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INTRODUCTION

Taenia solium was reported as the most important foodborne 
parasite in a risk assessment by the World Health Organiza-
tion and the Food and Agricultural Organisation [1]. The para-
site is endemic in many developing countries, including Viet-
nam. When consuming undercooked measled pork, humans 
can become infected with the adult tapeworm in their intes-
tine, this condition is called taeniasis. When ingesting eggs by 
consuming contaminated vegetables, water or through bad 
hand hygiene [2], humans can acquire cysticercosis, infection 
with the cysticercus. Cysticerci can establish in the muscle, 
skin, and central nervous system [3]. Neurocysticercosis (NCC) 
is a serious cause of acquired epilepsy and accompanied symp-
toms in endemic countries [3,4]. Humans also act as the final 
host of T. saginata and T. asiatica. However, the occurrence of 
human cysticercosis is unique for T. solium infections [5].

In Vietnam, human taeniasis/cysticercosis cases have been 
reported in 60 of the 63 provinces [6,7]. Nevertheless, epide-

miological data on human taeniasis and cysticercosis only be-
came available after 2000. Using classical coprology, the preva-
lence of taeniasis was estimated to range between 0 and 1.2% 
[8-10]. Using more sensitive techniques such as copro-antigen 
detecting ELISA (coproAg-ELISA) and copro-PCR, prevalence 
estimates ranged between 0 and 6.7% [10,11]. Apart from T. 

solium, T. asiatica and T. saginata infections are known to occur 
in the country [11,12], complicating the prevalence estimation 
of tapeworm carriers for the 3 separate species. Data on hu-
man cysticercosis are even more scarce for Vietnam. Each year, 
200-300 cysticercosis patients have been treated in the referral 
clinic of the National Institute of Malariology, Parasitology 
and Entomology in Hanoi [13]. In northern Vietnam, the 
prevalence of circulating cysticercus antigens was reported to 
range between 0% and 5.7% [9,10]. Among patients suffering 
from epilepsy in the North, the prevalence of active cysticerco-
sis was estimated at 9% [14], while antibodies were measured 
in 5.0% of surveyed individuals in South and Central Vietnam 
[11,15].

Vietnam has several factors presumed to facilitate the trans-
mission of Taenia spp., such as the culinary habit to consume 
raw beef and pork [11], and the use of night soil to fertilize 
crops and vegetable fields [8]. Nevertheless, few epidemiologi-
cal studies were conducted to investigate risk factors for Taenia 
spp. infections in Vietnam. It was reported that regular raw 
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vegetable consumption, outdoor defecation, and drinking wa-
ter from stream, lake, or pond are risk factors for cysticercosis, 
whereas being male and consuming undercooked pork or beef 
are for taeniasis [11]. In local reports, allowing pigs to roam 
freely, poor sanitation, lack of hygienic latrines, use of human 
feces as a fertilizer in agriculture, and no or inadequate meat 
inspection were identified as risk factors for taeniasis/cysticer-
cosis [16].

To address the scarcity of epidemiological data on human 
taeniasis and cysticercosis in the country, we conducted a study 
in 3 communes in Phu Tho Province, representative for north-
ern Vietnam. This area is mountainous, inhabited predomi-
nantly by ethnic minorities farming pigs, both traditional and 
commercial types. The local people have a habit of eating raw 
pork and vegetables. The purpose of our study was to deter-
mine the prevalence of taeniasis and cysticercosis and to assess 
the risk factors associated with T. solium infection. 

MATERIALS AND METHODS

Ethical clearance
The study was approved by the Ministry of Health, Vietnam 

(314/QD-BYT). Prior to actual data collection, health staff vis-
ited the projected areas, and informed inhabitants about the 
study aims through a loudspeaker system. The written consent 
was obtained from all willing, eligible participants prior to in-
formation and/or sample collection. For individuals below 
16-year-old, permission was obtained from their parents or 
guardians by means of a written informed consent. All study 
documents were stored at National Institute of Malariology, 
Parasitology and Entomology (NIMPE), Hanoi, Vietnam. Re-
sults were handled confidentially, and privacy of participants 
was assured. All people who had positive stool or serological 
test results were treated according to the guidelines of the Min-
istry of Health, Vietnam.

Study design and area
A cross-sectional survey was conducted from August 2012 to 

December 2012 in 3 communes of Phu Tho Province, 120 km 
away from Hanoi, capital of Vietnam (Fig. 1). Thu Ngac com-
mune comprises of 15 hamlets and 5,552 inhabitants in 1,150 
households. Long Coc commune, bordering with Thu Ngac 
commune, has 8 hamlets, and 3,133 people in 766 house-
holds. Xuan Vien commune consists of 13 hamlets, with 4,596 

Fig. 1. Map of Vietnam showing Phu Tho Province and the surveyed communes.
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people in 1,173 households. Citizens in the 3 communes are 
predominantly Muong (95-99%) ethnic minority group. 
Commune selection was based on a high number of neuro-
cysticercosis (NCC) patients treated at NIMPE, the presence of 
taeniasis cases, and the habit of eating undercooked pork in 
the area (unpublished survey data).

Sampling
Prior to collecting data, households were randomly chosen, 

and participants were randomly selected from the chosen 
households. The survey communities were informed about 
the study goals using the local loudspeaker system. For collect-
ing information, selected individuals were approached, the 
study aims and procedures were explained, and eligible indi-
viduals were formally invited to participate in the study. Indi-
viduals were excluded when being pregnant, suffering from se-
vere chronic or acute diseases, being younger than 6 years old, 
or being above 65 years old. The envisaged sample size was 
384 people for each commune (1,152 in total), assuming a 
large population size with unknown prevalence and setting 
the required confidence level at 95% with 5% precision [17].

All consenting participants were given a zip-bag with a label 
for self-collecting the stool sample. On the next day, stool 
samples were brought to the commune health centre. In addi-
tion, blood was sampled from the participants using 5 ml 
plain tubes. Finally, the participants were asked to respond to 
a questionnaire, capturing data on demography, eating behav-
iour, toilet use, and history of taeniasis/cysticercosis-related 
signs or symptoms. The questionnaire was pretested prior to 
the data collection.

Collected stool samples were stored in a cool box for imme-
diate coproscopy, while an aliquot was fixed in 10% formalin 
solution at 1:1 ratio for copro-antigen detection. Blood sam-
ples were clotted, and sera were collected. The sera were stored 
at −40˚C until use.

Laboratory analyses
Stool samples were examined for parasite eggs (coproscopy) 

using Kato-Katz smear following the WHO protocol [18]. Tae-

nia antigens in the stool samples were analysed using an in-
house polyclonal antibody-based copro-antigen ELISA (copro-
Ag-ELISA) as described previously [19] with some modifica-
tions [20]. A cut-off of optical density (OD) was set at a mean 
OD of 8 Taenia-negative stool samples plus 3 standard devia-
tions. Copro-antigen positive results indicate the presence of 

an adult Taenia spp., thus taeniasis.
Blood samples were analyzed for the excretory-secretory cir-

culating antigens of the cysticerci of T. solium using a monoclo-
nal antibody-based B158/B60 antigen ELISA (Ag-ELISA) [21]. 
A cut-off of OD was set at a mean OD of 8 reference negative 
human sera (P=0.001). Antigen positive results indicate pres-
ence of viable cysticerci, thus active cysticercosis.

Data analysis 
The data collected were analyzed using Excel and EpiData 

software (version 3.1, EpiData Association, Odense, Den-
mark). A descriptive analysis was run first for association be-
tween commune and demographic characteristics of partici-
pants. Then, the association between copro-Ag-ELISA and se-
rum Ag-ELISA results, and demographic factors and question-
naire responses, was investigated. Associations were analyzed 
using the Pearson’s chi-square test, and the cases showing cell 
counts below 5, using the Fisher’s exact test. Associated odds 
ratio and confidence intervals were calculated. Statistical sig-
nificance was set at P<0.05 level. All statistical analyses were 
conducted using R, a language and environment for statistical 
computing (R Foundation for Statistics, version 4.0.3, Vienna, 
Austria) [22].

RESULTS

A total of 1,185 people (515 men and 670 women) partici-
pated in this study (Table 1). All but 26 individuals belonged 
to the Muong ethnic minority (97.8%), the others to the Kinh 
group. The majority of participants were 21-50 years old 
(56.7%), and their main occupation was farming (76.7%). 
Commune and demographic characteristics were significantly 
associated (P>0.05), except for ethnicity (P=0.462). All 1,185 
participants responded to the questionnaire, while serum 
samples were collected from 1,151 individuals. Stool samples 
were collected from 1,036 participants, of which 925 were ex-
amined using the copro-Ag-ELISA.

A large majority of participants declared to consume raw 
meat and/or vegetables (76.9%) (Table 2). Fifteen cases 
(1.3%) reported having subcutaneous nodules, while 15.4%  
participants had observed proglottids in their stools. A total of 
32 participants (2.7%) mentioned that they were suffering 
from epilepsy. In Thu Ngac, a high percentage of participants 
reported having seen proglottids in their stools, or reported 
suffering from epilepsy, in comparison with the other two 
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communes. An association between questionnaire response 
and commune was observed for eating raw meat/vegetables, 
proglottids seen in faeces, and reporting to suffer from epilep-
sy (all P<0.05). 

Taenia spp. eggs were found in 1.5% of the stool samples 
(Table 3). No participant was found infected with Taenia spp. 

in Xuan Vien commune, while there were 1.7% and 3.1% in-
fected cases in Long Coc and Thu Ngac communes, respective-
ly. Almost all taeniasis cases were males (81.3%), and they 
were all over 10 years old. 

Positive copro-Ag-ELISA results were found in 2.9% of par-
ticipants, 3.8% in males, 2.3% in females (Table 4). No associ-

Table 1. Demographic characteristics of participants in Phu Tho Province, Vietnam (n=1,185)

Variable
Long Coc Thu Ngac Xuan Vien Total

n % n % n % n %

Gender
Male 203 54.1 178 45.8 134 31.8 515 43.5
Female 172 45.9 211 54.2 287 68.2 670 56.5

                            P<0.001
Occupation 

Farmer 289 77.1 305 78.4 317 75.3 911 76.9
Worker 13 3.5 9 2.3 3 0.71 25 2.1
Civil servant 66 17.6 72 18.5 101 24.0 239 20.2
Other 7 1.87 3 0.77 0 0 10 0.84

                            P=0.001
Age group

≤10 19 5.1 30 7.7 78 18.5 127 10.7
11-20 69 18.4 54 13.9 63 15 186 15.7
21-30 80 21.3 86 22.1 58 13.8 224 18.9
31-40 84 22.4 82 21.1 69 16.4 235 19.8
41-50 68 18.1 75 19.3 70 16.6 213 18.0
51-60 40 10.7 47 12.1 58 13.8 145 12.2
>60 15 4.0 15 3.9 25 5.9 55 4.6

                            P<0.001
Total 375 100 389 100 421 100 1,185 100

Table 2. Questionnaire results of participants in Phu Tho Province, Vietnam (n=1,185)

Variable
Long Coc Thu Ngac Xuan Vien Total

n % n % n % n %

Raw meat and/or vegetable consumption
Yes 296 78.9 318 81.8 297 70.6 911 76.9
No 79 21.1 71 18.3 124 29.5 274 23.1

P<0.001
Presence of subcutaneous nodules

Yes 4 1.07 7 1.8 4 0.95 15 1.27
No 371 98.9 382 98.2 417 99.1 1,170 98.7

P=0.55
Proglottids seen in stools

Yes 40 10.7 129 33.2 14 3.3 183 15.4
No 335 89.3 260 66.8 407 96.7 1,002 84.6

P<0.001
Epilepsy

Yes 5 1.33 24 6.2 3 0.71 32 2.7
No 370 98.7 365 93.8 418 99.3 1,153 97.3

P<0.001
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ation was found between commune, gender or age group and 
copro-Ag-ELISA result (all P>0.05). A strong association was 
found between eating raw meat and/or vegetables and having 
a positive result in the copro-Ag-ELISA. There was a high un-
certainty around this estimate (OR=8.6, 95% CI: 1.16-63.9, 
P=0.01) (Table 4). No significant associations were found be-
tween having observed proglottids in feces and positivity in 
copro-Ag-ELISA (P>0.05), although there was a trend in that 
direction (OR=2.2, 95% CI: 0.93-5.1). For 24 out of 25 cases 
with positive copro-Ag-ELISA, there was a negative coproscopy 
result, whereas 14 out of 15 people with a positive coproscopy 
result had a negative copro-Ag-ELISA result.

The antigen positive prevalence in sera, indicating infections 
with viable cysticerci, was 4.6%, 3.6% in males and 5.4% in 
females (Table 5). No association was found between com-
munes, genders or age groups, and Ag-ELISA results (all 
P >0.05). No significant associations were found between 
questionnaire responses and the positivity of Ag-ELISA (all 
P>0.05).

DISCUSSION

A higher prevalence of taeniasis was observed in the study 
areas compared to the earlier studies [8-10]. Using the more 
sensitive copro-PCR test, a higher taeniasis prevalence was re-
ported [11] in Central Vietnam. In contrast to the higher preva-
lence of taeniasis, a lower prevalence of soil-transmitted hel-
minths (STH) was observed than in earlier studies [8-10]. This 
disparate trend for taeniasis versus other parasites, could point 
to a general improvement in hygienic conditions and/or mass 
drug administration programmes in the area, yet with contin-
ued risky behavior in terms of culinary habits consuming raw 
meat.

There was a marked difference in taeniasis prevalence based 
on coproscopy and copro-Ag-ELISA. This is due to disparity in 
test sensitivity, for coproscopy at 52.4% and for copro-Ag-ELI-
SA at 84.5% [23]. Furthermore, test specificity might be prob-
lematic for the copro-Ag-ELISA [23] due to the presence of 
cross-reactions with other parasites, although earlier work 
failed to detect such cross-reactions [19,24]. In addition, Praet 
et al. [23] pointed to the ability of the copro-Ag-ELISA to de-
tect immature tapeworm stages. These 3 hypotheses might ex-
plain why 24 out of 25 stool samples with a positive copro-
Ag-ELISA result, had a negative coproscopy result. On the oth-
er hand, 14 out of 15 people with a positive coproscopy result Ta
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Table 4. Association between copro-Ag-ELISA results and questionnaire responses in Phu Tho Province, Vietnam (n=885)

Variable
Copro-Ag-ELISA

n + % OR 95% CI P

Commune 
Long Coc 188 5 2.7 1
Thu Ngac 301 10 3.3 1.25 0.42-3.7 0.68
Xuan Vien 396 11 2.8 1.05 0.35-3.1 0.94

Gender
Female 519 12 2.3 1
Male 366 14 3.8 1.68 0.77-3.7 0.19

Age group
≤10 107 4 3.7 1
11-20 120 1 0.8 0.22 0.02-1.97 0.19
21-30 159 7 4.4 1.19 0.34-4.2 1
31-40 170 5 2.9 0.78 0.20-3.0 0.74
41-50 168 7 4.2 1.12 0.32-3.9 1
51-60 115 1 0.9 0.22 0.02-2.1 0.2
>60 43 0 0 - - 0.58

Raw meat and/or vegetable consumption
No 221 1 0.4 1
Yes 664 25 3.8 8.6 1.16-63.9 0.01

Proglottids seen in stools
No 732 18 2.5 1
Yes 153 8 5.2 2.2 0.93-5.1 0.07

Total 885 26 2.9

Table 5. Association between Ag-ELISA results and questionnaire responses in Phu Tho Province, Vietnam (n=1,151)

Variable
Ag-ELISA

n + % OR 95% CI P

Commune 
Long Coc 364 17 4.7          1
Thu Ngac 389 17 4.4 0.93 0.47-1.86 0.84
Xuan Vien 398 19 4.8 1.02 0.52-2.00 0.95

Gender
Female 646 35 5.4          1
Male 505 18 3.6 0.65 0.36-1.15 0.14

Age group
≤10 122 7 5.7          1
11-20 180 8 4.4 0.76 0.27-2.2 0.61
21-30 218 5 2.3 0.39 0.12-1.20 0.11
31-40 232 13 5.6 0.98 0.38-2.5 0.96
41-50 207 12 5.8 1.01 0.39-2.6 0.98
51-60 139 4 2.9 0.49 0.14-1.70 0.26
>60 53 4 7.6 1.34 0.38-4.8 0.65

Raw meat and/or vegetable consumption
No 265 17 6.4 1
Yes 886 36 4.1 0.6 0.34-1.12 0.11

Presence of subcutaneous nodules
No 1,136 53 4.7 1
Yes 15 0 0 - -          1

Epilepsy
No 1,119 51 4.6 1
Yes 32 2 6.3 1.4 0.32-6.0 0.65

Total 1,151 53 4.6
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had a negative copro-Ag-ELISA result. This disagreement might 
be explained by the presence of T. saginata and/or T. asiatica in-
fections, which produce weaker reactions in the current copro-
Ag-ELISA [26], thus causing a negative copro-Ag-ELISA result, 
but positive coproscopy result. In the current study, we did not 
differentiate Taenia spp., so we could not investigate whether 
the presence of T. saginata and/or T. asiatica infections played a 
role in this difference in test results.

The prevalence of active cysticercosis as examined by Ag-ELI-
SA was in line with earlier reports in rural and mountainous 
regions in northern Vietnam [9,10]. Prevalence of cysticercosis 
antibodies was 5.0% in Central Vietnam [11] and 4.9% in 
South Vietnam [15,27]. Prevalence of active cysticercosis in 
Vietnamese patients suffering from epilepsy was estimated at 
9% [14], showing that a significant proportion of epilepsy cas-
es could be attributed to neurocysticercosis. In this study, 2.7% 
of participants reported epilepsy, no significant association 
with Ag-ELISA results was found. This could be due to the 
small number of participants reporting epilepsy.

In Vietnam, being male, consuming undercooked pork or 
beef, and having observed proglottids in the stool were signifi-
cantly associated with taeniasis [11], confirmed in our study. 
Moreover, regular consumption of raw vegetables, outdoor 
defecation, drinking from streams, lakes, or ponds all were 
found to be significantly associated with the presence of anti-
bodies [11], while no factors were significantly associated with 
active cysticercosis in our study. These findings point to the 
need to perform more in-depth studies investigated on risk 
factors for taeniasis/cysticercosis in North Vietnam, in order to 
adequately address both conditions in the region.

Our study has some limitations. First, the lack of species 
identification is hampering an in-depth insight on Taenia spp. 
epidemiology in the region. In Vietnam, 3 Taenia spp. cause 
human taeniasis, T. solium, T. saginata, and T. asiatica, and a re-
cent study has also confirmed the presence of T. asiatica in pigs 
in Phu Tho Province [28]. This problem should be addressed 
in future studies by using molecular techniques. Furthermore, 
the pooled questions about raw vegetable and meat consump-
tion might impact study conclusions.

In conclusion, notwithstanding the improvement of hygien-
ic standards and living conditions in Vietnam in last decades, 
our study has shown that T. solium transmission still occurs in 
communities in Phu Tho Province. The consumption of raw 
pork and vegetables combined with traditional pig husbandry 
systems, poor meat inspection procedures [28,29], and the 

common habit of using night soil on agricultural lands [8] are 
likely to perpetuate the transmission of tapeworm infections. 
Health education campaigns are needed in this area to inform 
the population on those infection risks.
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