and hematuria
are important early markers for progression to end-stage
renal disease and cardiovascular diseases [2, 3].

In Africa, the causes of renal diseases in children are
multifactorial [4]. These causes range from non-infectious
diseases (intrauterine injury to the kidney, malnutrition,
and sickle cell nephropathy) to infectious diseases (mal-
aria, post-infection glomerulo-nephritis, and HIV ne-
phropathy) [5, 6]. Studies from sub-Saharan Africa have
reported the association of S. haematobium with renal ab-
normalities. The presence of hematuria has remained an
important marker of renal disease associated with S. hae-
matobium [7]. However, the association between S. man-
soni and renal abnormalities is poorly understood. A few
studies have reported the associations between both S.
haematobium and S. Mansoni and markers of renal ab-
normalities such as hematuria and proteinuria [8, 9].
When diagnostic tests were repeated in the same location,
years after treatment for S. haematobium, a lower preva-
lence of proteinuria and hematuria was consistently ob-
served [10, 11]. Kayange et al. reported that S. mansoni
was highly associated with proteinuria in a hospital-based
study [12]. The mechanisms behind the association of S.
mansoni and renal abnormalities can be explained by de-
position of immune complex formed by Schistosoma anti-
gen and IgG/IgM antibodies in the glomerular basement
membrane [13, 14].

In the Mwanza region, previous studies have demon-
strated that there is a high prevalence of schistosomiasis,
which contributes to a high prevalence of persistence
proteinuria and later to a chronic kidney disease [12].
Therefore, the objective of the study was to assess the
prevalence of renal abnormalities based on creatinine,
proteinuria, and hematuria levels in children living in an
endemic S. mansoni community.

Methods

Study area

The study was conducted at Ilemela district of Mwanza
region in Northwestern Tanzania. The region has 139 pri-
mary schools which enroll over 95% of all school-aged
children in the region [15]. Specifically, the study was con-
ducted in Ilemela District at Kayenze, Kabangaja, and San-
gabuye primary schools located in Kayenze, Sangabuye,
and Bugongwa villages respectively. These schools were
selected because they are located close to the shores of
Lake Victoria where previous studies have reported a high
prevalence of intestinal schistosomiasis [16]. Communities
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in this area are at an increased risk of schistosomiasis in-
fection because of daily activities such as bathing/swim-
ming, washing cloth, and fetching water for domestic use
from the lake [17]. Primary school children in this area re-
ceive an annual mass drug administration of praziquantel
to control schistosomiasis infection.

Study design, population, and inclusion and exclusion
criteria

We conducted a cross-sectional study among school
children between January and March 2017 at the three
primary schools. Standard II class (second grade) pupils
were enrolled in the study because for this class, no
praziquantel had been administered in the previous year.
We excluded children with fever since fever is known to
cause proteinuria. We also excluded children with preex-
isting renal disease since it is difficult to determine acute
kidney injury in a child with preexisting renal disease
without serial creatinine measurement.

Sample size calculation

Our sample size was 507. We calculated the sample size
using the Yamane Taro formula (1967) n = 13, where
n is the sample size, N is the population size of all stand-
ard II pupils in the district (94,000), and e is the level of
precision at a 95% confidence level, and p = 0.05 is as-

sumed for the equation [18].

Sampling technique

Three villages alongside Lake Victoria and their corre-
sponding primary schools were selected based on con-
venience and feasibility. A systematic sampling method
was used to select study participants, using the class
register as a sampling frame. Attempt was made to sam-
ple an equal number of girls and boys by reviewing par-
ticipant’s recruitment logs.

Data collection

A week before urine and blood sample collection, the
study objectives were explained to the teachers and chil-
dren. The children were then provided with informed
consent forms to take home to their parents/guardians.
They were instructed to tell their parents/guardians to
read the informed consent forms and sign if they had
understood and agreed to their child’s participation. The
signed forms were then brought back to school, and the
meeting was also held between the study team and the
children and their parents/guardians to facilitate under-
standing of the objective of the study and associated
risks and benefits of participation.
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Physical examination of school children

A brief physical examination was done to check for fa-
cial or leg edema, temperature, weight (by digital weigh-
ing machine), and height. Blood pressure was measured
in an enclosed room using a pediatric digital blood pres-
sure monitor which was calibrated before each use.
Hypertension was determined using the World Health
Organization age-based blood pressure reference charts
[19]. The nutritional status of each child was calculated
using the WHO 2013 BMI percentile charts according
to the child’s age and sex [20].

Laboratory procedures

Urine sampling

A single early morning urine sample was collected from
each participating child. Urine albumin and creatinine
concentrations were measured using a 25 Biosystems
Clinical Chemistry Analyzer according to standard la-
boratory procedure at the National Institute for Med-
ical Research laboratory, Mwanza, Tanzania. Urine
albumin-creatinine ratio (ACR) was calculated and clas-
sified using the following categories [21]: normal < 30
mg/g, moderately increased = 30-300 mg/g, and se-
verely increased > 300 mg/g.

Proteinuria measurement

Proteinuria was measured using urine dipsticks (Multi-
stix”, Bayer, Germany), and proteinuria level was
reported as negative, 1+ (30 mg/dL), 2+ (100 mg/dL), 3+
(300 mg/dL), or 4+ (1000 mg/dL) as per manufacturer
instructions. Children were considered to have protein-
uria if they scored 2+, 3+, or 4+. Other indicators re-
corded using a urine dipstick were leukocytes esterase,
hematuria, nitrates, glucose, and ketones. The urinalysis
was considered positive if any of these indicators were
detected in urine samples. Positive nitrate and leukocyte
esterase were considered an indicator for urinary tract
infection [22].

Examination of creatinine level in serum

Serum creatinine level was measured using a Cobas 400
clinical chemistry machine (Roche, Germany), calibrated
by the Creatinine Jaffe 2 method. Two milliliters of
blood was poured into the test tube and then into the
machine. An estimated glomerular filtration rate (eGFR)
was calculated using modified Schwartz equation (taking
into account estimation of GFR in children using serum
creatinine and height) as recommended by the Kidney
Disease Improving Global Outcomes (KDIGO) guide-
lines and validated in children with and without CKD
[21, 23, 24].
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Examination of Schistosoma mansoni and Schistosoma
haematobium

To screen for S. mansoni infection, point-of-care circu-
lating cathodic antigen tests (CCA) (rapid medical diag-
nostic batch number: 170331037) were used. The same
urine samples obtained earlier were used for the CCA
test [25, 26]. Results were recorded as per manufacturer
instructions [26].

For screening of S. haematobium infection, a urine fil-
tration technique was used in which the urine sample
was filtered (pore aperture 20 pm; Sefar AG, Heiden,
Switzerland) and the filter was then placed on a slide
and examined under a microscope for presence of S.
haematobium eggs [27].

Malaria diagnosis

Malaria diagnosis was determined using an mRDT (Mal-
aria Antigen P.f/Pan 05FK60, Standard Diagnostics (SD)
Bioline, India) and interpreted according to the manu-
facturer’s instructions.

Definition of renal abnormalities In this study, renal
abnormalities were operationally defined as eGFR < 60
ml/min/1.73 m? or microalbuminuria (urine for ACR >
30 mg/g or proteinuria of > 2+ or hematuria > 2+).

Data analysis

Data were double entered into Microsoft Excel and ana-
lyzed using STATA version 15. Results were summa-
rized using proportions (%) for categorical data and
means (SD) or medians (IQR) for continuous variables.
Categorical variables were compared using either Pear-
son’s chi-squared or Fisher’s exact test. Determination of
predictors of proteinuria and microalbuminuria was
done by univariate logistic regressions followed by multi-
variable logistic regression. Odds ratios (OR) with 95%
confidence interval (CI) were reported.

Results

Characteristics of the study participants

A total of 554 school children from Kayenze, Kabangaja,
and Sangabuye primary school were enrolled into the
study (Fig. 1). We excluded 47 children because of the fol-
lowing reasons: 25 had features suggestive of UTI (pro-
teinuria, nitrate, and leucocytes on urine dipstick), 10
failed to produce urine specimen, 9 with fever, and 3 chil-
dren with preexisting renal disease. Five hundred and
seven children were included in the final analysis. Of these
children, 49.9% (253/507) were male with a mean age of
8.5 + 1.3 years. The majority of children (84.2%) had been
in contact with the lake within 1 week prior to the survey
administration, and 60% used the lake as a source of water
for bathing, cooking, washing, and drinking (Table 1).
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840 children were screened for eligibility ||

286 children did not meet eligibility criteria;
Of which:

206 treated with praziquantel

60 did not return back to consent paper from
the parents.

A 4

554 children were rgcruited in the study

Children excluded from final analysis; of which;
10 failed to produce urine specimen

37 (25had proteinuria with positive, nitrite and
Leukocyte on urine dipstick , 9 had fever and 3
had preexisting renal disease)

A 4

507 children were included in the final analysis

Fig. 1 Study enrollment overview

Prevalence of schistosomiasis and malaria

The prevalence of S. mansoni and S. haematobium was
64.3% and 1.6% respectively. Prevalence of S. mansoni
was higher in younger children 6 to 9 years compared to
participants 10 to 13 years (76% vs. 23%, p = 0.062), but
the prevalence did not differ by sex (50% vs. 49%, p =
0.538). The prevalence of asymptomatic malaria was
17.4% (88/507). Males were slightly more affected than
females (56% and 43%). Younger children aged 6 to 9
years were also more affected by malaria than older chil-
dren aged 10 to 13 years although this was not statisti-
cally significant (p = 0.153).

Table 1 Characteristics of 507 primary school children

Characteristics Number Percentage/median (IQR)
Age (years) 507 8 (8-9)
Female 254 50.1
Type of water source

Lake or pond water 304 60.0

Tap water 203 40.0
Contact with lake in the past 1 week

Yes 427 84.2

No 80 15.8
Ethnicity

African 506 99.8

Asian 1 0.2

Renal abnormalities

Eight (1.6%) of the study participants had an eGFR
less than 60, which meets the criteria for severe renal
abnormalities. Twenty (3.9%) participants had an
eGFR of < 90 ml/min/1.73 m®. Due to the small num-
ber of cases with eGFR < 60, this study could not
conduct univariate and multivariate analysis. Overall,
33 (6.5%) participants had microalbuminuria in the
nephrotic range with severely increased ACR (>
300gm/g), and 241 (47.5%) had moderately increased
ACR range 30-300mg/g. Seventy-one (71/507)
(14.0%) participants had proteinuria of 2+ to 4+, and
37 (7.3%) had blood in their urine. Prevalence of
renal abnormalities was 22.9% (Table 2).

Factors associated with proteinuria

All presenting demographic and clinical characteristics
were evaluated as possible factors predictive of pro-
teinuria. Significant predictors of proteinuria on mul-
tivariable analysis included schistosomiasis and blood
in the urine. We observed that children infected with
S. mansoni had 4 times higher odds of having pro-
teinuria compared to those without S. mansoni (OR
[95% CI] = 4.9 [2.1-11.2], p < 0.001). Also, children
with blood in their urine had five times higher odds
of having proteinuria compared with those without
blood in their urine (OR [95% CI] = 5.3 [2.5-11.0], p
< 0.001 (Table 3).
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Table 2 Laboratory renal abnormalities among 507 study
participants

Variable Number Percent (%)
eGFR (mL/min/1.73 m?)
> 90 487 96.1
60-89 12 24
30-59 6 12
15-29 2 04
Proteinuria
Protein negative 271 535
Protein +1 (trace) 165 325
Protein +2 22 43
Protein +3 40 79
Protein +4 9 1.8
Blood in urine
Negative 467 92.1
+1 3 0.6
+2 25 49
+3 12 24
Renal dysfunction 116 229
ACR
Normal to mild increased 233 46.0
Moderately increased 241 475
Severely increased 33 6.5

Factors associated with microalbuminuria

Presence of blood in urine was the only factor associated
with microalbuminuria on multivariable analysis in this
study. Children with blood in the urine had two times
higher odds of having microalbuminuria compared to
those without blood in their urine (OR [95% CI] 2.3
[1.1-4.9], p = 0.035 (Table 4).

Discussion

In this study, the overall prevalence of renal abnormal-
ities was 22.9% and factors associated with proteinuria
were S. mansoni infection and RBCs in urine.

Based on CCA, close to two thirds of the children partici-
pating in this study were infected with S. mansoni with a
small percentage infected with S. haematobium. Similarly, a
marginal proportion of children were diagnosed with pro-
teinuria and hematuria, all of whom had low eGFR.

Based on eGFR, only a small percentage of the chil-
dren included in the present study had renal abnormal-
ities. The observed prevalence was lower than the 7.4%
reported in another study done in Northwestern
Tanzania and 4.6 reported in a systematic study done
in Africa [12, 28]. This variation could be due to the
different age group or type of exposure of participants
in this study.
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Although urogenital schistosomiasis is known to
contribute to renal abnormalities, no association was
observed between S. haematobium and low eGFR in
this study. This can partly be explained by the low
prevalence of S. haematobium found, as studies in
areas with a higher prevalence of S. haematobium
have reported an association between low eGFR and
S. haematobium [7].

On the other hand, the prevalence of proteinuria
observed in the present study was lower than what
was observed in previous studies which range from
32 to 44% in the same region [7, 29]. This may be
due to the fact that previous studies involved children
with sickle cell anemia and HIV infection and our
study was done in the general population of children
in primary schools.

Microalbuminuria is known to be an early predict-
ive factor for renal and cardiovascular diseases, not
only for patients with diabetes mellitus, hypertension,
or sickle cell anemia, but also in the general popula-
tion [30]. In this study, almost half of the participants
had moderately increased ACR and 6.5% had severely
increased ACR. This was much higher than the levels
that were found among Korean children aged 5-14
years [31]. It is unclear why there is such difference,
and future research should investigate reasons for
disparity.

Hematuria found in 37 participants may have origi-
nated from the glomerular, renal tubules and intersti-
tial space, or wurinary tract. In children with S.
haematobium, the deposition of eggs in the bladder
and ureter and subsequent granulomatous inflamma-
tion cause hematuria [32, 33]. Studies in Africa have
reported rates of hematuria ranging from 0.6 to 67%,
though most of the studies were done more than 20
years ago in areas with high prevalence of S. haema-
tobium [7].

Our study showed an alarmingly high S. mansoni
prevalence of 64% among primary school children liv-
ing along the shores of Lake Victoria. We used a
more sensitive test point-of-care CCA test, which is
reported to be more sensitive than Kato Katz slides
(86% sensitive versus 62%) [25]. Similar prevalence of
62% and 64% was observed in Sengerema and Uker-
ewe, two nearby communities, using a mixed method
of POC-CCA and Kato Katz slides [34]. The high
prevalence of schistosomiasis found here can be ex-
plained by an inadequate clean water supply, poor
sanitation, domestic activities such as farming and
fishing, recreational swimming, and also a high dens-
ity of intermediate hosts along Lake Victoria [17].

In the present study, the prevalence of S. haemato-
bium by single filtration test was low. This prevalence
is slightly lower compared to what was reported in
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Table 3 Factors associated with proteinuria
Variable Yes (n, %) No (n, %) Univariate, OR [95% Cl] p value Multivariate, OR [95% Cl] p value
Age

6-9 years 55(13.7) 348 (864) 1.0

10-13 years 16 (15.4) 88 (84.6) 1.2 [06-2.1] 0.649 0.8 [0.4-1.6] 0520
Sex

Female 29 (114) 225 (88.6) 1.0

Male 42 (16.6) 211 (834) 1.5 [0.9-2.6] 0.094 1.5 [0.9-2.5] 0.129
Water source

Tap 26 (12.8) 177 (87.2) 1.0

Lake water 45 (14.8) 259 (85.2) 1.2 [0.7-2.0] 0526 1.1 [06-2.1] 0.694
Contact to lake within 1 week

No 11 (14.0) 69 (86.0) 1.0

Yes 60 (14.0) 367 (86.0) 1.0 [0.5-2.0] 0.943 09 [04-2.1] 0.831
Schistosomiasis by cca

No 7 (3.9) 174 (96.1) 1.0

Yes 64 (19.6) 262 (804) 6.1 [2.7-13.6] < 0.001 49[21-11.2] < 0.001
RBCs in urine

No RBCs 53(11.3) 417 (88.7) 1.0

RBCs in urine 18 (48.6) 19 (514) 74 [3.7-15.1] < 0.001 531[25-11.2] < 0001
Malaria

Negative 63 (15.0) 356 (85.0) 1.0

Positive 8 (9.9) 80 (90.1) 06 [0.3-1.2] 0.149 0.8 [0.3-1.7] 0528
Nutrition status

Normal 55 (13.5) 352 (86.5) 1.0

Moderate malnutrition 10 (15.2) 56 (84.9) 1.1 [0.6-24] 0.720 1.0 [04-2.1] 0.967

Severe malnutrition 6 (17.7) 28 (82.3) 14 [0.5-3.5] 0.504 1.0 [0.3-2.8] 0.992
Haematobium

Negative 68 (14.0) 431 (86.0) 1.0

Positive 3(375) 5 (86.0) 38 [09-16.3] 0.072 35[0.6-19.8] 0173

Zanzibar (Unguja and Pemba), in which the preva-
lence of 2.7% and 7% in primary school children was
found [35]. The low prevalence may be because the loca-
tion of communities in our study was along the lake-
shores, which are less affected by S. haematobium [17].
The different species of snail hosts that transmit Schisto-
soma species have different preferences for location, with
those transmitting S. mansoni preferring larger bodies and
those transmitted S. haematobium preferring small water
bodies away from the lakeshore line [17].

S. mansoni infection was strongly associated with pro-
teinuria. Participants with proteinuria had four times
higher odds of having proteinuria compared to those
with no infection. Glomerular lesion associated with S.
mansoni results from circulating antigen of Schistosoma
eggs. The immune complex when deposited in the glom-
erulus results in injury and a cascade of immunological

reaction. Previous studies in sub-Saharan Africa have re-
ported similar findings [7].

Our studies had several limitations. First, renal
ultrasound could have been helpful in identifying
morphological changes consistent with schistosomiasis
but was not done in this study. Second, this was a
cross-sectional study with no control group; therefore,
causality in the relationship between kidney injury
and schistosomiasis infection could not be examined.
Third, children with fever and preexisting renal dis-
ease were excluded; this may limit the generalization
of our results. Also, identification of schistosomiasis
using a gold standard test (stool microscopy) was not
done in this study. Despite these limitations, this
study contributed to the few studies that have evalu-
ated the relationship between schistosomiasis and
renal abnormalities.



Kayange et al. Tropical Medicine and Health (2020) 48:55

Table 4 Factors associated with microalbuminuria
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Microalbuminuria

Univariate p Multivariate p

Variable Yes (n %) No (1 %) OR [95% Cl] value OR [95% Cl] value
Age

6-9 year 215 (533) 188 (46.7) 1.0

10-13 year 59 (56.7) 45 (43.3) 1.0 [09-1.2] 0470 1.1 [06-1.6) 0.820
Sex

Female 140 (55.1) 114 (44.9) 1.0

Male 134 (53.0) 119 (47.0) 09 [0.6-1.3] 0627 0.8 [0.6-1.2] 0357
Water source

Lake water 115 (56.7) 88 (43.3) 1.0

Tap 159 (524) 145 (47.7) 0.8 [0.6-1.2] 0336 09 [0.6-14] 0.762
Contact to lake within 1 week

No 49 (61.2) 31 (3898) 1.0

Yes 202 (47.3) 225 (52.7) 0.7 [04-1.1] 0.160 0.7 [04-1.2] 0.205
Schistosomiasis by cca

No 93 (514) 88 (48.6) 1.0

Yes 181 (55.5) 145 (44.5) 1.2 [08-1.7] 0370 1.2 [08-17] 0442
RBCs in urine

No RBCs 247 (52.6) 223 (4474) 1.0

RBCs in urine 27 (73.0) 10 (27.0) 24 [1.2-52] 0.020 23 [1.1-49] 0.035
Malaria

Negative 219 (52.3) 200 (47.7) 1.0

Positive 55 (62.5) 33 (37.5) 1.5 [1.0-24] 0.081 1.8 [1.0-2.9] 0.024
Nutrition status

Normal 216 (53.1) 191 (46.9)

Moderate malnutrition 38 (57.6) 28 (42.4) 1.2 [0.7-2.0] 049 1.3 [0.7-2.1] 0414

Severe malnutrition 20 (58.8) 14 (41.2) 1.3 [0.6-2.6] 0.519 1.2 [0.6-2.6] 0573
Haematobium

Negative 268 (53.7) 231 (433) 1.0

Positive 6 (75.0) 2 (25.0 26 [05-129] 0.246 2.5[05-129] 0278
Conclusion Acknowledgements

Our study findings show that 1 out 5 of primary
school children have renal abnormalities. The study
also identified a very high prevalence of S. mansoni
and low prevalence of S. haematobium. Children
with schistosomiasis had higher odds of having pro-
teinuria. Screening and mass treatment of schisto-
somiasis should be a priority in this community in
order to prevent long-term effect of renal injury. We
also recommend longitudinal studies to identify
causal relationship between S. mansoni and renal
abnormalities.
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