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1. Introduction

   Climate change is one of the most serious and rapidly emerging 
global issues. Such change and its sequels are strongly affected 
by human activities and not by natural fluctuations[1]. Human 
activities that depend on fossil fuels as a source of energy result 
in the production of greenhouse gases like CO2. Such gases cause 
temperature-increment in the troposphere. Recent global warming 
is unusual in the view of the time scale accompanied with natural 
climate oscillations. Many reports showed the sensitivity of 
water resources to climate change. The variations in temperature, 
evaporation, precipitation, the recharge to aquifers and the general 
hydrologic cycle are all interacting[2]. Climate change is anticipated 
to have significant consequences on ecosystems and socioeconomic 
systems[3,4]. Saudi Arabia, like many countries in the world, suffers 
from severe climate change that will mainly influence peoples’ 
behaviour, health and agriculture. Studies on correlations between 
climate change and public health in Saudi Arabia are still lacking. 

It is important to understand how the epidemiology of human 
parasites may respond to the climate change expected in the country 
in the next decades. Thus, it is timely and appropriate to make a 
brief revision on the predicted climate change and its consequences 
on the epidemiology of human parasitoses in Saudi Arabia.

2. Geography

   The largest country on the Arabian Peninsula is Saudi Arabia. 
It has a total surface area of nearly 2.15 million km2. It lies in the 
tropical and subtropical desert area in the intersection of Asia, 
Europe and Africa (latitude: 16.5° N–32.5° N; longitude: 33.75° 

E–56.25° E)[5,6]. The country has an arid climate with high 
temperatures. However, there are great variations in temperature 
between the different geographical areas and seasons[6]. The 
mean daily temperature varies from 15 °C in January to 33 °C 
in July[7]. The country experiences an extreme water scantiness. 
Rain is the only renewable water source. It comes in a sudden 
short period with high-intensity storms and is mostly dissipated 
by evaporation[5,8]. Rainfall depths varies from 0–300 mm/
year in the Eastern Desert and the South-Western areas, 
respectively[7]. The country is characterised by tremendous 
groundwater reserves which are continuously under increasing 
demand[9].
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2. Climate change

   Recently, some areas of Saudi Arabia were exposed to snowing, 
heavy rains, flash floods, and unstable temperatures which may be 
due to climate change[10-14]. During the period 1982–2005, flooding 
was the most frequent hazard affecting the country with an average 
annual return period of 7 times and an average annual economic 
cost of 19 million USD[11]. Climate change significantly affected the 
global precipitation patterns. Saudi Arabia is anticipated to receive 
more rainfall and flash flood than before[15]. Flash floods during the 
period 2000–2010 have caused significant loss of life and property 
in the lowland areas of Saudi Arabia. Intense rainfall caused 
flooding of settlements in a number of basins, particularly the 
Jeddah, Riyadh, Makkah, Tabuk and other areas of the kingdom[16]. 
On the 25th of November 2009, the city of Jeddah was flooded after 
more than 90 mm of rain falling within a period of 4 h. The local 
civil defence authorities described it as the most destructive rainfall 
during the past 27 years. Unfortunately, more than 100 deaths and 
about 350 missing persons were reported. The business harms were 
estimated to about 1 billion Saudi Arabian Riyal[12]. A similar event 
of more than 110 mm rain falling within a short duration flooded 
Jeddah again on the 26th of January 2011. There was an enormous 
loss of property and only a few human deaths[12]. In Saudi Arabia, 
a general warming was recorded all over the country during the 
period 1991–2003. It was in the range of 0.15 °C to 0.75 °C, with 
an average of 0.40 °C[17]. Temperature, precipitation, wind speed, 
evaporation and runoff were investigated to assess the effect of 
climate change on water resources in the country. It was found that 
under A2 scenario, the period from 2071 to 2100 will generally 
experience warmer weather. The eastern region is expected to 
register the maximum increase in temperature (4.5 °C) and the 
southern region is anticipated to register the minimum increase 
of daily temperature (3.9 °C). Almost all regions are anticipated 
to show a significant increase in average daily rainfall (30% or 
more). The central region is expected to show the maximum 
increase of average daily precipitation (46%). In contrast, only the 
northern region is expected to show a 4% decrease in average daily 
precipitation. There is no expected significant change in the surface 
wind speeds over most of the country. The eastern and northern 
regions are anticipated to show a little decrease in the speed of 
winds. The Empty Quarter is projected to record the maximum 
increase in wind speeds (8%). The average daily evaporation 
is unexpected to greatly increase. An increase of 3% or less is 
anticipated over the eastern, central, western and northern regions. 
The Empty Quarter is expected to record an increase of 11% and 
the southern region is expected to show the maximum increase 
(15%). Runoff is expected to show the greatest change in all other 
studied parameters. The western region is expected to have a 353% 
increase of average daily runoff and each of the remaining regions 
is expected to have more than a 100% increase. This high increase 
may warn for flash flood events[18]. Climate change is anticipated 
to stimulate sea level rise and associated coastal flooding that 
may affect low-lying coastal areas of Saudi Arabia[19]. The most 
vulnerable coastal areas are the eastern coast of the country along 
the Gulf especially Khafji, Jubail, Ras Tanura and Dammam. In 
addition, Jeddah, Rabigh, Yanbu and Jizan have been reported as 
the most vulnerable western coastal areas along the Red Sea. The 
main effects will follow at least one of the following mechanisms: 
inundation along the shoreline, flood risks, direct exposure to the 
coastal environment and saltwater intrusion and seepage[10,20].

3. Impacts of climate change on human parasitoses in 
Saudi Arabia

   Climate change could strongly affect human parasitic infections 
transmitted through cold-blooded (ectothermic) animals (insects 
and snails) in Saudi Arabia (Figure 1). Such intermediate hosts 
are sensitive to slight temperature, precipitation and humidity 
changes. Daylight duration, sea level elevation and the wind are also 
important[21,22]. In addition, many other interacting factors may 
affect the epidemiology of human parasitoses such as the migration 
of human and animal populations, the deterioration of public health 
infrastructure, changes in land-use and the appearance of drug 
resistance[23].
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Figure 1. Main impacts of climate change on parasitic infections 
transmitted to human through insect and snail hosts.

5. Fly-borne diseases

   Climate has powerful impacts on natural populations of the 
different species of flies. Global warming is anticipated to affect 
survival, generation time, fecundity and dispersal of flies[24].

6. Leishmaniasis

   It is a zoonotic disease caused by protozoan parasites of the genus 
Leishmania. Leishmaniasis is endemic in a total of 88 countries 
distributed throughout Africa, Asia, Europe and the Americas. 
Leishmaniasis manifests mainly in three forms: cutaneous, 
mucocutaneous and visceral (kala-azar)[25-27]. There are about 700 
species of sandflies of which about 70 are considered to transmit 
human diseases[28]. Leishmania is transmitted by over 30 species of 
sandflies. Rodents, dogs, wild cats, jackals, foxes, sloths, hyraxes, 
and other carnivores are the main animal reservoirs in nature. 
Sandflies of the genus Phlebotomus are widespread in North Africa, 
the Arabian Peninsula, Turkey and Iran[29].
   Cutaneous and visceral leishmaniasis are known to be endemic 
in Saudi Arabia: cutaneous leishmaniasis is the dominant form of 
the disease and visceral leishmaniasis is less common. Most cases 
of cutaneous leishmaniasis are infected with Leishmania major. 
In addition, Leishmania tropica (L. tropica) has been found to 
be less frequently associated with this form of the disease[30,31]. 
Leishmania major causes zoonotic cutaneous leishmaniasis which 
is transmitted to human from infected rodents (Psammomys obesus 
and Meriones libycus), while L. tropica causes anthroponotic 
cutaneous disease[32]. L. tropica typically causes skin lesions without 
dissemination. Additionally, L. tropica may cause mucosal infection 
(mucocutaneous form)[33]. Also, some cases of viscerotropic 
infections (visceral form) due to L. tropica were reported in some 
veterans of Operation Desert Storm[34-37]. Field studies revealed the 
presence of 25 species of sandflies in Saudi Arabia[38,39]. In all the 



Wael Mohamed Lotfy and Souad Mohamed Alsaqabi/Journal of Coastal Life Medicine 2016; 4(7): 580-588582

studied areas, Phlebotomus papatasi was the dominant species[40]. 
Generally, zoonotic cutaneous leishmaniasis is more common in 
Riyadh and Eastern Province where it is transmitted by the sandfly 
Phlebotomus papatasi, while anthroponotic cutaneous leishmaniasis 
is more common in the southern region and is transmitted by 
Phlebotomus sergenti[40-42]. Species of the Leishmania donovani 
(L. donovani) complex, L. donovani and Leishmania infantum 
(synonym Leishmania chagasi) are the typical causes of visceral 
leishmaniasis. In Saudi Arabia, both species are present. The black 
rat, Rattus rattus, is a reservoir host of L. donovani which is the main 
cause of visceral leishmaniasis in the country[43-46]. Dogs have been 
found infected with Leishmania infantum which occasionally infects 
human in Saudi Arabia[44,45,47]. The disease has been reported 
on several occasions and the first case was in 1955 at Dhahran 
Hospital ARAMCO in the Eastern Province[48]. Human infections 
are sporadic and mostly found in the southwest of the country[43-

46,49-52]. Both Phlebotomus alexandri and Phlebotomus orientalis 
are incriminated in the transmission of visceral leishmaniasis in the 
southwest of the country[47].
   Concerning the number of cases reported yearly in Saudi Arabia, 
a total of 5 687 cases of cutaneous leishmaniasis were recorded in 
1999. Since then, there was a general decrease in the number of 
cases with 2 549 cases being reported in 2009. The same condition 
was observed in visceral leishmaniasis as 63 cases were reported in 
1999 vs. 17 cases in 2009[53].
   Global warming affects indirectly the distribution of leishmaniasis 
through its effects on the range of the intermediate and reservoir 
hosts[54]. For example, leishmaniasis is endemic in Mexico and 
Texas. Recently, the disease has begun to expand its range into 
northward. Moreover, it is expected that climate warming may 
increase the risk of human exposure to the infection in areas outside 
its present range in the United States and probably Canada[55]. The 
same scenario is expected for the expansion of visceral leishmaniasis 
from its foci in southern areas of Saudi Arabia.

7. Onchocerciasis

   This is an eye and skin disease caused by a filarial worm known 
as Onchocerca volvulus. The infection is transmitted to humans 
through the bite of an infected blackfly that belongs to the genus 
Simulium. Blackflies are found in areas of dense vegetation and 
forests. Their eggs are deposited on vegetation or near fast-flowing 
rivers and streams, thus the disease is commonly known as river 
blindness. Inside the human body, the adult female worm produces 
thousands of larvae (microfilariae) that wander through the skin 
and the eye where it can survive for 2–3 years. However, dead 
and dying microfilariae are very toxic to the skin and the eye. It 
causes severe itching and various eye manifestations. After repeated 
exposure, these lesions may lead to irreversible blindness and skin 
disease sometimes named leopard or lizard skin. The geographical 
distribution of the disease is linked to the habitat of its vector in the 
inter-tropical zones. It is estimated that about 90% of the infected 
cases occur in Africa. In addition, onchocerciasis was reported from 
six countries in Latin America and in Yemen[56,57].
   In 2003, three human cases of Onchocerca volvulus were reported 
from Assir in Saudi Arabia[58]. In 2008, a human infection of a 
Kuwaiti woman with Onchocerca sp. was reported. The infection 
was suspected to be contracted in Saudi Arabia. About 3 months 
earlier, the patient had visited Najran (a Saudi city) on the border 
with Yemen, where she had stayed for about 2 months[59]. The 

recent appearance of the parasite in Saudi Arabia could be explained 
by the climate change which resulted in the northern expansion of 
the blackfly from Yemen. The northern expansion of insects as a 
response to global warming is a well-documented phenomenon[60,61].

8. Mechanically transmitted parasitic infections

   The housefly, Musca domestica, is a cosmopolitan insect which 
occurs on all inhabited continents of the world. It is common in 
different climate zones from tropical to temperate and in both rural 
and urban environments. However, it is more adapted to warm 
regions of the world. The housefly is usually associated with faeces. 
Also, it has adapted well to feeding on garbage. Thus, it is generally 
found in association with humans[62,63]. The housefly is an efficient 
mechanical carrier of pathogens including many human parasites. 
Protozoan cysts and helminth eggs can be mechanically carried 
on wings, legs and body hairs of the fly and transmitted to human 
mostly through food and drinks[64]. Climate change is anticipated to 
have serious effects on houseflies worldwide. Climate change models 
have predicted that housefly population could increase substantially, 
up to 244% by 2080. In view of the predicted increase in numbers 
of houseflies, their role as mechanical carriers of parasites and other 
pathogenic organisms is likely to take on more significance[65].

9. Mosquito-borne diseases

   The most often climate change factors noted for their influence 
on mosquitoes are rainfall, temperature and humidity. Also, other 
factors such as atmospheric particle pollution and wind may have 
an impact. Changes in such variables can alter the bionomics of 
mosquitos and therefore the rates of transmission of diseases caused 
by mosquitoes[66-68]. In Saudi Arabia, the known mosquito-borne 
parasitic diseases are filariasis and malaria[69-71].

10. Lymphatic filariasis

   Lymphatic (bancroftian) filariasis or elephantiasis affects over 120 
million people in 73 countries around the world. Endemic foci of the 
disease are present mainly in Egypt, sub-Saharan Africa, Southern 
Asia, the Western Pacific Islands, the north-eastern coast of Brazil, 
Guyana, Haiti and the Dominican Republic. Most cases experience 
asymptomatic infection and many infections go unrecognized. The 
nematode parasite Wuchereria bancrofti is incriminated in causing 
the disease in 90% of the cases. In addition, a related species, 
Brugia malayi, is incriminated in causing the disease in most of the 
remainder of the cases. Brugia timori was also reported to cause 
lymphatic filariasis[72]. The parasite is transmitted by some species 
of mosquitoes belonging to the genera Anopheles, Culex, Aedes, 
Mansonia, Coquillettidia and Ochlerotatus[73]. However, Culex 
mosquitoes, mainly Culex pipiens and Culex quinquefasciatus, 
are the main vectors of the parasite in many countries of the world 
including the Eastern Mediterranean countries[74]. Lymphatic 
filariasis has been reported from the southwestern region of Saudi 
Arabia where foreign labour constitutes the majority of cases[75-

77]. In 2002, three autochthonous Saudi cases of lymphatic filariasis 
were reported in Riyadh[78]. Culex pipiens is a potential vector of 
introduced lymphatic filariasis in the country[75]. Climate change 
greatly influence transmission of the disease, as the increase of 
temperature and rainfall play an important role in propagating 
the vectors[79]. In Africa, a broad geographic distribution of 
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lymphatic filariasis, extending from the west to the east across the 
middle region of the continent, is predicted in responses to climate 
change[80].

11. Zoonotic filariasis

   Dirofilaria repens is a filarial nematode parasite which infects dogs 
and other carnivores. Different species of the genera Aedes and Culex 
are the main vectors of zoonotic filariasis (dirofilariasis). Humans are 
considered as aberrant hosts, where the worms fail to reach maturity 
in the human body. The immature worms die in subcutaneous sites 
and provokes immune reactions in the surrounding host tissues. 
This filarial nematode is usually found in the Mediterranean basin, 
sub-Saharan Africa and Southern Asia[81,82]. Nowadays, there is 
a strong evidence that Dirofilaria infections are spreading among 
animal populations in Europe, most probably due to climate change 
especially global warming[83-86]. The parasite was reported in three 
dogs from Western Saudi Arabia[87]. A 60-year-old male infected 
with Dirofilaria repens was reported from Al-Hassa region in Saudi 
Arabia’s Eastern Province[88].

12. Malaria

   Malaria is the most important vector-borne parasitic infection in 
the world. It is one of the biggest contributors to the global burden of 
diseases in terms of suffering and death. Malaria is caused by some 
species of the genus Plasmodium which are transmitted to humans 
through the bites of mosquitoes of the genus Anopheles. Worldwide, 
four species belonging to the genus Plasmodium are highly 
pathogenic to humans [Plasmodium falciparum (P. falciparum), 
Plasmodium malariae, Plasmodium vivax and Plasmodium ovale]. 
In tropical areas, P. falciparum is the most common and the most 
pathogenic species in the genus[89,90].
   In Saudi Arabia, cases of malaria are reported from the north 
and west of the country. The disease is especially endemic in the 
lowlands of Assir region in the southwest of the country. The 
existence of malaria is maintained there by continuous importation 
from Yemen[70,91-96]. In addition, there was a high risk of introducing 
malaria to non-endemic areas of the country by expatriates, or 
pilgrims at Hajj and Umrah[97,98]. P. falciparum is the predominant 
species, accounting for more than 90% of cases in the country, and 
35% of cases in the northwestern region. Plasmodium vivax is a 
predominant species in the northwest, accounting for more than 50% 
of the cases there. Plasmodium malariae is a rare species, accounting 
for 1%–2% of cases in the country. Most infections occur mainly 
between October and April and synchronize with the rainy season. 
During summer, there is a decrease in the incidence of the disease. 
Breeding of the anopheline vector usually occurs in permanent 
springs in the central and eastern regions and streams that traverse 
the coastal mountainous range along the Red Sea[99]. 
   Saudi Arabia can be divided into four geographical categories 
based on malaria endemicity. First, non-malarious areas in the 
central part of the country where low density of Anopheles sergenti 
(A. sergenti) is present and only imported cases are reported 
occasionally. Second, areas of malaria transmission has been ceased 
by effective control measures. They are located in the eastern and 
northern parts of the country. In such areas, Anopheles superpictus 
and Anopheles stephensi are present. Third, areas with low malaria 
incidence rates (1–3/1  000/year), these areas include foci in 
remote areas in the western parts of the country where Anopheles 

superpictus and A. sergenti are present and they also include some 
foci in the southern parts of the country where Anopheles arabiensis 
(Anopheles gambiae sensu lato or complex) is present. Finally, areas 
with medium or high malaria incidence rates (> 3/1 000/year)include 
Tihama foothills and lowlands and the coastal plain along the Red 
Sea in the southern and southwestern parts of the country down to 
the border with Yemen. In such foci, A. arabiensis and A. sergenti 
are present[99,100].
   Concerning the number of cases reported yearly in Saudi Arabia, 
in 1998, an outbreak of autochthonous malaria cases occurred, 
and the total number of confirmed cases reached 36 139. This 
outbreak increased the incidence rate of the disease in the country 
to 1.87/1 000 compared to 0.92/1 000 in the previous year. This 
outbreak provoked a national control campaign which resulted in a 
general decline in autochthonous cases. In 2010, autochthonous cases 
of malaria were reported in Assir (incidence rate of 0.001/1 000) and 
Jazan (incidence rate of 0.013/1 000). In 2011, two deaths due to 
autochthonous malaria transmission were recorded[101]. Currently, 
malaria incidence is very low. However, imported cases will continue 
as a potential for autochthonous transmission[102].
   The expected climate change in Saudi Arabia may dramatically 
affect the epidemiology of malaria in the country. It was observed 
that in the southwestern part of the country, disease transmission 
occurs throughout the year. However, transmission peaks are 
usually associated with the rainy season and hot summers[103]. In 
Yemen, strong associations were recorded between the incidence of 
malaria and favourable climate factors like rainfall volume, relative 
humidity, temperature and wind speed[104]. In Egypt, climate factors 
such as temperature and relative humidity were found associated 
with elongation of the transmission season to 8 months in Fayoum 
Governorate[105,106]. In Europe, climatic factors are projected to 
favour autochthonous transmission of malaria[107,108]. However, 
other factors like socioeconomic standard, land use, building 
regulations, treatment, etc. may counteract the likelihood of climate-
related re-emergence of the disease there[109].

13. Snail-borne parasitic infections

   The development of the parasites and their snail intermediate hosts 
are dependent on temperature. However, other environmental factors 
like precipitation and potential evapotranspiration may contribute 
to the delimitation of their spatial distribution[110]. Climate 
change in Saudi Arabia may seriously affect snail-borne parasitic 
infections, especially dicrocoeliasis, fascioliasis and schistosomiasis. 
Precipitation may have a special importance because it will offer 
new habitats for freshwater and land snails in the arid country.

14. Dicrocoeliasis

   Dicrocoelium dendriticum (D. dendriticum) is a parasite of 
herbivores, such as sheep, goat and cattle in many countries of the 
world including Saudi Arabia. The parasite has a complex life cycle 
that involves two intermediate hosts (the first is a land snail and the 
second is an ant)[111]. Worldwide, about 100 land snail species have 
been quoted as natural and experimental intermediate hosts of D. 
dendriticum by different authors. Likewise, at least 21 species of 
ants, mainly of the genus Formica (family Formicidae), have been 
reported susceptible to D. dendriticum in different countries[112]. 
The parasite is prevalent in pastures with woody vegetation[113]. 
Thus, the predicted climate change in Saudi Arabia may positively 
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support the development and transmission of the parasite. Human 
dicrocoeliasis is generally rare due to the highly specific nature of 
this parasite’s life cycle[114]. Sporadic cases of human dicrocoeliasis 
were reported in Saudi Arabia[111,115-120]. However, in most of the 
cases, the infection is spurious, i.e. the presence of the parasite eggs 
in human faeces is due to the ingestion of liver of infected animals. 
For example, in a study in Saudi Arabia, eggs of the parasite were 
detected in 208 patients, but only seven of them were confirmed as 
having a genuine infection[115]. In a different study, also in Saudi 
Arabia, genuine dicrocoeliasis was confirmed only in 32 out of 1 196 
patients by re-examination after being kept on a liver-free diet for 3 
days[117].

15. Fascioliasis

   Infection with Fasciola spp. is an important parasitic disease 
affecting livestock in Saudi Arabia. Fasciola hepatica and Fasciola 
gigantica are present in the country[121]. These digeneans are 
transmitted by lymnaeid snails. Radix natalensis (synonym 
Lymnaea arabica) and Stagnicola palustris (synonym Lymnaea 
palustris) were reported from the country[122]. The total infection 
rate among local breeds of ruminants was as much as 21.9% in 
Riyadh abattoir[123]. Probably Fasciola hepatica is the species 
incriminated in the human disease as it is the species more adapted 
to human infection[124]. Sporadic cases of human fascioliasis were 
detected in the country especially among expatriate workers from 
endemic areas[120,121,125,126]. It is anticipated that climate change 
including the warming trend will, directly and indirectly, enhance the 
transmission of fascioliasis in different countries of the world[110].

16. Schistosomiasis

   Two species of schistosomes, Schistosoma mansoni (S. mansoni) 
and Schistosoma haematobium (S. haematobium), are endemic in 
Saudi Arabia. They are transmitted by certain species of freshwater 
snails[127-130]. There are four species of freshwater snails which 
can transmit human schistosomes in Saudi Arabia. Biomphalaria 
pfeifferi which is the only snail host of S. mansoni in the country. 
Bulinus beccarii, Bulinus truncates and Bulinus wright are the 
snail hosts of S. haematobium in endemic Saudi foci[131]. Infection 
with Schistosoma japonicum was diagnosed in some non-Saudi 
residents, but the schistosome did not complete its life cycle in 
the country because of the absence of a suitable snail host[132]. 
Autochthonous human cases of schistosomiasis have been detected 
in all provinces except the Eastern Province, Qassim and Empty 
Quarter Provinces[129,131]. Human infections of S. mansoni were 
found mainly in the highlands of the western areas and some 
parts of the central and northern regions. Cases infected with S. 
haematobium were diagnosed mainly in Tihama Assir and the 
lowland coastal plain in the southern areas[131,133]. In 2005, an 
ambitious national programme for the eradication of schistosomiasis 
in Saudi Arabia was initiated in all the known disease foci. In 2007, 
the areas of Madinah, Riyadh, Hail, Tabuk, Jouf, and Najran were 
reported as disease-free areas[134]. Since 2010, heterochthonous 
cases progressively outnumbered the autochthonous ones. Recent 
reports indicated that regions of Saudi Arabia can be classified into 
three categories: disease-free, transmission interrupted and low 
transmission (general prevalence < 1%)[135].
   The epidemiology of schistosomiasis worldwide is affected by 
many environmental factors[136]. It is predicted that climate change 

will enhance the transmission of schistosomiasis in the endemic 
foci[110,137-139].

17. Water-borne parasitic infections

   Human exposure to water-borne parasitoses occurs through 
drinking water, recreational water or food. Water contamination 
may result from either human actions or natural events. Rainfall 
can influence the propagation of the infective stage of this group 
of parasites while temperature affects their growth and survival in 
the external environment. Outbreaks of water-borne parasitoses 
often occur after severe precipitation events. Heavy precipitation 
and its subsequent runoff have been assumed to be a major factor 
in the transmission of water-borne parasitic infections[140]. Many 
parasites can be transmitted via contaminated water, but only 
Cryptosporidium, Cyclospora, Giardia and Toxoplasma are difficult 
to be destroyed in drinking water by conventional disinfection 
methods[141-144]. Rainfall and runoff have been incriminated in many 
outbreaks of water-borne parasitoses in the UK and the US[145-150].
   Because climate change is anticipated to enhance the severity 
and frequency of some major precipitation events in Saudi Arabia, 
the country could be faced with the elevated burden of water-borne 
diseases. Unfortunately, cryptosporidiasis, cyclosporiasis, giardiasis 
and toxoplasmosis are not uncommon in Saudi Arabia and the water-
borne transmission of these diseases through drinking water is 
possible[119,151-156]. 

18. Conclusion

   The Kingdom of Saudi Arabia is mostly a desert nation. Climate 
change is anticipated to have significant impacts on the country. 
The key projections are increased precipitations, flash floods, 
unstable temperatures, sea-level rise and shoreline retreat. Such 
environmental changes could strongly affect human parasitic 
infections transmitted through insects and snails. The fly-borne 
diseases in Saudi Arabia are leishmaniasis and onchocerciasis, and 
mechanically transmitted by parasitic infections. The mosquito-
borne parasitic diseases are filariasis (either lymphatic or zoonotic) 
and malaria. The snail-borne parasitic infections are dicrocoeliasis, 
fascioliasis and schistosomiasis. In addition, flaring-up of the water-
borne transmission of cryptosporidiasis, cyclosporiasis, giardiasis, 
and toxoplasmosis in drinking water is possible as a result of 
increased rainfall and runoff.

 
Conflict of interest statement

   We declare that we have no conflict of interest.

References

[1]   �Hardy JT. Climate change: causes, effects, and solutions. 1st ed. New 

York: Wiley; 2003.

[2]   �Ragab R, Prudhomme C. SW–soil and water: climate change and water 

resources management in arid and semi-arid regions: prospective and 

challenges for the 21st century. Biosyst Eng 2002; 81(1): 3-34.

[3]   �Poulin R, Mouritsen KN. Climate change, parasitism and the structure 

of intertidial ecosystems. J Helminthol 2006; 80: 183-91.

[4]   �Rosenzweig C, Casassa G. Assessment of observed changes and 

responses in natural and managed systems. In: Parry M, Canziani 

O, Palutikof J, van der Linden P, Hanson, editors. Climate change 



Wael Mohamed Lotfy and Souad Mohamed Alsaqabi/Journal of Coastal Life Medicine 2016; 4(7): 580-588 585

2007: impacts, adaptation and vulnerability. Cambridge: Cambridge 

University Press; 2007, p. 79-131.

[5]   �Abderrahman WA. Water demand management in Saudi Arabia. In: 

Faruqui NI, Biswas AK, Bino MJ, editors. Water management in Islam. 

Tokyo: United Nations University Press; 2001, p. 68-78.

[6]   �Food and Agriculture Organization of the United Nations. Irrigation in 

the middle east region in figures. AQUASTAT Survey-2008. Rome: 

Food and Agriculture Organization of the United Nations; 2009. [Online] 

Available from: http://www.fao.org/3/a-i0936e/i0936e01.pdf [Accessed 

on 25th May, 2016]

[7]   �Abdullah MA, Al-Mazroui MA. Climatological study of the 

southwestern region of Saudi Arabia. I. rainfall analysis. Clim Res 1998; 

9: 213-23.

[8]   �Al-Ghobari HM. Estimation of reference evapotranspiration for southern 

region of Saudi Arabia. Irrigation Sci 2000; 19(2): 81-6.

[9]   �Rasheeduddin M, Abderrahman WA, Lloyd JW. Management of 

groundwater resources in Eastern Saudi Arabia. Int J Water Resour Dev 

2001; 17: 185-210.

[10] �El-Raey M. Impact of climate change: vulnerability and adaptation. 

Coastal areas. In: Tolba MK, Saab NJ, editors. Arab environment: 

climate change. Impact of climate change on Arab countries. Lebanon: 

Arab Forum for Environment and Development; 2009, p. 47-62.

[11] �Al Saud M. Assessment of flood hazard of Jeddah area 2009, Saudi 

Arabia. J Water Resour Protect 2010; 2(9): 839-47.

[12] �Al-Bassam AM, Zaidi FK, Hussein MT. Natural hazards in Saudi 

Arabia. In: Ismail-Zadeh A, Fucugauchi JU, Kijko A, Takeuchi K, 

Zaliapin L, editors. Extreme natural hazards, disaster risks and societal 

implications. 1st ed. Cambridge: Cambridge University Press; 2014, p. 

243-51.

[13] �Dawod GM, Mirza MN, Al-Ghamdi KA. Assessment of several flood 

estimation methodologies in Makkah metropolitan area, Saudi Arabia. 

Arabian J Geosci 2013; 6(4): 985-93.

[14] �Darfaoui EM, Al-Assiri A. Response to climate change in the Kingdom 

of Saudi Arabia. Cairo: Food and Agriculture Organization of the 

United Nations; 2011. [Online] Available from: http://www.fao.org/

forestry/29157-0d03d7abbb7f341972e8c6ebd2b25a181.pdf [Accessed 

on 25th May, 2016] 

[15] �Cruz RV, Harasawa H, Lal M, Wu S, Anokhin Y, Punsalmaa B, et al. 

Asia. In: Parry ML, Canziani OF, Palutikof JP, van der Linden PJ, 

Hanson CE, editors. Climate change 2007: impacts, adaptation and 

vulnerability. Contribution of working group II to the fourth assessment 

report of the intergovernmental panel on climate change. Cambridge: 

Cambridge University Press; 2007, p. 469-506.

[16] �Al-Momani AH, Shawaqfah M. Assessment and management of flood 

risks at the city of Tabuk, Saudi Arabia. Holist Approach Environ 2013; 

3(1): 15-31.

[17] �Presidency of Meteorology and Environment. First national 

communication of the Kingdom of Saudi Arabia, submitted to the 

United Nations Framework Convention on Climate Change (UNFCCC). 

Riyadh: Presidency of Meteorology and Environment; 2005. [Online] 

Available from: http://unfccc.int/resource/docs/natc/saunc1.pdf 

[Accessed on 25th May, 2016]

[18] �Al-Zawad FM. Using GIS technology to assess the impact of climate 

change on water resources in Saudi Arabia. Dammam: Presidency of 

Meteorology and Environment; 2014. [Online] Available from: http://

precis.metoffice.com/docs/Faisal_paper.pdf [Accessed on 25th May, 

2016]

[19] �Nuwayhid I, Youssef R, Habib RR. Impact of climate change: 

vulnerability and adaptation. Human health. In: Tolba MK, Saab 

MW, editors. Arab environment: Climate change. Impact of climate 

change on Arab countries. Lebanon: Arab Forum for Environment and 

Development; 2009, p. 87-100.

[20] �Fouda MM, Gerges MA. Implications of climate change in the Red Sea 

and Gulf of Aden region: an review. UNEP Regional Seas report and 

studies, No. 156. Nairobi: United Nations Environment Programme; 

1994. [Online] Available from: http://www.unep.org/regionalseas/

publications/reports/RSRS/pdfs/rsrs156.pdf [Accessed on 25th May, 

2016]

[21] �McCarthy JJ, Canziani OF, Leary NA, Dokken DJ, White KS. Climate 

change 2001: impacts, adaptation, and vulnerability. Contribution of 

working group II to the third assessment report of the intergovernmental 

panel on climate change. Cambridge: Cambridge University Press; 

2001.

[22] �Lotfy WM. Climate change and epidemiology of human parasitosis in 

Egypt: a review. J Adv Res 2014; 5(6): 607-13.

[23] �Patz JA, Graczyk TK, Geller N, Vittor AY. Effects of environmental 

change on emerging parasitic diseases. Int J Parasitol 2000; 30(12-13): 

1395-405.

[24] �Stange EE, Ayres MP. Climate change impacts: insects. Chichester: John 

Wiley & Sons, Ltd; 2010.

[25] �Desjeux P. Worldwide increasing risk factors for leishmaniasis. Med 

Microbiol Immunol 2001; 190(1-2): 77-9.

[26] �Pearson RD, Sousa AQ. Clinical spectrum of leishmaniasis. Clin Infect 

Dis 1996; 22(1): 1-13.

[27] �Dedet J, Pratlong F. Leishmaniasis. In: Cook GC, Zumla AI, editors. 

Manson’s tropical diseases. 22nd ed. London: Saunders; 2008, p. 1341-

65.

[28] �Lane RP. Sandflies (Phlebotominae). In: Lane RP, Crosskey RW, editors. 

Medical insects and Arachnids. 3rd ed. Berlin: Springer Netherland; 

1993, p. 78-119.

[29] �Fahmy AR, Samy AM, Doha SA, Shehata MG. Preliminary field 

investigations on phlebotomine sandflies (Diptera: Psychodidae) from 

a recent cutaneous leishmaniasis focus in Northern-Sinai, Egypt. Egypt 

Acad J Biol Sci 2009; 2(1): 9-15.

[30] �El-Beshbishy HA, Al-Ali KH, El-Badry AA. Molecular characterization 

of Leishmania infection in sand flies from Al-madinah Al-munawarah 

Province, Western Saudi Arabia. Exp Parasitol 2013; 134(2): 211-5.

[31] �El-Beshbishy HA, Al-Ali KH, El-Badry AA. Molecular characterization 

of cutaneous leishmaniasis in Al-Madinah Al-Munawarah Province, 

Western Saudi Arabia. Int J Infect Dis 2013; 17(5): e334-8.

[32] �Morsy TA, al Dakhil MA, el Bahrawy AF. Natural Leishmania infection 

in rock hyrax, Procavia capensis (Pallas, 1766) order: Hyracoidea, 

trapped in Najran, Saudi Arabia. J Egypt Soc Parasitol 1997; 27(1): 75-

81.

[33] �Morsy TA, Khalil NM, Salama MM, Hamdi KN, al Shamrany YA, 

Abdalla KF. Mucosal leishmaniasis caused by Leishmania tropica in 

Saudi Arabia. J Egypt Soc Parasitol 1995; 25(1): 73-9.

[34] �Centers for Disease Control. Viscerotropic leishmaniasis in persons 

returning from Operation Desert Storm--1990-1991. MMWR Morb 

Mortal Wkly Rep 1992; 41(8): 131-4.

[35] �Boyer MH. Visceral leishmaniasis in Desert Storm veterans. N Engl J 

Med 1993; 329(20): 1503-4.

[36] �Magill AJ, Grögl M, Gasser RA Jr, Sun W, Oster CN. Visceral infection 

caused by Leishmania tropica in veterans of Operation Desert Storm. N 

Engl J Med 1993; 328(19): 1383-7.

[37] �Magill AJ, Grogl M, Johnson SC, Gasser RA Jr. Visceral infection 

due to Leishmania tropica in a veteran of Operation Desert Storm who 

presented 2 years after leaving Saudi Arabia. Clin Infect Dis 1994; 19(4): 

805-6.

[38] �Lewis DJ, Büttiker W. Insects of Saudi Arabia. Diptera Fam. 



Wael Mohamed Lotfy and Souad Mohamed Alsaqabi/Journal of Coastal Life Medicine 2016; 4(7): 580-588586

Psychodidae, Subfam. Phlebotominae. Fauna of Saudi Arabia. 1980; 2: 

252-85.

[39] �Lewis DJ, Büttiker W. Insects of Saudi Arabia: the taxonomy and 

distribution of Saudi Arabian Phlebotomus sand flies (Diptera: 

Psychodidae). Fauna of Saudi Arabia 1982; 4: 353-97.

[40] �Mustafa MB, Hussein SM, Ibrahim EA, al-Seghayer SM, al Amri 

SA, Gradoni L. Phlebotomus papatasi (Scopoli), vector of zoonotic 

cutaneous leishmaniasis in Riyadh Province, Saudi Arabia. Trans R Soc 

Trop Med Hyg 1994; 88(1): 40.

[41] �al-Zahrani MA, Peters W, Evans DA, Chin C, Smith V, Lane RP. 

Phlebotomus sergenti, a vector of Leishmania tropica in Saudi Arabia. 

Trans R Soc Trop Med Hyg 1988; 82(3): 416.

[42] �al-Zahrani MA, Peters W, Evans DA, Smith V, Ching Chin I. Leishmania 

infecting man and wild animals in Saudi Arabia. 6. Cutaneous 

leishmaniasis of man in the south-west. Trans R Soc Trop Med Hyg 

1989; 83(5): 621-8.

[43] �al-Zahrani MA, Peters W, Evans DA. Visceral leishmaniasis in man 

and dogs in south-west Saudi Arabia. Trans R Soc Trop Med Hyg 1988; 

82(6): 857.

[44] �al-Zahrani MA, Peters W, Evans DA, Smith V, Ching CI. Leishmania 

infecting man and wild animals in Saudi Arabia. 5. Diversity of parasites 

causing visceral leishmaniasis in man and dogs in the south-west. Trans 

R Soc Trop Med Hyg 1989; 83(4): 503-9.

[45] �Ibrahim EA, Al-Zahrani MA, Al-Tuwaigri AS, Al-Shammary FJ, Evans 

DA. Leishmania infecting man and wild animals in Saudi Arabia. 9. The 

black rat (Rattus rattus) a probable reservoir of visceral leishmaniasis in 

Gizan Province, south-west Saudi Arabia. Trans R Soc Trop Med Hyg 

1992; 86(5): 513-4.

[46] �Hanly MG, Amaker B, Quereshi I. Visceral leishmaniasis in North West 

Saudi Arabia: a new endemic focus of L. donovani or further evidence of 

a changing pathogenic role for L. tropica? Cent Afr J Med 1998; 44(8): 

202-5.

[47] �al-Zahrani MA, Lane RP, Chin IC, Asiry MA, Peters W. Biology of 

Phlebotomus sandflies (Diptera: Psychodidae) in two contrasting 

leishmaniasis foci of south-west Saudi Arabia. Bull Entomol Res 1997; 

87(3): 221-30.

[48] �Tarizzo ML, Bracken HA, Strait DJ. A case of visceral leishmaniasis in 

Saudi Arabia. Am J Trop Med Hyg 1953; 2(5): 846-9.

[49] �Rodrigues OP, Patil SB. Visceral leishmaniasis in children. Saudi Med J 

1990; 11(2): 99-104.

[50] �Al-Orainey IO, Gasim IY, Singh LM, Ibrahim B, Ukabam SO, 

Gonchikar D, et al. Visceral leishmaniasis in Gizan, Saudi Arabia. Ann 

Saudi Med 1994; 14(5): 396-8.

[51] �Benjamin B, Annobil SH, Bassuni WA. Diagnostic and management 

problems in childhood visceral leishmaniasis in south-western Saudi 

Arabia. Ann Trop Paediatr 1994; 14(1): 7-13.

[52] �El Jack F, Mateen SA, Parker JA. Visceral leishmaniasis in Medina 

region. Sudan J Paediatr 2005; 7: 142-57.

[53] �World Health Organization. Information resources: Saudi Arabia. 

Geneva: World Health Organization; 2014. [Online] Available from: 

http://www.who.int/leishmaniasis/resources/SAUDI_ARABIA.pdf 

[Accessed on 25th May, 2016]

[54] �Parmesan C. Ecological and evolutionary responses to recent climate 

change. Annu Rev Ecol Evol Syst 2006; 37: 637-69.

[55] �González C, Wang O, Strutz SE, González-Salazar C, Sánchez-Cordero 

V, Sarkar S. Climate change and risk of leishmaniasis in North America: 

predictions from ecological niche models of vector and reservoir species. 

PLoS Negl Trop Dis 2010; 4(1): e585.

[56] �Fernandez-De Castro J. [History of onchocerciasis]. Salud Publica Mex 

1979; 21: 683-96. Spanish.

[57] �Hopkins A, Boatin BA. Onchocerciasis. In: Selendy JMH, editor. 

Water and sanitation-related diseases and the environment: challenges, 

interventions, and preventive measures. New York: John Wiley & Sons; 

2011, p. 133-49.

[58] �Helmy MM, Al Mathal IM. Human infection with Onchocerca volvulus 

in Asir District (Saudi Arabia). J Egypt Soc Parasitol 2003; 33(2): 385-

90.

[59] �Hira PR, Al-Buloushi A, Khalid N, Iqbal J, Bain O, Eberhard 

ML. Zoonotic filariasis in the Arabian Peninsula: autochthonous 

onchocerciasis and dirofilariasis. Am J Trop Med Hyg 2008; 79(5): 739-

41.

[60] �Kobayashi M, Nihei N, Kurihara T. Analysis of northern distribution 

of Aedes albopictus (Diptera: Culicidae) in Japan by geographical 

information system. J Med Entomol 2002; 39(1): 4-11.

[61] �Kobayashi M, Komagata O, Nihei N. Global warming and vector-borne 

infectious diseases. J Disaster Res 2008; 3(2): 105-12.

[62] �Anderson JR, Poorbaugh JH. Observations on the ethology and ecology 

of various Diptera associated with Northern California poultry ranches. J 

Med Entomol 1964; 1: 131-47.

[63] �Amano K. Breeding of the house fly, Musca domestica (Diptera; 

Muscidae) in fresh dung of cattle fed on pasture grass. Appl Entomol 

Zool 1985; 20: 143-50.

[64] �Greenberg B. Flies and diseases. Biology and disease transmission. 

Princeton: Princeton University Press; 1973.

[65] �Davies MP, Anderson M. Insecticide use in Houses. Outlooks Pest 

Manag 2012; 23: 199-203.

[66] �Sutherst RW. Global change and human vulnerability to vector-borne 

diseases. Clin Microbiol Rev 2004; 17(1): 136-73.

[67] �Ramasamy R, Surendran SN. Global climate change and its potential 

impact on disease transmission by salinity-tolerant mosquito vectors in 

coastal zones. Front Physiol 2012; 3: 198.

[68] �Campbell-Lendrum D, Manga L, Bagayoko M, Sommerfeld J. Climate 

change and vector-borne diseases: what are the implications for public 

health research and policy? Philos Trans R Soc Lond B Biol Sci 2015; 

370(1665): 20130552.

[69] �Hawking F. The distribution of human Filariases throughout the world. 

Mimeograph WHO/FIL/73.114. Geneva: World Health Organization; 

1973. 

[70] �Warrell DA. Leishmaniasis, malaria and schistosomiasis in Saudi Arabia. 

Saudi Med J 1993; 14: 203-8.

[71] �Ahmed AM, Shaalan EA, Aboul-Soud MA, Tripet F, Al-Khedhairy 

AA. Mosquito vectors survey in the AL-Ahsaa District of Eastern Saudi 

Arabia. J Insect Sci 2011; 11: 176.

[72] �Ottesen EA, Duke BO, Karam M, Behbehani K. Strategies and tools for 

the control/elimination of lymphatic filariasis. Bull World Health Organ 

1997; 75(6): 491-503.

[73] �de Souza DK, Koudou B, Kelly-Hope LA, Wilson MD, Bockarie MJ, 

Boakye DA. Diversity and transmission competence in lymphatic 

filariasis vectors in West Africa, and the implications for accelerated 

elimination of Anopheles-transmitted filariasis. Parasit Vectors 2012; 5: 

259.

[74] �Al-Ali KH, El-Badry AA, Eassa AHA, Al-Juhani AM, Al-Zubiany SF, 

Ibrahim EKD. A study on Culex species and Culex transmitted diseases 

in Al-Madinah Al-Munawarah, Saudi Arabia. Parasitol United J 2008; 

1(2): 101-8.

[75] �Omar MS. A survey of bancroftian filariasis among South-East Asian 

expatriate workers in Saudi Arabia. Trop Med Int Health 1996; 1(2): 

155-60.

[76] �Omar MS, Sheikha AK, Al-Amari OM, Abdalla SE, Musa RA. Field 

evaluation of two diagnostic antigen tests for Wuchereria bancrofti 



Wael Mohamed Lotfy and Souad Mohamed Alsaqabi/Journal of Coastal Life Medicine 2016; 4(7): 580-588 587

infection among Indian expatriates in Saudi Arabia. Southeast Asian J 

Trop Med Public Health 2000; 31(2): 415-8.

[77] �Abdel-Hameed AA, Dura WT, Alkhalife IS. An inguinal mass with local 

vascular lesions induced by a lymphatic filaria. Saudi Med J 2004; 25(8): 

1106-8.

[78] �Haleem A, Al Juboury M, Al Husseini H. Filariasis: a report of three 

cases. Ann Saudi Med 2002; 22(1-2): 77-9.

[79] �Parry M, Canziani OF, Palutikof J, Linden PJ, Hanson CE. Climate 

change 2007: impacts, adaptation and vulnerability. Contribution of 

working group II to the fourth assessment report of the intergovernmental 

panel on climate change (IPCC). Cambridge: Cambridge University 

Press; 2007.

[80] �Slater H, Michael E. Predicting the current and future potential 

distributions of lymphatic filariasis in Africa using maximum entropy 

ecological niche modelling. PLoS One 2012; 7(2): 32202.

[81] �Pampiglione S, Canestri Trotti G, Rivasi F. Human dirofilariasis 

due to Dirofilaria (Nochtiella) repens: a review of world literature. 

Parassitologia 1995; 37: 149-93.

[82] �Orihel TC, Eberhard ML. Zoonotic filariasis. Clin Microbiol Rev 1998; 

11(2): 366-81.

[83] �Rossi L, Pollono F, Meneguz PG, Gribaudo L, Balbo T. An 

epidemiological study of canine filarioses in north-west Italy: what has 

changed in 25 years? Vet Res Commun 1996; 20(4): 308-15.

[84] �Kronefeld M, Kampen H, Sassnau R, Werner D. Molecular detection of 

Dirofilaria immitis, Dirofilaria repens and Setaria tundra in mosquitoes 

from Germany. Parasit Vectors 2014; 7: 30.

[85] �Sævik BK, Jörundsson E, Stachurska-Hagen T, Tysnes K, Brun-Hansen 

H, Wikström HC, et al. Dirofilaria repens infection in a dog imported to 

Norway. Acta Vet Scand 2014; 56: 6.

[86] �Sassnau R, Daugschies A, Lendner M, Genchi C. Climate suitability for 

the transmission of Dirofilaria immitis and D. repens in Germany. Vet 

Parasitol 2014; 205(1-2): 239-45.

[87] �Tarello W. Dermatitis associated with Dirofilaria repens microfilariae in 

three dogs in Saudi Arabia. J Small Anim Pract 2003; 44(3): 132-4.

[88] �Chopra R, Panhotra BR, Al-Marzooq Y, Al-Mulhim AR. Subcutaneous 

dirofilariasis caused by Dirofilaria repens. Saudi Med J 2004; 25(11): 

1694-6.

[89] �Lindsay SW, Martens WJ. Malaria in the African highlands: past, present 

and future. Bull World Health Organ 1998; 76(1): 33-45.

[90] �Fairhurst RM, Wellems TE. Plasmodium species (malaria). In: Mandell 

GL, Bennett JE, Dolin R, editors. Mandell, Douglas, and Bennett’s 

principles and practice of infectious diseases. Philadelphia: Churchill 

Livingstone Elsevier; 2010, p. 3437-62.

[91] �el-Refaie SA, el-Boulaqi HA, el-Ridi AM, Abu Shadi O. Malignant 

malaria in Saudi Arabia. J Egypt Soc Parasitol 1984; 14(2): 477-81.

[92] �Vassallo L, Khan MA, Edeson JF. Epidemiological aspects and clinical 

implications of malaria as seen in Jeddah, Saudi Arabia. Ann Trop Med 

Parasitol 1985; 79(4): 349-55.

[93] �el Sebai MM, Makled MK. Malaria in El-Taif, Saudi Arabia. J Egypt 

Soc Parasitol 1987; 17(1): 373-5.

[94] �Bashwari LA, Mandil AM, Bahnassy AA, Al-Shamsi MA, Bukhari HA. 

Epidemiological profile of malaria in a university hospital in the eastern 

region of Saudi Arabia. Saudi Med J 2001; 22(2): 133-8.

[95] �AlKhalife IS. Imported malaria infections diagnosed at the Malaria 

Referral Laboratory in Riyadh, Saudi Arabia. Saudi Med J 2003; 24: 

1068-72.

[96] �Al-Jaser MH. Studies on the epidemiology of malaria and visceral 

leishmaniasis in Jizan area, Saudi Arabia. J King Saud Univ 2006; 19(1): 

9-19.

[97] �Khan AS, Qureshi F, Shah AH, Malik SA. Spectrum of malaria in Hajj 

pilgrims in the year 2000. J Ayub Med Coll Abbottabad 2002; 14(4): 19-

21.

[98] �Musa IR, Gasim GI, Eltoum AO, Adam I. Imported malaria at Buraidah 

Central Hospital, Qassim, Saudi Arabia: a retrospective analysis. Travel 

Med Infect Dis 2014; 12(6 Pt B): 733-7.

[99] �Al-Seghayer SM. Malaria control in the Kingdom of Saudi Arabia. Saudi 

Epidemiol Bull 1996; 3: 4.

[100]�Khater EI, Sowilem MM, Sallam MF, Alahmed AM. Ecology and 

habitat characterization of mosquitoes in Saudi Arabia. Trop Biomed 

2013; 30(3): 409-27.

[101]�World Health Organization. WHO global malaria programme. World 

malaria report 2012. Geneva: World Health Organization; 2012. 

[Online] Available from: http://www.who.int/malaria/publications/

world_malaria_report_2012/wmr2012_full_report.pdf [Accessed on 

25th May, 2016]

[102]�Coleman M, Al-Zahrani MH, Coleman M, Hemingway J, Omar A, 

Stanton MC, et al. A country on the verge of malaria elimination-the 

Kingdom of Saudi Arabia. PLoS One 2014; 9(9): e105980.

[103]�Malik GM, Seidi O, El-Taher A, Mohammed AS. Clinical aspects of 

malaria in the Asir Region, Saudi Arabia. Ann Saudi Med 1998; 18(1): 

15-7.

[104]�Al-Mansoob MA, Al-Mazzah MM. The role of climate on malaria 

incidence rate in four governorates of Yemen. Med J Malaysia 2005; 

60(3): 349-57.

[105]�Bassiouny HK. Bioenvironmental and meteorological factors related to 

the persistence of malaria in Fayoum Governorate: a retrospective study. 

East Mediterr Health J 2001; 7(6): 895-906.

[106]�Hassan AN, Kenawy MA, Kamal H, Abdel Sattar AA, Sowilem MM. 

GIS-based prediction of malaria risk in Egypt. East Mediterr Health J 

2003; 9(4): 548-58.

[107]�Kuhn KG, Campbell-Lendrum DH, Armstrong B, Davies CR. Malaria 

in Britain: past, present, and future. Proc Natl Acad Sci U S A 2003; 

100(17): 9997-10001.

[108]�Casimiro E, Calheiros J, Santos FD, Kovats S. National assessment of 

human health effects of climate change in Portugal: approach and key 

findings. Environ Health Perspect 2006; 114(12): 1950-6.

[109]�Rogers DJ, Randolph S. The global spread of malaria in a future, 

warmer world. Science 2000; 289(5485): 1763-6.

[110]�Mas-Coma S, Valero MA, Bargues MD. Climate change effects 

on trematodiases, with emphasis on zoonotic fascioliasis and 

schistosomiasis. Vet Parasitol 2009; 163(4): 264-80.

[111]�Abdel-Hameed AA, Mummery RV. Dicrocoelium dendriticum in Saudi 

Arabia. Saudi Med J 1990; 10(4): 327-8.

[112]�Manga-González MY, González-Lanza C, Cabanas E, Campo R. 

Contributions to and review of dicrocoeliosis, with special reference to 

the intermediate hosts of Dicrocoelium dendriticum. Parasitology 2001; 

123: S91-114.

[113]�Ekstam B, Johansson B, Dinnétz P, Ellström P. Predicting risk habitats 

for the transmission of the small liver fluke, Dicrocoelium dendriticum 

to grazing ruminants. Geospat Health 2011; 6(1): 125-31.

[114]�Drabick JJ, Egan JE, Brown SL, Vick RG, Sandman BM, Neafie RC. 

Dicroceliasis (lancet fluke disease) in an HIV seropositive man. JAMA 

1988; 259(4): 567-8.

[115]�el-Shiekh Mohamed AR, Mummery V. Human dicrocoeliasis. Report 

on 208 cases from Saudi Arabia. Trop Geogr Med 1990; 42(1): 1-7.

[116]�Omar MS, Abu-Zeid HA, Mahfouz AA. Intestinal parasitic infections 

in schoolchildren of Abha (Asir), Saudi Arabia. Acta Trop 1991; 48(3): 

195-202.

[117]�Helmy MM, Al-Mathal EM. Human infection with Dicrocoelium 

dendriticum in Riyadh District (Saudi Arabia). J Egypt Soc Parasitol 



Wael Mohamed Lotfy and Souad Mohamed Alsaqabi/Journal of Coastal Life Medicine 2016; 4(7): 580-588588

2003; 33(1): 139-44.

[118]�Al-Mathal EM, Fouad MA. Myrrh (Commiphora molmol) in treatment 

of human and sheep dicrocoeliasis dendriticum in Saudi Arabia. J Egypt 

Soc Parasitol 2004; 34(2): 713-20.

[119]�A l - M e g r i n  WA .  I n t e s t i n a l  p a r a s i t e s  i n f e c t i o n  a m o n g 

immunocompromised patients in Riyadh, Saudi Arabia. Pak J Biol Sci 

2010; 13(8): 390-4.

[120]�Mohammad KA, Koshak EA. A prospective study on parasites among 

expatriate workers in Al-Baha from 2009-2011, Saudi Arabia. J Egypt 

Soc Parasitol 2011; 41(2): 423-32.

[121]�Degheidy NS, Al-Malki JS. Epidemiological studies of fasciolosis in 

human and animals at Taif, Saudi Arabia. World Appl Sci J 2012; 19(8): 

1099-104.

[122]�Bin Dajem MS. Molecular typing of the freshwater snail Lymnaea 

arabica, the possible intermediate host of Fasciola hepatica, collected 

from Saudi Arabia, by RAPDPCR Egypt. Acad J Biol Sci 2012; 4(1): 

173-81.

[123]�Sanad MM, Al-Megrin WA. Fascioliasis among local and imported 

sheep in Saudi Arabia: parasitological and serological diagnosis. J 

Egypt Soc Parasitol 2005; 35: 1121-34.

[124]�Lotfy WM. A study on the species of Fasciola in an endemic area in 

Alexandria. Saarbrücken: Lambert Academic Publishing; 2010.

[125]�El-Mathal EM, Fouad MA. Human fascioliasis among immigrant 

workers in Saudi Arabia. J Egypt Soc Parasitol 2005; 35(3 Suppl): 

1199-207.

[126]�Al Qurashi H, Masoodi I, Al Sofiyani M, Al Musharaf H, Shaqhan M, 

All GNAA. Biliary fascioliasis-an uncommon cause of recurrent biliary 

colics: report of a case and brief review. Ger Med Sci 2012; 10: Doc10.

[127]�Arfaa F. Studies on schistosomiasis in Saudi Arabia. Am J Trop Med 

Hyg 1976; 25(2): 295-8.

[128]�Ashi J, Arfaa F, Jeffri M, Suwairy M. Progress achieved in the control 

of schistosomiasis in Saudi Arabia. J Trop Med Hyg 1989; 92(1): 27-31.

[129]�al-Madani AA. Schistosomiasis control in Saudi Arabia with special 

reference to the period 1983-1988. Public Health 1990; 104(4): 261-6.

[130]�al-Madani AA. Problems in the control of schistosomiasis in Asir 

Province, Saudi Arabia. J Community Health 1991; 16(3): 143-9.

[131]�Lotfy WM, Alsaqabi SM. Human schistosomiasis in the Kingdom of 

Saudi Arabia: a review. J Med Res Inst 2010; 31: 1-6.

[132]�el Gayar SB, Baknina MH, el Kady NM, Abdel Hafez MA. First report 

of schistosomiasis japonica in Saudi Arabia. Trans R Soc Trop Med Hyg 

1987; 81(1): 169.

[133]�Ghandour AM, Zahid NZ, Banaja AA. Epidemiological study on the 

transmission of schistosomiasis in Saudi Arabia (western region). Ann 

Trop Med Parasitol 1999; 93(2): 193-5.

[134]�World Health Organization. Inter-country meeting on strategies to 

eliminate schistosomiasis from the Eastern Mediterranean region. 

Geneva: World Health Organization; 2007. [Online] Available from: 

http://www.who.int/schistosomiasis/resources/EMRO_report_

Schistosomiasis.pdf [Accessed on 25th May, 2016]

[135]�Stothard JR, Stanton MC, Bustinduy AL, Sousa-Figueiredo JC, Van 

Dam GJ, Betson M, et al. Diagnostics for schistosomiasis in Africa 

and Arabia: a review of present options in control and future needs for 

elimination. Parasitology 2014; 141(14): 1947-61.

[136]�Fenwick A, Rollinson D, Southgate V. Implementation of human 

schistosomiasis control: challenges and prospects. In: Molyneux 

DH, editor. Control of Human Parasitic Diseases. London: Elsevier-

Academic Press; 2007, p. 567-622.

[137]�Githeko AK, Lindsay SW, Confalonieri UE, Patz JA. Climate change and 

vector-borne diseases: a regional analysis. Bull World Health Organ 2000; 

78(9): 1136-47.

[138]�Bergquist NR. A concept for the collection, consolidation and presentation 

of epidemiological data. Acta Trop 2001; 79(1): 3-5.

[139]�Bergquist NR. Vector-borne parasitic diseases: new trends in data 

collection and risk assessment. Acta Trop 2001; 79(1): 13-20.

[140]�Curriero FC, Patz JA, Rose JB, Lele S. The association between extreme 

precipitation and waterborne disease outbreaks in the United States, 1948-

1994. Am J Public Health 2001; 91(8): 1194-9.

[141]�Rabold JG, Hoge CW, Shlim DR, Kefford C, Rajah R, Echeverria P. 

Cyclospora outbreak associated with chlorinated drinking water. Lancet 

1994; 344(8933): 1360-1.

[142]�Wallis PM, Erlandsen SL, Isaac-Renton JL, Olson ME, Robertson WJ, van 

Keulen H. Prevalence of Giardia cysts and Cryptosporidium oocysts and 

characterization of Giardia spp. isolated from drinking water in Canada. 

Appl Environ Microbiol 1996; 62(8): 2789-97.

[143]�Dubey JP. Toxoplasmosis – a waterborne zoonosis. Vet Parasitol 2004; 

126(1-2): 57-72.

[144]�Jones JL, Dubey JP. Waterborne toxoplasmosis – recent developments. Exp 

Parasitol 2010; 124(1): 10-25.

[145]�Weniger BG, Blaser MJ, Gedrose J, Lippy EC, Juranek DD. An outbreak 

of waterborne giardiasis associated with heavy water runoff due to warm 

weather and volcanic ashfall. Am J Public Health 1983; 73: 868-72.

[146]�Mac Kenzie WR, Hoxie NJ, Proctor ME, Gradus MS, Blair KA, Peterson 

DE, et al. A massive outbreak in Milwaukee of Cryptosporidium infection 

transmitted through the public water supply. N Engl J Med 1994; 331(3): 

161-7.

[147]�Kramer MH, Herwaldt BL, Craun GF, Calderon RL, Juranek DD. 

Surveillance for waterborne-disease outbreaks-United States, 1993-1994. 

MMWR CDC Surveill Summ 1996; 45(1): 1-33.

[148]�Hoxie NJ, Davis JP, Vergeront JM, Nashold RD, Blair KA. 

Cryptosporidiosis-associated mortality following a massive waterborne 

outbreak in Milwaukee, Wisconsin. Am J Public Health 1997; 87(12): 

2032-5.

[149]�Stanwell-Smith R, Andersson Y, Levy DA. National surveillance 

systems. In: Hunter PR, Waite M, Ronchi E, editors. Drinking water 

and infectious disease: establishing the link. Boca Raton: CRC Press; 

2002, p. 25-40.

[150]�Craun GF, Calderon RL, Nwachuku N. Causes of waterborne outbreaks 

reported in the United States, 1991-98. In: Hunter PR, Waite M, Ronchi 

E, editors. Drinking water and infectious disease: establishing the link. 

1st ed. Boca Raton: CRC Press; 2002, p. 105-17.

[151]�Al-Qurashi AR, Ghandour AM, Obeid OE, Al-Mulhim A, Makki SM. 

Seroepidemiological study of Toxoplasma gondii infection in the human 

population in the Eastern Region. Saudi Med J 2001; 22(1): 13-8.

[152]�Al-Braiken FA, Amin A, Beeching NJ, Hommel M, Hart CA. Detection 

of Cryptosporidium amongst diarrhoeic and asymptomatic children in 

Jeddah, Saudi Arabia. Ann Trop Med Parasitol 2003; 97(5): 505-10.

[153]�Al-Qurashi AR. Seroepidemiological study of toxoplasmosis in rural areas 

in the eastern region of Saudi Arabia. J Egypt Soc Parasitol 2004; 34(1): 

23-34.

[154]�Areeshi MY, Beeching NJ, Hart CA. Cryptosporidiosis in Saudi Arabia 

and neighboring countries. Ann Saudi Med 2007; 27(5): 325-32.

[155]�Zaglool DA, Khodari YA, Gazzaz ZJ, Dhafar KO, Shaker HA, Farooq MU. 

Prevalence of intestinal parasites among patients of Al-Noor Specialist 

Hospital, Makkah, Saudi Arabia. Oman Med J 2011; 26(3): 182-5.

[156]�Alqahtani J, Hassan MM. Incidence of Toxoplasmosis gondii in Najran 

region, KSA. J Egypt Soc Parasitol 2012; 42(2): 253-60.


