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Abstract Background: Ingestion of raw vegetables represented an important mean of transmis-

sion of several infectious diseases. No previous surveys have been conducted to evaluate the prev-

alence of parasitic contamination of vegetables in Egypt. Therefore, this study aimed to detect the

parasitic contamination in some common raw vegetables in Alexandria, Egypt.

Methods: It was based on: extraction of parasitic stages from the foodstuffs, concentration of the

extract by centrifugation, staining of the different stages by modified Zeihl–Neelsen stain and mod-

ified trichrome stain to allow visualization of protozoal oocysts and spores of Microsporidium, and

identification by microscopy. Scores of parasite density were evaluated.

Results: Intestinal parasites were detected in 31.7% of the examined samples. The parasites

included Ascaris lumbricoides eggs, Toxocara spp. eggs, Hymenolepis nana eggs, Giardia spp. cysts,

Cryptosporidium spp. oocysts, Cyclospora spp. oocysts and Microsporidium spp. spores. The highest

number of contaminated samples was detected in rocket (46.7%) while the least number of contam-

inated samples was detected in green onion (13.3%). Cryptosporidium spp. oocysts were considered

the highest prevalent parasite detected in raw vegetables (29.3%) with the highest score density in

rocket samples. It was followed by Microsporidium spp. spores (25.3%), Cyclospora spp. oocysts

(21.3%), A. lumbricoides eggs (20.3%), Toxocara spp. eggs (19%), Giardia spp. cysts (6.7%) and

finally H. nana eggs (2.6%). There was no significant difference between the number of contami-

nated samples in spring and summer or autumn and winter. However, the number was significantly

higher in spring and summer in comparison to winter and autumn (p< 0.001).

Conclusion: These findings may have important implications for global food safety and emphasize

the importance of raw vegetables in threatening public health by transmission of intestinal parasites

to humans in Alexandria, Egypt.
ª 2012 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights

reserved.
com

xandria University Faculty of

g by Elsevier

y Faculty of Medicine. Production

.005
1. Introduction

Vegetables are essential part of a healthy human diet owing to
their nutritional value. Raw vegetables are great source of
vitamins, dietary fiber and minerals; and their regular consump-

tion is associated with a reduced risk of cardiovascular diseases,
stroke and certain cancers.1 Some vegetables are eaten raw as
and hosting by Elsevier B.V. All rights reserved.
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salad to retain the natural taste and preserve heat labile nutrients.
Ingestion of raw vegetables represented an important mean of
transmission of several infectious diseases because of their com-

plex surface and porosity, which unfortunately facilitate patho-
gen attachment and survival.2 The consumption of raw
vegetables without proper washing is an important route in the

transmission of parasitic diseases.3 There has been an increase
in the number of reported cases of food-borne illness linked to
fresh vegetables. Several factorsmay contribute to contamination

of crops. They become contaminated while still on the plant in
fields, Orchards, or during harvesting, transport, processing, dis-
tribution and marketing or even at home.4 Wastewater was
increasingly used for irrigation in the 1970s and early 1980s. In

many developing countries, use of insufficiently treated wastewa-
ter to irrigate vegetables has been reported to be responsible for
the high rates of contamination with pathogenic parasites.4 Con-

taminationof soilwithanimalwastes and increasedapplicationof
improperly composted manures to soil in which vegetables are
grown also play a role in parasite contamination to green

vegetables.5 Bad hygienic practice during production, transport,
processing andpreparation by handlers including consumers also
contribute in vegetable contaminations.6 Other factors which

affect the susceptibility of the public to foodborne diseases, also
play a role in increasing the number of infected cases. Highly sus-
ceptible persons because of ageing, malnutrition, HIV infection
and other underlying medical conditions are markedly increased.

Changes in lifestyle, food consumption patterns, such as the
increase in the number of people eating meals prepared in restau-
rants, canteens and fast food outlets as well as from street food

vendors who do not always respect food safety increase the risk
of exposure to foodborne infections.7

In the past, the risk of human infection with parasites was

considered to be limited to distinct geographic regions because
of parasites’ adaptations to specific definitive hosts, selective
intermediate hosts and particular environmental conditions.

These barriers are slowly being breached––first by international
travel developing into a major industry, and second, by rapid,
refrigerated food transport which became available to an unprec-
edenteddegree at the endof the 20th century.Taking intoaccount

that a proportion of the vegetables cultivated in these developing
countries are exported to developed ones, the risk of spreading
these contaminations to other countries cannot be overlooked.8

In developing countries, because of inadequate or even non-
existing systems for routine diagnosis and monitoring or report-
ing formanyof the food-bornepathogens,mostoutbreaks caused

by contaminated vegetables go undetected and the incidence of
their occurrence in food is underestimated.9 Practical and reliable
detection methods for monitoring foodstuffs will aid the preven-
tion of parasitic disease outbreaks associated with contaminated

food.10 Referring to existing scientific literatures, no previous
surveys have been conducted to evaluate the presence of parasitic
contamination invegetables inEgypt. Therefore, this study aimed

to detect the parasitic contamination in some common green
vegetables used for raw consumption in Alexandria, Egypt.
2. Material and methods

2.1. Sample collection

Five types of green vegetables were selected in this study
{lettuce (Lactuca sativa), rocket (Eruca sativa), parsley
(Petroselinum hortense), leek (Allium porrum) and green onion
(Allium ascalonicum)}. A total of 300 samples (60 samples from
each type of green vegetables) were purchased at the smallest

retail size available. Samples were collected monthly (five
sample for each type of green vegetables) and were picked
randomly from commercial groceries, supermarkets, street

vendors, and food stall markets in Alexandria, Egypt during
May 2010–April 2011. Two hundred grams were being pre-
pared from the edible part of each vegetable sample separately

according to the household practice to obtain qualitative and
quantitative estimation of parasitic contamination.

2.2. Procedure for sample preparation and washing

The vegetable samples were transported to laboratory in
plastic bags. According to the traditional procedure which is
generally used for washing vegetables, they were immersed

immediately in tap water inside a sink and left approximately
6–7 min for sedimentation of mud and dust. Then, it was
gently collected and was put in a plastic basket. Each vegetable

sample was eluted by vigorous agitation followed by sonica-
tion (INC. ultrasonic processor W-380, Japan) of each speci-
men for 30 min in 1 L of sterile phosphate-buffered saline

(pH 7.4), to which 50 ml of 0.01% Tween 80 was added. The
eluent was filtered through gauze and then dispensed into clean
centrifuge tubes and centrifuged at 2000·g for 30 min. The
supernatant was discarded into disinfectant jar, and the pellet

was washed of Tween 80 by centrifugation (2000·g for 30 min)
with sterile phosphate-buffered saline in the standard proce-
dure described by Gaspard and Schwartzbrod.11
2.3. Detection of parasites

The sediment was mixed and examined as follow:

(1) Simple smear: a drop of the sediment was applied on the

center of a clean grease-free slide. A clean cover slip was
placed gently to avoid air bubbles and over flooding.
The preparation was examined under a light microscope

using ·10 and ·40 objectives.12

(2) Iodine smear: a drop of the sediment was mixed with a
drop of Lugol’s Iodine solution and examined as in sim-
ple smear.12

(3) Simple and iodine smears were used for detection of par-
asitic eggs, cysts and larva. The process was systemati-
cally repeated until the mixture in each test tube was

exhausted. Eggs, cysts and oocysts of parasites found
under the light microscope were identified as previously
described by Downes and Ito.13

(4) Staining of sediment smear was performed by Modified
Zeihl–Neelsen14 and modified trichrome15 to detect pro-
tozoal parasitic (oo)cysts and spores of Microsporidium

spp.

Each parasite’s eggs, cysts or oocysts present in each sample
were enumerated and densities of each species were expressed

as ‘‘many’’ (>three (oo) cysts per high-power field; >20 eggs
per low-power field); ‘‘moderate’’ (two (oo)cysts per high-
power field; 10–19 eggs per-low power field); ‘‘few’’ (one (oo)-

cyst per high-power field; three to nine eggs per low-power
field); and ‘‘rare’’ (two to five cysts and <two eggs per 100l
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of sediment). For simplification, numerical values were as-
signed to each density: many, 4; moderate, 3; few, 2; rare, 1;
and none, 0.16

2.4. The statistical analysis

Statistical analyses were carried out using chi-square tests of

the SPSS software version 9.0 for windows (SPSS Inc.,
Chicago, IL, USA) to compare the rate of contamination of
vegetables among different seasons. The differences were

considered significant at p< 0.05.
3. Results

Results are summarized in Tables 1 and 2 and Figs. 1 and 2.

Intestinal parasites were detected in 31.7% of the examined

samples (Fig. 1). The parasites detected in raw green vegetable
samples were Cryptosporidium spp. oocysts, Microsporidium
spp. spores, Cyclospora spp. oocysts, Giardia spp. cysts Ascaris

lumbricoides eggs, Toxocara spp. eggs, and Hymenolepis nana
eggs. The highest number of contaminated samples was de-
tected in rocket (46.7%) while the least number of contami-
nated samples was detected in green onion (13.3%) (Table 1

and Fig. 2).
Rocket was the most contaminated green vegetable in this

study (46.7%). Cryptosporidium spp. were the most prevalent

parasite in rocket samples (45%). Microsporidium spp. spores
contamination followed that of Cryptosporidium spp. oocysts
(36.7%). This was followed by Ascaris eggs (35%), Cyclospora

spp. oocysts (31.7%), Toxocara eggs (25%), Giardia spp. cysts
(10%) and finally H. nana eggs (3.3%) (Fig. 2 and Table 1).

As regards lettuce samples, 45% were contaminated with
parasites. The most prevalent parasite detected in lettuce was

Cryptosporidium spp. oocysts (43.3%) followed by Microspori-
dium spp. spores (41.7%). The number of contaminated lettuce
samples with Ascaris eggs and Cyclospora spp. oocysts was

equal (38.3%). This was followed by Toxocara eggs (31.7%),
Giardia spp. cysts (15%) and finally H. nana eggs (6.7%)
(Fig. 2 and Table 1).

Contamination of parsley samples was detected in 36.7% of
the total samples. They were mainly contaminated with Cryp-
tosporidium spp. oocysts (33.3%). This was followed by Cyclo-

spora spp. oocysts (25%), and Toxocara eggs (20%). The
number of contaminated parsley samples with Microsporidium
spp. spores and Ascaris eggs is equal (16.7%). The least num-
ber of contaminated samples was detected in samples contam-

inated with Giardia spp. cysts and H. nana eggs (5% and 3.3%
respectively) (Fig. 2 and Table 1).

Regarding leek contaminated samples (16.7%), they were

mainly contaminated with Cryptosporidium spp. oocysts
(14.3%). Cyclospora spp. oocysts, and Toxocara eggs contam-
inated samples were equal (8.3%). Ascaris eggs and Giardia

spp. cysts were detected in 6.7% and 1.7% of parsley samples
respectively. H. nana eggs were not detected in any of parsley
sample (0%). (Fig. 2 and Table 1).

Green onion samples were the least contaminated samples
in this study. Contamination was detected in only 13.3% of
the examined samples. The highest contamination was by
Microsporidia spp. (18.3%) followed by Cryptosporidium spp.

oocysts (11.7%), Toxocara eggs in 10%, Ascaris eggs in 5%
and finally Cyclospora spp. oocysts in 3.3%. H. nana eggs
and Giardia spp. cysts were not detected in any of green onion
samples (0%) (Fig. 2 and Table 1).

Cryptosporidium spp. oocysts were considered the highest

prevalent parasite detected in raw vegetables (29.3%). It was
followed by Microsporidium spp. spores in 25.3%, Cyclospora
spp. oocysts in 21.3%, A. lumbricoides eggs in 20.3%, Toxo-

cara spp. Eggs in 19%, Giardia spp. cysts in 6.7% and finally
H. nana eggs in 2.6% (Table 1).

The mean of parasite score density in the contaminated

samples ranged between (2.22) and (0). The highest score of
parasite density was that of Cryptosporidium spp. oocysts
(2.22). It was detected in contaminated rocket samples. How-
ever, the least score of parasite density was that of H. nana

eggs (0) in parsley, leek and green onion samples. The least
score was also detected in green onion samples with Giardia
spp. cysts (0) (Table 1). The highest rate of parasitic contami-

nation in vegetable samples in different seasons was found in
spring (49.3%), followed by summer (48%). There was no sig-
nificant difference between the number of contaminated sam-

ples in these two seasons. Lesser contamination rates were
found in autumn (20%) and in winter (9.3%). There was also
no significant difference between these two seasons. Compar-

ing the rate of parasitic contamination in the four seasons, it
was found that the number of contaminated samples in spring
was significantly higher than the number of contaminated sam-
ples in winter and autumn. Also the number of contaminated

samples in summer was significantly higher when compared to
the number of contaminated samples in winter and autumn
(x2 = 42.069; p < 0.001). The highest rate of contamination

in spring was found in lettuce samples (73.3%) while the lowest
contamination in the same season was in leek (20%). In winter,
the number of contaminated samples was equal in rocket,

parsley and leek (13.3%). One sample only was contaminated
in lettuce (6.6%) however no parasite was detected in green
onion samples during this season (0%) (Table 2).
4. Discussion

Different parasitic stages can contaminate several foodstuffs.

If the food-borne route is suspected in an outbreak, it is easy
to identify how the food implicated became contaminated.
However, it is often difficult to associate an outbreak with a
particular food item.3 Vegetables, and especially salads, are

an important route of transmission of intestinal parasites
and have been shown to be an important source of food borne
outbreaks in developing countries.17 The most likely hypothe-

sis of contamination is that it occurred before harvest, either
by contaminated manure, manure compost, sewage sludge,
irrigation water, runoff water from livestock operations or di-

rectly from wild and domestic animals. These potential con-
tamination events are all plausible and consistent with the
assumption that the level of contamination must have been
high.18

Alexandria is a large coastal city. It is considered the second
capital of Egypt after Cairo. It is mainly an industrial city, with
some agriculture fields.19 Therefore, the present study aimed at

investigating some green vegetables that are frequently eaten
raw for their possible contamination with parasites in Alexan-
dria. This study showed a considerably high level of contami-

nation of green vegetables foodstuff with intestinal parasites in
Alexandria (31.7%). These results were in agreement with



Table 1 The number and percentage of contaminated samples and the mean of parasite score density in some raw green vegetables.

Rocket Lettuce Parsley Leek Green onion Total No. (%) n2 = 300

No. (%)

n1 = 60

D No. (%)

n1 = 60

D No. (%)

n1 = 60

D No. (%)

n1 = 60

D No. (%)

n1 = 60

D

Cryptosporidia spp. oocysts 27(45) 2.22 26 (43.3) 2.10 20 (33.3) 1.90 8 (13.3) 1.10 7 (11.7) 1.30 88 (29.3)

Microsporidia spp. spores 22 (36.7) 1.80 25 (41.7) 2.00 10 (16.7) 1.80 8 (13.3) 1.42 11(18.3) 1.34 76 (25.3)

Cyclospora spp. oocysts 19 (31.7) 1.88 23 (38.3) 1.95 15 (25) 1.74 5 (8.3) 1.60 2 (3.3) 1.50 64 (21.3)

Ascaris eggs 21(35%) 1.30 23 (38.3) 1.75 10 (16.7) 1.42 4 (6.7) 1.25 3(5) 1.33 61 (20.3)

Toxocara eggs 15 (25) 1.86 19(31.7) 1.81 12 (20) 1.54 5 (8.3) 1.02 6(10) 1.00 57 (19)

Giardia spp. cysts 6 (10) 1.00 9 (15) 0.88 3 (5) 0.66 1(1.7) 1.00 0 (0) 0 19 (6.7)

Hymenolepis nana eggs 2(3.3) 0.33 4 (6.7) 0.50 2 (3.3) 0.03 0 (0) 0 0 (0) 0 8 (2.6)

No.: Number of contaminated sample by each parasite.

n1 = Number of examined samples for each type of green vegetable = 60.

D: mean score density for each parasite in green vegetables.

Total No.: Total number of contaminated samples by each parasite.

n2: Total number of examined samples = 300.

Table 2 The number and percentage of contaminated samples with intestinal parasites in different seasons in some raw green

vegetables.

Season Lettuce No. (%)

n1 = 15

Rocket No. (%)

n1 = 15

Parsley No. (%)

n1 = 15

Leek No. (%)

n1 = 15

Green onion No. (%)

n1 = 15

Total No. %/season n2 = 75

Spring 11 (73.3) 10 (66.7) 9 (60) 3 (20) 4 (26.7) 37 (49.3)

Summer 12 (80) 10 (66.7) 8 (53.3) 3 (20) 3 (20) 36 (48)

Autumn 3 (20) 6 (40) 3 (20) 2 (13.3) 1 (6.7) 15 (20)

Winter 1 (6.7) 2 (13.3) 2 (13.3) 2 (13.3) 0 (0) 7 (9.3)

No.: Number of contaminated samples in each type of green vegetables/season.

n1 = Total number of examined samples for each type of green vegetable/season = 15.

Total No./season: Total number of contaminated samples in each type of raw vegetables/season.

n2: Total number of examined samples of green vegetables/season = 75.

(x2 = 42.069), p value considered significant at p< 0.05.
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another one in Ghana which evaluated the overall parasitic
contamination of the vegetables as 36%.20 Parasitic contami-

nation of the vegetables in another study in Nigeria was also
36%.21 Recently, Ettehad et al.22 reported, slightly lower level
of contamination of consumed native garden vegetables with

intestinal parasites (29%) in Ardabil city, Iran. Higher rate
of contamination of green vegetables was detected in wholesale
and retail markets in Tripoli, Libya in the study carried out by

Abougraina in 2009. This study detected 58% positive samples
for intestinal parasites.23 Examination of vegetable samples in
Kenya by Nyarango in 2008 revealed also higher rate of con-
tamination (75.9%).16

In the present work, five types of common consumed raw
vegetables in Alexandria were examined; rocket, lettuce, pars-
ley, leek and green onion. The highest rate of contamination

was detected in rocket samples (46.7%). It was followed by
lettuce samples (45%). This could be due to the fact that the
degree of contamination varies according to the shape and sur-

face of vegetables. Green leafy vegetables as lettuce, rocket and
parsley have uneven surfaces and makes parasitic eggs, cysts
and oocysts attached to the surface of the vegetable more eas-
ily, either in the farm or when washed with contaminated

water. On the other hand, vegetables with smooth surface as
leek and green onion had the least prevalence because its
smooth surface reduces the rate of parasitic attachment.21

These results were in agreement with that of a study done
in Tripoli, Libya. It detected parasitic contamination in 96%
of lettuce and 100% of cress samples. Lettuce and cress sam-
ples were contaminated significantly more often than those

of tomato samples in the same study.23 Damen et al.,21 de-
tected contamination in 40% of lettuce samples, and 24%
in green leafy vegetable in Nigeria. In contrast, other study

in Saudi Arabia in 2006 revealed that the highest number
of contaminated samples was found in green onions (28%)
and the lowest contamination was in leek (13%). The prev-

alence of parasites in other vegetables in the same study
was 17% in each of lettuce and water cress.24 Another two
studies in Iran reported that the highest contamination was
in leek (51.8% and 66.7%).25,26 Several factors may contrib-

ute to such differences. These may include, geographical
location, type and number of samples examined, methods
used for detection of the intestinal parasites, type of water

used for irrigation, and post-harvesting handling methods
of such vegetables which are different from country to
another.

In the present work, Cryptosporidium was the most preva-
lent parasite contaminating green vegetable samples (29.3%).
A recent paper by researchers in USA demonstrated that Cryp-
tosporidium oocysts were capable of strongly adhering to spin-

ach plants after contact with contaminated water and were
also internalized within the leaves.27 Although contamination
of vegetables may occur in a variety of ways, it is mainly asso-

ciated with the water used for irrigation. The use of sewage
contaminated water for irrigation of vegetables is a common
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practice in developing countries including Egypt. The main
water sources used for irrigation of fields in Alexandria are riv-
er water from El Mahmoudeya canal, untreated wastewater

and rarely rain water.28 A study done in Alexandria on detec-
tion of Cryptosporidium oocysts in irrigation water from El
Mahmoudeya canal detected a high rate of contamination of

irrigation water with this parasite (100%).29 Specifically, Cryp-
tosporidium was linked to the consumption of vegetables in
Nordic countries.30,31 In addition, Cryptosporidium was found

in 4% samples from fresh produce in the study carried out by
Robertson and Gjerde in Norway in 2001.32 These also agree
with another study in Costa Rica which reports the occurrence
of some pathogenic micro-organisms in vegetables consumed

on a daily basis. In this study, Cryptosporidium spp. oocysts
were found in 2.5% of lettuce samples. In addition, it was
reported in 5.2% of cilantro leaves and in 8.7% of cilantro

roots. A 1.2% incidence was found in other vegetable samples
(carrot, cucumber, radish and tomatoes). Oocysts of this par-
asite were absent, in the same study, in cabbage.33 On the other

hand, out of 19 salad products in a field study in Valencia,
Spain, Cryptosporidium oocysts were detected in 12 samples
(63.2%).34

Microsporidian spores are the second prevalent parasites in
green vegetables in this study (25.3%). The highest contamina-
tion was detected in lettuce samples (41.7%). This may be due
to the strong adhesion to, or internalization in leafy vegetables,

thereby successfully evading the effects of washing and disin-
fection.35 Microsporidian spores resist standard wastewater
treatment and can be found in sewage sludge end products

commonly used for fertilization of ready-to-eat crops or in
runoff-impacted surface water used for irrigation.36 Microspo-
ridian spores have also been identified in irrigation water used

for ready-to-eat crop production.37 Reports on contamination
of green vegetables with Microsporidian spores are scanty.
Unspecified spore species have been found in samples from

strawberries, lettuce, and parsley in the study carried out by
Calvo in 2004.33 A study was done in Sweden suggesting that
cucumber slices in both cheese sandwiches and a salad were the
most probable vehicle of transmission of Microsporidian

spores causing an outbreak.35 Several studies also detected
spores in ground,38 surface water38,39 and crop-irrigation
water,37 and in fresh produce such as raspberries, beans and

lettuce.40

Cyclospora oocysts in the present study were detected in
21.3% of the examined samples. Lettuce samples were also

the main type contaminated with Cyclospora oocysts
(38.3%). This parasite has also been isolated from lettuce in
Peru (1.8%).41 It was also isolated from lettuce heads in
Egypt.42 Green leafy vegetables in another study in Nepal were

contaminated with Cyclospora oocysts.43 These reports also
agree with a study in Germany in which the only foods associ-
ated with Cyclospora risk of infection were two salad side

dishes prepared from lettuce imported from southern Europe
and spiced with fresh green leafy herbs.44 Large-scale out-
breaks of Cyclospora spp. infection associated with raspberries

imported from Guatemala, basil, and mesclun lettuce have
been also reported.44–46

In the present study, Ascaris eggs were detected in 20.3% of

the examined samples. The highest contamination was de-
tected in lettuce samples (38.3%). In a study done in India,
Ascaris eggs were the most predominant parasite observed. It
was detected in 36% of the examined samples, mainly in let-
tuce.47 The rates of contamination with Ascaris eggs in vegeta-
bles in Iran were much lower than these values. It was 2.5% in
Jiruft48 and 2.3% in Qazvin.26 The rate of contamination in

Saudi Arabia was also lower than that detected in this study.
It was 16% in leafy vegetables examined.24 A study in Tripoli,
Libya reported a higher rate of contamination (68%) of fresh

salad vegetables with Ascaris eggs. They were detected in to-
mato (19%), cucumber (75%), lettuce (96%) and cress
(96%), respectively.23 In Ghana, Amoah, (2006) identified

Ascaris eggs in 60% of the vegetables obtained from urban
markets. This could be attributed to its high level of persistence
and resistance. The presence of Ascaris eggs in vegetables can
be due to the quality of water used for irrigation and the prob-

able use of untreated night soil.20 In Sanliurfa, Turkey, soil-
transmitted helminthes (mainly Ascaris eggs) were detected in
14% of fresh vegetables and in 84% of soil samples where veg-

etables were cultivated in 61% of irrigation water.49 Two pre-
vious studies in Alexandria detected Ascaris eggs in 1.9% and
0.16% of soil samples collected from different areas.50,51 Bio-

logically, the highest health risk is for helminth infections com-
pared with other pathogens because helminthes persist for
longer periods in the environment and the infective dose is

small.52

In the present work, Toxocara eggs were detected in19% of
the examined samples. Lettuce samples were the main vegeta-
ble contaminated with this parasite (31.7%). In Tripoli, Libya,

Toxocara eggs were detected in 11%, 14%, 48% and 41% of
the tomato, cucumber, lettuce, and cress samples respec-
tively.23 Kozan et al. in Turkey in 2007,53 detected Toxocara

spp. in 1.5% of unwashed raw vegetables used for salad. Tox-
ocara spp. were detected in another study carried out in Tur-
key by Avcioglu in 2011 in four (2.0%) and two (1.0%)

unwashed vegetables, respectively, mostly among leafy vegeta-
bles such as lettuce and parsley.54

The prevalence of Giardia spp. cysts detected in this study

was 6.7%. The highest contamination was detected in lettuce
(in 15% of the examined samples). The finding of this study
is similar to previous reports in Iran. It was 8.2% in Shahrek-
ord,55 14% in Jiruft,48 6.5% in Tehran,56 9% in Ardabil22 and

4% in Qazvin.57 In Saudi Arabia, in the study carried out by
Al-Megrin 2010, 31.6% of leafy vegetables were contaminated
with Giardia spp. cysts.58 Robertson and Gjerde32 reported a

contamination rate of 2.1% with Giardia spp. in fruits and veg-
etables in Norway. Giardia intestinalis was only detected in
5.2% of cilantro leaves and in 2.5% of cilantro roots in Costa

Rica.33 Erdogru and Sener59 found Giardia cysts in only 5.5%
of lettuce samples. Contrary to these findings, another study in
Libya detected Giardia cysts in 10% of the total vegetable sam-
ples examined with cucumber samples being most contami-

nated (19%), followed by cress (11%), lettuce (4%) and
tomato (3%) samples.23

H. nana eggs were the least parasite contaminating green

vegetables in this study. They were detected in 2.6% of the
examined samples. Lettuce was the main type of vegetable con-
taminated with this parasite (6.7%). They were not detected in

leek or green onion samples. H. nana eggs were detected in a
previous study in Libya, in 2.4% of the total examined sam-
ples. In this study, cabbage had the highest parasitic contami-

nation (64%) and tomatoes recorded the least parasitic
contamination (20%).23 In another study in Turkey, H. nana
eggs were detected in 6.25% of examined samples.53 In Qazvin,
Iran, H. nana eggs were detected in 0.5% only of tested sam-



Figure 1 Percentage of the total number of contaminated and

non contaminated samples of green vegetables in Alexandria,

Egypt.

Figure 2 The number and percentage of contaminated samples

in each type of green vegetable in Alexandria, Egypt.
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ples and it was the least parasite contaminating the green
vegetables. Leek was the highest contaminated vegetable with
this parasite in the same study (66.7%).57

The presence of helminth eggs in different vegetables is
mainly related to contamination of soil rather than contamina-
tion of irrigating water.49 In a previous study on soil transmit-
ted parasites in Alexandria, Toxocara eggs and H. nana eggs

were detected in 16.7% in El-Ameria. H. nana eggs were also
detected in Sharek district while, Toxocara eggs were also de-
tected in Sharek, El-Montazah, Waset, Gharb, El-Gomrok

and Borg El-Arab.50

Considering seasonal variability, this study indicated that
the rate of parasitic contamination in vegetable samples was

the highest in spring (49.3%) and the lowest in winter
(9.3%). However there was no significant difference between
spring and summer and between autumn and winter. On the
other hand, statistical analysis revealed that the rate of con-

tamination was significantly higher (p < 0.001) in spring and
summer than in autumn and winter. Our finding is consistent
with previous studies that reported higher rate of parasitic con-

tamination in vegetables during warm seasons than those dur-
ing cold seasons.42,53 It has been determined that the excretion
of parasite’s eggs to environment by human or animals is high

in warm seasons comparing to cold seasons.60 Also, the fre-
quent use of untreated wastewater for irrigation of vegetable
fields in Alexandria during spring and summer could be a rea-

son for higher rate of parasitic contamination in these seasons.
Another reason might be the difference in weather as oocysts
thrive in tropical countries. They are even found to increase
in summer season.29
5. Conclusion

These findings may have important implications for global
food safety and emphasize the importance of raw vegetables

in threatening public health by transmission of intestinal par-
asites to humans in Alexandria.

The local health and environmental authorities should im-

prove the sanitary conditions in the areas where the vegetables
are cultivated and consumed. Proper treatment of wastewater
used for irrigation of vegetables should be implemented. There
is also dire need for the improvement of sanitary facilities in

our markets and vegetable vendors. Media programs should
inform the consumers the potential health consequences of
the intestinal parasites through consumption of raw vegeta-

bles, and the importance of proper washing and disinfecting
of vegetables before consumption. In addition, they should fo-
cus on the necessity of good sanitation hygiene and risks of

acquiring intestinal parasites. More researches are needed to
do surveys of parasitic contamination in green vegetables in
Alexandria including different districts. Also, other surveys

must be done in different governorates in Egypt. In these re-
searches, viability of the contaminating parasites or larvation
and sporulation of the detected parasites can be done. Also,
other researches must be done to evaluate the level of contam-

ination of irrigation water and soil in which green vegetables
are cultivated. Different ways of disinfection of raw green veg-
etables must be improved.
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