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Abstract

Intestinal parasitic infections in Sri Lanka have received little attention due to their
perceived low prevalence. Consuming raw vegetables without proper washing is
one of the main ways to transmit intestinal parasitic infections. Therefore, this study
investigated the contamination of parasites in vegetables. A cross-sectional study
was conducted from August 2023 to January 2024 at fifty selected open markets in
ten cities (Ragama, Miriswatta, Kirillawala, Kadawatha, Balummahara, Kiribathgoda,
Peliyagoda, Weliweriya, Imbulgoda and Gampaha) in Gampaha District, Sri Lanka.
Four vegetable types, namely Centella asiatica (Gatu kola) [n=162], Ipomoea aquat-
ica (Kankun) [n=150], Alternanthera sessilis (Mukunuwenna) [n=160] and Lactuca
sativa (Lettuce) [n=148] that are consumed either raw or half cooked were selected.
Approximately 50 g of each vegetable was taken randomly at each sampling attempt.
Each sample was dipped in the Tween 20 (5%) in a shaker for 15 minutes, followed
by sedimentation overnight and centrifugation (2000 x g for 15min). Both supernatant
and sediment were examined under a light microscope to detect parasitic stages. The
overall prevalence of parasitic contamination in the samples was 21.29% (n=132).
Centella asiatica indicated the highest contamination (37.65% [61/162]). Lactuca
sativa had the lowest contamination (2.02% [3/148]). Parasites including protozoan
(Entamoeba histolytica, Giardia lamblia, Toxoplasma gondii, Blastocystis hominis,
Paramphistomum spp and Balantidium coli) and helminths (Ascaris spp., Hymeno-
lepis spp., Strongyloides stercoralis, Trichuris spp, Taenia spp, Toxocara canis and
hookworms) were detected. Blastocystis hominis was the most predominant (4.68%;
n=29). Toxocara sp, G. lamblia and Eimeria sp were identified as least abundant
(0.77%; n=5). Every sample contained at least one parasitic contamination. A signif-
icant difference between the type of vegetables and the existence of parasites was
identified (P=0.008). The parasitic stages identified could cause infections among
people with poor food hygienic/ preparation practices. Therefore, health authorities
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must educate consumers on precautionary measures to prevent re-emerging intesti-
nal parasitic infections in Sri Lanka.

Introduction

Intestinal parasites are among the key public health issues, especially in tropical and
subtropical countries [1]. Consumption of raw or undercooked vegetables plays a
vital role in transmitting food-borne parasitic diseases to humans [2]. The recovery
of parasites from fresh-sold vegetables and fruits could indicate the quality of the
cultivation process, irrigation, and post-harvest handling [3].

Despite ten years of mass deworming in Sri Lanka between 1994—-2005, an
exceptionally high prevalence of intestinal nematode infection was identified among
plantation sector communities [4]. The case incidence has dramatically decreased
over the last two decades due to control efforts and improvements in the living
standards of communities [5]. However, some case reports show that infections are
still common in some regions of the country with low economic status [6]. There-
fore, intestinal parasitic cases in Sri Lanka cannot be ignored until the diseases are
eliminated.

Common intestinal parasites found in Sri Lanka include protozoa such as
Giardia intestinalis and Entamoeba histolytica, as well as helminths like round-
worm, Ascaris lumbricoides, whipworm, Trichuris trichiura, pinworm, Enterobius
vermicularis and species of hookworms [6]. These parasites are transmitted
through contaminated food, water, or soil, poor personal hygiene, and improper
waste disposal. Contaminated fresh fruits and vegetables will become an
entry mode for intestinal parasites due to improper handling and storage, not
maintaining food hygiene when preparing, inappropriate washing or consum-
ing them raw or undercooked [7]. Fresh vegetables are a common dietary
component alongside rice, which is the staple food of Sri Lankans. The World
Health Organization recommends the consumption of vegetables and fruits
for the benefits of a balanced diet that protects people from chronic diseases,
micronutrients, and supplement gain, which is ultimately helpful in maintaining
a healthy lifestyle [8—10]. However, consuming unwashed raw vegetables and
fruits can significantly contribute to food-borne illnesses. Many of the fresh
vegetables available in markets are cultivated in community gardens, making
them susceptible to contamination at various stages, including production, dis-
tribution, transportation, storage, and ultimately reaching the consumer [11]. It
is not only inadequate hygiene practices from the producers to the point of sale
but also the use of animal manure to enrich agricultural soil and the irrigation
process with wastewater that can significantly contribute to food contamination,
particularly in the case of horticultural products [9,11]. Furthermore, the infec-
tive stages of many intestinal parasites are commonly found in the soil and
the environment, making it easy for them to transfer to vegetables during the
cultivation process.
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Several studies conducted worldwide have identified that common contaminants in the vegetables in market samples
were A. lumbricoides, Cryptosporidium spp., E. histolytica, E. vermicularis, G. intestinalis, species of hookworm, Hyme-
nolepis spp., and T. trichiura, Toxocara sp., Taenia sp. and Strongyloides stercoralis [12—19]. Contamination of these
vegetables with parasites may be attributed to the water used to moisten vegetables and post-harvest handling [14,15,20].
As a result of the low prevalence rate of intestinal parasitic infections in the country, the perception of the general public
has become low. Therefore, this may become a limitation in eliminating intestinal parasitic diseases from the country. No
published study is available on the presence of intestinal parasitic stages in green vegetables sold in open markets, and a
survey of this nature would be beneficial to estimate exposure risk to intestinal parasitic infections in the Sri Lankan com-
munity. Hence, the present study aimed to understand the presence of intestinal parasites in fresh horticultural products
sold at an open central market in the Western province of Sri Lanka.

Materials and methods
Study design and setting

A prospective cross-sectional study was conducted in Gampaha District from August 2023 to January 2024. A total of 50
central open markets as five markets per city, which collect vegetables and fruits from different parts of the country and
re-distribute them to other places that are located in ten main cities (Ragama, Miriswatta, Kirillawala, Kadawatha, Balum-
mahara, Kiribathgoda, Peliyagoda, Weliweriya, Imbulgoda and Gampaha) in Gampaha District, Western Province of Sri
Lanka were selected for this study (Fig 1). Ethical clearance for this study was not relevant since this investigation did not
involve humans or animals as study participants.

Collection of samples

Five different types (Indian pennywort (Gotu kola) [Centella asiatica], sessile joyweed (Mukunuwenna) [Alternanthera
sessilis], Chinese morning glory (Kankung) [[pomoea aquatica], and lettuce [Lactuca sativa]) of frequently consumed
green leaves that are consumed either raw, steamed or half cooked were selected for sampling (Fig 2). Approximately
509 of each item chosen was randomly collected from sellers at the above-selected open market at each sampling
attempt. The fresh vegetable samples were collected in clean, labelled plastic bags and transported to the Department of
Parasitology, Faculty of Medicine, University of Kelaniya, Ragama, Sri Lanka, for parasitic examination.

Detection of parasitic stages in the open market samples

Fresh vegetable samples (50 g) were washed using 150 mL of 5% Tween 20 solution for detaching the parasitic stages,
eggs and larvae of helminths and cysts, and oocysts of protozoan parasites that are presumptive to be associated with
vegetable contamination [12]. The vegetables dipped in the tween 20 solution were kept in a shaker for 15 minutes. The
washing was kept for 24 hours for sedimentation and centrifuged at 2000 x g for 15min. The sediment and supernatant
were examined separately under a light microscope to detect parasitic stages.

Data analysis

All the data were entered into a Microsoft Excel worksheet, and all the data analysis was performed using the IBM SPSS
software package (Version 24.0). The data were analyzed using Chi-square tests to determine the association between
different vegetable types and the prevalence of various parasitic species. The significant p-value threshold was set at
0.05. The species abundance data in other locations were analyzed using One-way ANOVA at a 95% confidence level,
followed by Tukey’s pairwise comparison in SPSS (version 24.0). A p-value <0.05 was considered statistically significant.
In addition, the Bray-Curtis similarity-based cluster analysis was utilized to identify the overall clustering status of para-
sites from different areas regarding the prevalence of different parasitic species. Further, Distance-Based Redundancy
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Fig 1. The map showing the open markets selected for sampling in the present study.

https://doi.org/10.1371/journal.pone.0321853.9001
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Fig 2. Four different types of tested fresh green leafy vegetables. (a) Centella asiatica (Common name: Gotu kola). (b) Alternanthera sessilis (Com-
mon name: Mukunuwenna). (c) lpomoea aquatica (Common name: Kankun). (d) Lactuca sativa (Common name: Lettuce).

https://doi.org/10.1371/journal.pone.0321853.9002

Analysis (dbRDA) was also performed to highlight and visually represent the underlying segregation patterns of sites due
to the occurrence of different parasites in the collection sites using Plymouth Routines in Multivariate Ecological Research
Variation 6 (PRIMER 6).

Results
Prevalence of parasitic contamination in vegetable samples

From the 620 fresh vegetable samples examined, 21.3% (n=132) were positive for at least one parasitic contamination.
Centella asiatica showed the highest contamination rate (37.65% [61/162]), while L. sativa had the lowest (2.02%) con-
tamination. Several helminths and protozoan parasite species were isolated from different vegetable types collected at
various locations. Eggs of hookworm species, Blastocyctis hominis, trematode and Ascaris species were encountered as
predominant organisms (Table 1).

Protozoan parasites included E. histolytica (0.32%; n=2), G. lamblia (0.16%; n=1), Toxoplasma gondii (0.48%; n=3),
B. hominis (4.68%; n=29), Paramphistomum spp (0.81%; n=5), and Balantidium coli (0.48%; n=23). Helminthic parasites,
namely Ascaris spp. (1.61%; n=10), Hymenolepis spp. (0.32%; n=2), S. stercoralis (1.61%; n=9), Trichuris spp. (0.81%;
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Table 1. Relative abundance of intestinal parasites contaminated in vegetable types tested.

Parasitic species Leaf type Percentage of pos-
Centella asiatica Alternanthera sessilis | [pomoea aquatica Lactuca sativa itive samples (%)
No. Relative No. Relative No. Relative No. Relative
positive | abundance | positive |abundance | positive | abundance | positive |abundance

Hookworm 11 18.03 6 13.95 4 16 0 0 16.15

Ascatris sp. 6 9.84 3 6.98 1 4 0 0 7.69

Balantidium coli 0 0 2 4.65 1 4 0 0 2.31

Entamoeba sp. 1 1.64 1 2.32 0 0 0 0 1.54

Giardia lamblia 0 0 0 0 1 4 0 0 0.77

Hymenolepis sp. 1 1.64 1 2.32 0 0 0 0 1.54

Paramphistomum sp. 0 0 3 6.98 2 8 1 33.34 4.62

Toxoplasma gondii 1 1.64 2 4.65 0 0 0 0 2.31

Strongyloides stercoralis |5 8.19 3 6.98 2 8 0 0 7.69

Toxocara sp. 0 0 0 0 1 4 0 0 0.77

Trichuris sp. 2 3.28 1 2.32 2 8 0 0 3.85

Taenia sp. 2 3.28 1 2.32 0 0 0 0 2.31

Blastocystis hominis 14 22.95 8 18.60 5 20 2 66.67 22.31

Trematode egg 10 16.39 11 25.58 5 20 0 0 20.00

Eimeria sp. 0 0 0 0 1 4 0 0 0.77

Trichostrongylus sp. 7 11.48 0 0 0 0 0 5.38

https://doi.org/10.1371/journal.pone.0321853.t001

n=5), Taenia spp. (0.48%; n=3), Toxocara canis (0.16%; n=1) and hookworms (3.39%; n=2) were detected. Blastocystis
hominis was the most predominant parasite found in 4.68% of the samples (n=29). Giardia lamblia and T. canis were the
parasites that were detected the least in this study. Trematode eggs were observed predominantly from A. sessilis and

1. aquatic. Importantly, every sample tested contained at least one type of parasitic contamination, highlighting the wide-
spread intestinal parasites in the tested vegetables (Table 1).

A graphical illustration of the relative abundance of parasitic species encountered from different vegetables tested in
the present study is illustrated in Fig 3. The chi-square analysis confirmed a significant association between vegetable
types and the prevalence of certain parasites (P<0.05). This suggests that the type of vegetable can influence the likeli-
hood of parasitic contamination, which could be attributed to factors such as different cultivation, handling, and environ-
mental exposure.

Variations of parasite species encountered from different locations

The clustering pattern of the parasitic species encountered from ten different locations is indicated in Fig 4. According to
the dbRDA plot, the overall parasitic prevalence in the market samples collected from Ragama, Peliyagoda, Weliweriya,
Kadawatha and Gampaha clustered together. Kiribathgoda is shown as an isolated cluster. Imbulgoda, Balummahara,
and Miriswatta locations clustered together with 60% similarity (Fig 4).

According to the Bray-Curtis similarity clustering, three main clusters: cluster 1- (Ragama, Gampaha, Peliyagoda,
Kirillawala, Weliweriya and Kadawatha), cluster 2- Kiribathgoda, Cluster 3- (Imbulgoda, Miriswatta, Balummahara) were
denoted (Fig 5). According to the ANOVA and Tukey’s pairwise comparison, it was confirmed that the presence of parasitic
stages in the leafy vegetables considered in this study was significantly different (P<0.05) from the sampling locations,
especially in the three clusters identified in this study.
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Fig 3. Relative abundance of parasites encountered from different types of green vegetables in this study.

https://doi.org/10.1371/journal.pone.0321853.9003

Discussion

The findings indicate a notable contamination rate of 21.29% among the vegetable samples tested, with C. asiatica
exhibiting the highest contamination rate and L. sativa showing the lowest. This contamination might arise from the leaves’
capacity to trap parasites within their layers and uneven surfaces, which offer convenient sites for parasite adherence.
Also, the distance between the edible part of the leaf and the soil is smaller than other leaf types. Generally, in most
markets, C. asiatica is usually sold with roots and stalks, and that could increase contamination via soil. However, many
studies indicated that L. sativa has the highest parasitic contamination [15,16,21]. The low contamination indicated in the
present study could be because most L. sativa cultivations are cultivated commercially through hydroponics cultures with
special care, thereby reducing the chance of receiving parasites with soil contact.

The presence of medically important parasites, encompassing protozoan and helminthic organisms, suggests a diverse
range of potential health hazards associated with vegetable consumption. Previous studies in other developing countries,
including Iran, Iraq, Nigeria, Pakistan, and Egypt, indicated higher parasitic contamination than in the present study
[22—-23]. However, studies conducted in developing regions such as Saudi Arabia [24] and Turkey [25] indicated lower
parasitic contamination. Differences between percentages may be due to differences in the living standards of the com-
munities, cultivation methods, climatic changes, and pre-post-harvesting care.

The predominance of B. hominis among the detected parasites is consistent with previous research highlighting its
prevalence in Brazil [26], Mexico [27], Iran [28], Iraq [29] and Egypt [30]. However, a similar study conducted in the East of
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the Nile Delta in Egypt indicated that B. hominis was the least common parasite among the vegetable samples tested [31].
This protozoan organism, known to cause gastrointestinal symptoms in infected individuals, represents a significant public
health concern due to its widespread presence in the tested samples. The possible contamination of this parasite with the
vegetables could be related to the irrigation of contaminated water or environmental contamination by animal feces [30].

In the present study, some unidentifiable trematode eggs were also detected from the vegetable samples collected,
notably from C. asiatica and A. sessilis. The highest positive samples were detected with trematode eggs (20%). Some
studies conducted in Bangladesh and Malaysia have also indicated the presence of unidentified trematodes form market
samples of Persicaria odorata (daun kesum) [32,33]. The presence of trematode contamination could be characterized by
high temperatures since the temperature substantially impacts the emergence, survival, and infectivity of trematodes [34].
Therefore, the increases in environmental temperatures could lead to a distinct rise in trematode emergence [35].

In this study, hookworms were detected [16.15% (21/130)] as the second predominant parasite in the vegetables
examined. These findings were in agreement with previous studies published in Thailand [2,36], Ghana [13], Sudan [15]
and Iran [17]. However, a study conducted in Egypt has indicated a low prevalence (1.1%) [30] and several studies with
no hookworm egg contaminations in market samples [12,14,37-39]. Differences in the prevalence of hookworms may be
due to changes in the geographical location, climate conditions, and the types of soil [2,40]. However, the high contamina-
tion of hookworm eggs in vegetables in the present study may be associated with poor sanitation or using contaminated
water for irrigation [2]. Therefore, lack of proper footwear and skin exposure to contaminated soil would be responsible for
hookworm infection in humans.

In this study, eggs of Ascaris species were noted as one of the leading parasites in the examined vegetables. Ascaris
eggs are among the most common parasites contaminating vegetables and other foods [41]. They are a priority for man-
agement due to their widespread impact on global populations via oral transmission [42]. These eggs are often found in
environmental samples contaminated with fecal matter, such as water; however, they quickly settle out of the water column
and reside in the soil, where they can be transmitted to growing plants and individuals who come into contact with infected
soil. Consequently, human infection rates likely influence the high incidence of Ascaris eggs in plants and soil. This high
prevalence may be attributed to the remarkable fecundity of adult female Ascaris, which lays approximately 200,000 eggs
daily, maximizing its chances of transmission to subsequent hosts. Moreover, the thick-shelled nature of Ascaris eggs
renders them more resistant to various adverse conditions, such as chemical exposure and dehydration, allowing them to
withstand harsh environmental conditions and persist longer in soil habitats necessary for their growth [43].

Additionally, protozoan parasites such as E. histolytica and G. lamblia, along with various helminthic parasites including
S. stercoralis, further underscore the complexity of parasitic contamination in green vegetables. Giardia lamblia contam-
ination was detected only from /. aquatica, which has a prevalence of about 0.77% among the positive samples. Some
studies conducted in other countries have reported the prevalence of this species between 6—35% among green vegeta-
bles [38,44]. This prevalence could be attributed to the ability of G. lamblia to survive under cool and moist conditions in
cyst form and its resistance to chlorinated drinking water. Balantidium coli was identified from /. aquatica and A. sessilis.
This has been the most prevalent species of parasite in some studies conducted in Cameroon [45] and Ghana [46]. The
contamination in the present study may be due to irrigated water contaminated with human or pig faecal matter [46].

This study identified Toxoplasma gondii as the second most prevalent protozoan parasite. Similar studies conducted
in Gaza, Palestine [47], Marrakech, Morocco [48], and Canada [49] have also indicated that T. gondii contamination in
leafy vegetables. The primary source of contamination of this parasite could be the contamination of the environment
by infested stray cat feces [47]. Strongyloides stercoralis was also detected in this study. This species has a complex
life cycle with free-living stages in the environment that do not require a host for its proliferation [50]. The prevalence of
this parasite was noted as 7.69% of the positive samples, which was observed as low compared to the previous studies
conducted in Ghana (43%), Ethiopia (21.9%) and Thailand (10.6%) [2,13,51]. In addition, this study indicated the contam-
ination of vegetables with Toxocara spp eggs. This species may cause human toxocariasis, a zoonotic infection caused
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by larval stages of T. canis and, less frequently, by T. cati [52]. However, the present study indicated a low prevalence of
the parasite compared to previous studies done in Iran [53], Libya [38], southern Ethiopia [14], Vietnam [12], and Turkey
[37]. As reported by several studies, domestic animals could be the source of contamination for Toxocara eggs. Long-term
survival outside their hosts and high fecundity may be responsible for soil contamination with infective eggs [2,52].

In Sri Lanka, cow dung and other animal wastes are widely used to cultivate leafy vegetables. Some previous studies
published in Sri Lanka as well as in other countries have highlighted the parasitic contaminations in dung, such as hook-
worms (Bunostomum spp.), whipworms (Trichuris spp.), amphistomes, cestodes (Moniezia spp.), Trematodes and oocysts
of coccidia [54—58]. Therefore, the possibility of contamination in tested vegetables with Paramphistomum sp., T. gondii,
trematode eggs and Trichuris sp. could be due to the parasitic contamination associated with the animal faeces used in
cultivation as organic fertilizer or other possible contaminations at the cultivation sites.

Trichostrongylus species, abundant among herbivores, including cattle and sheep, have indicated a possibility of
human infections [59], especially by contaminated vegetables/water and poor sanitary conditions in rural areas [60].
Therefore, the presence of Trichostrongylus sp. among tested samples could indicate the possibility of risk of human
infection among consumers. In agreement with the present study, previous studies have also detected Hymenolepis sp,
namely, H. nana eggs in watercress samples, while H. diminuta eggs in lettuce samples [16,24,44,61]. The prevalence
rate of the above parasites ranged from 2.4-14.5% in previous studies. However, the present study indicated that Hyme-
nolepis sp eggs were only from A. sessilis and C. asiatica, with a prevalence rate of 1.54% of the total samples positive
for parasitic contamination.

Taenia spp. are important tapeworm species in humans and domesticated animals, possibly leading to a substantial
health and economic burden [62]. Humans are the sole definitive hosts of three zoonotic Taenia spp., namely, T. solium,
T. saginata and T. asiatica [63]. The prevalence of Taenia spp. eggs found in fruits and vegetables is high, ranging from
0.9 to 43% [17,38], posing a consumer risk [62]. The present study also indicated the presence of Taenia sp. eggs in C.
asiatica and A. sessilis. Therefore, this could also be due to the contamination of animal wastes at the cultivation sites or
the storage facility.

Bray-Curtis similarity clustering results revealed distinct groups of locations with similar patterns of parasitic contam-
ination, highlighting spatial variations in parasitic prevalence among different sampling sites. The differences between
markets may be because of varying vegetable sources or hygienic practices in handling and washing by different sellers
[2]. The results in the present study highlight that raw vegetables from the markets in the study areas can act as pos-
sible vehicles for parasitic transmission to humans. These findings also highlight the importance of considering spatial
dynamics and local context in assessing and addressing parasitic contamination risks associated with leafy vegetable
consumption.

Furthermore, to reiterate the appropriate washing process, a study conducted in Iran has denoted that the pre-
washing procedure with tap water or underground water may not eliminate parasites from vegetables [53]. Therefore,
health authorities should provide knowledge of proper washing methods for local people to prevent parasitic transmission.
Hence, policymakers and public health authorities can develop targeted interventions to mitigate the spread of parasitic
infections and ensure the safety of leafy vegetable consumption across different locations.

Despite improvements in public health and food safety measures, the risk of intestinal parasite transmission through
contaminated fresh vegetables remains a significant concern, particularly in regions with inadequate hygiene and san-
itation practices. Gaps in legislation and policy enforcement contribute to the persistence of this issue, highlighting the
need for stricter regulatory oversight, standardized testing protocols, and better integration of food safety measures with
public health initiatives. Best practices in production and post-harvest handling, such as using uncontaminated irrigation
water, maintaining hygienic harvesting techniques, and improving storage conditions, are essential to reducing parasite
contamination at the source. Additionally, consumer practices are crucial in mitigating risks, with proper washing, safe
cooking methods, and awareness campaigns being key to minimizing exposure. Research opportunities exist to explore
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epidemiological trends, assess decontamination interventions, and develop molecular detection techniques for improved
parasite surveillance. Addressing these challenges through policy reforms, improved agricultural practices, consumer edu-
cation, and scientific advancements is critical to ensuring food safety and reducing the burden of intestinal parasites.

It is essential to acknowledge the limitations of this study. The sampling bias, the limited scope of parasite detection
methods, and other factors may influence the generalizability of the findings. The occurrence of parasites and
soil-transmitting helminth contamination rate is associated with climate and temperature [2]. Generally, higher parasitic
contamination rates could be identified during the warm and cold seasons [17,23,64]. The present study did not consider
seasonality, which could be emphasized as one of the limitations of this study. Further, this study did not consider the inten-
sity of vegetable washing before selling and the source of water used for washing. However, addressing these limitations in
future research endeavors could enhance the comprehensiveness and robustness of findings related to parasitic contami-
nation of vegetables, ultimately contributing to more effective strategies for food safety and public health protection.

Conclusion

In conclusion, the findings of this study, supported by comparisons with published literature, emphasize the importance of
enhancing food safety practices and promoting consumer awareness to mitigate the risk of parasitic infections associated
with vegetable consumption. Addressing this issue requires multifaceted approaches encompassing improved hygiene
standards, regulatory measures, and community education initiatives to ensure the safety and quality of vegetable prod-
ucts and protect public health.

Acknowledgments

The authors thank the vegetable sellers who provided samples in the study. The authors would like to acknowledge Mr.
Hemantha Sudasinghe and Mr. Varuna Nilaweea, technical staff of the Department of Parasitology, Faculty of Medicine,
University of Kelaniya, Sri Lanka, for their assistance in conducting the research activities.

Author contributions

Conceptualization: Nayana Gunathilaka.

Data curation: Rashmi Kavindya.

Formal analysis: Nayana Gunathilaka, Rashmi Kavindya.

Investigation: Kithsiri Gunawardena, Nayana Gunathilaka, Deepika Amerasinghe.
Methodology: Nayana Gunathilaka.

Supervision: Nayana Gunathilaka, Kithsiri Gunawardena, Deepika Amerasinghe.
Writing — original draft: Nayana Gunathilaka.

References

1. Eraky MA, Rashed SM, Nasr Mel-S, El-Hamshary AM, Salah EI-Ghannam A. Parasitic contamination of commonly consumed fresh leafy vegetables
in Benha, Egypt. J Parasitol Res. 2014;2014:613960. https://doi.org/10.1155/2014/613960 PMID: 25024845

2. Punsawad C, Phasuk N, Thongtup K, Nagavirochana S, Viriyavejakul P. Prevalence of parasitic contamination of raw vegetables in Nakhon Si
Thammarat province, southern Thailand. BMC Public Health. 2019;19(1):34. https://doi.org/10.1186/s12889-018-6358-9 PMID: 30621643

3. Alhabbal A. The Prevalence of Parasitic Contamination on Common Sold Vegetables in Algalamoun Region. Int J Pharm Sci Rev Res.
2015;30(1):94-97.
4. Gunawardena K, Kumarendran B, Ebenezer R, Gunasingha MS, Pathmeswaran A, de Silva N. Soil-transmitted helminth infections among planta-

tion sector schoolchildren in Sri Lanka: prevalence after ten years of preventive chemotherapy. PLoS Negl Trop Dis. 2011;5(9):e1341. https://doi.
org/10.1371/journal.pntd.0001341 PMID: 21980549

PLOS One | https://doi.org/10.1371/journal.pone.0321853  April 29, 2025 11/14



https://doi.org/10.1155/2014/613960
http://www.ncbi.nlm.nih.gov/pubmed/25024845
https://doi.org/10.1186/s12889-018-6358-9
http://www.ncbi.nlm.nih.gov/pubmed/30621643
https://doi.org/10.1371/journal.pntd.0001341
https://doi.org/10.1371/journal.pntd.0001341
http://www.ncbi.nlm.nih.gov/pubmed/21980549

PLO\Sﬁ\\.- One

5. Fernando SD, Goonethilleke H, Weerasena KH, Kuruppuarachchi ND, Tilakaratne D, de Silva D, et al. Geo-helminth infections in a rural area of Sri
Lanka. Southeast Asian J Trop Med Public Health. 2001;32(1):23-6.

6. Jayakody NK, Silva A, Wickramasinghe S, de Silva N, Siribaddana S, Weerakoon KG. Human intestinal nematode infections in Sri Lanka: A scop-
ing review. PLoS Negl Trop Dis. 2024 Dec 2;18(12):e0012689.

7. World Health Organization. Soil-transmitted helminth infections. 2023. https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-hel-
minth-infections?utm_source=chatgpt.com

8. LiJ, Wang Z, Karim MR, Zhang L. Detection of human intestinal protozoan parasites in vegetables and fruits: a review. Parasit Vectors.
2020;13(1):380.

9. Alemu G, Mama M, Misker D, Haftu D. Parasitic contamination of vegetables marketed in Arba Minch town, southern Ethiopia. BMC Infect Dis.
2019;19:410. https://doi.org/10.1186/s12879-019-4020-5 PMID: 31088390

10. Olza J, Aranceta-Bartrina J, Gonzalez-Gross M, Ortega RM, Serra-Majem L, Varela-Moreiras G, et al. Reported Dietary Intake and Food Sources
of Zinc, Selenium, and Vitamins A, E and C in the Spanish Population: Findings from the ANIBES Study. Nutrients. 2017;9(7):697. https://doi.
0rg/10.3390/nu9070697 PMID: 28684689

11. Salamandane C, Lobo ML, Afonso S, Miambo R, Matos O. Occurrence of Intestinal Parasites of Public Health Significance in Fresh Horticul-
tural Products Sold in Maputo Markets and Supermarkets, Mozambique. Microorganisms. 2021;9(9):1806. https://doi.org/10.3390/microorgan-
isms9091806 PMID: 34576702

12. Uga S, Hoa NT, Noda S, Moji K, Cong L, Aoki Y, et al. Parasite egg contamination of vegetables from a suburban market in Hanoi, Vietnam. Nepal
Med Coll J. 2009;11(2):75-8.

13. Duedu KO, Yarnie EA, Tetteh-Quarcoo PB, Attah SK, Donkor ES, Ayeh-Kumi PF. A comparative survey of the prevalence of human parasites found
in fresh vegetables sold in supermarkets and open-aired markets in Accra, Ghana. BMC Res Notes. 2014;7:836. https://doi.org/10.1186/1756-
0500-7-836 PMID: 25424391

14. Bekele F, Tefera T, Biresaw G, Yohannes T. Parasitic contamination of raw vegetables and fruits collected from selected local markets in Arba
Minch town, Southern Ethiopia. Infect Dis Poverty. 2017;6(1):19. https://doi.org/10.1186/s40249-016-0226-6 PMID: 28264707

15. Mohamed MA, Siddig EE, Elaagip AH, Edris AM, Nasr AA. Parasitic contamination of fresh vegetables sold at central markets in Khartoum state,
Sudan. Ann Clin Microbiol Antimicrob. 2016;15:17. https://doi.org/10.1186/s12941-016-0133-5 PMID: 26968696

16. Eraky MA, Rashed SM, Nasr Mel-S, El-Hamshary AM, Salah EI-Ghannam A. Parasitic contamination of commonly consumed fresh leafy vegeta-
bles in Benha, Egypt. J Parasitol Res. 2014;2014:613960. https://doi.org/10.1155/2014/613960 PMID: 25024845

17. Rostami A, Ebrahimi M, Mehravar S, Fallah Omrani V, Fallahi S, Behniafar H. Contamination of commonly consumed raw vegetables with
soil transmitted helminth eggs in Mazandaran province, northern Iran. Int J Food Microbiol. 2016;225:54-8. https://doi.org/10.1016/j.iffoodmi-
cro.2016.03.013 PMID: 26999768

18. Robertson LJ, Troell K, Woolsey ID, Kapel CM. Fresh fruit, vegetables, and mushrooms as transmission vehicles for Echinococcus multilocularis in
Europe: inferences and concerns from sample analysis data from Poland. Parasitol Res. 2016;115(6):2485-8. https://doi.org/10.1007/s00436-016-
5015-4 PMID: 26987642

19. Hong S, Kim K, Yoon S, Park W-Y, Sim S, Yu J-R. Detection of Cryptosporidium parvum in environmental soil and vegetables. J Korean Med Sci.
2014;29(10):1367-71. https://doi.org/10.3346/jkms.2014.29.10.1367 PMID: 25368489

20. Tram NT, Dalsgaard A. Water used to moisten vegetables is a source of Escherichia coli and protozoan parasite contamination at markets in
Hanoi, Vietham. J Water Health. 2014;12(4):896—-900. https://doi.org/10.2166/wh.2014.145 PMID: 25473999

21. Alhabbal A. The Prevalence of Parasitic Contamination on Common Sold Vegetables in Algalamoun Region. Int J Pharm Sci Rev Res.
2015;30(1):94-97.

22. Luz JGG, Barbosa MV, de Carvalho AG, Resende SD, Dias JVL, Martins HR. Contamination by intestinal parasites in vegetables marketed in an
area of Jequitinhonha Valley, Minas Gerais, Brazil. Revista de Nutrigdo. 2017;30(1):127-36.

23. Al-Sanabani A.W. Abd Al Galil F. Radman B. Al-Manusori R. Prevalence of intestinal parasites in fresh leafy vegetables in some farms at Dhamar
city, Yemen. International Journal of Medicine Research. 2016; 2455-7404(1):7-13.

24. Ezatpour B, Chegeni AS, Abdollahpour F, Aazami M, Alirezaei M. Prevalence of parasitic contamination of raw vegetables in Khorramabad, Iran.
Food Control. 2013;34(1):92-5.

25. Adanir R, Tasci F. Prevalence of helminth eggs in raw vegetables consumed in Burdur, Turkey. Food Control. 2013;31(2):482—4. https://doi.
org/10.1016/j.foodcont.2012.10.032

26. Rodrigues AC, da Silva MDC, Pereira RAS, Pinto LC. Prevalence of contamination by intestinal parasites in vegetables (Lactuca sativa L. and
Coriandrum sativum L.) sold in markets in Belém, northern Brazil. J Sci Food Agric. 2020;100(7):2859-65. https://doi.org/10.1002/jsfa.10265 PMID:
31953861

27. Morales-Figueroa GG, Sanchez-Guerrero MA, Castro-Garcia M, Esparza-Romero J, Lopez-Mata MA, Quihui-Cota L. Occurrence of Intestinal
Parasites in Fruits and Vegetables from Markets of Northwest Mexico. J Food Qual Hazards Control. 2021;8(2):57—65.

28. Etewa S, Abdel-Rahman S, Fathy G, Abo El-Maaty D, Sarhan M. Parasitic contamination of commonly consumed fresh vegetables and fruits in
some rural areas of Sharkyia Governorate, Egypt. Afro-Egyptian Journal of Infectious and Endemic Diseases. 2017;7(4):192—202. https://doi.
org/10.21608/aeji.2017.17804

PLOS One | https://doi.org/10.1371/journal.pone.0321853  April 29, 2025 12/14



https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections?utm_source=chatgpt.com
https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections?utm_source=chatgpt.com
https://doi.org/10.1186/s12879-019-4020-5
http://www.ncbi.nlm.nih.gov/pubmed/31088390
https://doi.org/10.3390/nu9070697
https://doi.org/10.3390/nu9070697
http://www.ncbi.nlm.nih.gov/pubmed/28684689
https://doi.org/10.3390/microorganisms9091806
https://doi.org/10.3390/microorganisms9091806
http://www.ncbi.nlm.nih.gov/pubmed/34576702
https://doi.org/10.1186/1756-0500-7-836
https://doi.org/10.1186/1756-0500-7-836
http://www.ncbi.nlm.nih.gov/pubmed/25424391
https://doi.org/10.1186/s40249-016-0226-6
http://www.ncbi.nlm.nih.gov/pubmed/28264707
https://doi.org/10.1186/s12941-016-0133-5
http://www.ncbi.nlm.nih.gov/pubmed/26968696
https://doi.org/10.1155/2014/613960
http://www.ncbi.nlm.nih.gov/pubmed/25024845
https://doi.org/10.1016/j.ijfoodmicro.2016.03.013
https://doi.org/10.1016/j.ijfoodmicro.2016.03.013
http://www.ncbi.nlm.nih.gov/pubmed/26999768
https://doi.org/10.1007/s00436-016-5015-4
https://doi.org/10.1007/s00436-016-5015-4
http://www.ncbi.nlm.nih.gov/pubmed/26987642
https://doi.org/10.3346/jkms.2014.29.10.1367
http://www.ncbi.nlm.nih.gov/pubmed/25368489
https://doi.org/10.2166/wh.2014.145
http://www.ncbi.nlm.nih.gov/pubmed/25473999
https://doi.org/10.1016/j.foodcont.2012.10.032
https://doi.org/10.1016/j.foodcont.2012.10.032
https://doi.org/10.1002/jsfa.10265
http://www.ncbi.nlm.nih.gov/pubmed/31953861
https://doi.org/10.21608/aeji.2017.17804
https://doi.org/10.21608/aeji.2017.17804

PLO\Sﬁ\\.- One

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Latif B, Al-Talib H, Al-Akely S. Prevalence of Intestinal Protozoa among Humans, Animals and Vegetables in Baghdad, Iraq. International Medical
Journal. 2020;27(1994):136—140.

El-Sayed NM, Gawdat SS, El-Kholy HS, EImosalamy A. Parasitic Contamination in Five Leafy Vegetables Collected from Open Marketplaces in
Giza, Egypt. J Food Qual Hazards Control. 2023;10:13-20.

Yahia SH, Etewa SE, Al Hoot AAA, Arafa SZ, Saleh NS, Sarhan MH, et al. Investigating the Occurrence of Soil-Transmitted Parasites Contaminat-
ing Soil, Vegetables, and Green Fodder in the East of Nile Delta, Egypt. J Parasitol Res. 2023;2023:6300563.

Nadia N. Investigation of vegetables contaminated with parasites in local markets around Baucampus, Mymensingh Bangladesh Agricultural Uni-
versity 2014 (Doctoral Dissertation)

Yusof AM, Mohammad M, Abdullahi MA, Mohamed Z, Zakaria R, Wahab RA. Occurrence of Intestinal Parasitic Contamination in Select Con-
sumed Local Raw Vegetables and Fruits in Kuantan, Pahang. Trop Life Sci Res. 2017;28(1):23-32. https://doi.org/10.21315/tlsr2017.28.1.2 PMID:
28228914

Poulin R. Global warming and temperature-mediated increases in cercarial emergence in trematode parasites. Parasitology.
2006;132(Pt1):143-51.

Mas-Coma S, Valero MA, Bargues MD. Climate change effects on trematodiases, with emphasis on zoonotic fascioliasis and schistosomiasis. Vet
Parasitol. 2009;163(4):264-80. https://doi.org/10.1016/j.vetpar.2009.03.024 PMID: 19375233

Punsawad C, Phasuk N, Bunratsami S, Thongtup K, Siripakonuaong N, Nongnaul S. Prevalence of intestinal parasitic infection and associated
risk factors among village health volunteers in rural communities of southern Thailand. BMC Public Health. 2017;17(1):564. https://doi.org/10.1186/
$12889-017-4486-2 PMID: 28599633

Kozan E, Gonenc B, Sarimehmetoglu O, Aycicek H. Prevalence of helminth eggs on raw vegetables used for salads. Food Control.
2005;16(3):239-42.

Bougrain AK, Nahaisi MH, Madi NS, Saied MM, Ghenghesh KS. Parasitological contamination in salad vegetables in Tripoli-Libya. Food Control.
2010;21(5):760-2. https://doi.org/10.1016/j.foodcont.2009.11.005

Fallah AA, Pirali-Kheirabadi K, Shirvani F, Saei-Dehkordi SS. Prevalence of parasitic contamination in vegetables used for raw con-
sumption in Shahrekord, Iran: influence of season and washing procedure. Food Control. 2012;25(2):617-20. https://doi.org/10.1016/j.
foodcont.2011.12.004

Silver ZA, Kaliappan SP, Samuel P, Venugopal S, Kang G, Sarkar R, et al. Geographical distribution of soil transmitted helminths and the effects of
community type in South Asia and South East Asia - A systematic review. PLoS Negl Trop Dis. 2018;12(1):e0006153. https://doi.org/10.1371/jour-
nal.pntd.0006153 PMID: 29346440

Traore S, Samake F, Bagayoko MW, Babana AH. Parasitic contamination of lettuce, tomato and cucumber from vegetable farms in Mali. Current
Topics in Agricultural Sciences. 2022;7:94—104.

World Health Organization. WHO estimates of the global burden of food-borne diseases: food-borne disease burden epidemiology reference group
2007-2015. World Health Organization; 2015. https://apps.who.int/iris/bitstream/handle/10665/199350/?sequence=1

Paller VGV, Babia-Abion S. Soil-transmitted helminth (STH) eggs contaminating soils in selected organic and conventional farms in the Philippines.
Parasite Epidemiol Control. 2019;7:e00119. https://doi.org/10.1016/j.parepi.2019.e00119 PMID: 31872089

Said DE. Detection of parasites in commonly consumed raw vegetables. Alexandria Journal of Medicine. 2012;48:345-52. https://doi.org/10.1016/].
ajme.2012.05.005

Akoachere JTK, Tatsinkou BF, Nkengfack JM. Bacterial and parasitic contaminants of salad vegetables sold in markets in Fako Division, Cameroon
and evaluation of hygiene and handling practices of vendors. BMC Res Notes. 2018;11(1):100. https://doi.org/10.1186/s13104-018-3175-2 PMID:
29409524

Kudah C, Sovoe S, Baiden F. Parasitic contamination of commonly consumed vegetables in two markets in Ghana. Ghana Med J. 2018;52(2):88—
93. https://doi.org/10.4314/gmj.v52i2.5 PMID: 30662081

Dardona Z, Al Hindi A, Hafidi M, Boumezzough A, Boussaa S. Occurrence of Toxoplasma gondii on Raw Leafy Vegetables in Gaza, Palestine. J
Food Prot. 2021;84(2):255-61. https://doi.org/10.4315/JFP-20-160 PMID: 33513256

Berrouch S, Escotte-Binet S, Amraouza Y, Flori P, Aubert D, Villena |, et al. Cryptosporidium spp., Giardia duodenalis and Toxoplasma gondii
detection in fresh vegetables consumed in Marrakech, Morocco. Afr Health Sci. 2020;20(4):1669—1678. https://doi.org/10.4314/ahs.v20i4.19 PMID:
34394227

Lalonde LF, Gajadhar AA. Detection of Cyclospora cayetanensis, Cryptosporidium spp., and Toxoplasma gondii on imported leafy green vegeta-
bles in Canadian survey. Food and Waterborne Parasitology. 2016;2:8—14. https://doi.org/10.1016/j.fawpar.2016.01.001

Schar F, Trostdorf U, Giardina F, Khieu V, Muth S, Marti H, et al. Strongyloides stercoralis: Global Distribution and Risk Factors. PLoS Negl Trop
Dis. 2013;7(7):e2288. https://doi.org/10.1371/journal.pntd.0002288 PMID: 23875033

Tefera T, Biruksew A, Mekonnen Z, Eshetu T. Parasitic Contamination of Fruits and Vegetables Collected from Selected Local Markets of Jimma
Town, Southwest Ethiopia. Int Sch Res Notices. 2014;2014:382715. https://doi.org/10.1155/2014/382715 PMID: 27355069

Thomas D, Jeyathilakan N. Detection of Toxocara eggs in contaminated soil from various public places of Chennai city and detailed correlation with
literature. J Parasit Dis. 2014;38(2):174—80. https://doi.org/10.1007/s12639-012-0217-x PMID: 24808647

PLOS One | https://doi.org/10.1371/journal.pone.0321853  April 29, 2025 13/14



https://doi.org/10.21315/tlsr2017.28.1.2
http://www.ncbi.nlm.nih.gov/pubmed/28228914
https://doi.org/10.1016/j.vetpar.2009.03.024
http://www.ncbi.nlm.nih.gov/pubmed/19375233
https://doi.org/10.1186/s12889-017-4486-2
https://doi.org/10.1186/s12889-017-4486-2
http://www.ncbi.nlm.nih.gov/pubmed/28599633
https://doi.org/10.1016/j.foodcont.2009.11.005
https://doi.org/10.1016/j.foodcont.2011.12.004
https://doi.org/10.1016/j.foodcont.2011.12.004
https://doi.org/10.1371/journal.pntd.0006153
https://doi.org/10.1371/journal.pntd.0006153
http://www.ncbi.nlm.nih.gov/pubmed/29346440
https://apps.who.int/iris/bitstream/handle/10665/199350/?sequence=1
https://doi.org/10.1016/j.parepi.2019.e00119
http://www.ncbi.nlm.nih.gov/pubmed/31872089
https://doi.org/10.1016/j.ajme.2012.05.005
https://doi.org/10.1016/j.ajme.2012.05.005
https://doi.org/10.1186/s13104-018-3175-2
http://www.ncbi.nlm.nih.gov/pubmed/29409524
https://doi.org/10.4314/gmj.v52i2.5
http://www.ncbi.nlm.nih.gov/pubmed/30662081
https://doi.org/10.4315/JFP-20-160
http://www.ncbi.nlm.nih.gov/pubmed/33513256
https://doi.org/10.4314/ahs.v20i4.19
http://www.ncbi.nlm.nih.gov/pubmed/34394227
https://doi.org/10.1016/j.fawpar.2016.01.001
https://doi.org/10.1371/journal.pntd.0002288
http://www.ncbi.nlm.nih.gov/pubmed/23875033
https://doi.org/10.1155/2014/382715
http://www.ncbi.nlm.nih.gov/pubmed/27355069
https://doi.org/10.1007/s12639-012-0217-x
http://www.ncbi.nlm.nih.gov/pubmed/24808647

PLO\Sﬁ\\.- One

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

Fallah AA, Pirali-Kheirabadi K, Shirvani F, Saei-Dehkordi SS. Prevalence of parasitic contamination in vegetables used for raw consumption in
Shahrekord, Iran: influence of season and washing procedure. Food Control. 2012;25(2):617-20.

Faisal ACM. Helminthiasis in livestock and poultry in Sri Lanka: a Review of literature. Sri Lanka Veterinary Journal. 1995;42(2):1-8.

Amarasinghe LD, Kumara HL. Effect of rainfall and temperature on liver and rumen fluke infestations of bovines in Sri Lanka. Int J Biol Chem Sci.
2007;1(3): 229-36.

Amarasinghe LD, Maduranga T. Intensity and dispersal of rumen flukes of cattle in selected areas of Sri Lanka. Journal of Global Biosciences.
2016;5(1):3500-12.

Gunathilaka N, Niroshana D, Amarasinghe D, Udayanga L. Prevalence of Gastrointestinal Parasitic Infections and Assessment of Deworming
Program among Cattle and Buffaloes in Gampaha District, Sri Lanka. Biomed Res Int. 2018:3048373.

Hajipour N, Mirshekar F, Hajibemani A, Ghorani M. Prevalence and risk factors associated with amphistome parasites in cattle in Iran. Vet Med Sci.
2021;7(1):105—11. https://doi.org/10.1002/vms3.330 PMID: 32767552

Ralph A, O’Sullivan MV, Sangster NC, Walker JC. Abdominal pain and eosinophilia in suburban goat keepers—trichostrongylosis. Med J Aust.
2006;184(9):467-9. https://doi.org/10.5694/j.1326-5377.2006.tb00455.x PMID: 16646749

el-Shazly AM, el-Nahas HA, Soliman M, Sultan DM, Abedl Tawab AH, Morsy TA. The reflection of control programs of parasitic diseases upon
gastrointestinal helminthiasis in Dakahlia Governorate, Egypt. J Egypt Soc Parasitol. 2006;36(2):467—80. PMID: 16927862

Ebrahimzadeh A, Jamshidi A, Mohammadi S. The Parasitic Contamination of Raw Vegetables Consumed in Zahedan, Iran. Health Scope.
2013;1(4):205-9. https://doi.org/10.17795/jhealthscope-8209

Jansen F, Dorny P, Gabriél S, Dermauw V, Johansen MV, Trevisan C. The survival and dispersal of Taenia eggs in the environment: what are the
implications for transmission? A systematic review. Parasit Vectors. 2021;14(1):88. https://doi.org/10.1186/s13071-021-04589-6 PMID: 33514421

Eom KS. What is Asian Taenia? Parasitol Int. 2006;55(Suppl):S137—41.

Daryani A, Ettehad GH, Sharif M, Ghorbani L, Ziaei H. Prevalence of intestinal parasites in vegetables consumed in Ardabil, Iran. Food Control.
2008;19:790—4.

PLOS One | https://doi.org/10.1371/journal.pone.0321853  April 29, 2025 14714



https://doi.org/10.1002/vms3.330
http://www.ncbi.nlm.nih.gov/pubmed/32767552
https://doi.org/10.5694/j.1326-5377.2006.tb00455.x
http://www.ncbi.nlm.nih.gov/pubmed/16646749
http://www.ncbi.nlm.nih.gov/pubmed/16927862
https://doi.org/10.17795/jhealthscope-8209
https://doi.org/10.1186/s13071-021-04589-6
http://www.ncbi.nlm.nih.gov/pubmed/33514421

