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Abstract: This study evaluated the performance of urine reagent strips (URSs) in detecting
Schistosoma haematobium infection in individual and pooled urine samples. Between June
2022 and April 2023, 2634 urine samples (10 mL each) from school-age children (5–15 years)
in 15 villages across Ethiopia’s Afar, Benishangul-Gumuz, and Gambella regions were tested
using urine filtration microscopy (UFM) and URSs for blood, a marker of S. haematobium
eggs. Pooled samples from 5, 10, 20, and 40 individuals (one positive, others negative) were
examined with both methods. UFM results were used to calculate URSs’ sensitivity, speci-
ficity, and predictive values for detecting infection. A total of 2634 children were screened
for S. haematobium infection. UFM detected S. haematobium eggs in 370 samples, while URSs
identified infection in 414 children. URSs showed 64% sensitivity and 92% specificity for
individual samples. The positive and negative predictive values for individual samples
were 57% and 94%, respectively. Sensitivity for pooled samples ranged from 47% (pools
of 40) to 53% (pools of 20). In pools with one positive sample, URSs misclassified 220
(50%), 109 (49.5%), 52 (47.0%), and 28 (50.9%) pools as negative for S. haematobium eggs for
pool sizes 5, 10, 20, and 40, respectively. Sensitivity for individual samples was higher in
children with heavy infection (92.5%) compared to light infection (55.9%), and sensitivity
in pooled samples increased with infection intensity (p < 0.001). In conclusion, URSs may
misclassify S. haematobium infection in children when samples are examined individually
or in pools, potentially leading to unnecessary treatment or missed cases. However, URSs
shows promise as a screening tool for detecting S. haematobium infection in areas with high
infection intensity.
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1. Introduction
Schistosoma haematobium affects over 112 million people worldwide, primarily in

sub-Saharan Africa and the Middle East, where it is a major cause of urogenital schisto-
somiasis [1–4]. Although this disease is highly prevalent and poses severe health conse-
quences and public health challenges in these resource-limited settings [1–4], diagnostic
and treatment options are often insufficient. There remains a critical need for cost-effective
diagnostic strategies to improve case detection and accurately estimate the prevalence of
the disease at the population level, which would help in planning and monitoring mass
drug administration programs.

One promising approach to address these challenges is group testing, also known as
pooled testing, a diagnostic procedure designed to optimize resource use and reduce the
time required for testing [5,6]. By combining samples from multiple individuals and testing
them as a single unit, pooled testing significantly decreases the number of tests needed [5,6],
making it an attractive option for large-scale screening of urogenital schistosomiasis. This
approach has been successfully applied to various infectious diseases such as HIV, SARS-
CoV-2, and Zika virus [7–10] and shows potential for large-scale diagnostic efforts for
urogenital schistosomiasis [11,12], enabling more efficient detection and monitoring of the
prevalence of the diseases in endemic regions. This innovative method could be particularly
useful in resource-limited settings where individual testing may not be feasible due to
cost or logistical constraints. In a small-scale study, we demonstrated that pooled testing
based on the urine filtration microcopy (UFM) approach holds significant promise for
estimating both the prevalence and intensity of infections at the population level [11].
Building on this work, we recently provided evidence that pooled testing with UFM can
also be instrumental in rapidly identifying areas of high transmission, or “hot spots”,
enabling targeted interventions and efficient allocation of resources [12].

The use of rapid diagnostic tools, such as urine reagent test strips (URSs) for blood
detection in urine as a surrogate for the presence of S. haematobium eggs, presents opportu-
nities to further enhance the efficiency of the pooled testing approaches for the diagnosis
of S. haematobium infection [12,13]. S. haematobium infects the urinary system, causing
hematuria (blood in the urine) due to bladder wall damage induced by the parasite’s eggs,
leading to the presence of red blood cells or hemoglobin in the urine [4]. URSs can detect
this condition, with hematuria severity (trace, mild, moderate, or severe) serving as an
indicator of infection intensity [13]. However, hematuria may also result from menstrua-
tion, urinary tract infections, immune system or metabolic disorders, or other factors [14].
Therefore, confirmation through UFM or antigen-based tests is recommended for accurate
diagnosis and assessment of infection intensity [14].

URSs offer quick turnaround times [3,4,14], which could significantly shorten the time
needed for screening and identifying infections when integrated with pooled testing strate-
gies. In addition, URSs do not require a microscope, electricity, or trained personnel, and
are cheap and easy to transport and use in remote areas [14,15]. Moreover, the performance
of URSs is less affected by the production and release of S. haematobium eggs [14,16]. De-
spite these characteristics that make URSs well suited for field screening of S. haematobium
infection, studies have shown inconsistent results regarding the sensitivity (i.e., ranging
from 16% to 100%) of the test in detecting infection with the parasite from individual
samples [14,17]. The sensitivity of the test could be further affected in pooled samples
due to the dilution effect on hematuria levels. However, there is a lack of robust evidence
regarding the sensitivity and specificity of URSs for detecting S. haematobium infections in
pooled urine samples, a critical knowledge gap relevant to optimizing large-scale surveys
in endemic regions.
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Recently, we reported results comparing the performance of UFM and URSs in iden-
tifying S. haematobium infection using 10 mL urine samples from individual and pooled
samples [12]. However, that study employed a cascaded pooling approach (pools of 5 were
used to make pools of 10, after which these pools of 10 were used to make pools 20 and
pools of 20 to make pools of 40). Additionally, the study participants were recruited from
only two regions in Ethiopia, and the sample size was insufficient to perform region-specific
analyses. This is because the prevalence and intensity of S. haematobium infection can vary
by region, potentially influencing the sensitivity of diagnostic tools used for detecting
infection [12,13,16]. In the present study, we addressed these limitations by assessing the
performance of URSs in detecting S. haematobium infection using a relatively large number
of samples collected from three regions of Ethiopia with varying endemicity of urogenital
schistosomiasis and pooled independently into groups of 5, 10, 20, and 40.

2. Materials and Methods
2.1. Study Population and Data Collection

Between June 2022 and April 2023, urine samples of at least 80 mL were collected
from 2634 school-age children (5 to 15 years of age) living in selected villages of three
regions of Ethiopia (Afar, Benishangul-Gumuz and Gambella) where there is a transmission
of S. haematobium regardless of the occurrence of infection-related symptoms [11,12,18].
Literature information about the level of transmission of S. haematobium infection and recom-
mendations from local administrative officials and guides, who considered accessibility and
local control program activities in their efforts, were used to select the villages [11–13,18].
Urine samples were collected in nearby health posts, schools, or open fields of selected
villages between 10:00 a.m. and 3:00 p.m. School-age children who assented and for whom
parental consent was obtained were enrolled for the collection of 80 mL urine, 10 mL of
which was first checked for the presence of blood as a proxy for S. haematobium infection
using URSs (Human GmbH-Max-Planck-Ring 21, Wiesbaden, Germany) and then filtered
through a polycarbonate filter membrane and examined under a microscope in the field
for S. haematobium eggs. The remaining 70 mL urine sample was transferred to a vial con-
taining 0.7 mL formalin (37% formaldehyde) and transported to the Medical Parasitology
Laboratory of Aklilu Lemma Institute of Pathobiology of Addis Ababa University.

2.2. Urine Sample Pooling and Examination Procedure

Once the samples arrived at the laboratory, 10 mL was further checked for the presence
of blood using a URS and filtered through a polycarbonate filter membrane and examined
for S. haematobium eggs using a microscope following the same procedure as in the field.
The remaining 60 mL of urine was strategically pooled and examined using URSs and UFM
techniques. To this end, first each individual urine sample was declared either positive
(eggs were found at least once) or negative for S. haematobium eggs (no eggs were found on
both occasions) based on the obtained UFM results both in the field and at the laboratory.
Then, plastic vials containing individual urine samples were arranged in rows of 5, 10,
20, and 40 samples. In each row, one positive sample was included, while the remaining
samples were negative. Those samples with greater than zero S. haematobium eggs were
randomly selected. Following that, in each row urine samples of 28 mL, 14 mL, 7 mL,
and 3.5 mL from each individual sample were transferred to a 140 mL size vial to make
pools of 5, 10, 20, and 40 samples, respectively. Finally, an aliquot of 10 mL of each pooled
urine sample was tested for the presence of blood (using URSs) and S. haematobium eggs
(using UFM).
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2.3. Statistical Data Analysis

First, using the individual test results based on UFM in the field and lab as a ref-
erence (samples that tested positive in the field and/or lab were declared positive), we
estimated the sensitivity, specificity and predictive values of the URSs. along with 95%
Wald Confidence Interval (CI), in detecting S. haematobium infection in the individual urine
samples across the age and gender groups, the regions where the children live, and the
class of intensity of infection. The class of intensity of infection was grouped as light
(UEC ≤ 50 eggs per 10 mL) and heavy (UEC > 50 eggs per 10 mL) based on WHO cut-off
point [19]. Then, we compared the sensitivity of the URSs in detecting S. haematobium infec-
tion in pooled urine samples (i.e., the proportion of pooled samples that tested positive for
the presence of blood) across all pool sizes (5, 10, 20, and 40), level of intensity of infection
(level 1: mean urine egg count (UEC) of the individual samples making the pools per 10 mL
urine ≤ 25th percentile; level 2: 25th percentile < mean UEC ≤ 50th percentile; level 3: 50th
percentile < mean UEC ≤ 75th percentile; level 4: mean UEC > 75th percentile), and the
regions where the samples were collected (Afar, Benishangul Gumuz, and Gambela) using
a chi-square test for trend analysis [20]. An overall percent agreement was used to measure
the percentage of total subjects where the UFM and the URSs results agree.

2.4. Ethical Consideration

This study was approved by the institutional review boards of the University Ne-
braska Medical Center (IRB #0875-21-EP, 23 December 2021) and Aklilu Lemma Insti-tute
of Pathobiology (Ref. No. ALIB IRB/63/2014/2021, 21 December 2021). The district
health office, school authorities, and teachers were briefed on the study’s purpose and
procedures. Written informed consent was obtained from the parents or guardians of
children who agreed to participate. Children diagnosed with S. haematobium infection,
based on UFM using 10 mL of urine, were treated with praziquantel (40 mg/kg body
weight) free of charge.

3. Results
3.1. Performance of URSs in Detecting Infection in the Individual Urine Samples

A total of 2634 children (age 5–15, 41.7% girls) from 15 villages in three regions were
screened for S. haematobium infection. S. haematobium eggs were detected in 14.1% of
children using UFM, with most (83.5%) infections being light (≤50 eggs per 10 mL of urine).
Prevalence was higher in older children (5–10 years: 12.2% vs. 11–15 years: 16.2%), boys
(15.0% vs. 12.7%), and in Gambella (24.4% vs. Benishangul-Gumuz: 12.4% vs. Afar: 11.6%).
Infections occurred in all villages, ranging from 0.5% to 38.0%.

When UFM was used for testing, S. haematobium eggs were detected in 370 samples,
while the infection was identified in 414 children based on URSs. Using the results based
on the UFM as a reference (Table 1), URSs showed a 64% percent positive agreement (“sen-
sitivity”) in detecting children with S. haematobium infection and a 92% percent negative
agreement (“specificity”) in declaring children not infected with the parasite when samples
were examined individually. The overall percent agreement between UFM and URSs in
detecting S. haematobium eggs was 88.15%. The positive and negative predictive values
(PPV and NPV) of URSs in predicting children with and without S. haematobium infection
were 57% and 94%, respectively. The sensitivity of the test was observed to be greater
in males than in females; in children aged 12 and 13 compared to those aged 14, 15, or
younger than 12 years old; for heavy compared to light intensity of infection; and in those
who live in Afar than in Benishangul Gumuz or Gambella regions (Table 2). The specificity
and NPVs of the test were comparable when deployed for detecting infection in males vs.
females and in children of different age groups (Table 2).
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Table 1. Performance of URSs in detecting S. haematobium infection from individual samples.

UFM Results Total
Positive Negative

URSs Results
Positive 236 178 414

Negative 134 2086 2220

Total 370 2264 2634
UFM: urine filtration microscopy used as a reference; URSs: urine reagent strips.

Table 2. Performance of URSs in detecting S. haematobium infection from individual samples based
on demographic status and class of intensity of infection alongside 95% Wald CI.

Categories (n) Sensitivity
(95% CI)

Specificty
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

≤10 (1399) 66.5
(59.4, 73.6)

92.9
(91.6, 94.4)

66.5
(60.0, 73.0)

92.9
91.4, 94.4)

11 (150) 66.7
(44.9, 88.4)

93.9
(89.9, 98.1)

60.0
(38.5, 81.5)

95.4
(91.8, 99.0)

Age in years 12 (245) 71.1
(57.9, 84.3)

92.5
(89.5, 96.5)

68.1
(54.7, 81.3)

93.4
(90.0, 96.9)

13 (171) 71.4
(56.4, 86.4)

91.2
(86.2, 95.8)

67.6
(53.0, 83.0)

92.5
(88.0, 96.9)

14 (323) 52.3
(40.2, 64.4)

86.0
(81.8, 90.2)

48.6
(36.9, 60.3)

87.8
(83.8, 91.8)

15 (346) 54.0
(37.9, 70.0)

94.0
(91.3, 96.6)

51.3
(35.3, 0.66.7)

94.5
(91.9, 97.0)

Gender Females (1098) 59.0
(50.8, 67.2)

93.0
(91.4, 94.6)

55.4
(47.4, 63.4)

94.0
(92.5, 95.5)

Males (1536) 67.0
(60.9, 73.1)

91.4
(89.9, 92.9)

58.0
(52.1, 63.9)

94.0
(92.7, 95.3)

Afar (1143) 76.7
(69.5, 83.9)

88.3
(86.0, 90.0)

46.4
(39.8, 52.9)

96.7
(95.9, 98.1)

Region Benishngul
Gumuz (1052)

58.0
(48.6, 67.4)

91.6
(88.6, 94.6)

68.9
(60.3, 78.1)

87.1
(83.6, 90.6)

Gambella (439) 55.4
(46.4, 63.6)

96.5
(95.3, 97.7)

69.2
(59.3, 78.5)

93.9
(92.4, 95.4)

Class of
intensity

of infection

Light
(UEC ≤ 50 eggs
per 10 mL) (290)

55.9
(50.2, 61.6) Na na na

Heavy
(UEC > 50 eggs
per 10 mL) (80)

92.5
(86.7, 98.3) Na na na

Results from urine filtration microscopy used as a reference. PPV: positive predictive value; NPV: negative
predictive value; na = not applicable.

3.2. Performance of URSs in Detecting Infection in Pooled Urine Samples

The sensitivity of URSs is summarized in Table 3. Values were comparable across the
different pool sizes ranging from 47% (pool size 40) to 53% (pool size 20). The sensitivity
of URSs in detecting pooled urine samples with S. haematobium eggs was 54.2% among
samples collected in Afar, 47.1% in Benishangul Gumuz, and 48.3% in Gambella. However,
the sensitivity significantly increased with an increase in the intensity level of infection
(p < 0.001).
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Table 3. The diagnostic sensitivity of URSs in detecting positive pooled samples by pool size,
the intensity level of the individual samples making the pools, and the region where the samples
were collected.

Variables Categories

Number of Pools with One
Individual Sample Making

Them Contain
S. haematobium eggs

Number of Pools
with S. haematobium

eggs Based on
URS (%)

Pool size 5 440 220 (50.0)
10 220 111 (50.5)
20 110 58 (53.0)
40 55 27 (49.1)

p-value 0.834

Intensity level 1 249 71 (28.5)
2 168 74 (44.0)
3 202 111 (55.0)
4 206 160 (78.0)

p-value <0.001

Region Afar 360 195 (54.2)
Gambella 180 87 (48.3)

Benishangul
Gumuz 285 134 (47.1)

p-value 0.067

4. Discussion
This study investigated the utility of URSs as a diagnostic tool for detecting S. haematobium

infection in individual and pooled urine samples. The prevalence of S. haematobium infection
among the study participants was 14.1%, ranging from 0.5% to 38% across different villages.
This is lower than the rates reported in previous studies conducted in the region [12,21]. The
overall performance of the test in detecting infection from individuals (sensitivity = 64%
and PPV = 57%) and pooled samples (sensitivity ≤ 53%) was not satisfactory. When samples
were examined individually, URSs misclassified 134 children (out of 370), who tested
positive for S. haematobium eggs using UFM, as uninfected and 178 uninfected children (out
of 2264), who tested negative for S. haematobium eggs using UFM, as infected. Similarly,
when samples from 2634 children were examined in pools of 5 (n = 440), 10 (n = 220),
20 (n = 110), and 40 (n = 55), with each pool containing one sample that tested positive
for S. haematobium eggs based on UFM, URSs misclassified 220, 109, 52, and 28 pools as
negative for S. haematobium eggs, respectively. Consequently, 220, 109, 52, and 28 infected
children, depending on the pool size, may not have received treatment based on the URSs
results. These results suggest that URSs may generally fail to accurately determine the
status of infection when deployed for testing urine samples from children individually or
in pools. Thus, a significant number of children could have received unnecessary treatment
or miss relevant treatment if URSs are used to determine S. haematobium infection status.
A number of studies also reported lower sensitivity of URSs in detecting S. haematobium
infection when deployed for testing urine samples following individual or pooled testing
procedures [3,12,13].

However, the sensitivity of URSs in detecting S. haematobium infection in individual
samples was observed to be greater when used to diagnose these infections in individual
samples collected from male children (67.7% vs. 59% in females) who were younger than
14 years (66.5% to 71.4% vs. 52.3% to 54.0% in those ≥14 years old), those who live in the
Afar region (76.7% vs. 58.0% in Benishangul Gumuz or 55.4% in Gambella), and those
with heavy-intensity (UEC > 50 eggs/10 mL urine) infection (92.5% vs. 55.9% in light-
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intensity infection). The sensitivity of URSs in detecting infection in pooled samples also
increased with an increase in the intensity of infection, aligning with previous research
findings [11,12,16,22–24]. These results suggest that while URSs may generally misclassify
the presence of S. haematobium eggs in individual and pooled samples, they might be
employed for rapidly exploring the presence of S. haematobium eggs in regions with high
infection intensity and moderate endemicity levels.

While these results align with expectations, they have important practical implications.
The observed increase in sensitivity suggests that pooled testing using URSs may help
to detect and estimate the prevalence of S. haematobium infection at a population level
with better accuracy in settings with higher infection intensities, especially when the pool
size is small. Conversely, in areas with lower infection intensity/endemicity, pooled test-
ing may have a low diagnostic accuracy even after adjustments to the pooling strategy.
Similarly, while the variation in the sensitivity of URSs by region was anticipated [16],
they impact interpretation of screening results across regions. Differences in URSs’ sen-
sitivity across regions may reflect variations in infection intensity, urine composition, or
environmental factors influencing diagnostic performance. These findings underscore that
considering regional characteristics and endemicity contexts when deploying URSs for
detecting S. haematobium infection could enhance the efficiency and accuracy of surveillance
programs. Ultimately, understanding and addressing these regional variations can help
optimize resource allocation and improve the effectiveness of schistosomiasis control efforts
in diverse epidemiological settings.

The present study demonstrated that URSs may not be used to detect S. haematobium
infection in individual or pooled urine samples with a good accuracy applicable to popula-
tion risk assessment. However, only 10 mL of individual and pooled urine was examined
in this study. Consequently, the potential influence of urine volume on the sensitivity of
URSs for detecting infections could not be assessed. Furthermore, due to the limited num-
ber of samples collected in some individual villages, analysis at the village level was not
conducted. This is a notable limitation, as the intensity and prevalence of infection, which
are key factors influencing test performance, vary significantly due to local exposures. Such
variability could provide further insights into the test’s applicability in diverse settings.
Moreover, female children aged 14 to 15 years, who might have been post-menarche at
the time of urine sample collection, could have influenced the results. The differential
diagnosis of hematuria in children could also be related to kidney injury or failure due
to poststreptococcal glomerulonephritis [25]. Future research is needed to address these
limitations and expand the understanding of URSs application in large-scale epidemiologi-
cal surveys. Specifically, studies should investigate the impact of urine volume on URSs’
sensitivity, assess its performance across varying levels of endemicity, and evaluate its
utility during different program phases. These findings would help refine the use of URSs
as a diagnostic tool for detecting S. haematobium infection in broader epidemiological and
programmatic contexts for school-age children.

5. Conclusions
In conclusion, URSs may lead to missing a significant portion of children infected with

S. haematobium and misdiagnose children who are not infected with the parasite as infected
when urine samples are tested individually or in pools. However, URSs show potential as a
screening tool for detecting S. haematobium infection in regions with high infection intensity
and moderate endemicity levels. Further research is needed to optimize the application
of URSs for diagnosing S. haematobium infection and for leveraging them as a rapid and
cost-effective screening method in large-scale epidemiological surveys, enabling better
surveillance and control of infections with the parasite in endemic areas.
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Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/microorganisms13030510/s1: S1 Data. Detection of
Schistosoma haematobium infection from individual urine samples using urine filtration microscope
and urine reagent test strips among school-age children in the Afar Gambella and Benishangul Gumuz
regional states of Ethiopia, June 2022 and April 2023. S2 Data. Detection of Schistosoma haematobium
infection from pooled urine samples using urine reagent test strips among school-age children in the
Afar Gambella and Benishangul Gumuz regional states of Ethiopia, June 2022 and April 2023.

Author Contributions: Conceptualization, A.D., B.L. and C.R.B.; data curation, A.D., B.E., A.A. and
Y.N.; formal analysis, A.D.; funding acquisition, A.D., B.L., C.R.B., D.M.B.-M., B.E., A.A., D.M.B.-M.
and T.M.; investigation, A.D., B.E., A.A., B.L., C.R.B. and Y.N.; methodology, A.D., B.L., C.R.B.,
D.M.B.-M., B.L., B.E., A.A., M.J.B. and T.M.; project administration, A.D., B.E. and A.A.; resources,
B.E., A.A. and A.D.; software, A.D.; supervision, A.D., B.E. and A.A.; validation, A.D., B.L., C.R.B.,
D.M.B.-M. and M.J.B.; visualization, A.D.; writing—original draft, A.D.; writing—review and editing,
A.D., B.L., C.R.B., B.E., A.A., D.M.B.-M. and T.M. All authors have read and agreed to the published
version of the manuscript.

Funding: The research reported in this publication was supported by the National Institute of Allergy
and Infectious Diseases of the National Institutes of Health under Award Number R21AI164376. The
content is solely the responsibility of the authors and does not necessarily represent the official views
of the National Institutes of Health. The National Institute of Allergy and Infectious Diseases of the
National Institutes of Health had no role in the design and conduct of the study; the collection, man-
agement, analysis, and interpretation of the data; preparation, review, or approval of the manuscript;
or the decision to submit the manuscript for publication.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Boards of the University of Nebraska Med-
ical Center (IRB #0875-21-EP, 23 December 2021) and the Aklilu Lemma Institute of Pathobiology
(Ref. No. ALIB IRB/63/2014/2021, 21 December 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article/supplementary material. Further inquiries can be directed to the corresponding author.

Acknowledgments: We extend our gratitude to the study participants for providing urine samples.
We also wish to thank the health professionals at the local health posts, as well as the health offices
at the district and regional levels, and the community leaders for their invaluable assistance in
facilitating participant recruitment and data collection.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. World Health Organization. Schistosomiasis. Available online: https://www.who.int/news-room/fact-sheets/detail/

schistosomiasis (accessed on 7 December 2024).
2. GBD 2015 DALYs and HALE Collaborators. Global, regional, and national disability-adjusted life-years (DALYs) for 315 diseases

and injuries and healthy life expectancy (HALE), 1990–2015: A systematic analysis for the Global Burden of Disease Study 2015.
Lancet 2016, 388, 1603–1658. [CrossRef]

3. Mutapi, F.; Maizels, R.; Fenwick, A.; Woolhouse, M. Human schistosomiasis in the post mass drug administration era. Lancet
Infect. Dis. 2017, 17, e42–e48. [CrossRef] [PubMed]

4. McManus, D.P.; Dunne, D.W.; Sacko, M.; Utzinger, J.; Vennervald, B.J.; Zhou, X.N. Schistosomiasis. Nat. Rev. Dis. Primers 2018,
4, 13. [CrossRef]

5. Bilder, C. Group testing for identification. In Wiley StatsRef: Statistics Reference Online; Wiley Online Library: Hoboken, NJ,
USA, 2019.

6. Bilder, C.R. Group Testing for Estimation. In Wiley Stats Ref: Statistics Reference Online; Balakrishnan, N., Colton, T., Everitt, B.,
Piegorsch, W., Ruggeri, F., Teugels, J.L., Eds.; Wiley Online Library: Hoboken, NJ, USA, 2019.

7. van Zyl, G.U.; Preiser, W.; Potschka, S.; Lundershausen, A.T.; Haubrich, R.; Smith, D. Pooling strategies to reduce the cost of
HIV-1 RNA load monitoring in a resource-limited setting. Clin. Infect. Dis. 2011, 52, 264–270. [CrossRef]

https://www.mdpi.com/article/10.3390/microorganisms13030510/s1
https://www.who.int/news-room/fact-sheets/detail/schistosomiasis
https://www.who.int/news-room/fact-sheets/detail/schistosomiasis
https://doi.org/10.1016/S0140-6736(16)31460-X
https://doi.org/10.1016/S1473-3099(16)30475-3
https://www.ncbi.nlm.nih.gov/pubmed/27988094
https://doi.org/10.1038/s41572-018-0013-8
https://doi.org/10.1093/cid/ciq084


Microorganisms 2025, 13, 510 9 of 9

8. Edouard, S.; Prudent, E.; Gautret, P.; Memish, Z.A.; Raoult, D. Cost-effective pooling of DNA from nasopharyngeal swab samples
for large-scale detection of bacteria by real-time PCR. J. Clin. Microbiol. 2015, 53, 1002–1004. [CrossRef] [PubMed]

9. Abdalhamid, B.; Bilder, C.R.; McCutchen, E.L.; Hinrichs, S.H.; Koepsell, S.A.; Iwen, P.C. Assessment of Specimen Pooling to
Conserve SARS CoV-2 Testing Resources. Am. J. Clin. Pathol. 2020, 153, 715–718. [CrossRef]

10. Saá, P.; Proctor, M.; Foster, G.; Krysztof, D.; Winton, C.; Linnen, J.M.; Gao, K.; Brodsky, J.P.; Limberger, R.J.; Dodd, R.Y.; et al.
Investigational Testing for Zika Virus among U.S. Blood Donors. N. Engl. J. Med. 2018, 378, 1778–1788. [CrossRef] [PubMed]

11. Degarege, A.; Erko, B.; Mekonnen, Z.; Legesse, M.; Negash, Y.; Vercruysse, J.; Levecke, B. Comparison of individual and pooled
urine samples for estimating the presence and intensity of Schistosoma haematobium infections at the population level. Parasites
Vectors 2015, 8, 593. [CrossRef] [PubMed]

12. Degarege, A.; Levecke, B.; Negash, Y.; Animut, A.; Erko, B. Clinical sensitivity and time-to-result of a cascaded pooled testing
approach for assessing the prevalence and intensity of Schistosoma haematobium infection. PLoS Negl. Trop. Dis. 2024,
18, e0012435. [CrossRef]

13. Degarege, A.; Animut, A.; Negash, Y.; Erko, B. Performance of Urine Reagent Strips in Detecting the Presence and Estimating the
Prevalence and Intensity of Schistosoma haematobium Infection. Microorganisms 2022, 10, 2062. [CrossRef] [PubMed]

14. Ochodo, E.A.; Gopalakrishna, G.; Spek, B.; Reitsma, J.B.; van Lieshout, L.; Polman, K.; Lamberton, P.; Bossuyt, P.M.; Leeflang,
M.M. Circulating antigen tests and urine reagent strips for diagnosis of active schistosomiasis in endemic areas. Cochrane Database
Syst. Rev. 2015, 11, CD009579. [CrossRef] [PubMed]

15. Brooker, S.; Kabatereine, N.B.; Gyapong, J.O.; Stothard, J.R.; Utzinger, J. Rapid mapping of schistosomiasis and other neglected
tropical diseases in the context of integrated control programmes in Africa. Parasitology 2009, 136, 1707–1718. [CrossRef] [PubMed]

16. Murare, H.M.; Taylor, P. Haematuria and proteinuria during Schistosoma haematobium infection: Relationship to intensity of
infection and the value of chemical reagent strips for pre- and post-treatment diagnosis. Trans. R. Soc. Trop. Med. Hyg. 1987, 81,
426–430. [CrossRef] [PubMed]

17. Vaillant, M.T.; Philippy, F.; Neven, A.; Barré, J.; Bulaev, D.; Olliaro, P.L.; Utzinger, J.; Keiser, J.; Garba, A.T. Diagnostic tests for
human Schistosoma mansoni and Schistosoma haematobium infection: A systematic review and meta-analysis. Lancet Microbe
2024, 5, e366–e378. [CrossRef]

18. Chala, B.; Torben, W. An Epidemiological Trend of Urogenital Schistosomiasis in Ethiopia. Front. Public Health 2018, 6, 60.
[CrossRef]

19. World Health Organization. Prevention and Control of Schistosomiasis and Soil-Transmitted Helminthiasis: Report of A WHO Expert
Committee; World Health Organization: Geneva, Switzerland, 2002; WHO Technical Report Series, No. 912.

20. Koletsi, D.; Pandis, N. The chi-square test for trend. Statistics and research design. Am. J. Orthod. Dentofac. Orthop. 2016, 150,
1066–1067. [CrossRef] [PubMed]

21. Degarege, A.; Mekonnen, Z.; Levecke, B.; Legesse, M.; Negash, Y.; Vercruysse, J.; Erko, B. Prevalence of Schistosoma haematobium
Infection among School-Age Children in Afar Area, Northeastern Ethiopia. PLoS ONE 2015, 10, e0133142. [CrossRef]

22. Lo, N.C.; Coulibaly, J.T.; Bendavid, E.; N’Goran, E.K.; Utzinger, J.; Keiser, J.; Bogoch, I.I.; Andrews, J.R. Evaluation of a Urine
Pooling Strategy for the Rapid and Cost-Efficient Prevalence Classification of Schistosomiasis. PLoS Negl. Trop. Dis. 2016, 10, 1–14.
[CrossRef] [PubMed]

23. Knopp, S.; Corstjens, P.L.; Koukounari, A.; Cercamondi, C.I.; Ame, S.M.; Ali, S.M.; de Dood, C.J.; Mohammed, K.A.; Utzinger,
J.; Rollinson, D.; et al. Sensitivity and specificity of a urine circulating anodic antigen test for the diagnosis of Schistosoma
haematobium in low endemic settings. PLoS Negl. Trop. Dis. 2015, 9, e0003752. [CrossRef] [PubMed]

24. Wepnje, G.B.; Anchang-Kimbi, J.K.; Lehman, L.G.; Kimbi, H.K. Evaluation of Urine Reagent Strip as a Tool for Routine Diagnosis
of Maternal Urogenital Schistosomiasis at Antenatal Clinic Visit in Munyenge, South West Region, Cameroon. Biomed. Res. Int.
2019, 2019, 2972630. [CrossRef]

25. Mengstie, L.A.; Tesfa, T.; Addisu, S.; Shewasinad, S. Treatment outcome of post-streptococcal acute glomerulonephritis and its
associated factors among children less than 15 years at the referral hospital of East Amhara, Ethiopia. BMC Res. Notes 2024,
17, 313. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1128/JCM.03609-14
https://www.ncbi.nlm.nih.gov/pubmed/25552360
https://doi.org/10.1093/ajcp/aqaa064
https://doi.org/10.1056/NEJMoa1714977
https://www.ncbi.nlm.nih.gov/pubmed/29742375
https://doi.org/10.1186/s13071-015-1205-7
https://www.ncbi.nlm.nih.gov/pubmed/26572138
https://doi.org/10.1371/journal.pntd.0012435
https://doi.org/10.3390/microorganisms10102062
https://www.ncbi.nlm.nih.gov/pubmed/36296338
https://doi.org/10.1002/14651858.CD009579.pub2
https://www.ncbi.nlm.nih.gov/pubmed/25758180
https://doi.org/10.1017/S0031182009005940
https://www.ncbi.nlm.nih.gov/pubmed/19450373
https://doi.org/10.1016/0035-9203(87)90158-1
https://www.ncbi.nlm.nih.gov/pubmed/3120368
https://doi.org/10.1016/S2666-5247(23)00377-4
https://doi.org/10.3389/fpubh.2018.00060
https://doi.org/10.1016/j.ajodo.2016.10.001
https://www.ncbi.nlm.nih.gov/pubmed/27894529
https://doi.org/10.1371/journal.pone.0133142
https://doi.org/10.1371/journal.pntd.0004894
https://www.ncbi.nlm.nih.gov/pubmed/27504954
https://doi.org/10.1371/journal.pntd.0003752
https://www.ncbi.nlm.nih.gov/pubmed/25973845
https://doi.org/10.1155/2019/2972630
https://doi.org/10.1186/s13104-024-06971-w

	Introduction 
	Materials and Methods 
	Study Population and Data Collection 
	Urine Sample Pooling and Examination Procedure 
	Statistical Data Analysis 
	Ethical Consideration 

	Results 
	Performance of URSs in Detecting Infection in the Individual Urine Samples 
	Performance of URSs in Detecting Infection in Pooled Urine Samples 

	Discussion 
	Conclusions 
	References

