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Abstract

Background

Taeniasis and cysticercosis are parasitic infections caused by Taenia spp., mainly transmit-

ted through the consumption of undercooked pork. Prevention requires increasing knowl-

edge and awareness, improving meat inspection and hygiene, and promoting safe food

handling and sanitation. The aim of this study was to evaluate the knowledge and practice

(KP) of residents in Pak Chong District, Nakhon Ratchasima, Thailand, regarding taeniasis

and cysticercosis.

Methods

A cross-sectional study was conducted in Pak Chong District, Nakhon Ratchasima, Thai-

land, and its 11 subdistrict municipalities. Study participants were selected using a stratified

random sampling design. A validated questionnaire (Cronbach’s alpha = 0.70) was used to

collect socio-demographic information and assess knowledge and practices related to taeni-

asis and cysticercosis. Descriptive statistics and multiple linear regression were used for the

analysis.

Results

Of the 360 survey respondents, 65.0% (n = 234) were women, 82.2% (n = 296) were aged

under 60 years, 99.2% (n = 357) identified as Buddhist, 87.5% (n = 315) had less than a

bachelor’s degree education level, 54.2% (n = 195) had monthly family income�10,000

Thai baht, 10.6% (n = 38) were unemployed, and 26.1% (n = 93) lived in a town municipality.

The survey revealed that 98.3% (n = 354) of participants were categorized as having less

accurate knowledge and 83.6% (n = 301) were classified as more frequently engaging in

correct prevention practices. Our study revealed that pig farmers (1.7%) occasionally per-

mitted the pigs to forage freely. The results of multiple linear regression analysis revealed
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that knowledge scores were positively associated with household income�10,000 Thai

baht (βadj = 1.50, 95% confidence interval [CI] 0.65 to 2.36). Practice scores were negatively

associated with age over 60 years (βadj = −1.77, 95% CI −3.14 to −0.40) and living in a sub-

district municipality (βadj = −2.58, 95% CI −3.77 to −1.39). There was no association

between KP regarding taeniasis and cysticercosis in the population of Pak Chong.

Conclusions

Overall, participants’ knowledge was lacking. Public education interventions are recom-

mended to improve knowledge among residents with low socioeconomic status. These find-

ings can inform the development of targeted interventions and educational programs in Pak

Chong District, especially among elderly people in subdistrict municipalities, to improve

practices for the prevention and control of these parasitic infections.

Introduction

Taeniasis is a parasitic infection caused by ingestion of undercooked pork contaminated with

the tapeworm Taenia solium. Taeniasis poses a serious risk, leading to cysticercosis in individ-

uals carrying the tapeworm and their close contacts [1]. Cysticercosis occurs when humans

accidentally ingest Taenia eggs, causing tissue infection with the larval stage, Cysticercus cellu-
losae. T. solium cysticercosis is one of the most lethal parasitic diseases and the most important

foodborne parasite, causing substantial health and economic burdens globally [2]. Both

humans and pigs acquire cysticercosis through ingestion of T. solium eggs via the fecal-oral

route [3]. Upon ingestion, the covering of the eggs is digested in the stomach, hatching the lar-

val form (C. cellulosae). These larvae have the ability to penetrate the mucosal lining and enter

both blood vessels and the lymphatic system and to disseminate throughout various tissues in

the body, with a particular preference for the brain, muscle, skin, liver, lungs, and heart [4].

Pigs become infected when they are raised in unsanitary environments where they can access

human feces [5].

These parasitic infections are serious public health concerns in endemic areas, especially in

many developing countries, and have a detrimental effect on the well-being of millions of peo-

ple worldwide. The World Health Organization recognizes taeniasis as one of the neglected

tropical diseases that disproportionately affect impoverished populations worldwide [6, 7].

Endemic to various developing countries where pigs are raised as a food source, taeniasis and

cysticercosis caused by T. solium are prevalent [8, 9]. In remote border communities where

there is a prevalent lack of proper hygiene standards, people often engage in the common prac-

tice of consuming raw or partially raw dishes or vegetables and unwashed fruits, thereby

exposing themselves to the risk of foodborne parasitic infections [10]. In Thailand, particularly

along the Thailand–Myanmar border, taeniasis continues to be a common medical concern

[11]. Recently, studies were conducted between 2011 and 2013 in three villages of Tha Song

Yang District in Tak Province, located in northern Thailand. This province is situated along

the Moei River, serving as a border between Thailand and Myanmar. During the study, a total

of 983 fecal samples were examined using the Kato thick smear technique. The results revealed

a prevalence of Taenia species eggs, with approximately 2.8% (28 out of 983) of the samples

testing positive for these eggs [7]. In 2011, a study was conducted in three provinces of Thai-

land, namely, Nan in the north, and Ubon Ratchathani and Khon Kaen in the northeast,
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aiming to diagnose taeniasis and other helminthic infections through microscopic stool exami-

nations. The study yielded notable results, indicating the presence of Taenia eggs in 2% of the

samples from Nan, 3.7% from Ubon Ratchathani, and 0.9% from Khon Kaen [12]. In the pres-

ent study area, Nakhon Ratchasima province in Northeast Thailand, a total of 199 fecal sam-

ples were tested for intestinal parasite eggs using the Mini Parasep SF fecal parasite

concentrator during August to October 2015. Of all samples examined, 10 (5.03%) were posi-

tive for intestinal parasites including Opisthorchis viverrini (2.01%), followed by Strongyloides
stercoralis (1.51%), hookworm (0.5%), and Entamoeba coli (0.5%); 1 of 199 samples (0.5%)

were positive for Taenia spp. [13]. Intestinal helminthiases were screened using the Kato thick

smear technique in the same area. A total of 209 stool samples were collected from people in

Wang Sai subdistrict of Pak Chong district (May 2012) and Tanod subdistrict (July 2013) of

Mueang Nakhon Ratchasima, Thailand. The results revealed that participants were infected

with intestinal helminths, predominantly hookworm (4.31%, 9/209) followed by S. stercoralis
(1.44%, 2/209) and Taenia spp. (0.48%, 1/209) [14]. Preventing the spread of these diseases

within communities is challenging, emphasizing the importance of community-level control

measures for cysticercosis [15, 16]. Although these diseases are preventable and treatable, con-

trol of taeniasis and cysticercosis requires a comprehensive understanding of their epidemiol-

ogy, transmission, and prevention.

Human cases of taeniasis and cysticercosis are often linked to various factors, including

consuming undercooked or raw pork infested with T. solium cysticerci; open defecation; hav-

ing free-foraging pigs at home; use of sewage sludge as fertilizer on pastures; and use of open

water sources such as rivers, streams, wells, and lakes without proper boiling or decontamina-

tion measures [7, 17, 18]. Additionally, the lack of knowledge about porcine and human cysti-

cercosis [19–21], along with poor practices such as raw meat consumption, backyard

slaughter, and poorly maintained latrines that allow pigs access to human feces, can lead to

human ingestion of T. solium eggs [22, 23]. Moreover, free-roaming pigs, lack of meat inspec-

tion, lack of disease knowledge, and sewage spillage are associated with the epidemiology of

taeniasis and neurocysticercosis [20].

In developing countries, several approaches have been attempted to control taeniasis/cysti-

cercosis, emphasizing the crucial role of community awareness in disease control and eventual

eradication. These include mass treatment for both humans and pigs to reduce taeniasis, the

promotion of proper sanitation practices to minimize open-field defecation, meat inspection

procedures at slaughterhouses, and health education initiatives [24]. The identification and

treatment of individuals carrying the Taenia parasite play a crucial role in controlling the dis-

ease. This can be achieved through mass treatment programs or targeted health education

campaigns that encourage individuals to self-report as Taenia carriers, followed by appropriate

treatment [24]. Because the transmission of taeniasis and neurocysticercosis is influenced by

various behavioral factors, health education plays an important role in reducing the spread of

these conditions. Health education has been demonstrated to effectively reduce porcine cysti-

cercosis and improve pig-rearing practices [25, 26].

Only a few studies have determined the knowledge, attitudes, and practices (KAP) related

to T. solium cysticercosis and taeniasis. One study conducted in Tanzania revealed that partici-

pants had a good level of knowledge about porcine cysticercosis, but the practices of most par-

ticipants were found to be inappropriate [27]. Another study conducted in a south Indian

community revealed a significant lack of knowledge regarding the spread of taeniasis and neu-

rocysticercosis. Furthermore, there was a noticeable absence of appropriate hygiene and sani-

tation practices [28]. In Ethiopia, the predicted proportion of self-reported taeniasis was

moderately high, indicating a substantially high level of knowledge and positive attitudes;
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however, practices were found to be inferior [22]. Comprehensive evaluation of such knowl-

edge and practice (KP) in the context of Thailand in lacking.

The aim of this study was to evaluate the KP of residents in Pak Chong District, Nakhon

Ratchasima, Thailand, regarding taeniasis and cysticercosis. By investigating the KP of the tar-

get population, we sought to gain insight into the current causes of these diseases. Additionally,

we aimed to identify the risk factors, including demographic characteristics, associated with

KP concerning taeniasis and cysticercosis in town and subdistrict municipality areas of Pak

Chong District.

Methods

Setting

This study was conducted in Pak Chong, Nakhon Ratchasima, located in Northeast Thailand,

comprising individuals of Thai nationality whose names were registered in the household reg-

istry (123,382 participants, 49.69% men) including Town municipality and Subdistrict munici-

palities. Pak Chong Subdistrict (Town municipality), situated in Pak Chong District, Nakhon

Ratchasima Province, is the principal subdistrict, encompassing a vast area. Its populace pre-

dominantly engages in agricultural pursuits, cultivating various crops and engaging in live-

stock farming, particularly poultry, swine, and dairy cattle, with sizable hatcheries dotting

primary commercial and industrial zones. These establishments predominantly cluster within

the downtown vicinity, constituting a commercial hub. An efficient transportation network,

comprising automobiles, railways, and highways, facilitates seamless connectivity. Pak Chong

District is a major tourist destination in Thailand’s northeastern region. Other subdistricts

(Subdistrict municipalities) within Pak Chong District lag behind Pak Chong District in terms

of development and public utility accessibility. Some regions remain isolated, lacking access to

electricity and clean water systems for domestic consumption. In the general community,

79,136 individuals are aged 18–60 years. The prevalence of infection with Taenia spp. is 0.48%

(1/209) and 0.5% (1/199) [13, 14]. A total of 8064 individuals are pig farmers, with an overall

pig population of 358,042, according to the Information Technology and Communication

Centre.

Data collection and participants

We conducted a cross-sectional survey in March 2023 among Thai people aged 18–60 years.

We sought cooperation from the Pak Chong District Public Health Office in advance. Our

request involved engaging village health volunteers (VHVs) to act as representatives for col-

lecting questionnaire data from residents in the area. We obtained the collaboration of 30

VHVs, who were trained by research staff between March 20 and March 24, 2023 in the ques-

tionnaire collection process, review procedures, and establishing return protocols before

approaching respondents. Once all 30 VHVs were competent in the questionnaire collection

methods, they were dispatched to their respective areas of responsibility to randomly select

participants, following the suggested criteria for questionnaire respondents. After ensuring the

accuracy of participant selection, VHVs returned the questionnaires to the researchers the fol-

lowing day (between March 30 and March 31, 2023). Subsequently, we meticulously reviewed

the questionnaires for accuracy and completeness. If any irregularities or errors were detected,

we engaged with the responsible VHVs to correct or verify the data accordingly. The sample

size was calculated using an infinite population proportion formula, n = Z2p(1-p)/d2, with esti-

mated knowledge level 85% [27], 4% precision (d), and a 95% confidence level. Therefore, the

minimum calculated sample size was 307. Considering a 25% non-response rate, the maxi-

mum calculated sample size was approximately 385. The response rate was calculated by
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dividing the number of people returning the questionnaire by the total number of people with

access to the questionnaire, i.e., 360 out of 385 completed and returned the questionnaire,

which is greater than the minimum calculated sample size, giving a 93.5% response rate. The

sample sizes for each subdistrict, based on stratified random sampling using the proportion

allocation method according to the population distribution, were as follows: one town munici-

pality with rapid urbanization, including Pak Chong subdistrict: 26.1%; 11 subdistrict munici-

palities where poverty and poor sanitation are twice as prevalent in rural areas, including

Klang Dong subdistrict: 7.2%, Chan Thuek subdistrict: 8.9%, Wang Katha subdistrict: 2.8%,

Mu Si subdistrict: 6.7%, Nong Sarai subdistrict: 16.7%, Kha Nong Phra subdistrict: 7.2%, Pong

Talong subdistrict: 2.5%, Khlong Muang subdistrict: 5.8%, Nong Nam Daeng subdistrict:

5.6%, Wang Sai subdistrict: 6.4%, and Phaya Yen subdistrict: 4.2%.

In each subdistrict, 385 individuals were randomly selected and a single questionnaire was

administered individually. Residents of communities in Pak Chong District and pig farmers

were included in the survey. Responses to individual questions were analyzed and a score was

calculated for each respondent based on the questionnaire. Average scores were calculated for

the general community. All participants in this study provided their written informed consent.

A total of 360 survey participants met the inclusion criteria. The data was collected in a private

condition and kept confidential.

Measures

The questionnaire included informed consent and questions regarding sociodemographic

characteristics and KP.

Sociodemographic variables included working age (18–30, 31–45, and 46–59 years) and

older age (�60 years), sex, marital status, income, education, occupation, province of resi-

dence, source of consumed water, pig farming system, source of pigs raised on the farm, source

of pig feed, source of water, purpose of pig farming, and presence of a slaughterhouse.

KP was assessed regarding taeniasis and cysticercosis using 22 questions for knowledge and

13 questions for practices (the first question addressing practices was not included in the total

score). Knowledge questions had possible responses of “Yes,” “No,” and “Don’t know.” Cor-

rect answers (Yes) were coded as 1 point whereas wrong answers (No/Don’t know) were

coded as 0 points. The level of KP was categorized using modified Bloom’s cutoff of 80%, indi-

cating more accurate knowledge and more frequent correct practices [29]. Total scores for

knowledge were classified into two categories: “Less accurate” (scores of 0–17 points) and

“More accurate” (scores of 18–22 points). Practices were measured using positive and negative

questions. Positive questions were measured on a 5-point Likert scale, as follows: “Always” (5

points), “Very often” (4 points), “Sometimes” (3 points), “Rarely” (2 points), and “Never” (1

point). Negative questions were also measured on a 5-point Likert scale, as follows: “Always”

(1 point), “Very often” (2 points), “Sometimes” (3 points), “Rarely” (4 points), and “Never” (5

points). Total scores for practices were classified into two categories: “Less frequent” (scores of

12–47 points) and “More frequent” (scores of 48–60 points).

To enhance the scientific rigor of this research, we adopted and modified several previous

processes commonly used in questionnaire methods, according to previous studies [20, 28,

30], including translation and back translation, peer and expert review, and piloting. Initially,

a questionnaire was developed and subsequently sent to three academic experts with expertise

in parasitology, epidemiology, public health, and medical practices related to taeniasis and cys-

ticercosis. To ensure the validity of each question, we used the index of item objective congru-

ence with a cutoff value of�0.5. Following the completion of content validity assessment, we

conducted a pilot test involving 30 individuals to ascertain reliability of the questionnaire,
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which was assessed using coefficient analysis. Specifically, Cronbach’s alpha coefficients were

calculated for KP, resulting in values of 0.77 and 0.72, respectively.

Statistical analysis

Data analysis was performed using Microsoft Excel (Microsoft Corporation, Redmond, WA,

USA) for editing, sorting, and coding. A complete Excel file was then imported into IBM SPSS

software version 27 for data analysis (IBM Corp., Armonk, NY, USA). The study population

characteristics were described using descriptive statistics such as frequency, percentage, mean,

and standard deviation. The general personal information of the sample group included vari-

ables such as sex, religion, education level, occupation, and source of consumed water. These

variables were analyzed using frequency and percentage for categorical variables; continuous

variables such as age, income, knowledge scores, and practice scores related to taeniasis and

cysticercosis are presented as mean and standard deviation.

Univariate analyses, including independent samples t-tests and chi-squared tests, were con-

ducted to explore the association between dependent and independent variables. In the present

study, we used various statistical tests to compare differences among personal factors for vari-

ables with a normal distribution. Independent samples t-tests were used for variables with two

groups, and one-way analysis of variance was used for variables with more than two groups.

The statistical significance level used for hypothesis testing was set at 0.05. Pearson’s correla-

tion analysis was applied to examine the relationship between respondents’ KP. Linear regres-

sion analysis was conducted to explore the factors that could affect practices related to

taeniasis and cysticercosis. Only variables showing a statistically significant association with

the dependent variable (p<0.05) in the univariate analyses were considered in the multiple lin-

ear regression model, which was conducted with 95% confidence intervals (CIs). The linearity

assumption was evaluated by analyzing the residuals.

Ethical statement

The studies involving human participants were reviewed and approved by the Human

Research Ethics Committee Chulabhorn Research Institute. Formal ethics approval was

granted on 27 January 2023 (Project Code: EC 001/2565), and it conformed to the ethics

guidelines of the Declaration of Helsinki. Written informed consent was obtained from all par-

ticipants and if the subjects are illiterate, informed consent was obtained from legal representa-

tive. This study is reported in compliance with the STROBE statement.

Results

Demographic characteristics

In total, 360 participants were enrolled in the questionnaire survey. Among interviewed partici-

pants, 26.1% were residents of the town municipality (Pak Chong) and 73.9% were from the 11

subdistrict municipalities (Table 1). The mean participant age was 46.95±13.31 years. The mean

age of residents in the town municipality was not significantly different from the age of partici-

pants from subdistrict municipalities (p = 0.153), and most (65.0%) were women (60.6% for the

town municipality and 66.5% for subdistrict municipalities, with no significant difference,

p = 0.302). Among respondents, 99.2% were Buddhist (98.9% for town municipality and 99.2%

for subdistrict municipalities, with no significant difference, p = 0.781). Respondents’ education

levels ranged from no education (1.7%, 0.0% for town municipality and 2.3% for subdistrict

municipalities) to bachelor’s degree (10.8%, 7.4% for town municipality and 12.0% for subdis-

trict municipalities) with no significant difference (p = 0.065). Most participants (54.2%)
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reported an average monthly household income�10,000 Thai baht (THB); the average monthly

household income was much higher among residents in the town municipality (66.0%) than

among those from subdistrict municipalities (50.0%) (p = 0.008)). Of the total, 78.3% respon-

dents were government or non-government employees (75.5% for town municipality and 79.3%

for subdistrict municipalities, without significance, p = 0.390), 90.5% drank bottled or container-

ized drinking water (75.5% for town municipality and 79.3% for subdistrict municipalities, with-

out significance, p = 0.209), only 1.7% worked on a pig farm (0.0% for town municipality and

2.3% for subdistrict municipalities, without significance, p = 0.346), 98.3% had less accurate

knowledge (96.8% for town municipality and 98.9% for subdistrict municipalities, without sig-

nificance, p = 0.186), and 83.6% more frequently engaged in correct practices (92.6% for town

municipality and 80.5% for subdistrict municipalities, with significance, p = 0.006) (Table 1).

Table 1. Demographic characteristics of participants (N = 360).

Variables Town municipality n (%) (N = 94) Subdistrict municipalities n (%) (N = 266) Total n (%) (N = 360) p-value

Sex

Female 57 (60.6) 177 (66.5) 234 (65.0) 0.302

Male 37 (37.4) 89 (33.5) 126 (35.0)

Age (years)

18–30 9 (9.6) 45 (16.9) 54 (15.0) 0.153

31–45 28 (29.8) 66 (24.8) 94 (26.1)

46–59 44 (46.8) 104 (39.1) 148 (41.1)

�60 13 (13.8) 51 (19.2) 64 (17.8)

Religious affiliation

Buddhist 93 (98.9) 264 (99.2) 357 (99.2) 0.781

Other 1 (1.1) 2 (0.8) 3 (0.8)

Education level

No education 0 (0.0) 6 (2.3) 6 (1.7) 0.065

Less than bachelor’s degree 87 (92.6) 228 (85.7) 315 (87.5)

Bachelor’s degree 7 (7.4) 32 (12.0) 39 (10.8)

Average household monthly income (THB)

<10,000 32 (34.0) 133 (50.0) 165 (45.8) 0.008

�10,000 62 (66.0) 133 (50.0) 195 (54.2)

Occupation

Unemployed 9 (9.6) 29 (10.9) 38 (10.6) 0.390

Farmer 14 (14.9) 26 (9.8) 40 (11.1)

Government or non-government employee 71 (75.5) 211 (79.3) 282 (78.3)

Drinking water source

Bottled or containerized drinking water 91 (96.8) 251 (94.4) 342 (95.0) 0.209

Purified water 3 (3.2) 10 (3.8) 13 (3.6)

Natural water 0 (0.0) 5 (1.9) 5 (1.4)

Working on pig farm

Yes 0 (0.0) 6 (2.3) 6 (1.7) 0.346

No 94 (100.0) 260 (97.7) 354 (98.3)

Knowledge level

More accurate 3 (3.2) 3 (1.1) 6 (1.7) 0.186

Less accurate 91 (96.8) 263 (98.9) 354 (98.3)

Practice level

More frequent 87 (92.6) 214 (80.5) 301 (83.6) 0.006

Less frequent 7 (7.4) 52 (19.5) 59 (16.4)

https://doi.org/10.1371/journal.pone.0307240.t001
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Characteristics of pig farming

Table 2 shows the characteristics of pig farming in Pak Chong, Nakhon Ratchasima, Thailand.

The six included farmers collectively had a total of two to eight pigs. All of the pigs were raised

in a closed-house system (Fig 1) and were sourced externally. Of the six farmers, five fed their

pigs with food for human consumption/natural feed. Additionally, all pigs consumed tap

water. Half of participants stated that their primary objective in pig farming was to sell the

pigs, and none had a slaughterhouse on their own premises.

Knowledge

Regarding knowledge about taeniasis and cysticercosis (Table 3), participants from the town

municipality more frequently correctly answered that taeniasis is a roundworm infection

(53.2%) than participants from subdistrict municipalities (33.8%) (p<0.001). Participants

residing in subdistrict municipalities provided more accurate responses (62.4%) regarding the

relationship between ingesting raw pork containing encapsulated cysts and the development

of mature pork tapeworms in the small intestine, compared with participants from the town

municipality (48.9%) (p = 0.023). Participants from the town municipality demonstrated a

higher level of accuracy (47.9%) in recognizing symptoms such as coughing, sneezing, and

nasal discharge in patients with taeniasis, as compared with participants from subdistrict

municipalities (34.2%) (p = 0.019). In terms of knowledge about prevention methods, 89.4% of

individuals in the town municipality and 78.9% of those from subdistrict municipalities knew

that taeniasis can be prevented by avoiding the consumption of raw pork (p = 0.025). Partici-

pants from the town municipality more often correctly answered that T. solium larvae can be

found in both pigs and humans (80.9%) than those from subdistrict municipalities (68.0%)

(p = 0.018). Few participants from the town municipality and subdistrict municipalities cor-

rectly answered that encysted larvae of T. solium can be found in the human small intestine

(20.2% and 7.5%, p<0.001). Participants from the town municipality more correctly answered

that taeniasis is treated solely by administering anthelmintic drugs (62.8%) compared with par-

ticipants from subdistrict municipalities (31.2%, p<0.001).

Practices

Regarding practices related to taeniasis and cysticercosis (Table 4), participants residing in the

town municipality exhibited a higher frequency of pork meat consumption (43.6%) than par-

ticipants from subdistrict municipalities (27.8%) (p<0.001). Conversely, participants from

Table 2. Characteristics of pig farming in Pak Chong, Nakhon Ratchasima, Thailand.

Farmer No.

pigs

Pig farming

system

Source of pigs raised on the

farm

Food source Water

source

Purpose of pig

farming

Slaughterhouse on

farm

1 2 Closed Outside Human consumption/natural

feed

Tap water For sale No

2 8 Closed Outside Human consumption/natural

feed

Tap water Consumption No

3 6 Closed Outside Human consumption/natural

feed

Tap water For sale No

4 2 Closed Outside Human consumption/natural

feed

Tap water Consumption No

5 2 Closed Outside Human consumption/natural

feed

Tap water For sale No

6 2 Closed Outside Delicatessen Tap water Other No

https://doi.org/10.1371/journal.pone.0307240.t002
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subdistrict municipalities reported a higher frequency of annual anthelmintic medication

intake (5.6%) than those from the town municipality (5.3%) (p = 0.007). Additionally, partici-

pants from the town municipality were more likely to wash vegetables and fruits with tap

water (88.3% in both groups) than participants from subdistrict municipalities (67.3% and

68.0%, respectively; p<0.001). Participants from subdistrict municipalities tended to wash veg-

etables and fruits with water from natural sources (5.3% in both groups) more frequently than

those from the town municipality (1.1% in both groups, p = 0.011 and 0.028, respectively).

Furthermore, participants from the town municipality demonstrated a higher frequency of

washing hands with clean water and soap after using the restroom and before handling food

(79.8% and 72.3%) compared with participants from subdistrict municipalities (54.5% and

48.1%, respectively; p<0.001). Additionally, participants from subdistrict municipalities had a

greater frequency of consuming water from natural sources, such as rivers (1.9%), compared

with participants from the town municipality (1.1%) (p = 0.028).

Table 5 presents the factors associated with knowledge (More accurate vs. Less accurate)

and practices (More frequent vs. Less frequent), respectively. There were no factors associated

with knowledge analyzed using the chi-square test. Among participants from the subdistrict

Fig 1. Pigpen construction.

https://doi.org/10.1371/journal.pone.0307240.g001
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municipality, 88.1% exhibited good practices less frequently and 71.1% exhibited good prac-

tices more frequently (p = 0.006). Among participants aged�60 years old, 30.5% had less fre-

quent good practices, compared with 15.3% who had more frequent good practices

(p = 0.037). However, there was no association between KP in each municipality.

Pearson’s correlation analysis indicated no significant relationships (p = 0.587) with KP (r

= −0.029). The results of univariate linear regression revealed that the mean knowledge score

was lower among participants living in subdistrict municipalities (β = −0.98, 95% CI −0.98 to

0.02) and those with lower education levels (below bachelor’s degree) (β = −1.43, 95% CI −2.67

to −1.30), holding all other variables constant (Table 6). The mean knowledge score was higher

among participants with household income�10,000 THB (β = 1.74, 95% CI 0.90 to 2.57).

Good practice scores were lower in participants aged�60 years (β = −1.95, 95% CI −3.45 to

−0.56) and those living in subdistrict municipalities (β = −2.68, 95% CI −3.88 to −1.48). More-

over, the results of multiple linear regression revealed that the mean knowledge score was

higher in participants with household income�10,000 THB (βadj = 1.50, 95% CI 0.65 to 2.36),

Table 3. Questionnaire responses regarding knowledge about taeniasis and cysticercosis in Pak Chong, Nakhon Ratchasima, Thailand.

Statement Residents in town

municipality (N = 94), n (%)

Residents in subdistrict

municipality (N = 266), n (%)

p-value

Correct

answer

Incorrect

answer

Correct

answer

Incorrect

answer

1. Taeniasis is a roundworm infection. 50 (53.2) 44 (46.8) 90 (33.8) 176 (66.2) <0.001

2. Taenia solium (pork tapeworm) inhabits the small intestine of humans. 39 (41.5) 55 (58.5) 132 (49.6) 134 (50.4) 0.175

3. Consumption of raw or undercooked pork is the main cause of taeniasis. 83 (88.3) 11 (11.7) 233 (87.6) 33 (12.4) 0.858

4. Consuming cooked pork can still lead to taeniasis. 44 (46.8) 50 (53.2) 135 (50.8) 131 (49.2) 0.511

5. Encysted larvae of T. solium can be found in pork meat, appearing as small white cysts,

containing encapsulated larvae.

63 (67.0) 31 (33.0) 175 (65.8) 91 (34.2) 0.828

6. Pork meat with encapsulated cysts can be safely consumed if cooked thoroughly before

consumption.

28 (29.8) 66 (70.2) 81 (30.5) 185 (69.5) 0.904

7. Ingesting raw pork containing encapsulated cysts can lead to the presence of mature pork

tapeworm in the small intestine.

46 (48.9) 48 (51.1) 166 (62.4) 100 (37.6) 0.023

8. Patients with taeniasis exhibit symptoms such as coughing, sneezing, and nasal discharge. 45 (47.9) 49 (52.1) 91 (34.2) 175 (65.8) 0.019

9. Taeniasis cannot be completely cured. 41 (43.6) 53 (56.4) 101 (38.0) 165 (62.0) 0.336

10. Free-range pig farming, (allowing pigs to forage naturally) increases the risk of pigs

acquiring T. solium larvae.

58 (61.7) 36 (38.3) 156 (58.6) 110 (41.4) 0.604

11. Taeniasis can be prevented by avoiding the consumption of raw pork. 84 (89.4) 10 (10.6) 210 (78.9) 56 (21.1) 0.025

12. Taeniasis can be prevented by inspecting the quality of meat at slaughterhouses. 37 (39.4) 57 (60.6) 89 (33.5) 177 (66.5) 0.302

13. T. solium larvae can encyst in human muscles, lungs, heart, and even the brain. 38 (40.4) 56 (59.6) 100 (37.6) 166 (62.4) 0.627

14. T. solium larvae can be found in both pigs and humans. 76 (80.9) 18 (19.1) 181 (68.0) 85 (32.0) 0.018

15. Ingestion of raw pork is the pathway through which humans acquire larval cysts of T.

solium.

7 (7.4) 87 (92.6) 22 (8.3) 244 (91.7) 0.801

16. Ingestion of food and water contaminated with T. solium eggs is another pathway through

which humans acquire T. solium larval cysts.

56 (59.6) 38 (40.4) 160 (60.2) 106 (39.8) 0.922

17. Encysted larvae of T. solium can be found in the human small intestine. 19 (20.2) 75 (79.8) 20 (7.5) 246 (92.5) <0.001

18. Patients harboring T. solium larvae in their bodies primarily exhibit gastrointestinal

symptoms.

17 (18.1) 77 (81.9) 40 (15.0) 226 (85.0) 0.487

19. Patients with T. solium larvae in the brain may experience headaches and seizures, and

this can be fatal.

40 (42.6) 54 (57.4) 102 (38.3) 164 (61.7) 0.473

20. Preventing taeniasis can be achieved by washing vegetables and fruits before

consumption, as well as drinking clean water.

72 (76.6) 22 (23.4) 206 (77.4) 60 (22.6) 0.866

21. Taeniasis is treated solely by administering anthelmintic drugs. 59 (62.8) 35 (37.2) 83 (31.2) 183 (68.8) <0.001

22. Taeniasis can cause epileptic seizures. 18 (19.1) 76 (80.9) 53 (19.9) 213 (80.1) 0.871

https://doi.org/10.1371/journal.pone.0307240.t003
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keeping all other variables constant (Table 6). Good practice scores were lower among partici-

pants aged�60 years (βadj = −1.77, 95% CI −3.14 to −0.40) and those living in subdistrict

municipalities (βadj = −2.58, 95% CI −3.77 to −1.39). However, we found no association with

KP regarding taeniasis and cysticercosis among the population of Pak Chong.

Discussion

Taeniasis is recognized as a serious public health issue in many Southeast Asian countries,

including Cambodia, Indonesia, Japan, Laos, Malaysia, Nepal, Thailand, the Philippines,

China, and Vietnam [31]. The disease carries a zoonotic risk as it can lead to cysticercosis in

infected individuals. The primary mode of transmission for T. solium is through the consump-

tion of raw or undercooked pork. In this study, we aimed to assess KP related to taeniasis and

cysticercosis in the Nakhon Ratchasima province of Northeast Thailand, an area with an infec-

tion rate of Taenia spp. ranging from 0.48% to 0.5% [13, 14]. In Ubon Ratchathani province,

also in Northeast Thailand, a higher prevalence of 3.7% was observed among 296 individuals

[32]. Waikagul et al. (2006) reported a high prevalence of 5.9% among 1450 residents of 30 vil-

lages in the north of Thailand, as well as a prevalence of 2.8% among 1233 stool samples from

19 provinces in Northeast Thailand [33]. These findings support the higher incidence of taeni-

asis in northern and northeastern regions of the country, where the consumption of raw or

undercooked meat is prevalent, contributing to the relatively high prevalence of this disease

among residents of those areas [32]. In this study, 11.7% of participants reported consuming

raw or undercooked meat with a frequency of sometimes to always.

This study employed a quantitative approach, specifically a survey on participants’ KP, to

evaluate their level of KP regarding taeniasis and cysticercosis within a specific population at

risk owing to their eating habits and cultural practices. The survey sample comprised a greater

Table 4. Frequency distribution of practices regarding taeniasis and cysticercosis in Pak Chong, Nakhon Ratchasima, Thailand.

Statement Residents in town municipality

(N = 94), n (%)

Residents in subdistrict municipalities

(N = 266), n (%)

Total (N = 360), n

(%)

p-value

1. Always consume pork meat 41 (43.6) 74 (27.8) 115 (31.9) 0.005

2. Always cook pork meat properly before consuming

it

83 (88.3) 231 (86.8) 314 (87.2) 0.108

3. Always consume pork meat that contains larval

cysts of T. solium
4 (4.3) 2 (0.8) 6 (1.7) 0.275

4. Always examine the appearance of pork meat

before preparing it

67 (71.3) 161 (60.5) 228 (63.3) 0.083

5. Always take anthelmintic medication annually 5 (5.3) 15 (5.6) 20 (5.6) 0.007

6. Always defecate in open areas, such as bodies of

water, soil, or pit latrines

2 (2.1) 3 (1.1) 5 (1.4) 0.063

7. Always wash vegetables with tap water 83 (88.3) 179 (67.3) 262 (72.8) <0.001

8. Always wash fruits with tap water 83 (88.3) 181 (68.0) 264 (73.3) <0.001

9. Always wash vegetables with water from natural

sources

1 (1.1) 14 (5.3) 15 (4.2) 0.011

10. Always wash fruits with water from natural

sources

1 (1.1) 14 (5.3) 15 (4.2) 0.028

11. Always wash hands with clean water and soap

after using the restroom

75 (79.8) 145 (54.5) 220 (61.1) <0.001

12. Always wash hands with clean water and soap

before handling food

68 (72.3) 128 (48.1) 196 (54.4) <0.001

13. Always drink water from natural sources, such as

rivers

1 (1.1) 5 (1.9) 6 (1.7) 0.028

https://doi.org/10.1371/journal.pone.0307240.t004

PLOS ONE Assessment of KP regarding taeniasis and cysticercosis in Thailand

PLOS ONE | https://doi.org/10.1371/journal.pone.0307240 July 15, 2024 11 / 20

https://doi.org/10.1371/journal.pone.0307240.t004
https://doi.org/10.1371/journal.pone.0307240


proportion of women (65%) than men (35%), similar to findings from a study by Ngowi et al.

(2017) in three provinces of Burkina Faso where 53.8% of participants were women [25]. This

sex distribution may be attributed to the involvement of women as both participants and vil-

lage health volunteers (VHVs) during the study period, with women traditionally engaged in

household activities while men worked outside the home. The mean age of participants was

46.95±13.31 years, but no significant correlations were found among sex, religion, and knowl-

edge levels. Furthermore, most participants (87.5%) had lower education levels, primarily a

primary education level, followed by a bachelor’s degree (10.8%) and no education (1.7%).

This suggests that the participants in Pak Chong district, who predominantly reside in rural

areas, face socioeconomic factors that necessitate terminating their education earlier so as to

enter the workforce, as compared with residents of urban areas who have easier access to edu-

cation. Notably, a greater level of knowledge was associated with a higher socioeconomic sta-

tus, consistent with a study by Rahman et al. (2021) in Thailand and Laos, which found a

significant association between participants’ knowledge of climate change and dengue and

their education level and socioeconomic status [34]. Although not statistically significant, the

general population below 60 years of age demonstrated higher levels of knowledge than those

above 60 years of age. This finding underscores the need for well-designed health education

initiatives targeting specific groups, particularly elderly people, focusing on topics such as

hygiene, sanitation, and treatment.

Table 5. Factors associated with knowledge and practices among study participants regarding taeniasis and cysticercosis in Pak Chong, Nakhon Ratchasima, Thai-

land (N = 360).

Variable Category Knowledge Practices

Less accurate n

(%)

More accurate n

(%)

p-

value

Less frequent n

(%)

More frequent n

(%)

p-

value

Area resident Town municipality 91 (25.7%) 3 (50%) 0.186 7 (11.9%) 87 (28.9%) 0.006

Subdistrict municipalities 263 (74.3%) 3 (50%) 52 (88.1%) 214 (71.1%)

Sex Female 232 (65.5%) 2 (33.3%) 0.189 40 (67.8%) 194 (64.5%) 0.622

Male 122 (34.5%) 4 (66.7%) 19 (32.2%) 107 (35.5%)

Age (years) 18–30 52 (14.7%) 2 (33.3%) 0.177 8 (13.6%) 46 (15.3%) 0.037

31–45 94 (26.6%) 0 (0.0%) 15 (25.4%) 79 (26.2%)

46–59 146 (41.2%) 2 (33.3%) 18 (30.5%) 130 (43.2%)

�60 62 (17.5%) 2 (33.3%) 18 (30.5%) 46 (15.3%)

Religion Buddhism 351 (99.2%) 6 (100.0%) 1.000 57 (96.6%) 300 (99.7%) 0.071

Other 3 (0.8%) 0 (0.0%) 2 (3.4%) 1 (0.3%)

Education level Uneducated 5 (1.4%) 1 (16.7%) 0.051 2 (3.4%) 4 (1.3%) 0.523

Lower (below bachelor’s degree) 312 (88.1%) 3 (50.0%) 51 (86.4%) 264 (87.7%)

Bachelor’s degree 37 (10.5%) 2 (33.3%) 6 (10.2%) 33 (11.0%)

Average monthly household

income (THB)

<10,000 161 (45.5%) 4 (66.7%) 0.419 26 (44.1%) 139 (46.2%) 0.766

�10,000 193 (54.5%) 2 (33.3%) 33 (55.9%) 162 (53.8%)

Occupation Unemployed 38 (10.7%) 0 (0.0%) 0.228 6 (10.2%) 32 (10.6%) 0.807

Farmer 40 (11.3%) 0 (0.0%) 8 (13.6%) 32 (10.6%)

Government and non-government

employee

276 (78.0%) 6 (100.0%) 45 (76.3%) 237 (78.7%)

Working on pig farm No 348 (98.3%) 6 (100.0%) 1.000 58 (98.3%) 296 (98.3%) 1.000

Yes 6 (1.7%) 0 (0.0%) 1 (1.7%) 5 (1.7%)

Knowledge level Less accurate - - - 59 (100.0%) 295 (98%) 0.595

More accurate 0 (0.0%) 6 (2.0%)

https://doi.org/10.1371/journal.pone.0307240.t005
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A small percentage (1.7%) of participants randomly selected in this study were identified as

pig farmers and used a smallholding pig production system for household consumption and

selling pigs to slaughterhouses. These pig farmers collectively owned a total of two to eight

pigs. Notably, five out of six pig farmers reported feeding their pigs with food for human con-

sumption or natural feed such as vegetable scraps, banana peels, and morning glory. This prac-

tice poses a potential risk of contamination with Taenia eggs because these feed sources can be

contaminated with feces containing the eggs of the parasite [35]. This finding aligns with those

of a study by Kusolsuk et al. (2021) in Tak province, Thailand, which identified risk factors for

infection with Taenia spp., including a history of raw or undercooked pork consumption,

open defecation, and free-foraging pigs in the home. Our study revealed that pig farmers occa-

sionally allowed their pigs to forage freely, which could increase the risk of pigs coming into

contact with Taenia eggs, which can be present in surface water. Additionally, the use of

Table 6. Univariate and multiple linear regression models for the relationship between KP scores and independent variables for taeniasis and cysticercosis in Pak

Chong, Nakhon Ratchasima, Thailand.

Variable Category Knowledge score Practice score

β 95% CI p-value βadj 95% CI p-value β 95% CI p-value βadj 95% CI p-value

Area resident Town municipality Ref Ref Ref Ref

Subdistrict municipalities −0.98 −1.94,

0.02

0.046 −0.82 −1.77,

1.42

0.095 −2.68 −3.88,

−1.48

<0.001 −2.58 −3.77,

1.39

<0.001

Sex Female Ref Ref

Male 0.05 −0.84,

0.94

0.916 −0.49 −1.62,

0.64

0.398

Age (years) <60 Ref Ref Ref

�60 0.70 −0.41,

1.81

0.214 −1.95 −3.35,

−0.56

0.006 −1.77 −3.14,

−0.40

0.011

Religion Buddhism Ref Ref

Other 0.88 −3.78,

5.54

0.711 −0.49 −10.59,

1.24

0.121

Education level Uneducated Ref Ref Ref

Lower (below bachelor’s

degree)

−1.43 −2.67,

−1.30

0.031 −1.09 −2.37,

1.81

0.092 0.35 −1.28,

1.98

0.671

Bachelor’s degree 1.32 −0.03,

2.68

0.056 0.26 −1.48,

1.99

0.770

Average monthly

household income

(THB)

<10,000 Ref Ref Ref

�10,000 1.74 0.90,

2.57

<0.001 1.50 0.65,

2.36

<0.001 −0.18 −1.26,

0.90

0.743

Occupation Unemployed Ref Ref

Farmer −0.39 −1.75,

0.95

0.563 −0.29 −2.01,

1.43

0.739

Government and non-

government employee

0.36 −0.67,

1.39

0.492 0.67 −0.67,

1.98

0.313

Working on pig farm No Ref Ref

Yes −2.84 −6.14,

0.46

0.091 1.21 −3.00,

5.43

0.572

Knowledge level Less accurate - - - Ref

More accurate - - - 4.09 −0.10,

8.29

0.056

CI, confidence interval.

https://doi.org/10.1371/journal.pone.0307240.t006
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sewage sludge as fertilizer on pastures has been identified as an important risk factor for cysti-

cercosis [7]. This is consistent with the findings of Jansen et al. (2021), who conducted a sys-

tematic review on the survival and dispersal of Taenia eggs in the environment [36]. Similarly,

Boone et al. (2007) reported that factors such as flooding of pastures, free access of cattle to

surface water, and proximity to wastewater effluent, were associated with bovine cysticercosis

in Belgian dairy and mixed herds [37]. A small proportion (1.4%) of our participants reported

engaging in open defecation practices, such as in bodies of water, soil, or pit latrines, which

could decrease the risk of egg dissemination into water and the environment.

In terms of knowledge, the survey results indicated that, on average, 98.3% of the popula-

tion in Pak Chong district had lower knowledge levels regarding taeniasis and cysticercosis.

This can be attributed to factors such as participants’ low level of education, cultural beliefs,

and limited access to information. Similar findings were observed in a study conducted in Bur-

kina Faso, where participants who had heard about cysticercosis were found to have better

knowledge about the disease [38]. A lack of knowledge about the epidemiology of porcine and

human cysticercosis contributes to behaviors that facilitate the transmission and maintenance

of T. solium infections [19, 21]. However, we noted that the general population residing in the

town municipality had a better understanding of taeniasis infection, including the morphology

of T. solium, its symptoms, and the presence of T. solium larvae in both pigs and humans.

These participants also had a greater awareness of the existence of cysts in patients compared

with the general population residing in subdistrict municipalities. Conversely, individuals

residing in subdistrict municipalities exhibited a better understanding of the causes of taenia-

sis, in comparison with those in town municipalities. Both groups recognized the importance

of preventing taeniasis by avoiding the consumption of raw pork. However, specific knowledge

related to the transmission and cause of cysticercosis was lacking among individuals in both

groups.

Furthermore, higher knowledge levels were correlated with higher monthly family income.

Approximately 54.2% of participants had an average household monthly income of 10,000

THB and above. Among these participants, most resided in the town municipality versus sub-

district municipalities. This suggests that participants living in town municipalities with higher

socioeconomic status may possess higher knowledge levels regarding these parasitic diseases

compared with those in subdistrict municipalities. However, this study showed no association

between knowledge and residents’ characteristics. This finding is in contrast with those regard-

ing other infectious diseases, such as a report by Zhang et al. (2018) that showed that partici-

pants in urban areas have significantly higher levels of knowledge regarding all aspects of

COVID-19 (transmission, prevention measures, symptoms of infection, treatment, and prog-

nosis; p<0.01), compared with their rural counterparts Therefore, efforts to raise awareness

should target the general community in subdistrict municipalities as well as geographic dispar-

ities in knowledge levels. A similar study conducted in Uganda found that male farmers had

greater knowledge about the disease than their female counterparts, possibly owing to men’s

greater involvement in social gatherings and women’s greater involvement in domestic work.

Additionally, farmers in more urbanized areas had more correct knowledge than those in rural

areas [30]. Conversely, a study by Shongwe et al. (2020) in South Africa found no significant

association between level of education, source of income, purpose of pig farming, and knowl-

edge about neurocysticercosis. Similarly, there was no significant association between resi-

dence in a town, education level, income source, pig farming purpose, years engaged in pig

farming, number of pigs kept by the farmer, and knowledge about porcine cysticercosis. How-

ever, those authors identified factors previously associated with the epidemiology of taeniasis

and neurocysticercosis, including free-roaming pigs, lack of meat inspection, lack of knowl-

edge about these diseases, and sewage spillage. Thus, education and training of farmers
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regarding the epidemiology of porcine and human cysticercosis are necessary to mitigate the

risk of Taenia spp. infection among farmers and consumers [20].

In terms of practices, a significant portion of the population in Pak Chong district (89.7%)

engaged in behaviors that are associated with taeniasis and cysticercosis. However, there were

notable differences between individuals residing in the town municipality and those in subdis-

trict municipalities. Specifically, individuals living in subdistrict municipalities had a higher

prevalence of risky practices related to cysticercosis compared with those in the town munici-

pality [39]. This potentially resulted in diminished overall health outcomes. These practices

included washing vegetables/fruits with water from natural sources such as rainwater, ground-

water, and untreated rivers (5.3% and 1.9%, respectively). This could be attributed to easier

access to natural water sources, particularly in isolated areas in subdistrict municipalities

where tap or clean water may not be readily available. Contamination of the environment with

T. solium eggs increases the likelihood of pigs and humans ingesting them when open water

sources such as rivers, streams, wells, and lakes are used in households without proper boiling

or decontamination measures [18]. Similarly, a study in rural communities of southern Thai-

land found that intestinal parasitic infections were closely associated with unsafe drinking

water, poor sanitation, poor personal hygiene, poverty, and climatic conditions [40]. In con-

trast, Jorga et al. (2022) found low practice scores among participants and observed several

poor practices, such as raw meat consumption, backyard slaughter, and open defecation,

which can contribute to the spread of disease [22]. Additionally, our results showed that 31.9%

of people (43.6% in the town municipality and 27.8% in subdistrict municipalities) consumed

pig meat, and 1.7% had consumed meat with cysts, indicating that participants engaged in bet-

ter practices regarding taeniasis. In comparison, a study in Burkina Faso found that 80.6% of

people consumed pig meat, and 30.9% had consumed meat with cysts, which contributes to

the spread of these diseases [38]. Raising awareness among the population about risks associ-

ated with the consumption of infected or undercooked pig meat could help reduce the spread

of parasitic diseases.

Furthermore, only a small percentage (5.6%) of our study population reported routine

deworming with anthelmintic medication on an annual basis, which can help limit transmis-

sion through pigs and the environment. Future studies should address the importance and

benefits of anthelmintic drugs for both humans and pigs. Additionally, individuals in the town

municipality exhibited better practices in terms of the prevention of taeniasis and cysticercosis.

These participants were more likely to wash vegetables and fruits with tap water instead of nat-

ural water and to consistently wash their hands with clean water and soap after using the rest-

room or before handling food. Most individuals in the town municipality also had better

practices regarding checking the appearance of pork meat before preparing it, although the dif-

ference was not statistically significant in comparison with residents of subdistrict municipali-

ties. The practice score was negatively associated with age more than 60 years and living in a

subdistrict municipality. Similarly, a study conducted among Iranian inpatients with type 2

diabetes found a negative correlation between age and practices, although older patients dem-

onstrated a good level of knowledge and attitudes [41]. Furthermore, a study investigating

KAP regarding COVID-19 among people in rural and urban areas of Cameroon revealed that

rural residents exhibited poorer practices related to COVID-19 compared with urban dwellers.

Specifically, rural inhabitants were less likely to avoid crowded places, wear face masks out-

doors, and practice hand hygiene [42]. Our findings highlight a significant disparity in taenia-

sis and cysticercosis-related practices among individuals over 60 years old residing in

subdistrict and town municipalities of Pak Chong. This difference could be attributed to varia-

tions in education level or a lack of knowledge about these diseases. It is also possible that their

familiarity with certain eating habits leads them to overlook the adverse effects of consuming
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raw food. Consequently, future education programs should prioritize addressing practices

among older participants residing in subdistrict municipalities to bridge this gap.

When comparing overall KP between the general population in the town municipality

(n = 94) and subdistrict municipalities (n = 266), the findings revealed that the population in

the town municipality had higher levels of accurate knowledge and better practices in compar-

ison to the population in subdistrict municipalities. However, there was no significant associa-

tion with KP, indicating similar knowledge levels among those with both good and poor

practices. This might be because the study area is endemic for other parasitic infectious dis-

eases, such as O. viverrini [43]. Therefore, the population in this area may be attempting to pre-

vent these infections by avoiding the consumption of raw foods and performing other

practices that are similar to those necessary to prevent taeniasis and cysticercosis. However,

the survey revealed that 98.3% of participants were classified as having less accurate knowledge

regarding these diseases. This reveals an important issue for health education in this area.

The implementation of health programs plays a pivotal role in modifying local cultural and

habitual practices, leading to sustainable improvements in the environment of villagers. A

compelling example of the effectiveness of this approach can be observed in work conducted

by Alexander et al. (2012) in South India. Their study demonstrated that initial knowledge

gaps and inadequate hygiene and sanitation practices were prevalent among the villagers.

However, through health education interventions delivered in villages and schools that focused

on the lifecycle of the pork tapeworm, the spread of taeniasis and cysticercosis, and prevention

measures, significant improvements were achieved [28]. Similarly, Wandra et al. (2015) con-

ducted a study in Indonesia, implementing a comprehensive approach to the prevention and

control of taeniasis. Their research underscored the importance of combining a treatment pro-

gram for human taeniasis carriers with pig vaccination as a crucial measure for successful con-

trol of taeniasis and neurocysticercosis in endemic areas [44].

These findings highlight the need to adopt a multi-faceted strategy that targets both human

and animal hosts to effectively control and prevent these diseases. The results indicate that

awareness campaigns and education programs can be instrumental in improving knowledge

levels among the population. In the case of Pak Chong, our results indicate that efforts should

be focused on improving knowledge about taeniasis and cysticercosis, particularly among

elderly individuals in subdistrict municipalities, to enhance practices for infection prevention

and control. Moreover, there should be an emphasis on health education among VHVs in

Thailand, with a focus on personal hygiene and environmental sanitation. Developing aware-

ness strategies and implementing training programs for parasite control and health promotion

among community health workers are also crucial steps. Likewise, studies conducted in south-

ern Thailand have suggested the importance of community awareness campaigns, appropriate

training programs, and health promotion efforts to reach the most vulnerable populations and

reduce the prevalence of parasite infections. Additionally, policymakers and public health offi-

cials should be encouraged to develop suitable control programs and strategies for VHVs, who

play a key role in providing health education to the community [40, 45].

Our study has some limitations. The findings are based on cross-sectional data, limiting

causal interpretations owing to the collection of influencing factors and outcomes at the same

time. Further longitudinal studies should be conducted to evaluate KP and other factors

related to taeniasis and cysticercosis. Furthermore, we focused on specific areas, limiting gen-

eralizability of the results to other regions. Therefore, further surveys should be conducted

nationwide in both endemic and epidemic settings. Furthermore, the use of self-report inter-

view methods may introduce response bias. To mitigate this bias, longitudinal interviews and

qualitative studies should be implemented.
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Conclusions

In this cross-sectional study, we aimed to assess KP among the general population of Pak

Chong District, Thailand regarding taeniasis and cysticercosis. The results indicated that most

participants frequently engaged in appropriate practices related to prevention. This outcome

might be associated with concern among the population about preventing infection with other

parasitic diseases, despite lacking correct knowledge about taeniasis and cysticercosis. The

present results showed that only a small percentage of participants had accurate knowledge

about taeniasis and cysticercosis, and there was no significant association with KP concerning

these parasitic infections. Furthermore, income levels and demographic factors, such as age

and residing in a subdistrict municipality, had varying effects on KP. To address this gap in

KP, public education interventions are recommended, particularly targeting individuals with

lower socioeconomic status. These findings have implications for the development of targeted

interventions and educational programs in Pak Chong District, particularly focusing on

improving practices among the elderly population in subdistrict municipalities to effectively

prevent and control these infections. Developing specific intervention strategies and assessing

the long-term impact of health education programs on KP outcomes for taeniasis and cysticer-

cosis control, as well as health promotion among the elderly population in subdistrict munici-

palities, would positively affect health outcomes.

Supporting information

S1 Data.

(CSV)

Acknowledgments

This research project is sponsored by the Chulabhorn Royal Academy. We thank Analisa

Avila, MPH, ELS, of Edanz (www.edanz.com/ac) for editing a draft of this manuscript.

Author Contributions

Conceptualization: Wuttipong Phumrattanaprapin, Nitima Tatiya-apiradee, Pattana Janta-

ban, Wiriya Mahikul.

Data curation: Nitima Tatiya-apiradee, Pattana Jantaban, Wiriya Mahikul.

Formal analysis: Wiriya Mahikul.

Investigation: Pattana Jantaban, Wiriya Mahikul.

Methodology: Wuttipong Phumrattanaprapin, Pattana Jantaban, Wiriya Mahikul.

Project administration: Wuttipong Phumrattanaprapin.

Software: Wiriya Mahikul.

Validation: Wuttipong Phumrattanaprapin.

Visualization: Wiriya Mahikul.

Writing – original draft: Wuttipong Phumrattanaprapin, Nitima Tatiya-apiradee, Pattana

Jantaban, Wiriya Mahikul.

Writing – review & editing: Wuttipong Phumrattanaprapin, Nitima Tatiya-apiradee, Pattana

Jantaban, Wiriya Mahikul.

PLOS ONE Assessment of KP regarding taeniasis and cysticercosis in Thailand

PLOS ONE | https://doi.org/10.1371/journal.pone.0307240 July 15, 2024 17 / 20

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307240.s001
http://www.edanz.com/ac
https://doi.org/10.1371/journal.pone.0307240


References
1. Schantz PM, Cruz M, Sarti E, Pawlowski Z. Potential eradicability of taeniasis and cysticercosis. Bull

Pan Am Health Organ. 1993; 27(4):397–403. Epub 1993/01/01. PMID: 8312963.

2. Schmidt V, O’Hara MC, Ngowi B, Herbinger KH, Noh J, Wilkins PP, et al. Taenia solium cysticercosis

and taeniasis in urban settings: Epidemiological evidence from a health-center based study among peo-

ple with epilepsy in Dar es Salaam, Tanzania. PLoS Negl Trop Dis. 2019; 13(12): e0007751. Epub

2019/12/07. https://doi.org/10.1371/journal.pntd.0007751 PMID: 31809501; PubMed Central PMCID:

PMC6897529.

3. Garcia HH, Rodriguez S, Friedland JS, Cysticercosis Working Group in P. Immunology of Taenia solium

taeniasis and human cysticercosis. Parasite Immunol. 2014; 36(8):388–96. Epub 2014/06/26. https://

doi.org/10.1111/pim.12126 PMID: 24962350; PubMed Central PMCID: PMC5761726.

4. Singh S, Sreenivasan V, Garg K, Wazir ND, Rajput JS, Sandhu Virk P. Cysticercosis involving muscle

of mastication: a review and report of two cases. Case Rep Dent. 2013; 2013:814126. Epub 2014/01/

08. https://doi.org/10.1155/2013/814126 PMID: 24396612; PubMed Central PMCID: PMC3875126.

5. Carpio A. Neurocysticercosis: an update. Lancet Infect Dis. 2002; 2(12):751–62. Epub 2002/12/07.

https://doi.org/10.1016/s1473-3099(02)00454-1 PMID: 12467692.

6. Hotez PJ, Molyneux DH, Fenwick A, Ottesen E, Ehrlich Sachs S, Sachs JD. Incorporating a rapid-

impact package for neglected tropical diseases with programs for HIV/AIDS, tuberculosis, and malaria.

PLoS Med. 2006; 3(5): e102. Epub 2006/01/27. https://doi.org/10.1371/journal.pmed.0030102 PMID:

16435908; PubMed Central PMCID: PMC1351920.

7. Kusolsuk T, Chaisiri K, Poodeepiyasawad A, Sa-Nguankiat S, Homsuwan N, Yanagida T, et al. Risk

factors and prevalence of taeniasis among the Karen people of Tha Song Yang District, Tak Province,

Thailand. Parasite. 2021; 28:53. Epub 2021/06/19. https://doi.org/10.1051/parasite/2021041 PMID:

34142955; PubMed Central PMCID: PMC8212811.

8. Garcia HH, Gonzalez AE, Evans CA, Gilman RH, Cysticercosis Working Group in P. Taenia solium cys-

ticercosis. Lancet. 2003; 362(9383):547–56. Epub 2003/08/23. https://doi.org/10.1016/S0140-6736(03)

14117-7 PMID: 12932389; PubMed Central PMCID: PMC3103219.

9. White AC, Jr. Neurocysticercosis: updates on epidemiology, pathogenesis, diagnosis, and manage-

ment. Annu Rev Med. 2000; 51:187–206. Epub 2000/04/25. https://doi.org/10.1146/annurev.med.51.1.

187 PMID: 10774460.

10. Han KT, Wai KT, Aye KH, Kyaw KW, Maung WP, Oo T. Emerging neglected helminthiasis and determi-

nants of multiple helminth infections in flood-prone township in Myanmar. Trop Med Health. 2019; 47:1.

Epub 2019/02/23. https://doi.org/10.1186/s41182-018-0133-6 PMID: 30787669; PubMed Central

PMCID: PMC6318856.

11. McCleery EJ, Patchanee P, Pongsopawijit P, Chailangkarn S, Tiwananthagorn S, Jongchansittoe P,

et al. Taeniasis among Refugees Living on Thailand-Myanmar Border, 2012. Emerg Infect Dis. 2015;

21(10):1824–9. https://doi.org/10.3201/eid2110.141657 WOS:000362158000018. PMID: 26401787

12. Anantaphruti MT, Maipanich W, Kusolsuk T, Sa-nguankiat S, Pubampen S, Adisakwattana P, et al.

Taeniasis and Other Helminthic Infections in the Northern and Northeastern Border Provinces of Thai-

land. Journal of Tropical Medicine and Parasitology. 2011;34.

13. Kaewpitoon SJ, Rujirakul R, Tongtawee T, Matrakul L, Panpimanmas S, Wakkuwattapong P, et al.

Detection of the Carcinogenic Liver Fluke Opisthorchis viverrini Using a Mini Parasep SF Faecal Para-

site Concentrator. Asian Pac J Cancer Prev. 2016; 17(1):373–6. Epub 2016/02/04. https://doi.org/10.

7314/apjcp.2016.17.1.373 PMID: 26838241.

14. Kaewpitoon SJ, Loyd RA, Kaewpitoon N. A Cross-Sectional Survey of Intestinal Helminthiases in Rural

Communities of Nakhon Ratchasima Province, Thailand. J Med Assoc Thai. 2015; 98 Suppl 4: S27–32.

Epub 2015/07/24. PMID: 26201131.

15. Bruno E, Bartoloni A, Zammarchi L, Strohmeyer M, Bartalesi F, Bustos JA, et al. Epilepsy and neuro-

cysticercosis in Latin America: a systematic review and meta-analysis. PLoS Negl Trop Dis. 2013; 7

(10): e2480. Epub 2013/11/10. https://doi.org/10.1371/journal.pntd.0002480 PMID: 24205415; PubMed

Central PMCID: PMC3814340.

16. Gilman RH, Gonzalez AE, Llanos-Zavalaga F, Tsang VC, Garcia HH, Cysticercosis Working Group in

P. Prevention and control of Taenia solium taeniasis/cysticercosis in Peru. Pathog Glob Health. 2012;

106(5):312–8. Epub 2012/12/26. https://doi.org/10.1179/2047773212Y.0000000045 PMID: 23265557;

PubMed Central PMCID: PMC4005116.

17. Komba EV, Kimbi EC, Ngowi HA, Kimera SI, Mlangwa JE, Lekule FP, et al. Prevalence of porcine cysti-

cercosis and associated risk factors in smallholder pig production systems in Mbeya region, southern

highlands of Tanzania. Vet Parasitol. 2013; 198(3–4):284–91. Epub 20130928. https://doi.org/10.1016/

j.vetpar.2013.09.020 PMID: 24139481.

PLOS ONE Assessment of KP regarding taeniasis and cysticercosis in Thailand

PLOS ONE | https://doi.org/10.1371/journal.pone.0307240 July 15, 2024 18 / 20

http://www.ncbi.nlm.nih.gov/pubmed/8312963
https://doi.org/10.1371/journal.pntd.0007751
http://www.ncbi.nlm.nih.gov/pubmed/31809501
https://doi.org/10.1111/pim.12126
https://doi.org/10.1111/pim.12126
http://www.ncbi.nlm.nih.gov/pubmed/24962350
https://doi.org/10.1155/2013/814126
http://www.ncbi.nlm.nih.gov/pubmed/24396612
https://doi.org/10.1016/s1473-3099%2802%2900454-1
http://www.ncbi.nlm.nih.gov/pubmed/12467692
https://doi.org/10.1371/journal.pmed.0030102
http://www.ncbi.nlm.nih.gov/pubmed/16435908
https://doi.org/10.1051/parasite/2021041
http://www.ncbi.nlm.nih.gov/pubmed/34142955
https://doi.org/10.1016/S0140-6736%2803%2914117-7
https://doi.org/10.1016/S0140-6736%2803%2914117-7
http://www.ncbi.nlm.nih.gov/pubmed/12932389
https://doi.org/10.1146/annurev.med.51.1.187
https://doi.org/10.1146/annurev.med.51.1.187
http://www.ncbi.nlm.nih.gov/pubmed/10774460
https://doi.org/10.1186/s41182-018-0133-6
http://www.ncbi.nlm.nih.gov/pubmed/30787669
https://doi.org/10.3201/eid2110.141657
http://www.ncbi.nlm.nih.gov/pubmed/26401787
https://doi.org/10.7314/apjcp.2016.17.1.373
https://doi.org/10.7314/apjcp.2016.17.1.373
http://www.ncbi.nlm.nih.gov/pubmed/26838241
http://www.ncbi.nlm.nih.gov/pubmed/26201131
https://doi.org/10.1371/journal.pntd.0002480
http://www.ncbi.nlm.nih.gov/pubmed/24205415
https://doi.org/10.1179/2047773212Y.0000000045
http://www.ncbi.nlm.nih.gov/pubmed/23265557
https://doi.org/10.1016/j.vetpar.2013.09.020
https://doi.org/10.1016/j.vetpar.2013.09.020
http://www.ncbi.nlm.nih.gov/pubmed/24139481
https://doi.org/10.1371/journal.pone.0307240


18. Morales J, Martinez JJ, Rosetti M, Fleury A, Maza V, Hernandez M, et al. Spatial distribution of Taenia

solium porcine cysticercosis within a rural area of Mexico. PLoS Negl Trop Dis. 2008; 2(9): e284. Epub

2008/10/11. https://doi.org/10.1371/journal.pntd.0000284 PMID: 18846230; PubMed Central PMCID:

PMC2565694.

19. Lescano AG, Garcia HH, Gilman RH, Guezala MC, Tsang VC, Gavidia CM, et al. Swine cysticercosis

hotspots surrounding Taenia solium tapeworm carriers. Am J Trop Med Hyg. 2007; 76(2):376–83. Epub

2007/02/14. PMID: 17297051.

20. Shongwe NA, Byaruhanga C, Dorny P, Dermauw V, Qekwana DN. Knowledge, practices and seroprev-

alence of Taenia species in smallholder farms in Gauteng, South Africa. PLoS One. 2020; 15(12):

e0244055. Epub 2020/12/19. https://doi.org/10.1371/journal.pone.0244055 PMID: 33338060; PubMed

Central PMCID: PMC7748137.

21. Sorvillo F, Wilkins P, Shafir S, Eberhard M. Public health implications of cysticercosis acquired in the

United States. Emerg Infect Dis. 2011; 17(1):1–6. Epub 2011/01/05. https://doi.org/10.3201/eid1701.

101210 PMID: 21192847; PubMed Central PMCID: PMC3298370.

22. Jorga E, Van Damme I, Mideksa B, Gabriel S. Knowledge, attitude, and practices of the community and

meat industry workers towards Taenia saginata taeniosis and bovine cysticercosis in and around

Jimma and Ambo towns of Ethiopia. Prev Vet Med. 2022; 204:105653. Epub 2022/05/03. https://doi.

org/10.1016/j.prevetmed.2022.105653 PMID: 35500336.

23. Mwanjali G, Kihamia C, Kakoko DV, Lekule F, Ngowi H, Johansen MV, et al. Prevalence and risk factors

associated with human Taenia solium infections in Mbozi District, Mbeya Region, Tanzania. PLoS Negl

Trop Dis. 2013; 7(3): e2102. Epub 20130314. https://doi.org/10.1371/journal.pntd.0002102 PMID:

23516650; PubMed Central PMCID: PMC3597471.

24. Sarti E, Rajshekhar V. Measures for the prevention and control of Taenia solium taeniosis and cysticer-

cosis. Acta Trop. 2003; 87(1):137–43. Epub 2003/06/05. https://doi.org/10.1016/s0001-706x(03)

00034-2 PMID: 12781388.

25. Ngowi H, Ozbolt I, Millogo A, Dermauw V, Some T, Spicer P, et al. Development of a health education

intervention strategy using an implementation research method to control taeniasis and cysticercosis in

Burkina Faso. Infect Dis Poverty. 2017; 6(1):95. Epub 2017/06/02. https://doi.org/10.1186/s40249-017-

0308-0 PMID: 28569208; PubMed Central PMCID: PMC5452375.

26. Wohlgemut J, Dewey C, Levy M, Mutua F. Evaluating the efficacy of teaching methods regarding pre-

vention of human epilepsy caused by Taenia solium neurocysticercosis in Western Kenya. Am J Trop

Med Hyg. 2010; 82(4):634–42. Epub 2010/03/30. https://doi.org/10.4269/ajtmh.2010.09-0404 PMID:

20348512; PubMed Central PMCID: PMC2844555.

27. Nyangi C, Stelzle D, Mkupasi EM, Ngowi HA, Churi AJ, Schmidt V, et al. Knowledge, attitudes and prac-

tices related to Taenia solium cysticercosis and taeniasis in Tanzania. BMC Infect Dis. 2022; 22(1):534.

Epub 2022/06/13. https://doi.org/10.1186/s12879-022-07408-0 PMID: 35692033; PubMed Central

PMCID: PMC9190087.

28. Alexander AM, Mohan VR, Muliyil J, Dorny P, Rajshekhar V. Changes in knowledge and practices

related to taeniasis/cysticercosis after health education in a south Indian community. Int Health. 2012; 4

(3):164–9. Epub 2013/09/14. https://doi.org/10.1016/j.inhe.2012.04.003 PMID: 24029395.

29. Waewwab P, Pan-Ngum W, Siri S, Bhopdhornangkul B, Mahikul W. Knowledge, Attitudes, and Prac-

tices Regarding "New Normal" Guidelines and Quality of Life Among Thai People During the COVID-19

Outbreak: An Online Cross-Sectional Survey. Front Public Health. 2022; 10:914417. Epub 2022/07/26.

https://doi.org/10.3389/fpubh.2022.914417 PMID: 35874992; PubMed Central PMCID: PMC9301185.

30. Kungu JM, Dione MM, Ejobi F, Ocaido M, Grace D. Risk factors, perceptions and practices associated

with Taenia solium cysticercosis and its control in the smallholder pig production systems in Uganda: a

cross-sectional survey. BMC Infect Dis. 2017; 17(1):1. Epub 2017/01/05. https://doi.org/10.1186/

s12879-016-2122-x PMID: 28049444; PubMed Central PMCID: PMC5209818.

31. Wu HW, Ito A, Ai L, Zhou XN, Acosta LP, Lee Willingham A, III. Cysticercosis/taeniasis endemicity in

Southeast Asia: Current status and control measures. Acta Trop. 2017; 165:121–32. Epub 2016/01/24.

https://doi.org/10.1016/j.actatropica.2016.01.013 PMID: 26802488.

32. Anantaphruti MT. Current status of taeniasis in Thailand. Korean J Parasitol. 2013; 51(1):37–42. Epub

2013/03/08. https://doi.org/10.3347/kjp.2013.51.1.37 PMID: 23467328; PubMed Central PMCID:

PMC3587747.

33. Waikagul J, Dekumyoy P, Anantaphruti MT. Taeniasis, cysticercosis and echinococcosis in Thailand.

Parasitol Int. 2006;55 Suppl: S175-80. Epub 2005/12/13. https://doi.org/10.1016/j.parint.2005.11.027

PMID: 16338166.

34. Rahman MS, Overgaard HJ, Pientong C, Mayxay M, Ekalaksananan T, Aromseree S, et al. Knowledge,

attitudes, and practices on climate change and dengue in Lao People’s Democratic Republic and

PLOS ONE Assessment of KP regarding taeniasis and cysticercosis in Thailand

PLOS ONE | https://doi.org/10.1371/journal.pone.0307240 July 15, 2024 19 / 20

https://doi.org/10.1371/journal.pntd.0000284
http://www.ncbi.nlm.nih.gov/pubmed/18846230
http://www.ncbi.nlm.nih.gov/pubmed/17297051
https://doi.org/10.1371/journal.pone.0244055
http://www.ncbi.nlm.nih.gov/pubmed/33338060
https://doi.org/10.3201/eid1701.101210
https://doi.org/10.3201/eid1701.101210
http://www.ncbi.nlm.nih.gov/pubmed/21192847
https://doi.org/10.1016/j.prevetmed.2022.105653
https://doi.org/10.1016/j.prevetmed.2022.105653
http://www.ncbi.nlm.nih.gov/pubmed/35500336
https://doi.org/10.1371/journal.pntd.0002102
http://www.ncbi.nlm.nih.gov/pubmed/23516650
https://doi.org/10.1016/s0001-706x%2803%2900034-2
https://doi.org/10.1016/s0001-706x%2803%2900034-2
http://www.ncbi.nlm.nih.gov/pubmed/12781388
https://doi.org/10.1186/s40249-017-0308-0
https://doi.org/10.1186/s40249-017-0308-0
http://www.ncbi.nlm.nih.gov/pubmed/28569208
https://doi.org/10.4269/ajtmh.2010.09-0404
http://www.ncbi.nlm.nih.gov/pubmed/20348512
https://doi.org/10.1186/s12879-022-07408-0
http://www.ncbi.nlm.nih.gov/pubmed/35692033
https://doi.org/10.1016/j.inhe.2012.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24029395
https://doi.org/10.3389/fpubh.2022.914417
http://www.ncbi.nlm.nih.gov/pubmed/35874992
https://doi.org/10.1186/s12879-016-2122-x
https://doi.org/10.1186/s12879-016-2122-x
http://www.ncbi.nlm.nih.gov/pubmed/28049444
https://doi.org/10.1016/j.actatropica.2016.01.013
http://www.ncbi.nlm.nih.gov/pubmed/26802488
https://doi.org/10.3347/kjp.2013.51.1.37
http://www.ncbi.nlm.nih.gov/pubmed/23467328
https://doi.org/10.1016/j.parint.2005.11.027
http://www.ncbi.nlm.nih.gov/pubmed/16338166
https://doi.org/10.1371/journal.pone.0307240


Thailand. Environ Res. 2021; 193:110509. Epub 2020/11/28. https://doi.org/10.1016/j.envres.2020.

110509 PMID: 33245883.

35. Okello AL, Thomas LF. Human taeniasis: current insights into prevention and management strategies

in endemic countries. Risk Manag Healthc Policy. 2017; 10:107–16. Epub 20170601. https://doi.org/10.

2147/RMHP.S116545 PMID: 28615981; PubMed Central PMCID: PMC5461055.

36. Jansen F, Dorny P, Gabriel 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. Para-

sit Vectors. 2021; 14(1):88. Epub 2021/01/31. https://doi.org/10.1186/s13071-021-04589-6 PMID:

33514421; PubMed Central PMCID: PMC7845101.

37. Boone I, Thys E, Marcotty T, de Borchgrave J, Ducheyne E, Dorny P. Distribution and risk factors of

bovine cysticercosis in Belgian dairy and mixed herds. Prev Vet Med. 2007; 82(1–2):1–11. Epub 2007/

06/15. https://doi.org/10.1016/j.prevetmed.2007.05.002 PMID: 17559956.

38. Dahourou L, Gbati O, Millogo A, Dicko A, Roamba C, Pangui L. Analysis of the Knowledge, Attitudes

and Practices of Populations in Four Villages of the Boucle du Mouhoun Region (Burkina Faso) Regard-

ing Tænia solium Life Cycle. Health. 2018; 10:95–106.

39. Galipo E, Dixon MA, Fronterre C, Cucunuba ZM, Basanez MG, Stevens K, et al. Spatial distribution and

risk factors for human cysticercosis in Colombia. Parasit Vectors. 2021; 14(1):590. Epub 20211127.

https://doi.org/10.1186/s13071-021-05092-8 PMID: 34838117; PubMed Central PMCID:

PMC8626945.

40. 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 commu-

nities of southern Thailand. BMC Public Health. 2017; 17(1):564. Epub 2017/06/11. https://doi.org/10.

1186/s12889-017-4486-2 PMID: 28599633; PubMed Central PMCID: PMC5466724.

41. Niroomand M, Ghasemi SN, Karimi-Sari H, Kazempour-Ardebili S, Amiri P, Khosravi MH. Diabetes

knowledge, attitude and practice (KAP) study among Iranian in-patients with type-2 diabetes: A cross-

sectional study. Diabetes Metab Syndr. 2016; 10(1 Suppl 1): S114–9. Epub 2015/11/28. https://doi.org/

10.1016/j.dsx.2015.10.006 PMID: 26610404.

42. Njingu AE, Jabbossung FE, Ndip-Agbor TE, Dedino AG. Comparing knowledge, attitudes and practices

regarding COVID-19 amongst Cameroonians living in urban versus rural areas. Pan Afr Med J. 2021;

38:234. Epub 2021/05/29. https://doi.org/10.11604/pamj.2021.38.234.25964 PMID: 34046139;

PubMed Central PMCID: PMC8140735.

43. Martviset P, Phadungsil W, Na-Bangchang K, Sungkhabut W, Panupornpong T, Prathaphan P, et al.

Current prevalence and geographic distribution of helminth infections in the parasitic endemic areas of

rural Northeastern Thailand. BMC Public Health. 2023; 23(1):448. Epub 20230308. https://doi.org/10.

1186/s12889-023-15378-4 PMID: 36882723; PubMed Central PMCID: PMC9993603.

44. Wandra T, Swastika K, Dharmawan NS, Purba IE, Sudarmaja IM, Yoshida T, et al. The present situa-

tion and towards the prevention and control of neurocysticercosis on the tropical island, Bali, Indonesia.

Parasit Vectors. 2015; 8:148. Epub 2015/04/17. https://doi.org/10.1186/s13071-015-0755-z PMID:

25881045; PubMed Central PMCID: PMC4356148.

45. Narkkul U, Na-Ek P, Kaewkungwal J, Punsawad C. Knowledge, Attitudes, and Practices regarding Soil-

Transmitted Helminthiasis among Village Health Volunteers in Nakhon Si Thammarat Province, Thai-

land: A Cross-Sectional Study. Trop Med Infect Dis. 2022; 7(2). Epub 2022/02/25. https://doi.org/10.

3390/tropicalmed7020033 PMID: 35202228; PubMed Central PMCID: PMC8877968.

PLOS ONE Assessment of KP regarding taeniasis and cysticercosis in Thailand

PLOS ONE | https://doi.org/10.1371/journal.pone.0307240 July 15, 2024 20 / 20

https://doi.org/10.1016/j.envres.2020.110509
https://doi.org/10.1016/j.envres.2020.110509
http://www.ncbi.nlm.nih.gov/pubmed/33245883
https://doi.org/10.2147/RMHP.S116545
https://doi.org/10.2147/RMHP.S116545
http://www.ncbi.nlm.nih.gov/pubmed/28615981
https://doi.org/10.1186/s13071-021-04589-6
http://www.ncbi.nlm.nih.gov/pubmed/33514421
https://doi.org/10.1016/j.prevetmed.2007.05.002
http://www.ncbi.nlm.nih.gov/pubmed/17559956
https://doi.org/10.1186/s13071-021-05092-8
http://www.ncbi.nlm.nih.gov/pubmed/34838117
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.dsx.2015.10.006
https://doi.org/10.1016/j.dsx.2015.10.006
http://www.ncbi.nlm.nih.gov/pubmed/26610404
https://doi.org/10.11604/pamj.2021.38.234.25964
http://www.ncbi.nlm.nih.gov/pubmed/34046139
https://doi.org/10.1186/s12889-023-15378-4
https://doi.org/10.1186/s12889-023-15378-4
http://www.ncbi.nlm.nih.gov/pubmed/36882723
https://doi.org/10.1186/s13071-015-0755-z
http://www.ncbi.nlm.nih.gov/pubmed/25881045
https://doi.org/10.3390/tropicalmed7020033
https://doi.org/10.3390/tropicalmed7020033
http://www.ncbi.nlm.nih.gov/pubmed/35202228
https://doi.org/10.1371/journal.pone.0307240

