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Low-altitude outbreaks of human fascioliasis related with
summer rainfall in Gilan province, Iran
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Abstract. Following human fascioliasis outbreaks in 1988 and 1999 in Gilan province, northern Iran, efforts are now made
to shed light on the seasonal pattern of fascioliasis transmission in this endemic area, taking into account snail host popu-
lations, climatic conditions and human cases. Populations of the intermediate host snail (Lymnaea spp.) peak in May and
November, while there is a fourfold increase in the rate of human fascioliasis in February compared to that of September.
Transmission is likely to occur mainly in late autumn and sporadically in late spring. Rainfall, seasonally analysed in peri-
ods of 3 years, indicates that accumulated summer rainfall may be related with the 1988 and 1999 human fascioliasis out-
breaks. Although a more detailed picture, based on the analysis of further abiotic and biotic factors influencing fascioliasis
transmission in this area, is required to substantiate this hypothesis, our results serve as the first step of a geographical infor-
mation system project concerning the epidemiological study of fascioliasis in Iran. This local-scale study concerning the
effects of climate change and natural disasters on the spread of fascioliasis aims to facilitate the understanding of what goes
on at the regional scale in this respect.
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Human fascioliasis is geographically widespread
and recognised as a serious public health problem in
some endemic areas, which includes the Andean coun-
tries in south America, northern Africa, areas in west-
ern Europe as well as Iran and some other Asian coun-
tries (Mas-Coma et al., 2005). The main problem with
regard to fascioliasis in Iran is concentrated in the
Gilan province on the Caspian Sea coast in the north,
where high fascioliasis prevalence in livestock, caused $
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by Fasciola hepatica and E gigantica, has been docu-
mented many times since the 1960s. The first large
outbreak of human fascioliasis in the north of Iran, in
which more than 20,000 people were infected, was
reported in 1988 (Assmar et al., 1991). Another out-
break with about 2,000 infected individuals occurred
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Fig. 1. Location of Gilan province in Iran.

in 1999 (Rokni, 2008; Moghaddam, 2009). Follow-up
studies show a relationship between stray cattle and
the presence of lymnaeid snails (Moghaddam et al.,
2004).

The affected area, Gilan province, is situated along
the shores of the Caspian Sea (Fig. 1) reaching altitudes
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between 15 m below sea level to 300 m above sea level,
where 60% of the land-cover consists of wetlands, with
numerous irrigation canals and rice cultivation as the
main agricultural activity. The climate of the province,
depicted in the climadiagram of the climate station of
the town of Anzali (Fig. 2), is characterised by precipi-
tation of 1300-1800 mm a year, an average temperature
between 6.9 and 25.5 (15.5-16.0) °C, potential evapo-
transpiration (PET) between 15 and 133 (62-65) mm,
and a very short dry season in July but only in some
parts of the province. Moreover, the normalized differ-
ence vegetation index (NDVI), obtained from AVHRR
satellite images as proposed by Fuentes (2004), varies
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Fig. 2. Climadiagram for the climate station of Anzali.

between 0.35 and 0.44 in 98% of the total surface of
the endemic area in the province (Fig. 3).

Research carried out in other endemic areas show
that climatic factors, such as temperature, rainfall and
potential evapotranspiration (the sum of evaporation
and plant transpiration from the Earth’s land surface
to atmosphere), influence the population dynamics of
the snail intermediate hosts and the free-living stages
of Fasciola spp., mainly the metacercariae (Fuentes et
al., 1999; Fuentes, 2006, 2007). Moreover, the role of
a local dish called “delar”, made from wild aquatic
herbs which commonly harbour encysted Fasciola spp.
metacercariae, has been documented, including the
influence of climatic conditions on growth of these
herbs (Ashrafi et al., 2006).

During the period from 1998 to 2002 human fasci-
oliasis infections were reported from health centres in
February and September, with a fourfold infection rate
in February compared to September (Moghaddam et
al., 2004). Transmission is likely to occur mainly in
late autumn and sporadically in late spring, bearing in
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mind that the completion of the parasite’s life cycle in
the snail requires 3 months. Thus, the snail population
in late summer constitutes an important factor in the
epidemiology of fascioliasis in northern Iran, as sum-
mer climatic conditions influence the dynamics of the
snail intermediate host population. Indeed, local stud-
ies concerning the snail intermediate host populations
before the 1988 outbreak show that populations of
Lymanea spp. had reached their peak in this area dur-
ing the months of May and November (Moghaddam
and Massoud, 2004).

A retrospective study of the climatic variables of epi-
demic years plus a comparative analysis with other
years could be the key in understanding why and when
human outbreaks occur. Therefore, we documented
human fascioliasis outbreaks in Gilan province of the
last 20 years with the aim of relating it with rainfall of
that period. Rainfall data from 1980 to 2005 were
obtained from the Iranian Meteorological Research
Centre (Iranian National Meteorology Organisation),
while data about epidemics and snails were obtained
from local reports.

The 1988 and 1999 epidemics, and periods of
3 years in a row were considered as a group, as pro-
posed by Fuentes (2007) for the analysis of fascioliasis
transmission risk within the time frame of cyclic cli-
(such as the El Nino-Southern
Oscillation). Each 3-year period starts with the fol-
lowing year, e.g. 1980-1982, 1981-1983, 1982-1984,
..., 2001-2003, 2002-2004, 2003-2005. Additionally,
accumulated seasonal rainfall data was considered in
the analysis of 24 3-year periods.

Data was arranged in SPSS version 13 for Windows
(SPSS Inc, Chicago, IL, USA). The t-test was used to
compare accumulated rainfall of each season between
outbreak 3-year periods (1986-1988 and 1997-1999)

matic events

Fig. 3. Composite image of Gilan province (Iran) showing NDVI values.
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and the other 22 3-year periods. The statistical signif-
icance was established at the level of P <0.05.

The analysis of the seasonal rainfall data indicated
that only the years comprising 1987-1989, 1997-1999
and 2003-2004, and the 3-year periods of 1986-1988,
1987-1989, 1995-1997, 1996-1998, 1997-1999 and
1998-2000 presented an accumulated summer rainfall
>500 mm (Fig. 4). Moreover, the t-test showed that
accumulated rainfall in summer during outbreak peri-
ods is higher than in other periods considered. This dif-
ference was statistically significant (t = 2.89; P = 0.009).

Slaughterhouse studies have shown higher infection
rates in animals after the wet season (Pfukenyi and
Mukaratirwa, 2004; Phiri et al., 2005), which charac-
terises spring in the north of Iran (Kuhsar-
Jameshurani, 1995), whereas heavy rainfall in summer
can be related with human outbreaks. The years of
human fascioliasis outbreak (1988 and 1999) are at
the end of both 3-year periods, which accumulated
>500 mm of rainfall for the complete period and for
each individual year, respectively. After a climatic
event, resulting in increased rainfall patterns, the
healthcare sector ought to expect, and be prepared for,
a sudden increase in the incidence of human fasciolia-
sis in the following 2-year period as pointed out by
Fuentes (2007). In the case of Gilan province, this cli-
matic event could be three consecutive years with a
rainfall >500 mm in summer.

Undoubtedly, human fascioliasis outbreaks are
influenced by other — well studied — abiotic and biotic
factors, as expressed, for example, by NDVI and cli-
matic forecast indices (Malone et al., 1998; Fuentes et
al., 2005). In the case of Gilan province, climate, land-
cover and land use, as well as NDVI values, offer ideal
conditions for snail development and fascioliasis
transmission as previously demonstrated in other
endemic areas (Fuentes, 2006).
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Fig. 4. Accumulated summer rainfall in the 3-year periods stud-
ied. Bars show human fascioliasis outbreaks in 1988 and 1999.
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Future studies on human and animal fascioliasis in
northern Iran should focus, as previously proposed for
other endemic regions, on the creation of a geograph-
ical information system project, including existing and
new epidemiological data as well as additional climat-
ic and new remote sensing data (Fuentes, 2006).
Therefore, the first step of this project would be the
analysis of the influence of summer rainfall on pat-
terns of human fascioliasis outbreaks in Gilan
province. Although our results are preliminary and
currently merely of local interest, local-scale studies of
this kind should improve understanding of regional-
scale studies as well as research on the effects of cli-
mate change and natural disasters.
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