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ABSTRACT 
 

Aims: Vegetables are usually exposed to parasitic ova, larvae or oocyst during cultivation, 
irrigation, storage, transportation or while processing for consumption. Consumption of raw, 
unwashed and improperly cooked vegetables is considered a risk factor for transmission of 
intestinal parasites. This study assessed the parasitic contamination of vegetables and also 
determined factors associated with parasitic contamination of vegetables in selected markets in 
Calabar, Cross River State. 
Place and Duration of Study: Sample: Markets within Calabar, Cross River State, Nigeria 
between September and October, 2018. 
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Methodology: A pre-tested semi-structured questionnaire was used for collecting data on factors 
associated with parasitic contamination of vegetables. 300 vegetable samples were purchased and 
processed from three different markets in Calabar for examination of parasitic contamination using 
direct wet mount and zinc sulphate floatation techniques.  
Results: 15.7% (47/300) of the vegetables sampled were positive for at least one parasite. The 
species and stages of parasites detected were larvae of Strongyloides, ova of Trichuris trichiura 
and Hookworm, and cysts of Entamoeba histolytica and Giardia lamblia. Larvae of Strongyloides 
(11.3%) were the most frequently detected followed by ova of T. trichiura (1.7%) and Hookworm 
(1.7%) (P = 0.000). Among the five vegetable types sampled, waterleaf (40%) had the highest level 
of parasitic contamination followed by pumpkin (21.7%). Washing vegetables before display and 
the means of display were significantly associated with parasitic contamination (P = 0.000).  
Conclusion: Prevention of contamination is important in reducing food-borne parasitic infections 
and can be achieved through improved personal hygiene practices of farmers, vendors and 
consumers, proper washing of vegetables and improved sanitary conditions especially around 
markets where these vegetables are sold. 
 

 

Keywords: Vegetable; gastro-intestinal parasites; Soil-transmitted helminths; Strongyloides sp; 
Markets; Nigeria.  

 

1. INTRODUCTION 
 

Parasitic infections are widely distributed 
throughout the world, causing serious problems to 
public health [1]. Infections are linked with 
conditions of poverty, crowded living conditions, 
unsafe water, poor personal hygiene and 
environmental sanitation [2,3]. Consumption of 
raw or improperly washed/cooked vegetables 
such as Waterleaf (Talinum triangulare), Cabbage 
(Brassica deracea), Tomato (Lycopersicon 
esculentum) and Carrot (Daurus carota) has been 
shown to be risk factors for human parasitic 
infections [4]. 
 
Globally, food borne diseases continue to be a 
serious threat to public health and these diseases 
are a major cause of morbidity [5]. Studies have 
discovered that Ascaris lumbricoides, 
Cryptosporidium spp., Entamoeba histolytica, 
Enterobius vermicularis, Fasciola spp., Giardia 
intestinalis, hookworm, Hymenolepis spp., Taenia 
spp., Trichuris trichiura, and Toxocara spp., can 
infect humans who consume contaminated, 
uncooked, or improperly washed vegetables and 
fruits [6,7,1]. As a result, an estimated 3.5 billion 
people are infected with parasitic helminths, with 
an estimated 200,000 deaths each year [8]. These 
parasitic infections have been shown to cause iron 
deficiency anaemia, growth retardation in children 
amongst other physical and mental health 
problems [9,3]. 
 
Vegetables are usually exposed to parasitic ova, 
larvae or oocyst during cultivation, irrigation, 
storage, transportation or while processing for 
consumption [10].

 
Bad hygienic practices during 

production, transport, processing and preparation 

by handlers and also consumers contribute in 
vegetable contaminations [11]. 
 
In Calabar and other parts of the country, 
vegetables form an everyday component of the 
menu, which in most cases are eaten unwashed 
or improperly washed. They serve as the main 
sources of vitamins and fibres for our humans 
[12].

 
Vegetables are an important route of 

transmission of intestinal parasites and have 
shown to be an important source of food borne 
parasitic disease outbreak in developing countries 
[10]. Consumption of raw, unwashed and un-
hygienically prepared vegetables is considered a 
risk factor for human parasitic infections [4,12]. As 
a primary source of essential nutrients, vitamins, 
minerals and fibre for our bodies, vegetables and 
fruits form a vital part of our daily diet. However, 
when eaten uncooked, fruits and vegetables              
can act as vehicles for infection with           
protozoan parasites, particularly Cryptosporidium, 
Cyclospora and Giardia [12]. 
 
This study therefore seeks to screen vegetables 
for parasitic contamination and also determine 
factors associated with parasitic contamination of 
vegetables in selected markets in Calabar, Cross 
River State. 
 

2. METHODOLOGY 
 

2.1 Study Area 
 

A cross-sectional study was conducted between 
September and October, 2018 to determine the 
level of parasitic contamination of vegetables and 
also determine risk factors associated with 
parasitic contamination of vegetables sold in 
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selected local markets in Calabar Metropolis, 
Nigeria. Calabar, the capital of Cross-River State, 
is a moderately populated city located in the 
South-South region of Nigeria on the longitude 8 
19’30”E and latitude 4 57’0”N. Calabar features a 
tropical climate with a lengthy wet season and a 
short dry season. The average annual 
temperature is 28ºC, and approximately 3000 mm 
of precipitation annually. Three markets were 
randomly selected: Watt market, Marian market 
and 8miles market. 
 

2.2 Data Collection 
 
A pre-tested semi-structured questionnaire was 
used for collecting data on factors associated with 
parasitic contamination of vegetables. These 
factors included: status of the produce (type of 
produce, washed before display or not and means 
of display) and educational status of the vendors. 
In each market, vegetable samples were 
purchased from randomly selected sellers. A total 
of 150 vendors participated in this study. 
 

2.3 Sample Collection  
 
Three major markets; Watt market, Marian market 
and 8miles market, were selected for this study. 
The fresh vegetable samples used in this study 
included Carrot (Daurus carota), Pumpkin 
(Telfairia occidentalis), Waterleaf (Talinum 
triangulare), Tomatoes (Lycopersicon esculentum) 
and Cabbage (Brassica deracea). These samples 
were purchased from food vendors for a period of 
8 weeks, between September and October, 2018. 
A total of 300 fresh vegetables frequently 
consumed were randomly purchased from sellers 
in three markets. 60 of each vegetable were 
sampled and 20 each from the selected markets. 
 

2.4 Parasitological Analysis 
 
The samples were transported to the laboratory in 
sterile polythene bags for parasitological analysis. 
Each sterile polythene bag was labelled with a 
unique number and date of collection. 
Approximately 200g aliquot of each vegetable was 
washed in 500mL of distilled water and the eluent 
was filtered through a sterile 0.4 mm

2
 sieve to 

remove unwanted materials. This was left to 
sediment for 24 hrs. The filtrate was then 
dispensed into clean centrifuge tubes and 
centrifuged at 3000 rpm for five minutes [13]. The 
supernatant was discarded, and the sediment was 
placed on a clean glass slide. A clean cover slip 
was placed softly on the slide to avoid air bubbles 
and over flooding. Lugol’s iodine stain was used 

and the preparation was examined under a light 
microscope (Olympus CHT) using ×10 and ×40 
objectives [14, 15]. 

 
Using the zinc sulphate floatation technique, 2ml 
of the sediment was placed in a test tube. This 
was filled with zinc sulphate solution to the brim 
and a cover slip was placed on top. The cover slip 
was removed after fifteen minutes to allow enough 
time for the cysts and ova to float. The cover slip 
was placed face downwards on a clean 
microscope slide and examined under ×10 and 
×40 objectives with a drop of Lugol’s iodine stain 
under the cover glass, to identify the ova and 
cysts [14]. 

 
2.5 Data Analysis 
 

Statistical analysis was performed with SPSS 
software version 22 (IBM, Chicago, IL, USA). P-
values equal to or less than 0.05 were considered 
to be statistically significant. The difference in 
parasitic contamination among the different 
categories was compared using the Chi-square 
test. Univariate and multivariate logistic regression 
analysis were performed to determine factors 
associated with parasitic contamination of 
vegetables. 
 

3. RESULTS 
 

Five different types of vegetables were collected 
from three local markets and examined for 
parasitic contamination. Results showed that 47 
(15.7%) of the vegetables sampled were positive 
for at least one parasite (Table 1). The difference 
in the level of parasitological contamination in the 
vegetables was statistically significant at P = .00. 
 

The species and stages of parasites detected 
were larvae of Strongyloides, ova of T. trichiura 
and Hookworm, and cysts of E. histolytica and G. 
lamblia. Larvae of Strongyloides (11.3%) were the 
most frequently detected parasite followed by ova 
of T. trichiura (1.7%) and Hookworm (1.7%). The 
prevalence of cysts of E. histolytica (0.3%) and G. 
lamblia (0.7%) were low. The prevalence of 
Strongyloides contamination was significantly 
higher (P = .00) than other parasitic contamination 
observed in the study (Table 2). 
 

Prevalence of parasitic contamination according to 
markets surveyed showed that Marian Market 
(23%) had the highest prevalence of parasitic 
contamination followed by 8 Miles Market (13%) 
and Watt Market (11%). This difference was 
however not statistically significant (P = .45) (Fig. 
1). 
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Table 1. Frequency distribution of parasitic contamination of vegetables 
 

Vegetable type No. of sample examined No. positive (%) χ2 P-value 
Darus carota 60 3(5.0) 35.872 .00 
Telfaria occidentalis 60 13(21.7)   
Talinum triangulare 60 24(40.0)   
Lycopersicon esculentum 60 4(6.7)   
Brassica deracea 60 3(5.0)   
Total 300 47(15.7)   

 

Table 2. Prevalence of parasitic contamination according to parasite type 
 

Parasites detected No. of vegetable sample 
examined 

No. positive (%) χ
2
 P-value 

Strongyloides stercoralis 300 34(11.3) 81.830 .00 
Trichuris trichiura 300 5(1.7)   
Hookworm 300 5(1.7)   
Entamoeba histolytica 300 1(0.3)   
Giardia lamblia 300 2(0.7)   

 

 
 

Fig. 1. Prevalence of parasitic contamination according to markets surveyed in Calabar 
(n=100; P = .045) 

 
Fig. 2 shows the level of parasitic contamination of 
vegetables. Among the five vegetable types 
sampled, Waterleaf (40%) had the highest level of 
parasitic contamination followed by Pumpkin 
(21.7%). Cabbage (5%) and Carrot (5%) each 
recorded the least level of parasitic contamination. 
Larvae of Strongyloides were recorded in all 
vegetable types while cyst of E. histolytica was 
recorded in Waterleaf only. The difference in the 
level of parasitic contamination according to 
vegetable type was not statistically significant (P = 
.91). 
 

3.1 Factors Associated with Parasitic 
Contamination of Vegetables 

 
Washing vegetables before display and the means 
of display were significantly associated with 

parasitic contamination (P = .00). Vegetables not 
washed before display were 6.556 times at higher 
risk of contamination as compared to those that 
were washed before display (OR: 6.556; 95% CI: 
0.077, 0.403). Also, vegetables displayed on the 
floor were 2.593 times at a higher risk of 
contamination as compared to those displayed on 
tables (OR: 2.593; 95% CI: 0.313, 1.296). Among 
150 interviewed vendors, 50 had attended primary 
school while 78 and 22 had no formal education 
and secondary/above respectively. However, this 
was not significantly associated with parasitic 
contamination of vegetables (P = .69) (Table 3). 
 

4. DISCUSSION 
 
Despite efforts by the Federal Ministry of Health 
and other non-governmental organisations, the 
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burden of intestinal parasites is still high due to 
poor sanitation, favourable climatic conditions and 
poor knowledge on parasitic disease transmission 
and prevention. The current study sought to assess 
the level of parasitic contamination of vegetables 
and determine risk factors associated with parasitic 
contamination.  
 

Five different types of parasites were identified with 
prevalence rate of 15.7%. Similar studies have 
been carried out to evaluate the status of 
contamination of vegetables with medically 
important parasites [16,17,18,12,19,20]. The 
overall prevalence rate of parasitic contamination in 
this study supports the findings from Egypt [21], 

Nigeria
 
[22]

 
and Sudan [7] but was lower than 

previous findings elsewhere [16,23,24]. 
Nonetheless, it was observed to be higher when 
compared to a study from Turkey [25] and India 
[26]. These differences could be attributed to 
variations in environmental and climatic conditions, 
sanitary conditions, laboratory techniques 
employed and types of vegetable sampled which 
are instrumental in the transmission of parasitic 
diseases. 

In this study, larvae of Strongyloides (11.3%) were 
the most frequently detected. This agrees with the 
results of [6] and Tefera et al. [27] linked the high 
prevalence of Strongyloides to its complex life cycle 
– alternating between free-living and parasitic 
cycles, and thus does not require a host for its 
proliferation. However, studies conducted 
elsewhere have reported different results [22,1,      
23]. 
 

Prevalence of parasitic contamination according to 
markets surveyed showed that Marian market 
(23%) had the highest prevalence of parasitic 
contamination. This could be as a result of the 
vendors’ close proximity with the market’s 
dumpsites. Vegetables left in stores can therefore 
be contaminated by flies and rodents which visit 
these dumpsites. Waterleaf (40%), which is a leafy 
vegetable, had the highest level of parasitic 
contamination. Rahmati et al. [28] in Iran reported a 
similarly higher prevalence of parasitic 
contamination in green leafy vegetables. Avcioglu 
et al. [29] stated that leafy vegetables enable the 
parasitic stages attach easily to their surface unlike 
those having smooth surfaces. 

 

 
 

Fig. 2. Parasitic contamination according to vegetable type (n=60; P = .91) 
 

Table 3. Binary Logistic Regression of factors associated with parasitic contamination of 
vegetables in selected markets in Calabar 

 

Variables Category  Number 
examined  

Rate of parasite 
contamination N 
(%) 

Crude Odds Ratio 
(95% CI) 

P-
value 

Washed 
before display 
Means of 
display 
 
Handler’s 
level of 
education 

Yes 
No 
On the floor 
On table 
No formal 
education 
Primary  
Secondary/above 

68 
82 
53 
97 
50 
78 
 
22 

9(13.2) 
38(46.3) 
20(37.7) 
27(27.8) 
18(36.0) 
20(25.6) 
 
9(40.9) 

1 
6.556 (0.077-0.403) 
2.593 (0.313-1.296) 
1 
0.812 (0.291-2.270) 
0.498 (0.185-1.341) 
 
1 

.00 
 
 
.00 
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In the present study, washing vegetables before 
display and the means of display were significantly 
associated with parasitic contamination (P = .00). 
Vegetables not washed before display were 6.556 
times at higher risk of contamination as compared 
to those that were washed before display. Tefera et 
al. [27]

 
stated this might be due to the risk of 

contamination of the produce during production, 
transportation and other processing activities. 
Studies have shown that washing vegetables 
positively impact on the rate of parasitic 
contamination [29]. However, Alemu et al. [10] 
reported that pre-washing of vegetables could not 
inactivate viable infectious parasitic stages. It is 
therefore suggested that vegetables need to be 
washed following standard procedures using 
chemicals such as calcium hypochlorite to 
effectively remove parasitic stages [30]. Besides, 
vegetables displayed on the floor were 2.593 times 
at a higher risk of contamination as compared to 
those displayed on tables. Means of display of 
vegetables by vendors have been identified as a 
risk factor associated with parasitic contamination 
[27,7]. 
 

5. CONCLUSION 
 

This study has revealed that vegetables sold in 
some markets in Calabar metropolis are 
contaminated both protozoan and helminth 
parasites and can serve as a source of 
transmission to the public especially if they are not 
properly washed and cooked before consumption. 
Prevention of contamination still remains a viable 
route for reducing food-borne parasitic infections. 
This can be achieved through improved personal 
hygiene practices of farmers, vendors and 
consumers, proper washing of vegetables and 
improved sanitary conditions especially around 
markets where these vegetables are sold. 
Furthermore, farmers and vendors should be 
enlightened on the importance of wearing gloves 
and washing hands after handling vegetables. 
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