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Abstract

Vegetables eating raw are a leading source of transmission of infective forms of pathogenic internal parasites among
human beings. This research was conducted from April to October, 2017 to assess the parasitic contamination of
vegetables sold at main vegetable markets in districts Lower Dir and Peshawar, Pakistan. Eight hundred specimens
of different vegetables were purchased and soaked in physiological saline solution, shaken with a mechanical shaker
for 20 minutes and processed by sedimentation concentration method. Results revealed that only 19.7% (n=158/800)
of the vegetables were found to be contaminated with single or multiple parasite species. Ascaris lumbricoides (the
large round worm) 12.3% (n=99/800) was the most commonly detected pathogen and Taenia saginata (the beef
tapeworm) 1.62% (n=13/800) was the least frequently detected one. Interestingly, significant p value (p>0.05 at
95%CI) between the number of examined and contaminated for all the variables studied including education status
of the vendors, markets location, type of vegetables, means of display, washed before display, washing source of
water and market type. The findings of this study evidenced that consumption of raw vegetables possesses great
risk of getting parasitic infections in Lower Dir and Peshawar districts, Pakistan. Instructing the sellers and the
public about parasitic disease transfer and their hygiene can reduce the infection rate of parasites of human origin.

Keywords: vegetables contamination, intestinal parasites, public health importance, soil-transmitted helminthes,
raw vegetables.

Resumo

Os vegetais crus sdo a principal fonte de transmissao de formas infecciosas de parasitas internos patogénicos entre os
seres humanos. Esta pesquisa foi realizada de abril a outubro de 2017 para avaliar a contaminagao parasitaria de vegetais
vendidos nos principais mercados de vegetais nos distritos de Lower Dir e Peshawar, Paquistao. Oitocentos exemplares
de diferentes vegetais foram adquiridos e embebidos em solugao salina fisioldgica, agitados em agitador mecanico por
20 minutos e processados pelo método de concentragdo por sedimentagdo. Os resultados revelaram que apenas 19,7%
(n = 158/800) das hortalicas estavam contaminadas com uma ou varias espécies de parasitas. Ascaris lumbricoides
(o verme redondo grande) 12,3% (n = 99/800) foi o patégeno mais comumente detectado e Taenia saginata (a ténia da
carne) 1,62% (n = 13/800) foi 0 menos freqiientemente detectado. Curiosamente, valor de p significativo (p> 0,05 em IC
de 95%) entre o nimero de examinados e contaminados para todas as variaveis estudadas incluindo escolaridade dos
vendedores, localizagdo dos mercados, tipo de vegetais, meios de exposicdo, lavado antes da exposicdo, fonte de lavagem
de dgua e tipo de mercado. Os resultados deste estudo evidenciaram que o consumo de vegetais crus possui grande risco
de contrair infecgdes parasitarias nos distritos de Lower Dir e Peshawar, no Paquistdo. Instruir os vendedores e o ptiblico
sobre a transferéncia de doencas parasitarias e sua higiene pode reduzir a taxa de infecgdo de parasitas de origem humana.

Palavras-chave: contaminacdo de vegetais, parasitas intestinais, importancia para a satde publica, helmintos
transmitidos pelo solo, vegetais crus.
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1. Introduction

Fresh vegetables as a potential source of vitamins,
dietary fibers and minerals are commonly used in
almost all the societies in the world, including Pakistan.
Routine consumption of vegetable is related with a
minimum risk of cardio vascular diseases, stroke and
cancer. Some diseases such as cardio vascular diseases,
cancer diabetes, Alzheimer’s diseases and cataracts can be
minimized by a use of vegetables. Dietitians recommend
consuming vegetables daily because of their role in health
promotion and disease prevention (Liu, 2003). In spite
of the advantages mentioned, the risk of the parasitic
infections can be raised by the consumption of vegetables
as raw (Maikai et al., 2012)

Uses of fresh vegetables can be directly linked
to foodborne illness. Vegetables require a moist
environment for their growth, particularly those eaten
raw and without peeling, have been demonstrated to
be a way for transmission a wide range of parasites
(Al-Binali et al., 2006). Various parasites have been
associated with vegetables including protozoa cysts
and helminth eggs (Daryani et al., 2012). Most of
the studies shown the strong association between
vegetables especially raw ones and parasitic infections
(Ogbolu et al., 2009). The consumption of raw vegetables
plays a major epidemiological role in the transmission of
parasitic foodborne diseases (Beuchat, 2002). Intestinal
parasitic infection may be acquired in different ways like
by consumption of contaminated vegetables, other food
stuff, and water (Al-Binali et al., 2006). Eating raw, or
undercooked vegetables is one of the means by which the
transmission of intestinal parasitic infections is propagated
(Slifko et al., 2000)

Infective forms of parasites can be transmitted
through vegetables, when they are associated with
various associated factors as like that of planting,
harvesting, transportation, storage, market chain,
and even reach to storehouse (Idahosa, 2011).
Worldwide 3.5 billion people were have been reported
to be infected and 450 million are at risk of intestinal
parasitic infections, with an estimated 200,000
deaths annually. (Walked, 2009). Soil transmitted
helminthes like A. lumbricoides infects over one billion
people, Trichuris trichuria 79 million and hookworm
(Ancyclostoma duodenale and Necator americanus)
740 million people (WHO, 1987) in the world.

Several reports have been published on intestinal
parasitic infection in various groups of humans in the region
asKhanetal.(2011,Khanetal,, 2012,2014, 2015, 2016, 20173,
b, ¢, 20184, b, 2019a, b, 2020a, b) and Noor-un-Nisa et al.
(2012) however, only one report is found published on
parasitic contamination of vegetable as Khan et al. (2017c)
in the study area. Different types of vegetables in different
regions of the world, contaminated with helminth eggs
and larvae (Muniswamappa et al., 2012). The parasitic
contamination of vegetables depends on factors such
as use of untreated wastewater and water supplies
contaminated with sewage for irrigation, postharvest
handling, and hygienic conditions of preparation in
food service and storage setting (Amoah et al., 2007).
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Other factors contribute to increase in diseases associated
with raw vegetables such as globalization of food supply,
introduction of pathogens into new geographical areas
through import, use of untreated waste water and manure
as fertilizers for crop production, irrigation and various
agronomic practices, level of hygiene of food handlers etc.
(James and Ogodukwuo, 2006).

This study designates the prevalence of parasitic
contamination and their possibility of association with
vegetables eaten raw in Chakdara Dir (Lower) and Peshawar
districts, Pakistan. Considering the importance of parasitic
infection on human health, it is of prime importance to
determine whether the available and daily handled and
consumed vegetables are contaminated with the parasites
or not. And thus the present study was designed.

2. Materials and Methods

2.1. Localities

This research was conducted from April to October,
2017 to assess the level of parasitic contamination of
vegetables sold at main vegetable markets in Lower Dir and
Peshawar districts, Pakistan. Lower Dir district lies in the
north-west of Khyber Pakhtunkhwa province, Pakistan and
covers an area of 1583km?. Apart from small areas in the
south-west, Dir is a rocky, mountainous zone with peaks
rising to 5,000m in the north-east and to 3,000m along
the watersheds with Swat to the east and Afghanistan
and Chitral to the west and north. According to the census
conducted in 2017, the population of Lower Dir is 1,435,917
individuals. Peshawar district is located about 160 km west
of the Pakistan’s capital Islamabad. Peshawar district is
reserved by 4,269,079 people according to the 2017 census.
The mean maximum and minimum temperature during
summer is over 40 °C and 25 °C. The mean maximum
and minimum temperature in winter is 18.35 °C and
4 °C. The rainfall is higher in winter than in the summer.
The humidity ranges from 46% to 76% in June to August.

2.2. Data collection

A questionnaire was designed for collecting information
from 63 vendors on causes related with vegetable
contamination by parasites such as: educational status of
the vendors, main vegetable markets, type of vegetables,
means of display, washed before display, sources of water
for washing and type of markets.

2.3. Sample collection and analysis

Twenty four types of vegetables (L. esculentum (Tomato),
C. annum (Chilli), C. sativus (Cucumber), C. annum (green bell
pepper), S.melogena (Brinjal), P.sativam (peas), C. vulgaris
(Round gourd), L.cylindrica (vegetable sponge), M.charanjtia
(bitter gourd), S.tuberosum (potato), Z.officinale (ginger),
C. esculenta (taro), A.cepa (onion), A.sativum (garlic), B.rapa
(turnip), B.compastris (mustard), A. esculantum (Lady finger),
L. sative (Lettuce salad), S.oleracea (spinach), C. annum
(coriander), M.longifolia (mint), D.carota (carrot), B.oleracea
(Cauliflower), and B.olerace (cabbage) were purchased
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from two main vegetable markets one in each Lower Dir
and Peshawar districts.

Each vegetable sample was kept in isolated container
and brought to the Zoology laboratory, University of
Malakand for parasite contamination. Almost 250 gms
of each vegetable was soaked in a half liter of saline
solution, shacked with the help of a mechanical shaker for
20 minutes. Kept at night for sedimentation, 10 milliliters
of the sediment was taken to a centrifuge tube as to remove
undesirable matter. The tube was centrifuged at 3000 rpm
for 5 minutes for focused ova, larvae, cysts, and oocysts
(Omowaye and Audu, 2012). The supernatant was poured
carefully without shaking. The sediment was disturbed
by hand to redistribute the parasitic stages. Finally, the
sediment was studied under microscope [Labomed 400]
using x 10 and x 40 objectives.

2.4. Statistical analysis

The data was analyzed by applying the Graph-Pad
version-5. P-value was considered significant if less than
0.05 at 95% confidence interval.

3. Results

This study revealed 19.7% of the vegetable examined
was contaminated with any parasitic stage. The percentage
of each sample contaminated was given in Table 1: 21
and 25% of the L. esculentum (Tomato), 15 and 15.3%
C. annum (Chilli), 11.7 and 9.0% C. sativus (Cucumber),
26 and 29.4% C. annum (green bell pepper), 15.7 and
30% S.melogena (Brinjal), 10 and 16.6% P.sativum (peas),
10 and 15.3% C. vulgaris (Round gourd), 13.3 and 11.1%
L.cylindrica (vegetable sponge), 23 and 30% M.charanjtia
(bitter gourd), 6.25 and 12.5% S.tuberosum (potato), 15
and 23.5% Z.officinale (ginger), 14.2 and 10.5% C. esculenta
(taro), 11.7 and 18.7% A.cepa (onion), 17.6 and 15.3%
A.sativum (garlic), 20 and 15.7% B.rapa (turnip), 27.7 and
42.8% B.compastris (mustard), 22.2 and 21.4% A. esculantum
(Lady finger), 26 and 20% L. sative (Lettuce salad), 17.3
and 21% S.oleracea (spinach), 36.8 and 31.2% C. annum
(coriander), 27.7 and 31.2% M.longifolia (mint), 16.6
and 12.5% D.carota (carrot), 22.2 and 22.2% B.oleracea
(Cauliflower), 36.3 and 23% of B.olerace (cabbage) in
Lower Dir and Peshawar districts.

Of the examined vegetables more than half (53.7%)
were contaminated with more than one parasite species,
including 31.6% of the samples were contaminated with
two species of parasites, 17% with three species of parasites
and 5.06% were observed contaminated with 4 species of
parasites (Table 1).

Regarding factors related to the contamination of
vegetables interviews were recorded from vendors in the
markets. A total of 63 sellers were inquired about their
educational status and it was shown that 20% of the vendors
had no proper education, 19.6% had primary and secondary
education (each). Level of education of the sellers and the
rate of parasitic contamination of the vegetables were
associated significantly (P = 0.0246) (Table 3).

Similar rate of contamination was observed (20.7%)
of the vegetables were contaminated in main vegetable
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market Peshawar and (18.9%) vegetables were infected in
main vegetable market Chakdara. The association between
vegetable collected and that of infected was significant
(P=0.0146, at CI 23.62 to 196.9) (Table 3). Compared to
type of vegetable collected C. annum (coriander) was
highly infected while S.tuberosum (potato) showed least
(9.37%) of the parasitic contamination. This association
was statistically significant (P=0.0001, CI 23.45 to 30.05),
regarding the factor means of display of the vegetables
(P=0.0059, CI32.14 to 173.7), wash before display 0.0216,
17.50 to 203.1CI); Source of water for washing (P=0.0115,
24.95 to 180.9CI) (Table 3).

4. Discussion

People in developing countries are mostly infected
with intestinal parasites and raw vegetable used is one of
the important route of their transmission. Eight hundred
vegetable samples of 24 different types from the main
markets in districts Lower Dir and Peshawar were
examined. Only 19.7% were positive for intestinal
parasitic contamination. Recently, Khan et al. (2017c)
examined 520 samples of thirteen different types of
fresh vegetables from two main vegetable markets in
lower Dir and Upper Dir districts in Khyber Pakhtunkhwa,
Pakistan, of which 10.7% were positive for helminth eggs
and Entamoeba histolytica cysts. Dias et al. (2014) found
intestinal parasites in 42% in freshly leafy vegetables
consumed in Manglore. Inclusion of highly contaminated
fresh vegetables in routine foods will expose consumers
to the risk of acquiring intestinal parasites.

In present study the overall parasitic contamination
of vegetables were 19.7%. Current research agreed
with the findings conducted in Khartoum, state, Sudan
13.5% (Mohamed et al., 2016) and Lower and Upper
Dir districts 10.7% (Khan et al., 2017c) and in Tehran,
Iran 8.5% (Valipour , 2015); In other studies higher
number of vegetables were found contaminated with
human intestinal parasites such as Jimma Town,
Southwest Ethiopia 58.7% (Tefera et al., 2014); Benha,
Egypt 29.6% (Eraky et al., 2014); Amol, North of Iran
46.5% (Siyadatpanah et al., 2013); Zahedan, Iran
44.8% (Ebrahimzadeh et al., 2013); Manglore 42%
(Dias et al., 2014); Iran 48.4% (Mehrnejat et al., 2015);
Lahore, Pakistan 31.2% (Magbool et al., 2014); Ebonyi state,
Nigeria 60%; Kurramabad, Iran 52.7% (Ezatpour et al., 2013)
and Ebonyi state, Nigeria 55% (Lyabo and Oluchi, 2015).

In present study, 12.3% of the fresh vegetables were
found contaminated with Ascaris lumbricoides eggs, the
most common parasite detected. Findings of the present
research agrees with the studies conducted in Zahedan Iran
6.1% (Ebrahimzadeh et al., 2013); Jimmu town Southeast
Ethiopia 6.7% (Tefera et al., 2014); Kogi state, Nigeria
5.6% and Khurram abad, Iran 4.7% (Ezatpour et al., 2013).
Ascaris lumbricoides was reported in higher prevalence
in studies carried out in different parts of the world by
different workers as Tabuk, Saudi Arabia 21.7% (Gabre
and Shakir, 2016); Nigeria 54.5% (Elom et al., 2012);
Manglore 23% (Dias et al., 2014); Lahore, Pakistan
37.1% (Magbool et al., 2014); Eastern Showa, Ethiopia
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Table 1. Pattern of parasitological contamination of vegetables in selected markets in districts Lower Dir (LD) and Peshawar (PR) (April
to October, 2017).

No No. No.of parasite species detected (%)
Type of vegetable Locality . d positive
examine: (%) single double triple quadruple

L esculentum LD 19 4(21) 2(10.5) 1(5.26) 1(5.26) 0
(Tomato) PR 12 3(25) 2(16.6) 1(8.33) 0 0

LD 20 3(15) 2(10) 1(5) 0 0
C. annum (Chilli)

PR 13 2(15.3) 2(15.3) 0 0 0
C sativus LD 17 2(11.7) 1(5.88) 1(5.88) 0 0
(Cucumber) PR 1 1(9.0) 1(9.0) 0 0 0
C. annum (green LD 23 6(26.0) 3(13.0) 2(8.69) 1(4.34) 0
bell pepper) PR 17 5(29.4) 2(11.7) 1(5.88) 1(5.88) 1(5.88)

LD 19 3(15.7) 2(10.5) 1(5.26) 0 0
S.melogena (Brinjal)

PR 10 3(30) 2(20) 1(10) 0 0

LD 30 3(10) 1(3.33) 1(3.33) 1(3.33) 0
P.sativam (peas)

PR 24 4(16.6) 2(8.30) 1(4.16) 1(4.16) 0
C. vulgaris (Round LD 20 2(10) 1(5) 1(5) 0 0
gourd) PR 13 2(15.3) 1(7.69) 1(7.69) 0 0
Leylindrica LD 15 2(13.3) 0 2(13.3) 0 0
(vegetable sponge) PR 09 1(111) 1(11.1) 0 0 0
M.charanjtia (bitter LD 13 3(23.0) 1(7.69) 2(15.3) 0 0
gourd) PR 10 3(30) 2(20) 1(10) 0 0
S tuberosum LD 16 1(6.25) 1(6.25) 0 0 0
(potato) PR 16 2(12.5) 0 2(12.5) 0 0

LD 20 3(15) 1(5) 1(5) 1(5) 0
Z.officinale (ginger)

PR 17 4(23.5) 2(11.7) 1(5.88) 1(5.88) 0

LD 21 3(14.2) 1(4.76) 1(4.76) 1(4.76) 0
C. esculenta (taro)

PR 19 2(10.5) 1(5.26) 1(5.26) 0 0

LD 17 2(11.7) 1(5.88) 0 1(5.88) 0
A.cepa (onion)

PR 16 3(18.7) 1(6.25) 2(12.5) 0 0

LD 17 3(17.6) 2(11.7) 1(5.88) 0 0
A.sativum (garlic)

PR 13 2(15.3) 1(7.69) 1(7.69) 0 0

LD 20 4(20) 2(10) 1(5) 1(5) 0
B.rapa (turnip)

PR 19 3(15.7) 1(5.26) 1(5.26) 0 0
B.compastris LD 18 5(27.7) 2(11.1) 1(11.1) 1(111) 1(11.1)
(mustard) PR 14 6(42.8) 3(21.4) 1(7.14) 2(14.2) 0
A esculantum (Lady LD 18 4(222) 1(5.55) 1(5.55) 2(11.1) 0
finger) PR 14 3(21.4) 2(14.2) 2(14.2) 0 0
L. sative (Lettuce LD 23 6(26) 2(8.69) 1(4.34) 2(8.69) 1(4.34)
salad) PR 20 4(20) 2(10) 1(5) 1(5) 0

LD 23 4(173) 2(8.69) 1(4.340 1(4.34) 0
S.oleracea (spinach)

PR 19 4(21) 1(5.26) 0 2(10.5) 1(5.26)

The reported parasite species include ova of A. lumbricoides, A.duodenale, S.stercoralis, H.nana, T.trichura, E.histolytica and T.saginata, E.vermicularis,
F.hepatica and G.lamblia cysts (each). A. lumbricoides (6.62%) was the most commonly detected parasite, followed by A.duodenale (4.25%), S.stercoralis
(3.37%), H.nana (2.50%), T.trichura (1.75%), E.histolytica (1.25%), T.saginata 0.25% (Table 2).
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Table 1. Continued...

No No. No.of parasite species detected (%)
Type of vegetable Locality . d positive
examine: (%) single double triple quadruple

C annum LD 19 7(36.8) 2(10.5) 2(10.5) 1(5.26) 2(10.5)
(coriander) PR 16 5(31.2) 1(6.25) 2(12.5) 2(12.5) 0

LD 18 5(27.7) 2(11.1) 1(5.55) 1(5.55) 1(5.55)
M.longifolia (mint)

PR 16 5(31.2) 2(12.5) 0 2(12.5) 1(6.25)

LD 18 3(16.6) 2(11.1) 1(5.55) 0 0
D.carota (carrot)

PR 16 2(12.5) 1(6.25) 1(6.25) 0 0
Boleracea LD 09 2(22.2) 2(22.2) 0 0 0
(Cauliflower) PR 09 2(22.2) 1(11.1) 1(11.1) 0 0

LD 1 4(36.3) 2(18.1) 2(18.1) 0 0
B.olerace (cabbage)

PR 13 3(23) 1(7.69) 2(15.3) 0 0
Total 800 158 (19.7) 73(46.2) 50(31.6) 27(17) 8(5.06)

The reported parasite species include ova of A. lumbricoides, A.duodenale, S.stercoralis, H.nana, T.trichura, E.histolytica and T.saginata, E.vermicularis,
F.hepatica and G.lamblia cysts (each). A. lumbricoides (6.62%) was the most commonly detected parasite, followed by A.duodenale (4.25%), S.stercoralis
(3.37%), H.nana (2.50%), T.trichura (1.75%), E.histolytica (1.25%), T.saginata 0.25% (Table 2).

Table 2. Parasite species in relation to the type of fresh vegetables collected from both the markets in districts Lower Dir (LD) and
Peshawar (PR) April to October, 2017.

- £
g g B = 2 . S .
Vegetables > E Zg B § g o g % E Total (%)
= X ] =) ] = = 5 S =
s ¢ 5§ 2 = & & £ 2 3
2 z Z < < “ = = ud =
L. esculentum LD 19 4 3 2 2 0 0 0 0 7(36.8)
(tomato) PR 12 3 2 0 1 1 0 0 0 4(33.3)
C. annum (chilli) LD 20 3 2 1 0 1 0 0 0 4(20)
PR 13 2 1 1 1 0 0 1 0 4(30.7)
C. sativus (cucumber) LD 17 2 2 0 0 0 1 0 0 3(17.6)
PR 1 1 1 0 0 0 0 0 0 1(9.09)
C. annum (green bell LD 23 6 4 2 2 1 0 0 1 10(43.4)
pepper) PR 17 5 4 0 3 0 2 2 0 11(64.7)
S.melogena (brinjal) LD 19 3 2 0 1 0 1 0 0 4(21.0)
PR 10 3 0 2 0 0 0 1 1 4(40)
P.sativam (peas) LD 30 3 4 2 0 0 0 0 0 6(20)
PR 24 4 4 0 2 2 0 0 0 7(29.1)
C. vulgaris (round LD 20 2 2 1 0 0 0 0 0 3(15)
gourd) PR 13 2 0 2 0 0 0 1 0 3(23.0)
L.cylindrica (vegetable LD 15 2 0 2 2 0 0 0 0 4(26.6)
sponge) PR 09 1 1 0 0 0 0 0 0 1(111)
M.charanijtia (bitter LD 13 3 3 2 0 0 0 0 0 5(38.4)
gourd) PR 10 3 0 2 1 1 0 0 0 4(40)
S.tuberosum (potato) LD 16 1 1 0 0 0 0 0 0 1(6.25)
PR 16 2 0 2 0 0 2 0 0 4(25)
Z.officinale (ginger) LD 20 3 2 2 0 0 2 0 0 6(30)
PR 17 4 4 2 0 1 0 0 0 7(41.1)
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Table 2. Continued...

T :%E 2 @ ©
Vegetables E ;—é 'g g E £ § Lr: Total (%)
& ¢ s 2 % 3 £ EB Z
C. esculenta (taro) LD 21 3 2 0 2 2 0 0 0 6(28.5)
PR 19 2 2 1 0 0 0 0 0 3(15.7)
A.cepa (onion) LD 17 2 0 0 0 0 0 2 2 4(23.5)
PR 16 3 1 1 0 0 1 0 0 3(18.7)
A.sativum (garlic) LD 17 3 2 1 1 0 0 0 0 4(23.5)
PR 13 2 0 0 2 1 0 0 0 3(23.0)
B.rapa (turnip) LD 20 4 4 2 1 0 0 0 0 7(35)
PR 19 3 0 0 0 0 1 1 1 3(15.7)
B.compastris LD 18 5 5 2 0 0 2 2 0 11(61.1)
(mustard) PR 14 6 6 2 1 1 1 0 0 11(78.5)
A. esculantum (lady LD 18 4 3 2 2 0 0 0 2 9(50)
finger) PR 14 3 0 2 2 0 0 2 0 6(42.8)
L. sative (lettuce LD 23 6 5 3 3 3 0 0 0 14(60.8)
salad) PR 20 4 2 2 0 2 0 1 0 7(35)
S.oleracea (spinach) LD 23 4 0 0 0 0 2 2 3 7(30.4)
PR 19 4 4 3 2 0 2 0 0 11(57.8)
C. annum (coriander) LD 19 7 6 3 3 2 0 3 0 17(89.4)
PR 16 5 3 3 0 2 2 0 1 11(68.7)
M.longifolia (mint) LD 18 5 4 3 2 2 0 0 0 11(61.1)
PR 16 5 5 0 2 0 3 2 0 12(75)
D.carota (carrot) LD 18 3 0 0 0 0 2 1 1 4(22.2)
PR 16 2 0 0 2 1 0 0 0 3(18.7)
B.oleracea LD 09 2 1 1 0 0 0 0 0 2(22.2)
(cauliflower) PR 09 2 0 2 0 1 0 0 0 3(33.3)
B.olerace (cabbage) LD 11 4 2 2 0 1 0 1 0 6(54.5)
PR 13 3 0 2 2 0 0 0 1 5(38.4)
Total 800 158 99 62 42 25 23 22 13 286
Percent (%) 12.3 7.75 5.25 3.12 2.87 2.75 1.62

Table 3. Factors affecting on the contamination of vegetables sold in local markets in districts Lower Dir and Peshawar (April to October, 2017).

Results of parasitological analysis

Variable
Total Positive (%) 95% Confidence of interval P value
Educational status of vendors
* No education 170 34(20) 44,88 to 383.1 0.0246
* Primary education 376 74(19.6)
« Secondary education 254 50((19.6)
Total 800 158
Markets
» Main vegetable market Chakdara 444 84(18.9) 23.62 to 196.9 0.0146
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Table 2. Continued...

Results of parasitological analysis

Variable
Total Positive (%) 95% Confidence of interval P value
» Main vegetable market Peshawar 356 74(20.7)
Total 800 158
Vegetable
« L. esculentum (Tomato) 31 7(22.5) 23.45 to 30.05 <0.0001
* C. annum (Chilli) 32 5(15.6)
« C. sativus (Cucumber) 28 3(10.7)
« C. annum (green bell pepper) 40 11(27.5)
« S.melogena (Brinjal) 29 6(20.6)
* P.sativam (peas) 54 7(12.9)
« C. vulgaris (Round gourd) 33 4(12.1)
* L.cylindrica (vegetable sponge) 24 3(12.5)
* M.charanjtia (bitter gourd) 23 6(26.0)
* S.tuberosum (potato) 32 3(9.37)
« Z.officinale (ginger) 37 7(18.9)
« C. esculenta (taro) 40 5(12.5)
* A.cepa (onion) 33 5(12.1)
* A.sativum (garlic) 30 5(16.6)
* B.rapa (turnip) 39 7(17.9)
* B.compastris (mustard) 33 11(33.3)
* A. esculantum (Lady finger) 32 7(21.8)
« L. sative (Lettuce salad) 43 10(23.2)
« S.oleracea (spinach) 42 8(19.0)
* C. annum (coriander) 35 12(34.2)
 M.longifolia (mint) 34 10(29.4)
* D.carota (carrot) 34 5(14.7)
* B.oleracea (Cauliflower) 18 4(22.2)
* B.olerace (cabbage) 24 7(29.1)
Total 800 158
Means of display
« On the floor 389 77(19.7) 3214 to 173.7 0.0059
* On the top of tables 185 36(19.4)
» On the wheel barrow 226 45(19.9)
Total 800 158
Washed before display
* Yes 557 110(19.7) 17.50 to 203.1 0.0216
*No 243 48(19.7)
Total 800 158
Source of water for washing
* Pipe 483 95(19.6) 24.95 to 180.9 0.0115
* River 207 41(19.8)
* Well 110 22(20)
Total 800 158
Market type
- Grocery 238 47(19.7) 17.09 to 203.5+ 0.0222
» Open market 562 111(19.7)
Total 800 158
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22.2% (Benti and Gemechu 2014); Ebonyi state, Nigeria
20.4%; Lower and Upper Dir districts, Pakistan 26.7%
(Khan et al., 2017); Tripoli-Libya 68% (" et al., 2009)
and Nigeria 23.8% (Lyabo and Oluchi, 2015). Some low
rate of prevalence was noted in the studies conducted
in Benha Egypt 0.6% (Eraky et al., 2014); Tukkey 2.0%
(Avcioélu et al., 2011) and Khrtoum state, Sudan 2.9%
(Mohamed et al., 2016).

Hook worms prevalence rate was 7.75% in present
study, which was comparable with the findings of Kogi
state, Nigeria 5.3% and Khartoum, state, Sudan 5.7%
(Mohamed et al., 2016). This nematode was found to
contaminated the vegetables in higher prevalence rate
as Abakaliki Nigeria, 23.8% (Elom et al., 2102); Manglore
9.52% (Dias et al., 2014); Accra, Ghana 13% Duedu et al.
(2014); Lahore, Pakistan 10.8% (Maqbool et al., 2014);
Ebonyi state, Nigeria 24.8% and Ebonyi state, Nigeria 33.3%
(Lyabo and Oluchi, 2015).

Strongyloides stercoralis 5.25% was the third most
prevalent parasite detected in the present investigation.
Findings of the present study was comparable with the
findings of the research conducted in Eastern Showa,
Ethiopia 6.2% (Benti and Gemechu, 2014). However, in
other studies higher contamination rate for this nematode
was reported as Jimmu town Southwest Ethiopia 21.9%
(Tefera et al., 2014); Ebonyi state Southeast Nigeria 6.9%
(Elom et al., 2012); Manglore 7.14% larvae (Dias et al., 2014);
Accra, Ghana 43% Duedu et al., 2014); Tabuk, Saudi Arabia
9.24% (Gabre and Shakir, 2016); Lahore, Pakistan 8.97%
(Magbool et al., 2014); Ebonyi state, Nigeria 28.3%; Ebonyi
state, Nigeria 22.2% (Lyabo and Oluchi, 2015); Khartoum,
state, Sudan 8.7% (Mohamed et al., 2016). This nematode
was reported in low rate of prevalence in Zahidan Iran
1%(Ebrahimzadeh et al., 2013); Kurramabad, Iran 1.1%
(Ezatpour et al., 2013).

Of the total vegetables screened for human intestinal
parasitic infection only 3.12% was contaminated
by Hymenolepis nana. Some of the study’s findings
were found comparable such as Amol, North of Iran
2.1% (Siyadatpanah et al., 2013); Zahidan Iran 5%
(Ebrahimzadeh et al., 2013); Tabuk, Saudi Arabia
2.7% (Gabre and Shakir, 2016) and Lahore, Pakistan
5.76% (Magbool et al., 2014).Higher contamination
rate was reported in Jimmu town Southwest Ethiopia
8.3% (Tefera et al., 2014) and Benha, Egypt 100%
(Eraky et al., 2014).

Contamination rate of Trichuris trichura was 2.87% in
the present research, which can be compare with studies
reported in Zahidan Iran 1% (Ebrahimzadeh et al., 2013);
Accra, Ghana 2% (Duedu et al., 2014); Kogi state Nigeria 1.4%
and Khartoum, state, Sudan 2.9% (Mohamed et al., 2016).
Some higher contamination rate was found in Ebonyi state
Southeast Nigeria 8.90% (Elom et al., 2012); Manglore
9.52% larvae (Dias et al., 2014); Lahore, Pakistan 6.41%
(Magbool et al., 2014); Ebonyi state, Nigeria 18.6%; Lower
and Upper Dir districts 19.6% (Khan et al., 2017c) and
Ebonyi state, Nigeria 9.52% (Lyabo and Oluchi, 2015).
This nematode is variable in prevalence and has a wide
geographic distribution.

Entamoeba histolytica was found in 2.75% of the
vegetable examined. This is the lowest rate of vegetable
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contamination, in all other studies the rate of vegetable
contamination was higher with this nematode such
as studies in Jimmu town Southwest Ethiopia 5.3%
(Teferaetal., 2014); Benha Egypt 100% (Eraky et al., 2014);
Amol, North of Iran 3.2% (Siyadatpanah et al., 2013); Zahidan
Iran 5% (Ebrahimzadeh et al., 2013); Accra, Ghana 7%
(Duedu etal., 2014); Tabuk, Saudi Arabia 23.9% (Gabre and
Shakir, 2016); Lahore, Pakistan 7.05% (Magbool et al., 2014);
Eastern Showa, Ethiopia 12.5% (Benti and Gemechu, 2014);
Ebonyi state, Nigeria 20.7%; Lower and Upper Dir districts
28.5% (Khan et al., 2017c); Khartoum, state, Sudan 42.9%
(Mohamed et al., 2016).

Contamination of vegetables found contaminated with
Taenia saginata 1.62% was the least one. Studies conducted in
Amol, North of Iran 3.2% (Siyadatpanah et al., 2013); Zahidan
Iran 13.2% (Ebrahimzadeh et al., 2013); Manglore 11.9%
(Dias et al., 2014); Tabuk, Saudi Arabia 2.17% (Gabre and
Shakir, 2016); Lahore, Pakistan 5.12% (Magbool et al., 2014)
showed the higher rate of contamination as compared to
the present study findings.

Present study showed only 9.12% (n=73/800) of
the vegetables were found contaminated with single
parasitism while 10.6%(n=85/800) with multiple
parasites species. Bekele et al. (2017) reported 45.6%
(n=164/360) of the vegetables screened for parasitic
contamination with single while 8.88% (n=32/360) with
more than one species of parasites. The multiple parasite
contamination in vegetables used routinely is needed to
be studied thoroughly.

Highest and lowest rate of parasitic contamination
found in different vegetables screened in different parts
of the world by different workers as coriander and potato
89.4% and 6.25% Lower Dir district (present study); mint
and cucumber 75% and 9.09% Peshawar district (present
study); coriander and ginger 14.2% and 1.78% Lower
and Upper Dir districts, Pakistan (Khan et al., 2017¢);
leek and green onion 80% and 34.5% Khoramabad, Iran
(Ezatpour et al., 2013); lettuce and cucumber 28.6%
and 11.1% Ebonyi State, Nigeria; spinach and cabbage
highest and lowest Eastern showa, Ethiopia (Benti
and Gemechu, 2014); lettuce and chilli 48% and 16%
Lahore, Pakistan (Magbool et al., 2014); tomato and
okro 20.9% and 10.2% in Kogi State, Nigeria;cucumber
and tomato 15.7% and 2.72% Tabuk, Saudi Arabia (Gabre
and Shakir, 2016);lettuce and cabbage 61% and 18%
Accra, Ghana (Duedu et al., 2014);lettuce and leek 45.5%
and 10.5% Benha, Egypt (Eraky et al., 2014); spinach
and coriander 17.2% and 3.2% Amol, North of Iran
(Siyadatpanah et al., 2013) respectively.

5. Conclusion

Findings of this study disclose that parasitic
contaminated vegetables poses health hazards to the
consumers if consumed without proper washing and
cooking. A broad range of health education program
should be launched to vendors and whom who are
involved in the growing activities of vegetables and to
the general population on the health risks associated
with consumption of vegetables being contaminated
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with parasites. The consumers should always obey the
fundamental principle of food and personal hygiene that
is thorough washing of vegetables before eating and
washing hands before meal are recommended.
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