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ABSTRACT
The present ecological study estimated time series trend of relative frequencies (RF) of bilharzial bladder cancer in different
Egyptian governorates in relation to climate change during the period 1995-2005. Results revealed that the mean air
temperature has positive trend in all the governorates and the number of days of maximum temperature of 45 °C or more
was increased in Upper Egypt, but, did not experience increase in the rest of Egypt. RF was significantly declined in most
of Urban, Upper and Lower Egypt, while there was no change in RF trend in Frontier governorates. Male to Female ratio
was above 2:1 in most of the Urban and Upper Egyptian governorates, and less than 2:1 in Lower Egypt, except in Ismailia.
In conclusion: RF of bilharzial bladder cancer seemed to be declined with time in most of the Egyptian governorates, with
the increase in the air temperature. But, this relationship could not be proved and further epidemiological studies are
required
Keywords: Climate Change, Bilharzial Bladder Cancer, Geographic Information System (GIS), Gender.
INTRODUCTION
Globally, distribution of Schistosomiasis has been changed
significantly in the past 50 years with control successes
achieved in Asia, Americas, North Africa and Middle East.
But, it is still endemic in at least 75 tropical and subtropical
countries, where 600 million people are at risk and over
200 million are infected (Yosry, 2006).
Many years after exposure to Schistosoma haematobium
(S. haematobium) infestation spontaneous healing may
occur, but cases that have been reported with urogenital
lesions led to complications (Richter, 2000). Overall, S.
haematobium infection was strongly associated with
increase risk for cytologic abnormality in the bladder;
more than 2.8 fold relative risk of metaplasia or
hyperkeratosis (Hodder, 2000). Clinical and pathology
studies demonstrated epidemiological association between
urinary schistosomiasis and bladder cancer in Egypt (ElBolkainy et al., 1982).
Bladder cancer is estimated to be the 9th most common
cancer worldwide and the 13th most numerous cause of
death from cancer (Parkin, 2008). Currently in Egypt,
bladder cancer is the most common solid tumor in men;
ranks the first, and representing 16.2% of male cancers
(Khaled, 2005). Whereas in females, it ranks second to
breast cancer. It is strongly associated with bilharziasis and
occurs predominantly in agricultural workers in areas
which are famous with S. haematobium (Kahan et al.,
1997).
Geographic coincidence of bladder cancer and
schistosomiasis is remarkable. This association has been

explained through chronic irritation of the urothelium,
altered metabolism with elevated urinary level of
carcinogenic metabolites and N-nitroso compounds,
and/or elevated urinary levels of -glucuronidase
(Badawi et al., 1995; Margison and Povey 2002).
Climate change and environmental variables may
influence the distribution of schistosomiasis and the type
of the species (Brooker, 2002). It was proved that global
climatic changes alter the equilibrium of many ecosystems
and the distribution of different species, that may affect the
distribution and severity of human diseases. Furthermore,
the impact of climate change may occur over several time
scales, ranging from increasing the amplitude and diurnal
or seasonal fluctuations in temperature and precipitation,
to more stable increases in mean ambient temperatures
over longer periods, particularly in tropical regions where
many human diseases are endemic.
In Egypt, there is great evidence of climatic change that
occur in the last decades (Egypt-SNC, 2010). The general
climate of Egypt is dry, hot, and desertic, with a mild
winter season with rain over the coastal areas, and a hot
and dry summer season. Data collected by the Egyptian
Meteorological Authority and local universities for the
period 1961-2000 indicate that there is a general trend
towards warming of the air temperature, with increases in
the hot days.
Currently, researches predicted that vector-borne diseases
such as schistosomiasis will be particularly affected by
changes in climate change particularly atmospheric
temperature. The aim of the present ecological study is
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RESULTS
In the studied period, the mean maximum air temperature
has a positive trend with time (r = 0.3°C, P > 0.05), the
mean minimum air temperature has also positive trend (r=
0.3°C, P > 0.05), and the mean air temperature has a
positive trend (r = 0.02°C, P > 0.05). The sunshine duration
has a negative trend in (r = – 0.01 hour per year, P > 0.05).
The number of days of peak temperature equaling to or
exceeding 45 °C have increased in Upper Egypt from 52
days to reach 69 days during the period of the study. The
rest of Egypt did not experience increase in the number of
days with maximum temperature of 45 °C or more.
From registrations, the ages of the bladder cancer cases in
all the studied governorates were above 20 years and
below the 75 years (21 - 74 years). Table (1) shows that
during the period 1995 -2005, RF of bilharizial bladder
cancer was above 50% in all the governorates of Upper and
Lower Egypt; except in Qena and Ismailia (46.4% and
35.8% respectively). The highest RF of bilharizial bladder
cancer was in Luxor (88.9%), and the lowest was in Red
Sea (19.7%). Additionally, RF of bilharzial bladder cancer
in males was higher than in females in almost all Egyptian
governorates (Table 1). Male to Female ratio was over 2:1
in Frontier and Urban governorates and in most of the
Upper Egyptian governorates, and less than 2:1 in Lower
Egyptian governorates; except in Ismailia.
There was significant decline in the RF of bilharzial
bladder cancer in Urban, Upper Egyptian and Lower
Egyptian governorates (r = -0.9, P< 0.001, r = -0.6, P<
0.005, and r = -0.7, P< 0.001 respectively). But, there was
no significant change in the RF trend in Frontier
governorates (r = 0.1, P> 0.05), (Figure 1).
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METHODOLOGY
A time-trend ecologic study was conducted to determine
the relationship between climate change and the relative
frequencies of bilharzial bladder cancer in the different
Egyptian governorates during the period 1995 - 2005. The
governorates included in the present study were four Urban
Governorates (Cairo, Alexandria, Port Said, and Suez),
nine governorates located in the Nile Delta (representing
Lower Egypt), eight governorates located in the Nile
Valley (representing Upper Egypt), and two Frontier
Governorates (Red sea and South Sinai).
This work was conducted through collection of the
registered data from the selected hospitals; the main
hospital in each Governorate, after approval form the
different authorities. The collected data included number
of diagnosed bladder cancer cases (whatever their

etiology). The collected data were supported by the
registered
diagnosis
and
confirmed
by
the
histopathological reports. For each case, gender,
residential area, and past history of S. haematobium were
also collected.
The variability of frequency and severity of extreme
weather events in Egypt during the period of the study has
been monitored based on the meteorological data of 32
stations distributed all over Egypt.
To provide quantitative information on this issue,
statistical evaluation of the yearly relative frequency [RF]
of bilharzial bladder cancer to the total number bladder
cancer was calculated for each governorate; as total and
according to gender, through the following equation (Neter
et al., 1992; Riffenburgh, 2006):
Statistical analysis was done through SPSS program
version 14. In each governorate, Spearman rank
correlation coefficient; a non-parametric version of
correlation coefficient, was used to evaluate the time-series
trend of the RF of total bilharzial bladder cancer, and
according to gender through the period of the study (19952005). Spearman correlation is appropriate for ordinal data
or for interval data that do not satisfy the normality
assumption. It is based on the ranks of the data rather than
the actual values (Riffenburgh, 2006). While, Pearson
correlation coefficient was used to study the changes in air
temperature during the studied period.
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Table 1 Relative frequencies of bilharzial bladder cancer
in different Egyptian governorates and the male to female
ratio in the studied period (1995-2005)
Male
/
Governorate
RF*
Females
Ratio
Urban Governorates
1. Cairo**
28%
2
2. Alexandria
30.3%
2.4
3. Port-Saied
65.3%
4.7
4. Suez
43%
2
Governorates of Upper Egypt
1. Bani Suef
65.7%
2
2. Fayoum
52%
1.4
3. Minya
53.5%
2
4. Assiut
55.9%
1.7
5. Sohage
51.9%
2.1
6. Qena
46.4%
3.4
7. Aswan
64.8%
1.7
8. Luxor**
88.9%
1.4
Governorates of Lower Egypt
1. Domiat
61.9%
1.9
2. Sharkia
56.9%
1.5
3. Dakahlia
56.9%
1.2
4. Qalubia**
64.8%
1.6
5. Kafer El-Shikh
56.7%
1
6. Gharbia
52.2%
1.3
7. Menofia**
56.9%
1.8
8. Bheira**
56.6%
1.5
9. Ismailia
35.8%
2.2
Frontier Governorates
1. Red Sea**
19.7%
2.5
2. South Sinai**
73.1%
5.5
*RF: Relative frequency during the period of the study, **
The data was from 1995 to 2000 only
estimation of the time series trend of relative frequencies
of bilharzial bladder cancer in the different governorates in
Egypt according to geographic distribution and gender and
it's relation to climate change during the period of the study
(1995-2005).
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Table 2 Time series trend of the relative frequencies (RF) of bilharzial bladder cancer in the different Egyptian
governorates as regard each gender in the studied period (1995-2005)
Male
Female
RF to years
RF to years
RF to years
Governorate
r
P-value
r
P-value
r
P-value
Urban Governorates
1.Cairo**
-0.9
P= 0.05
-0.2
NS
-0.3
NS
2. Alexandria
-0.8
P< 0.005
-0.5
NS
-0.7
P= 0.01
3. Port-Saied
-0.5
NS
-0.1
NS
-0.1
NS
4. Suez
-0.7
P= 0.01
-0.8
P< 0.005
-0.1
NS
Governorates of Upper Egypt
1. Bani Suef
-0.3
NS
-0.4
NS
-0.1
NS
2. Fayoum
-0.1
NS
0.3
NS
-0.1
NS
3. Minya
-0.8
P< 0.005
-0.7
P= 0.01
-0.8
P< 0.005
4. Assyut
-0.02
NS
0.3
NS
-0.6
NS
5. Sohage
0.7
P< 0.01
-.004
NS
0.7
P< 0.01
6. Qena
-0.1
NS
0.1
NS
0.6
NS
7. Aswan
0.5
NS
-0.1
NS
0.5
NS
8. Luxor**
-0.8
P= 0.05
0.5
NS
-0.6
NS
Governorates of Lower Egypt
1. Domiat
-0.7
P= 0.01
-0.8
P< 0.005
-0.4
NS
2. Sharkia
-0.4
NS
-0.6
NS
-0.1
NS
3. Dakahlia**
-0.2
NS
-0.4
NS
0.3
NS
4. Qalubia
0.5
NS
0.1
NS
0.6
NS
5. Kafer El-Shikh
0.5
NS
0.7
P< 0.05
-0.01
NS
6. Gharbia
-0.2
NS
-0.8
P< 0.005
0.5
NS
7. Menofia**
0.3
NS
-0.1
NS
0.6
NS
8. Bheira**
-0.6
NS
-0.6
NS
-0.2
NS
9. Ismailia
-0.1
NS
-0.7
P< 0.05
-0.4
NS
Frontier Governorates
1. Red Sea**
0.6
NS
0.6
NS
0.2
NS
2. South Sinai**
0.4
NS
0.5
NS
0.1
NS
r = Spearman’s rank correlation coefficient
** The data was during the period 1995 – 2000.
Figure 1 Time series trend of RF of bilharzial bladder cancer in the different geographic areas in Egypt
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DISCUSSION
The present study was conducted in region with a uniquely
high incidence of bladder cancer and endemic urinary
schistosomiasis. National Cancer Institute Cairo
University (NCI) recorded that bladder cancer constitutes
30.3% of all cancers (El-Mawla et al., 2001). In Egypt,
many studies proved the relationship between history of
urinary schistosomiasis and bladder cancer (Mustaechi and
Shimkin, 1958; Badwani et al., 1998).
Overall, the present study revealed that during the studied
period (1995-2005) bilharziasis was the predominant
causative agent for bladder cancer in Upper and Lower
Egypt compared with the Urban areas. Urinary
schistosomiasis could consider to be the main risk factor in
around 50% of bladder cancer cases in Upper and Lower
Egyptian governorates. So, over 50% of bladder cancer is
a potential preventable disease. Groeneveld et al. (1996)
suggested that effective management of bladder carcinoma
would depend on the eradication of schistosomiasis, and
the early detection of cancer at a curable stage. In
agreement with us, Zarzour et al. (2008) found that a
positive past history of bilharzial infestations was obtained
from 87.7% of the cancer bladder cases included in their
study (OR = 5.8, 95% CI: 3.3–10.4, P < 0.001).
The current study revealed that RF of bilharzial bladder
cancer in Great Cairo, Alexandria, Suez, Minya, Luxor,
and Domiat were significantly decreasing during the
period of the study (1995-2005 years). While, in Sohage
RF was significantly increasing. The other governorates
had no significant change in the pattern of RF of bilharzial
bladder cancer.
Recently, there is some believe in the responsibility of
climate change in the difference in the ecology and the
geographic distribution of schistosomiasis. Brooker (2002)
proved that climate change and environmental variables

may influence the distribution of schistosomiasis, as the
intermediate host (snails: Bulinus, Biomphalaria, and
Oncomelania) can tolerate a wide temperature range. At
low temperatures, snails are effectively dormant and
fecundity is virtually zero, but survival is good. At high
temperatures, schistosomal egg production can be
increased. However, snails are mobile and can move to
avoid extreme temperatures within their habitats and water
can act as an efficient insulator.
Thus, climate change may allow schistosomiasis
transmission to extend its range to higher altitudes.
Conversely, increasing atmospheric temperatures can
decrease transmission unless the snails move to cooler
refuges. Moreover, water shortages result from climate
change could create greater need for irrigation, particularly
in arid regions. If irrigation systems expand to meet this
need, host snail populations may increase, leading to
greater risk of human infection with the parasite.
In recent decades, changes in climate parameters have
been observed in Egypt. The data collected by the Egyptian
Meteorological Authority and local Universities indicate
that there is a general trend towards warming of the air
temperature, with increases in the number of hazy days, the
misty days, turbidity of the atmosphere, and frequency of
sand storms (Egypt-SNC, 2010). In addition, the extremely
hot days of maximum temperature equaling to or
exceeding 45 °C have increased in Upper Egypt from 50
days in the first decade to 52 days in the second decade,
reaching 69 days in the third decade, and in the Western
Desert amounted to 37 days in the third decade, compared
to 22 days in each of the prior decades. The rest of Egypt
did not experience increase in the number of days with a
peak temperature of 45 °C or more.
In agreement with the Second National Communication
for Climate Change in Egypt (Egypt-SNC, 2010), the
present results has detected positive trend in the mean
maximum and minimum air temperature all over Egypt.
The number of days of peak temperature ≥ 45 °C were
increased in Upper Egypt from 52 days to 69 days during
the period of the study, but, were not changed in the rest of
Egypt.
This general trend towards warming of the air temperature
over Egypt can be considered as a risk factor for reduction
in the distribution of S. haematobium through the Egyptian
governorates. But due to the sequels to climate change,
coastal zone; specially Nile Delta, are expected to suffer
from the direct impacts of global climate warming through
sea level rise and inundation of low elevation areas (EgyptSNC, 2010). It is estimated that sea level rise of 50 cm
combined with local Nile Delta subsidence present serious
impacts on low land Delta regions. Coastal zones are also
expected to suffer from indirect impacts such as salt water
intrusion and contamination of ground water resources,
exacerbating soil salinity and affecting food security. In
addition, the increase in frequency and severity of storm
surges will definitely impact coastal structures.
Furthermore, coastal areas below sea level constitute high
risk areas.
Thus, the direct and indirect impacts of global climate
change on the Egyptian coastal zone are expected to lead
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Figures (2a,b,c) illustrate the differences in the RF of
bilharizial bladder cancer in each governorate between the
years 1995, 2000, and 2005 through geographic
information system (GIS). The changes in the colors of the
different governorates reflect the changes in the RF of
bilharizial bladder cancer in the different governorates in
the three maps; except in Cairo, Luxor, Qalubia, Menofia,
Beheira, Red Sea and South Sinai. The data of the period
1995 to 2000 in these governorates was accurate and
properly collected, but, some data was dropped during
collection for the period 2001-2005 in some governorates.
The RF of bilharzial bladder cancer in Cairo, Alexandria,
Suez, Minya, Luxor, and Domiat were significantly
decreased during the period of the study (1995-2005
years). While, in Sohage, RF was significantly increased.
The other governorates had no significant change in the
pattern of RF of bilharzial bladder cancer (Table 2).
Moreover, according to gender, there was significant
decline in the RF in females in Alexandria, and in males in
Suez, Domiat, Gharbia, and Ismailia. In Minya, RF was
significantly decreased in both males and females. While,
there was significant increase in the RF of bilharzial
bladder cancer in the females in Sohage, and in males in
Kafer El-Shakh.
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Figure (2a) Geographic Information System (GIS) of the RF of bilharzial bladder cancer Map at 1995

Figure (2b) Geographic Information System (GIS) of the RF of bilharzial bladder cancer Map at 1999
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N.B. the data of some governorates were from 1995 to 2000 only refer to the previous tables
to the immigration of 6 to 7 million people from the Nile
Urban and Frontier governorates. It also may have a
Delta (Egypt-SNC, 2010). So, climate change and it's
significant role in the reduction of the RF in the Nile Valley
sequels are suitable factors for increasing the migration of
and Delta.
the population especially farmers from the Nile Valley and
In agreement with our suggestions, World Health
Delta to other governorates such as Urban and New
Organization (1998) denoted that environmental changes
governorates. This migration scenario may lead to change
linked to water resources development, and increased
in the eco-geographic distribution of endemic diseases;
population movements have led to the spread of
such as schistosomiasis, and may explain the emerging and
schistosomiasis to previously low or non-endemic areas.
increasing in the RF of bilharzial bladder cancer in the
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Figure (2c) Geographic Information System (GIS) of the RF of bilharzial bladder cancer Map at 2005

among males was 2-folds that among females in Nile Delta
(Gabr et al., 2000). Differences in exposure patterns to
canal water among age and gender subgroups explained
small portion of the variation in infestation rates (Hammad
et al., 1997).
In industrialized countries, bladder cancer is strongly
linked to occupational and environmental exposures to
carcinogenic chemicals and, in Europe, one half of male
and one third of female cases may be attributed to smoking
(Zeegers et al., 2000). This may explain the current
findings of the low RF of bilharzial bladder cancer in the
Urban governorates in Egypt. Also, the present study, as
well as Badawi et al. (1995), attributed the high incidence
of bladder cancer in males than females in Egypt to the
combined effect of smoking that was more frequent among
males.
Moreover, in the present study the RF of bilharzial bladder
cancer was significantly increasing among females during
the period of the study in Sohage and non-significantly
increasing in Qena and Aswan, and in four governorates in
Lower Egypt (Menofia, Qalubia, Gharbia and Dakahlia).
Koraitim et al. (1995) suggested that change in male-tofemale ratio is probably due to more exposure of women
to schistosomal infestations than has occurred previously.
The same explanation can be used in the present study, as
it is suspected that there is increasing in the migration of
male farmers from the Nile Valley and Delta to the Urban
and Frontier governorates seeking for new jobs and safety
for their families. So, the females in some of these
governorates suspected to take place of their husbands in
agriculture and thus they may expose to high schistosomal
infestations than has occurred previously.
But this can not be the only explanation, as the situation is
different in some other governorates, as the RF of
bilharzial bladder cancer was decreasing in both males and
females. So, there is still a question about the increased
incidence of bladder cancer among females in some
Egyptian governorates; that needs further ecological and
socio-economic studies of bladder cancer among females
in these risky governorates.
Conclusion:
Urinary schistosomiasis had attributed to around 50% of
bladder cancer in most of the Upper and Lower Egyptian
governorates. RF of bilharzial bladder cancer was
significantly declined with time during the period 19952005 in almost all the included Egyptian governorates,
with some variations. Climate change could explain some
of these variations specially the variation according to
gender.
Recommendations:
Since almost over 50% of bladder cancer cases in Egypt
are due to schistosomiasis, the importance of early
detection is obvious. Emphasis should be placed on the
need for medical education programs aiming at early
diagnosis of the disease by general practitioners and
primary care medical personnel. Further sociodemographic studies are needed to clarify the receptivity
of climate change.
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But, our suggestions need further socio-demographic
researches.
Additionally, previous household surveys, noticed
reduction in the prevalence of S. haematobium infestations
among the Egyptian governorates (El-Sayed et al., 1995;
Fawzy et al., 1996; Abdel-Wahab et al., 2000; Gabr et al.,
2000). These previous studies attributed this reduction to
the change in irrigation practices (El-Sayed et al., 1995),
to the long-standing schistosomiasis control program
(Abdel-Wahab et al., 2000) and to the repeated
chemotherapy (Gabr et al., 2000). El-Hawey et al. (2000)
mentioned that S. mansoni has almost completely replaced
S. haematobium in most of Nile delta. It was noticed that
there has been a striking change in the geographic
distribution of the 2 species of Schistosoma since the
construction of the Aswan High Dam 25–30 years ago
(Abdel-Wahab et al., 1979; Michelson et al., 1993). They
believed that this change was caused by less silt and
variability in velocity and volume of water flow since
construction of the dam, that resulted in an increase in S.
mansoni and concomitant decrease in S. haematobium
prevalence spreading from the Nile delta into Upper Egypt.
This reversal in human infection rates apparently followed
a similar change in abundance of snail vectors for the two
parasites.
All the above factors might affect the incidence of
bilharzial bladder cancer, and might explain the change in
the eco-geographic distribution of schistosomiasis and
bilharzial bladder cancer cases in Egypt. But, we could not
exclude the direct and indirect effects of climate change.
So, further epidemiological study is required.
Male-to-female bladder cancer ratios during the period of
the present study, were higher among Frontier
governorates, and most of Urban and Upper Egypt
governorates than among Lower Egyptian Governorates,
except in Ismaila. The ratio in Frontier governorates
ranged from 2.5:1 to 5.5:1, in Urban governorates between
2.0:1 to 4.7:1, and in the Upper Egypt governorates
between 1.4:1 to 3.4:1. While in the Lower Egypt it ranged
from 1:1 to 1.9:1.
The high male to female ratio in the Frontier and Urban
governorates compared to the Lower governorate may be
attributed to the migration of male farmers away from the
Nile Valley and Delta. While, the higher ratio in Upper
Egypt may explained by the fact that women in Upper
Egypt aren't equally involved in farming activities with
men. Hence, they are less exposed to the risk factors of the
disease that are linked to this occupation. Schistosomiasis
was considered to be an occupational related disease
spread frequently among farmers (Bedwani et al., 1998; elMawla et al., 2001).
In Upper Egypt, male to female ratio seemed to be within
the same international ratio of 3:1 as mentioned by elMawla et al. (2001), in contrast to the result, detected by
Zarzour et al. (2008), who found that male to female ratio
in Upper Egypt was 5.5: 1.
Moreover, most of the previous epidemiological studies
proved that males are more risky (El Katsha and Watts,
1995; Fawzy et al., 1996; Hammad et al., 1997). It has been
estimated that the prevalence of schistosomal infestations
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