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Abstract. Contamination by fasciolids takes place through ingestion of metacercariae attached to vegetables. Ex-
perimental studies were performed with plant-made foods suggesting a role in human contamination in Iran and on the
usefulness of potassium permanganate as a preventive tool for killing metacercariae attached to vegetables used in salads
in Egypt. In the foods assayed, although viability decreases with time, a high percentage of the metacercariae were still
alive 2 and 4 weeks after preparation. Infection of laboratory animals proved that metacercariae kept their infectivity.
The 5-minute tests of potassium permanganate effects showed that metacercarial viability was not affected even at the
very high doses of 300, 600, and 1,200 mg/L. Careful, subsequent washing of leaves and vegetables with water is therefore
needed after its application. A review on similar studies performed with metacercariae belonging to fasciolid and other
trematode species affecting humans is included.

INTRODUCTION

The need to implement control measures against important
food-borne trematode infections has recently been empha-
sized.1 Among them, plantborne trematodiases have been in-
cluded in the list considered by the Institute of Food Tech-
nologists’ Expert Panel on Food Safety and Nutrition.2 Fas-
cioliasis and other food-borne trematodiases were added to
the list of important helminthiases with a great impact on
human development at the Third Global Meeting of the Part-
ners for Parasite Control held in World Health Organization
(WHO) Headquarters in Geneva in November 2004.

Fascioliasis is caused by digenean species of the genus Fas-
ciola (Fasciolidae): F. hepatica in Europe, Asia, Africa, the
Americas, and Oceania; F. gigantica in Asia and Africa. A
different fasciolid species belonging to another genus, Fasci-
olopsis buski, causes fasciolopsiasis in Asia. These three spe-
cies are transmitted by freshwater snail vectors. Rediae pro-
duce cercariae that emerge and swim in water until encyst-
ment on a substratum, mainly aquatic plants. Human
contamination takes place through ingestion of infective
metacercariae.3

Concerning fascioliasis, recent studies have shown that
there are more contamination sources than the one tradition-
ally noted, through free-living (� non-parasitic), encysted
metacercariae attached to watercress.4 The most important
human infection sources seem to be 1) ingestion of wild fresh-
water plants; 2) ingestion of cultivated freshwater plants; 3)
ingestion of wild terrestrial plants; 4) ingestion of cultivated
terrestrial plants; and 5) drinking of beverages made from
local plants.5

Consequently, studies on the viability and infectivity of
metacercariae and on strategies and agents potentially useful
as control measures to impede human contamination by
metacercariae-carrying vegetables and plant-made foods be-
come crucial. Different studies have furnished a baseline on
metacercarial viability and infectivity.6,7 Metacercarial infec-

tivity is dependent on storage time, being lower when meta-
cercariae are older. Moreover, metacercarial viability and in-
fectivity did not show differences between isolates from dif-
ferent reservoir species.7,8

However, the number of studies on strategies and agents
potentially useful as control measures to impede human con-
tamination is surprisingly low. The purpose of this paper is to
contribute to filling this gap by exposing results obtained in
experimental studies performed with 1) local Iranian, plant-
made foods served as an appetizer or a paste that have been
suggested to play a role in human contamination in the north-
western endemic province of Gilan, at the Caspian Sea, where
human fascioliasis is a public health problem, including out-
breaks involving thousands of individuals1,9–11 and 2) on the
potential usefulness of potassium permanganate, which has
been suggested to be the most effective preventive tool for
killing metacercariae attached to leaves and vegetables used
in salads.12,13

Until a few years ago, the use of agents useful to wash off
the metacercariae was neglected mainly because people living
in poor, rural endemic areas were not expected to use them.
However, today, fascioliasis is an emerging/re-emerging dis-
ease in many countries; infected patients are increasingly be-
ing diagnosed in large urban areas such as La Paz and El Alto
(Bolivia), Alexandria, Damanhour and Cairo (Egypt), and
Bandar Anzali and Rasht (Iran).5,10,11,14 In these cities,
agents such as potassium permanganate are easily available
and could thus be very useful for individual prevention if they
are effective.

A short review on similar studies performed with metacer-
cariae belonging to fasciolid and other trematode species af-
fecting humans is also included.

MATERIALS AND METHODS

Experiments with Iranian local foods. Gilan traditional
foods assayed. In the Iranian province of Gilan, there are
several very popular kinds of wild plants, such as species of
Eryngium and Mentha, which are eaten raw, ground and
mixed with walnuts, various spices, garlic, and fresh olives for
the preparation of an appetizer called “zeitoon-parvardeh,”
or used in the preparation of a paste called “delar” along with
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a great quantity of salt. The very high quantity of salt used for
delar preparation is at the base for the local name “green salt”
also given to this specialty. The amount of salt and kinds of
vegetables in delar differ somewhat depending on geographi-
cal zones and people’s habits (usually 30–40%). However, in
some regions, the mean weight of salt is almost equal to that
of vegetables used (50%). The aromatic vegetables used for
these two traditional foods are usually sold throughout the
year, mainly in the streets of all endemic areas in Gilan Prov-
ince. Although the consumption of these plants, raw or elabo-
rated in those appetizer and paste, has been suggested to be
the main source of human infections, no study on the viability
of liver fluke metacercariae in zeitoon-parvardeh and delar un-
der typical preparation conditions has been performed thus far.

For zeitoon-parvardeh preparation (Figure 1A), plants of
the species Eryngium coucasicum (locally known as
“choochagh”), walnuts, and garlic were ground. Ground ma-
terials were thoroughly mixed with olives after the removal of
olive stones. Spices and sour-pomegranate juice were added
afterward. This foodstuff is served as an appetizer and may be
eaten right after preparation. However, it cannot be stored for >
2 weeks because growth of fungi prevents its further consump-
tion.

For delar preparation (Figure 1B), amounts of Mentha
pulegium and Mentha piperita (“khlivash” and “bineh,” re-
spectively) were washed and ground thoroughly using an elec-
trical grinder or an ancient instrument (locally named “na-
makyar”). After thorough grinding, salt (40%) was added to
the raw plants and mixed well. Delar is edible after prepara-
tion, but the paste may be stored for consumption over sev-
eral months. It is usually eaten with cucumber, prunes, yogurt,
etc. The pH, measured with an electrical pH meter (Crison
Micro pH 2000, Barcelona, Spain), was 5.0.

Liver fluke metacercariae. To determine whether the in-
gredients used in the appetizer or paste alter the viability of
liver fluke metacercariae, the following two experiments, us-
ing snails of the species Lymnaea gedrosiana15 collected from
water bodies around the locality of Bandar Anzali, were car-
ried out. 1) Miracidia from fasciolid eggs collected in bile
from gallbladders of cattle naturally infected with, the most
prevalent fasciolid species,16 from the Bandar Anzali slaugh-
terhouse, were used to infect 150 snails; metacercariae ob-
tained from cercariae shed by the snails were used to orally
infect mice. 2) Miracidia from eggs obtained from the uterus
of F. gigantica adults recovered from livers of naturally in-
fected cattle slaughtered in Rasht, capital of Gilan Province,
were used to infect 120 snails; metacercariae obtained from
cercariae shed by the snails were used to orally infect ham-
sters. Metacercariae were collected on a plastic sheet and
lettuce and stored in drinking water at 4°C for 2 weeks before
adding them to the prepared foods.

Metacercariae were divided into three groups: 1) added to
zeitoon-parvardeh; 2) added to delar; and 3) kept in water as
control. During the process of food preparation by a native
person, metacercariae were added and mixed thoroughly. Fi-
nally, the foods were kept at 4°C until oral infection of mice and
hamsters. For animal infection, metacercariae were collected, by
means of a pipette, from a small amount of zeitoon-parvardeh
and delar previously put in a Petri dish containing water.

Verification of metacercarial viability and infectivity. The
viability and infectivity of metacercariae kept in zeitoon-
parvardeh and delar was checked by microscopical analyses
and animal infection assays performed in a laboratory of the
Gilan University of Medical Sciences.

Microscopical analyses included the weekly checking of
metacercarial viability according to the refractile appearance
of secretory granules.17 Metacercarial cysts recovered from
the foods were studied between a glass slide and coverslip
under a light microscope. This method was used for metacer-
cariae kept in zeitoon-parvardeh only for 2 weeks after food
preparation and before contamination with fungi. For delar,
the verification of metacercarial viability was continued
throughout a longer period of 4 weeks after preparation, just
until infection of mice, as this culinary speciality can be stored
for use over several months.

For animal infection analyses, mice and hamsters were kept

FIGURE 1. Traditional culinary specialties made from very popu-
lar kinds of aromatic wild plants, involved in human contamination
by fasciolid liver flukes in the endemic province of Gilan, Iran. (A)
Zeitoon-parvardeh, an appetizer dish, which is made by mixing the
grounded local wild plants with other ingredients and fresh olives. (B)
Delar, a traditional herbal paste, which may be stored for consump-
tion over several months.
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in an animal house under daily observation until killed. The
study was approved by the institutional committee on animal
care of Gilan University of Medical Sciences (Iran). Their
liver, abdominal subcutaneous, peritoneal, and thoracic cavi-
ties were checked under a stereomicroscope for flukes.7 Ani-
mals were used in the above-mentioned experiments as fol-
lows. 1) A total of 30 female Swiss mice were divided into two
identical groups (15 mice/group); each mouse was orally in-
fected with 10 metacercariae; in group 1, metacercariae were
kept in delar for 30 days, and in group 2, metacercariae were
kept for the same time in water at 4°C as controls. All mice in
the test and control groups were analyzed at 10 weeks post-
infection (pi). 2) A total of 21 golden hamsters were divided
into three groups (7 hamsters/group); each hamster was orally
inoculated with 25 metacercariae. In group 3, metacercariae
were kept in delar for 7 days, in group 4, metacercariae were
in zeitoon-parvardeh for 7 days, and in group 5, metacercariae
were kept in water at 4°C for 7 days as a control. All hamsters
in the test and control groups were analyzed at 8 weeks pi.

Experiments with potassium permanganate. Liver fluke
metacercariae. Metacercariae were obtained after cercarial
shedding obtained in a laboratory of Valencia University
from two naturally infected lymnaeid snails of the species
Galba truncatula collected in the human hyperendemic area
of the governorate of Behera, Nile Delta region, Egypt,18 and
kept in drinking water in a Petri dish under conditions of a
temperature of 20°C, photoperiod of 12-hour/12-hour light/
dark, and relative humidity of 90% in a climatic chamber
Heraeus-Vötsch HPS-500 (Heraeus-Vötsch GmbH, Balingen,
Germany). The classification of the metacercariae as belong-
ing to F. hepatica was verified by obtaining the adult stage and
eggs in laboratory Wistar rats (Iffa Credo, Barcelona, Spain)
after experimental oral inoculation by means of a gastric tube.
The animals were housed in Micro-Isolator boxes (Iffa Credo,
Barcelona, Spain) and maintained in a pathogen-free room,
electrically heated with a 12-hour/12-hour light/dark cycle
(conditions in compliance with the European Agreement of
Strasbourg, 18 March 1986). Food and water were provided
ad libitum.7

Potassium permanganate application. Potassium perman-
ganate is a water-soluble solid, very dark purple, crystalline
product, used chiefly as an oxidizing agent, disinfectant, and
in medicine as an astringent and antiseptic. A total of 87
metacercariae encysted on lettuce were collected. The meta-
cercariae were stored in drinking water in total darkness at
4°C until required. Only metacercariae of the same age of
15–30 days were used for the test. The effect of potassium
permanganate (KMnO4) on metacercariae was tested for a
period of 5 minutes at laboratory temperature (22°C) by sub-
merging metacercariae in different water concentrations of
300, 600, and 1,200 mg/L. The experiment was carried out
twice, including controls (metacercariae not treated with po-
tassium permanganate) also in duplicate (Table 3). After ex-
posure, metacercarial cysts were washed with modified Earle
saline medium.19

Verification of metacercarial viability. The viability of
metacercariae was analyzed by their in vitro excystation ca-
pability.20 Metacercariae were placed in a Petri dish with
natural water, and the outer cyst walls were removed by gent-
ly pressing with a dissecting needle under a stereomicroscope.
Once the outer wall was removed, metacercariae were trans-
ferred to a test tube with 10 mL of modified Earle saline

medium19,21 containing 39 mmol/L NaHCO3, 103 mmol/L
NaCl, 5.4 mmol/L KCl, 1 mmol/L NaH2PO4, 0.8 mmol/L
MgSO4, 1.8 mmol/L CaCl2, and 11 mmol/L glucose. Metacer-
cariae were activated by incubation for 1 hour at 38°C in this
medium in a shaking water bath (100 strokes/min) under a
constantly refreshed 60% CO2/40% N2 gas phase. During this
experimental phase, a pH of 6.3 was maintained. The incuba-
tion was continued for another 30 minutes in aerobiosis, dur-
ing which the gas mixture was removed and air was used to
restore the initial pH of 7.2. After this activation phase, the
total volume was transferred to a Petri dish for observation
and counting of the activated metacercarial number. Meta-
cercariae were considered activated when presenting move-
ments. Afterward, the medium was returned to the crystal test
tube. To stimulate the excystment, taurocholic acid (9 g/L)
was added to the medium, and metacercariae were incubated
in aerobiosis for another 6 hours at the same temperature
(+38°C) and shaking speed (100 strokes/min). After incuba-
tion, the total volume of the medium with metacercariae was
transferred to a Petri dish and examined under a black-
bottomed stereomicroscope. The number of empty cyst walls,
free mobile juvenile flukes, and unexcysted metacercariae
were surveyed, and the percentage of excystation was calcu-
lated as the number of empty cyst walls (verified by observa-
tion of mobile free juvenile flukes) from the total number of
initially incubated metacercariae. All excystment assays were
made in duplicate, and data are expressed as the mean of the
two observations.

Statistical analyses. The n/tn% (n � number of metacer-
cariae found alive or empty cyst walls; tn � total number of
metacercariae microscopically checked), with its 95% confi-
dence interval (95% CI; EPIINFO), was used for the statis-
tical analysis of the viability of metacercariae. Because the
size of the samples was small (results obtained were so clear
that no additional assays were needed), it was considered that
significant differences (P < 0.05) in n/tn% were present when
there was no overlapping in the values of 95% CIs.

RESULTS

Metacercariae kept in traditional foods. Results of micro-
scope analyses to check metacercarial viability are shown in
Table 1. In both zeitoon-parvardeh and delar, although vi-
ability seems to decrease with time, a total of 66.6% and
57.8% of the metacercariae were still alive 2 weeks after food
preparation, respectively. The statistical comparison of the
percentages of living metacercariae in relation to the total
number of metacercariae checked in experiment A does not
show any significant difference between viability of metacer-
cariae kept in zeitoon-parvardeh, delar, and water (� con-
trol) at days 1, 7, and 14.

In delar, metacercarial viability is lower than in water in the
third and fourth weeks, differences being statistically signifi-
cant. However, although delar seems to decrease the viability
of metacercariae with time, there is still a relatively high pro-
portion of metacercariae surviving at days 21 and 28 (60.8%
and 47.0%, respectively).

Results of experimental animal infection tests to check
metacercarial infectivity are shown in Table 2. Among the 15
mice experimentally exposed to metacercariae from delar and
dissected at 10 weeks pi, 2 mice (13.3%) were infected with
one fluke each and another 2 showed pathologic effects, al-
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though no fluke was recovered. Among the 15 mice infected
with control metacercariae (from water), 3 mice (20.0%) were
infected by one, one, and three worms each. The percentage
of fluke recovery was lower with metacercariae from delar
than with those from water (1.3 and 3.3, respectively). Flukes
were recovered from different body parts (Table 2), and one
mouse in the control group showed liver pathology but no fluke.

The results of the experimental infection of hamsters
showed infectivity percentages of 42.8%, 71.4%, and 57.1%
with metacercariae kept in delar, zeitoon-parvardeh, and wa-
ter (� control), respectively. Percentages of flukes recovered
were 2.3%, 3.4%, and 4.6% with the same metacercarial
groups, respectively. In all infected hamsters, mild to mostly
well-patent pathology on the surface and in the parenchyma
of the liver was present. There was severe pathology in one
hamster of the delar group and another of the control water
group, both in the liver surface and parenchyma, although no
flukes were recovered.

Metacercariae treated with potassium permanganate. Re-
sults of the tests of potassium permanganate effects on the
viability of the metacercariae are shown in Table 3. The re-
sults obtained show that metacercarial viability is not affected
by potassium permanganate, even at the very high doses of
300, 600, and 1,200 mg/L. The analyses of n/tn% of control
metacercariae in relation to metacercariae treated with the

different concentrations showed no significant difference
(P < 0.005) between them in any group.

DISCUSSION

Effects of food handling and control measures against
trematode metacercariae. Despite human infection by food-
borne trematodes being very common in numerous coun-
tries,1,3,4 the number of studies on food handling effects
(elaboration and conservation conditions) and agents poten-
tially useful as control measures to impede human contami-
nation is relatively small. A summarized review of studies
performed from these points of view on metacercariae be-
longing to fasciolid and other trematode species affecting hu-
mans is included in Table 4.

The effect of acidity and salt has been analyzed only in
trematode species whose metacercariae encyst in a second
intermediate host (i.e., fish). In Opisthorchis species and the
heterophyid Haplorchis taichui, the viability of metacercariae
is affected by salt, acidity, and fermentation in a period rang-
ing from 3 to 24 hours.22–24 Clonorchis sinensis is the only
species whose metacercarial viability does not seem to be
affected, at least in a 30% salt concentration throughout a
period of 5–7 days.25

TABLE 2
Viability of F. gigantica metacercariae kept in traditional Iranian foods (zeitoon-parvardeh and delar) and water (� control), checked by

experimental oral infection in laboratory animals

Mice (experiment A) Hamsters (experiment B)

Delar Water Delar Zeitoon-parvardeh Water

Days metacercariae in each medium 30 30 7 7 7
No. metacercariae inoculated per animal 10 10 25 25 25
No. animals exposed/infected at dissection* 15/2 15/3 7/2 7/3 7/1
No. animals died before dissection time (+/−)† 2 (0/2) 1 (0/1) 2 (1/1) 2 (2/0) 4 (3/1)
No./percentage flukes recovered per animal 2/1.33 5/3.33 4/2.28 6/3.42 8/4.57
No. animals with flukes in liver/peritoneum/subcutaneous location –/1/1 2/1/2 4/–/– 5/1/– 4/4/–
No. animals with/without liver pathology 2/13 3/12 3/4 6/1 5/2

Experiment A, mice infected with metacercariae obtained from cercariae shed by L. gedrosiana snails experimentally infected by miracidia from fasciolid eggs collected in bilis from gallbladders
of naturally infected cattle from Bandar Anzali slaughterhouse; experiment B, hamsters infected with metacercariae obtained from cercariae shed by L. gedrosiana snails experimentally infected
by miracidia from eggs obtained from the uterus of liver fluke adults recovered from livers of naturally-infected cattle from Rasht slaughterhouse.

* Dissection of mice at 10 weeks post-infection (pi) and of hamsters at 8 weeks pi.
† Animals died before dissection time bearing (+) and non–bearing (−) flukes, respectively.

TABLE 1
Viability of F. gigantica metacercariae kept in traditional Iranian foods (zeitoon-parvardeh and delar) and water (� control), checked by

microscopical analysis according to the refractile appearance of secretory granules and movements of juveniles within cysts

Days

Experiment A Experiment B

Zeitoon-parvardeh
[n/tn (%)]

Delar
[n/tn (%)]

Water
[n/tn (%)]

Zeitoon-parvardeh
[n/tn (%)]

Delar
[n/tn (%)]

Water
[n/tn (%)]

1 14/15 (93.3) 23/23 (100) 15/15 (100)
71.26–99.66 87.78–100 81.89–100

7 17/21 (80.9) 13/17 (76.5) 15/15 (100) 17/18 (94.4) 19/21 (90.5) 13/13 (100)
60.19–93.63 52.50–92.04 81.89–100 75.51–99.72 71.94–98.37 70.41–100

14 8/12 (66.6) 11/19 (57.8) 14/15 (93.3)
37.68–88.39 35.36–78.17 71.26–99.66

21 14/23 (60.8) 15/15 (100)
40.20–78.24 81.89–100

28 8/17 (47.0) 15/15 (100)
24.78–70.26 81.89–100

Ranges are 95% CI.
Experiment A, metacercariae obtained from cercariae shed by L. gedrosiana snails experimentally infected by miracidia from fasciolid eggs collected in bilis from gallbladders of naturally-

infected cattle from Bandar Anzali slaughterhouse; Experiment B, metacercariae obtained from cercariae shed by L. gedrosiana snails experimentally infected by miracidia from eggs obtained
from the uterus of liver fluke adults recovered from livers of naturally infected cattle from Rasht slaughterhouse; n, number of metacercariae found alive; tn, total number of metacercariae
microscopically checked.
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Concerning human fascioliasis, studies carried out in hu-
man hyperendemic areas have shown that many raw-eaten,
cultured, or wild-grown plant species are involved in human
contamination, for example, in Bolivia26 and Egypt.12,27 Hu-
man contamination by fascioliasis through ingestion of meta-
cercariae included in local beverages is also known in other
human endemic areas, as Cape Verde.1,5 However, this study
seems to be the first to analyze the effects of traditional food
preparation and conservation on the metacercariae of liver
fluke species of the genus Fasciola.

This is, nevertheless, not the first study of this kind on
free-living metacercariae encysted in the external environ-
ment (i.e., non-parasitic in an intermediate host). Several
analyses were carried out on metacercariae of the Giant
Asian intestinal fluke F. buski a long time ago (Table 4).3

Metacercariae of F. buski were killed by 1.0% hydrochloric
acid in 18 days, by 2% acetic acid in 9 days, by 3.0% acetic
acid in 6 days, by 5% salt solution in 3 hours, by soybean
sauce in 30 minutes, by 10% cane sugar in 3 days,28 by direct
solar radiation in 20–30 minutes,29 by desiccation in 19 hours
at 27°C, and by boiling water in 1–2 minutes.30

Articles on the efficacy of different agents on Fasciola
metacercariae are restricted to only two studies in Egypt.12,27

These studies concluded that the fasciolid metacercarial de-
taching capacity of running water was very low compared
with the high capacity of citric acid (10 mL/L), commercial
vinegar (120 mL/L), liquid soap (12 mL/L), potassium per-
manganate (24 mg/L),12 and sodium dichloroisocyanurate (1
mg/L).27 The latter two are, moreover, considered the only
ones able to kill the metacercariae.12,27 The commercial avail-
ability of potassium permanganate makes it the agent of choice.

Metacercariae kept in traditional foods. Microscopical
analyses (Table 1) showed that, during the 2 weeks between
food preparation and consumption, the viability of liver fluke
metacercariae kept in both zeitoon-parvardeh and delar is
unaffected or only slightly decreased. During the third and
fourth weeks in delar, around one half of the metacercariae
kept their viability, indicating a high infection potential is still
present despite having been in the food for a long time.

Experimental animal infection tests proved that metacer-
cariae might keep their infectivity in both traditional Iranian
foods (Table 2). Experiments performed with mice showed

that the number of both infected animals and flukes recov-
ered was higher in the control group (metacercariae kept in
water) than in the delar group, suggesting that the high salt
concentration used for delar preparation may alter the infec-
tivity of metacercariae present. However, the host microhabi-
tats other than liver where flukes were found (subcutaneous
tissues of the abdominal region and the peritoneal cavity)
indicate that the mouse is not a suitable host for F. gigantica,
in agreement with previous studies,4 and that results obtained
in mice should only be taken as suggestive.

Hamsters are, nevertheless, more appropriate hosts for F.
gigantica,4 and consequently, results obtained with this animal
species offer more conclusive data. The number of hamsters
infected by metacercariae kept in zeitoon-parvardeh was
higher than that infected by metacercariae from delar. The
percentage of worms recovered when using metacercariae
from zeitoon-parvardeh was higher than that from delar, and
the fluke number recovery when infecting with metacercariae
kept in both foods was lower than that in water. All this
suggests 1) a negative impact of the two foods on metacer-
carial infectivity and 2) a greater negative impact of delar
than zeitoon-parvardeh.

When comparing results of microscopical analyses of meta-
cercarial viability and results of experimental infection tests
with mice and hamsters about metacercarial infectivity, there
is an agreement in indicating a decrease of both viability and
infectivity with time. Although it is already known that meta-
cercarial age decisively influences both aspects in this way,7

the results here obtained show that the two traditional foods
analyzed seem to accelerate the decreasing processes of vi-
ability and infectivity of metacercariae. Moreover, data ob-
tained indicate that delar has a greater negative impact than
zeitoon-parvardeh on both metacercarial viability and infec-
tivity, most probably because of the high salt concentration of
delar.

In spite of this, results clearly prove that most metacer-
cariae keep their viability and infectivity during the first two
weeks after food preparation in both traditional specialties.
Moreover, about half of the metacercariae keep their viability
and infectivity in delar (salt � 40%; pH � 5) until at least
four weeks. Thus, the present study shows the possible way of
human contamination following the consumption of these two

TABLE 3
Test results of potassium permanganate effects on the viability of F. hepatica metacercariae

Doses of potassium permanganate

No of metacercariae used for the test at different doses (mg/L) Results of viability of test

0* 300 600 1,200 No. empty metacercarial cysts No. excysted larvae Percent effectivity excystment 95% CI

First tests 7 – – – 4 4 57.14 20.23–88.19
10 – – – 4 3 40.00 13.69–72.63
– 10 – – 2 1 20.00 3.54–55.78
– – 10 – 2 2 20.00 3.54–55.78
– – – 10 2 2 20.00 3.54–55.78

Second tests 10 – – – 3 1 30.00 8.09–64.63
– 10 – – 0 0 0 0
– – 10 – 3 3 30.00 8.09–64.63
– – – 10 3 3 30.00 8.09–64.63

Average 27 – – – 11 8 40.74 23.01–60.59
– 20 – – 2 1 10.00 1.75–33.12
– – 20 – 5 5 25.00 9.59–49.41
– – – 20 5 5 25.00 9.59–49.41

* Controls.

PLANT-BORNE CONTAMINATION OF HUMANS WITH FASCIOLIASIS 299



TABLE 4
Effect of different conditions on the viability and infectivity of metacercariae of some foodborne trematodes

Conditions Metacercariae Time Effects Reference

Temperature (°C)
−20 Fasciola hepatica 12 h Non-infective 6
−10 Fasciola hepatica 7–28 d Viable 6
−10 (in water) Fasciola hepatica 7–28 d Destroyed 6
−5 Fasciola hepatica 28 d Infective 6
−5 Fasciola hepatica 56 d Non-infective 6
−5 (12 h) and +10 (12 h) Fasciola hepatica 70 d Infective 6
−2 Fasciola hepatica 92 d Infective 6
+10 Fasciola hepatica 130 d Infective 6
+25 Fasciola hepatica 36 d Infective 6
+30 Fasciola hepatica 14 d Infective 6
+35 Fasciola hepatica 14 d Died 6
+4 Fasciola hepatica 365 d Survived 7
+22–31 in water (frequently changed) Fasciola hepatica 80 d Alive 35
+32 in water (exposed to sunlight) Fasciola hepatica 30 d Alive 35
Air (on leaves exposed to sunlight) Fasciola hepatica 2–3 h Died 35
Room temperature (shade) Fasciola hepatica 72 h Died 35
Air (12 h per day to direct sunlight) Fasciola hepatica 2 d Survived 36
Room temperature (shade) Fasciola hepatica 17 d Survived 36
+25–32 (dried on grass) Fasciola hepatica 10 d Died 37
−2 Fasciola gigantica 14 d 10% alive 6

Fasciola gigantica 30 d All died (microscopically) 6
+10 Fasciola gigantica 14, 54, 114 d 96, 92, 86% alive, respectively 6
+25 Fasciola gigantica 14, 54, 114 d 65, 81, 42% alive, respectively 6
+30 Fasciola gigantica 14, 54, 114 d 72, 16, 10% alive, respectively 6
+35 Fasciola gigantica 14, 54, 114 d 68, 6, 8% alive, respectively 6
Room temperature (in water) Fasciola gigantica 180 d Infective 38
+22–24 (detached leaves, indoors) Fasciola gigantica 20 d Survived 39
Plants exposed to daily sunlight (9.00am–3.00pm) Fasciola gigantica 42 d Survived 39
Plants in shade Fasciola gigantica 13 d Survived 39
Plants submerged in running water Fasciola gigantica 122 d Survived 39
Detached leaves in a quart jar Fasciola gigantica 63 d Survived 39
Boiling water Fasciolopsis buski 1–2 min Killed 30
Desiccation at 27°C Fasciolopsis buski 19 h Killed 30
−192 (liquid nitrogen) Clonorchis sinensis 30 s All killed 40
−12 (refrigerator) Clonorchis sinensis 10 h 84% killed 40
−20 Clonorchis sinensis 3–7 d Viable and infective 25
−12 Clonorchis sinensis 10–18 d Viable and infective 25
−10 Clonorchis, Opisthorchis 5 d Non-infective 41
−28 Opisthorchis felineus 32 h Non-infective 41
−35 Opisthorchis felineus 14 h Non-infective 41
−40 Opisthorchis felineus 7 h Non-infective 41
−20 Heterophyid 8 h Degenerated 24
Room temperature Heterophyid 3 h All degenerated 24

Acids
10 ml/L citric acid Fasciola gigantica 5–10 min 97–100% detached 12
1.0% hydrochloric acid Fasciolopsis buski 18 d Killed 28
2% acetic acid Fasciolopsis buski 9 d Killed 28
3% acetic acid Fasciolopsis buski 6 d Killed 28
5% and 10% acetic acid Heterophyid 3 h Degenerated 24
10% acetic acid Haplorchis taichui 3 h 100% inactive but not degenerated 23
5% acetic acid Haplorchis taichui 3 h 70% active 23

Salt
5% Fasciolopsis buski 3 h Killed 28
Fish-salt (10 g/3 g) Clonorchis sinensis 5–7 d Viable and infective 25
5% and 10% Heterophyid 3 h Degenerated 24
10% Haplorchis taichui 3 h 65% active 23
13.6% Opisthorchis 24 h Non-infective 22

Other salts
24 mg/L potassium permanganate (KMno4) Fasciola gigantica 5–10 min 97.2–99.6% detached and lethal 12
24 mg/L potassium permanganate (KMno4) Fasciola gigantica 10 min 100% detached and 96% died 13
1 mg/L sodium dichloroisocyanurate (NaDCC) Fasciola gigantica 15 min 100% detached and died 13

Fermentation
Pla-Som (salted semi-fermented fish) Haplorchis taichui 1 d 9.9% alive 23

Haplorchis taichui 2 d 100% degenerated 23
Fish salad

Lab-Pla (raw fish in spicy salad) Haplorchis taichui 3 h All active 23
Yum (fish in different ingredients) Heterophyid 3 h All degenerated 24
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traditional food specialties of Gilan province, when prepared
with raw vegetables presenting attached metacercariae. Re-
sults obtained indicate that the traditional methods of prepar-
ing these two local foods with fresh wild-grown plants offers
little protection against contamination. The extended tradi-
tion of eating these foods in the Gilan Province, including a
population of 2,000,000 people, may be a major source for
human contamination with liver flukes.1,9

In Iran, human infection with fasciolids is mainly reported
in this littoral region of the Caspian Sea, despite fascioliasis
being prevalent in livestock throughout the country.31,32 Only
sporadic cases have been reported from other areas of the
country.33,34 Some of these sporadic cases may be linked to
travelers who visit Gilan and sometimes take these foods as
gifts.

Metacercariae treated with potassium permanganate. Even
a low concentration of 24 mg/L of KMnO4 was considered the
most useful culinary tool to detach and kill metacercariae
attached to various leaves and vegetables used for salads, in a
short period of 5–10 minutes, without softening the leaves or
changing their color, according to results obtained relatively
recently.12,13

Unfortunately, results obtained in this study prove that po-
tassium permanganate is not effective in killing metacer-
cariae, even when applying doses much higher than those
initially recommended (Table 3). Thus, potassium permanga-
nate may be considered as a tool useful only for detaching
metacercariae, similar to commercial vinegar (at a concentra-
tion of 120 mL/L), citric acid (10 mL/L), or liquid soap (12
mL/L). A 97–100% efficacy to detach metacercariae had been
recognized for all these products.12 The detaching capacity of
potassium permanganate, by dissolving the external metacer-
carial attaching cement, was also observed in this study. Con-
sequently, if it is used for such a purpose, careful, subsequent
washing of leaves and vegetables with water is needed, as in
the case of the above-mentioned products.

All evidence suggests that trematode metacercariae encyst-
ing in the outer environment, as those of fasciolids, are more
resistant than those encysting in intermediate hosts (Table 4).
In the case of Fasciola species, studies on the potential effec-
tivity of different products and methods to kill metacercariae
attached to leaves and vegetables are needed. Although ap-
propriate studies should still be performed, metacercariae of
Fasciola species may perhaps be more resistant than meta-
cercariae of F. buski.28–30
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