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Summary  The  strong  relationship  between  climate  and  fascioliasis  outbreaks
enables  the  development  of  climate-based  models  to  estimate  the  potential  risk
of  fascioliasis  outbreaks.  This  work  aims  to  develop  a  climate-based  risk  map  of  fas-
cioliasis  outbreaks  in  Iran  using  Ollerenshaw’s  fascioliasis  risk  index  incorporating
geographical  information  system  (GIS).  Using  this  index,  a  risk  map  of  fascioliasis
outbreaks  for  the  entire  country  was  developed.  We  determined  that  the  country
can  be  divided  into  4  fascioliasis  outbreak  risk  categories.  Class  1,  in  which  the  Mt
value  is  less  than  100,  includes  more  than  0.91  of  the  country’s  area.  The  climate
in  this  class  is  not  conducive  to  fascioliasis  outbreaks  in  any  month.  Dryness  and
low  temperature  in  the  wet  season  (December  to  April)  are  the  key  barriers  against
fascioliasis  outbreaks  in  this  class.  The  risk  map  developed  based  on  climatic  factors
indicated  that  only  0.03  of  the  country’s  area,  including  Gilan  province  in  the  north-
ern  region  of  Iran,  is  highly  suitable  to  fascioliasis  outbreaks  during  September  to
January.  The  Mt  value  is  greater  than  500  in  this  class.  Heavy  rainfall  in  the  summer

and  fall,  especially  in  Rasht,  Astara  and  Bandar  Anzaly  (≥1000  mm/year),  creates
more  suitable  breeding  places  for  snail  intermediate  hosts.
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ascioliasis,  an  infection  caused  by  the  liver  flukes
asciola  hepatica  and  Fasciola  gigantica, has  tra-
itionally been  considered  an  important  veterinary

nces. Published by Elsevier Limited. All rights reserved.
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rainfall  and  evapotranspiration  in  mm  [17]. The
modified equation  was  used  in  this  study  shown
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disease.  It  is  a  major  disease  in  cattle,  sheep,  goats,
buffalo  and  other  ruminants,  such  as  horses  and
rabbits.  The  disease  has  resulted  in  considerable
economic loss  due  to  mortality,  liver  condemna-
tion, weight  loss,  anemia,  lethargy  and  reduced
quality  and  quantity  of  milk  production  [1]. In con-
trast, human  fascioliasis  has  always  been  viewed
as a  secondary  disease  [2,3].  Geographical  distribu-
tions of  the  free  living  stages  and  the  intermediate
molluscan host,  Lymnaea  truncatula, are  depend-
ent on  a  range  of  climatic  factors.  Liver  flukes
require certain  climatic  and  environmental  condi-
tions for  completion  of  the  lifecycle.  Specifically,  in
the presence  of  suitable  livestock  hosts,  an  ambient
temperature  of  above  10 ◦C  and  sufficient  moisture
are required  for  the  development  of  the  free-living
and intra-molluscan  stages  of  the  parasite  and  the
development  and  expansion  of  snail  populations
[4].  Because  Fasciola  hepatica  and  L.  truncatula
are vulnerable  to  desiccation,  high  levels  of  mois-
ture, such  as  fresh  bodies  of  water  and  relative
air humidity,  are  also  required.  The  deep  relation-
ship between  climate  and  fascioliasis  enables  the
development  of  short  term  forecasting  models  to
estimate  the  risk  of  disease  occurrence  [5].  These
short-term  forecasts  can  help  to  predict  fascioliasis
incidence and  severity  at  local  and  regional  scales,
allowing  the  development  and  implementation  of
improved  control  strategies  [6].  These  models  are
created using  various  techniques,  including  process
based mechanistic  modeling  [8]  and  correlative
models based  on  surveillance  data  [9]  or  liver  con-
demnations  [10]  as  well  as  a  current  trend  toward
GIS models  [11—13].

Of all  the  forecast  models,  the  Ollerenshaw
index was  the  first  widely  used  system  to  pre-
dict acute  outbreaks  and  manage  control  strategies
in the  UK.  It  was  developed  using  F.  hepatica
prevalence  data  and  climate  data  from  farms  and
meteorological  stations  from  1948  to  1957,  with
a seasonal  index  derived  from  measured  rainfall,
number of  rain  days  and  potential  evapotranspi-
ration. The  National  Animal  Disease  Information
Service (NADIS)  currently  provides  farmers  with
short-term  forecasts  of  fascioliasis  risk  based  on  the
Ollerenshaw  index  [6,7].

Recent estimates  suggest  that  up  to  2.4  million
or even  up  to  17  million  people  are  infected  with  F.
hepatica  in  the  world.  The  major  associated  health
problems  in  cases  of  fascioliasis  are  found  in  Andean
countries  of  South  America,  northern  Africa,  Iran,
and Western  Europe  [13].
Although fascioliasis  is  prevalent  in  livestock
throughout Iran,  human  infection  with  fasciola  is
mainly reported  in  the  littoral  region  of  the  Caspian
Sea [14].  Nevertheless,  sporadic  cases  of  the
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isease  have  already  been  reported  from  different
arts of  Iran,  including  the  northern  provinces  of
ilan and  Mazandaran  [15].  In  Iran,  infection  of  cat-
le, sheep,  buffalo  and  goats  with  fasciola  hepatica
nd F.  gigantica  has  been  reported  in  many  parts  of
he country.  For  example,  in  one  study,  it was  shown
hat in  parts  of  Gilan,  where  a human  epidemic
ccurred in  1988,  71.4%  of  cows  were  infected  with
. gigantica  and  28.5%  with  F.  hepatica.  The  average
ate of  infection  with  fasciola  among  445  cows  in  3
reas of  Gilan  was  32.1%  [16].  High  rates  of  animal
nfection  have  also  been  reported  from  the  Mazan-
aran  provinces  and  other  parts  of  Iran,  such  as  the
harmahalobakhtiary,  Kermanshah  and  Kordestan
rovinces  located  in  western  Iran.

aterial and methods

ata collection

limate  data  for  the  years  1980—2010  (30  years)
ere obtained  from  Iran’s  Meteorological  Organi-
ation (IRIMO).  Monthly  datasets  for  the  following
limatic factors  were  obtained  from  34  synop-
ic stations  in  Iran:  number  of  days  per  month
ith rainfall  �1  mm,  total  precipitation  in  mm,
aximum, minimum  and  mean  temperature  (◦C),
revailing wind  speed  (km/day),  and  number  of
ours of  sunshine  per  month.

llerenshaw risk model

o  calculate  F.  hepatica  infection  risk,  the  Olleren-
haw risk  model  was  used.  This  model,  also  known
s the  Mt  Index,  was  proposed  by  Ollerenshaw  and
owlands  [9]. The  model  is  dependent  on  the  inter-
ctions  between  rainfall  and  temperature,  with  the
onthly fascioliasis  risk  value  (Mt)  calculated  as
elow [6]:

t  =  n(R  −  PE  +  5)

 is  the  number  of  rainy  days,  R  is  the  rainfall  in
nches and  PE  is  the  potential  evapotranspiration  in
nches.

This equation  was  subsequently  modified  by
llerenshaw  himself  (1971—1973)  for  values  of
elow:

t  = n(R  −  PE  +  125)
25
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opment thresholds  for  both  the  free  living  stages
of F.  hepatica  and  L.  truncatula. Months  with  an
Mt value  equal  to  or  higher  than  a  critical  value

Table  1  Seasonal  risk  categories  for  fascioliasis  out-
breaks  according  to  Ollerenshaw  and  Rowlands  [9].
igure  1  Climate-based  risk  map  of  fascioliasis  outbrea
ivided  into  4  risk  categories.

here  Mt  is  the  fascioliasis  risk  value,  n  is  the  num-
er of  rain  days  per  month,  R  is  the  total  rainfall
mm/month), PE  is the  potential  evapotranspira-
ion (mm/month).

In this  study,  the  FAO  Penman—Monteith  method
as used  to  estimate  potential  evapotranspiration.
his method  estimates  ET  rates  for  a  well-watered
eference surface1 based  on  physical  atmospheric
bservations  of  solar  radiation,  temperature,  wind
peed, and  relative  humidity.  The  climatic  factors
sed in  this  method  include  the  following:  mini-
um and  maximum  daily  temperature  (◦C),  relative

umidity  (%),  total  precipitation  (mm),  number
f hours  of  sunshine  per  month  and  wind  speed
km/day).

Potential evapotranspiration  (FAO  Penman—
onteith):

T0 = 0.408(Rn−G) +  �(900/(T̄  +  237))  U2(es−ea)
�  +  �(1  +  0.34U2)
T0 is  the  reference  evapotranspiration  (mm/day),
n is  the  net  radiation  at  the  crop  surface

1 The reference surface is a theoretical grass reference crop
ith a height of 0.12 m, an albedo of 0.23, and a constant surface

esistance of 70 s/m.
 Iran  using  the  Ollerenshaw  risk  model  with  the  country

MJ  m−2 day−1),  G  is  the  soil  heat  flux  density
MJ m−2 day−1),  T is  the  air  temperature  at  2 m
eight (◦C),  U2 is  the  wind  speed  at  2 m  height
m s−1),  es is  the  saturation  vapor  pressure  (kPa),
a is  the  actual  vapor  pressure  (kPa),  es −  ea is the
aturation vapor  pressure  deficit  (kPa).

CROPWAT  V8.0  for  windows,  which  was  devel-
ped by  FAO,  was  used  to  calculate  monthly
otential evapotranspiration.  Ollerenshaw  consid-
red 10 ◦C  the  lowest  threshold  temperature  for  the
evelopment  of  fascioliasis.  An  Mt  value  was  first
alculated  for  each  month  and  these  monthly  val-
es were  subsequently  added  to  obtain  seasonal  Mt
alues. Mt  was  set  to  zero  if  the  average  monthly
emperature was  below  10 ◦C  to  reflect  the  devel-
Class  Index  Mt  Risk  level

C1  Mt  ≤  300  No  risk  or  low  risk
C2  300  ≤  Mt  ≤  400  Occasional  loses
C3  400  ≤  Mt  ≤  474  Disease  prevalence
C4  Mt  >  474  Serious  epidemic
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is greater  than  the  threshold  value  (100).  Bandar
Anzali  (Anzali  port),  located  in  the  west  of  Gilan
province,  has  the  highest  monthly  Mt  value  in  Gilan.
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Figure  2  Monthly  rainfall  (R)  and  potential  evapotrans-
piration  (PET)  in  Class  1.

(100)  are  considered  high  potential  high  risk  periods
for the  incidence  of  fascioliasis  disease  [6].  For
the fascioliasis  outbreak  risk  maps,  the  seasonally
summated Mt  values  were  grouped  into  4  risk  cat-
egories,  which  are  shown  in  Table  1,  according  to
Ollerenshaw  and  Rowlands  [9]  seasonal  Mt  value.

Results

The  fascioliasis  outbreak  risk  map  for  the  whole
country was  developed  using  the  Ollerenshaw  risk
model (Fig.  1).  We  found  that  the  country  can  be
divided  into  4  classes  (C1—C4)  based  on  the  risk  of
fascioliasis  outbreaks.  The  first  class  (C1),  in  which
the seasonal  Mt  value  is  less  than  300,  includes
more than  0.91  of  the  country’s  area.  The  climate  in
this class  is  not  conducive  to  fascioliasis  incidence.
Dryness and  low  temperature  in  the  wet  season
(December to  April)  are  the  key  barriers  against  fas-
cioliasis outbreaks  in  this  class.  In  large  parts  of  C1,
including the  southern  and  central  provinces,  such
as Isfahan,  Yazd,  Sistan  and  Balouchestan,  Kerman,
Semnan  and  Khorasan,  the  mean  annual  rainfall  is
less than  100  mm.  The  aridity  and  lack  of  fresh-
water affect  the  local  distribution  of  intermediate
snail host  populations  and  are  the  most  important
limitations to  disease  outbreak.  In  the  northern
and north  western  areas  of  this  Class  (C1),  includ-
ing Koredestan,  Kermansha  and  W&E  Azarbayejan
provinces, the  mean  annual  rainfall  is  approxi-
mately 400  mm  while  the  average  temperature  of
the rainy  season  is  approximately  4 ◦C,  which  is
lower than  the  outbreak  threshold.  In  the  western
and northwestern  areas  of  C1,  the  seasonal  Mt  value
is approximately  280,  but  it  still  does  not  exceed
the outbreak  threshold  (300).  The  difference
between monthly  rainfall  (R)  and  potential  evapo-

transpiration  (PET)  as  an  index  of  aridity  is  depicted
in Fig.  2. As  seen  in  Fig.  2, the  PET  is  greater
than R  in  all  months.  The  second  and  third  classes

F
p

igure  3  Monthly  rainfall  (R)  and  potential  evapotrans-
iration  (PET)  in  Class  2  and  3.

C2  and  C3),  including  the  common  provinces
Western part  of  Gilan,  Ardabil,  a  small  part  of  Isfa-
an, Charmahalobakhtiari,  Kohkiloyeo,  Boirahmad,
azandaran),  have  the  same  fascioliasis  outbreak

isk level.  In  these  classes,  fascioliasis  in  the  live-
tock population  has  been  frequently  observed.
urveys of  slaughters  in  Mazandaran,  Chaharma-
al bakhtiari  and  Ardabil  provinces  indicated  that
he fascioliasis  incidence  rate  is  approximately
.03—0.12 among  slaughtered  sheep  and  cows.  As
een in  Fig.  3, the  monthly  PET  in  the  mentioned
lasses is  higher  than  R  from  April  to  October  (7
onths  in  year).  The  risk  map  based  on  climatic  fac-

ors indicated  that  only  0.03  of  the  country,  includ-
ng Gilan  province  in  northern  Iran  is  highly  suitable
or fascioliasis  outbreaks  from  August  to  January.
he Mt  value  is  higher  than  500  in  this  class  (C4).
eavy rainfall  in  the  summer  and  fall,  especially  in
asht, Astara  and  Bandar  Anzaly  (>1000  mm/year),
reates  more  suitable  breeding  places  for  snail
ntermediate  hosts  by  reducing  the  salinity  of  its
abitats. As  shown  in  Fig.  4, the  monthly  R  is
igher  than  PET  in  all  months  except  July  and
une (summer).  As  seen  in  Fig.  5, from  September
o March,  the  monthly  Mt  value  in  Gilan  province
igure  4  Monthly  rainfall  (R)  and  potential  evapotrans-
iration  (PET)  in  Class  4.
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Figure  5  Monthly  Mt  v

iscussion

ccording  to  the  developed  fascioliasis  risk  map,
epending  upon  the  interaction  between  monthly
ainfall and  potential  evapotranspiration,  only
ilan province  is  highly  susceptible  to  fasciolia-
is outbreaks.  The  first  fascioliasis  epidemic,  and
he largest  in  the  world,  occurred  in  Gilan  start-
ng in  February,  1988.  The  total  number  of  infected
nhabitants was  estimated  to  be  between  9008  and
0,000 people  [18,19].  A  second  outbreak  occurred
ome  10  years  later  (1999)  and,  again,  several
housand people  were  infected  in  Gilan  and  Bandar-
nzali in  the  Caspian  Sea  region.  The  number  of

nfected  cases  in  this  epidemic  was  estimated  to
e 2465  people.  Gilan  province  is  located  along  the
hores of  the  Caspian  Sea  with  an  altitude  from
etween 15  m  below  sea  level  to  300  m  above  it.
etlands  and  paddy  rice  field  make  up  60%  of  Gilan

and-cover.  The  climate  of  the  province  is  charac-
erized  by  precipitation  of  1300—1800  mm  yearly.
n addition,  the  mean  temperature  is  between  7
nd 25.5 ◦C,  and  the  potential  evapotranspiration
s between  15  and  133  mm.  Several  hundred  cases
ave  been  recorded  annually,  between  the  two  epi-
emics and  afterwards,  by  the  health  centers  of
asht and  Bandar-Anzali,  indicating  the  endemi-
ity of  the  disease  and  its  public  health  importance
n northern  Iran.  In  the  endemic  areas  of  Gilan,
here are  several  types  of  wild  grown  plants  (Eryn-
ium spp.  and  Mentha  spp.),  which  are  very  popular
nd  may  be  eaten  fresh  or  ground  and  mixed  with
alnuts,  various  spices,  garlic  and  fresh  olives  for

he preparation  of  an  appetizer  called  Zeitoon-
arvardeh or  may  be  used  along  with  a  great
uantity of  salt  for  the  preparation  of  a  herbal  paste
alled  Delaro.  The  aromatic  vegetables,  considered

y previous  workers  as  the  main  source  of  human
nfections in  this  area,  are  collected  by  villagers
nd sold  in  the  streets  almost  thorough  the  year
15].
 in  high  risk  class  (C4).

onclusions

n  this  study,  we  developed  a climate  based  risk  map
f fascioliasis  outbreaks  in  Iran  using  the  Olleren-
haw risk  model.  We  found  that  dryness  and  low
emperatures in  the  rainy  season  (December  to
pril) are  the  key  barriers  against  fascioliasis  out-
reaks in  more  than  0.91  of  the  country’s  area.
he developed  risk  map  dependent  on  climatic
actors indicates  that  only  0.03  of  the  country’s
rea, including  Gilan  province  in  northern  Iran,
s highly  suitable  for  fascioliasis  outbreaks  from
ugust  to  January.  We  believe  that  investigations
n fascioliasis  outbreak  characteristics  should  be
onducted  based  on  physiographical  and  climatic
actors  rather  than  on  a country  and  province  level.
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