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ABSTRACT

Objective: The specific role Schistosoma ova play in bladder carcinogenesis as well as its association with a specific morphologic subtype
has remained inconclusive. This study aims to re-evaluate this relationship morphologically and review the literature.

Materials: A 19-year (1999-2017) review of all cases of carcinoma of the bladder with or without schistosomiasis was conducted. This
was supplemented with a review of the literature.

Results: 278 cases of carcinoma of the bladder were diagnosed. These comprised 251 males and 27 females in ratio 9:1 and mean ages
56+15 years and 54+16 years respectively (p=0.6). While none of the 27 carcinomas among females had Schistosoma ova 28 of
the 251 carcinomas in males were co-morbid with schistosomiasis. These comprised 13 of the 174 TCC, 14 of the 94 SCC, and 1 of
the 10 adenocarcinomas. There were no statistically significant differences in gender (p=0.6), age (p=0.6), or co-morbidity with the
parasite (p=0.2) among the various histologic subtypes. A review of the literature shows an association of Schistosoma ova not only with
SCC but also with TCC and, but for isolated case reports, there is a paucity of definitive association with cancers outside the bladder.

Conclusion: There were no statistically significant differences in gender, age, or co-morbidity with the parasite among the various
histologic subtypes. In addition to this, the literature review suggests there must be other co-factors present only in the bladder, rather than
just the ova by itself, responsible for Schistosoma-associated carcinoma in this organ.
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Introduction

Schistosomiasis is endemic in large parts of the
world and 85% of the infected reside in Africa.l'! The
pooled prevalence of the infection in Nigeria is 34.7% with
a higher prevalence among males, adolescents, and rural
dwellers.!!

Fergusson in 1911 was the first to associate schistosomiasis
with bladder cancer while others have reported its
association with squamous cell carcinoma P 4 In many
endemic countries control of the parasite has not resulted
in a significant drop in the incidence of bladder cancer.
) Thus bringing the role of schistosomiasis in bladder
carcinogenesis under scrutiny. This study aims to re-
evaluate this relationship morphologically and review the
literature.

Materials and Methods

A retrospective review of all cases of carcinomas of the
bladder diagnosed in a tertiary hospital in northwestern
Nigeria between 1999 and 2017 was conducted. Co-
morbidity of cases with Schistosoma infestation was
then correlated with patient ages, gender, and histologic
subtypes. This was supplemented by an extensive review
of the literature on the role of the parasite in bladder cancer.

Results

In the 19 years reviewed a total of 364 cases of
Schistosoma-related lesions were diagnosed. Three
(0.8%) of the cases were dermatological, 38(10.4%)
were genital, 55(15.1%) were from the gastrointestinal
tract and the remaining 268 (73.7%) were from the
urinary system (Table 1). Four (1.5%) of the 268
urinary tract schistosomiasis cases were from the
urethra, 36 (13.4%) from the ureter, and 228 (85.1%)
from the bladder. Of the 268 wurinary tract
schistosomiasis cases 255 were males and 13 were females,
giving M: F ratio of approximately 20:1. The mean ages
of male and female patients were 35.7 years and 36.5
years respectively.

In the study period, 278 cases of carcinoma of the bladder
were diagnosed. These comprised 251 males and 27
females in ratio 9:1 and mean ages 56+2 years and 54+2
years respectively. One hundred and seventy-four (63%)
of the cases were transitional cell carcinomas (TCC), 166
(34%) were squamous cell carcinomas (SCC) and the
remaining 10 (3%) were adenocarcinomas. While none of
the 27 carcinomas among females had Schistosoma ova 28
of the 251 carcinomas in males were co-morbid with ova
of the parasite. These comprised 13 of the 174 TCC, 14
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of the 94 SCC, and 1 of the 10 adenocarcinomas (Table 2 Discussion

and 3). Even though there were 59 ureteric and 4 urethral Frequency

carcinomas, schistosomiasis was not co-morbid with any The 364 schistosomiasis cases morphologically diagnosed
of them. in our study are a testament to the poor coverage of

Table 1: organ distribution of cases of schistosomiasis diagnosed.

Dermatological 3 0.8
Genital 38 104
Gastrointestinal 55 15.1
Urinary Ureteric 36 10.0
Vesical 228 62.6
Urethral 4 1.1
Total 364 100

Table 2: gender-related characteristics of diagnosed bladder schistosomiasis and bladder cancer.

Mean age for bladder schistosomiasis 36.5 35.7 -
for carcinoma of the bladder 54.1 56.0

Age distribution <56 ears 12 96 =0.8
>56 years 14 128
unspecified 1 27

Pattern of co-morbidity Carcinoma + schistosomiasis 0 28 0.07
Carcinoma - schistosomiasis 27 223

Histologic type Transitional cell carcinoma 17 157 =0.6
Squamous cell carcinoma 10 84
Adenocarcinoma 0 10

Table 3: histologic subtype-related characteristics of diagnosed bladder carcinoma cases.

Gender Male 157 84 10 0.6’
Female 17 10 0

Age Mean age male 57.2 52.3 52.7 18 0.6
Mean age female 52.8 56.2 -

Co-morbidity with schistosomiasis 13 14 1 0.2
without schistosomiasis 161 80 9

*calculated p-value may not be very accurate due to a cell value of 0.

Annals of Pathology and Laboratory Medicine, Vol. 8, Issue 9, October, 2021



Sanusi et al.

Fig. 1: Well differentiated adenocarcinoma of Urinary
bladder with Schistosomiasis Ova H and E X40.

Praziquantel-based mass therapy embarked upon by the
Government. This is further corroborated by the minimal
change in prevalence from the 38.6% reported 31 years ago
by Betterton et al ! in 1988 and the 34.7% reported by
Abdulkadir et al2 in the year 2017. In some localities, even
higher prevalence rates of up to 54% have been reported. 1"

The high prevalence of the parasite is also reflected in
the high frequency of urinary tract schistosomiasis in the
index study. Even though 85% of the urinary tract cases
were from the bladder, yet schistosomiasis was found in
only 10% of carcinomas of the bladder. This contrasts
with 54% reported by Eni and colleagues, ! though from
a smaller sample size of 65 cases, and the 45% reported by
Rambau et al ¥ in Tanzania. Incidentally, the prevalence of
schistosomiasis in Tanzania is also reported to be as
high as 53.3%.0 It is, however, similar to the 7%
reported by Sule et al ' in an earlier study. Our lower
frequency may also have resulted from sampling bias
during the incisional biopsy.

Gender

The male to female ratio for bladder schistosomiasis in this
hospital-based study was 20:1, while in the community it
has been estimated as 5:1.1 " The m: f ratio for carcinoma
of the bladder was far wider at ratio 9:1 and also wider
than the up to 6:1 reported in Egypt. ['?) This suggests
other factors may be at play causing more females in
our geographical location to develop bladder cancer. The
narrower m:fratios of approximately 2:1 for bladder cancer
reported from other parts of the world including Europe
and Asia have been attributed to the high rate of smoking
among women. !> Interestingly, none of the bladder
cancer among females was co-morbid with the parasite.
There was also no statistically significant difference in
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Fig. 2: Viable Ova of Schistosoma H and E X 100.

their histologic subtypes compared to males (p=0.6).
A similar observation was made in the studies from
Tanzania and Egypt. [+ 12

Age

The age range (10 — 83 years) at diagnosis of bladder
schistosomiasis observed in this study is similar to that
reported by Eni et al [l in Maiduguri, also in
northern Nigeria, and Botelho and colleagues in Angola.
[151The peak ages in the 6th decade found in this study for
patients with bladder cancer, with or without
schistosomiasis, and for the various histologic subtypes
are similar to or slightly higher than that reported by
others in parts Africa [ & 171but lower than the 7th - 8th
decades for those in Western countries. '3 11 While the
lower reported mean ages for bladder cancer in
schistosomiasis endemic areas have always been
attributed to schistosomiasis-related pathogenesis, patients
in countries with controlled parasite prevalence are still
about a decade younger than their Western bladder
cancer counterparts. Similar earlier age at presentation
has also been noted for other cancers among Africans,
including those residing in Western nations. [20:21]

In the index study, there were no statistically significant
differences in the mean ages of males and females who
had bladder schistosomiasis or the mean ages of males and
females who developed bladder cancer or mean ages of those
who had bladder cancer co-morbid with schistosomiasis
and those not co-morbid with schistosomiasis.

Histologic Subtype

Our study found a preponderance of TCC (60%) over SCC
(36%). Such high frequency of SCC has also been described
among blacks in the US who are less likely exposed to the
parasite compared to those on the African continent.”?” In
a study based on SEER’s data spanning 41 years, blacks
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presented with a higher frequency of non-TCC cancers
than other races. ! A similar SEER-based study also found
SCC of the bladder to be twice as common in blacks in all
age groups between 35 and 85 years compared to whites in
the United States.**!

Association of Bladder Cancer with Schistosomiasis
Though traditionally, several authors have described an
association between carcinoma of the bladder and bladder
schistosomiasis, in contrast, our study found no statistically
significant difference in co-morbidity of the parasite with
either SCC or TCC. Zheng et al '? in a multicentered
study from Egypt involving 1,886 bladder cancer patients
also found, not only a statistically significant association
between schistosomiasis and SCC but also between the
parasite and TCC.

Anatomically, and to a great extent, functionally, the
ureter and urinary bladder share common features. Both
are lined by transitional epithelium, exposed to urine of
similar constitution, and are drained in part by the same
vesical plexus which is central to the pathogenesis of
urinary schistosomiasis. The ratio of ureteral to bladder
schistosomiasis in the index study was approximately 1:6,
yet none of the 59 carcinomas involving the ureter in the
study period were co-morbid with schistosomiasis.

Similarly, even though 10% and 15% of all schistosomiasis
infestations diagnosed in our study period were from the
genital and gastrointestinal systems respectively, none of
the malignancies documented in these organs exhibited
co-morbidity with schistosomiasis. Comparatively, in a
review of 216 cases of colonic schistosomiasis, Mohamed
et al ?* at the Armed Forces Hospital, Riyadh, also
found no association between the few cases with colonic
malignancy and schistosomiasis. Peterson and Weidner
5] further described this lack of definitive association in
a review of gastrointestinal parasitosis and neoplasia.
However, in a recent (2019) study, Nacif-Pimenta and
colleagues % showed that the effect of Schistosoma ova
on cell proliferation may depend solely on the cell type,
rather than on the Schistosoma species. These shreds of
evidence suggest the presence of a factor, present only in
the bladder, which potentiates the carcinogenic effect of
the ova, if at all, and not the ova by itself.

Literature Review

The cause-effect relationship between schistosomiasis and
carcinoma of the bladder has remained inconclusive
despite the parasite being classified as a category 1
carcinogen by the International Agency for Research
on Cancer (IARC). [*] The erstwhile widely accepted
conclusion that the infestation is mainly associated with
the SCC subtype

has been laid to rest based on significant association of the
parasite with other subtypes. ['2

On a molecular level, Armengolet al 28 using the
comparative genomic hybridization technique also
demonstrated that there are no major cytogenetic differences
among different epithelial tumors of the urinary bladder
regardless of the Schistosoma status. In addition to this, El-
Rifai et al % in reporting their study stated that “Changes
that were observed at similar frequencies in SCC and TCC,
irrespective of the schistosomal status, included gains and
high-level amplifications at 1q, 8q, and 20q and losses
in 9p and 13q”. Incidentally, these are some of the most
important mutations that have been described in bladder
carcinogenesis. Thirdly, Nacif-Pimenta et al % found
no significant dysregulation of p53 or E2F genes when
a urothelial cell line was co-cultured with Schistosoma
hematobium.

Ishida et al, B among others, have suggested that
carcinogenesis may arise from reparative cellular
proliferation in response to egg traversal-associated
urothelial damage and inflammation. However, in chronic
schistosomiasis, as noted by Barsoum et al, B! there is a
switching of the immune response from a predominantly
THI1 pro-inflammatory response to a TH2 modulatory
profile. Inflammatory cells are gradually abolished and are
replaced by fibroblasts. A similar paucity of inflammation
in chronic cases was observed by Mohamed et al. ?¥ The
cell culture-based study by Nacif-Pimenta et al further
concluded that cellular proliferation in affected organs
was secondary to excretory-secretory products of the ova
rather than secondary to a foreign body-induced chronic
inflammatory effect.

Scientific inquiry has recently focused on the role estrogen
and estrogen receptors play in the pathogenesis of bladder
cancer. Inthis regard, Vale et al ®? reviewed the literature and
highlighted the possibility that estradiol-like metabolites,
assumed to be secreted by the parasite, may play a role
in the pathogenesis of this cancer. However, they raised
pertinent questions regarding yet to be proven genomic
ability of the parasite to code for necessary pathways to
synthesize estradiol or to prove that the parasite is simply
not metabolizing host estradiol. Perhaps answering this
question, Nacif-Pimentaet al26found that estradiol receptor
(ER1) expression by urothelial cells was not significantly
altered by co-culture with S. haematobium eggs.

The latter observation is important because of the presence
of estrogen receptors in normal as well as malignant
urothelium. Furthermore, the expression of ER by tumor
cells was not specific for SCC but also for TCC of both
upper and lower urinary tracts.33, 34 In fact, the study by
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Wolpert et al %! in Egypt even found a greater association
of estrogen-related risk with TCC than with SCC.

While it may be argued that even though research linking
schistosomiasis to bladder cancer, especially the SCC
variant, is inconclusive and sometimes contradictory,
circumstantial pieces of evidence may support this notion.
With control of schistosomiasis, not only has the histologic
pattern in endemic countries changed from predominantly
SCC to predominantly TCC, the peak age incidence has
changed from the 5th decade to the 6th decade. B Yet,
the incidence of bladder cancer is still increasing. B7 This
suggests there may be more important risk factors at play
other than Schistosomiasis even in countries endemic for
the parasite. Persistence of/and increase in smoking among
others have been identified as being responsible for this.”

In the projected 2018 ranking for bladder cancer according
to IARC, P¥ Lebanon with an incidence of 25 per 100,000
ranked 1st while Egypt, which used to have the highest
incidence of schistosomiasis ranked 2 1st with an incidence
of 11.9 per 100,000. This suggests other factors, especially
smoking, may play a greater role in the etiopathogenesis
of bladder cancer. Prevalence of smoking in Lebanon
is 42.1% compared to 22% in Egypt. B% 41 Attempts at
curbing the practice in Egypt date back to 1981 with the
passage of Law no.52, a period coinciding with periods
of high Schistosoma prevalence in the country. In sub-
Saharan Africa, Nigeria carries the greatest burden of
schistosomiasis infestation, ™! yet, based on data from
population-based registries, the age-standardized incidence
rate for Schistosoma-associated bladder cancer is 0.7
per 100,000. ¥ This may be because of the low (5.6%)
prevalence of smoking in the country. [+

Several of the earlier studies in Africa on the role of
schistosomiasis in bladder carcinogenesis did not control
for smoking in the populations studied. In a study of risk
factors associated with primary SCC of the bladder Manley
et al " found that smoking was the singular most important
risk factor in 27.8% of cases. A similar finding regarding
a statistically significant association between smoking and
SCC of the bladder was also reported by Kantor et al ™
and Zheng et al. ' However, these studies also revealed a
significant association between primary SCC of the bladder
and infection-induced or irritation-induced chronic cystitis
especially from urolithiasis.

The role of infections, especially with nitrate-reducing
bacteria, and the formation of carcinogenic N-nitroso
compounds in the pathogenesis of SCC of the bladder
is well established. U9 Association of bacteriuria in
individuals with bladder schistosomiasis has also long
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been established.46Several observations have stood out viz
a viz infection and bladder cancer.

Martin et al, ¥ conducted a systematic review focusing
on clinical features of Schistosoma-associated and
non-Schistosoma-associated SCC of the bladder and
highlighted the role of urinary tract infection (UTI) as a
common aetiologic risk factor in both.

Significant bacteriuria in Schistosoma-infected individuals
compared to controls has been documented in as high as
53.7% to 80.3%, with the latter study describing a near-
linear association between egg load and bacterial colony
counts. [#-4]

Urinary pathogens, especially Escherichia coli which is
common in bladders with Schistosoma ova,49can establish
reservoirs within urothelial cells and serve as seeds for
re-infection and recurrent UTIL. B% Could Schistosoma
ova, especially when calcified, just like bladder stones or
in-dwelling catheter tips, simply serving as reservoirs for
recurrent UTI? Such relationship as a reservoir of chronic
infection has been well established for the interaction of
the ova and Salmonella spp. B!

Reports from one of the largest bladder cancer case-control
studies worldwide have shown the association between
UTI, smoking, and bladder cancer. 5%

Experimental models have shown that mice exposed to the
bladder-specific carcinogen n-butyl-n-(4-hydroxybutyl)
nitrosamine, developed not only distinct urine microbial
profiles but also urothelial dysplasia, hyperplasia, or
carcinoma in situ. Two of the mice used for the study
developed invasive urothelial carcinoma, one of which had
features of a squamous cell carcinoma. &%

Bacteria microbiota has also been shown as not only
metabolizers of hormones but also as secretors of them.
Such hormones secreted by microbiota include estriol and
estradiol. P4 Could the estradiol-like substances associated
with Schistosoma-induced bladder carcinogenesis have
been synthesized by co-infecting bacteria?

Following from the foregoing, perhaps, there is a need to
rethink the role of Schistosoma ova in the pathogenesis of
bladder cancer. Could the diagram below encapsulate this
suggested role?

In conclusion, with the current inability to establish a
direct pathogenetic linkage between schistosomiasis and
bladder cancer, perhaps it may be more apt, especially with
emerging pieces of evidence, to consider the ova, especially
when calcified, as no different from other irritants such
as bladder stones and in-dwelling catheters; and that (1)
supervening UTI by itself, or (2) UTI potentiated by ova-
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Fig. 3: proposed role for Schistosoma ova in the pathogenesis of bladder carcinoma.

related secretory-excretory products or (3) UTI, ova-related
products and other environmental promoters, especially
smoking, as co-culprits, rather than the ova by itself as
being responsible for the pathogenesis of bladder cancer in
Schistosoma endemic areas.

Declarations
Ethics approval and consent to participate: Not applicable

Consent for Publication
Not applicable

Availability of data and material: The datasets generated
during and/or analyzed during the current study are
available from the corresponding author on reasonable
request.

Competing Interests
The authors declare that they have no competing interests.

Funding
Nil
Authors  contributions: A.T. Atanda Contribution:

Intellectual content, concept, design, Manuscript analysis
and final manuscript review. M.S. Haruna Contribution:
Intellectual content, concept, Design, literature search,
data acquisition/analysis and manuscript preparation. All
authors read and approved the final manuscript.

Acknowledgements
Not applicable

References

1.

Schistosomiasis, Fact Sheet No 115; February 2010. World
Health Organization. Available at http://www.who.int/
mediacentre/factsheets/fs115/en/Accessed:  September 5,
2019.

Abdulkadir A, Ahmed M, Abubakar BM, Suleiman IE,
Yusuf [, Imam IM, Sule AA, Tela UM, Dogo HM, Yakasai
AM, Musa BM. Prevalence of urinary schistosomiasis in
Nigeria, 1994-2015: Systematic review and meta-analysis.
Afr J Urol 2017;23(3):228-39.

Ferguson AR. Associated bilharziosis and primary malignant
disease of the urinary bladder, with observations on a series
of forty cases. The J Pathol. 1911;16(1):76-94.

Rambau PF, Chalya PL, Jackson K. Schistosomiasis
and urinary bladder cancer in North Western Tanzania: a
retrospective review of 185 patients. Infectious Agents and
Cancer. 2013;8:19. doi:10.1186/1750-9378-8-19.

Antoni S, Ferlay J, Soerjomataram I, Znaor A, Jemal A, Bray
F. Bladder cancer incidence and mortality: a global overview
and recent trends. Eur Urol. 2017;71(1):96-108.

Betterton C, Ndifon GT, Bassey SE, Tan RM, Oyeyi T.
Schistosomiasis in Kano State, Nigeria: I. Human infections
near dam sites and the distribution and habitat preferences
of potential snail intermediate hosts. Ann Trop Med Para.
1988;82(6):561-70.

Annals of Pathology and Laboratory Medicine, Vol. 8, Issue 9, October, 2021



Sanusi et al.

A-207

7.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

SarkinfadaF, Akande OA,Abubakar I1Iliyasu Z. Urinary
schistosomiasis in the Danjarima community in Kano,
Nigeria. J Infection DevCountr 2009;3:452-7. 10.3855/
jide.417.

Eni U, Na’aya H, Nggada H, Dogo D. Carcinoma of
the urinary Bladder in Maiduguri: The schistosomiasis
connection. The Internet JOncol 2007;5(2).

Rollinson D, Knopp S, Levitz S, Stothard JR, Tchuenté LA,
Garba A, et al. Time to set the agenda for schistosomiasis
elimination. ActaTropica. 2013;128(2):423-40.

Sule A A, Ochicha O, Ibrahim Y, Adam S, Abubakar A,
Haruna M S. Update on bladder cancer in Kano, Northern
Nigeria. Niger J Basic ClinSci 2019;14:26-9.

Abdullahi M.K, Bassey SE, Oyeyi TI. A comprehensive
mapping of urinary schistosomiasis using geographic
information systems (GIS) in Kano State, Nigeria. Bayero J
Pure Applied Sci 2009;2(1):41-6.

Zheng YL, Amr S, Saleh DA, Dash C, Ezzat S, Mikhail
NN, et al. Urinary bladder cancer risk factors in Egypt:

a multicenter case-control study. Cancer Epidemiol
Biomarkers Prev 2012;21(3):537-46.

Horstmann M, Witthuhn R, Falk M, Stenzl A. Gender-
specific differences in bladder cancer: a retrospective
analysis. Gender Med 2008; 1;5(4):385-94.

Pakzad R, Mohammadian-Hafshejani A, Mohammadian
M, Pakzadl, Safiri S, Khazaei S, Salehiniya H. Incidence
and mortality of bladder cancer and their relationship
with development in Asia. Asian Pacific J Cancer Prev
2015;16(16):7365-74.

Botelho MC, Figueiredo J, Alves H. Bladder cancer
and urinary Schistosomiasis in Angola. J NnephRes
2015;1(1):22.

Mapulanga V, Labib M, Bowa K. Pattern of bladder cancer
at university teaching hospital, Lusaka, Zambia in the era of
HIV epidemic. Med J Zambia. 2012;39(1):22-6.

Waihenya CG, Mungai PN. Pattern of transitional cell
carcinoma of the urinary bladder as seen at Kenyatta National
Hospital, Nairobi. East AfrMed J 2004;81(3):114-9.

Ferlay J, Randi G, Bosetti C, Levi F, Negri E, Boyle P, et
al. Declining mortality from bladder cancer in Europe. Br
JUrolInt 2008;101:11-9.

Ries LAG, Melbert D, Krapcho M, Stinchcomb DG,
Howlader N, Horner MJ, et al. SEER cancer statistics review,
1975-2005. National Cancer Institute, Bethesda; 2008

Vanderpuye V, Grover S, Hammad N, Simonds H, Olopade
F, Stefan DC. An update on the management of breast cancer
in Africa. Infectious Agents and Cancer 2017;12(1):13.

Odedina FT, Akinremi TO, Chinegwundoh F, Roberts R,
Yu D, Reams RR, et al. Prostate cancer disparities in Black
men of African descent: a comparative literature review
of prostate cancer burden among Black men in the United
States, Caribbean, United Kingdom, and West Africa.
Infectious Agents and Cancer 2009;4(1):S2).

www.pacificejournals.com/apalm

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wang Y, Chang Q, Li Y. Racial differences in urinary
bladder cancer in the United States. Scientific Reports
2018;8(1):12521.

Porter MP, Voigt LF, Penson DF, Weiss NS. Racial variation
in the incidence of squamous cell carcinoma of the bladder
in the United States. The J Urol2002;168(5):1960-3.

Mohamed AR, Al Karawi M, Yasawy MI. Schistosomal
colonic disease. Gut. 1990 Apr 1;31(4):439-42.

Peterson MR, Weidner N. Gastrointestinal neoplasia
associated with bowel parasitosis: real or imaginary? J Trop
Med 2011; vol. 2011, Article ID 234254, 8 pages, 2011.
https://doi.org/10.1155/2011/234254.

Nacif-Pimenta R, da Silva Orfan6 A, Mosley IA, Karinshak
SE, Ishida K, Mann VH, et al. Differential responses of
epithelial cells from urinary and biliary tract to eggs of
Schistosoma haematobium and S. mansoni. Scientific
Reports 2019;24;9(1):10731.
http://monographs.iarc.fr/ENG/Classification/List_of
Classifications.pdfAccessed June 20, 2019.

Armengol G, Elisa S, Lozano J, Showman S, Sumoy
L, Caballin M, Knuutila S. Genomic imbalances in
Schistosoma-associated and non-Schistosoma-associated
bladder carcinoma. An array comparative genomic
hybridization analysis. CancGen Cytogen 2007;177:16-9.

El-Rifai W, Kamel D, Larramendy ML, Shoman S, Gad Y,
Baithun S, et al. DNA copy number changes in Schistosoma-
associated and non-Schistosoma-associated bladder cancer.
Am J Pathol 2000;156(3):871-8. doi: 10.1016/S0002-
9440(10)64956-5.

Ishida K, Hsieh MH. Understanding urogenital
schistosomiasis-related bladder cancer: an update. Frontiers
in Med 2018;5.

Barsoum RS, Esmat G, El-Baz T. Human schistosomiasis:
clinical perspective: review. J Adv Res. 2013;4(5):433-444.
doi:10.1016/j.jare.2013.01.005

Vale N, Gouveia MJ, Rinaldi G, Santos J, Santos LL,
Brindley PJ, da Costa JM. The role of estradiol metabolism
in urogenital schistosomiasis-induced bladder cancer. Tumor
Biol. 2017;39(3):1010428317692247.

Croft PR, Lathrop SL, Feddersen RM,Joste NE. Estrogen
receptor expression in papillary urothelial carcinoma of the
bladder and ovarian transitional cell carcinoma. Arch Pathol
Lab Med 2015;129(2):194-9.

Kashiwagi E, Fujita K, Yamaguchi S, Fushimi H, Ide H,
Inoue S, et al. Expression of steroid hormone receptors and
its prognostic significance in urothelial carcinoma of the
upper urinary tract. CancBiolTherapy 2016;17(11):1188-96.
Wolpert BJ, Amr S, Ezzat S, Saleh DA, Gouda I, Loay I, et
al. Estrogen exposure and bladder cancer risk in Egyptian
women. Maturitas 2010;67(4):353-7.

Gouda I, Mokhtar NA, Bilal DA, El-Bolkainy TA, El-
Bolkainy NM. Bilharziasis and bladder cancer: a time
trend analysis of 9,843 patients. J Egypt NatlCanclnst
2007;19(2):158-62.

eISSN: 2349-6983; pISSN: 2394-6466



A-208

Is Schistosomiasis a Red Herring in Carcinoma of The Bladder?

37.

38.

39.

40.

41.

42.

43.

44,

45.

Ploeg M, Aben KK, Kiemeney LA. The present and future
burden of urinary bladder cancer in the world. World J Urol
2009;27(3):289-93. doi: 10.1007/s00345-009-0383-3.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA,
Jemal A. Global Cancer Statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin, in press. The
online GLOBOCAN 2018 database is accessible at http:/
geo.iarc.fi/, as part of [ARC’s Global Cancer Observatory.

Abdulrahim S, Jawad M. Socioeconomic differences
in smoking in Jordan, Lebanon, Syria, and Palestine: A
cross-sectional analysis of national surveys. PloS one
2018;13(1):e0189829.

Fouda S, Kelany M, Moustafa N, Abushouk A, Hassane A,
Sleem A, etal. Tobacco smoking in Egypt: a scoping literature
review of its epidemiology and control measures. EMHIJ-
Eastern Mediterranean Health Journal 2018;24(02):198-215.

Steinmann P, Keiser J, Bos R, Tanner M, Utzinger J.
Schistosomiasis and water resources development:
systematic review, meta-analysis, and estimates of people at
risk. Lancet Infect Dis. 2006;6(7):411-425. 10.1016/S1473-
3099(06)70521-7

Odutola M, Jedy-Agba EE, Dareng EO, Oga EA, Igbinoba
F, Otu T, Ezeome E, Hassan R, Adebamowo CA. Burden of
cancers attributable to infectious agents in Nigeria: 2012—
2014. Frontiers in Oncol 2016;6:216.

https://www.afro.who.int/sites/default/files/2017-09/
tob-gats-in-nigeria-a-sucess-story-in-afr.pdf Accessed
September 10, 2019.

Manley KV, Hubbard R, Swallow D, Finch W, Wood SJ,
Biers SM. Risk factors for development of primary bladder
squamous cell carcinoma. The Ann Royal Col SurgEngl
2017;99(2):155-60.

Kantor AF, Hartge P, Hoover RN, Fraumeni JF.
Epidemiological  characteristics of squamous cell
carcinoma and adenocarcinoma of the bladder.
CancRes1988;48(13):3853-5.

*Corresponding author:

46.

47.

48.

49.

50.

51.

52.

53.

54.

Hicks RM, Ismail MM, Walters CL, Beecham PT, Rabie
MF, El Alamy MA. Association of bacteriuria and urinary
nitrosamine formation with Schistosoma haematobium
infection in the Qalyub area of Egypt. Transactions of the
Royal Soc Trop Med Hyg 1982;76(4):519-27.

Martin JW, Carballido EM, Ahmed A, Farhan B, Dutta R,
Smith C, Youssef RF. Squamous cell carcinoma of the urinary
bladder: systematic review of clinical characteristics and
therapeutic approaches. Arab J Urology 2016;14(3):183-91.

Ossai OP, Dankoli R, Nwodo C, Tukur D, Nsubuga P,
Ogbuabor D, Ekwueme O, Abonyi G, Ezeanolue E, Nguku
P, Nwagbo D. Bacteriuria and urinary schistosomiasis in
primary school children in rural communities in Enugu
State, Nigeria, 2012. The Pan Afr Med J 2014;18(Suppl 1).

Ifeanyi CI, Matur BM, Ikeneche NF. Urinary schistosomiasis
and concomitant bacteriuria in the Federal Capital Territory
Abuja Nigeria. New York Sci 2009;2(2):1-8.

Wang C, Symington JW, Ma E, Cao B, Mysorekar IU.
Estrogenic modulation of uropathogenic Escherichia coli
infection pathogenesis in a murine menopause model.
Infection and Immunity 20131;81(3):733-9.

Ali OF, El Shabrawy M, Sabry FH, Fayad S. Relation of
schistosomiasis to urinary typhoid carriers in Egypt. The J
Egyptian Publ Health Assoc 1978;53(1-2):12—6.

Vermeulen SH, Hanum N, Grotenhuis AJ, Castano-Vinyals
G, Van Der Heijden AG, et al. Recurrent urinary tract
infection and risk of bladder cancer in the Nijmegen bladder
cancer study. Br JCanc 2015;112(3):594.

Forster CS, Cody J, Banskota N, Stroud C, Hsieh YJ,
Farah D, Lamanna O, Hammam O, Caldovic L, Hsich MH.
Profiling of urine bacterial DNA to identify an oncobiome
in a mouse model of bladder cancer. bioRxiv. 2018 Jan
1:364000.

Neuman H, Debelius JW, Knight R, Koren O. Microbial
endocrinology: the interplay between the microbiota and the
endocrine system. FEMS MicrobiolRev 2015;39(4):509-21.

Muhammad Sanusi HARUNA, Morbid Anatomy and Forensic Medicine, Usmanu Danfodiyo University, P.M.B. 2346, Sokoto, Sokoto State,

Nigeria-840221
Email: sharunal4th@yahoo.com

Financial or other Competing Interests: None.

Date of Submission : 13/03/2021
Date of Final Revision : 01/08/2021
Date of Acceptance  : 18/08/2021
Date of Publication : 30/09/2021

Annals of Pathology and Laboratory Medicine, Vol. 8, Issue 9, October, 2021





