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Abstract: We aimed to explore the population dynamics of snail in 3 sites of the White Nile in Sudan. More specifically,
we aimed to investigate the annual patterns of snail populations that act as intermediate hosts of schistosomes and
monthly snail infection rates and ecological characteristics presumably related to snail populations. We collected snails
for 1 year monthly at 3 different shore sites in the vicinity of El Shajara along the White Nile river in Khartoum State, Su-
dan. In addition, we measured air and water temperatures, water turbidities, vegetation coverages, and water depths and
current speeds. Most of the collected snails were Biomphalaria pfeifferi and Bulinus truncatus. The population densities of
snails and their infection rates varied across survey sites. The collected snails liberated S. mansoni and S. haematobium
cercariae as well as Amphistome and Echinostome cercariae. Infected snails were found during March-June. The ecolog-
ical characteristics found to be associated with the absence of snails population were: high turbidity, deep water, low
vegetation coverage (near absence of vegetation), high water temperature, and high current speed. To our knowledge,
this is the first longitudinal study of the snail population and ecological characteristics in the main basin of the White Nile

river.
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INTRODUCTION

Schistosomiasis is a waterborne parasitic disease in tropical
and subtropical areas and is second only to malaria in terms
of disease burden [1] The transmission of human schisto-
somes is a complex process with a vicious transmission cycle
involving man as a definitive host and reservoir of adult schis-
tosomes.

Pulmonate snails of the family Planorbidae are the interme-
diate hosts of human schistosomes in Africa, the Middle East,
the Caribbean Islands, and South America. Two species of tru-
ly aquatic, basommatophoran genera Biomphalaria and Bulinus
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transmit S. mansoni and S. haematobium. Biomphalaria and Bu-
linus are aquatic hermaphroditic snails, and transmission of
schistosomiasis may occur in different types of waterbodies
[2]. The risk of becoming infected after contact with an infest-
ed waterbody depends on duration of water contact, extent of
body exposure, and time of day [3,4].

In Sudan, the majority of previous malacological studies
have been performed on the canalization systems of different
irrigation schemes, which are thought to have contributed to
increasing the prevalence and intensity of schistosomiasis in
surrounding areas [5-13]. Furthermore, snail population densi-
ties have been reported to exhibit marked seasonal and annual
fluctuations [14-16].

However, few studies have been conducted on snail popula-
tions along the White Nile. The Federal Ministry of Sudan and
its partners are trying to adopt a more comprehensive approach
to schistosomiasis elimination across Sudan. The Korean gov-
ernment has implemented schistosomiasis control along the
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White Nile during the past 10 years with focus on preventive
chemotherapy and pledged to invest in schistosomiasis elimi-
nation in Sudan over the next 4 years. A recent nationwide Su-
danese survey on schistosomiasis showed its prevalence had
fallen to below 1% in many parts of the country. We consid-
ered that understanding snail population dynamics and relat-
ed ecological factors is a prerequisite for designing appropriate
control and elimination programs. In addition, as has been
previously reported, information on the epidemiology of schis-
tosomiasis, particularly on transmission patterns in endemic
areas, including those along the White Nile river, will undoubt-
edly aid the design and implementation of control strategies
[17].

We aimed to explore snail population dynamics at 3 sites
on the White Nile in Sudan. More specifically, we sought to
document annual changes in snail populations, their monthly
infection rates, and ecological characteristics ostensibly related
to snail populations. To the best of our knowledge, this is the
first longitudinal study to address population dynamics of
snail and ecological characteristics in the main river basin of
the White Nile.

MATERIALS AND METHODS

Study area
We selected 3 spots along the White Nile in the El Shajara
Administration Unit, Khartum State, Sudan.

Khartoum State

Khartoum State is situated in the center of Sudan and forms
a rectangle that is traversed from South to North by the Nile
and its 2 tributaries, the White and Blue Nile. The total popu-
lation of Khartoum State is about 7.7 million [18]. There is a
continuous and active influx of individuals from all other
states of the country mainly due to drought, desertification,
civil unrest, and economic reasons. The state has semi-arid cli-
mate, with an average rainfall of 150-250 mm from July to
September, which accounts for 90% of annual rainfall. The
Blue and White Nile flood peaks occur in August, during
which plains around their banks are submerged.

White Nile river

The source of the Nile is Lake Victoria at Ripon Falls near
Jinja, Uganda, where it is referred to the Victoria Nile. It flows
for approximately 500 km through Lake Kyoga, until it reaches

Lake Albert, from which it flows to Sudan; this stretch of the
river is called the Albert Nile. When it flows into Sudan, it is
called Bahr al Jabal “River of the Mountain”. This section of
the river is 716 km long and flows into a small lagoon called
Lake No, and subsequently, the river is called Bahr Abyad or
the White Nile until it and the Blue Nile merge to form the
Nile at Khartoum.

El Shajara Administration Unit

We surveyed snail populations and ecological factors at 3 lo-
cations in El Shajara Administration Unit on the east bank of
the White Nile. The total population in this area is about
250,000 and it contains 25 primary and 2 higher secondary
schools. We selected this area based on the preliminary find-
ings of the malacological surveys done by the parasitologists
of Schistosomiasis Research Laboratory, Khartoum University
and the Federal Ministry of Heal the National Control Pro-
gram of Bilharzia, Federal Ministry of Health. This area has
been reported to have many “hot spots” in terms of snail num-
bers and human/river water contact.

Snail sampling and monitoring of ecological factors

We conducted malacological field surveys to collect snails at
3 sites along the shore of the White Nile in El Shajara Admin-
istration Unit, that is, in the North El Shajara Irrigation area,
the South El Shajara Irrigation area, and the South Railway
area monthly from May 2005 to April 2006. At each site, we
collected snails from 10 spots using “the scooping technique”
with a standardized scoop, comprised of a flat wire mesh size
(1.5 mm mesh size) mounted on a metal frame (40x 30 cm)
with a 2 m long metal handle. At each spot, we dipped the
scoop perpendicular at 2 m offshore and dragged it along
the bottom. Twenty scoops were taken at a distance of 2 m
between scoops at each site (i.e., 2 scoops per spot). The snails
obtained were placed in a plastic aquarium and transported to
the Schistosomiasis Research Laboratory, Department of Zool-
ogy, Faculty of Science, University of Khartoum.

We monitored a range of ecological factors believed to affect
the population dynamics of snails on days of snail collection.
These factors were: air and water temperature, water turbidity,
water depth, current speed, and vegetation cover. Air and water
temperatures were measured using a mercury thermometer
(0-50°C). At each site, we immersed the thermometer 15 cm
below the water surface and left it in position for 5 min. Tem-
peratures were measured at noon. Water temperatures were
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measured 3 times per site at each visit and are reported as
mean monthly water temperatures, and air temperatures were
measured once per site at noon during each visit.

We measured water depth by immersing the scoop vertically
to the river bottom, marking the scoop handle, and measuring
depth using a tape measure. We repeated this water depth
measurement 3 times at each spot during each visit, and report
mean monthly water depths. The methods used to determine
current speeds and vegetation coverage were somewhat arbi-
trary. We simply categorized current speed as fast, moderate, or
slow based on personal experience over an extended period of
observation of currents by the first author. Vegetation coverage
was quantified by assessing percentage of water surface area
covered by vegetation at sampling spots. Water turbidity was
assessed while submerging the scoop, if the iron support of
the mesh was not visible 20, 20-50 cm, or >50 cm from the
surface, we categorized turbidity as high, moderate, or low.

Identification of snails

For every survey, we pooled snails collected at each of the 3
sites in water-filled plastic containers containing a few plants
from same sites. Travel back to the laboratory took 2-3 hr. Af-
ter cleaning snails, they were identified using the Field Guide
to African Freshwater Snails [19].

Examination of snail infection

We started examining the infectious status of snails on the
same days as visits and continued this examination for 4
weeks on a weekly basis using the natural emergence tech-
nique. We placed 20 snails into 1 beaker, containing 200 ml of
dechlorinated tap water and placed them under strong artifi-
cial illumination at 20-25°C for 4-6 hr. The emergence of cer-
cariae was checked at regular intervals, since emerged cercariae
can encyst on external substrates or re-enter snails quickly.
When cercariae emerged in a beaker, snails were transferred to
small glass bottles for individual screening. The numbers of
snails shedding cercariae were recorded and those not shed-
ding cercariae were re-examined weekly for a month to obtain
exact infection rates.

Identification of cercariae

Cercariae were stained with iodine and the Ehrlich’s hema-
toxylin, as previously described [20], to better observe mor-
phological features and were then identified at the sub-type,
genus, and species levels using the morphology criteria provid-

ed in the Guide to the identification of cercariae from African
freshwater snails” by Frandsen and Christensen [21]. These cri-
teria included the species of snail-shedding cercariae, cercarial
swimming behavior, and resting position. In addition, cercari-
al development, that is, encystation on an external substrate,
encystation in a second intermediate-host were recorded. The
morphological features and the main diagnostic characteristics
used to identify cercaria included: general appearance, tegu-
ment, body suckers, alimentary system, excretory system gland
cells, genital primordium and shape, and relative tail dimen-
sions. These were obtained by viewing cercaria in water at 20-
25°C of sufficient volume to allow normal behavior under a
stereomicroscope.

The identification of emerged cercariae at the major type
level was carried out using living (unstained) cercarial speci-
mens on glass slides. Briefly, a few cercariae were taken from
an emergence beaker using a pipette and transferred in a drop
of water onto a glass slide and cover-slipped. Excess water was
removed by touching one side of the coverslip with a strip of
filter paper. This removal immobilized the cercariae and
caused slight flattening, which allowed external and internal
structures to be more easily observed.

Statistical analysis

We run non-parametric analysis to investigate correlation
between ecological factors and snail population because of
small sample size. We used the spearman rank correlation test
to explore any association between snail population and eco-
logical factors of continuous variables (air temperature, water
temperature, vegetation coverage, water depth) and the Krus-
kal-Wallis test for categorical variables (water turbidity and wa-
ter speed). We used SPSS 23 (IBM, Armonk, New York, USA).

RESULTS

The monthly distributions of densities of snails associated
with or not associated with human schistosomiasis are sum-
marized in Table 1 and illustrated in Fig. 1. The percentage of
intermediate-host snails (Biomphalaria pfeifferi and Bulinus
truncatus) was slightly larger than that of snails infected with
non-human trematodes (Physa acuta, Pila ovata, Melanoides tu-
berculata and Cleopatra bulimoides).

We observed a continuous increase in snail numbers from
November to April and then a gradual decline to July. To our
surprise, we did not find a single snail from August through
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Table 1. Monthly distribution of snails associated with human or non-human schistosomiasis

Human schistosomiasis

Non-human schistosomiasis

Month Total %
Bt Bp Sum % Cb Mt Pa Po Sum %

May 597 1,097 1,694 18.2 732 273 324 139 1,468 17.8 3,162 18.0
June 294 1,090 1,384 14.9 598 296 213 148 1,255 168 2,639 15.1
July 201 486 687 7.4 458 151 139 110 858 10.4 1,545 8.8
August 0 0 0 0 0 0 0 0 0 0 0 0.0
September 0 0 0 0 0 0 0 0 0 0 0 0.0
October 0 0 0 0 0 0 0 0 0 0 0 0.0
November 99 109 208 2.2 63 0 19 0 82 1 290 1.7
December 191 242 433 4.7 155 26 65 27 273 8.3 706 4.0
January 308 352 655 7 300 40 186 58 584 7.1 1,239 7.1
February 475 521 996 10.7 490 187 255 134 1,066 13 2,062 11.8
March 738 657 1,395 15 705 149 272 149 1,275 15.5 2,670 15.2
April 995 854 1,849 19.9 765 138 335 127 1,365 16.6 3,214 18.3
Total 3,893 5,408 9,301 100 4,266 1,260 1,808 892 8,226 100 17,527  100.0
% 42 58 53 52 15 22 11 47 100

Bt, Bulinus truncates; Bp, Biomphalaria pferifferi; Cb, Cleopatra bulimoides; Mt, Melanoides tuberculatus; Pa, Physa acuta; Po, Pila ovata.
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Fig. 1. Monthly distributions of snails collected at 3 sites: (A) Human bilhazia (B) Non-human bilhazia.

October. The seasonal distribution pattern was consistent
across survey sites and for snail types. Biomphalaria pfeifferi was
slightly more numerous than Bulinus truncatus, but varied by
site. Most of the snails that act as human intermediate hosts of
Schistosomiasis were of Biomphalaria pfeifferi at the South Rail-
way (66%) and North El Shajara (61%), but Bulinus truncatus
was more populous in South El Shajara (63%). Snail densities
differed at the 3 sites, altho. Almost half of the human inter-
mediate snails collected were from the North El Shajara site
(47%), followed by the South Railway (34%) and the South El
Shajara site (19%). For non-human intermediate snails, the
largest number of snails collected were of Cleopatra bulimoides
(50%), followed by Physa acuta (28.5%), Melanoides tuberculata
(12.6%), and Pila ovata (8.9%). Of these, 42% were collected
in North El Shajara AU.

Temperature and vegetation coverage

The seasons in Sudan are divided into a cold season (No-
vember-February), a hot season (March-June), and a rainy sea-
son (July-October, Fig. 2). Air and water temperatures were
found to vary accordingly. Water temperatures ranged from 23
to 31°C over the year and were similar at the 3 sites with fluc-
tuations of around 1°C. Vegetation cover gradually increased
from November till May and declined till August (Fig. 3). No
vegetation coverage was observed at any site from August to
October due to flooding.

Water depth, turbidity, and current speed

Water depths at 1 m offshore ranged from 15 to 30 cm (Fig.
4). The water was clear in January-May and turbid from June
through December with peak turbidity in August-September
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Table 2. Water turbidities and current speeds
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South El Shajara

North El Shajara South the railway El Shajara

Months
Turbidity Speed Turbidity Speed Turbidity Speed
May Clear Slow Clear Slow Clear Slow
June Moderate Slow Moderate Slow Clear Slow
July Moderate Fast High Slow Moderate Moderate
August High Fast High Fast High Fast
September High Fast Moderate Fast High Fast
October Moderate Fast Moderate Moderate Moderate Fast
November Moderate Moderate Moderate Moderate Moderate Fast
December Moderate Moderate Moderate Slow Moderate Moderate
January Clear Moderate Clear Slow Clear Moderate
February Clear Slow Clear Slow Clear Slow
March Clear Slow Clear Slow Clear Slow
April Clear Slow Clear Slow Clear Slow
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Fig. 2. Water temperature (Celcius degree, mean value). = 9
(Table 2). Water flow was slow from February through June  Fig. 3. Vegetation coverage (%, mean value).
and higher from July through January with peak flow between
August and October (Table 2). (cg;)
Fig. 5A summarizes infection snail rates with human cercar- 30
iae by month. The overall infection rate of the 2 snails was gg /7/
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schistosomiasis during March-May at all 3 sites and in June at
the South Railway site. Biomphalaria pfeifferi snails were infect-
ed with intestinal schistosomiasis from March to June, at all 3
sites.

Fig. 5B illustrates the seasonal dynamics of Biomphalaria
pfeifferi and Bulinus truncatus snail infection rates with non-hu-
man trematodes. Bulinus truncatus snails were infected with
non-human trematodes from January to June, and Biomphalar-
ia pfeifferi snails were infected from January to July. Of 548
Biomphalaria pfeifferi snails, 31 were found to liberate trema-

Fig. 4. Water depth by site (cm).

tode cercariae (infection rate: 0.95%), and of 3,893 Bulinus
truncatus snails, 57 liberated trematode cercariae (infection
rate: 1.5%).

Table 3 indicates that ecological factors have strong associa-
tion with snail populations except for the water temperature.
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Fig. 5. Number and percentage of infected snails: (A) Human bilhazia, Bt, Bulinus truncates; Bp, Biomphalaria pferifferi, (B) Non-human
bilhazia, Bt, Bulinus truncates; Bp, Biomphalaria pferifferi (left Y-axis: number of infected snails; right Y-axis: percentage of infected

snails).

Table 3. Association between ecological factors and snail popu-

lation
Ecological factor Category/Range P-value
Categorical
Water speed Slow, moderate, and fast <0.001
Water turbidity Clear, moderate, and turbid <0.001
Continuous
Vegetation coverage 0-92% <0.001
Water depth 15-30 cm <0.001
Air temperature 27-38°C <0.001
Water temperature 23-31°C 0.13
DISCUSSION

This study shows snail populations peaked in April or May
and that snails suddenly disappeared around August-Septem-
ber, reappeared in October, and then increased till April or
May. We infer that the dynamics of snail populations are asso-
ciated with water turbidity, water depth, current speed, and
vegetation coverage. It is puzzling that water temperature is
not associated with snail population whereas air temperature
has strong correlation. It might be because the range of water
temperature is relatively narrow over year unlike air tempera-
ture. We also think that air temperature might have affected
vegetation coverage. It is worth noting that during the rainy
season (August-September), schistosomiasis infected snails
were absent and that during this period no vegetation coverage
was observed at the 3 survey sites. On the other hand, interme-
diate-host snails exponentially increased from November
through April, during which the water was clean, and the tem-
perature was low.

Thus, it appears that the ecological characteristics associated
with the absence of snails are: high turbidity, deep water, near

absence of vegetation coverage, high water temperature, and
high current speed. However, we suppose that there probably
are associations between these variables, for example between
water depth and vegetation cover.

Many researchers have linked seasonal fluctuations of faunal
and floral forms to physical, chemical, and biological factors
such as rainfall, temperature, vegetation cover, water turbidity,
and current speed [6,21-23]. The relatively small number of
snails found in South El Shajara AU (19%) may have been
due to deeper water and faster current speeds. Like human-
schistosomiasis snails, intermediate-host snails of non-human
trematodes were also most affected by water depth and speed.
It was interesting that Cleopatra bulimoides accounted for most
of these snails at 50%, followed by Physa acuta at 28.5% and
Melanoides tuberculata at 12.6%.

A study in Gezira detected a significant build-up in the pop-
ulation of Biomphalaria snails in a minor canal during the
summer season (April-June), which contrasts with our find-
ings [24]. We consider that spreading molluscicides and dry-
ing these canals probably affected the bionomics of these
snails. In a study conducted in the Nuba Mountains [25], 77
% of snails collected throughout the year were found in Au-
gust-November. Furthermore, the snails collected in August-
November were 100% infected. However, the ecological char-
acteristics in this area are quite different from those of the sur-
vey sites in the present study.

Knowledge of sites of contact where infected snails are prev-
alent is critical for preventing schistosomiasis transmission as
human water contact with cercariae-infested water is a prereq-
uisite of transmission. Like many other waterbodies in Sudan,
residents and visitors can be observed to contact water. The
main reasons for this are as follows. First, due to the intermit-
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tency of power-supply, electricity failure is common and the
maintenance of water-supply systems is less than satisfactory.
Thus, nearby residents, especially children (mainly boys), are
left with no alternative other than to use available shallow wa-
ter for bathing and recreational purposes that involve consid-
erable exposure. Second, many young men supplement in-
come by selling large quantities water collected from the White
Nile. Third, some Sudanese inherited customs such as those
associated with funerals or new-born ceremonies involve visit-
ing the Nile shore in large family-groups and cleaning their
faces, hands, and feet in the river. The 3 sites surveyed were
suspected to be important for the transmission of S. mansoni
and S. haematobium, based on observed human/water contact
activities and the known presence of infected snails. Our lon-
gitudinal malacological surveys indicated that snail release of
both human- and non-human trematode cercariae fluctuated
seasonally.

It appears that March-June is the season of schistosomiasis
transmission as reflected by the presence of human cercariae
in the 2 intermediate-host snails. Our study shows that trans-
mission pressures of the 2 types of Schistosomiasis were great-
er at the South Railway site and at the other 2 sites. Non-hu-
man trematodes were found to be naturally transmitted from
Biomphalaria and Bulinus snails from January to June at the 3
sites,

The transmission pressure of Amphistome and Echinostome
cercariae was more pronounced at the South Railway and
North sites than at the South site. Broadly speaking, our find-
ings indicated a low overall infection rate of snails with larval
trematodes, which is in line with the findings of other studies
and is attributed to low infection rates in natural snail popula-
tions due to high rates of parasite-induced mortality [26-28].
The low prevalence rates of infection could also be due to low
parasite pressure due to infrequent miracidia and snail contact
or to acquisition of a level of resistance to infection by hosts
[29]. We found that the prevalence of infection and diversity
of trematode fauna varied seasonally. In a previous study, tem-
poral variations in larval trematodes infections in snails were
ascribed to temperature and host behavioral differences
[30,31]. Temperature influences the population biology of
trematodes by inducing seasonal changes in the behavior and
abundance of hosts, the longevity and infectivity of larval
trematode stages, and in the development rates of larval and
adult stages [30]. Nonetheless, information on trematode in-
fections in freshwater snails is scarce and warrants further

study.

In many malacological surveys, infected Biomphalaria and
Bulinus snails were recovered throughout the year and infec-
tion rates fluctuated considerably [31-37]. In a similar investi-
gation, Ibrahim studied the transmission pressure of schisto-
somiasis at the Blue Nile projects, Khartoum State and found
that collected Biomphalaria pfeifferi and Bulinus truncatus liber-
ated human cercariae over an extended period [38]. It was sug-
gested this was due to an intensive population movement to
the capital from different endemic areas. Given a background
of extensive population movement to Khartoum by farmers
and agricultural laborers and the complete absence of a na-
tional control program of schistosomiasis, the worms had
been propagated to the city. Such factors appear to have expo-
nentially and dramatically increased disease infection parame-
ters in Khartoum State, as evidenced by recent surveys. In the
present study, the 12-month survey showed that infected snails
were present during March to June.

Understanding the dynamics of transmission in a given area
must include knowledge of cercarial infection, production,
and dynamics. Cercarial production and dynamics vary widely
among human schistosomes and other trematodes. These
variations result from the different demographic strategies par-
asites use and prevailing environmental conditions.

In conclusion, snail control is a critical consideration, par-
ticularly when transitioning from the schistosomiasis control
to the elimination, together with the provision of safe water
supplies and improved sanitary conditions. Thus, sound epi-
demiological surveys related to snail population and infection
are essential in order to obtain tangible and realistic data re-
garding infection parameters. In particular, little study has
been performed on the population dynamics of snails and
many vector-related parameters remain unknown in Sudan.
We conducted a longitudinal epidemiological survey on popu-
lation dynamics of snail, infection rates, and related ecological
factors.

To date, malacological studies have been undertaken mainly
on irrigation canal systems rather than in main river basins. To
the best of our knowledge, this is the first longitudinal malaco-
logical study to be conducted alongside the main basin of the
White Nile. In our opinion, a properly designed control strate-
gy implemented within the health system would lead to a
considerable reduction in the transmission pressure of the 2
types of schistosomiasis in the study area. To achieve substan-
tial control of schistosomiasis infection in the area, the follow-
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ing tactics are recommended. (1) Those living nearby and
those that practice any type of water contact activities at the 3
sites surveyed sites should be examined microscopically. (2)
Snail control is required at these sites to reduce vector density,
i.e,, if no snails are present no transmission can occur. (3) The
2 human cercariae types and the 2 monitored larval trematode
parasites monitored in snails should be subjected to longitudi-
nal investigation for at least a year. (4) The influence of popu-
lation movements from schistosomiasis endemic areas and
the epidemiologic and socioeconomic implications of these
movements requires detailed study.
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