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Introduction: Schistosomiasis is an important neglected tropical disease (NTD) in several
developing countries. Praziquantel is the principle and efficacious chemotherapeutic agent that
has been used to treat schistosomiasis for decades. Unfortunately, emerging resistance to
praziquantel with accompanying reduced efficacy is reported in some localities. Hence, genetic
diversity among parasite populations is of significant interest in assessing the effects of selective
pressure generated by praziquantel therapy that might result in encouraging the emergence of
new genotypes that are either non-susceptible or drug-resistant. The present study aimed to
investigate the genetic diversity of Schistosoma haematobium among human populations using
the RAPD technique to help clarify disease epidemiology and transmission.

Materials and Methods: S. haematobium eggs were isolated from 50 of 134 patients from
four different localities in Qena Governorate, Upper Egypt. These patients complained of
terminal hematuria and burning micturition. Samples were used for molecular analysis using
RAPD-PCR primers (A02, A07, A09, A10).

Results: Twenty S. haematobium isolates (40%) were amplified using the selected RAPD
primers. Amplification patterns of these isolates showed distinct variation in the size and
number of amplified fragments, indicating high genetic variation among these isolates.
Conclusion: To the best of our knowledge, this study is the first to characterize the genetic
diversity of S. haematobium in human populations in Upper Egypt. Future studies on a larger
geographic scale involving many districts in Upper Egypt should be encouraged. Information
from such a study would provide better insight into clonal lineages of S. haematobium in this
endemic area. In turn, understanding transmission of the parasite may have a major role in
establishing control strategies for urogenital schistosomiasis in Upper Egypt.
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Introduction
Schistosomiasis is an important neglected tropical disease (NTD). The responsible
parasite is considered second only to malaria for its socioeconomic impacts.'
Worldwide, approximately 779 million people are at risk of infection in endemic
areas and more than 250 million people are estimated to be currently infected with
Schistosomiasis haematobium.” The majority of recorded cases are concentrated in
Africa, account for nearly 90% of infections.> In developing countries, schistoso-
miasis causes disabilities in over 3.3 million people and 11, 700 deaths annually. The
parasite remains a global threat even in non-endemic areas.®’ Since ancient times,
urogenital and intestinal schistosomiasis have been prevalent conditions in Egypt.®
Six species of schistosomes that infect humans are endemic in 78 countries,
namely; Schistosoma mansoni, S. haematobium, S. japonicum, S. intercalatum, S.
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mekongi, and S. guineensis.” S. haematobium causes uro-
genital schistosomiasis and shows an important association
with viral infections, such as HIV and HPV.'® The species
occurs in a broad geographical range across Africa, parts
of the Middle East, Madagascar and the Indian Ocean
Islands. Various Bulinid snails serve as intermediate
hosts.'! The estimated prevalence rate of human infections
caused by S. haematobium exceeds 112 million cases in
sub-Saharan Africa, more infections than estimated for
other schistosome species.' In Egypt, the prevalence of
S. haematobium has decreased, now ranging from 0% to
13.9%, due to the implementation of national control
programs.'>"?

The clinical picture of S. haematobium varies widely,
ranging from mild hematuria with or without gross bladder
wall pathology to serious renal disease. Cancer of the
bladder may be associated with the course of the disease.
These variations in clinical presentation of the disease may
change according to screening policies and delays in
diagnosis.""'*

In several sub-Saharan countries, national control pro-
grams are implemented to reduce the burden of schistosomia-
sis through mass administration of anthelmintic drugs,
particularly regions with a high endemic incidence of
infection.'>!'® Praziquantel is the principal agent for treatment
of schistosomiasis; the drug has been used for this purpose for
decades.'” Mass drug administration may, however, influence
(if not correctly done) the prevalence of S. haematobium in
migrants to low-endemic countries.'”® Moreover, emerging
resistance with reduced efficacy is reported for praziquantel
against human schistosomiasis in some localities.'*2° Several
clinical trials conducted in Senegal and Egypt show reduced
effectiveness of praziquantel against schistosomes and isolated
drug-resistant strains.>'** A previous study conducted of
Egyptian villagers reported inability of PZQ in curing about
1-2.4% of 1000 schistosomiasis-infected patients. They also
detected PZQ-resistant strains that can withstand high doses of
the drug.**

Recent molecular epidemiological studies of schistoso-
miasis provide knowledge of the dynamics of parasitic
infection, understanding of genetic characteristics of con-
trol measures, and models for evolution and the spread of
drug resistance.”>***> Genetic differences among schisto-
somes can lead to the emergence of drug-resistant strains
and possibly create non-susceptible genotypes.?’-**

Yet, genetic variation in S. haematobium remains
understudied relative to S. mansoni, mainly as a result of

the extensive requirements for its laboratory maintenance
and a deficiency in specific molecular markers.?*~*°

Recent studies have used randomly amplified poly-
morphic DNA (RAPD)-PCR as a valuable method to
explore the genetic diversity of schistosome populations
in snails despite assumptions required for its use.*' >
RAPD primers screen a wide range of loci across the
entire schistosomal genome with limited available
sequence data and low DNA yield. The technique makes
it more feasible and proved to be effective in characteriz-
ing inter-and intra-specific relationships.**-?

In the present study, the diversity of S. haematobium
among infected patients from Qena Governorate, Upper
Egypt, was explored using the RAPD technique to clarify
the molecular structure of natural schistosome populations
and understand aspects of disease epidemiology and trans-
mission. This study is the first, to the best of our knowl-
edge, to examine the genetic diversity of S. haematobium

in human populations in Upper Egypt.

Materials and Methods
Study Location

The present study was conducted in Qena Governorate,
Upper Egypt, approximately 608 km south of Cairo. The
Governorate extends for 240 km (Figure 1) and is con-
nected to the north by Sohag, the south by Aswan, the east
by the Red Sea, and the west by the New valley. The
population of the Governorate was 2.8 million in 2004.

Sampling and Collection of S.

haematobium Eggs

Sampling was conducted in Qena General Hospital over the
period from October 2018 to February 2019. One hundred
thirty-four patients were recruited from the urology outpatient
clinic, all with suspected urinary schistosomiasis. Subjects
complained of terminal hematuria and burning micturition.
Participants provided a history of contact with water either
by irrigation, swimming or washing utensils. Participants were
from four different localities in Qena Governorate (Figure 1
and Table 1). Three rural areas; Al hujyrat, Al tramsa, and
Dandara, and one urban locality (Qena city) were represented.
The age range of patients enrolled in the study was 1 to 65
years. Most subjects were male (82, 61.2%).

Parasitological Examination
A 10 mL sample of urine was collected from each
participant in a clean dry container. Personal data of
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Figure | Egypt's map displaying the location of the Qena governorate, and the red box shows the site of four studied localities in Qena where the participants live

(Alhujyrat, Altramsa, Dandara, and Qena).

each participant (name, sex, age, and residence) was
recorded, and urine samples were processed within 1-3
hours of collection. Each sample was concentrated by
simple sedimentation and examined for S. haematobium
eggs in the parasitology laboratory. Microscopically
positive samples were preserved at —20 °C until mole-
cular analysis.

Table | No. of the Included Participants in the Study and Their
Distribution

Residence No. of Included Participants Percent [%]
Al hujyrat 17 12.7

Al tramsa Il 8.2
Dandara 53 395

Qena 53 395

Total 134 100.0

Molecular Analysis

DNA from positive samples extracted using a GeneJET
Whole Blood Genomic DNA Purification Mini Kit (Thermo
Scientific, Cat. No. K0781). The Concentration and purity of
DNA were estimated. Four 10-bp oligonucleotide primers
(Operon Technologies, Alameda, CA, USA) were used:
Primer A02: TGCCGAGCTG, A07: GAAACGGGTG,
A09: GGGTAACGCC, and A10: GTGATCGCAG. Isolated
DNA of S. haematobium was used for PCR according to Shiff

et al*®

in a thermal cycler (Veriti ™ 96-well thermal cycler
(9902, Singapore). The reaction volume was 20 pL, and PCR
conditions were adjusted to 40 cycles of denaturation for 10s at
94 °C, annealing for 1 min at 36 °C, and extension for 2
minutes at 72 °C). Samples separated together with a 100 bp
DNA Ladder (Thermo Fisher Waltham,

Massachusetts, USA) in 1.2% agarose gel electrophoresis
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stained with ethidium bromide. The PCR products were then
visualized and photographed under UV light. Images were
analyzed with a Gel Imager and Documentation System
(Compact M, Biometra, Germany).

Data Analysis

The amplified RAPD-PCR products produced for each
human isolate were compared to the DNA ladder for
proper band score and to determine the molecular weights
of DNA fragments. All the amplified bands produced by
each primer in separate patient isolates have been pooled.
A comparison between isolates was done by comparing
total bands and shared bands among isolates. Genetic
distances among isolates were measured using RAPD
Distance 1.04 software.>” A binary matrix was constructed
on a pair-wise basis, based assigning presence or absence
of RAPD bands as either 1 or 0.>*° The similarity coeffi-
cients between isolates were estimated by simple associa-
tion, and Nei and Li.** A dendrogram was developed using
UPGMA (unweighted pair group method with arithmetic
mean) constructed by SPSS version 16 (SPSS Inc.,
Chicago, IL, United States).

Results

Demographic Data of the Patients

One hundred and thirty-four patients participated in the
study. All subjects complained of symptoms suggestive of
urinary schistosomiasis (hematuria and dysuria) and vis-
ited the urology outpatient clinic in Qena General Hospital
for diagnosis and treatment. Most patients were male
(61.2%), mainly from rural areas (60.4%). Hematuria
was the main symptomatology (88.1%), while dysuria
was the complaint in only 3% of cases. A combination
of hematuria and dysuria presented in 9% of patients.
Urine examination revealed 50/134 patients (37.3%) were
positive for schistosomiasis, S. haematobium. Seventy per-
cent of positive cases were in males, and 84% complained
of hematuria.

Molecular Characterization of S.

haematobium

Fifty microscopically positive S. haematobium urine sam-
ples were used for RAPD-PCR. The extracted DNA
showed variable DNA yields from low to very high con-
centrations (7.4-709.5 ng/uL.). DNA from 20 samples
(40%) was amplified by the selected RAPD primers
(A02, A07, A09, A10). However, a distinct variation in

amplification banding pattern was observed with the 20
positive results. Variation in the size and number of ampli-
fied fragments from each primer in each isolate was also
seen. Amplified fragments showed differences in intensity
under UV light. Criteria for patients positive by RAPD-
PCR are shown in Table 2.

RAPD Polymorphism Among Schistosoma

haematobium Human Isolates

The results of this study showed that the four RAPD
primers amplified 40 distinct DNA fragments with an
average number of bands per primer ranging from nine
to 12. The size of the amplified fragments ranged from 198
bp with A09 primer to 1860 bp with A10 primer. All DNA
fragments were polymorphic (Figure 2, Table 3).

Out of a total of 40 generated bands, a high similarity
was observed between 23 bands of the DNA amplified
from the 20 human isolates of S. haematobium. Primer
A02 generated PCR products for 20 human samples while
primers (A07, A09, and A10) amplified 18 human isolates.
Human isolates (H) nos. 44 and 45 were amplified only by
primer A02. Regarding Primer A02, many shared bands
were observed among human isolates at the following
sites; 470 bp, 604 bp, and 794 bp. However, the poly-
morphic band at 698 bp was amplified by only one human
isolate (H35) with PIC (polymorphic information content)
of about 0.29. A high degree of polymorphism was also
seen with primer A07 among most isolates. Genomic
DNA of human isolates showed similarity at 604 bp and
987 bp, while bands at 880 bp, 195 bp, and 1171 bp were
least shared. Primer A07 showed the highest PIC (0.41).

Primer A09 showed the highest number of poly-
morphic bands (12). DNA fragments at 527 bp and 902
bp were amplified in almost all samples with high similar-
ity. In contrast, DNA fragments at 1316 bp, 1527 bp, and
222 bp were the least shared among human isolates with
PIC of 0.29. Conversely, primer A10 showed the lowest
number of shared DNA fragments, especially at 241bp,
469 bp, and 1072 bp. The DNA band at 1325 bp was
amplified by nearly all samples and PIC, 0.27, was the
smallest among primers (0.27).

Similarity coefficients for four RAPD markers among
the 20 human isolates ranged from 0.00 to 0.95 (Table 4).
The greatest similarity was found between human isolates
H9 and HI15 (95%), followed by H3 and H47 (88.9%).
Notably, human isolate H44 showed 100% polymorphism
among all isolates. The constructed dendrogram using
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Table 2 Criteria of Patients Gave Positive RAPD —PCR Results

Patient No. Residence Age Complaint
7 Dandara 17 Haematuria
9 Qena 5.5 Haematuria
I1 Qena 8 Haematuria
13 Al hujirat 23 Haematuria + dysuria
15 Qena 50 Haematuria
17 Qena 40 Haematuria + dysuria
21 Al hujirat 27 Haematuria
22 Qena 46 Haematuria
29 Dandara 2 Haematuria
30 Qena 22 Haematuria
31 Dandara 27 Haematuria
34 Dandara 47 Haematuria
35 Dandara 30 Haematuria
36 Al hujirat 25 Haematuria
37 Dandara 28 Haematuria
38 Al tramsa 8 Haematuria
42 Qena 50 Haematuria
44 Qena 60 Haematuria
45 Dandara 2 Haematuria
47 Dandara 25 Haematuria

UPGMA clustering method, based on Nei and Li coeffi-
cients, was generated from all amplified bands obtained by
the four RAPD primers (Figure 3). The analysis shows 40
genetic loci produced by the four RAPD primers grouped
into five main clusters and 18 groups. A close relation
between isolates of S. haematobium is observed. Cluster
(F2) comprised four sub-clusters containing 13 isolates.
The first sub-cluster is comprised of human isolates 47, 36,
34, and 30; the second of 31 and 13 with a 0.815 similarity
coefficient. The third sub-cluster consists of isolates 39,
21, 11, 15, and 9, and the fourth sub-cluster, 37 and 7 with
a 0.813 similarity coefficient. Human isolates 44, 45, 42,
35, and 38 formed five separate and distinct lines Al, B,
Cl1, El, and F1, respectively, showing dissimilarity with
other S. haematobium isolates.

Discussion

The present study shows that the prevalence of schistoso-
miasis caused by S. haematobium in patients with urologic
manifestations at the urologic outpatient clinic at Qena
General Hospital, was 37.3%; most patients were males
from rural areas. Such a prevalence rate is higher than
previously documented, which might be explained by
small sample size and the selective sampling of patients
complaining of hematuria and dysuria. Also, it could be
attributed to the agricultural nature of Qena governorate;

the main occupation in the region is farming. In any case,
previous studies reported a lower prevalence ranging from
7.04% to 20.7%.'>44

The national schistosomiasis control program NSCP
implemented a strategy for the elimination of schistoso-
miasis caused by S. haematobium in Egypt, based on
interruption of its transmission by its intermediate host
and mass therapy with praziquantel.'” Despite the consis-
tent reduction in the prevalence of infection, some gover-
norates in Upper Egypt, Sohag, Qena, and Aswan, still
show a significant incidence of disease.*’

Praziquantel has demonstrated high efficacy in disease
control in various endemic regions, although its use has
led to the emergence of strains that tolerate large doses of
the medication through its widespread use in mass control
measures.**

Many studies have discussed the genetic diversity
among schistosome populations, whether S. haematobium
or S. mansoni. Genetic diversity can be affected by various
factors, such as overlapping contact sites, immunity, and
susceptibility of the final and snail intermediate host.
Further, human movements can promote co-existence of
variable genotypes in certain regions. High genetic diver-
sity may also contribute to the emergence of new strains
that are either non-susceptible or drug-resistant through
genetic swapping and recombination between old and
newly emerged genotypes.>’**

This study was designed to detect genetic diversity
among S. haematobium populations in infected patients
in Qena governorate, Upper Egypt using RAPD-PCR.
Results help clarify the epidemiology of schistosomiasis,
and confirm the persistence of S. haematobium in Upper
Egypt despite national control programs.

Randomly amplified polymorphic DNA markers repre-
sent a valuable method for evaluating the genetic diversity
and gene flow among parasitic populations in humans and
their intermediate hosts. A study performed by Dabo et al
used RAPD primers to detect the presence of multiple
genotypes of S. haematobium within its intermediate host
snails.*> A previous study in Egypt used RAPD-PCR
analysis for natural S. haematobium populations to analyze
the genetic diversity of Egyptian isolates as opposed to
other African isolates.*®

In the present research, four RAPD markers A02, A07,
A09, and A10 were tested against genomic DNA isolated
from 50 S. haematobium egg samples. These primers
proved to be useful in differentiating S. haematobium
from other schistosomes. However, the present RAPD

Infection and Drug Resistance 2020:13
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Figure 2 RAPD-PCR patterns produced from the genomic DNA of Schistosoma haematobium isolated from 20 infected patients generated by four oligoprimers. (A) Positive
control. (B) Negative control. (C) DNA Pattern generated with Primer A02. (D) DNA Pattern generated with Primer AO7. (E) DNA Pattern generated with Primer A09.
(F) DNA pattern with Primer A10. Bands were visualized by |.2% agarose gel electrophoresis stained with ethidium bromide.

banding pattern gave positive results with only 20 sam-
ples, indicating that the number of S. haematobium eggs
was not sufficient for genomic DNA isolation. Moreover,
DNA yields varied greatly, from 7.4 to 709.5 ng/uL.
Differences in the amounts of DNA might affect PCR

results, especially in the absence of pooled urine samples
technique that could increase the possibility of detection of
S. haematobium infection.*’ Some studies discuss the effi-
cacy of DNA pooling in evaluating genetic diversity of a
given population, from which allele frequencies could be
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Table 3 RAPD Polymorphism Among Human Schistosoma haematobium Isolates

Primer | Total Number of Bands Amplified Fragment Size Range Number of Polymorphic Bands Polymorphism
@ (bp) (b) bla %

A02 9 1190-223 9 100

A07 9 1395-234 9 100

A09 12 1747-198 12 100

Alo0 10 1860241 10 100

Total 40 1860198 40 100

calculated.*® However, several studies also discuss contro-
versial results of using pooled DNA samples to assess
genetic variation,*®>°

Data present here show distinct polymorphic patterns
from DNA amplified with A02, A07, A09, and A10 pri-
mers. These primers are the same as the primers endorsed
by Afifi et al. These authors used the same primers to
amplify genomic DNA isolated from S. haematobium
eggs found in the urine of infected patients. Findings
exhibited moderate to high variation in genomic schisto-
some populations, thus clarifying genetic diversity among
S. haematobium populations in Egypt relative to other
African isolates from Zimbabwe and South Africa.*® Our
results exhibited high genetic diversity among human iso-
lates in four neighboring geographical regions in Qena
Governorate, Upper Egypt. These results are in harmony
with those of previous studies that document a high degree

variation in selected S. haematobium

51,52

of genetic
populations.

Results of the current study indicate that estimated
genetic similarity denoted by Nei and Li (1979) coeffi-
cients of similarity using numbers of shared bands across
isolates varied greatly, from 0% to 95%. These findings
suggest significant intraspecies differences among human
isolates included in the study.** Even though 100% poly-
morphism was detected, some human isolates (H9 and
H15, and H36 and H47) were closely related and showed
high similarity percentages of 95% and 88.9%, respec-
tively. Moreover, results of UPGMA analysis showed
that the four RAPD primers generated five main clusters
and 18 groups within S. haematobium isolates. Human
isolates, 44, 45, 42, 35, and 38, formed separate and
distinct lines Al, B1, C1, El, and F1, respectively, show-
ing dissimilarity with the other 16 S. haematobium iso-
lates. The presence of hybrids in those populations could
provide an explanation for this finding. Hybridization and
introgression with other Schistosoma species are reported
in other parts of Africa.”*>> However, hybridization could

not be confirmed in the present study in the absence of
comparative control isolates of different schisosomes
species..

The high percentage of intraspecies variability among
the studied S. haematobium populations could be due to
variations in DNA quality, contamination, and instrumen-
tation, which can generate substantial sample-to-sample
deviation.”® Conversely, it could be attributed to the high
prevalence rate in the Qena region. Our findings are con-
sistent with a previous study that shows a high allelic
variation of S. haematobium found in human hosts in
Mali and Nigeria. We hypothesize that these findings
may result from a higher prevalence of parasitic infection
in those localities.® Unlike our findings, other studies
showed unexpectedly low genetic diversity in S. haemato-
bium populations using DNA barcoding methods.>’

Many other parts in the world show high diversity in
Schistosoma populations, such as Yemen Zanzibar, the
neighboring African coastal region, and the Indian
Islands.?”>® The level of genetic diversity is a significant
measure for assessing the effects of selective pressure
generated by drug therapy control measures. Hence, high
genetic diversity may provide a sizable genetic basis for
selection to increase the rate of development of praziquan-
tel resistance. Eventually, the effect of mass praziquantel
administration in control programs on the genetic selection
in Schistosoma populations could promote a decline in
genetic diversity and the evolution of new non-susceptible
or resistant strains.>> Alterations in parasite diversity asso-
ciated with drug therapy raise the need for proper monitor-
ing in endemic areas.

Conclusion

To our knowledge, this study is the first to characterize the
genetic diversity of S. haematobium in human populations
in Upper Egypt using RAPD markers. It provides new
insights into the population genetics of S. haematobium
in this endemic area. RAPD primers used proved to be
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valuable and cost-effective tools for assessing the genetic
diversity of S. haematobium. Future studies on a larger
geographic scale involving many districts in Upper Egypt
should be encouraged to screen more parasite isolates with
different primers and to investigate its intermediate host.
Information from such studies would provide better insight
into the clonal lineages of S. haematobium. This knowl-
edge might play a major role in establishing control stra-
tegies for urogenital schistosomiasis in Upper Egypt.
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