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ABSTRACT 

 

Background 

Food-borne parasitic zoonoses impact negatively on humans in terms of health and loss 

of productivity as well as economically, through loss of market access and trade. Taenia 

and Trichinella are two of the most important meat-borne zoonoses globally. In the 

Central Highlands of Vietnam, living standards are poor; open defaecation via use of 

outdoor latrines is commonly practiced and livestock access to these latrine areas is, for 

the most part, unrestricted. Moreover, the consumption of undercooked or raw pork 

dishes is common traditional practice. These factors combined are highly conducive for 

the transmission of several pork-borne parasitic zoonoses, including taeniasis, Taenia 

solium cysticercosis and trichinellosis. In this context, developing and validating 

diagnostic assays to study the epidemiology of these pork-borne parasites within these 

communities allows risk factors for exposure and infection to be ascertained and this, in 

turn, allows community-based control programs to be better targeted. 

Methodology/Principle findings 

This project was conducted as a cross-sectional study in Buon Don, Krong Nang and 

M’Drak district in Dak Lak province in the Central Highlands of Vietnam. A 

combination of parasitological, serological and molecular diagnostic methods were 

utilised to determine the levels of infection of Taenia spp. in humans and Trichinella 

spp. in pigs, and seroexposure to T. solium in humans and pigs. The data were analysed 

in relation to host, management and environmental risk factors using frequentist and 

Bayesian multivariable analyses.  

In Chapter 2, a systematic review on previous research on taeniasis, T. solium 

cysticercosis and trichinellosis was performed and showed that little to no data are 

available on the prevalence of these food-borne zoonoses in the central and southern 

areas of the country. Moreover, utilisation of tests with either low sensitivity or poor 

specificity for the diagnosis of taeniasis in humans and T. solium cysticercosis in 

humans and pigs produced either an over- or underestimation of their TP. To address 

this, a Bayesian model was used to estimate the TP of taeniasis and Taenia solium 
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cysticercosis and demonstrated a true prevalences of up to 25% and 24%, respectively 

for specific rural ‘hotspots’.  

In Chapter 3, a multiplex Taq-Man probe-based real-time PCR for the species-specific 

detection of three Taenia species in human stool was developed and its diagnostic 

parameters compared with the Kato-Katz thick smear and coproantigen ELISA assay 

using field samples collected as part of a cross-sectional survey in Dak Lak province. 

The overall AP of human taeniasis by the multiplex qPCR was 6.7% (95% CI 4.4 to 

10). The sympatric existence of Taenia solium, Taenia asiatica and Taenia saginata in 

Dak Lak province was confirmed for the first time, as was the extension of the known 

distribution of T. asiatica to southern Vietnam. Risk factors associated with Taenia spp. 

infection included the routine consumption of undercooked beef and pork, routine 

consumption of pork tongue, and personal observation of Taenia proglottids in stool.  

Chapter 4 describes a cross-sectional study on the seroprevalence of human T. solium 

cysticercosis in Dak Lak determined by two diagnostic assays, the apDia-ELISA, a 

commercial antigen detection assay and the LLGP-EITB antibody detection assay. The 

seroprevalence of exposure to T. solium in humans was 5% (95% CI 3 to 8), while the 

apDia-ELISA, detected circulating T. solium antigens in 7.3% (95% CI 4.9 to 10.8) of the 

sampled population. Consuming raw vegetables, drinking water sourced from lakes, 

streams or ponds, and outdoor defaecation were associated with increased T. solium 

exposure risk in humans.  

In Chapter 5, the seroexposure of pigs to T. solium cysticercosis in Dak Lak was 

determined using rT24H and native LLGP antigens in series, in an EITB format. The 

seroprevalence of exposure to T. solium was low at 0.94 (95% CI 0.51 to 1.68). 

Coprophagy of human faeces and scavenging for food were factors significantly 

associated with T. solium exposure in pigs. 

In Chapter 6, the contribution of all modifiable risk factors for taeniasis, T. solium 

exposure in humans and pigs is explored and this was estimated to range from 24% to 

77%. Spatial analyses demonstrated that human- or pig-T. solium exposure-positive 

households were more likely to be surrounded by other exposure-positive households in 

some study locations. This spatial aggregation of human exposure-positive households 
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was hypothesised to be due to a combination of demographic, anthropological and 

micro environmental factors, whilst scavenging for food and coprophagy of human 

faeces are likely to drive the aggregation of pig exposure-positive households. 

Finally, no Trichinella larvae were detected in the confined and free-roaming pig 

populations using the artificial digestion technique on tongue, diaphragm and masseter 

muscle. The estimated TP of Trichinella was low, ranging from 0.09 to 0.80% in 

domestic pigs. Further diagnostic screening using serology was beyond the scope of this 

current project but advocated for future research. 

Conclusions 

This thesis has contributed significantly to a better understanding of the epidemiological 

characteristics of Taenia spp. infection, and seroexposure to T. solium and Trichinella 

spp. infection among humans and pigs in the Central Highlands of Vietnam. This 

information will assist local government and residents to develop appropriate methods 

and strategies to reduce or mitigate the burden of these diseases in Dak Lak.  
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Introduction and literature review  
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1.1 Introduction 

1.1.1 Background 

Zoonotic diseases comprise 61% of human pathogens [1] and approximately 25% of the 

world’s population suffer some form of parasitic infection [2]. Zoonotic diseases 

negatively impact on public health systems, productivity of livestock, food-safety, the 

economy and ability to trade. In 2012, a multicriteria-based ranking for risk 

management of food-borne parasites conducted by the WHO/FAO ranked Taenia 

solium as the most important, and Trichinella spiralis as the seventh most important 

food-borne parasites in terms of public health, socioeconomic and trade impact [3]. The 

number of individuals suffering from human cysticercosis and Trichinella globally have 

been estimated at over 370,000 and 4,500 in 2010, respectively [4]. 

There are three species of food-borne Taenia spp. that are zoonotic namely, Taenia 

solium, Taenia asiatica and Taenia saginata [5, 6]. Humans act as definitive hosts for 

all three-tapeworm species via the ingestion of undercooked/raw meat or the visceral 

organs of pork, resulting in taeniasis [7]. Both T. solium and T. asiatica utilise swine as 

intermediate hosts; whereas, the intermediate hosts of T. saginata are cattle [8]. Humans 

may also act as the intermediate hosts for T. solium through accidental ingestion of T. 

solium eggs in contaminated food and/or water or through autoinfection. Poor hygiene 

and environmental sanitary conditions, in particular open defaecation, results in 

cysticercosis in cattle and pigs as a result of consuming water and/or food contaminated 

with Taenia eggs, passed by human tapeworm carriers [9].  

In humans, the symptoms of taeniasis are subtle and include abdominal distension, 

abdominal pain, digestive disorders and anal pruritus [10–12]. T. solium cysticercosis in 

humans, on the other hand, may result in epilepsy, paralysis, dementia, chronic 

headache, blindness, muscular pain, subcutaneous nodules and even death [10, 13]. In 

contrast to human cysticercosis, there are few obvious clinical signs of cysticercosis in 

pigs [14]. Taenia infection not only negatively impacts on human health and well-being 

but also causes economic losses due to costs associated with treatment in humans, loss 

of productivity and in livestock, carcass condemnation. In West Cameroon, 

cysticercosis in humans and pigs results in an estimated loss of over 10 million Euros 
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per year [15]. In four provinces in Laos, the pork industry estimated a loss in value of 

US $55,000 to 96,000 when 20% of carcasses was condemned due to the presence of 

cysticerci over a 21-month period [16]. 

Currently, T. solium is endemic in developing countries of Asia, Africa, and Latin 

America [17], particularly in areas where poverty is widespread, pigs are allowed to 

freely roam and consumption of raw or under cooked pork is common. Taenia infection 

has been reported to be endemic in Southeast Asia [18]. The prevalence of the infection 

in humans and pigs in the region vary both between and within each country [9, 18]. In 

Vietnam, the prevalence of taeniasis and cysticercosis in humans ranges from 0.2 - 12% 

and 1 - 7.2%, respectively; cysticercosis in pigs ranges from 0.03 to 2.17% [10, 19]. The 

primary risk factors for human cysticercosis and taeniasis infection include 

consumption of raw or undercook meat, poor sanitation, lack of meat inspection, use of 

un-treatment human waste for fertilising crops and non-confinement of pigs [10, 20, 

21]. The prevalence data, however, should be interpreted with caution because of 

current limitations in diagnostic tests utilised. For example, Taenia eggs in human 

faeces are morphologically identical, making molecular-based diagnosis the only 

logistically feasible option for species-level diagnosis in epidemiological studies. 

Moreover, although there are several reports on the seroprevalence of T. solium 

cysticercosis in humans, prevalence data for this zoonosis in swine are sparse. T. 

asiatica has been reported by Willingham et al. (2003) [20] and Somers et al. (2007) 

[22] as the most common zoonotic tapeworm in pigs in Vietnam; however, current 

ELISA-based serological methods cannot distinguish this species from T. hydatigena 

and T. solium cysticercosis. 

Despite the fact that Vietnam is located in a region where Taenia tapeworms are 

endemic, almost all of the studies cited above have been carried out in the north of 

Vietnam. Currently, information on this important zoonosis in the Central Highlands of 

Vietnam is lacking. Forty-seven resource-poor ethnic groups [23] that possess a 

multitude of risk factors for exposure to this disease live in Central Highland 

communities, advocating the pursuit of this study. 
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Similar to Taenia spp., Trichinella spp. is one of the most widespread meat-borne 

zoonotic parasites, a helminth that not only is a public health risk but also of economic 

concern to the pig industry and producers in terms of market access [24, 25]. The genus 

Trichinella is divided into two groups, encapsulated and non-encapsulated forms 

consisting of nine species including Trichinella spiralis, Trichinella nativa, Trichinella 

britovi, Trichinella pseudospiralis, Trichinella murrelli, Trichinella nelsoni, Trichinella 

papuae, Trichinella zimbabwensis and Trichinella patagonienis, and three genotypes of 

Trichinella T6, T8, and T9 [26]. Trichinella infection in domestic and wild animals 

does not cause clinical signs [27]; however, the pathology in humans varies ranging 

from asymptomatic infections to death depending on the stage of infection and number 

of larvae ingested [28]. In humans symptoms may consist of diarrhoea and abdominal 

pain in the initial intestinal phase; whereas, high fever, myalgia, periorbital oedema, 

splinter haemorrhages and rash may occur during the parenteral phase [24, 29]. Heavy 

infections and complications can lead to cardiac problems and/or central nervous system 

involvement, and occasionally death [30]. While some developed countries lack human 

cases, other countries in Eastern Europe and Asia report hundreds or thousands of cases 

annually [24]. 

Since the first report of trichinellosis in humans in Vietnam in 1968 [31], there have 

been five reported outbreaks, involving 114 individuals and eight fatalities [32]. The 

reported outbreaks took place in the North and North West of the country [33]. In 

conjunction with outbreaks in humans, 3.2% of wild boars and 20% of domestic pigs in 

the region were identified seropositive for Trichinella [34, 35]. Although the Central 

Highlands of Vietnam have similar risk factors that expose the population to 

trichinellosis, there is a complete lack of data on this zoonosis in this region. 

1.1.2 Research hypotheses, goals and objectives 

The overall hypothesis of this study is that multiple risk-factors similar to those present in other 

parts of Vietnam are also conductive to the endemic presence of Taenia and Trichinella-related 

pork-borne zoonoses in Dak Lak. The goal of this present study is to identify the 

epidemiological characteristics of Taenia sp. and Trichinella sp. infection in humans 
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and pigs in rural communities of Dak Lak in the Central Highlands of Vietnam. This 

PhD study was driven by specific objectives as follows:  

Objective 1: To estimate the prevalence of T. solium, T. saginata and T. asiatica 

infection in human stools. 

Objective 2: To estimate the seroprevalence of T. solium exposure in humans and to 

identify risk factors for taeniasis and exposure to T. solium in humans. 

Objective 3: To determine the seroprevalence of T. solium in pigs and to identify risk 

factors for exposure to T. solium in domestic pigs. 

Objective 4: To document the spatial distribution of T. solium taeniasis and cysticerci 

exposed pigs and humans and ascertain the spatial relationship between them. 

Objective 5: To determine the prevalence and associated risk factors for Trichinella 

infection in domestic pigs. 

1.1.3 Contribution of this thesis 

This cross-sectional study identified and confirmed the sympatric existence of all three 

human tapeworms, T. solium, T. saginata and T. asiatica in Dak Lak province in the 

Central Highlands of Vietnam for the first time, through the development and validation 

of a novel Taq-Man probe-based real-time PCR. This information can be used to inform 

veterinarians how to better target meat inspection predilection sites for all three species 

of cysticerci in the carcasses of pigs and cattle. The information can also be used by 

public health sectors to discourage the dietary practice of ingesting raw or undercooked 

beef and pork, including pig liver. 

The qPCR developed during this study provides highly sensitive and specific detection 

and discrimination of all three tapeworm species using a high throughput analysis, 

making it suitable for large-scale community surveys. The qPCR can be translated to 

both medical and veterinary surveys for species-specific diagnosis of taeniasis in 

humans and like-wise, cysticercosis lesions in pigs and cattle.  
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Risk factors for Taenia spp. infection and T. solium exposure risk in humans were 

quantified and the distribution of T. solium exposure was spatially characterised. 

Consequently, this study has generated evidence-based suggestions for future 

implementation of cost-effective and targeted intervention programs. This should allow 

better allocation of resources for the management of Taenia transmission in the region.  

This study represents the first study on Trichinella in domestic pigs deployed in rural 

communities of Dak Lak. 

Overall, the results presented in this thesis provide a quantitative assessment of the 

prevalence of pork-borne zoonoses in the Central Highland communities of Vietnam 

and risk factors for pork-borne zoonoses. This information can be used to advocate and 

propose sustainable strategies for disease control.  

1.1.4 Research and thesis structure 

This thesis consists of an introduction and literature review, six chapters describing 

original research findings and a general discussion (Fig. 1.1). The details of each 

chapter are listed below. 

Chapter 1 contains the introduction and literature review and outlines the major themes 

of the thesis. The chapter provide the background information on the classification, 

lifecycle, prevalence and distribution, and diagnosis methods of Taenia and Trichinella.  

Chapter 2 is a systematic review that provides detail on research regarding taeniasis, 

cysticercosis and trichinellosis in Vietnam. The hypothesis is that the low apparent 

prevalence (AP) of T. solium cysticercosis in pigs is due to use of diagnostic tests with 

relatively low Se (carcass examination) and/ or the internal validity of the study’s 

findings was poor because of selection bias. This chapter describes the study locations 

and provided estimates of the true prevalence (TP) of taeniasis and cysticercosis in 

humans and pigs. The systematic review highlighted the limitation of research on 

taeniasis and cysticercosis that could affect the TP. The results of this chapter 

supplement more information to clarify other chapters in this thesis. 
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Chapter 3 describes the utilisation and comparison of three different methods for 

diagnosis of taeniasis in human. We hypothesize that the utilization of multiplex real-

time PCR for the specific and sensitive detection of all three human species of Taenia in 

human faeces would provide a superior diagnostic test in terms of accuracy compared to 

the conventional Kato-Katz thick smear and coproantigen ELISA (cAg-ELISA). 

Objective 1 of this thesis is addressed in this chapter. This chapter reports the AP of 

taeniasis in Dak Lak province and the utilisation of a novel self-developed qPCR for 

identification and differentiation of three tapeworm species in human stools.  

Chapter 4 describes the epidemiological characteristics of Taenia spp. infection and T. 

solium exposure risk in humans in the communities of Dak Lak province. Risk factors 

for Taenia spp. infection, and T. solium exposure were quantified. Our hypothesis is that 

multiple risk factors are significantly associated with the prevalence of taeniasis and T. 

solium exposure in humans in Dak Lak and these reflect those of other communities in 

the region, namely, the consumption of raw pork or beef dishes and outdoor 

defaecation. Objective 2 of this thesis was addressed in this chapter. 

Similar to Chapter 4, Chapter 5 describes the epidemiological characteristics of T. 

solium exposure in pigs. We hypothesize that due to the free-roaming practices of pigs 

and promiscuous defecation practices of humans, the exposure to T. solium cysticercosis 

in pigs is high in Dak Lak. Objective 3 of this thesis is addressed in this chapter. 

Chapter 6 describes the spatial distribution of T. solium exposure in humans and pigs at 

fine geographic scales, addressing Objective 4. Our research hypothesis is that the 

distribution of T. solium exposure in humans and pigs is spatially clustered within 

communities in Dak Lak. The results of this chapter will assist local government 

authorities to allocate resource to those places where they are most required. 

Chapter 7 describes the first attempt to document the prevalence of Trichinella in 

domestic pigs in the communities of Dak Lak province. In this chapter, it is 

hypothesized that Trichinella would circulate in i) back-yard pig populations in Dak 

Lak at a seroprevalence of between 0.1-5% owing to their non-confinement and ii) 

commercially-raised pigs at a lower prevalence (0.1-0.2%) owing to poor rodent control 

practices.  
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Chapter 8 provides a discussion of the key findings from Chapters 2 to 7. In this 

chapter, all findings are placed in the context of other research. The chapter makes a 

statement of general conclusions and identifies future research priorities. 
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                 Fig. 1.1 Thesis structure 
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1.2 Human tapeworm Taenia 

1.2.1 Morphological classification 

Traditionally, humans were known definitive hosts for two species of Taenia, T. solium 

and T. saginata. These tapeworms are distinguishable by the clear existence of an armed 

rostellum, presence of three ovarian lobes and the absence of a vaginal sphincter for T. 

solium [7, 36, 37]. 

In 1993, Eom and Rim [38] provided detailed morphological description to propose 

existence of a third human tapeworm, T. asiatica. The tapeworm can be distinguished 

from T. saginata by the presence of a rostellum on its scolex, a posterior protuberance 

in gravid proglottids and uterine twigs. Metacestodes of T. asiatica can also be 

distinguished from T. saginata by the presence of wart-like formations on the surface of 

the cysticercus, instead of rugae [38]. The number of uterus branches in a gravid 

proglottid is a criterion to distinguish the three human tapeworms, in which proglottids 

with 8 (5 – 11) branches in each side from the central uterus is identified as T. solium, 

while T. saginata and T. asiatica have 23 (4 – 32) and 20 (11 – 32), respectively [5]. 

The debate on the taxonomic classification of T. asiatica is still not resolved, however, 

distinct differences in biology and life cycles of the two subspecies, favours T. asiatica 

being classified as a separate species to T. saginata [39].  

1.2.2 Molecular classification 

The complete mitochondrial genome of T. asiatica, T. saginata and T. solium, 

comprising 12 protein-coding, 2 ribosomal ribonucleic acid (rRNA) and 22 transfer 

ribonucleic acid (tRNA) genes, is 13,703 base pairs (bp), 13,670 bp, and 13,709 bp in 

length, respectively [40–42]. There is a difference of 4.6% in overall nucleotide 

composition between T. asiatica and T. saginata, and 11% between T. saginata and T. 

solium [40]. At the cytochrome oxidase I gene (cox-1), nucleotide variations of 4.6% 

exist between T. saginata and T. solium. At the cytochrome oxidase-b (cob) gene, a 

4.1% nucleotide variation exist between T. saginata and T. asiatica and a nucleotide 

variation of 12.9% between T. solium and T. asiatica [41, 43]. While a 61.5% sequence 

similarity of the of 18 kilodalton (kDa) protein-encoding gene exists between T. solium 
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and T. asiatica, this similarity is increased to 5% between T. saginata and T. asiatica 

[44]. At the 18S rRNDA gene, 99.2% sequence similarity exists between T. asiatica and 

T. saginata [45]. The aforementioned sequence analyses support the placement of T. 

asiatica as closely related to T. saginata compared with T. solium [39]. 

Bowles & McManus (1994) [46] indicated that the 28S ribosomal deoxyribonucleic 

acid (rDNA) sequence of T. asiatica and T. saginata are identical and it was proposed 

using allele analysis, that T. asiatica and T. saginata occasionally hybridize supporting 

them as closely related subspecies [47–49]. However, phylogenetic analysis of the three 

human Taenia based on their ribosomal internal transcribed space-2 regions (ITS-2) 

suggest that T. asiatica is distinct species [50]. Jeon et al., (2009) [51] provided similar 

conclusions to Eom et al. (2002) [50] demonstrating that a DNA sequence divergence of 

4.6% between mitochondrial cox-1 and cob gene between T. saginata and T. asiatica is 

consistent with classification of these closely related tapeworms as two separate species. 

1.2.3 Life cycle of human tapeworms 

Southeast Asian countries are endemic for all three human Taenia species, T. solium (pork 

tapeworm), T. saginata (beef tapeworm) and T. asiatica [52–54]. The larval stages of 

these tapeworms are also referred to as Cysticercus cellulosae, Cysticercus bovis and 

Cysticercus viscerotropica, respectively [55], but rarely used. Humans act as definitive 

host for all three-tapeworm species via the ingestion of undercooked meat [7, 10, 46] . 

Both T. solium and T. asiatica utilise swine as intermediate hosts; whereas, T. saginata 

utilises cattle as intermediate hosts [8]. While adult Taenia parasitise the intestine of 

humans resulting in taeniasis, humans may also act as intermediate hosts of T. solium 

following accidental ingestion of eggs of this parasite. Cysticerci most commonly develop 

in muscle, subcutaneous tissue, within the eye and in particular the brain, with the latter 

termed neurocysticercosis (NCC) [56]. The survival time of Taenia eggs in the 

environment vary and depend on temperature and moisture conditions. In the lower or 

moderate temperature ranges and in humid climates, the survival time of eggs can last 

months [57]. For example, T. saginata eggs are able of surviving for up to nine months in 

summer and autumn, but only up to five months in winter and spring in southeastern 

Europe (Rukhova, (1963) cited in Murrell et al., 2005) [57]. 
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1.2.3.1 Taenia solium 

Ingestion of cysticerci of T. solium through the consumption of under cooked or raw 

pork results in human taeniasis [53]. The predilection sites of cysticerci in pigs are 

skeletal muscle, tongue, lungs, heart and diaphragm [58]. Following ingestion of cysts 

by humans, the scolex of the metacestode evaginates and attaches to the small intestinal 

wall by two rows of hooks and four suckers. It then proceeds to develop into a fully 

mature tapeworm that produces and expels gravid proglottids via the stool after 

approximately eight weeks. Each gravid segment may release approximately 40,000 

eggs [36] into the environment. The adult tapeworm can survive approximately 25 years 

in the human intestine without producing any symptoms [59]. The eggs of mature 

tapeworms excreted in faeces pollute the environment, contaminating vegetables, and 

water. Humans may also serve as the intermediate hosts of T. solium. This occurs 

through accidental ingestion of T. solium eggs through autoinfection caused by poor 

hygiene, or via consumption of contaminated raw vegetables or water [9]. 

Once the eggs are ingested by humans or pigs, the oncospheres are released and 

penetrate through the intestinal wall and travel via the circulatory system to various sites 

including the subcutaneous tissue, heart, skeletal muscle, brain, and eyes and cause 

cysticercosis [46], where they may develop into cysticerci [59]. 

1.2.3.2 Taenia asiatica 

Similar to T. solium, T. asiatica use swine and humans as intermediate and definitive 

hosts, respectively; however differs from T. solium in predilection sites occupied by 

cysticerci, and has a shorter life cycle than other human tapeworms [5, 39, 60–62]. In 

pigs, T. asiatica cysticerci are found mainly in the liver. Other organs may also the 

harbour cysts and these include the lungs, omentum, serosa and mesentery, but not 

muscle [60, 62–64]. Singh et al. (2016) [65] however, reported a case of T. asiatica 

cysticerci found in the muscle of a naturally infected pig in India, suggesting that 

humans are at risk of acquiring infection with T. asiatica taeniasis through the 

consumption of meat [8]. The life expectancy of the adult worms is reported as 

approximately 30 years in some cases [12]. Till now, clear evidence to conclude 
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whether humans may also serve as the intermediate hosts of T. asiatica are ambiguous 

[8, 39]. 

Preliminary experimental studies exploring the life cycle and biology of T. asiatica in 

aim of differentiating it from T. saginata found that T. asiatica cysticerci could 

successfully infect internal organs of both pigs and cattle. Cysticerci were found mainly 

in the parenchyma and surfaces of the pig’s liver, other predilection sites included the 

omentum, lung and serosa. In cattle, cysticerci were found in the liver; however, the 

development of these cysts was less favourable than those in pigs [60]. In contrast, 

experimental infection of T. saginata demonstrated that T. saginata could only infect 

muscle and viscera of cattle, but not pigs [60]. 

1.2.3.3 Taenia saginata 

In contrast to the two other human tapeworms, which use swine are their intermediate 

host, T. saginata utilises cattle as its intermediate hosts. When eggs are ingested by 

cattle, the embryo hatches via exposure to digestive juices and penetrates the circulatory 

system, migrates to muscular tissues and develop into cysticerci. The predilection sites 

of cysticerci include skeletal and cardiac muscle. Humans acquire T. saginata tapeworm 

by eating infected raw or undercook beef dishes. The first excretion of gravid 

proglottids takes place after three months. Each mature proglottid consists of 50,000 - 

80,000 eggs which are passively or actively excreted via the faeces within proglottids 

[59]. The eggs are able to persist for several weeks or months in the environment until 

digested by cattle (Rukhova, (1963) cited in Murrell et al., 2005) [57]. 
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1.2.4 Prevalence and geographic distribution 

The prevalence and geographic distribution of Taenia cysticercosis and taeniasis 

depends largely on standards of hygiene and sanitation, socio-economic standards, 

dietary culture and pig husbandry practices (FAO/WHO, 2014). T. solium and T. 

saginata are distributed worldwide; however, mainly in developing countries of Latin 

America, Africa and Asia, while the distribution of T. asiatica is restricted to Asia [17, 

39, 66]. In 1947, Stoll estimated that in total approximately 41.5 million individuals 

were T. saginata and T. solium tapeworm carriers at globally [67]. This figure increased 

to 50 million people and 50,000 deaths due to T. solium annually in1992 [68]. 

Approximately 300,000 individuals were estimated to be infected with T. solium 

globally between 2010 and 2015, resulting in over 28,100 deaths [4]. 

Taenia solium 

 

Fig. 1.2 The life cycle of three human Taenia tapeworms 
(Source: Wandra et al. 2013) 
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Taenia solium is distributed globally, however the parasite, has been controlled 

effectively in most countries of Europe, North America, Australia and New Zealand 

[56]. Infection with T. solium commonly occurs in resource-poor communities where 

poor sanitation, non-confinement of pigs, outdoor human defaecation and the 

consumption of raw/undercooked pork are abundantly practiced [69]. 

In Africa, the seroprevalence of human cysticercosis has been reported to range widely 

from 0.7 to 45% [70]. Coral-Almeida et al. (2015) [71] performed a systematic review 

and estimated the prevalence of circulating antigens of T. solium as 7.3% and antibodies 

at over 17% for the period ranging 1988 to 2014. In addition, the number of T. solium 

tapeworm carriers in Africa was reported to vary from zero to 14% depending on the 

studied area [71]. In Tanzania, Mwanjali et al. (2013) [70] reported the seroprevalence 

of T. solium cysticercosis in humans as high as 45%. In other parts of the continent, 

lower figures of between 0.7 to 7% in central Africa have been reported, with sporadic 

cases confirmed in Ghana, Burkina Faso, Ivory Coast, and Senegal [72]. Porcine 

cysticercosis reported by method of meat inspection ranged from 0.6 to 39% in central 

and western Africa [72], whereas, in the east of Africa a seroprevalence of between a 

8.5% to 35% was recorded for porcine cysticercosis [73–75]. In South Africa, the 

seroprevalence of porcine cysticercosis was reported to range from 14 to 34% [76]. 

The prevalence of taeniasis and porcine and human cysticercosis varies greatly within 

and between countries of Asia and Latin America. It is estimated that a population of 

400,000 humans across 15 Latin American countries were infected with T. solium 

cysticercosis in 2008 [77]. In Mexico, the prevalence of taeniasis, porcine and human 

cysticercosis was reported at 0.2 - 2.4%, 2.5 - 35% and 3.7 - 12.2%, respectively [78]. 

Bolivia recorded the highest seroprevalence of porcine and human cysticercosis at 

roughly 39% and 23%, respectively, while in Guatemala 9% of pigs and 13.5% of 

humans were found seropositive [78]. On a review carried out by Braae et al. 2017 [79] 

within the period 1986 to 2017, T. solium was present in 16 countries of central 

America and the Caribbean basin and the existence of porcine cysticercosis was 

confirmed in 11 administrative regions across six countries of Colombia, Guatemala, 

Honduras, Mexico, Nicaragua and Venezuela. 

T. solium has been reported to be present in at least 15 Asian countries [53]. High rates 

of T. solium infection was recoded in Nepal in which 32.5% of infected pigs were 

detected using the lingual palpation method and 10 - 50% of Nepalese people were 
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reported to suffer from taeniasis, but this figure could also include T. saginata cases. 

Other countries include Indonesia, China and India, where the prevalence of taeniasis 

and cysticercosis range from 0.06 to 23% and 0.02 to 9.3%, respectively [80]. T. solium 

cysticercosis in humans and pigs in South East Asian countries of Vietnam, Lao PDR, 

Thailand, Malaysia, the Philippines, Cambodia, Indonesia and Myanmar vary between 

and within countries depending on the dietary, culture, religious and economic status. 

Among these countries, a hyperendemic focus of T. solium was found in West Papua, 

Indonesia, in which 77% of 35 pigs slaughtered were found to be positive to T. solium 

cysticercosis (Maitindom (2008) cited in Willingham III et al., 2010) [9] and 50.6% of 

106 [81] individuals in Irian Jaya and 22 - 29% of 2,931 people in the Central 

Highlands of Papua [82] were reported exposed to T. solium antigens in 2007. Hence, 

the prevalence of human and porcine cysticercosis in Papua is considered one of the 

highest in the world. Since then, this figure has dropped significantly, but the prevalence 

of cysticercosis still remains high at 8.3% in humans and 19% in pigs, recorded in 2012 

[83]. In 2011, an investigation carried out in four provinces of Lao PDR showed that 

over 46% people were infected with taeniasis and roughly 67% villagers with T. solium 

cysticercosis [84]. 

In contrast to Asia, Sub Saharan Africa and Latin America, human T. solium infection is 

rare in European countries, but still considered a public health concern due to returned 

overseas travellers and migrant activity [85–87]. According to the review by Fabiani & 

Bruschi (2013) [85], 176 cases of NCC were reported in 17 countries within Europe 

between 1976 to 2011, for which the majority were sourced to returning overseas 

travellers or migrants from endemic regions. In a systematic review paper, Zammarchi 

et al. (2013) [88] reported that between 1990 and 2011, of 846 cysticercosis-positive 

individuals, 522 were identified as autochthonously infected and 68 individuals were 

(assumed) T. solium tapeworm carriers, however the species of Taenia were not 

confirmed. 

Taenia asiatica 

T. asiatica is endemic and restricted to Asia. Following its first discovery and 

documentation in Taiwan [5] the parasite is now recognised to be present in almost all 



17 
 

Asian countries including Korea [89], Japan [90], Indonesia [91, 92], The Philippines 

[61], Vietnam [22], China [93], Thailand [94, 95], Myanmar [96], Nepal [97] and 

northern India [65]. The presence of T. asiatica is associated with the consumption of 

raw or undercooked visceral organs of pork. Fan (1988, 1989) suspected 17% of 

indigenous Taiwanese and 7% of Koreans were infected with T. asiatica instead of T. 

saginata, as previously presumed since consumption of raw or undercooked visceral 

organs of pork was associated with infection, as opposed to beef [5, 89]. In 1991, 

Zarlenga et al. [98, 99] confirmed the presence of T. asiatica in Taiwan and Korea using 

molecular methods. Since then, numerous studies using molecular methods indicated 

the existence of the parasite in many Asian countries. According to Jeon et al. (2008) 

[100] 51 out of 68 samples collected in Taiwan between 1953 and 2005 were re-

identified as T. asiatica instead of T. saginata. In Indonesia, Thailand and the 

Philippines, Fan and his colleagues suspected the presence T. asiatica based on 

morphological criteria of the adult [61, 92, 101]. Subsequent molecular analysis 

classified six of 240 samples as T. asiatica. In Indonesia, approximately 23% of pigs in 

Bali harboured the cysticerci of T. asiatica in pork liver and 2.5% of individuals were 

shown to harbour T. asiatica taeniasis [83, 102]. Among 24 samples collected from 

2002 to 2005 in Kanchanaburi province of Thailand, six were identified T. asiatica and 

the parasite shown to occur sympatrically with T. saginata and T. solium [103]. 

Research in China identified the presence of T. asiatica in four southern provinces [50]. 

Yamasaki (2013) [90] reported sporadic cases of T. asiatica taeniasis in local residents 

and immigrants in Japan. In Vietnam, T. asiatica was reported for the first time in 2001 

from a 14 year old patient in Ha Noi [20]. Through identification of 65 proglottids 

collected in 14 provinces of Vietnam’s north between 2002 and 2003, Somers et al. 

(2007) [22] demonstrated the sympatric existence of all three tapeworm species in this 

region, in which T. asiatica accounted for the highest prevalence of proglottids at 

55.4%, followed by T. saginata and T. solium. The presence of T. asiatica in Cambodia, 

Lao PDR and Malaysia remains uncertain [39, 84, 104]. 

Taenia saginata 

The beef tapeworm, T. saginata, is known as a globally distributed parasite with a more 

ubiquitous distribution than other two human tapeworms, T. solium and T. asiatica [56]. 
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The tapeworm is reported to be present in countries that T. solium was effectively 

controlled including Europe [87, 105], New Zealand [106] and Australia [107] although 

at significantly lower prevalence than in Asia, Latin America and Africa [108, 109]. The 

prevalence of T. saginata taeniasis in humans varies from over 10% in highly endemic 

zones, for example in Ethiopia, Kenya, and Democratic Republic of Congo to under 

0.1% in zones where the parasite is rare or non-existent [57]. Central and East Africa 

represent highly endemic regions; other regions within Europe, South East Asia, India, 

Japan and South America report a moderate prevalence [108, 109]. 

The prevalence of bovine cysticercosis differs significantly, ranging from 0.03% in 

North America and Europe to as high as 10 - 80% in Africa and Latin America [109]. 

Based on carcass inspection data, the proportion of cattle infected with T. saginata 

cysticercosis ranges between 0.01 and 6.8% within European countries [110]. In France 

in 2010 T. saginata cysticercosis was recorded at 1.23% [111], but the TP was 

estimated between three and ten times higher [112] using immunodiagnostic methods, 

owing to the low Se of organoleptic inspection methods. In Belgium, the prevalence of 

bovine cysticercosis was estimated at around 0.22% based on meat inspection, however 

this figure increased to a seroprevalence of 36% using a combination of techniques 

(dissection, Ag-ELISA and Ab-ELISA) [113]. In Asia, the data is disparate between 

countries and highly dependent on their economic standing. In high-income economies 

in East Asia, the prevalence of T. saginata cysticercosis is negligible (0.001% in Japan; 

four cases reported in Korea in 2013 [114]). In contrast prevalence of up to 43% in the 

Philippines and of between 2.2-43% have been reported in Indonesia [102, 115, 116]. T. 

saginata cysticercosis is reported extremely low or scarce in India perhaps owing to 

limited beef consumption by Hindus that comprise the majority of the population [117]. 

A slaughterhouse based survey in Brazil between 2010 and 2015 indicated the 

prevalence of bovine cysticercosis at 0.6% [118]; USA, Australia, South America and 

some Western Pacific countries maintains a low prevalence of taeniasis of less than 

0.5% [36]. 
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1.2.5 Health and economic impact of taeniasis and cysticercosis 

Taeniasis and cysticercosis in humans and pigs have a negative impact not only on human 

health but also the economy. In humans, costs are associated with loss of working days, 

treatment and implementation of control programs. In pigs, costs are associated with 

implementing compliant housing and management practices to minimise risk of 

transmission to domestic animals and due to organ/carcase condemnation at slaughter. 

[119]. 

In Eastern Cape province of South Africa, the agricultural sector alone was estimated to 

have lost US$ 5 million in 2004, with the overall figure lost varying from US$ 18.6 

million to 34.2 million [120]. A study in West Cameroon estimated the total annual cost 

due to T. solium cysticercosis was over EUR 10 million. These included direct losses 

associated with hospital costs and indirect losses associated with lost productivity. 

Human cysticercosis accounted for 95.3% of the losses and 4.7% was attributed to 

losses within the pig husbandry sector [15]. In Tanzania, T. solium was estimated to cost 

the agricultural sector approximately US$ 3 million owing to porcine cysticercosis and 

US$ 5 million for the treatment of NCC in humans [121]. In the United States of 

America, over 18,500 NCC cases associated with hospital charges of over US$ 908 

million were reported between the period 2003 to 2012 [118]. In India, the average cost 

per case of NCC-related epilepsy amounted to US$ 344 per year (equivalent to 88% of 

average income per capita), and the total cost for the estimated 5 million people affected 

was equivalent to 0.5% of the gross national product [122]. Singh and colleagues 

estimated that Indian spent over Rupees 12 million for treatment associated NCC in 

2011 [123]. A patient in Mexico was estimated to endure costs up to US$ 2,500 for 

hospitalization and surgery for cysticercosis treatment [124]. Treatment and working 

days lost due to taeniasis was estimated to cost approximately 32.6 million annually in 

the mountainous areas in Taiwan, Cheju Island in Korea and Samosir Island in 

Indonesia [125].  

Within the meat industry, South America loses US$ 43 million annually owing to 

bovine and porcine cysticercosis [126]. In four provinces in Laos between US $55,000 

to 96,000 is estimated lost assuming a carcass condemnation rate of 20% [16]. A 
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calculation based on published data of Abdussalam (1975) and Schenone (1975) by 

Murrell (1991) [127] reveals an annual combined cost caused by bovine and porcine 

cysticercosis in Latin American countries of US $428 million. In Africa, bovine 

cysticercosis was estimated to cost the continent US $1.8 billion, in which four and two 

million were estimated for Kenya and Botswana, respectively. In England an estimated 

£100 per carcass condemned, or £4.0 million annually is attributed to cysticercosis 

(Gracey et al. 1999 cited in Abuseir et al., 2006) [128]. 

Not only do taeniasis and cysticercosis result in significant losses in term of economic 

impact, but these diseases also result in human morbidity and suffering. Individuals with 

taeniasis may endure symptoms of abdominal distension, anal pruritus and disorders of 

digestion, wakefulness, or hypotension [10]. According to Komba et al. (2013) [73], 

Trung et al. (2013) [21] and Praet et al. (2009) [15], human cysticercosis causes 

headache, loss of memory, seizures, paralysis and muscular pain. In 2010, the WHO 

estimated that T. solium cysticercosis caused 2.78 million disability-adjusted life years 

(DALYs) lost, that 370,000 individuals were infected and over 28,000 deaths occurred 

globally [4]. In India, NCC resulted a total of 2.10 million DALYs per year [123]. 

DALYs associated with NCC in Mexico was estimated at 0.25 per 1000 personal-years 

in 90% of the population with NCC [129]. 

1.2.6 Diagnosis of cysticercosis in animals 

1.2.6.1 Post-mortem carcass inspection 

Carcass inspection for cysticerci is based on organoleptic inspection at slaughter and 

usually involves partial incisions and examination of organs at predilection sites such as 

the neck, shoulder, masseters, tongue, diaphragm, heart, omentum, serosa and liver [58]. 

Post-mortem inspection is considered a gold standard for the diagnosis of porcine 

cysticercosis in pigs [130]; however, the efficiency of the method relies not only on the 

skill of inspectors, but also on the cyst burden [57]. Although the method is highly 

specific (100%), the Se is notoriously poor and as low as 5.8 to 22% [130, 131]. The 

method is applied for the ante-mortem detection of T. solium in pigs in the majority of 

developing countries owing to its negligible cost and practicality. 
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1.2.6.2 Ante-mortem examination 

Ante-mortem diagnosis includes ocular inspection and tongue palpation. The method is 

routinely performed in pigs. The ocular inspection is aimed to visualise metacestodes in 

sub-conjunctival or periocular regions. The method has been reported to have a low Se. 

Ante-mortem tongue palpation is a simple, low cost method of screening for foci or T. 

solium cysticerci in pigs. Although the method is highly specific (100%) [130, 132], it is 

limited by its low Se of between 50 - 70% for cyst burdens of greater than 100 [58, 133, 

134]. It may not be possible to detect cysts in pigs harbouring fewer than 100 cysts 

[135]. Using a Bayesian approach, Dorny et al. (2004) [130] estimated the Se of tongue 

palpation to be even lower (21%) for greater than 100 cyst. In addition, tongue 

examination is time consuming and the inspector risks getting bitten [58, 130, 132]. 

1.2.6.3 Antibody-ELISA 

Antibody-ELISA detect immunoglobulin (Ig) G against cysticerci circulating in pigs with 

T. solium cysticercosis with high Se, but is limited by cross-reactivity if the animal is 

infected with closely related species of Taenia and highly dependent on the type of 

antigen used [136]. Antigens included in Ab-ELISA format include solubilised 

metacestode and scolex, cyst fluid [137] and excretory/secretory (ES) products [138, 139] 

derived from Taenia spp. The Se and Sp of the Ab-ELISA for the detection of T. solium 

in free roaming pigs using ES antigen is 92% and 100%, respectively [138]; using Taenia 

crassiceps metacestode fluid, the Se of the Ab-ELISA assay increases significantly to 

between 96% and 100% [140, 141], however this results in lowered Sp and cross 

reactions with sera from pigs infected with other parasites including Ascaris suum, T. 

hydatigena, Echinococcus granulosus, Fasiolopsis buski [139, 141–144]. The utilisation 

of crude antigen also results in cross-reactions in pigs infected with T. hydatigena 

cysticercosis [136]. The Sp of Ab-ELISA has been improved by using purified antigens. 

Ito et al. (1999) [145] used T. solium antigen glycoprotein fragments from cyst fluid and 

intact cysts, purified by isoelectric-focusing electrophoresis and to detect all eight pigs 

naturally infected with T. solium cysticercosis. Ab-ELISA using isoelectric focusing-

purified glycoproteins was demonstrated not to cross react with T. hydatigena cysticerci 

antigens in pigs with a Se and Sp similar to those of western blot (WB) [146]. During the 
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last 10 years, a newly developed generation of recombinant or synthetic antigens derived 

from the 8 kDa family [147] and 50 kDa proteins [148] has been cloned including rGP13, 

sTs14, sTs18, rGP21, rT24H, rGP42, rGP50 [147, 148, 157–159, 149–156]. Of these 

antigens, the sTs18, rT24H and rGP50 were trailed and evaluated in different ELISA 

platforms including Fast-ELISA and Quick-ELISA for the detection of porcine 

cysticercosis and showed good performance with a Se and Sp of between from 74% to 

97%, and 90% to 96%, respectively [149, 150]. Currently, the ability of these Ab-ELISAs 

to cross-react with pigs infected with T. asiatica or T. hydatigena remains uncertain. It is 

assumed that antibody detection methods for porcine cysticercosis are not specific for T. 

asiatica and cross-reactivity of T. asiatica was observed even with the most specific T. 

solium serodiagnostic test [54]. 

1.2.6.4 Antigen-ELISA 

The Ab-ELISA, though a reliable tool for serological detection of cysticercosis, has its 

limitations. These includes cases in which pigs have passive antibody transfer via 

colostrum [160] or have developed persistent antibody following temporary exposure to 

the parasite, which does not necessarily equate to current infection [161, 162]. 

Consequently, the Ab-ELISA assay results in falsely elevated seroprevalence levels 

(higher than TP). There have been several Ag-ELISAs developed for the detection of T. 

solium cysticercosis using monoclonal antibodies to overcome the limitations of Ab-

ELISA [162–165]. The monoclonal antibodies detect antigenic determinants of 

glycoprotein antigens on the surface of and in the secretion of cysticerci [162]. 

Harrison et al. (1989) [162] introduced mouse monoclonal antibody (MoAb) namely 

HP10, with the purpose of detecting antibody against T. saginata in cattle as well as T. 

solium in humans, produced by using glycoprotein extracted from T. saginata 

metacestodes in immunised mice. The application of MoAbs in detecting antigen of T. 

saginata in serum of cattle is applicable to targeting T. solium antigen in humans and 

pigs [162, 163]. Another MoAbs called B158C11 and B60H8, originally developed by 

Brandt et al. (1992) [163] to detect T. saginata cysticerci in cattle and modified by Van 

Kerckhoven et al. (1998) [165] and Dorny et al. (2000) [112], was also utilised to detect 

Taenia cysticerci in pigs and humans. A sero-epidemiological survey of porcine 
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cysticercosis in West Cameron using MoAbs B158C11 and B60H8 showed that that 

11% of pigs were positive for T. solium by Ag-ELISA, while 21.8% were positive by 

Ab-ELISA [133]. The Ag-ELISA has been applied widely for T. solium cysticercosis 

sero-surveys in pigs and humans [70, 73–75, 133, 164, 166–168]. These Ag-ELISAs are 

noteworthy owing to low levels of cross-reaction when applied to both human and pig 

sera infected with a wide range of non-taeniid helminth parasites [162, 166]. However, 

the Ag-ELISA does cross react with animals infected with T. hydatigena [136], and may 

thus have limited use in pigs in regions where this tapeworm is endemic. 

1.2.6.5 Enzyme-linked Immunoelectrotransfer Blot  

EITB is the most specific assay for the detection of antibody against T. solium cysticerci 

[136, 169] and used widely for the purpose of diagnosing exposure to T. solium 

cysticerci in humans and pigs. A handful of innovative antigen production methods 

have been applied to diagnose T. solium cysticercosis in humans and pigs ranging from 

using crude [144] to purified, recombined and synthetic antigen such as Rec-

Ag1V1/Ag2 [170, 171], TsRS1, Ts14 and Ts18, rT24H and rGP50 [147, 148, 152, 158, 

172]. The TsRS1, Ts14 and Ts18, rT24H and rGP50 were synthesized, and 

characterised as reliable diagnostic antigens, which are closely related to the family of 

the 8 kDa protein [147, 148, 152]. The purified glycoprotein antigens not only offer Se 

and the Sp of 99% for detection of cysticercosis in humans and pigs but also do not 

depend strictly on expensive apparatus and provide capability of transferring easily 

between laboratories [158]. 

Pathak et al. (1994) [144] used crude-somatic antigens extracted from T. solium cysts of 

pigs in India for specific detection of exposure to cysticerci. The Se and Sp of this assay 

was 90% and 100%, respectively, based on the detection of four polypeptides of sizes (8, 

11, 16 and 23 kDa). There was a lack of cross-reactivity when this antigen was appraised 

with pigs infected with Trichinella spiralis, Echinocosus granulosus and Fasciolosis 

buski but the study did not assess the potential for cross-reactivity with T. hydatigena. 

Sato et al. (2006) [171] found two genotypes of T. solium (African/American and Asian) 

generating different immuno-responsive bands against glycoprotein antigens in sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). This provided the 
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potential ability to differentiate between species of cestodes including human tapeworms 

and T. hydatigena.  

By utilising glycoproteins, which are purified by lentil lectin-purified chromatography, 

Tsang et al. (1989) [169] developed a highly specific EITB assay for T. solium 

cysticercosis in humans with a reported Se of 98%; however, this was reduced to 28% 

[173] when a single cyst was present in the brain. In 1998, Sciutto et al. [134] found that 

in regions where pigs have low T. solium cyst burdens, both EITB and ELISA were 

limited by their Se. In the past, EITB assays have been limited by the requirement for 

specialised equipment not always available in developing countries and the generation of 

sufficient antigen from fresh viable cysts [174–176]. To overcome this, 

recombinant/synthesis antigens, including TsRS1, Ts14 and Ts18, rT24H and rGP50, 

have been developed [158]. 

1.2.7 Diagnosis of cysticercosis in humans 

1.2.7.1 Imaging techniques 

Imaging techniques utilised for cysticercosis diagnosis in humans currently include 

radiology, ultrasound, computed tomography (CT), and magnetic resonance imaging 

(MRI). Images of parasite residing in human’s organs can be visualized and identified [177, 

178]. 

There are four transforming stages of tapeworm once the egg is accidently ingested by 

intermediate hosts. Oncospheres hatch and once they invade the brain parenchyma, 

muscle and other tissues [177], they develop through four stages: vesicular, colloidal, 

granular-nodular, and calcified forms [179]. Hence, depending on each phase the 

pathological finding may differ. The most sensitive and specific imaging techniques are 

the CT scan and MRI which offer the ability of identifying all four phases. The Se and 

Sp of the CT scan provides over 95% Se for the diagnosis of NCC; however, it has 

lower Se for detecting ventricular or cisternal forms [180]. While the CT scan is the 

preferred method for detection of cysticerci at the stage of calcification, the MRI is best 

for detecting non-calcified cysticerci [177], but its high cost and scarce availability form 

drawbacks of the technology [180]. Radiography shows it usefulness in determining the 
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size, location and number of cysticerci [180]; meanwhile, ultrasound is useful for the 

diagnosis of extraneural cysticercosis [181, 182]. 

1.2.7.2 Antibody-ELISA 

Individuals with T. solium cysticerci infection stimulate a predominantly IgG response; 

with some individuals retaining IgM, IgA or IgE class antibody responses [177, 183]. The 

Ab-ELISA aims to detect these immunoglobulin classes. As with diagnosis in swine, the 

efficiency of antibody ELISA for the detection of T. solium cysticercosis in humans is 

dependent on the quality of antigens that are used for the assay [184]. A major advantage 

of diagnosing T. solium cysticercosis in humans is the inability of other closely related 

Taenia metacestodes to infect humans (with exception of T. multiceps), and this obviates 

the problems of cross-reactivity observed in pigs. Antigens derived from cyst fluid have 

demonstrated more specific detection than other antigens such as antigens derived from 

the whole parasite and scolex [185–187]. ES antigens extracted from Taenia cysticerci 

cultured in artificial broth have also been utilised in Ab-ELISA; however, cross-react to 

E. granulosus hydatids may occur [139, 141, 188]. Purified glycoprotein either from cyst 

fluid or intact cysts using isoelectric-focusing electrophoresis offers 100% Se and Sp for 

the confirmation of T. solium NCC in humans. Three major antigenic bands ranging from 

10 to 26 kDa corresponding to the glycoprotein components of Taenia cyst fluid or intact 

cysts are observed to be highly specific in humans infected with T. solium cysticerci 

[189]. As discussed before, limitations of EITB make the technique challenging and 

costly to apply in developing countries but to overcome this, recombinant or synthetic 

antigens can be applied in ELISA assays, which offer the advantage of high Sp and Se, 

ease of reproduction between laboratories coupled with minimal cost and need for 

equipment. The common recombinant antigens used for ELISA assay in confirmation of 

NCC are a component of lentil lectin-bound glycoproteins [147, 148, 152, 158, 170, 172]. 

The recombinant or synthetic antigens TSRS1, sTs14, sTs18, rT24H and rGP50, 

components of lentil lectin-bound glycoproteins, have displayed a Se and Sp in the 

vicinity of 77 to 97% and from 85 to 99%, respectively [151, 154, 156]. Ito et al. (1998) 

[189] used T. solium antigen glycoprotein fragments from Taenia cysts fluid and intact 

cysts purified by isoelectric-focusing electrophoresis for detecting NCC in humans with a 

Sp and Se of 100%. 
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1.2.7.3 Antigen-ELISA 

A positive Ab-ELISA does not necessarily represent an existing infection with viable 

cysticerci in the host since antibody detection ELISAs may detect antibodies of T. 

solium in cases where unviable cysts exist or when antibodies are stimulated during 

transient infection or continue to circulate following elimination of cysts as a response 

to drugs or immune clearance [160, 162, 190, 191]. Approximately 10% of the 

population in endemic communities possess circulating antibodies against T. solium 

metacestodes, resulting in an overestimate of TP [192]. The antigen detection ELISA 

can be performed using serum or cerebrospinal fluid in both humans and animals [193], 

in which cerebrospinal fluid offers a better performance in comparison to that of serum 

as cysticerci normally localizes in brain [136]. Harrison et al. (1989) [162] introduced a 

monoclonal antibody (HP10) immunized to mouse that can target glycoproteins of T. 

saginata circulating in serum of humans with T. solium. The Se and Sp of the ELISA 

assay when utilising the HP10 antibody to confirm 46 cases of NCC was 85% and 94%, 

respectively [190]. A similar Se of 85% and Sp of 92% was found in another study 

[194]. Other monoclonal antibodies namely 158C11 and 60H8 were developed to detect 

ES antigens from T. saginata cysticerci by Brandt et al. (1992) [163] and modified by 

Van Kerckhoven et al. (1998) [165] and Dorny et al. (2000) [112] and is currently being 

deployed in epidemiology studies of human cysticercosis [166, 195]. 

1.2.7.4 Enzyme-Linked Immunoelectrotransfer Blot 

EITB is considered the reference standard assay for the serological diagnosis of 

cysticercosis in humans with a reported Se of 98% and Sp of 100% [169]; however, the 

Se and Sp may drop dramatically in cases with single viable cyst, calcified cysts or 

degeneration cysts [115, 158]. The immunoblot is used to detect antibodies to T. solium 

cysticerci in humans and pigs with the utilisation of purified glycoproteins from raw 

cysticerci extracted through chromatography with lentil-lectin [196]. The utilisation of 

lentil-lectin purified glycoprotein (LLGP) from raw cysticerci raises some drawbacks 

depending on the source of pigs infected used for generation of the T. solium antigens 

and relies on expensive apparatus and expertise. Hence, the utilisation of recombinant or 

synthetic antigens derived from the seven diagnostic LLGP including GP50, GP42-39, 
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GP24, GP21, GP18, GP14, and GP13 [158] was used to overcome the aforementioned 

drawbacks. The LLGP-EITB provides a Se of 95% and Sp of 100% when using serum 

or cerebrospinal fluid samples from people with multiple intracranial lesions [158] and 

demonstrates no cross reactivity to serum from people with hydatid disease 

(Echinococcus granulosus and E. multilocularis) and other heterologous infections 

[169]. When compared with CT and/or MRI, the EITB demonstrated a high Se (94%) in 

confirmation of NCC from patients with two or more lesions; but dropped to 28% in 

cases with one lesion in the brain [173].  

Other antigens used for the EITB assay include purified glycoproteins from T. solium 

cysticerci using preparative isoelectric-focusing electrophoresis (pH 9.2-9.6) [189]. The 

antigen was introduced for the EITB assay in 1998 by Ito and his colleagues [189]. The 

purified glycoproteins, containing three major bands ranging from 10 kDa to 26 kDa, 

offer the Sp and Se of 100% in the detection of human NCC. Furthermore, these 

glycoproteins can be applied to ELISA format. Similarly, Yang et al. (1998) [197] 

demonstrated the 10 kDa native antigen, which is purified form T. solium cyst fluid, 

offered 90% Sp and 85% Se; whereas the recombinant form of these glycoprotein 

provided a Se and Sp of 97% and 98% respectively [198]. 

1.2.8 Diagnosis of taeniasis 

1.2.8.1 Faecal examination 

Faecal examination for the detection of Taenia carriers includes the utilisation of 

microscopy based examination and self-observation of exiting proglottids [199]. The 

expulsion of proglottids is commonly observed in T. saginata and T. asiatica carriers in 

which the tapeworms frequently shed gravid proglottids, whereas, the proglottids of T. 

solium are expelled passively and infrequently. T. saginata/T. asiatica tapeworm 

carriers are consequently aware their infection, but not this is not necessarily the case 

for T. solium carriers. Questioning the history of proglottid expulsion can hence be used 

as a complementary tool for the diagnosis of taeniasis [200]. The feasibility of this 

detection method was confirmed for all taeniid infections, but highly reliable for 

identification of carriers of T. saginata and T. asiatica [201, 202]. The reliability of the 

anamnesis of proglottid expulsion differs widely between reports and as well as for 
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species of Taenia infection. For example, the accuracy of the anamnesis method for T. 

saginata infection was 100%, whilst only 67% for T. solium in Karangasem villages of 

Bali (Swastika et al., 2017) [201] and under 50% tapeworm carriers were identified 

based on self-report of proglottid shedding in Honduras, but up to 80% in Sichuan, 

China [202, 203]. 

Microscopy-based examination can be used to detect Taenia eggs from stool samples, 

namely KK thick smears, formalin-ether sedimentation and faecal flotation techniques; 

however, these method have a low Se owing to the sporadic excretion of taeniid eggs as 

well as the non-homogenous distribution of eggs in faeces [204–206]. According to Hall 

et al. (1981) [207], Deplazes et al. (1991) [208] and Allan et al. (1996) [205], ether 

sedimentation and formalin-ether concentration techniques are able to detect between 62 

- 68% of T. saginata and 38% of T. solium taeniasis infections. To increase Se, repeated 

microscopic examination may be required [207]. Another drawback of the technique is 

that it is not possible to differentiate the species of Taenia via the morphology of their 

egg [209], consequently the Sp of microscopic examination is poor [210]. Microscopy-

based examination is however useful in remote communities for screening Taenia 

infection in the general population [201]. Morphological identification of gravid 

proglottid and scolex using light microscopy is possible for Taenia species 

differentiation, however this method is reported to be of low Sp for T. saginata and T. 

asiatica and relies on the successful collection of the proglottid and scolex [211].  

1.2.8.2 Polymerase Chain Reactions 

Several molecular-based assays have been utilised to diagnose and differentiate species of 

Taenia in humans and their metacestode stages in animals. Human taeniasis and 

cysticercosis in humans and pigs can be diagnosed by applying PCR to extracted DNA 

from i) expelled proglottids from treated carriers [50, 212, 213]; ii) tapeworm eggs from 

faecal samples or iii) cysticerci from humans and animals with cysticercosis [214]. To 

date, PCR assays include the use of qPCR using sequence-specific DNA probes [215–

219], singleplex [220] and multiplex conventional PCR [46, 214, 221], PCR-Restriction 

Fragment Length Polymorphism (RFLP) [211, 213, 222], DNA sequencing of Taenia-

specific PCR products [104], and pyrosequencing assays [209]. PCR assays have 



29 
 

primarily targeted the Cox-1, Cob and Nicotine Adenine Dinucleotide Dehydrogenase 

(NAHD) regions of mitochondrial DNA and/or the ITS-1/ITS-2, 5.8S and 28S regions of 

rDNA of Taenia spp.  

PCR has primarily been reserved for research purposes due to the expense involved 

[223, 224]. Ramahefarisoa et al. (2010) [225] demonstrated that nested PCR assay 

based on primary primers introduced by Theis et al. (1996) [226] targeting the Cox-1 

gene provided a high Sp of 100% but a significantly low Se of up to 65% for the 

detection of taeniid eggs in faeces. Using a Bayesian approach, Praet et al. (2013) [227] 

estimated PCR to have a Sp of 99% and Se of 82.7% compared to coprology and 

coproantigen ELISA (cAg-ELISA). Thus, PCR assays were demonstrated as useful for 

confirmation and for species-level identification of eggs present in stool of coproantigen 

ELISA-positive individuals [223]. The multiplex PCR assay developed by Jeon, Chai, et 

al. (2009) [51] can detect a minimum of 17 eggs per a gram of faeces. A nested PCR 

developed by Mayta et al. (2008) [220] for specific diagnosis of T. solium taeniasis was 

proven 100% specific and capable of detecting a minimum of 10 T. solium eggs per 250 

mg faeces or a target genomic DNA concentration of 100 fg for Taenia. 

For the purpose of species-specific differentiation of the three human tapeworms, 

Yamasaki et al. (2004) [214] designed a multiplex PCR targeting the Cox-1 region of 

Taenia species. The assay successfully detected as little as 20 T. saginata eggs/gram of 

stool. Jeon et al. (2009) [51] developed a multiplex-PCR with primers, Ta4978F, 

Ts5058F, Tso7421F and Rev7951 targeting valine tRNA and NADH dehydrogenase 

subunit 1 and 2 genes. The assay was capable of detecting as low as 10 eggs of Taenia per 

gram of faeces. 

PCRs are considered superior tools for the detection of Taenia eggs in faecal samples 

owing to their high diagnostic Se and the ability to distinguish Taenia species. 

Currently, the only conventional multiplex-PCR [51, 214] and PCR-RFLP [22] able to 

differentiate all human Taenia tapeworms is unsuited for large-scale community surveys 

owing to labour intensive process of restriction digest and gel electrophoresis. A better 

suited real-time Taq-Man probe-based PCR [116] has been developed but it is only 

capable of discriminating T. solium and T. saginata. 
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1.2.8.3 Immunological technique 

Immunological techniques can be also utilised for diagnosis of human taeniasis [196]. The 

diagnosis can be performed in ELISA or EITB platforms. The ELISA utilises polyclonal 

antibodies to detect the presence of antigen excreted from adult Taenia in faecal samples 

(cAg-ELISA) [227]. The cAg-ELISA has been proven to offer a higher Se in comparison 

to coprological detection of taeniid eggs in faeces with one study demonstrating a 2.6 

times higher Se than microscopy for the detection of human taeniasis [205]. The assay 

was not able to discriminate between the three human tapeworm species but was useful 

for the evaluation of mass treatment efficacy [228] or the effect health education 

programs [228] and epidemiological surveys [229]. In 2009, a modified assay boasting a 

highly species-specific cAg-ELISA was developed to detect T. solium taeniasis with a test 

Sp of 100% and Se of 96.4% [230]. The Se was maintained using a capture antibody of 

rabbit IgG against T. solium adult whole worm somatic extracts, whereas species 

specificity was achieved by utilisation of an enzyme-conjugated rabbit IgG against T. 

solium adult ES antigens. In comparison to microscopy with a Se of 38%, the 

coproantigen testing offered the ability of detecting 98% of diagnosed cases, and was 

useful for large-scaled epidemiological surveillance for taeniasis in large field studies 

[231]. 

Besides utilisation of ELISAs, EITB assays to detect antibody circulating in serum of 

tapeworm carriers has been developed and gained the potential to overcome the 

limitations of coproantigen assay, offering species-specific detection of taeniasis and 

avoiding the potential biohazard of collecting and handling faecal material [232]. In 

1999, Wilkins et al. [233] developed an immunoblot assay using ES antigens derived 

from T. solium to detect T. solium carriers by testing sera from individuals with taeniasis 

and cysticercosis. The antibodies of individuals with taeniasis responded to antigens 

with molecular weights of 32.7 kDa and 37.8 kDa; the assay did not cross-react to 

antibodies from cysticercosis positive persons and individuals with Echinococcus, 

Hymenolepis nana, Ascaris, or those with filariasis and schistosomiasis. The EITB 

assay was also 100% specific but was not evaluated for patients positive for T. asiatica 

infection; hence the potential for false positive results due to T. asiatica may exist [54]. 

In 2009, Jeon & Eom (2009) [234] designed a EITB assay to evaluate the 
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immunological response of antibodies from T. asiatica taeniasis to antigens delivered 

from T. asiatica, T. saginata and T. solium. The result showed T. asiatica taeniasis 

antibody responded specifically to antigens of T. asiatica for a protein with a molecular 

weight of 21.5 kDa, offering 100% Sp for the diagnosis of T. asiatica infection. These 

mentioned studies offer a potential tool for species-specific diagnosis of taeniasis using 

a combination of species specific antigens for all three species of Taenia, or diagnosis 

of cysticercosis and taeniasis at once when used in combination with other 

immunodiagnostic test for cysticercosis [232].  

1.3 Trichinella spp. 

1.3.1 Taxonomy 

Trichinella belongs to the Phylum Nematoda, Class Adenophorea, Order Trichurida and 

Family Trichinellidae [235]. All species of Trichinella are classified as zoonotic, 

however, they differ considerably in their biological characteristics such as host-

specificity, epidemiological cycles (sylvatic versus domestic) and ability of larvae to 

remain viable in carcases at various temperatures. 

After the first discovery of T. spiralis, new species of Trichinella have been added 

corresponding to research in different geographies [26]. In 1972, T. nativa, T. 

pseudospiralis, and T. nelsoni were discovered by Garkavi (1972), and in 1992 a new 

species, T. britovi, and three new genotypes of Trichinella, namely T5 (T. murelli), T6 

and T8 were described (Pozio et al., 1992). Between 1999 and 2008 Trichinella T9 

(Nagano et al., 1999), T. papuae (Pozio et al., 1999), T. zimbabwensis (Pozio et al., 2002), 

and T. patagoniensis (Krivokapich et al., 2008) were described (cited in Pozio & 

Zarlenga, 2013) [26]. All descriptions were provided on genetic basis as larvae are 

indistinguishable. 

Currently, the nine species and three genotypes of Trichinella are divided into two 

groups, encapsulated and non-encapsulated [24, 27, 236]. The species belonging to the 

encapsulated group include T. spiralis, T. nativa, T. britovi, T. murrelli, T. nelsoni, T. 

patagoniensis and genotypes Trichinella T6, T8, T9 circulate only in mammals. The 

non-encapsulated species, T. pseudospiralis, infect birds and mammals, while T. papuae 
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and T. zimbabwensis parasitise mammals and reptiles [27]. Because of the diversity and 

divergence between Trichinella species and genotypes, it is predicted that there 

potentially may be more species described in future [237]. 

1.3.2 Life cycle 

Trichinella spp. have a simple, direct life cycle which is typically maintained in nature 

by definitive hosts through predation and scavenging through the consumption of raw 

meat containing first stage larvae (L1) of Trichinella [24]. Once ingested, the larvae are 

released, moult four times and transform into adult worms in the intestine [238, 239]. 

The adult worms are viviparous and following mating produce L1 larvae. Following 

this, the adults are expelled from the small intestine by host immune system [240, 241] 

within four to six weeks. The newborn L1 larvae enter circulation and encyst 

(encapsulated) or become dormant (non-encapsulated) in the hosts’ muscle and survive 

for many years waiting to be indigested by the next host; the infective larvae of T. 

spiralis can survive in humans for up to 40 years and over 20 years in the muscle of 

polar bears [238].  

Viability of larvae in muscle following death of the animal also varies according to the 

species of Trichinella and host tissue. For example, 50 - 60% of larvae of T. spiralis L1 

survive for 27 months in the muscle of bears stored at -6.50C to -200C, but only for four 

months in wolverine muscle [242]. On the other hand, the non-encapsulated species, T. 

papuae, has a survival time of nine days in pig carcasses and two days in carcasses at 

ambient temperatures associated with the tropics, of 350C [243]. T. nativa, a species 

distributed in North Pole and sub-arctic region, has a high tolerance to extremely cold 

temperatures, with a survival time of seven days at 210C [244], and up to four years at -

180C [245] in carnivore meat. 

There are two epidemiological cycles of Trichinella, domestic and sylvatic. The 

domestic cycle occurs between domestic animals, particularly domestic pigs and 

rodents. Of all the species and genotypes, T. spiralis is the most widely distributed and 

most suitably adapted to domestic pigs, and therefore the most common cause of human 

trichinellosis around the world [246]; however, other species such as T. nativa, T. 
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murelli, T. nelson, T. pseudospiralis and T. papuae in infected meat from wild and game 

animals are also infectious to humans [247].  

1.3.3 Clinical signs in humans  

The symptoms of trichinellosis in humans differ according to stages of invasion, 

migration and encystment [249]. Symptoms of nausea and diarrhoea can be observed 

during invasion of larvae into the circulatory system via the intestinal wall. Subsequent 

larval migration results in pyrexia and petechia, nailbed haemorrhages and periorbital 

oedema, as a consequence of vasculitis [250]. The final stage, encystment in striated 

muscle cells, produces signs of myalgia owing to myositis [247]. The severity of 

 

Fig. 1.3 Trichinella life cycle  
(Source: DPDx-Laboratory Identification of Parasitic Diseases of Public Health Concern, CDC) [248]) 
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clinical signs is directly proportional to the larval burden ingested. Heavy infections and 

complications can lead to cardiac problems and/or central nervous system involvement, 

and occasionally death. In contrast to human trichinellosis, Trichinella infection of 

domestic and wild animals is generally asymptomatic [24]. 

1.3.4 Prevalence and geographic distribution 

With the exception of Antarctica, Trichinella has a cosmopolitan distribution [27] and is 

known to infect more than 150 animal species, including humans [251] making it an 

important food-borne zoonosis. The parasite is the cause of human trichinellosis which 

has been documented in 55 countries around the world [252]. 

Of the twelve known taxa, T. spiralis and T. pseudospiralis are spread globally as they are 

propagated by humans through domestic porcine migration and via the migration of birds, 

respectively [3]; whereas, other taxa are almost always confined in certain geographical 

regions owing to their sylvatic hosts and associated cycles and climactic specificity.  

Table 1.1 Distribution of Trichinella taxa 

Trichinella taxa Geographical distribution 

T. spiralis (T1) Globally 

T. nativa (T2) North Pole and sub-arctic region 

T. britovi (T3) Europe, western Asia, North and West Africa 

T. pseudospiralis (T4) Globally 

T. murrelli (T5) Southern Canada, the US, and northern Mexico 

T. nelsoni (T7) Eastern and southern Africa 

Trichinella T6 North Pole, and sub-Arctic region of North America 

Trichinella T8 Southwest Africa 

Trichinella T9 Japan 

T. papuae (T10) Southeast Asia and Pacific regions incl. northern Australia 

T. zimbabwensis (T11) South Africa 

T. patagonienis (T12) South America 

 Adjusted from Feidas et al. (2014) [253]; Pozio (2013) [254]; Pozio & Murrell (2006) [235]; Pozio & 

Rosa (2009) [27] and Pozio & Zarlenga (2013) [26] 

In Africa, Trichinella spp. is present in 12 [255] or 13 [252] countries. T. zimbabwensis, 

T. britovi, T. nelsoni, T. spiralis and Trichinella T8 have been recorded in wild animals 
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such as wild boars, jackals, hyenas, rats, crocodiles, warthogs, lions, etc. and domestic 

pigs [252, 256]. In humans, several outbreaks were reported in Congo DR, Egypt, 

Algeria, Kenya and Senegal in either local resident or tourists [238].  

Seven countries and territories in America have confirmed the existence of Trichinella 

in domestic and wild animals, and several outbreaks in humans have been reported 

(ITRC, 2017). In Argentina, three species, T. spiralis, T. patagoniensis and T. 

pseudospiralis are recorded [257, 258]. The latest outbreak in humans was in 2010 and 

affected 64 individuals caused by T. spiralis [259]. Similarly, T. spiralis has resulted in 

trichinellosis in 631 Chileans and resulted in the death of four people (Pozio, 2013). In 

Mexico 2.36% of women in rural areas were found  seropositive to Trichinella spp. 

antibodies [260]. Among 113 indigenous people living in southern Saskatchewan 

(Canada), the percentage of individuals exposed to Trichinella spp. was 2.7% [261]. In 

the United States between 1975 and 2002, 1,680 people were infected with Trichinella 

owing to consumption of primarily raw pork products. The latest report on trichinellosis 

in humans occurred in Alaska between 2016 and 2017 with two outbreaks involving 10 

people after the consumption of raw/undercooked walrus meat [262] 

In Europe, the distribution of T. spiralis is characterised with sporadic foci in Germany, 

Spain and eastern countries of Bulgaria, Croatia, Lithuania, Poland, Romania and Serbia 

and within restricted foci in Austria, Czech Republic, Estonia, Finland, Hungary, 

Ireland, Latvia and the Slovak Republic [263]. Human outbreaks of trichinellosis have 

continued to be reported sporadically in other parts of Europe. During the 1980’s, the 

incidence of trichinellosis was 0.55 per 100,000 inhabitants in Belarus [264]. In Poland 

the incidence has decline considerably in the last decade, to only 0.06/100,000 in 2011 

[265]. In Bosnia-Herzegovina over 51 outbreaks of trichinellosis involving 775 people 

were recorded between 1996 and 2006, and in France, 20 outbreaks of trichinellosis 

were recorded between 1975 and 2006 [266, 267]. Although the incidence of 

trichinellosis in humans in Europe has declined considerably in the last three decades, 

the parasite cycles endemically within sylvatic hosts. The sylvatic species of Trichinella 

continue to provide a food safety concern and risk of spill-over to the domestic cycle, 

with a high percentage of foxes positive for T. britovi, T. pseudospiralis, T. spiralis and 

T. nativa in recent years in Poland, Germany and Romania [268]. The seroprevalence of 
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Trichinella spp. in wild boar was reported to range from 17 to 42% in Estonia, 

meanwhile there was no evidence of the parasite circulating in domestic pigs [269]. In 

Italy, T. spiralis was believed not to be circulating in domestic or sylvatic cycles but in 

2016 this zoonotic pathogen was detected for the first time in a red fox [270]. 

According to the ITRC, (2017) [255], 20 countries in Asia and three in the Pacific  

region have recorded the presence of Trichinella spp. either in domestic or sylvatic 

cycles. Of these countries, the parasite has been reported to prevail in domestic animals 

and wildlife mainly in Southeast Asia, China and India. In India, sporadic cases of 

trichinellosis in humans and Trichinella spp. in rats as well as within pigs within 

domestic cycles have been reported from 1977 to 2010 [271–274]. In China, outbreaks 

of trichinellosis with cases of death are recorded yearly; those outbreaks occur mainly in 

ten provinces where T. spiralis is known to circulate in 50% of the pig populations 

tested [252]. Currently, the species of T. spiralis, T. nativa, T. pseudospiralis, and T. 

papuae have been confirmed to be distributed in China [275] in 15 different animals 

[276]. In Southeast China the seroprevalence of Trichinella spp. in man was 3.81% 

among 946 people tested [277]. 

In Southeast Asia, the parasite is present in seven out of 11 countries (ITRC, 2017) [255]. 

Several outbreaks of Trichinella spp. each year are recorded, especially in remote areas of 

Lao PDR, North Thailand, Cambodia, and Northwest Vietnam [33, 278–280]. The 

disease occurs due to the consumption of raw and/or improperly cooked meat dishes, in 

particular wild boar, especially during events held during New Years festivities, funerals 

or weddings [34]. Currently, three species of Trichinella are recorded to exist in the 

region namely, T. psuedospiralis, T. papuae and T. spiralis [34, 281]. Free roaming pigs 

contribute to the maintenance of domestic cycle of the parasite in the region [34]. In 

northern Lao PDR, the seroprevalence of human trichinellosis by antigen-ELISA was 

extremely high with over 19% reported exposed, and the prevalence of T. spiralis in pigs 

was 2.1% [282]. 

1.3.5 Impact of Trichinella and trichinellosis  

The World Health Organization (WHO), and The Food and Agriculture Organization 

(FAO) ranked T. spiralis and Trichinella spp. as one of the top 24-foodborne parasites 
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with the greatest impact globally based on a multi-criteria ranking system in term of 

socio-economic impact, trade and public health [3].  

Trichinella was estimated to affect around 11 million people globally in 1998 [283], and 

was implicated in almost 66,000 infections and 42 deaths during the period 1986 to 2009 

[3]. Trichinella was estimated to be the cause of approximately 4,500 illness and four 

deaths with a total of 550 DALYs lost [4] in 2010 and 76 DALYs lost per billion persons 

yearly globally [284]. Trichinellosis outbreaks in humans take place annually with an 

estimated 2,500 infections [285], particularly in the areas where inhabitants have the habit 

of consuming raw and undercooked pork or game meat [33, 252, 278]. Dupouy-Camet 

(2000) [283] estimated around 3000 individuals were infected owing to consumption of 

horse meat between 1975 and 2000 in France and Italy. In China, an estimated 40 million 

people are at risk of Trichinella infection [251] and approximately 2.2 million CNY is 

spent for control and inspection of Trichinella spp. each year [286]. Trichinella infection 

results in a reduction of profit for pig farmers and meat manufacturers because the 

parasite exists permanently in the sylvatic food chain, posing a threat of spill-over into the 

domestic chain. In the European Union, an estimation of hundreds of millions of Euros 

each year is spent towards its surveillance and control in the form of meat inspection and 

piggery certification [238] and aproximately US$ 570 million for Trichinella inspection 

for pork alone [24]. Similarly, in the United States an effort to eradicate Trichinella spp. 

between 1968 and 1980, cost the meat industry an estimated 15% of revenues but with a 

resulting benefit of around US$ 400 million each year since, owing to increase in exports, 

consumer confidence, consumption and reduction of inspection costs (US Department of 

Energy, 1983 cited in Murrell, (1991) [127]. 

1.3.6 Diagnosis of Trichinella in pork 

1.3.6.1 Artificial digestion methods 

The artificial digestion (AD) method aids release of Trichinella larvae in muscle 

samples from infected animals through the digestive action of hydrochloric acid and 

pepsin solution [287]. In the past, there were six methods of digestion approved by the 

EU regulation but to date only four methods have been accepted, including the magnetic 

stirrer, stomacher sedimentation technique, Trichomatic 35' automated digestion method 
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and stomacher filtration technique [288–290]. Of these methods, the magnetic stirrer 

method is considering the gold standard [291] with a detection rate of 78.47% when the 

digested duration is for 2 hours [292]; however, the method is still limited in term of 

low Se in compared to the sequential sieving step [293]. Depending on different kinds 

of muscle types and animals, the digestibility of AD tests is dissimilar [287]. For 

example, the duration for digesting diaphragm of pigs takes maximum 30 min at 440C 

to 460C degree; nevertheless, it may take two to three times longer to digest the 

masseter of horse [291]. Furthermore, the efficiency of AD depends widely on different 

conditions of ambient temperature and sizes of mesh. According to Li et al. (2010) 

[294] the rate of larvae recovery was 98.42%, 90.59%, and 81.63% when performing 

the method with sieves of 425 µm 250 µm, and 180 µm at 40C degree, but at 400C 

degrees lower larval recovery rates of 95.12%, 78.60%, and 44.16% respectively, were 

achieved. AD method shows the capability of detecting both, encapsulated and non-

encapsulated forms of Trichinella spp. [287]. The AD test for 1 gram of samples is only 

reliable when there are more than three larvae in a gram of tissue, so that the test might 

only be an optimal monitoring measure to protect humans from Trichinella spp. [295] 

when larvae burdens are greater than 1 larvae per gram of meat. The process of AD 

method is labour intensive, highly reliant on the examiner’s skills and the transportation 

or storage of muscle samples prior to testing may be logistically difficult in remote 

regions [296].  

1.3.6.2 Molecular diagnosis 

Molecular tools have been proven to be invaluable for taxonomic classification and 

differentiation of Trichinella larvae [297]. Isoenzyme electrophoresis, conventional, 

real-time and multiplex PCRs and loop-mediated isothermal amplification (LAMP) 

have been utilised for the characterisation of Trichinella larvae [298–301]. Most of 

these molecular assays have been based on the detection, amplification and 

characterisation of the small and large subunit rRNA, 5S rRNA, ITS region, the 

expansion segment V (ESV) of rRNA and Cox-1 of mDNA genes of Trichinella [299–

301]. 
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For the diagnosis of Trichinella larvae, Nagano et al. (1999) [300] developed a PCR-

RFLP based on the Cox-1 gene with the purpose of distinguish nine genotypes; 

Genotype-specific primers, based upon the ESV, have been also been developed and 

provide a potential method for differentiation of Trichinella species and genotypes [302, 

303]. Both assays, however, had the limitation of being unable to differentiate T. nativa 

from Trichinella T6 as well as T. britovi from Trichinella T8. To overcome this challenge, 

a multiplex-PCR that utilised ESV, ITS-1, and ITS-2 primers was developed by Zarlenga 

et al. (1999) [301] resulting in a discrimination of nine genotypes namely, Trichinella T6, 

T. spiralis, T. nativa, T. pseudospiralis, T. murrelli, T. nelsoni, T. zimbabwensis, T. 

papuae, and T. britovi. The multiplex-PCR generates similar amplicon size products for 

T. britovi, Trichinella T8 and T9, as well as between T. nativa and Trichinella T12 [27]. 

These genotypes can then be differentiated from each other by PCR-RFLP, with the 

exception of Trichinella T8 from T9. Uppermost, the multiplex-PCR introduced by 

Zarlenga et al. (1999) [301] and recommended by the Community Reference Laboratory 

[304] currently is the most utilised tool for differentiating Trichinella species and 

genotypes. 

Among conventional PCR and LAMP assays, real-time PCRs have proven the most 

sensitive in comparison with the others in the ability of detecting Trichinella spp. at a 

threshold of 100 fg/µL and 0.001 larvae [299]. Similarly, when spiked with larvae of T. 

pseudospiralis and T. papuae, the assay was capable of detecting as low as 0.1 larvae per 

gram using 10 gram meat [298, 305]. Because of its high Se, real-time PCR is a 

potentially suitable tool for monitoring Trichinella spp. in the meat industry, however the 

considerably high costs associated with DNA extraction [305] limit its translation to 

commercial enterprise. 

1.3.6.3 Enzyme-linked Immunosorbent Assay 

Serological diagnosis methods such as ELISAs are not recommended by the 

International Commission on Trichinellosis as replaceable tools for the AD method for 

the surveillance of Trichinella spp. in individual carcasses for the purpose of meat 

inspection [290], however, the assays are acceptable for epidemiological surveillance in 

areas endemic for Trichinella spp. [287, 306]. 
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Of the serodiagnostic tools, ELISAs using ES antigens show advantage in term of 

speed, cost efficiency, and Se-Sp balance [306]. The Se and Sp of the assay of 97.1 – 

97.8% and 99.5 – 99.8%, respectively has a superior rate of detection of infection 

compared to the AD test [295]. In other reports, the Se and Sp of ELISA assays using 

ES antigens for detecting Trichinella spp. in pigs range from 93.1 to 99.2% and 90.6 to 

99.4% respectively; the threshold detection of the assay has been reported at 1 larva per 

100g of tissue [306]. Commercial ELISA using ES antigen are utilised widely; however, 

results have to be interpreted with caution due to the high frequently of false positive 

results [306]. However, overall, the sensitive and Sp of commercial ELISA was 

appraised to be better than or equal to the in-house ELISA [295, 296, 307] with a limit 

of detection of larvae at 0.025 larvae per gram of tissue. 

1.3.6.4 Enzyme-linked Electroimmunotransfer Blot or Western Blot 

ELISA shows its advantages in epidemiological surveillance; nevertheless, cross-reactions 

with other nematode parasites [308] results in a high rate of false-positive results [309]. 

Therefore, the results should be confirmed by WB. Gomez-Morales et al. (2014) [310] 

singled out that ELISA assays exacerbate positive results compared to WB; 315 out of 

1,462 wild board meat juice samples were positive with Trichinella via ELISA, while only 

32 out of 315 ELISA-positive samples were confirmed by WB. WB provides a Sp of 100% 

and is useful when applied in series with ELISA (i.e. used to confirm ELISA positive 

results) [309]. 
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2.1 Abstract 

Taeniasis, cysticercosis and trichinellosis have been ranked as the most important food-

borne parasites of humans in terms of public health, socioeconomic and trade impact. 

Despite this, information on these food-borne zoonoses in Vietnam is scarce and 

fragmented, and many local reports remain inaccessible to the international research 

community. This study aims to conduct comprehensive literature searches to report on 

the incidence and estimate the TP of taeniasis in humans and T. solium cysticercosis in 

humans and pigs in Vietnam utilising Bayesian models; in addition, to report the 

incidence and the distribution of trichinellosis. 

A Bayesian approach was used to estimate the TP of taeniasis and cysticercosis based 

on published diagnostic test characteristics used in each published cross-sectional 

survey. The utilisation of coproscopic-based examination of Taenia eggs in stool, 

although highly specific for genus-level detection, has poor Se and led to an 

underestimation of the prevalence of human taeniasis. Similarly, post-mortem-based 

surveys of T. solium cysticercosis in pigs also led to the underestimation of prevalence 

of porcine cysticercosis. On the other hand, the low Sp of immunodiagnostic methods, 

in particular Ab-ELISA, led to a likely overestimation of T. solium cysticercosis in 

humans. Due to the use of imperfect diagnosis tests combined with poor descriptions of 

sampling methods, our ability to draw solid conclusions from these data is limited. We 

estimate that the TP of taeniasis and T. solium cysticercosis in rural 'hotspots', is as high 

as 13% for each, in humans. Taeniasis and T. solium cysticercosis occurs in 60 of the 63 

provinces of Vietnam. Most of the information relating to the distribution and 

prevalence of porcine cysticercosis is limited to commercial abattoir surveys. In 

Vietnam, Taenia asiatica appears to be confined to the north where it occurs 

sympatrically with T. solium and Taenia saginata. The status of T. asiatica in Central 

and South Vietnam remains unascertained. To date, five outbreaks of trichinellosis have 

been reported in the north and northwest of Vietnam, affecting a total of 114 people and 

responsible for eight fatalities. In the same region, studies of free-roaming pigs showed 

evidence of high levels of exposure to Trichinella and, in cases where larvae were 

recovered, the species present were identified as Trichinella spiralis. Based on five 

studies, the main risk factors for pork-borne zoonoses in Vietnam include the 
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consumption of undercooked/raw meat and vegetables and the use of night-soil for 

fertilization of local produce. This systematic review draws attention to the importance 

of these pork-borne zoonoses. 

2.2 Background 

Taeniasis, cysticercosis and trichinellosis have been ranked as the most important food-

borne parasites of humans in terms of public health, socioeconomic and trade impact 

[1]. In 2010 it was estimated that approximately 300,000 individuals were infected with 

T. solium cysticercosis globally, resulting in over 28,000 deaths [2]. Between 2.5 to 5 

million people are estimated to harbour adult tapeworms of T. solium [3–5]. Humans act 

as the definitive hosts for all three-tapeworm species (Taenia solium, Taenia saginata 

and Taenia asiatica) via the ingestion of undercooked/raw meat and/or offal [6–8]. 

Swine are the intermediate hosts of T. solium and T. asiatica whereas cattle are the 

intermediate host for T. saginata [9]. Humans may also become infected with cysticerci 

of T. solium. In humans, the symptoms of taeniasis are subtle and mild and include 

abdominal distension, abdominal pain, digestive disorders and anal pruritis [7, 10]. The 

signs of T. solium NCC in humans, on the other hand, are distinctive and include 

seizures, paralysis, dementia, chronic headache, blindness or even death [11, 12].  

Trichinellosis is reported to be present in 55 countries [13] with 66,000 individuals 

estimated to have been infected during the period 1986 to 2009 [1]. In 2010 it was 

estimated that globally there were around 4,400 cases of trichinellosis reported, with 

four deaths [2]. Parasites of the genus Trichinella comprise nine species and four 

genotypes divided into two groups, encapsulated and non-encapsulated [14]. There are 

two epidemiological cycles of Trichinella: domestic and sylvatic. The domestic cycle 

occurs between domestic animals, particularly domestic pigs and rodents. Of all 

Trichinella species and genotypes, T. spiralis is the most widely distributed and most 

adapted to domestic pigs, accounting for the most cases of human trichinellosis in Asia, 

however other sylvatic species such as T. pseudospiralis and T. papuae have also been 

associated with human outbreaks in the region [15, 16]. Typically, trichinellosis results 

in nausea, diarrhoea, high fever, petechial and nailbed hemorrhages, periorbital oedema 

and myalgia [17]. The severity of symptoms in humans are directly proportional to the 

number of larvae ingested. 
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Taeniasis, T. solium cysticercosis [18] and trichinellosis [13] have been reported as 

endemic in Southeast Asia, including Vietnam. Vietnam has a population of around 90 

million people that reside in 63 provinces. There are 54 ethnic groups and approximately 

67% of the population live in rural areas [19, 20]. The standard of living in most rural 

communities is poor. Open defaecation using outdoor latrines is common practice and 

livestock access to these latrine areas is, for the most part, unrestricted. Vietnam is 

grouped as a lower middle-income country with a Gross Domestic Product (GDP) per 

capita of USD 2,052, ranking it 116th out of 188 countries listed in the United Nations 

Human Development Index [21, 22]. There are only 79 physicians per 100,000 people; 

however, this figure is likely to be much lower in remote regions [20]. Moreover, 

consumption of raw or undercooked blood, meat and organs from domesticated and wild 

pigs and cattle and raw vegetables is common practice, as are the practices of using night-

soil (human faeces) and waste water to fertilise and irrigate crops [23, 24]. These factors 

combined, are highly conducive for the transmission of taeniasis, T. solium cysticercosis 

and trichinellosis. 

Vietnam’s domestic livestock sector comprises approximately 8 million cattle and 

buffalo, and 27 million pigs, which produce nearly 3,800 million tons of meat products 

annually [20]. Two primary types of pig- and cattle-husbandry practices exist: 

commercial farming and backyard husbandry. In rural regions, backyard husbandry 

practices dominate [23], although the trend is rapidly changing to expand to commercial 

farming practices aimed at increasing productivity by using hybrid rather than 

local/traditional breeds. The local/traditional breeds are, however, still raised in many 

remote and rural areas to use as a supply of food for their owners or nearby 

communities [25]. The practice of non-confinement of pigs and cattle is common in 

rural regions [25] with slaughter activities commonly carried out in backyards without 

official meat inspection. Meat inspection is only carried out at abattoirs or slaughter-

points, which operate at the district level and/or clusters of large villages.  

This review provides updated literature on the incidence and distribution, and critically 

evaluates both available and previously unavailable local reports on taeniasis, T. solium 

cysticercosis and trichinellosis in Vietnam. As such, it aims to inform the distribution of 

reported cases of trichinellosis, and estimate the TP of taeniasis in humans, and T. 
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solium cysticercosis in humans and pigs in Vietnam utilising Bayesian models thus 

drawing attention to the importance of these pork-borne zoonoses. 

2.3 Methods 

We selected published articles reporting on the prevalence, incidence and/or occurrence 

of Taenia and Trichinella in humans and pigs in Vietnam. The results of the search were 

not restricted by time, journal, or status of publication. The protocol of this systematic 

review followed guidelines of the Preferred Reporting Items for Systematic reviews and 

Meta-Analyses (PRISMA) [26].  

2.3.1 Search protocol 

Information from published articles for this study was sourced in two ways: (i) through 

international and Vietnamese online database searches, (ii) through Vietnamese 

publications obtained from hospitals, government, and research institution and university 

libraries. Online database searches were performed using PubMed, CABI abstract, Web of 

Science, MEDLINE (Web of Knowledge), and Scopus. English search terms and keywords 

in the Boolean operators were used as follows: (Taenia solium OR Taenia saginata OR 

Taenia asiatica OR human tapeworms OR cysticercosis OR NCC OR taeniasis OR 

taeniosis OR Trichinella OR trichinellosis) AND (epidemiology OR prevalence) AND 

(human OR porcine OR swine OR pig OR bovine OR cattle OR cow OR calf) AND 

Vietnam. Scientific names and Vietnamese synonym names of Taenia and Trichinella were 

used to search databases of the National Library of Vietnam (NLV) and the National 

Agency for Science and Technology Information of Vietnam (NASATI, 

http://db.vista.gov.vn). Published articles written in Vietnamese were also sourced through 

the public search engine (Google.com.vn) using Vietnamese keywords for Taenia or 

Trichinella.  

2.3.2 Study selection 

After independent identification, duplicate articles were removed. The titles and 

abstracts of articles were then critically evaluated and excluded in cases where they did 

not address the prevalence, and/or incidence of taeniasis, T. solium cysticercosis and/or 

Trichinella in humans and/or pigs. Full-text records were excluded if they were review 
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articles; or two articles using the same data; or were not written in English or 

Vietnamese; or not addressing Taenia and/or Trichinella in humans and pigs in 

Vietnam. Remaining full-text articles were included for this review. Risk of bias was 

reduced by only including published reports and excluding studies in which sampling 

was not comprehensive, such as: source of samples not identified, or where the sample 

size was not clear for inclusion in the Bayesian modelling (see Statistical analysis). 

2.3.3 Data collection 

The following data were retrieved from each study: the title, authors, year of 

publication, time, sample source/place, sample size, number of positive samples, 

diagnostic method utilised for prevalence/incidence determination and factors effecting 

prevalence, incidence and distribution of positively identified samples. 

2.3.4 Statistical analysis 

In this review the prevalence of taeniasis and cysticercosis, as documented in each of 

the selected published articles is reported as ‘apparent prevalence’, AP. That is, for a 

given number of individuals sampled and tested using a given diagnostic method, AP 

equals the number of test-positive individuals divided by the total number of individuals 

tested. Given differences in the diagnostic test protocols used in each of the cross-

sectional studies reported in this review, AP estimates have been adjusted to TP, 

estimates (taking into account imperfect diagnostic Se and Sp using the general 

approach described by Rogan & Gladen (1978) [27], and modified for the low 

prevalence situation using Bayesian methods as described by Messam, Branscum, 

Collins, & Gardner, (2008) [28]. 

In brief, the Bayesian approach accounts for uncertainty in the values of TP and 

diagnostic Se and Sp of the testing protocol. If 𝑥 equals the number of individuals 

testing positive using a diagnostic test of 𝑆𝑒 and 𝑆𝑝, the distribution of the number of 

test positive individuals is 𝑥 | (𝑇𝑃, 𝑆𝑒, 𝑆𝑝) ~ 𝑏𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑛, 𝐴𝑃) where 

𝐴𝑃 = 𝑇𝑃 ×  𝑆𝑒 + (1 − 𝑇𝑃)(1 − 𝑆𝑝). 
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To estimate the TP of taeniasis and cysticercosis for each study beta prior distributions 

for 𝑆𝑒 and 𝑆𝑝 were used. We assumed that the TP of taeniasis and cysticercosis was not 

equal to zero and that all prevalences were equally likely, which translates to a 

𝑇𝑃 ~ 𝑏𝑒𝑡𝑎(1, 1) distribution. Markov chain Monte Carlo (MCMC) methods were used 

to derive posterior estimates of 𝑇𝑃 using WinBUGS [29, 30]. In WinBUGS, the MCMC 

sampler was run for 200,000 iterations and the first 1,000 ‘burn in’ samples were 

discarded. The posterior distribution of 𝑇𝑃 was obtained by running sufficient iterations 

to ensure that the Monte Carlo standard error of the posterior means were at least one 

order of magnitude smaller than their posterior standard deviation [31] The point 

estimate and 95% credible interval (CrI) for 𝑇𝑃 is reported as the median and 0.025 and 

0.975 quantiles of the posterior distribution of 𝑇𝑃. 

2.4 Results 

2.4.1 Records used for quality and quantity analysis 

The protocol for selecting the published records is shown in Fig. 2.1. There were 

initially 75 records retrieved from online data, the internet and other resources. Of these 

records, 40 records were eligible for qualitative and quantitative (23 records) analysis. 

Of 40 retrieved records, 13 studies were published in international journals, 24 studies 

were published in national journals and three records were circulated within 

professional institutes. The numbers of record studied on taeniasis, and both taeniasis 

and human cysticercosis were 12 and 10, respectively; whereas there were eight papers 

report on porcine cysticercosis. Research on Trichinella and trichinellosis were 

identified in seven records, in which three were studies of humans, three were studies of 

pigs and one was a study of both of humans and pigs. Our systematic search identified 

only one (Hanoi-based) study reporting on the prevalence of bovine cysticercosis 

between 2002 and 2003. 

Tables 2.1 - 2.3 provide a summary of each of the studies cited in this review. For each 

study the sampling protocol (if known) is reported as well as the diagnostic test used, the 

number of individuals sampled, the number of individuals testing positive, and the apparent 

and TP estimates. For both prevalence estimates 95% CrI for the true population values are 

reported. 
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2.4.2 Human taeniasis 

Data on the AP and estimated TP of human taeniasis is summarized in Table 2.1. Data 

on the prevalence of taeniasis in Vietnam varied markedly across study sites depending 

on dietary habits, pig husbandry practices and the socio-economic status of study 

participants. Human taeniasis was reported in 50 of the 63 provinces of Vietnam [33], 

with the average province-level AP estimates from 0.11% in Hoa Binh in the north to 

10% in Kon Tum, in the Central Highlands (Table 2.1). 

In North Vietnam, the AP of taeniasis between 2002 and 2012 ranged from 0.11% to 

8.65% (Table 2.1). In the North of Vietnam, high foci of taeniasis were found in the 

provinces of Yen Bai (9.0%) [32], Bac Ninh (12.68%) [33] and Phu Tho (8.65%) [34]. 

In Ha Giang, located in Northeast Vietnam, 5 out of 84 (6.0%) people were positive for 

Taenia spp. [35]. In contrast, a retrospective study of 6,570 patients presenting to Thai 

Binh Medical University Hospital with digestive disorders between 2008 and 2010 

found that only 11 (0.17%) people were confirmed positive for taeniasis [36]. 

In 2005, the Institute of Malariology, Parasitology and Entomology Quy Nhon reported 

0.33% of the population to be positive for taeniasis, based on a large-scale helminth 

survey using the Kato-Katz (KK) method. This study involved 35,651 participants in 14 

provinces spanning the Central and Central Highland regions of Vietnam [37]. The AP 

of taeniasis in Chuong [38] and Van Tuan [39] in 2011 and 2014 was relatively high 

(8%; 95% CI 7 to 9 and 10%; 95% CI 8 to 13, respectively). It should be noted that 

sampling in this study was targeted towards those individuals known to habitually 

consume raw or undercooked beef. Although the sampling protocol used in this study 

was likely to result in an estimate of the prevalence of taeniasis that was greater than 

that of the general population, the TP among habitual raw or undercooked beef 

consumers was 11.0% (95% CrI 7.0 to 21) and 13.5% (95% CrI 8.0 to 21) in 2011 and 

2014, respectively (Table 2.1). To the best of our knowledge, to date there have been no 

reports on the prevalence of taeniasis in South Vietnam (Fig. 2.2). 

Consumption of raw and/or undercooked pork or beef in traditional dishes such as ‘Nem 

Chua’, undercooked liver, undercooked-beef/pork noodle soup, grilled pork/beef and 

visceral-raw blood [32, 34, 39] have been identified as major risk factors for taeniasis in 
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the above-mentioned provinces. For all epidemiological studies of taeniasis carried out 

across Vietnam, it has consistently been shown that males account for a higher 

proportion of taeniasis cases compared with females. In addition, adults of working age 

have been shown to have a higher risk of infection compared with other age groups [34, 

38–42]. 

Before the first report of T. asiatica in the North of Vietnam in 2001 [43] the relative 

proportions of T. saginata to T. solium cases were 80% and 22%, respectively, based on 

morphological identification of purged proglottids in stools [44]. Later, Doanh et al. (2006) 

[33] confirmed the presence of T. asiatica in six samples from Bac Ninh province using 

molecular diagnostic techniques. Somers et al. (2007) [45] showed that T. asiatica 

dominated taeniasis cases (55%) in the northern provinces of Vietnam, followed by T. 

saginata (38.5%) and T. solium (6.2%). Between 2005 and 2006 Taenia proglottids from 65 

individuals were identified from 19 provinces in the North. This study confirmed the 

presence of T. asiatica and T. saginata but not T. solium [42]. Huong (2006) [35] confirmed 

the presence of T. asiatica in three out of five samples collected in Ha Giang province. De 

and Hoa (2006) [46] identified T. saginata proglottids in eight patients in the Central 

provinces, the Central Highlands and the South of Vietnam using molecular diagnostic 

techniques. No T. solium or T. asiatica proglottids were identified. The latter study is the 

only report describing the species of human tapeworms occurring in Central and South 

Vietnam. A limited number of studies indicate that T. asiatica is restricted to the north of 

the country. 

2.4.3 Human cysticercosis 

A review of the literature indicates that human cysticercosis has been reported in 55 of 

the 63 provinces of Vietnam. Data on the AP and estimated TP of T. solium cysticercosis 

in humans is summarized in Table 2.2. The prevalence of infection varies widely 

between study areas ranging from no cases found in the central province of Hai Duong 

to 13% (95% CI 0.80 to 22) in Ha Giang province in the north. 

In the six-year period from 2006 to 2011, an estimated 250 to 400 patients from 34 

provinces in North Vietnam were hospitalized and treated for T. solium cysticercosis by 

the National Institute of Malariology, Parasitology and Entomology (NIMPE) annually. 
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The majority of these patients were from Hai Phong, Thanh Hoa, Ha Noi, Bac Giang 

and Bac Ninh provinces [32]. Between 1999 and 2000, the results of three village-based 

surveys conducted in Bac Ninh province showed an AP of cysticercosis of 5.0% (range 

from 2.2 to 7.2%) [47]. A cross-sectional study carried out in the same province by 

Erhart et al. (2002) [48] in 1999 showed that 12 (5.7%) out of 210 individuals in Ty 

Dien village had circulating T. solium cysticercosis antigen and nine were confirmed as 

having NCC using computed tomography scanning. A short report on the situation of 

taeniasis and cysticercosis in Vietnam by De (2004) stated that of 4,017 people 

diagnosed with helminth infection by NIMPE, 633 were also positive for cysticercosis. 

No further details of area-specific prevalence or methods of diagnosis were provided in 

this report. 

In the South of Vietnam, a sero-epidemiological survey carried out in hospitals located 

in Ho Chi Minh City from 1992 to 2000 involving 3,814 people of all ages mainly 

originating from South Vietnam found that 4.3% were positive for cysticercosis. 

Patients that were residents of Ho Chi Minh City and the province of An Giang 

accounted for the highest proportions of study subjects that were cysticercus positive i.e. 

20% and 14%, respectively [49]. The study of Anh Tuan et al. (2001) [49] is the only 

study documenting the prevalence of T. solium cysticercosis in the South of Vietnam, 

and to the best of our knowledge, there are no reports of the prevalence of T. solium 

cysticercosis for Central Vietnam (Fig. 2.3). A single case report describes T. solium 

NCC in three ethnic minority patients from Quang Tri and Quang Ngai province 

hospitalized at Hue Central Hospital in 2012. Each had seizures and headaches [50]. 

NIMPE (2012) reported that among 2,687 T. solium cysticercosis cases, the proportion 

of males was significantly greater than that of the proportion females [32]. In addition, 

study subjects that were between 30 and 60 years of age were over-represented. Anh 

Tuan et al. (2001) [49] reported that in Ho Chi Minh City, males comprised 56% and 

adults comprised 86% of the 163 study subjects that were positive to an Ab-ELISA for 

T. solium cysticercosis. The consumption of raw vegetables, drinking unboiled water, 

not washing hands before eating and outdoor defecation were found to be risk factors 

for T. solium cysticercosis in this study. Undoubtedly, utilisation of night-soil for 

fertilizing crops is a major contributing factor to T. solium cysticercosis and this practice 
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has been reported in both the North and South of Vietnam. 

2.4.4 Porcine cysticercosis 

Data on the prevalence of porcine cysticercosis at the national level is lacking, fragmented 

and/or out of date. Surveys on porcine cysticercosis were carried out primarily in the 

north and mostly in Hanoi slaughterhouses (Fig. 2.4). Data on the AP and estimated TP of 

porcine cysticercosis is summarized in Table 2.3. There were no cases of cysticercosis 

among approximately 8,000 carcasses examined at slaughterhouses in Nam Dinh and Ha 

Nam, Hai Duong and Hung Yen provinces [51] (Table 2.3). Between 1999 and 2001, 

0.06% of 198,887 pig carcasses examined in five provinces in the North and one province 

in Central Vietnam were identified as infected [52]. In a community-based survey carried 

out between 1999 to 2000 in five villages in Bac Kan and Bac Ninh province (known to 

be highly endemic foci for T. solium cysticercosis) an apparent cysticercosis 

seroprevalence of 9.91% (95% CI 7.10 to 14) was reported in pigs [47] using Ag-ELISA. 

In a survey from 2002 to 2003 on porcine cysticercosis was carried out in abattoirs and 

markets in Hanoi, in which only two out of 143,868 carcasses examined were found to be 

infected with T. solium [53]. 

In South Vietnam, there is a paucity of information on the prevalence of cysticercosis in 

pigs (Fig. 2.4). A single study conducted in 1994 showed that 0.90% of 891 pigs from 

18 districts located in 12 southern provinces were T. solium cysticercosis positive [54]. 

2.4.5 Trichinellosis 

In Vietnam, the first human case of trichinellosis was identified in 1968 in a group of 

people consuming pork from Lao PDR [55]. Since then, there have been five reported 

outbreaks in four provinces (Table 2.4 and Fig. 2.5). In 1970, an outbreak in Mu Cang 

Trai District, Yen Bai province (in the north) resulted in 30 cases of trichinellosis, 

including four deaths [56]. In 2002, 22 people in Tuan Giao District, Dien Bien 

province were confirmed infected of which two people died. In 2008, in Bac Yen 

District, Son La province an outbreak of trichinellosis arising from consumption of 

undercooked pork from domestic pigs resulted in 23 cases of trichinellosis and two 

deaths [57]. Similarly, 24 out of 27 individuals acquired trichinellosis after eating raw 



87 
 

pork in a mountainous region of Thanh Hoa province in 2012. Of these, six went on to 

develop serious symptoms [58]. Following the outbreak of human trichinellosis in Son 

La province in 2008, 20% of free-roaming pigs were reported  seropositive for 

Trichinella antibodies in the four villages in which the human outbreaks occurred [59]. 

Of the 206 muscle samples that were seropositive, Trichinella larvae were recovered 

from 11 samples and identified as T. spiralis using multiplex PCR. The proportion of 

Trichinella seropositive wild boars and rats in Son La and Dien Bien province was 3.2% 

(2 positive out of 62 tested) and 2.8% (23 positive out of 820 tested), respectively, and 

4% (5 positive out of 125 tested) of dogs were also found to be seropositive to 

Trichinella [60]. Surprisingly, none of the 261 confined wild boars resident on seven 

farms or 98 cats in these two provinces were positive [61]. In the same study, T. spiralis 

larval burdens quantified using multiplex PCR were relatively low at 0.1 to 0.3 

larvae/gram of muscle in wild boars and 0.6 larvae/gram of muscle in rats [61]. Until 

now, the only species of Trichinella isolated in domestic and sylvatic hosts in North 

Vietnam has been T. spiralis [62]. The habit of eating traditional dishes prepared using 

under-cooked and/or raw game meat (wild pork) at special events such as the lunar New 

Year, weddings and funeral events is the reason attributed to Trichinella outbreaks in 

North Vietnam. Leaving pigs to free roam, and feeding raw and/or left-over food to pigs 

has been blamed for the transmission of Trichinella in the region where medical 

personnel often lack knowledge about trichinellosis and its clinical symptoms. 

Moreover, in this area of Vietnam healthcare services are difficult to access [60]. There 

are no reports available on the seroprevalence of Trichinella infection in wild boars and 

domestic swine from other regions in Vietnam. 

2.5 Discussion 

Our study has shown that taeniasis and T. solium cysticercosis occurs in 60 of the 63 

provinces of Vietnam (Fig. 2.6). While data on the prevalence of taeniasis, cysticercosis 

and trichinellosis are available for North Vietnam, the relatively small number of 

studies carried out in the centre and south of Vietnam mean that it is difficult to draw 

definitive conclusions about the prevalence of these conditions in these areas of the 

country. 
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Across all of the cited studies utilising microscopy to detect taeniasis, TP estimates were 

greater than the AP estimates (Table 2.1). For example, the TP of taeniasis in Ha Giang 

[35] at 8.00% (95% CrI 2.70 to 20) was greater than that of the AP (6.00%, 95% CI 

2.60 to 13). Similarly the estimated TP in Chuong (2005) [37] was 0.52% (95%, CrI 0.03 

to 6.0) nearly twice that of the AP (Table 2.1). It is highly likely that the prevalence of 

taeniasis has been grossly underestimated due to the utilisation of microscopy-based 

examinations for the presence of Taenia spp. eggs using KK and/or Formalin-Ether 

Concentration techniques. The difference between the reported apparent and estimated 

TP is likely to be a result of the low Se of the microscopy-based methods to detect light 

taeniasis infections [63] and intermittent proglottid shedding [64]. It is also noteworthy 

that microscopic-based techniques are incapable of species-level identification of 

Taenia spp. in stool as the eggs are morphologically identical. 

In contrast to the TP of taeniasis, the TP estimates for human cysticercosis were lower 

than the AP estimates in across all of the cited studies (Table 2.2). The TP of cysticercosis 

in the study by Anh Tuan et al. (2001) [49] in South Vietnam was 0.89% (95% CrI 0.16 

to 2.53), much lower than the AP of 4.30% (95% CI 3.70 to 4.99). It should be noted that 

Ab-ELISA with a relatively poor Sp were utilised for this study; thus, overestimation of 

AP on human cysticercosis in this region may occur since Ab-ELISAs cross-react with 

Echinococcus granulosus (hydatid disease), Schistosoma spp. Angiostrongylus 

cantonensis, Spirometra spp., Fasciola spp. and Hymenolepis spp. [65, 66]. On the other 

hand, Ab-ELISAs provide a measure of T. solium cysticercosis exposure, not T. solium 

cysticercosis infection. As a result, Ab-ELISAs may also detect cases of transitional 

antibody exposure to T. solium [67, 68] and/or immunologically persistent antibody [69], 

hence it may overestimate both the AP and TP of active T. solium cysticercosis in a 

community. 

Ag-ELISA is known to have an acceptable Se of 87% (95% CI 62 to 98) and Sp of 95% 

(95% CI 90 to 99) for the detection of T. solium cysticercosis active infections in 

humans [70]; however, the estimated TP of human cysticercosis was lower than that of 

the AP in all of the cited studies in this review. This can be attributed to the uncertainty 

of the TP of human cysticercosis across study locations couple with imperfect of the 

assay (95%). Ag-ELISAs are superior to Ab-ELSIAs in term of detecting active 
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infection of T. solium cysticercosis; however, since both assays are genus-specific, this 

does not necessarily apply to pigs. In pigs, the assays are known to cross-react with 

antigens of Taenia hydatigena, a common tapeworm of swine in Vietnam [71]. 

Therefore, the AP of T. solium cysticercosis in village pigs in Bac Kan and Bac Ninh 

province of 9.9% (95% CI 6.1 to 15) is likely to be an overestimate. Of 29 pigs positive 

to Ag-ELISA, only five pigs were found to be infected with cysts of T. solium and ten 

pigs with cysts of T. hydatigena [52]. 

From the data presented in this systematic review, it appears that abattoir-based surveys 

may be biased and are likely to result in an underestimation of the risk of taeniasis and 

cysticercosis in humans because the majority pigs presented to these abattoirs were 

sourced from commercial piggeries. On the other hand, village-reared pigs are likely to 

be slaughtered locally and therefore represent a greater risk of infection for humans. 

Moreover, post-mortem inspection-based techniques have a low reported Se of 22% for 

the detection of cysticerci in meat [63] and are likely to lead to a further underestimate 

of the TP of T. solium cysticercosis. 

The prevalence of taeniasis and porcine cysticercosis in Vietnam are most likely to be 

underestimated whereas the prevalence of human cysticercosis is likely to be 

overestimated. In relative terms, the prevalence of porcine cysticercosis was low 

compared with taeniasis. Since microscopic-based diagnosis is genus-specific, it is 

likely that T. saginata and potentially T. asiatica accounted for a proportion of Taenia 

infections in humans. Thus, further epidemiological surveys on bovine cysticercosis, 

and village-based surveys on porcine cysticercosis is necessary to fully unveil the entire 

epidemiological picture of taeniasis in humans. Gathered risk factors for pork-borne 

zoonoses includes the consumption of raw/undercooked pork, beef and vegetables and 

the utilisation of night-soil for fertilization of local produce.  

2.6 Conclusions  

Although there are detailed data available on the prevalence of food-borne parasitic 

zoonoses relating to taeniasis, cysticercosis and trichinellosis in the north of Vietnam, 

by contrast, little to no data are available for the central and southern areas of the 

country. The utilisation of copro-diagnostic tests for human taeniasis and post-mortem 
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diagnosis of porcine T. solium cysticercosis likely resulted in an underestimation of 

the TP of infection in these hosts. On the other hand, genus-specific 

immunodiagnostic tests with imperfect Sp likely resulted in an overestimation of 

human and porcine cysticercosis. Moreover, sampling methods that were conducted 

without a clearly defined randomized design limits our ability to make accurate 

estimates of the TP of these infections in either humans or pigs in each of the three 

regions of Vietnam. In addition, studies based on slaughterhouse surveillance are 

believed not to reflect the true risk posed to humans, given the majority of the 

population live in rural, remote communities. 

Future surveillance aimed at conducting random cross-sectional village-based surveys 

of taeniasis and T. solium cysticercosis in humans and cysticercosis in pigs and cattle 

using improved molecular and immunodiagnostic methods, will shed further light on 

the epidemiology of these food-borne zoonoses among rural communities. This 

information will assist local government and residents to develop appropriate risk 

mitigation efforts to reduce the burden of these infections for the betterment of market 

access and public health. 
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Table 2.1 Research on human taeniasis and estimated true prevalence in Vietnam 

Author Research 
period 

Research location Regional location Diagnosis 
technique 

Sample 
size 
(no. of 
people) 

Apparent 
prevalence 
(%) [95% CI] a 

Prior information True prevalence 
(%) [95% CrI] b 

Referred diagnosis 
technique  

Sensitivity  
(%) [95% CI] 

Specificity  
(%) [95% CI] 

Verle et al. [72] 1999 Hoa Binh North Formalin-Ether 
Concentration 

2,522 0.11 
[0.04 to 0.34] 

Microscopy-based c 52.5 
[11.1 to 96.5] 

99.9 
[99.5 to 100] 

0.29 
[0.00 to 5.38] 

Doanh et al. [47]  1999 - 2001 Bac Ninh North Faecal examination 597 7.20 
[5.39 to 9.56] 

9.92 
[5.06 to 19.29] 

Somers et al. [45] 2003 - 2004 Bac Kan, Hai Duong, 
Ha Tinh 

North, 
North Central 

cAg-ELISA 606 0.66 
[0.25 to 1.68] 

cAg-ELISA d 84.5 
[61.9 to 98] 

92.0 
[90 to 93.8] 

0.25 
[0.01 to 0.21] 

Chuong [37] na Binh Thuan, Ninh Thuan, 
Khanh Hoa, Phu Yen, 
Binh Dinh, Quang Ngai, 
Quang Nam, Da Nang, 
Dak Lak, Quang Tri, 
Quang Binh, Gia Lai, 
Kon Tum, 
Thua Thien Hue 

Central, 
Central highlands 

Faecal examination 35,651 0.33 
[0.27 to 0.39] 

Microscopy-based c 52.5 
[11.1 to 96.5] 

99.9 
[99.5 to 100] 

0.52 
[0.03 to 6.41] 

NIMPE [32]  2006 Phu Tho, Vinh Long, 
Hung Yen, Cao Bang, 
Ha Tay, Lang Son,  
Tuyen Quang, Da Nang, 
Lao Cai, Thanh Hoa, 
Vinh Phuc, Quang Ngai 

North, Central, 
South 

Faecal examination 9,547 0.96 
[0.78 to 1.18] 

1.49 
[0.14 to 10.79] 

Huong [35] 2006 Ha Giang North Kato 84 6.00 
[2.56 to 13.18] 

8.43 
[2.70 to 19.53] 

Phuong al et. [36] 2008 - 2010 Thai Binh North Faecal examination 6,570 0.17 
[0.09 to 0.29] 

0.33 
[0.17 to 5.07] 

 Chuong et al. [38] 2009 Kon Tum Central Highlands Kato-Katz 1,797 8.18 
[7.00 to 9.53] 

11.08 
[6.59 to 20.68] 

Vien et al. [34] 2009 - 2010 Phu Tho North Kato-Katz 775 8.65 
[6.86 to 10.83] 

11.67 
[6.96 to 20.85] 

Van Tuan  
et al. [39] 

2013 Kon Tum Central Highlands Kato-Katz 731 10.40 
[8.38 to 12.82] 

13.46 
[8.42 to 21.44] 

Abbreviation: na, not applicable; NIMPE, National Institute of Malariology Parasitology and Entomology 
a Confidence interval 
b Credible interval  
c Sensitivity and specificity of microscopy-based technique based on Praet et al. (2013) [73]  
d Sensitivity and specificity of cAg-ELISAbased on Praet et al. (2013) [73] 
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Table 2.2 Hospital and community-based survey on human cysticercosis and estimated true prevalence of cysticercosis in Vietnam 

Reference Research 

period 

Research location Regional 

location 

Diagnosis technique Participant 

or patient (n) 

Apparent prevalence 

(%) [95% CI] a 

Prior information True prevalence 

(%) [95% CrI] b 

Referred 

diagnosis 

technique  

Sensitivity 

(%) [95% CI] 

Specificity 

(%) [95% CI] 

Verle et al. [72] 1999 Hoa Binh North Biopsy of 

subcutaneous 

nodules 

2,522 1 c    na 

NIMPE [32] 2000–2011 NIMPE National na 2,687 d na na 

Taylor et al. [74] 2007–2008 National hospital North Cranial radiology 352 0.3    na 

Anh Tuan et al. [49] 1992–2000 Ho Chi Minh 

hospitals 

South Ab-ELISA 3,814 4.30 

[3.70 to 4.99] 

Ab-ELISA e 65.0 63.0 0.89 

[0.16 to 2.53] 

Erhart et al. [48] 1999 Bac Ninh North Ag-ELISA 210 5.71 

[3.29 to 9.72] 

   3.99 

[1.24 to 8.27] 

Doanh et al. [47] 1999–2000 Bac Ninh North Ag-ELISA 597 5.02 

[3.54 to 7.08] 

2.90 

[0.78 to 5.95] 

Somers et al. [45]  2003–2004 Bac Kan, Hai Duong, 

Ha Tinh 

North Ag-ELISA 707 2.40 

[1.50 to 3.81] 

0.86 

[0.10 to 2.67] 

Huong [35] 2005 Ha Giang North Ag-ELISA 97 13.40 

[0.80 to 21.58] 

Ag-ELISA f 87.0 

[62 to 98] 

95.0 

[90 to 99] 

13.27 

[11.08 to 15.76] 

Trung et al. [75] 2007–2010 Bac Giang, Bac 

Ninh, Dien Bien,  

Ha Giang,Lai Chau, 

Lang Son, Tuyen 

Quang 

North Ag-ELISA 758 g 6.00 

[5.00 to 8.00] 

   3.74 

[1.26 to 7.22] 

Abbreviation: na, not applicable 
a Confidence interval 
b Credible interval 
c Case of cysticercosis 
d Numbers of patients 
e Sensitivity and specificity of Ab-ELISA based on Diaz et al. (1992) [66] 
f Sensitivity and specificity of Ag-ELISA based on Coral-Almeida et al. (2015) [70] 
g Participants have chronic headache and epilepsy 
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Table 2.3 Research on porcine cysticercosis and estimated true prevalence in Vietnam 

Author Research 
period 

Research location Diagnosis 
technique 

Sample 
size 
(no. of 
pigs) 

Apparent prevalence  
(%) [95% CI] a 

Prior information True prevalence 
(%) [95% CrI] b 

Referred 
diagnosis 
technique 

Sensitivity 
(%) [95% CI] 

Specificity 
(%) [95% CI] 

Khue & Luc [51] na Nam Dinh, Ha Nam, 
Hai Duong, Hung Yen 

Carcass 
examination 

8,000 0.00 Carcass 
examination c 

22.1 
[15 to 27] 

100 na 

Doanh et al. [52] 1999–2001 Yen Bai, Lao Cai, 
Nghe An, Bac Kan, 
Bac Giang, Hanoi 

Carcass 
examination 

198,877 0.06 0.14 
[0.0 to 0.34] 

Doanh et al. [47] 1999–2000 Bac Ninh, Bac Kan Ag-ELISA 323 9.91 
[7.10 to 13.65] 

Ag-ELISA d 86.7 
[62 to 98] 

94.7 
[90 to 99.7] 

9.64 
[8.06 to 11.43] 

De et al. [53] 2002–2003 Hanoi Carcass 
examination 

143,868 2e Carcass 
examination c 

22.1 
[15 to 27] 

100 na 

Huan [76] 1994 12 southern provinces Carcass 
examination 

891 0.90 
[0.45 to 1.76] 

1.92 
[0.18 to 5.96] 

Abbreviation: na, not applicable 
a Confidence interval 
b Credible interval 
c Sensitivity and specificity of carcass examination and Ag-ELISA based on Dorny et al. (2004) [63] 
d Sensitivity and specificity of Ag-ELISA based on Dorny et al. (2004) [63] 
e Cases of porcine cysticercosis 
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Table 2.4 Trichinellosis outbreaks in Vietnam since 1970 

Outbreak (year) Location (province) Geographical location Trichinella spp. Infected toll (no. of people) Death toll (no. of people) 

1970 Yen Bai Northwest na 26 4  

2001 Dien Bien Northwest na 22  2  

2004 Dien Bien Northwest na 20 na 

2008 Son La Northwest T. spiralis (animals) 22 2 

2012 Thanh Hoa North Central Coast T. spiralis (humans) 24 na 

Abbreviation: na, not applicable 
Adjusted from: De et al. (2012) [58]; Vu Thi et al. (2013, 2014) [61, 62]; Taylor et al. (2009) [77] 
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Fig. 2.1 Flow diagram of searching strategy. Diagram showing the strategy steps of searching and 
justification for taeniasis, cysticercosis and trichinellosis in Vietnam. 
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Fig. 2.2 Studies of the prevalence of taeniasis in Vietnam, 1999 to present. a Map of Vietnam showing 
the location of studies described in the text. b Error bar plot showing the known true prevalence of 
taeniasis (and their 95% confidence intervals) as a function of the northing coordinate of the province in 
which the study was carried out. 
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Fig. 2.3 Studies of the prevalence of human T. solium cysticercosis in Vietnam, 1992 to present. a 
Map of Vietnam showing the location of studies described in the text. b Error bar plot showing the known 
true prevalence of T. solium cysticercosis in humans (and their 95% confidence intervals) as a function of 
the northing coordinate of the province in which the study was carried out. 
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Fig. 2.4 Studies of the prevalence of T. solium cysticercosis in pigs in Vietnam, 1994 to present. a 
Map of Vietnam showing the location of studies described in the text. b Error bar plot showing the known 
true prevalence of T. solium cysticercosis pigs (and their 95% confidence intervals) as a function of the 
northing coordinate of the province in which the study was carried out. 
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Fig. 2.5 Map of trichinellosis outbreaks in Vietnam. Choropleth map showing provinces in which 
trichinellosis outbreaks have occurred since 1970. 
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Fig. 2.6 Distribution of human T. solium cysticercosis and taeniasis. Choropleth map of Vietnam 
showing provinces in which cysticercosis and/or taeniasis have been identified in humans at present. 



110 
 
 

CHAPTER 3  

Comparison of a new multiplex real-time PCR 
with the Kato Katz thick smear and copro-antigen 

ELISA for the detection and differentiation of 
Taenia spp. in human stools 
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3.1 Abstract 

3.1.1 Background 

Taenia solium, the cause of NCC, has significant socioeconomic impacts on 

communities in developing countries. This disease, along with taeniasis is estimated to 

infect 2.5 to 5 million people globally. Control of T. solium NCC necessitates accurate 

diagnosis and treatment of T. solium taeniasis carriers. In areas where all three species 

of Taenia tapeworms (T. solium, Taenia saginata and Taenia asiatica) occur 

sympatrically, conventional microscope- and copro-antigen based diagnostic methods 

are unable to distinguish between these three Taenia species. Molecular diagnostic tools 

have been developed to overcome this limitation; however, conventional PCR-based 

techniques remain unsuitable for large-scale deployment in community-based surveys. 

Moreover, a real-time PCR (qPCR) for the discrimination of all three species of Taenia 

in human stool does not exist. This study describes the development and validation of a 

new triplex Taq-Man probe-based qPCR for the detection and discrimination of all three 

Taenia human tapeworms in human stools collected from communities in the Central 

Highlands of Vietnam. The diagnostic characteristics of the test are compared with 

conventional Kato Katz (KK) thick smear and cAg-ELISA method utilising faecal 

samples from a community based cross-sectional study. Using this new multiplex qPCR 

we provide an estimate of the TP of taeniasis in the source population for the 

community based cross-sectional study. 

3.1.2 Methodology/Principal findings 

Primers and TaqMan probes for the specific amplification of T. solium, T. saginata and 

T. asiatica were designed and successfully optimized to target the internal transcribed 

spacer I (ITS-1) gene of T. solium and the cytochrome oxidase subunit I (COX-1) gene 

of T. saginata and T. asiatica. The newly designed triplex qPCR (T3qPCR) was 

compared to KK and cAg-ELISA for the detection of Taenia eggs in stool samples 

collected from 342 individuals in Dak Lak province, Central Highlands of Vietnam. The 

overall AP of taeniasis in Dak Lak province was 6.7% (95% confidence interval (CI) 

4.4 to 10) in which T. solium accounted for 1.17% (95% CI 0.37 to 3.17), according to 

the T3qPCR. There was sympatric presence of T. solium, T. saginata and T. asiatica. 
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The T3qPCR proved superior to KK and cAg-ELISA for the detection and 

differentiation of Taenia species in human faeces. Diagnostic sensitivities of 0.94 (95% 

credible interval (CrI) 0.88 to 0.98), 0.82 (95% CrI 0.58 to 0.95) and 0.52 (95% CrI 0.07 

to 0.94), and diagnostic specificities of 0.98 (95% CrI 0.94 to 1.00), 0.91 (95% CrI 0.85 

to 0.96) and 0.99 (95% CrI 0.96 to 1.00) were estimated for the diagnosis of taeniasis 

for the T3qPCR, cAg-ELISA and KK thick smear in this study, respectively. 

3.1.3 Conclusions 

T3qPCR is not only superior to the KK thick smear and cAg-ELISA in terms of 

diagnostic Se and Sp, but it also has the advantage of discriminating between species of 

Taenia eggs in stools. 

Application of this newly developed T3qPCR has identified the existence of all three 

human Taenia tapeworms in Dak Lak province and proves for the first time, the 

existence of T. asiatica in the Central Highlands and the south of Vietnam.  

3.1.4 Author summary 

Human Taenia tapeworms comprise three species, Taenia solium, Taenia saginata and 

Taenia asiatica. Taeniasis is a meat-borne zoonosis transmitted by the consumption of 

cysticerci in raw or undercooked pork for T. solium and T. asiatica (liver) and in beef 

for T. saginata. Accidental ingestion of T. solium eggs by humans also results in the 

formation of cysticerci, often in the brain, referred to as NCC. T. solium NCC is a 

significant cause of morbidity and mortality owing to epilepsy in many resource-poor 

communities. In animals, ingestion of eggs passed by humans results in organ and / or 

carcass condemnation and suboptimal economic outcomes for farmers. The accurate 

diagnosis of T. solium tapeworm carriers is essential to monitor the success of control 

programs. In areas where all three species of Taenia tapeworms occur together, 

conventional diagnostic methods are unable to distinguish between the different species 

of Taenia. In this study, we develop and apply a T3qPCR capable of detecting and 

discriminating all three-tapeworm species in stools in a rapid and high-throughput 

fashion, suitable for large-scale community surveys. The newly developed T3qPCR 
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proved superior to previously developed immunodiagnostic and conventional 

microscopic-based tests in terms of diagnostic Se, Sp and the ability to identify and 

distinguish human Taenia species. This qPCR assay facilitated the identification of T. 

asiatica tapeworms in the Central Highlands of Vietnam, for the first time. 

3.2 Introduction 

Humans are infected with three species of Taenia - Taenia solium, Taenia saginata and 

Taenia asiatica [1, 2]. While T. saginata has a global distribution, T. solium is 

distributed mostly in developing countries of Latin America, sub-Saharan Africa and 

Asia, and T. asiatica is restricted to certain Asian countries [3, 4]. Taeniasis is estimated 

to infect 2.5 to 5 million people globally [5–7]. All three-tapeworm species utilise 

humans as the definitive hosts (adult tapeworm) due to the ingestion of undercooked 

and/or raw meat or liver [1, 8]. The intermediate hosts of T. solium and T. asiatica are 

swine whereas the intermediate hosts of T. saginata are cattle (porcine/bovine 

cysticercosis) [3]. Humans may also become the accidental intermediate hosts of T. 

solium via the ingestion of food and water contaminated with T. solium eggs, which 

may result in NCC when the cysts lodge in the central nervous system. The clinical 

manifestations of T. solium NCC in humans are varied, ranging from being 

asymptomatic to severe neurological signs and symptoms such as epilepsy, paralysis, 

dementia, chronic headache, blindness or even death [9–11]. The symptoms of taeniasis 

in humans, on the other hand, are mostly subtle and mild, and include abdominal 

distension, abdominal pain, digestive disorders and anal pruritus (mostly for T. saginata 

and T. asiatica) [12, 13]. 

Control of NCC necessitates accurate diagnosis and treatment of T. solium taeniasis 

carriers to break the cycle of transmission to pigs [14]. Although all cases of taeniasis 

necessitate treatment, species-specific identification from an epidemiological 

perspective will allow better targeted control programs to be implemented aimed at 

interrupting the lifecycle specific to each species of Taenia endemic within a 

community and region. Several diagnostic tools for detecting taeniasis, including 

microscopy, copro-antigen ELISAs, sero-antibody immunoblot [15–17], and copro-

DNA tests have been developed[18, 19]. Of these diagnostic tools, microscopy-based 
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examinations of faecal samples have the limitation of poor diagnostic Se owing to 

intermittent shedding of proglottids/eggs and low Sp owing to the inability to 

morphologically discriminate between the eggs of Taenia species [20]. Although self-

detection of proglottid shedding is valuable for confirmation of individual (but not 

community-wide) taeniasis, it is however, not always reliable especially when deep pit 

latrines are being utilised. Moreover, in cases of infection with T. solium, the proglottids 

are immobile and may be misidentified as other worms [19]. Differentiation of T. 

saginata from T. asiatica based on proglottid morphology is onerous and challenging 

[21]. The cAg-ELISA utilises polyclonal antigens and more sensitive (0.85, 95% CI 

0.62 to 0.98) than microscopy-based methods (0.53, 95% CI 0.11 to 0.97) [22], is only 

capable of identification to a genus level [23–25]. More recently, a cAg-ELISA specific 

to T. solium was developed [20, 26]. Another drawback of the cAg-ELISA is that it may 

miss cases of T. asiatica and T. saginata in areas where other human Taenia tapeworms 

co-exist [19]. Serum antibody detecting immunoblot assays using ES or recombinant 

antigens have been developed for identification of antibodies to T. solium [15, 17] and 

T. asiatica taeniasis [16]. Immunoblot assays were highly sensitive and specific when 

used in Taenia non-endemic areas, however resulted in a high proportion of false 

positive results in areas endemic for T. saginata [17]. Copro-PCRs are considered 

superior tools for the detection of Taenia eggs in faecal samples owing to their high 

diagnostic Se and the ability to distinguish Taenia species. Currently, the only 

multiplex-PCR [27, 28] and PCR-RFLP [21] that is able to differentiate all human 

Taenia tapeworms is unsuited for large-scale community surveys owing to labor 

intensive process of restriction digest and gel electrophoresis. A better suited real-time 

PCR [29] has been developed but it is only capable of discriminating T. solium and T. 

saginata. Loop-mediated isothermal amplification (LAMP) [30] has also shown 

promise as a potential point-of-care diagnostic technique capable of highly sensitive 

detection (one copy of target gene/reaction or at least five eggs/gram of faeces) and 

differentiation of Taenia spp. in stool [30], however the technology is still far from 

point-of-care based and is considered equivocal to PCR [19]. 

This study describes the development and validation of a new multiplex Taq-Man 

probe-based qPCR for the detection and discrimination of all three species of Taenia in 
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human stools. The diagnostic characteristics of the test are compared with the test 

characteristics of conventional KK thick smear and the cAg-ELISA using hyper 

immune rabbit anti-Taenia IgG polyclonal antibody by applying all three diagnostic 

tests to detect Taenia spp. in faecal samples collected as part of a community-based 

cross-sectional study carried out in the Central Highlands of Vietnam. 

3.3 Materials and methods 

3.3.1 Multiplex real-time PCR  

Primers and probes. The internal transcribed spacer I (ITS-1) gene of T. solium 

(GenBank accession number LC004200) was utilised to design a T. solium specific 

primer and Taq-Man-based hydrolysis probe for the specific amplification of T. solium. 

Sequences spanning the cytochrome oxidase subunit I (COX-1) gene were utilised to 

design a primer pair for specific amplification of T. saginata and T. asiatica 

concurrently, and two different species-specific Locked Nucleic Acid probes were used 

for detection of T. saginata, and T. asiatica. Primers and probe of equine herpesvirus 4 

(EHV4) used as an internal control were based on a previously published paper [31] 

(Table 3.1). 

Multiplex qPCR conditions. DNA of EHV4 was spiked into T3qPCR prepared 

reaction mixtures as an internal reaction control. The multiplex qPCR assay was run as 

a 20 µL reaction containing 10 µL of GoTaq Probe qPCR Master Mix (Promega 

Corporation, Madison, WI, USA), 2.44 µL of H2O, 350 nM of each primer of T. solium, 

T. saginata and T. asiatica, 40 nM of each primer of EHV, 200 nM probe of T. solium, 

250 nM each probe of T. saginata and T. asiatica, 100 nM probe of EHV, 1 µL of 

EHV4 DNA diluted 20 times and 2 µL of DNA template. 

The T3qPCR amplification was carried out in a Magnetic Induction Cycler, MIC (Bio 

Molecular Systems). The cycling conditions consisted of an initial denaturation step at 95 

°C for 2 minutes, followed by 40 amplification cycles, each comprising a denaturation step 

at 95 °C for 30 seconds and annealing at 66 °C for 60 seconds. All samples were tested in 

duplicate with positive and negative control samples were included in each amplification 

assay. 
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Multiplex qPCR controls. Synthesized gBlock gene fragments of T. solium, T. 

saginata and T. asiatica were used as the positive controls for the T3qPCR assays. The 

gBlocks Gene® Fragments (Integrated DNA Technologies (IDT), Coralville, USA) are 

double-stranded and sequence-verified DNA molecules that vouch for the fidelity of the 

T3qPCR assays. The gBlock fragments of T. solium and T. asiatica were synthetically 

combined together to an amplicon size of 235 bp in length while the T. saginata gene 

fragment was synthesized as an individual amplicon with a length of 140 bp (Table 3.2). 

In addition, gDNA from proglottids sourced from individuals in this study (following 

treatment and recovery) belonging to T. asiatica and T. saginata as well as T. solium 

from eggs sourced from the Centers of Disease Control and Prevention (Atlanta, GA, 

US) were utilised as positive controls for this study. T. asiatica and T. saginata 

proglottids were morphologically identified and confirmed using a previously published 

PCR [27] or singleplex PCR followed by DNA sequencing.  

The individual qPCR reactions were optimized by subjecting individual gBlocks for 

each Taenia species to serial 10-fold dilutions ranging from 5 × 10-7 to 5 × 101 pg/µL 

and then mixed together to assess the diagnostic Se, Sp and efficiency of the multiplex 

assay. EHV4 DNA templates were also included in optimization of the multiplex qPCR. 

Normal melt curves and absolute quantification analyses were used to determine the 

positive status of individual samples. Threshold and fluorescence cut-off level were set 

up at 0.1 and 16%, respectively, except for fluorescence cut-off level of EHV at 20%, 

and the first cycle of qPCR amplification was ignored from the analysis. The T3qPCR 

results were considered negative if cycle threshold (Ct) values were > 35. This value (5 

× 10-5 pg/µL) was the limit of our standard curves (additional gBlocks dilutions were 

undetectable). Each sample was checked for fidelity/inhibition by comparing the Ct-

value of the EHV4 in the sample compared to the EHV4 Ct-value in the negative 

control. An assay was deemed a failure when its EHV4 Ct-value was greater than two 

cycles different in comparison to the negative control EHV4 Ct-value. 

The diagnostic Sp of the T3qPCR was confirmed utilising DNA templates from 12 

different human intestinal parasites and one canine tapeworm, including 

Cryptosporidium parvum, Giardia duodenalis, Haplorchis taichui, Hymenolepis nana, 
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Opisthorchis viverrini, Ancylostoma ceylanicum, Necator americanus, Trichuris 

trichiura, Ascaris lumbricoides, Strongyloides stercoralis, Blastocystis hominis, 

Clonorchis sinensis and Taenia hydatigena. These parasitic DNA templates were 

sourced either from faeces or adult worms, and confirmed using conventional PCR and 

DNA sequencing. 

Multiplex qPCR confirmation. The positive results of T3qPCR were confirmed using 

either a conventional multiplex PCR targeting T. solium, T. saginata and T. asiatica 

developed by Jeon et al. (2009) [32] or a singleplex PCR for Taenia sp. following DNA 

sequencing. 

The singleplex PCR utilised self-designed forward 5’-CATCATATGTTTACGGTTGG-

3’ and reverse primer 5’-GACCCTAATGACATAACATAAT-3’ designed based on 

COX-1 gene and amplifying a gene of 350 bp. The assay comprised 2.5 µL 

10×CoralLoad PCR Buffer (Qiagen, Hiden, Germany), 12.5 pmol of each primer, 0.5 U 

of HotStar Taq DNA Polymerase, 2 µL dNTPs (4 mM), 0.5 µL of MgCl2 (25 mM) and 

1 µL of DNA, in a total volume of 25 µL. The cycling conditions consisted of an initial 

denaturation step at 95 °C for 5 minutes, 52 °C for 1 minute and 72 °C for 2 minutes 

followed by 40 amplification cycles, each comprising a denaturation step at 95 °C for 

30 seconds, annealing at 52 °C for 30 seconds and extension at 72 oC for 30 seconds and 

final extension step at 72 °C for 4 minutes. The singleplex PCR products were sent to 

Macrogen Inc. (Korea) for sequencing. 

The multiplex PCR assay comprised 2.5 µL 10×CoralLoad PCR Buffer (Qiagen, Hiden, 

Germany), 12.5 pmol of each forward primer, 37.5 pmol reverse primer, 0.5 U of 

HotStar Taq DNA Polymerase, 2 µL dNTPs (4 mM), 0.5 µL of MgCl2 (25 mM) and 1 

µL of DNA, in a total volume of 25 µL. The cycling conditions consisted of an initial 

denaturation step at 95 °C for 5 minutes, 56 °C for 1 minute and 72 °C for 2 minutes 

followed by 45 amplification cycles, each comprising a denaturation step at 95 °C for 

30 seconds, annealing at 56 °C for 30 seconds and extension at 72 °C for 30 seconds 

and final extension step at 72 °C for 4 minutes. 
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DNA extraction of faecal samples. Samples stored in 5% potassium dichromate (w/v) 

were washed three times in distilled water and then subjected to DNA extraction. 

Approximately 250 mg washed stool was subsequently extracted using the PowerSoil 

DNA Isolation Kit® (Mo Bio, Carlsbad, CA, USA). The protocol of extraction was in 

accordance with the manufacturer’s instructions, with the exception that provided beads 

were replaced with 1 g of Silica/Zirconia 0.5 mm beads (Daintree Scientific, Tasmania, 

Australia). DNA was eluted in a final volume of 100 µL of elution buffer. The quantity 

and quality of the extracted DNA was quantified using a NanoDrop® ND-1000 

spectrophotometer (Thermo Scientific, Wilmington, DE) and results were analyzed 

using the NanoDrop 1000 software. The DNA extracted was determined suitable when 

the yield was >= 2 ng/µL and the ratio of the absorbance at 260 and 280 nm and at 

260 and 230 nm were > 1.70 and 2.0 - 2.2, respectively. The extracted DNA was stored 

at −20 °C until use. All samples were subjected to the multiplex qPCR for the detection 

and differentiation of Taenia spp. as described earlier. 

DNA extraction of proglottids. Proglottids were extracted using the DNeasy Blood & 

Tissue Kit® (Qiagen, Hilden, Germany) according to the manufacturer’s instructions 

and eluted in 200 µL of AE Buffer. 

3.3.2 Coproantigen enzyme-linked-immunosorbent assay 

An in-house coproantigen detection ELISA [33] with slight modifications, as described 

by Mwape et al. (1990) [34], was performed on the stool samples. Briefly, a mixture of 

an equal amount of Phosphate Buffered Saline (PBS) and stool sample stored in 10% 

formalin was soaked for one hour with slight shaking and centrifuged at 2000 g for 30 

minutes where after supernatant was collected. The Polystyrene ELISA plates (Nunc® 

Maxisorp, Waltham, MA, USA) were coated with capturing hyper immune rabbit anti-

Taenia IgG polyclonal antibody diluted at 2.5 mg/mL in carbonate-bicarbonate buffer 

(0.06 M, pH 9.6) and incubated for 1 hour at 37 °C. The plates were washed once with 

PBS in 0.05% Tween 20 (PBS-T20). All wells were blocked by adding PBS-T20+2% 

New Born Calf Serum and incubated for 1 hour at 37 °C. After washing the stool 

supernatant of 100 mL was added to all wells and incubated for 1 hour at 37 °C 

followed by washing five times with PBS-T20. One hundred microliter of biotinylated 
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hyper immune rabbit IgG polyclonal antibody diluted at 2.5 mg/mL in blocking buffer 

was added into each well. Between two cycles of incubating for 1 hour at 37 °C 

followed by washing five times, 100 µL of streptavidin-horseradish peroxidase (Jackson 

Immunoresearch Lab, West Grove, PA, USA) diluted at 1/10,000 was added. Finally, 

100 mL of ortho phenylenediamine (OPD) substrate, prepared by dissolving one tablet 

in 6 mL of distilled water and adding 2.5 mL of hydrogen peroxide, was added to all the 

wells, and incubated in a dark for 15 minutes at room temperature before stopping the 

reaction by adding 50 mL of sulphuric acid (4 N) to each well. The plates were read 

using an automated spectrophotometer at 490 nm with a reference of 655 nm. To 

determine the test result, the optical density (OD) of each stool sample was compared 

with the mean of a series of eight reference Taenia negative stool samples plus 3 

standard deviations. 

3.3.3 Microscopy examination 

All faecal samples were microscopically examined for the presence of Taenia eggs 

using a duplicate KK thick-smear technique [35–38] and examined by trained 

parasitologists at Tay Nguyen University. 

3.3.4 Study site and sampling 

The fieldwork was conducted between May to October 2015 in Krong Nang, M’Drak 

and Buon Don districts in Dak Lak province, Vietnam (Fig. 3.1). M’ Drak is located in 

the east of Dak Lak province with an average altitude of 400 m to 500 m above sea level 

and a tropical monsoon climate typical of the Vietnamese Central Coast. Krong Nang is 

situated to the north of Dak Lak at 800 m above sea level. Buon Don, situated to the 

west of Dak Lak at approximately 330 m above sea level and had a hot and dry climate. 

Living standards in each of three districts is poor; open defaecation using outdoor 

latrines is a common practice and livestock access to these latrine areas is, for the most 

part, unrestricted. Moreover, consumption of raw or undercooked blood, meat, organ 

tissues from domesticated and wild pigs and cattle is common. The practice of non-

confinement of pigs and cattle is common in rural regions with slaughter activities 

commonly carried out in backyards without official meat inspection. Meat inspection is 
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only carried out at abattoirs or slaughter-points, which serve the district level and/or 

clusters of large villages [32]. 

The objective of this study was to estimate the TP of human taeniasis in each of the 

three study districts. Based on the previous study of Van De at al. [13], the TP of human 

taeniasis was assumed to be 7% and there was 95% certainty that this estimate was 

within 5% of the true population value (i.e. the TP ranged from 2% to 12%). Ignoring 

the tendency for taeniasis to cluster within households we estimated that a total of 100 

stool samples were required. We then assumed the average number of individuals 

eligible for the study per household was at least three and the between household 

(cluster) variance in taeniasis prevalence was around 1.14 times greater than the within 

household (cluster) variance, returning an intra-class correlation coefficient of 0.07 [39]. 

Our revised sample size, accounting for the tendency of taeniasis to cluster within 

households, was 114 for each district and 342 for the whole province. 

Within each district, two villages were selected at random. Eighteen to forty 

households were randomly sampled from within each of the selected villages. Within 

each household a maximum of five individuals over the age of seven years were 

selected at random and asked if they would like to take part in the study. Those that 

consented were then asked to provide informed written consent for stool donation. 

Participants under the age of 18 years were recruited with assent of themselves as well 

as written consent from their parents or legal guardians. During the participant 

recruitment phase investigators informed study participants that they could withdraw 

from the study at any stage.  

A labelled stool container was delivered to each individual. Faecal samples collected were 

divided into three aliquots. Approximately 5 g of each faecal sample was fixed in 5% 

potassium dichromate (w/v), and transported to the University of Melbourne, Australia for 

molecular analysis. The second and the third aliquots were stored in 5% formalin, shipped 

to the Institute of Tropical Medicine, Belgium, and kept at Tay Nguyen University, 

Vietnam, for cAg-ELISA testing and microscopy examination (KK), respectively. 
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3.3.5 Ethics 

This study was reviewed and approved by the Behavioural and Social Sciences Human 

Ethics Sub-committee, the University of Melbourne (reference number 1443512) and 

conducted under the supervision of the local Center for Public Health, Dak Lak, 

Vietnam. Participants positive for taeniasis on KK thick smear were treated immediately 

by local medical officers with praziquantel (Distocide®, Shinpoong Daewoo Pharma 

CO.LTD) at 20 mg/kg as a single dose, whereas those positive by cAg-ELISA and 

qPCR were treated once results were known. 

Production of polyclonal antibodies in rabbits used for cAg-ELISA were obtained from 

the Ethical Committee for animal experiments of the Institute of Tropical Medicine, 

Antwerp (Reference number DG012S). 

3.3.6 Statistical analysis 

Statistical analyses were carried out using R [40], Microsoft Excel 2007 and Microsoft 

Access 2007. Cohen’s kappa test statistic (K) was used for comparison of T3qPCR to 

KK, and T3qPCR to cAg-ELISA. 

The diagnostic Se and Sp of T3qPCR, cAg-ELISA and KK were estimated using a 

Bayesian approach. The Bayesian approach utilised prior information based on both 

previous literature [22] and expert opinion (Table 3.3). Prior information for the 

diagnostic Se and Sp for the T3qPCR was elicited from six independent molecular 

parasitology diagnosticians. Prior information for the Se and Sp of cAg-ELISA and KK 

derived from Praet et al. (2013) [22] (Table 3.3). Prior information for the TP of 

taeniasis in the three study districts was obtained from previous studies carried out in 

the same region [41]. 

The model of estimation of diagnostic Se and Sp for three tests applied to individuals 

from the same population with no gold standard test was based on Branscum et al. 

(2005) [42] with minor modification of the assumption that the three tests were 

independent [43]. The posterior distribution of diagnostic Se and Sp were obtained 

using Markov chain Monte Carlo (MCMC) techniques. The MCMC sampler was run 
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for 100,000 iterations and the first 1,000 ‘burn in’ samples were discarded. The point 

estimate and 95% credible interval (CrI) for diagnostic Se and Sp were reported as the 

median and 2.5% and 97.5% quantiles of the posterior distribution of Se and Sp. 

Parallel chains were run using diverse initial values to ensure that convergence was 

achieved to the same distribution [44]. Confirmation that the posterior estimates of the 

monitored parameters had converged to a stable distribution was achieved by plotting 

cumulative path plots for each variable [45, 46] and quantified using the Raftery and 

Lewis convergence diagnostic [47, 48]. 

3.4 Results 

3.4.1 Optimization and validation of the multiplex qPCR  

Designed primers/probes for the T3qPCR were highly species-specific and failed to 

cross-amplify non-target parasites including other species of Taenia. Multiplexing the 

assay had no effects on the Se and efficiency of the qPCR (Fig. 3.2). 

3.4.2 Field study  

Of 342 stool samples collected in Dak Lak province that were tested using T3qPCR and 

KK, 23 (6.7%, 95% CI 4.4 to 10) and 7 (2%, 95% CI 0.9 to 4.4) were positive for 

Taenia spp. For cAg-ELISA using a cut-off of ≥ 0.2 OD, 21 (6.1%, 95% CI 3.9 to 9.4) 

samples were classified positive for Taenia spp., whereas 3 (0.9%, 95% CI 0.2 to 2.7) 

samples were classified positive for T. solium using a higher cut-off of OD ≥ 0.55. The 

summarized test results are provided in Table 3.4. 

Seven individuals that were positive for taeniasis by KK that were administered 

praziquantel, eliminated at least one adult Taenia worm. In all cases, the species of 

Taenia identified was consistent with that detected by the T3qPCR, including one 

individual that harboured co-infection with T. saginata and T. asiatica. Amplification 

and DNA sequencing of the individual adult tapeworms recovered from this individual 

showed that one of them had 99% similarity with GenBank sequence LM146668 of T. 

asiatica and the other to have 100% similarity with GenBank sequence JN986712 of 

T. saginata. 
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Of the 23 samples positive for Taenia spp. using the T3qPCR, single infections of T. 

solium and T. saginata were identified in 3 (0.87%) and 14 (4.09%) individuals, 

respectively. No cases of a single infection with T. asiatica were identified. Mixed 

infections of T. solium and T. saginata occurred in one individual, and of T. saginata 

(Fig. 3.3) 

3.4.3 Comparison of T3qPCR with microscopy 

The T3qPCR was more sensitive for detection of Taenia spp. eggs in human stools 

compared with KK. Twenty three of 342 individuals (6.7%, 95% CI 4.4 to 10) were 

positive for Taenia egg using T3qPCR compared with seven of 342 individuals (2.05%, 

95% CI 0.9 to 4.4) positive using KK (Table 3.4). All the KK positive samples (7 of 

342) were confirmed T. saginata and/or T. asiatica using the T3qPCR. No cases of T. 

solium detected by qPCR were positive by KK. Cohen’s Kappa test showed moderate 

agreement between the two methods (Table 3.5). The estimated diagnostic sensitivities 

of T3qPCR and KK for detecting Taenia spp. were 0.94 (95% CrI 0.88 to 0.98) and 

0.52 (95% CrI 0.07 to 0.94), respectively, while the diagnostic Sp of the two tests were 

0.98 (95% CrI 0.95 to 1.00), and 0.99 (95% CrI 0.96 to 1.00) (Table 3.6), respectively. 

3.4.4 Comparison of T3qPCR with cAg-ELISA 

A cut-off value for the cAg-ELISA of 0.2 was obtained by calculating the mean OD 

value of a series of 8-reference Taenia negative stool samples ± 3 SD. The cAg-ELISA 

identified 21 (6.14%) samples as positive for taeniasis however failed to detect 15 of 

342 samples positive by T3qPCR. The agreement between the two diagnostic tests was 

fair with a Kappa value of 0.32 (95% CI 0.21 to 0.42) (Table 3.5). 

A cut-off value of ≥ 0.55 OD on the cAg-ELISA was assumed to be more specific for 

the detection of T. solium antigens. Three (0.87%) of 342 individuals were positive for 

T. solium by this method in agreement with T3qPCR resulting in an AP of 1.16% (95% 

CI 0.0 to 0.03). The cAg-ELISA failed to detect any additional cases of T. solium 

detected by T3qPCR. There was very good agreement between the two diagnostic tests 

with Kappa of 0.86 (95% CI 0.75 to 0.96) (Table 3.5). The diagnostic Se and Sp of the 
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cAg-ELISA was estimated to be 0.82 (95% CrI 0.58 to 0.95) and 0.91 (95% CrI 0.85 to 

0.96), respectively (Table 3.6).  

3.5 Discussion 

The T3qPCR developed in this study demonstrated superior ability to both the KK 

thick smear and cAg-ELISA for the specific detection and discrimination of all three 

taeniid tapeworms found in humans, T. solium, T. asiatica and T. saginata. The assay 

proved highly specific with no cross-reactivity observed for 13 different intestinal 

parasites as well as with each other. The cross-reactivity of the T3qPCR with 

Echinococcus multilocularis and Echinococcus granulosus was not evaluated as DNA 

of these parasites are not expected to shed in stools. The innate advantage of this 

T3qPCR over other diagnostic methods is its ability to detect mixed cases of Taenia 

spp. infection, a necessary tool that provides a more comprehensive understanding of 

the epidemiology of taeniasis and Taenia cysticercosis in both humans and animals in 

regions where all three species are sympatric [49]. For example, in communities such 

as those in the Central Highlands of Vietnam, where taeniasis is highly endemic, use 

of the T3qPCR allows the TP and risk factors for T. solium taeniasis carriers to be 

determined. Use of these diagnostic tools to inform taeniasis control programs will not 

only reduce the risk of T. solium NCC in humans, but will also assist in breaking the 

transmission cycle to backyard and free-roaming pigs, reducing economic losses to the 

small-holder farmers due to carcass condemnation [50–53]. Using the Bayesian 

approach described in this study, the multiplex qPCR had an estimated Se of 0.94 

(95% CrI 0.88 to 0.98) compared to 0.83 (95% CrI 0.57 to 0.98) for a similar Taq-

Man probe based multiplex qPCR described by Praet et al. (2013) [22] for the specific 

detection and differentiation of T. solium and T. saginata. The Sp of T3qPCR of 0.98 

(95% CrI 0.95 to 1.00) was equivalent (0.99, 95% CrI 0.98 to 0.99) to the multiplex 

qPCR developed by Praet et al. (2013) [22].  

Treatment and recovery followed by morphological and genetic identification of two 

adult tapeworms from a single individual supported the T3qPCR results to confirm the 

presence of T. asiatica in the Central Highlands of Vietnam for the first time, extending 

the known distribution of this tapeworm to southern Vietnam. This assay also confirmed 
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the co-existence of T. solium, T. saginata and T. asiatica in the Central Highlands 

region. The elimination of two adult tapeworms from a single individual also confirmed 

the ability of the T3qPCR to detect both species of worms as opposed to infection with 

hybrid tapeworm. In comparison to the KK thick smear, the T3qPCR offered a 

significantly greater Se (0.94, 95% CrI 0.88 to 0.99) for the detection of Taenia eggs in 

stool samples. There were 16 Taenia spp. T3qPCR-positive samples not detected by KK 

(Table 3.4). The innately lower Se of KK to detect eggs in faeces may explain this [54]. 

However, the unsuitability of microscopic-based techniques for the detection of Taenia 

spp. in faeces may also be compounded by the inability of Taenia spp. to actively 

shed/lay eggs through a uterine pore like Pseudophyllidians do so [55]. As opposed to 

microscopy-based techniques, the T3qPCR may be in addition to any released eggs, 

detecting sloughed tapeworm DNA present in the stool, however this needs to be 

confirmed. Most significantly, KK missed all four T. solium positive individuals 

confirmed by T3qPCR in this community. As a result, it is our opinion that microscopic 

based faecal examination (KK) is neither suitable nor recommended for screening for 

taeniasis. Therefore, qPCR or cAg-ELISA at a higher OD cut-off is recommended for 

screening T. solium carriers in community-based surveys in South East Asia where 

sympatric infection of all three human Taenia tapeworms is common [4, 26].  

The estimated Se of the cAg-ELISA assay with an OD cut-off value at 0.55 using 

polyclonal antibodies from hyper-immunized rabbits against ES tapeworm antigens in 

this study was estimated at 0.82 (95% CrI 0.58 to 0.95), twofold higher than that of KK. 

There was a strong agreement with the T3qPCR, in which all three cAg-ELISA-positive 

samples were confirmed as T. solium infection by T3qPCR. The Se of the cAg-ELISA 

in this study was lower than that reported by Allan et al. (1996) [56] who determined 

test Se on purgation of a subset of coproantigen-positive cases. Using a Bayesian 

approach, Praet et al. (2013) [1] Showed that the diagnostic Se and Sp of cAg-ELISA 

was 0.85 (95% CrI 0.62 to 0.98) and 0.92 (95% CrI 0.85 to 0.96), respectively, similar 

to that estimated for this study. In total, thirteen of 21 cAg-ELISA OD 0.2-positive 

samples (Table 3.5) were not confirmed to be positive for Taenia by T3qPCR and 

microscopy. This suggests that the cAg-ELISA may cross-react with other parasites 

rather than Taenia spp [56]. cAg-ELISA shows excellent potential for a large scale 
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epidemiological community-based survey in regions where sympatric Taenia spp. exist 

as it is capable of specifically identifying T. solium carriers when the cut-off OD is set 

at ≥ 0.55. Therefore, choosing an appropriate OD cut-off value for cAg-ELISA seems to 

be an important diagnostic consideration when applying the assay for the diagnosis of T. 

solium taeniasis in different communities.  

In conclusion, this study describes the development and test characteristics of a new 

T3qPCR for the detection and differentiation of all three human Taenia species in stool. 

The absence of a diagnostic gold standard necessitated the use of a Bayesian approach 

to estimate diagnostic test performance. In future, the usefulness of the T3qPCR for 

large-scaled epidemiological studies can be confirmed using a larger sample size of 

individuals, ideally in a community in which the prevalence of taeniasis is higher. The 

assay also has the potential use in anthelmintic efficacy trials targeting individual 

species of tapeworms, thereby directly allowing assessment of species-specific 

susceptibility to drugs as well as non-chemotherapeutic interventions. 
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Table 3.1 Primers and probes for multiplex qPCR 

Target 
species 

Oligonucleotide GenBank 
accession # 

Target gene Sequence (5’ - 3’) 

T. solium Forward primer LC004200 ITS-1 TGTTAGCAGCAGTTGTGATG 
Reverse primer CCAACTCCACCCAGATTGA  
Probe Cy5/CCAGCGCTG/TAO/CTGTTGACTGA/IAbRQSp 

T. asiatica 
and  
T. saginata 

Forward primer of 
T. asiatica 
and T. saginata 

AB107234 
AB271695 

COX-1 GAGTACCAACAGGAATAAAGGT 

Reverse primer of T. 
asiatica 
and T. saginata 

CAACACAATACCAGTCACACC 

Probe of T. asiatica FAM/AA+CTA+T+C+CA+CCA/IAbkFQ 
Probe of  
T. saginata 

HEX/AA+CTA+T+T+CA+C+CA/IAbkFQ 

EHV4 Forward primer M26171 Glycoprotein 
gB 

GATGACACTAGCGACTTCGA 
Reverse primer CAGGGCAGAAACCATAGACA 
Probe ROX/TTTCGCGTGCCTCCTCCAG/IAbRQSp 

Note: “+” symbols found in the probe sequences indicate the presence of a Locked Nucleic Acid Base; 
IAbRQSp: Iowa Black® RQ-Sp; IAbkFQ: Iowa Black® FQ 
 
 
 
Table 3.2 gBlocks positive controls 

Organisms GenBank accession 
number 

Gene Star-end position 1 Amplicon length 

T. solium and  
T. asiatica 

LC004200 
AB107234 

ITS-1 
COX-1 

92-183 
938-1077 

235 bp 

T. saginata AB271695 COX-1 938-1077 140 bp 

Note: 1 Original position in genBank 

 
 
 
Table 3.3 Parameters of prior information 

Parameter of interest Mode Lower limit 95% 
T3qPCR* Se 0.95 0.89 

Sp 0.99 0.94 
cAg-ELISA Se 0.85 0.62 

Sp 0.92 0.90 
KK Se 0.53 0.11 

SP 1.00 1.00 

*Modes and lower limits for test characteristic of T3qPCR calculated as the average of the estimates 
elicited from each of the six experts 
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Table 3.4 Results of three diagnostic tests for taeniasis 

T3qPCR KK cAg-ELISA 
(OD>0.2) 

cAg-ELISA  
(OD>=0.55) 

Individuals 

T. solium T. saginata T. asiatica T. solium & 
T. saginata 

T. saginata  
& T. asiatica 

0 0 0 0 0 0 0 0 306 
0 1 0 0 0 1 1 0 1 
0 1 0 0 0 1 0 0 5 
0 0 0 0 1 1 0 0 1 
0 0 0 1 0 0 1 0 1 
0 0 0 0 1 0 1 0 1 
0 1 0 0 0 0 1 0 2 
1 0 0 0 0 0 1 1 3 
0 1 0 0 0 0 0 0 6 
0 0 0 0 1 0 0 0 3 
0 0 0 0 0 0 1 0 13 

Note: 0: Negative; 1: Positive. 

 

 
Table 3.5 The agreement statistics of T3qPCR, cAg-ELISA and KK for the detection of Taenia spp. 
in stool 

 T3qPCR Kappa (95% CI) a Observed 
agreement (%) Positive Negative Total 

cAg-ELISA  
(OD >0.2) 

Positive 8 13 21 0.32 (0.21 to 0.43) 91.8 
Negative 15 306 321 
Total 23 319 342 

cAg-ELISA  
(OD ≥0.55) 

Positive 3 0 3 0.86 (0.75 to 0.96) 99.7 
Negative 1 338 339 
Total 4 338 342 

KK Positive 7 0 7 0.45 (0.36 to 0.53) 95.3 
Negative 16 319 335 
Total 23 319 342 

a Kappa agreement level: K<0.2 Poor; 0.21-0.40 Fair; 0.41-0.60 Moderate; 0.61-0.80 Good; 0.81-1.00 Very 
good. 
 

Table 3.6 The estimated characteristics of three diagnostic tests for the detection of Taenia spp. in 
stool 

Test method Parameter of interest Median 95% credible interval (CrI) 
T3qPCR Se 0.94 0.88 to 0.98 

Sp 0.98 0.95 to 1.00 
cAg-ELISA  
(OD ≥0.55) 

Se 0.82 0.58 to 0.95 
Sp 0.91 0.85 to 0.96 

KK Se 0.52 0.07 to 0.94 
Sp 0.94 0.89 to 0.98 
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Fig. 3.1 Map of study site. Map of Dak Lak province showing districts where sampling was carried out. 
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Fig. 3.2 Ct value comparison of multiplex to singleplex qPCR. Assay optimization to determine effects 
of multiplex PCR set up on Se and efficiency of PCRs compared to singleplex PCR using gBlock gene 
fragment (IDT Technologies) standard curve controls containing all PCR products. 
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Fig. 3.3 Infection status of human Taenia species. The venn diagram shows the proportional infection 
of Taenia spp. in Dak Lak province, Vietnam. 
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CHAPTER 4  

The epidemiology of Taenia spp. infection and 

Taenia solium cysticerci exposure in humans in 

the Central Highlands of Vietnam 
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4.1 Abstract 

4.1.1 Background 

Vietnam is endemic for taeniasis and T. solium cysticercosis. Despite this, information 

on the epidemiological characteristics of the diseases in the Central Highlands of 

Vietnam is poorly described. The aims of this study were to determine the 

epidemiological characteristics of taeniasis (Taenia spp.) and T. solium cysticerci 

exposure in humans in Dak Lak province in the Central Highlands, Vietnam. 

4.1.2 Methods 

This cross-sectional study was carried out in six villages in three districts of Dak Lak. A 

total of 190 households were visited. From each household, between one and five 

individuals were asked to donate a single faecal and blood sample and respond to a 

questionnaire. Serum samples were subjected to lentil lectin purified glycoprotein 

enzyme-linked immunoelectrotransfer blot assay to detect antibodies against T. solium 

cysticerci. Multiplex real-time PCR was used to detect Taenia spp. infection in faecal 

samples. A fixed-effects logistic regression model was developed to identify factors 

associated with the probability of Taenia spp. infection or T. solium cysticerci exposure 

risk. The contribution of each of identified factor was quantified using population 

attributable fractions. 

4.1.3 Results 

The prevalence of seroexposure to T. solium in Dak Lak was 5% (95% CI 3% to 8%). 

Consumption of raw vegetables, sourcing drinking water from lakes, streams or ponds 

and the practice of outdoor defaecation were identified as primary risk factors for the 

prevalence of T. solium cysticerci exposure, while consuming undercooked pork and 

beef, pork tongue and observing Taenia proglottids in stool were associated with Taenia 

spp. infection. Consumption of raw vegetables was attributed to 74% of T. solium 

cysticerci exposure-positive cases and consumption of undercooked beef was attributed 

to 77% of taeniasis cases in these communities. 
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4.1.4 Conclusions 

The prevalence of T. solium seroexposure in Dak Lak is consistent with those reported 

in other regions of Vietnam. The identified risk factors associated with the prevalence of 

T. solium seroexposure and taeniasis infection in Dak Lak are modifiable and thus 

advocate for targeted community intervention programs to mitigating these risks. 

4.2 Background 

Taenia solium cysticercosis and human taeniasis are considered neglected tropical 

diseases by the World Health Organization [1]. When accidentally ingested either 

directly, or indirectly via contaminated food and water, eggs of T. solium hatch and 

lodge in the skeletal muscle, under the skin and/or within the central nervous system 

causing muscular-, subcutaneous- and/or neuro-cysticercosis. Neurocysticercosis is a 

common cause of epilepsy, syncope, paralysis and chronic headache [2, 3]. Globally, 

the disease has been estimated to cause approximately 2.8 million DALYs (disability-

adjusted life-years) lost and approximately 300,000 individuals were estimated to be 

infected globally in 2010, resulting in over 28,100 deaths [4]. Consumption of raw or 

undercooked meat and/or visceral organs containing cysticerci of T. solium, Taenia 

saginata or Taenia asiatica cause taeniasis. Cysticercosis reduces the quality of life, is 

responsible for diagnostic and treatment costs in infected individuals and indirectly 

contributes to poverty due to losses in livestock production arising from organ 

condemnation and loss of market access [5].  

Vietnam is considered endemic for taeniasis and T. solium cysticercosis [6, 7]. Previous 

research focusing on these diseases in Vietnam has mostly been carried out in the north 

of the country. A review of the literature shows that common risk factors for taeniasis 

and cysticercosis include consumption of raw or undercooked meat and vegetables, lack 

of functioning latrines, husbandry practices allowing pigs to free-roam and routine use 

of human waste for fertilizing and irrigating crops [8–12]. Information on the 

prevalence of and risk factors for taeniasis and T. solium cysticercosis in the central and 

southern areas of Vietnam is scarce and outdated [12]. In Dak Lak province, there is no 

information available on the infection status of T. saginata in livestock, however our 

research data on the seroprevalence of cysticercosis in pigs was 0.95% [13]. A previous 
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study carried out by our group using a newly developed multiplex real-time PCR found 

the prevalence of Taenia solium, T. saginata and T. asiatica taeniasis to be 1.2%, 5.8% 

and 1.5%, respectively in Dak Lak province [14]. In this study, our aims were to: i) 

estimate the seroprevalence of T. solium cysticerci exposure using the lentil-lectin 

purified glycoprotein enzyme-linked immunoelectrotransfer blot (LLGP-EITB) assay; 

ii) identify and quantify risk factors for human T. solium cysticerci exposure and 

taeniasis (Taenia spp. infection), that inform optimal risk mitigation measures in studied 

communities in Dak Lak province, Vietnam. 

4.3 Methods 

4.3.1 Study site and sampling 

The study was deployed in the districts of Buon Don, Krong Nang and M’Drak in the 

province of Dak Lak in the Central Highlands of Vietnam between May and October 

2015. M’Drak is located in the east of Dak Lak province with an average altitude of 400 

m to 500 m and has a tropical monsoon climate typical of the Vietnam’s Central Coast. 

Krong Nang is situated in the north of the province at an altitude of 800 m. Buon Don, 

situated to the west of the province with an average elevation of 330 m and has a hot 

and dry climate. The standard of living in this area of Vietnam is generally poor. The 

literacy rate among local residents aged between 15 and 60 in rural areas was low [15]. 

Open defaecation using outdoor pit latrines is common practice and livestock access to 

these latrine areas is usually unrestricted. The practice of non-confinement of pigs and 

cattle is common with slaughter activities often carried out in backyards [12].  

The sample size was calculated based on the previous study of Van De at al. [16]. The 

seroprevalence of T. solium cysticerci exposure was assumed to be 7% and there was 

95% certainty that this estimate was within 5% of the true population value (i.e. the 

prevalence ranged from 2% to 12%). Ignoring the tendency for T. solium cysticerci 

exposure to cluster within households we estimated that a total of 100 samples were 

required. We then assumed the average number of individuals eligible for the study per 

household was three and the between household (cluster) variance in seroprevalence 

was around 1.14 times greater than the within household (cluster) variance, returning an 

intra-class correlation coefficient of 0.07 [17]. Our revised sample size, accounting for 
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the tendency of cluster within households, was 114 for each district and 342 for the 

whole province. 

A sampling frame listing the name of all villages in Dak Lak province was obtained 

from the Sub-Department of Animal Health office within the Ministry of Agriculture. 

Villages eligible for sampling comprised those with more than 1000 pigs, as recorded 

by the Sub-Department of Animal Health. All eligible villages within each district were 

assigned a number and two numbers chosen at random to select villages from each 

district for inclusion in the study. A list of householder names within each selected 

village was obtained from each village head person, and household names were 

assigned a numeric code. The sheet of paper of numeric household codes for each 

village were cut into pieces and placed face-down on a table. The village head person 

was asked to select 50 households at random. Each village has a number of households 

between 200 and 300. All selected households were visited several days before the 

proposed sampling date to obtain consent from participants to take part in the study. 

From each household between one and five individuals were requested to take part in 

the study. Individuals eligible for inclusion in the study were healthy, not pregnant and 

over seven years of age. Individuals requested to take part in the study signed a consent 

form. Those that were under 18 years of age were required to provide written consent as 

well as written consent from either their parents or legal guardians. At the time of 

consent, each study participant was given a labelled stool container, with instructions 

that the container would be collected on the date of sampling, several days later. Five 

mL of venous blood was collected into plain clotting tubes from consenting study 

participants by local medical staff. The blood was kept at ambient temperature for 

clotting and then centrifuged at 3200 × g for 5 minutes to collect serum. The serum was 

stored at -20 °C until use. 

4.3.2 Household questionnaire 

Each study participant was requested to answer a prepared questionnaire. The 

questionnaire comprised of two sections. The first section collected information at the 

household level and was completed by the nominated head of the household. Questions 

included in this section solicited details on housing type, details of the type of latrines in 
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use (if any), the presence and type of backyard pigsties, the source(s) of drinking water 

and activities associated with cultivation, irrigation and fertilization of home or farm 

grown vegetables. The second part of the questionnaire solicited details at the individual 

study participant level including their age, gender, the highest level of education 

achieved, dietary practices, and hygiene. All questionnaires were conducted in local 

Vietnamese phraseology and the validity of the questionnaire was pre-tested on thirty 

individuals in another community in Dak Lak province before application to the field 

survey. In addition, interviewers were trained before administering the questionnaires. 

4.3.3 Laboratory procedures 

4.3.3.1 Detection of antibodies against T. solium cysticerci  

Serum samples were subjected to LLGP-EITB assay to detect antibodies against T. 

solium cysticerci. This assay has a diagnostic sensitivity of 98% and a diagnostic 

specificity of 100%. The assay was performed as previously described by Tsang et al. 

(1989) [18] and Noh et al. (2014) [19]. 

4.3.3.2 Detection of Taenia spp. infection 

A total of 342 faecal samples were subject to a multiplex real-time PCR (T3qPCR) to 

detect all three species of Taenia, notably, T. solium, Taenia saginata and Taenia 

asiatica. The assay has been reported to have a diagnostic sensitivity of 94% and a 

diagnostic specificity of 98%. The positive results of T3qPCR were confirmed using 

either a conventional multiplex PCR targeting T. solium, T. saginata and T. asiatica 

[20] or a singleplex PCR for Taenia sp. following DNA sequencing. The methods and 

results have been described and published elsewhere [14]. 

4.3.4 Statistical methods 

Risk factors for T. solium cysticerci exposure and taeniasis (Taenia spp. infection) in 

humans in the communities of Dak Lak province were identified using logistic 

regression. The outcome of interest for this study was a binary response variable, Yi, 

taking the value 1 if an individual was T. solium cysticerci exposure-positive using the 
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LLGP-EITB or in the case of taeniasis, was positive for Taenia spp. infection by 

T3qPCR, and 0 otherwise.  

This study did not use a simple random sampling design so to avoid erroneous point 

estimates of the strength of the association between hypothesized risk factors and the 

outcome of interest and their standard errors the data were analysed in a manner that 

respected the three-stage cluster design (villages within districts formed the primary 

sampling units, households within villages formed the secondary sampling units and 

individuals within households formed the tertiary sampling units). Sampling weights WI, 

provided an estimate of the inverse probability of an individual being selected for study 

(Lumley 2010) [21] and were quantified for each study participant as follows: 

𝑊 =  
𝑉

𝑣
 × 

𝐻

ℎ
 ×  

𝑀

𝑚
 Equation 1 

In Equation 1, V and v represent the total number of villages in each district and the 

number of sampled villages in each district, respectively; H and h represent the total 

number of households in each sampled village and the number of sampled households 

in each village, respectively; and M and m represent the total number of individuals in 

each sampled household, and the number of sampled individuals in each household, 

respectively.  

Unconditional associations between each of the hypothesized risk factors from the 

questionnaire and the outcome of interest were computed using the odds ratio. 

Hypothesized risk factors (explanatory variables) with unconditional associations that 

were significant at P < 0.20 level (2-sided) were selected for multivariable modeling.  

A fixed-effects logistic regression model was developed where the probability of an 

individual being Taenia- or T. solium cysticerci exposure-positive was parameterized as 

a function of the explanatory variables with unconditional associations significant at P < 

0.20, as described above. Explanatory variables that were not statistically significant 

were removed from the model one at a time, beginning with the least significant, until 

the estimated regression coefficients for the explanatory variables retained were 

significant at an alpha level of less than 0.05. Explanatory variables that were excluded 
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at the initial screening stage were tested for inclusion in the final model and were 

retained if their inclusion changed any of the estimated regression coefficients by more 

than 20%. Biologically plausible two-way interactions were tested and none were 

significant at an alpha level of 0.05.  

To account for the hierarchical structure of the data, that is, villages within districts and 

households within villages and study participants within households, we extended the 

model to include village- and household-level random effect terms using the lme4 

package [22] in R version 3.4.3 [23]. This extension to the model was informative 

because it provided the opportunity to distinguish the influence of unobserved 

explanatory variables operating at the village, household and individual level on Taenia- 

and T. solium cysticerci exposure-positive risk. In our multilevel model the variance of 

the random effect terms at the village and household level were negligible, and the point 

estimates of the regression coefficients and standard errors for the explanatory variables 

were all within 0.05 units of the regression coefficients and standard errors for the 

fixed-effects model. For parsimony, we report the results of the fixed-effects regression 

model adjusted for the three-stage sampling design using the survey package [24] in R.  

Frequency histograms of the residuals from the fixed effects model and plots of the 

residuals versus predicted values were constructed to check that the assumptions of 

normality and homogeneity of variance had been met and to identify the presence of 

influential observations (data not presented). 

The contribution of each of the explanatory variables in the final model on Taenia- and T. 

solium cysticerci exposure-positive risk was quantified using the population attributable 

fraction. The population attributable fraction for a given explanatory variable is the 

proportional reduction in outcome event incidence expected by either eliminating 

exposure to the variable or completely preventing the effects of exposure, assuming the 

explanatory variable is causative and assuming there has been no bias and sampling error 

in the study population [25]. Using the method of Toschke et al. (2007) [26], adjusted 

population attributable fractions were calculated for each of the explanatory variables that 

were significant in the mixed-effects logistic regression model. 
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4.4 Results 

4.4.1 General description of study population and data structure 

Table 4.1 presents the structure of the data. In total 342 individuals, from 190 households 

in six villages in three districts of Dak Lak province consented to take part in the study. A 

household had, on average, two individuals that consented to take part (minimum 1; 

maximum 5). In total, only 25% (95% confidence interval (CI) 19% to 32%, 47 of 190) of 

households possessed a latrine and 25% (95% CI 19% to 32%, 48 of 190) of households 

sourced their water for daily activities, including drinking, from lakes, streams or ponds. 

Untreated drinking water was consumed by 60% (95% CI 53% to 67%, 115 of 190) of 

households (Table 4.2). The literacy rate among participants was 56% (95% CI 51% to 

62%, 193 of 342). Most participants (87%, 95% CI 80% to 88%) listed farming as their 

main occupational activity (Table 4.3). The percentage of study participants that did not 

wash their hands after defaecation or before eating was 35% (95% CI 31% to 41%, 121 of 

339) and 44% (95% CI 39% to 50%, 150 of 339), respectively. 

Total of 342 serum samples collected from study participants, three were excluded due 

to hemolysis resulting in 339 samples included for further analysis. Of 339 serum 

samples, antibodies against T. solium cysticerci were identified in 17 individuals (5%, 

95% CI 3% to 8%). Among 342 faecal samples, 23 (6.7%, 95% CI 4.4% to 10%) were 

positive for Taenia spp. Single infection of T. solium and T. saginata were identified in 

three and 14 samples, respectively; mixed infections of T. solium and T. saginata 

occurred in one samples, and of T. saginata and T. asiatica in five samples [14]. 

4.4.2 Risk factors for T. solium cysticerci exposure  

Of the data recorded using the questionnaire, we identified three factors associated with 

an individual’s likelihood of being exposure-positive to T. solium cysticerci based on 

the results of the LLGP-EITB assay. These were, the frequent consumption of raw 

vegetables, sourcing drinking water from lakes, streams or ponds and outdoor 

defaecation.  
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Estimated regression coefficients for consumption of raw vegetables, the source of 

drinking water and routine location of defaecation are provided in Table 4.4. After 

adjusting for other explanatory variables in the model, the odds of an individual who 

often consumed raw vegetables being T. solium cysticerci exposure-positive was 9.98 

(95% CI 2.89 to 34.4) times that of an individual who consumed raw vegetables rarely. 

The odds ratio for those who routinely defaecated outdoors was similar, at 11.1 (95% CI 

2.97 to 42.0). The adjusted population attributable fraction for the consumption of raw 

vegetables was 74% and thus, reducing the prevalence of raw vegetable consumption in 

the population is expected to reduce the exposure to T. solium cysticerci by 74%. 

Similarly, the population attributable fraction estimate for routine location of 

defaecation was 60%.   

The odds of T. solium cysticerci exposure for those that routinely sourced their drinking 

water from streams, ponds or lakes was 3.94 (95% CI 1.29 to 11.9) times higher than 

the odds of T. solium cysticerci exposure for those that sourced their water from wells. 

4.4.3 Risk factors for Taenia spp. infection 

We identified five factors associated with an individual’s likelihood of infection with 

Taenia spp. gender, the frequent consumption of pork tongue, the frequent 

consumption of undercooked pork, frequent consumption of undercooked beef, and 

observation of Taenia proglottids shedding from either themselves, their relatives or 

neighbors (Table 4.5).  

After adjusting for other explanatory variables in the model, the odds of Taenia spp. 

infection for an individual who frequently consumed pork tongue was 4.62 (95% CI 

1.49 to 14.3) times the odds for an individual who consumed pork tongue only rarely. 

Males had higher odds of being Taenia spp. positive compared with females (OR 2.77, 

95% CI 1.00 to 7.68). 

Among the modifiable risk factors for Taenia spp. infection identified in this study, the 

adjusted population attributable fraction for frequent consumption of undercooked beef 

was 77%. The population attributable fractions for frequent consumption of 
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undercooked pork and pork tongue were 24% and 26%, respectively. Assuming 

undercooked beef consumption is a component cause of taeniasis risk, reducing the 

prevalence of this practice in the population is expected to reduce the overall prevalence 

of taeniasis by 77%. 

4.5 Discussion 

The seroprevalence of exposure to T. solium in rural communities in Dak Lak in the 

Central Highlands was 5% (95% CI 3% to 8%). This prevalence is relatively similar to 

other regions across Vietnam. Phan et al. (2001) [11] reported a 4% seroprevalence of 

cysticercosis across 22 provinces in the south of Vietnam.  For studies in the north and 

northwest, where T. solium is reported to be endemic, the seroprevalence ranged from 

2% to 6% [27–30]. In this study, various risk factors were evaluated to determine their 

association with seroexposure to T. solium using the LLGP-EITB assay. Of these, raw 

vegetable consumption, the source of drinking water and routine location of defaecation 

were significantly associated with an increase in T. solium cysticerci exposure (Table 

4.4). It is known that risk factors for transmission and circulation of T. solium 

cysticercosis are numerous and may vary in different settings. The identified risk factors 

in Dak Lak were consistent with that of study carried out in the north and south of 

Vietnam [11, 31]. In contrast to studies in Vietnam’s north, the utilisation of night-soil 

was not associated with the increase in T. solium exposure observed in these study 

communities [12, 16]. Similar to the studies in western Sichuan (China) [32], Mbeya 

(Tanzania) [33] and northern India [34], routine open defaecation, utilisation of unsafe 

water sources and consumption of raw vegetables significantly increased the risk of 

cysticercosis in Dak Lak. However, Cherian et al. (2014) [35] reported that these factors 

were not contributive in individuals who had epilepsy  in Kerala, India. Research on the 

epidemiological characteristics of human T. solium cysticercosis in Nigeria [36], 

Tanzania [37], and Guatemala [38] found that gender and age [39] were associated with 

cysticercosis seropositivity, in which the female gender and increased age were 

significantly linked to the prevalence of T. solium. In our study, age and gender did not 

contribute to seroexposure of T. solium cysticerci. 
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Each of the identified risk factors in this study are eminently modifiable and if effective 

interventions are deployed, we predict that there will be marked reduction (in the order 

of 60% to 74%) in the prevalence of exposure to T. solium cysticerci in this area of 

Vietnam. Dak Lak province has a population of approximately 1.8 million [40]; the 

survey adjusted apparent prevalence of exposure to T. solium cysticerci, as estimated in 

this study, at 5.01% equates to approximately 90,000 exposure-positive individuals. 

With a population attributable fraction for routine location of defaecation at 60%, and 

assuming an intervention program to educate inhabitants to practice defaecation 

indoors, we estimate that the number of exposure-positive individuals will be reduced to 

approximately 36,000 individuals if the program is 100% successful. Even with 50% 

efficacy of the intervention program, we estimate the number of exposure-positive 

individuals would be in the order of 63,000, a substantial reduction from the current 

prevalence estimate of 90,000. The expected savings to the public health sector (in 

terms of avoided diagnostics and treatments) is likely to be substantial. If both location 

of defaecation and raw vegetable consumption practices are modified concurrently, the 

expected population attributable fraction is 89%. Outdoor defaecation results in the 

contamination of the environment including water and vegetables; thus, to reduce or 

mitigate the burden of T. solium cysticerci exposure of inhabitants in the communities 

of Dak Lak province, this factor should be given the highest priority of implementation 

as an intervention program. 

Taenia spp. infection risk in in this study was associated with gender, the consumption 

of pork tongue, consumption of undercooked pork and beef, and observation of Taenia 

proglottids shedding from either themselves, their relatives or neighbors (Table 4.5). 

Among these factors, the consumption of pork tongue, and consumption of undercooked 

pork and beef are modifiable. Consumption of undercooked beef had the highest 

population attributable fraction of 77% compared to other factors which ranged from 

24% to 26%. Thus, an intervention program aimed at discouraging practices of 

consuming undercooked beef could potentially result in a 77% reduction in the number 

of cases of taeniasis in the region. The strong association of undercooked beef 

consumption with Taenia positivity could explain the dominant prevalence of T. 

saginata in this study population at 5.8% compared to 1.2% with T. solium and 1.5% 
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with T. asiatica [14], because beef containing T. saginata cysticerci is the cause of T. 

saginata taeniasis  in humans.  

Males had a higher likelihood of taeniasis compared to females. In rural communities of 

Dak Lak, males commonly consume undercooked beef, pork, or pork visceral organs 

while drinking alcohol as part of traditional cultural practices. Thus, educating the 

community on appropriate consumption of meat, targeting male members of the 

community is expected to have a substantial impact on the prevalence of taeniasis, 

although altering cultural dietary practices is recognized as a challenging approach to 

successful intervention. The most notable limitation of this study was the low 

prevalence of infection with individual species of Taenia, namely, T. solium, T. 

saginata and T. asiatica in study communities. This deterred our ability to build a model 

to predict risk factors associated with species-level Taenia infection in this study. 

A three-stage cluster sampling design was used for this study with villages within 

districts as the primary sampling unit, households within villages as the secondary 

sampling unit and individuals within households as the tertiary sampling unit. Given the 

hierarchical structure of our data it was our a priori belief that observations made on 

individual study participants were not likely to be independent, justifying the use of 

regression modelling approaches that accounted for this non-independence. In our 

mixed-effects logistic regression model the variance of the random effect terms at both 

the village and individual household levels were negligible. Our inference is that in this 

population most of the unmeasured Taenia/cysticerci-exposure risks resided at the 

individual (as opposed to either the village or household) level. The practical 

implications of this finding are that in addition to addressing the modifiable risk factors 

identified in these analyses, health education programs need to be focused at the 

individual level.  

Since many of the identified risk factors are traditional/behavioural practices in this area 

of Vietnam, the probability to induce permanent behavioural change from a single 

education campaign is likely to be small. A One Health approach utilising the expertise 

of anthropologists might be one way of effecting permanent behavioural change. Long 

term behavioural change in a population and on-going political support for health 
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interventions occur when aspects of health risk, the economic benefits of disease control 

and the economic costs associated with disease can be quantified [41]. Financial and 

human resources are critical factors influencing the success of disease intervention 

programs. If resources are not available to support an integrated, long-term control and 

eradication program, a selective approach provides a suitable alternative with the 

selection of those interventions that provide the most cost-effective return on investment 

being preferred [42, 43]. The resource for taeniasis, cysticercosis intervention programs 

in Dak Lak province is limited; therefore, a selective approach is necessary. As 

discussed above, health education programs involving both the human medical and 

veterinary health sectors are a feasible intervention option. Choosing a small number of 

risk factors that make the greatest contribution to the prevalence of taeniasis or 

cysticercosis are logical targets within an education campaign, for example, indoor 

latrine construction will ultimately prove the most cost-effective approach. 

4.6 Conclusions 

The prevalence of seroexposure to T. solium in the communities of Dak Lak is 

consistent with that of other regions in Vietnam. Identified risk factors are modifiable, 

and associated strongly with the prevalence of T. solium seroexposure and Taenia spp. 

infection in Dak Lak communities, thus advocating for targeted community intervention 

programs in mitigating these risks. 
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Table 4.1 Structure of the data from 342 study participants from six villages in M’Drak, Buon Don 
and Krong Nang districts 

Level Number 
Number at the next highest level 
Mean Range 

Districts 3  -  -  
Villages 6 2 2 
Households 190 31 18 to 40 
Humans a 342 2 1 to 5 
a A total of 342 individuals participated in this study. The mean of individuals per household was 2 (range 
1 to 5). 
 

 

Table 4.2 General description of household data 

Characteristic Frequency Percentage (95% CI) 
Number of households 190  
District:   
   M'Drak 58 30 (24 to 38) 
   Buon Don 66 35 (28 to 42) 
   Krong Nang 66 35 (28 to 42) 
Owning pigs:   
   Yes 37 19 (14 to 26) 
   No 153 81 (74 to 86) 
Presence of latrine:   
   Yes 47 25 (19 to 32) 
   No 143 75 (68 to 81) 
Source of drinking water:   
   Pipe/well/rain water 142 74 (66 to 79) 
   Lake/stream/pond 48 26 (19 to 32)  
Water treatment:   
   Yes 75 39 (32 to 47) 
   No  115 60 (53 to 67) 
Are vegetables fertilized?   
   Yes 81 43 (35 to 50) 
   No 109 57 (50 to 64) 
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Table 4.3 Demographic data for individual study participants 

Characteristic Frequency Percentage (95% CI) 
Total number of participants 342  
Age (years):   
   < 25 63 18 (14 to 23) 
   25 – 60 223 65 (60 to 70) 
   > 60 56 16 (13 to 21) 
Sex:   
   Male 104 30 (26 to 36) 
   Female 238 70 (64 to 74) 
Highest level of education:   
   None 149 44 (38 to 49) 
   Primary/secondary 184 54 (48 to 59) 
   Tertiary 9 2.6 (1.3 to 5.1) 
Primary activity:   
   Farming 298 87 (83 to 90) 
   Livestock 14 4.1 (2.3 to 6.9) 
   Civil service 5 1.5 (0.5 to 3.6) 
   Other 25 7.3 (4.9 to 11) 
Ethnicity:   
   Kinh 40 11 (8.6 to 15) 

   Ede 302 88 (84 to 91) 
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Table 4.4 Risk factors associated with T. solium cysticerci exposure identified by a LLGP-EITB 
assay 

Explanatory 
variable 

Number 
positive 

Number of 
individuals 

Regression 
coefficient (SE) 

P value 
Adjusted OR 
(95% CI) 

Intercept 17 339 -6.4694 (1.0615) <0.01 - 
Raw vegetable 
consumption: 

 
  

<0.01 
 

   Occasionally 4 226 Reference  1.00 

   Often 13 113 2.3006 (0.6318)  9.98 (2.89 to 34.4) a 

Area of defaecation b:  
  

<0.01 
 

   Close latrine 5 228 Reference  1.00 

   Outdoor 12 110 2.4125 (0.6763)  11.1 (2.97 to 42.0) 
Source of drinking 
water: 

 
  

<0.05 
 

   Other c 9 253 Reference  1.00 

   Stream/Lake/Pond 8 86 1.3702 (0.5684)  3.94 (1.29 to 11.9) 

a Interpretation: After adjusting for other explanatory variables in the model, the odds of an individual 
from any household (in any village in any district) who consumed raw vegetables often being T. solium 
cysticerci exposure was 9.98 (95% CI 2.89 to 34.4) times that of an individual from any household (in 
any village in any district) who consumed rare vegetables rarely. 
b A single individual with a missing value for area of defaecation excluded.  
c Drinking water sourced from wells, pipes, rainy and packed water 
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Table 4.5 Logistic regression model showing the effect of sex, dietary and observation of proglottids 
on the odds of a taeniasis case 

Explanatory variable 
Number 
positive 

Number of 
individuals 

Regression 
coefficient (SE) 

P value 
Adjusted OR 
(95% CI) 

Intercept 23 342 
-6.6069 
(1.0365) 

< 0.01 - 

Sex:    < 0.05  

   Female 8 238 Reference  1.00 

   Male 15 104 1.0183 (0.5209)  
2.77 (1.00 to 
7.68) a 

Undercooked pork 
consumed:  

   < 0.05  

   No 9 241 Reference  1.00 

   Yes 14 101 1.3023 (0.5695)  
3.68 (1.20 to 
11.2) 

Pork tongue consumed:  
 

  < 0.01 
 

   Rare 15 305 Reference  1.00 

   Often 8 37 1.5309 (0.5778)  
4.62 (1.49 to 
14.3) 

Undercooked beef 
consumed:  

  < 0.01 
 

   No 2 154 Reference  1.00 

   Yes 21 188 1.935 (0.8070)  
6.92 (1.42 to 
33.7) 

Proglottids observed: 
 

  < 0.01 
 

   No 12 302 Reference  1.00 

   Yes 11 40 2.592 (0.5842)  
13.36 (4.25 to 
41.9) 

a Interpretation: After adjusting for other explanatory variables in the model, the odds of an individual 
who is male being taeniasis infection was 2.77 (95% CI 1.00 to 7.68) times that of an individual who is 
female. 
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CHAPTER 5  

The epidemiology of porcine Taenia solium 

cysticercosis in communities of the  

Central Highlands in Vietnam 
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5.1 Abstract 

5.1.1 Back ground 

Taenia solium cysticercosis, recognized as a neglected tropical disease by the WHO, is 

distributed mostly in developing countries of Latin America, sub-Saharan Africa and 

Asia. Pigs and humans act as intermediate hosts, acquiring T. solium cysticerci (larval 

stage) in their tissue, through the ingestion of T. solium eggs shed in the faeces of 

humans infected with adult tapeworms. The disease has a negative impact on rural 

economies due to losses in productivity arising from human disease, pork carcass 

condemnations and loss of market access. The aim of this study was to estimate the 

prevalence of T. solium cysticercosis in pigs in Dak Lak Province in the Central 

Highlands of Vietnam and to identify household level characteristics associated with T. 

solium porcine cysticercosis. 

5.1.2 Methods 

This was a cross-sectional study of household pigs in three districts of Dak Lak 

Province. A total of 408 households in six villages in three districts were visited 

between June and October 2015. A questionnaire was administered to the head of each 

household, and within each household, serum samples were collected from three pigs. 

Serum samples were analyzed using the recombinant T24H antigen in enzyme-linked 

immunoelectrotransfer blot assay and lentil lectin purified glycoprotein in EITB assay. 

A Bayesian, mixed-effects logistic regression model was developed to identify 

management factors associated with the probability of a household having at least one 

cysticercosis-positive pig.  

5.1.3 Results 

The seroprevalence of porcine T. solium cysticercosis in this study was low at 0.94 

[95% confidence interval (CI) 0.51–1.68] cases per 100 pigs at risk, in agreement with 

other studies conducted throughout Vietnam. Scavenging of food and coprophagy were 

associated with T. solium cysticercosis (odds ratios 7.24 [95% CrI 1.73 to 114] and 13.0 

[95% CrI 3.38 to 105], respectively). 
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5.1.4 Conclusions 

This study proves that the seroprevalence of porcine cysticercosis in Dak Lak Province 

was as low as that of other studies conducted throughout Vietnam. Scavenging of food 

and coprophagy are modifiable factors, providing the opportunity to decrease the 

prevalence of porcine cysticercosis further in the province.  

5.2 Background 

Taenia solium cysticercosis is recognized as a neglected tropical disease by the WHO 

[1]. It is distributed mostly in developing countries of Latin America, sub-Saharan 

Africa and Asia [2]. Pigs and humans act as intermediate hosts, acquiring T. solium 

cysticerci (larval stage) in their tissue, through the ingestion of T. solium eggs shed in 

the faeces of humans infected with adult tapeworms. Consumption of raw and/or 

undercooked pork with active T. solium cysticerci may result in T. solium taeniasis in 

humans. The presence of porcine cysticercosis impacts negatively on an economy due 

to costs arising from carcass condemnation and negative impacts on market access and 

trade of pork.  

Although Vietnam is located in a region endemic for T. solium [3], the data on porcine 

cysticercosis are limited. In addition, it is not clear whether porcine cysticercosis is 

endemic in the country. During 1994 to 2005, the highest reported prevalence of porcine 

cysticercosis in Vietnam among four carcass-based studies was less than 1% [4]. These 

estimates were, for the most part, based on studies conducted in commercial 

slaughterhouses, and therefore do not reflect the prevalence of cysticercosis in pig 

populations in rural communities that are not processed in commercial slaughterhouses 

[5]. Of the relatively small number of studies that have quantified the prevalence of 

porcine cysticercosis in the country, most were conducted prior to 2003 with a focus on 

the north of Vietnam [4]. To the best of our knowledge, the only study of porcine 

cysticercosis in the south of Vietnam was carried out in 1994 [6]. 

Dak Lak Province is located in the Central Highlands in the south of Vietnam. A recent 

study in the communities of the province demonstrated an apparent prevalence of 1.2% 

T. solium taeniasis [7]. In most communities in the province, pigs are free-roaming and 
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outdoor defaecation is common [8]. These characteristics are conducive for infection 

and transmission of T. solium cysticercosis to pigs. The aim of this study was to 

estimate the prevalence of cysticercosis in pigs in Dak Lak and to identify household 

level characteristics associated with T. solium porcine cysticercosis. 

5.3 Materials and Methods 

5.3.1 Study site and sampling 

Fieldwork was conducted between June and October 2015 in Krong Nang, M’Drak and 

Buon Don districts in Dak Lak Province, Vietnam. These districts were chosen as the 

study sites based on their diverse geographical characteristics. The study sites have been 

described in detail elsewhere [7]. In brief, M’Drak is located in the east of Dak Lak 

Province with an average altitude of 400 m to 500 m and has a tropical monsoon climate 

typical of the Vietnam’s Central Coast. Krong Nang is situated in the north of the 

province at an altitude of 800 m. Buon Don, situated to the west of the province with an 

average elevation of 330 m and has a hot and dry climate. The standard of living in this 

area of Vietnam is generally poor. Open defaecation using outdoor pit latrines is 

common practice and livestock access to these latrine areas is usually unrestricted. The 

practice of non-confinement of pigs and cattle is common with slaughter activities often 

carried out in backyards [4]. 

A sampling frame listing the name of all villages in the three study districts was 

obtained from Sub-Department of Animal Health office. Villages eligible for sampling 

comprised those with more than 1000 pigs, as recorded by the Sub-Department of 

Animal Health within the Ministry of Agriculture. All eligible villages within each of 

the three study districts were assigned a number and two numbers were chosen at 

random to select villages from each district for inclusion in the study. Within each 

selected village, a list of householder names was obtained from the respective village 

head person, and each householder name was then coded with a number (the number of 

households per village ranged from 200 to 300). A sheet of paper was drawn up into 

squares and each square numbered from 1 to 300. The squares were cut into pieces and 

placed face-down on a table. The village head was then asked to select between 100 and 

140 squares. The number on each selected square identified each household to be 
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sampled. All selected households were visited several days before sampling to obtain 

consent from participants. Within each district, blood samples were collected from pigs 

in each of the study households. At the time of each household visit pig owners were 

asked to complete a questionnaire on the number and type of pigs kept and details of 

demography, husbandry practices, and diet (Table 5.1). All questionnaires were 

conducted in local Vietnamese phraseology and their validity pre-tested on 30 pig 

owners in another community in Dak Lak Province before application to the field 

survey. In addition, interviewers were trained before administering the questionnaires. 

Pigs were selected at random by the member of research group for blood sampling. Pigs 

that were pregnant or ill, and pigs aged less than 2 months of age were excluded from 

sampling. At the time of each household visit 10 ml of blood was obtained from the 

cranial vena cava of each pig into plain blood collection tubes. The blood samples were 

allowed to clot at ambient temperature prior to centrifugation at 3200× g for 5 min to 

separate serum. Serum was dispensed into 1.5 ml aliquots and stored at -20 °C until use. 

5.3.2 Sample size estimation 

The aim of this study was to estimate the prevalence of porcine T. solium cysticercosis 

in Dak Lak Province. Based on a previous slaughterhouse based survey by Van De at al. 

[9], the prevalence of porcine cysticercosis was assumed to be 10%. Assuming 95% 

certainty that this estimate was within 5% of the actual population prevalence (i.e. 

cysticercosis prevalence ranged from 5% to 15%) and ignoring the possibility that 

cysticercosis positive pigs were clustered within households, we estimated that a total of 

384 pigs were required to be sampled. We then assumed the average number of pigs 

eligible for random sampling per household was at least three and an intra-class 

correlation coefficient for T. solium cysticercosis of 0.07 [10] returning a design effect 

of 1.14. Our revised sample size, accounting for the likelihood that porcine cysticercosis 

clusters within households, was 384 × 1.14 = 438 for each of the three study districts. 

5.3.3 Laboratory procedures 

Pig serum samples were analyzed using the recombinant T24H antigen in enzyme-

linked immunoelectrotransfer blot (rT24H-EITB) assay as described by Noh et al. [11] 
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and lentil lectin purified glycoproteins in EITB (LLGP-EITB) assay as previously 

described by Tsang et al. [12] and Gonzalez et al. [13]. Both the LLGP-EITB and 

rT24H-EITB assay are immunoblot methods. The LLGP-EITB detects antibodies to one 

or more of seven lentil lectin purified glycoproteins (LLGPs), namely GP50, GP42, 

GP24, GP21, GP18, GP14 and GP13 which are present in the soluble fraction of an 

extract of T. solium cysticerci [11]. Reaction to any of these 7 glycoprotein antigens is 

considered positive. The rT24H-EITB assay detects antibodies against rT24H antigen 

derived from 24- and 42-kDa glycoproteins of the LLGPs [14].   

To ascertain the analytical specificity of the rT24H antigen, we subjected 29 

cysticercosis-negative USA pig sera, 12 necropsy-positive T. solium-positive Peruvian 

pig sera and 4 T. hydatigena necropsy-positive Vietnamese pig sera to the rT24H-EITB. 

All USA pig sera and Vietnamese T. hydatigena pig sera were negative for the rT24H-

EITB, and all Peruvian T. solium positive pig sera were positive on the rT24H-EITB. 

These preliminary results provided the basis of results show that under experimental 

conditions, the rT24H-EITB do not cross-react to pig sera with T. hydatigena. 

Individual serum samples were screened in pools of four using the rT24H antigen in 

EITB assay format to detect the presence of antibodies against T. solium cysticerci. The 

rT24H antigen was utilized in the EITB assay as it offers the best overall diagnostic 

performance compared with other recombinant or synthetic antigens based on our 

preliminary data and previous human-based studies [15, 16]. Individual serum sample 

from each positive pools were then re-screened using rT24H-EITB and LLGP (native 

antigen of T. solium cysticerci) antigens. The LLGP-EITB has been used as the 

reference standard assay for serological diagnosis of T. solium cysticercosis in humans 

and pigs that has the specificity of 100% and sensitivity between 98–100% [12, 13]. 

Jayashi et al. [17] when validating the LLGP-EITB for naturally acquired porcine 

cysticercosis pointed out that the LLGP-EITB achieves optimal sensitivity of 78% (95% 

CI: 52–94%) and specificity of 76% (95% CI: 66–85%) when the assay reacts to ≥ 3 of 

7 LLGP antigens. The diagnostic performance of LLGP-EITB for porcine T. solium 

cysticercosis was evaluated in Peruvian pigs, and the cross-reaction of the assay to T. 
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hydatigena was not known [13]. An individual serum sample was considered positive 

for T. solium antibodies if it was positive to both rT24H and native LLGP antigens. 

5.3.4 Statistical analysis 

Risk factors for porcine T. solium cysticercosis in the communities of Dak Lak Province 

were identified using logistic regression. In this study, the outcome of interest was a 

dichotomous variable where households where at least one pig was T. solium 

cysticercosis-positive were assigned a value of 1, and 0 otherwise. The association 

between each of a set of household-level candidate explanatory variables from the 

questionnaires and the outcome of interest were tested using unconditional odds ratios 

and the chi-square test. All explanatory variables associated with the outcome of being 

T. solium cysticercosis positive at an alpha level of < 0.20 using the chi-square test were 

selected for inclusion in the multivariable model. 

A frequentist fixed-effects logistic regression model was developed in which the 

probability of a household having at least one cysticercosis-positive pig was 

parameterized as a function of the explanatory variables with significance of the chi-

square test at P < 0.20, as described above. The significance of each explanatory 

variable in the model was tested using the chi-square test. Explanatory variables that 

were not statistically significant were removed from the model one at a time, beginning 

with the least significant, until the estimated regression coefficients for all the 

explanatory variables retained in the model were significant at an alpha level of < 0.05. 

 Frequency histograms of the residuals from the fixed-effects model and plots of the 

residuals versus predicted values were constructed to check that the assumptions of 

normality and homogeneity of variance had been met and to identify the presence of 

influential observations in the data 

To account for the hierarchical structure of the data (households within villages) a 

village-level random effect term (𝑉 ), was included in the model as shown in Equation 

1. District was not a significant predictor of household level T. solium cysticercosis 
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status at the alpha level of 0.05 and was therefore not considered further in the mixed-

effects model.  

𝑙𝑜𝑔
 

=  𝛽  +  𝛽  𝑥  + ⋯ + 𝛽 𝑥 +  𝑉 +  𝜀         Equation 1 

Due to the low prevalence of T. solium cysticercosis (12 of 1281 pigs were positive) 

regression coefficients for the mixed-effects logistic regression model were estimated 

using a Bayesian approach implemented in JAGS [18, 19]. Flat (uninformed) prior 

distributions were assumed for the intercept 𝛽  and each of the regression coefficients 

for the fixed effects 𝛽  … 𝛽 . The village-level random effect term (𝑉 ) was 

parameterized as having a normal distribution with mean 0 and precision (inverse 

variance) 𝜏.  

For each of the Bayesian regression analyses we ran the Markov chain Monte Carlo 

sampler for 40,000 iterations and discarded the first 1000 ‘burn-in’ samples. 

Convergence was visually assessed by plotting cumulative path plots for each of the 

monitored parameters [20, 21] and quantified using the Raftery & Lewis convergence 

diagnostic [22, 23]. Parallel chains were run using diverse initial values to ensure that 

convergence was achieved to the same distribution [24]. Posterior sample sizes were 

determined by running sufficient iterations to ensure that the Monte Carlo standard error 

of the mean was at least one order of magnitude smaller than the posterior standard 

deviation for each parameter of interest.  

The results of the final mixed-effects logistic regression model are reported in terms of 

adjusted odds ratios for each explanatory variable. Assuming a causal relationship 

between a given explanatory variable and porcine cysticercosis, an adjusted odds ratio 

[and its 95% credible interval (CrI)] of > 1 indicates that, after adjusting for other 

variables in the model, the explanatory variable increased the risk of a pig being 

cysticercosis positive. An adjusted odds ratio (and its 95% CrI) of < 1 indicates that 

exposure to the explanatory variable was protective, and an OR of 1 indicates that the 

variable was not associated with porcine cysticercosis risk. 
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Statistical analyses were performed using the packages R2jags [25] and coda [26] 

implemented in R version 3.3.0 [27].   

5.4 Results 

5.4.1 General description of study population 

A total of 1324 pig serum samples were collected in Krong Nang, M’Drak and Buon 

Don districts in Dak Lak Province. Of these, 1281 samples were eligible for further 

examination as 43 samples were excluded from analysis due to hemolysis or missing 

questionnaire information. All 1281 serum samples were screened in pools of 4 using 

the rT24H-EITB assay, and 10 pool samples were identified as positive. Twelve single 

samples among the 10 positive pool samples were positive for T. solium antibodies 

using the rT24H-EITB assay and all 12 single samples were positive using LLGP-EITB. 

The prevalence of T. solium cysticercosis in pigs in the study districts was 0.94 (95% 

CI: 0.51–1.68) per 100 pigs at risk. The 12 positive pigs belonged to 11 households in 

the three study districts. Of 203 households visited in M’Drak district, 9 (4.43%, 95% 

CI: 2.17–0.85%) possessed T. solium seropositive pigs. Among 70 visited households in 

Krong Nang district, two (2.8%, 95% CI: 0.49–10.8%) possessed T. solium 

cysticercosis positive pigs, and no seropositive pigs were identified in 135 households 

in Buon Don District. 

The hierarchical structure of the data in this study is shown in Table 5.2. The 1281 pigs 

were from 408 households and, within each household, an average of three pigs were 

sampled (minimum 1; maximum 24).  

Of the 408 households, 266 (65%, 95% CI: 60–70%) used a pit latrine; however, most 

of these latrines were of temporary construction, which animals were able to access. A 

total of 35% (95% CI: 30–40%) of householders responded that their family members 

practiced outdoor defection; children typically defaecated around the main household 

building while adults defaecated some distance from the main household building, 

within the confines of the household property. Seventy-six percent (95% CI: 72–80%) 

of households had a pigsty and 58% (95% CI: 53–63%) confined their pigs at all times. 

Free-roaming pigs habitually ranged around the village to seek food and to return to 



171 
 
 

their litters located under stilt housing in the afternoon. Approximately 7% (95% CI: 5–

10%) of households used water sourced from lakes, streams or ponds for their pigs. The 

remaining households used either rainwater or water from wells or pipes. Dogs were 

kept in 63% (95% CI: 59–68%) of the households that owned pigs (Table 5.3). 

Among the 1281 pigs that were sampled, 41% (95% CI: 38–44%) were of local breed 

(Soc). A total of 27% (95% CI: 24–29%) of the sampled pigs were reported to regularly 

consume human faeces. A little over half of the pigs were routinely offered raw, 

unwashed vegetables (57%; 95% CI: 54–59%). Commercial and/or homemade bran was 

offered to 89% (95% CI: 86–91%) of pigs. The small proportion of pigs that were not 

supplied bran (11%, 95% CI: 9–12%) were scavenging for the most part (Table 5.4). 

5.4.2 Risk factors for porcine T. solium cysticercosis 

Of the data recorded using the questionnaire, we identified two factors associated with a 

pig’s likelihood of being T. solium cysticercosis positive: (i) frequent coprophagy of 

human faeces; and (ii) scavenging for food. Estimated regression coefficients for the 

mixed-effects logistic regression model provided in Table 5.5. After adjusting for the 

other explanatory variables in the model, the odds of a household where pigs routinely 

consumed human faeces being T. solium cysticercosis positive was 13.0 (95% CrI 3.38 to 

105) times that of a household where pigs did not consume human faeces. The odds ratio 

for a household where pigs routinely scavenged for food was 7.24 [95% CrI 1.73 to 114].   

5.5 Discussion 

In low-income rural communities of Vietnam, a substantial proportion of the human 

population practice open defaecation and uncooked pork and beef consumption is 

relatively common. Allowing pigs to roam freely is a common husbandry practice in the 

region [4, 5, 9, 28, 29]. Despite all relevant risk factors for cysticercosis being present in 

each of the communities in this study, the prevalence of T. solium cysticercosis was low 

at 0.94 (95% CI: 0.51–1.68) cases per 100 pigs at risk. A similar, low prevalence of 

cysticercosis has been observed not only in Dak Lak Province but in other regions of 

Vietnam [4, 6, 30]. In 1994 Huan, in a cross-sectional study of pigs submitted for 

slaughter from 12 provinces in the south of Vietnam, reported a prevalence of 0.90 
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(95% CI: 0.45–1.76) cases per 100 pigs at risk [6]. In three studies carried out in 10 

provinces in the north of Vietnam between 1999 and 2003, the prevalence of 

cysticercosis ranged from 0 to 0.06 cases per 100 pigs at risk [31–33]. In the Province of 

Bac Ninh in the north of Vietnam, a known foci of T. solium in humans, carcass 

examination of 26 village pigs identified no cases of T. solium cysticercosis. Instead, 10 

pigs were positive for T. hydatigena cysticerci [34]. These findings are in agreement 

with those of Conlan et al. [35], who reported a low prevalence of T. solium 

cysticercosis of 0.8% in village pigs in Laos with a relatively high prevalence of T. 

hydatigena (22 cases per 100 pigs at risk) and a high prevalence of T. solium taeniasis. 

Conlan et al. [35] hypothesized that T. hydatigena is likely to cross-protect pigs from T. 

solium infection.  

In Vietnam the prevalence of T. hydatigena cysticercosis in pigs has been reported to be 

high, ranging between 25–38% in the north and the prevalence has been strongly 

correlated with the presence of T. hydatigena infection in dogs [36]. In addition, most of 

the households that owned pigs in the three study districts also kept dogs and 

approximately one half of the households owning dogs reported that they had observed 

proglottids in their dog’s faeces (Table 5.3). All of the 10 free-roaming village pigs that 

were backyard slaughtered had T. hydatigena cysticerci present in the mesentery, 

stomach, spleen, and liver (personal observation from fieldwork). It is our inference that 

the relatively high prevalence of T. hydatigena infection in dogs is likely to be a major 

source of T. hydatigena cysticercosis in pigs. If this is true a cautioned approach to 

cysticercosis control in pigs would be advised if T. hydatigena were to be targeted 

through pig confinement and canine deworming programs. Eliminating or reducing pig 

exposure to T. hydatigena would likely result in an increase in the observed prevalence 

of T. solium in non-compliant free-roaming pigs, providing an increased public health 

risk to the community. 

Among the investigated households that owned pigs, a little under one-quarter did not 

have a pigsty and most of the pigs that were kept were of the local breed (Table 5.4). 

Local breeds are preferred due to their ability to thrive under harsh raising conditions 

and poor feeding [12]. Allowing pigs to free-roam for food was common practice (Table 
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5.3). The odds of a household where pigs routinely scavenged for food being 

seropositive for T. solium cysticercosis was 7.24 (95% CrI 1.73 to 114) times greater 

than the odds of a household where pigs were fed commercial and/or homemade bran 

(Table 5.5). Similarly, the odds ratio for a household where pigs routinely consumed 

human faeces being seropositive was 13.0 (95% CrI 3.38 to 105) times greater than the 

odds of a household where this practice was not habitual. It is known that risk factors 

for transmission and circulation of porcine cysticercosis are numerous and may vary in 

different settings. We found that allowing pigs to free-roam and allowing pigs to 

routinely consume human faeces were associated with T. solium exposure, consistent 

with other studies [37–39]. Research on the epidemiological characteristics of porcine 

cysticercosis in Peru [40], Mozambique [41] and Mexico [42] found that older pigs 

were more likely to show evidence of exposure to T. solium compared to younger pigs, 

an association not identified in this study. Similarly, while studies from Zambia [43], 

Mexico [44], and Tanzania [45] showed that the prevalence of T. solium exposure was 

higher in male pigs compared with females, this association was not identified in this 

study. In this study, both of the risk factors identified are modifiable, which means that 

there exists an opportunity to decrease the prevalence of porcine cysticercosis even 

further. We propose that a combination of intervention measures including education 

and public awareness campaigns, strategies to reduce coprophagy among pigs and 

enhanced meat inspection (particularly backyard slaughtered stock) are likely to have 

the greatest impact on porcine cysticercosis risk with positive secondary effects on 

human health [46]. For this to be successful there is a need for commitment and support 

from local and/or central veterinary and medical health authorities. 

5.6 Conclusions 

The prevalence of porcine T. solium cysticercosis in this study was low at 0.94 (95% CI: 

0.51–1.68) cases per 100 pigs at risk, in agreement with other studies conducted 

throughout Vietnam. Scavenging of food and coprophagy were associated with T. 

solium cysticercosis risk. Both of these characteristics are modifiable providing the 

opportunity to decrease the prevalence of porcine cysticercosis even further. 
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5.7 Ethics approval and consent to participate 

This study was reviewed and approved by the Animal Ethics and scientific committee, 

Tay Nguyen University (reference number 50.KCNTY), and conducted under the 

supervision of the local Centre for Animal Health, Dak Lak, Vietnam. If a pig was 

found seropositive for T. solium, the local veterinary office was notified in order to 

follow up with carcass inspection post-slaughtered. The findings and conclusions in this 

report are those of the author(s) and do not necessarily represent the official position of 

the Centers for Disease Control and Prevention. 
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Table 5.1 Details of information about general and pig information 

Requesting information Detail 
General information Address of house; number of people per household; presence and type 

and location of toilet; number of livestock per household; vegetables and 

crops management (source of water for irrigation, kind of manure for 

vegetables and crops); coordinate of household, pigsty, toilet and 

vegetable patch; elevation of household; number of dogs; location of 

defecation for dogs; efforts to disinfect dog’s faeces; observation of 

Taenia proglottids in dog’s faeces 

Pig information:  
   Demography Sex; age; breed; number of pigs 

   Husbandry management The presence and location of pigsty; whether pig confined or free-

roaming; roaming range of pigs; whether pigs eat human faeces; whether 

pigs have access to human defecation area  

   Diet management Drinking water sources for pigs, kind of food for pigs (commercial or 

handmade bran, scavenging), feeding raw vegetables to pigs or not, 

vegetables washed before feeding pigs 

 

 

Table 5.2 Structure of the data from 1281 study pigs from six villages in M’Drak, Buon Don and 
Krong Nang districts 

Level Number 
Number at the next highest level 

Mean Range 

Districts 3  -  -  

Villages 6 2 2 

Households 408 68 21 to 135 

Pigs a 1281 3 1 to 24 

a A total of 1281 pigs recruited in this study. The mean of pigs per household were three (range 1 to 24). 
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Table 5.3 General description of household data 

Characteristic Frequency Percentage (95% CI) 

Number of households 408 - 

District:   

   M'Drak 203 50 (45 to 55) 

   Buon Don 135 33 (28 to 38) 

   Krong Nang 70 17 (14 to 21) 

Presence of pit latrine:   

   Yes 266 65 (60 to 70) 

   No 142 35 (30 to 40) 

Presence of pigsty:   

   Yes 311 76 (72 to 80) 

   No 97 24 (20 to 28) 

Are pigs permitted to roam freely?   

   Yes 172 42 (37 to 47) 

   No 236 58 (53 to 63) 

Source of water for pigs:   

   Pipe/well/rain water 379 93 (90 to 95) 

   Lake/stream/pond 29 7.0 (4.9 to 10) 

Owning dogs:   

   yes 259 63 (59 to 68) 

   No 149 37 (32 to 41) 

Household observing proglottids in dog faeces:   

   Yes 113 44 (37 to 50) 

   No 146 56 (50 to 62) 

Faeces of dogs treated:   

   Yes 3 1.1 (0.3 to 4.6) 

   No 256 99 (96 to 99) 

Site of dog defecation:   

   Inside compound 192 74 (68 to 79) 

   Outside compound 67 26 (21 to 32) 
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Table 5.4 General description of pig data 

Characteristic Frequency Percentage (95% CI) 

Number of pigs 1281 - 

Sex:   

   Male 536 42 (39 to 45) 

   Female 745 58 (55 to 61) 

Age (months)   

   < 4 497 39 (36 to 42) 

   4 - 12 665 52 (49 to 55) 

   > 12 119 9.3 (7.8 to 11) 

Breed:   

   Imported breed 522 41 (38 to 44) 

   Local breed (Soc) 759 59 (56 to 62) 

Allowed to roam freely:   

   Yes 406 32 (29 to 34) 

   No 875 68 (66 to 71) 

Human coprophagy:   

  Yes 340 27 (24 to 29) 

  No 941 73 (71 to 76) 

Main food:   

   Commercial/handmade bran 1145 89 (86 to 91) 

   Scavenging 136 11 (9.0 to 12) 

Provision of raw, unwashed vegetables a:   

   Yes 723 57 (54 to 59) 

   No 555 43 (41 to 46) 

a Three cases was excluded from analysis. 
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Table 5.5 Risk factors associated with T. solium cysticercosis positive in pigs 

Explanatory variable 
Number of pigs Regression 

coefficient (SD) 

MC 

error 

Adjusted OR  

(95% CrI) Positive Total 

Intercept 12 1281 
-5.9800 

(1.5480) 
0.006 - 

Coprophagy of human faeces:      

   No 3 941 Reference   

   Yes 9 340 2.6600 (0.8470) 0.004 13.0 ( 3.38 to 105) 

Kind of food:      

  Bran 6 1145 Reference   

  Scavenging 6 136 2.1400 (1.0320) 0.003 7.24 (1.73 to 114) a 

Random effects b: Estimate SD    

   Village 2.18 5.77    

a Interpretation: The odds of T. solium cysticercosis positive for pigs that scavenged food was 7.24 (95% 
credible interval 1.73 to 114) times that of pigs that did not scavenge for food.  
b Variance and standard deviation of the variance of the village-level random effect  
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CHAPTER 6  

Spatial distribution of Taenia solium exposure in 

humans and pigs in the Central Highlands of 

Vietnam 
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6.1 Abstract 

6.1.1 Background 

Taenia solium, a pork-borne parasitic zoonosis, is the cause of taeniasis and 

cysticercosis in humans. In Vietnam, poor sanitation, the practice of outdoor defecation 

and consumption of raw/undercooked pork have been associated with 

infection/exposure to T. solium in both humans and pigs. The broad-scale geographic 

distribution of the prevalence of T. solium varies throughout the country with infection 

restricted to isolated foci in the north and a more sporadic geographic distribution in the 

Central Highlands and the south. While cross-sectional studies have allowed the broad-

scale geographic distribution of T. solium to be described, details of the geographic 

distribution of T. solium at finer spatial scales have not been described in detail. This 

study provides a descriptive spatial analysis of T. solium exposure in humans and pigs 

and T. solium taeniasis in humans within individual households in village communities 

of Dak Lak in the Central Highlands of Vietnam. 

6.1.2 Methodology/Principal findings 

We used Ripley’s K-function to describe spatial dependence in T. solium exposure 

positive and negative human and pig households and T. solium taeniasis exposure 

positive and negative households in villages within the districts of Buon Don, Krong 

Nang and M’Drak of Dak Lak province in the Central Highlands of Vietnam. The 

prevalence of exposure to T. solium in pigs in Dak Lak province was at 0.9 (95% CI 0.5 

to 1.7) cases per 100 pigs at risk. The prevalence of exposure to the parasite in humans 

was somewhat higher at 5 (95% CI 3 to 8) cases per 100 individuals at risk. Spatial 

aggregations of T. solium exposure-positive pig and human households occurred in 

some, but not all of the villages in the three study districts. Human exposure-positive 

households were found to be aggregated within a distance of 200 to 300 m in villages in 

Krong Nang district compared with distances of up to 1500 m in villages in M’Drak 

district. Although this study demonstrated the aggregation of households in which either 

T. solium exposure- or taeniasis-positive individuals were present, we were unable to 

identify an association between the two due to the very low number of T. solium 

taeniasis-positive households. 
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6.1.3 Conclusions 

Spatial aggregations of T. solium exposure-positive pig and human households occurred 

in some, but not all of the villages in the three study districts. We were unable to 

definitively identify reasons for these findings but speculate that they were due to a 

combination of demographic, anthropological and micro-environmental factors. To 

more definitively identify characteristics that increase cysticercosis risk we propose that 

cross-sectional studies similar in design to that described in this paper should be applied 

in other provinces of Vietnam. 

6.1.4 Author summary 

Taenia solium is a pork-bone zoonotic parasite. Humans acquire taeniasis from 

consumption of raw/undercooked pork contaminated with T. solium cysticerci. Pigs and 

humans acquire cysticercosis following consumption of food contaminated with eggs 

shed from the faeces of humans with T. solium taeniasis. In Vietnam, the geographic 

distribution of T. solium varies throughout the country with hotspots or foci of infection 

in communities in the North and a more sporadic distribution in the Central Highlands 

and the South. While information on the distribution at the regional and provincial level 

is available, there is no available information on the spatial distribution of T. solium at 

fine spatial scales and factors influencing its distribution at fine spatial scales have not 

been described in detail. In this cross-sectional study, we collected information on the 

geographic coordinates of study households and utilized spatial analytical techniques to 

quantify both the fine scale spatial pattern of exposure to T. solium as well as the 

tendency for T. solium exposure-positive households to be located close to other T. 

solium exposure-positive households (spatial autocorrelation) in three districts in Dak 

Lak province. We found that in some of the study villages T. solium exposure-positive 

households were more likely to be surrounded by other T. solium exposure-positive 

households. Human exposure-positive households were found to be aggregated within a 

distance of 200 to 300 m in villages in Krong Nang district; whilst spatial aggregation 

of pig exposure-positive households was found up to distances of 1500 m in villages in 

M’Drak district. Although households that had either T. solium exposure- or taeniasis-

positive cases were aggregated, we were unable to quantify their spatial association due 
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to the extremely low number of T. solium taeniasis-positive households. This study 

shows that in the Central Highlands of Vietnam, T. solium exposure tend to cluster 

within foci. This information can be used to inform community intervention programs to 

lower its incidence in both humans and pigs. 

6.2 Introduction 

Taenia solium is a pork-borne zoonosis of major public health and economic 

importance. The parasite causes cysticercosis/neurocysticercosis in humans and pigs in 

many low-income communities in Latin America, Africa and Asia [1]. Poor sanitation, 

allowing pigs to free roam, the practice of outdoor defecation and consumption of 

raw/undercooked pork are risk factors for T. solium infection. Cysticercosis infection in 

humans and pigs occurs due to the accidental ingestion of T. solium eggs shed through 

the faeces of humans with T. solium taeniasis (tapeworm carriers). Taeniasis occurs 

when humans consume raw/undercooked pork with T. solium cysticerci. 

T. solium infection results in not only an economic burden in low-income communities 

due to loss of productivity in affected individuals and the cost of treatment, but also 

losses arising from the condemnation of pig carcasses destined for human consumption. 

It was estimated that approximately US $185 million and 2.1 million disability-adjusted 

life years (DALYs) were lost in north India due to human cysticercosis in 2011 [2]. It 

was estimated that the number of DALYs for human cysticercosis in Mozambique in 

2007 [3] was 6.0 per thousand person-years, 0.2 in 2011 in Mexico [4] and 0.7 in 2012 

in Tanzania [5]. The pork industry in four provinces of Laos estimated losses of 

between US $55,000 to 96,000 arising from 20% of carcasses identified as cysticerci-

positive over a 21 month period [6]. In Latin America, the number of neurocysticercosis 

infections has been estimated to be between 11 and 29 million with 1.3 million 

individuals suffering from neurocysticercosis-related epilepsy [7]. Globally, 

cysticercosis was estimated to be the cause of over 28,000 deaths in 2010 [8]. 

Although risk factors for T. solium taeniasis and cysticercosis include outdoor 

defecation, the consumption of raw/undercooked pork and allowing pigs to free roam, 

transmission patterns and the prevalence of the parasite can vary considerably and may 

prove inconsistent within and/or between regions and communities [9] thus impeding 
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efforts to achieve parasite eradication. Because of the negative impact of T. solium on 

human health and the economy [10], controlling the disease is a priority. Understanding 

the spatial distribution of T. solium is one important step towards development of 

effective control strategies. Studies in communities of Latin America and Africa, where 

T. solium infection is hyperendemic, identified clustering of T. solium cysticercosis at 

both the household and community level [11–13] and a strong geographical association 

between T. solium carriers and cysticercosis in humans and pigs [14, 15]. Spatial 

analyses were used to define an appropriate radius for a control area in a community 

where T. solium was hyperendemic in Peru. Targeting interventions within this control 

area was effective in reducing the number of T. solium carriers and the sero-incidence of 

porcine cysticercosis [16].  

T. solium is endemic in Vietnam. A systematic review of cross-sectional studies carried 

out in Vietnam between 1999 to 2011 showed that the prevalence ranged from 0 to 130 T. 

solium positive individuals per 1000 individuals at risk [17]. The distribution of T. solium 

in Vietnam is characterized by hotspots or foci of infection in communities in the northern 

provinces, including Phu Tho and Bac Ninh [18, 19]. In the Central Highlands and the 

south of the country the distribution of T. solium is sporadic [20]. While previous studies 

[15, 16, 17] have provided useful information at the regional and provincial level, we are 

aware of no investigations that have investigated the distribution of T. solium at finer 

spatial scales. With this background, the aim of this study was to describe the spatial 

distribution of households in which one or more individual humans or pigs were T. solium 

exposure positive and households in which one or more individual (humans) were T. 

solium taeniasis positive. Quantitative estimates of the prevalence and geographic 

distribution of T. solium exposure and T. solium taeniasis positive households will provide 

evidence to allow public health authorities to decide between treatment programs applied 

at the whole community level as opposed to treatment programs applied at either the 

individual household or small area level.  
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6.3 Materials and methods 

6.3.1 Ethics statement 

This study was reviewed and approved by the Behavioral and Social Sciences Human 

Ethics Sub-committee, the University of Melbourne (reference number 1443512) and 

the Animal Ethics and Scientific Committee, Tay Nguyen University (reference 

number 50.KCNTY). This study was conducted under the supervision of the local 

Center for Public Health and the local Center for Animal Health, Dak Lak, Vietnam. 

This research on pigs was based on the International Guiding Principle for Biomedical 

Research Involving Animals issued by the Council for the International Organization 

of Medical Sciences. 

6.3.2 Field procedures 

The cross-sectional study was carried out between May and October 2015 in Dak Lak 

province in the Central Highlands of Vietnam. Dak Lak is comprised of 15 districts with 

approximately 70% of the total population of 1.8 million people living in rural areas 

[21]. Within the province, three districts namely Buon Don, Krong Nang and M’Drak 

were chosen as the study sites based on their diverse geographic characteristics (Fig. 

6.1). The characteristics of these districts have been described in detail elsewhere [22]. 

A sampling frame listing the name of all villages in Dak Lak province was obtained 

from Sub-Department of Animal Health office within the Ministry of Agriculture and 

Rural Development. Villages eligible for sampling comprised those with more than 

1000 pigs, as recorded by the Sub-Department of Animal Health. All eligible villages 

within each district were assigned a number and two numbers chosen at random to 

select villages from each district for inclusion in the study. A list of householder names 

within each selected village was obtained from each village head person, and 

householder names were assigned a numeric code. A sheet of paper listing numeric 

household codes for each village were cut into pieces and placed face-down on a table. 

The village head person was asked to select 50 households at random for human 

sampling and between 100 and 140 households for pig sampling. All households 

selected for human sampling and pig sampling were visited several days before the 

proposed sampling date to obtain consent from householders to take part in the study. 
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Householders eligible for inclusion in the study were individuals who were healthy, not 

pregnant and over seven years of age. Householders requested to take part in the study 

signed a consent form. Those that were under 18 years of age were required to provide 

written consent as well as written consent from either their parents or legal guardians. 

At the time of consent each study participant was given a labeled stool container, with 

instructions that the container would be collected on the date of sampling, several days 

later. Sampling of households (Fig. 6.2) was carried out in two stages. Humans from 

each of the 50 consenting study households were sampled between May and October 

2015; pigs from each of the 100 to 150 consenting study households were sampled 

between June and October 2015. At the time of each household visit, a questionnaire 

was administered to each of the study participants soliciting details regarding 

demography, sanitation and hygiene status, food culture and religion, practice of pig 

management and the longitude and latitude coordinates of the main doorway of entry of 

the dwelling used for sleeping.   

On the date of sampling, consenting householders were visited by staff from the Sub-

Department of Health and 5 mL of venous blood collected into plain clotting tubes from 

consenting study participants. Stool samples were fixed in 5% potassium dichromate 

(w/v) for molecular analysis.  

Pigs that were pregnant, ill or aged less than two months of age were excluded from 

sampling. Approximately, 10 mL of blood was obtained from the cranial vena cava of 

each pig into plain blood collection tubes. Blood samples were allowed to clot at 

ambient temperature prior to centrifugation at 3200 × g for 5 minutes to collect serum. 

Serum was dispensed into 1.5 mL aliquots and stored at -20 °C until analysis. 

The longitude and latitude of the main doorway of entry of sampled households was 

recorded using a handheld global positioning system (GPS) device (Garmin 

GPSMAP64, Taiwan). 
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6.3.3 Taenia solium carrier identification 

Human stool samples were tested to determine T. solium tapeworm carriers using a real-

time PCR (T3qPCR) described by Ng-Nguyen et al. (2017) [22]. The assay has been 

reported to have a diagnostic sensitivity of 94% and a diagnostic specificity of 98%. 

6.3.4 Human T. solium exposure identification 

Human serum samples were tested for the presence of antibody against T. solium 

cysticerci using a lentil-lectin purified glycoprotein-enzyme-linked 

immunoelectrotransfer blot (LLGP-EITB). This assay has a diagnostic sensitivity of 

98% and a diagnostic specificity of 100%. The LLGP-EITB was performed using the 

methodology described by Tsang et al. (1989) [23]. 

6.3.5 Pig T. solium exposure identification 

Pig serum samples were tested for the presence antibody against T. solium cysticerci 

using rT24H antigen in the enzyme-linked immunoelectrotransfer blot (EITB) format. 

The rT24H-EITB assay showed no cross-reaction to T. hydatigena and had a 

diagnostic sensitivity and specificity of 100% when tested on 29 cysticercosis-

negative USA pig sera, 12 necropsy-positive T. solium-positive Peruvian pig sera and 

four T. hydatigena necropsy-positive Vietnamese pig sera [24]. The performance of 

the rT24H-EITB assay was carried out using the methodology described by Noh et al. 

2014 [25]. Positive samples resulting from the rT24H-EITB assay were confirmed 

using the LLGP-EITB assay. 

6.3.6 Spatial data analyses 

Details collected during each of the household visits and laboratory test results were 

stored in a relational database (Microsoft Access 2007, Microsoft Corporation, 

Redmond, USA). Longitude and latitude coordinates of household locations (recorded 

in degrees, minutes and seconds) were converted to decimal degrees and re-projected to 

the Universal Transverse Mercator Zone 48N projection using the World Geodetic 

System 1984 datum.  
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Analyses were carried out to describe the spatial distribution characteristics of: (1) T. 

solium exposure-positive and T. solium exposure-negative households for humans; (2) 

T. solium exposure-positive and T. solium exposure-negative households for pigs; and 

(3) human or pig T. solium or T. solium taeniasis-positive and negative households. 

Our classification of T. solium exposure-positive households for humans and pigs was 

based on the LLGP-EITB and rT24H-EITB assays, respectively. Classification of 

Taenia-positive households was based on parallel interpretation of the test results of the 

LLGP-EITB, rT24H-EITB and T3qPCR assays (positive for either T. solium exposure 

or T. solium taeniasis).  

Ripley’s K-function [26] provides a summary measure of spatial dependence among point 

locations as a function of their Euclidean distance. The K-function is defined as the 

expected number of points that are located within a distance ℎ of an arbitrarily selected 

point location, divided by the overall density of points [27]. Where there is spatial 

dependence in a point pattern, point events are likely to be surrounded by other point 

events and, for small values of distance ℎ, 𝐾(ℎ) will be relatively large. Conversely, if 

point events are regularly spaced, each point is likely to be surrounded by empty space 

and, for small values of distance ℎ, 𝐾(ℎ) will be small. To facilitate inference, we 

developed separate K-function plots for T. solium exposure-positive and T. solium 

exposure-negative households. For each value of ℎ we then calculated the K-function 

difference as 𝐷(ℎ) = 𝐾(ℎ)  − 𝐾(ℎ) . If exposure-positive households 

were spatially aggregated, over and above that of the exposure-negative households, then 

𝐷(ℎ) will appear graphically as peaks (or troughs) as a function of distance.  

Three sets of Ripley's K-function analyses were carried out for: (1) human T. solium 

exposure-positive households and human T. solium exposure-negative households; (2) 

pig T. solium exposure-positive households and pig T. solium exposure-negative 

households; and (3) T. solium taeniasis exposure positive and T. solium taeniasis 

negative households.  

Monte Carlo simulation was used to construct critical envelopes for each K-function 

difference plot. Here, we randomly assigned the observed number of positive 
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households across the population of study household locations and re-computed 𝐷(ℎ) 

each time. The critical envelopes are based on 1000 Monte Carlo simulations of the 

data. Departures of the observed value of 𝐷(ℎ) from the limits of the upper and lower 

critical envelopes provided an indication of spatial aggregation of exposure-positive 

households beyond that which would be expected by chance, and at what spatial scale. 

6.4 Results 

6.4.1 General data description 

The total numbers of households visited for collecting samples from humans and pigs, 

respectively, were 190 and 408 in Buon Don, Krong Nang and M’Drak districts. Within 

the 190 households, a total of 342 individuals consented to participate in the study. The 

number of pigs sampled from the 408 households was 1281. Four of the 190 households 

(2.1%, 95% CI 0.6 to 5.6) housed T. solium tapeworm carriers and the percentages of 

households housing individuals and pigs that were T. solium exposure positive was 

8.9% (17/190, 95% CI 5.5 to 14) and 2.7% (11/408, 95% CI 1.4 to 4.9), respectively. 

Amongst the 11 T. solium exposure-positive households for pigs, there was one 

household that had more than one pig antibody-positive to T. solium cysticerci; all other 

exposure-positive households had a single pig that was seropositive. All T. solium 

exposure-positive households for humans had a single individual that was antibody-

positive. Of the 561 households that were visited for either human or pig sampling, 31 

had either humans or pigs that were either human T. solium exposure-positive, pig T. 

solium exposure-positive or T. solium taeniasis positive (Table 6.1). There were 29 

households with single infections; one household with exposure-positive pigs and one 

household had an individual infected with T. solium taeniasis and an individual that was 

T. solium exposure-positive. Human T. solium exposure- and taeniasis-positive 

households were present in all three districts. There was no pig T. solium exposure-

positive households in Buon Don. 

In three study districts, the prevalence of having a household latrine was relatively low 

ranging from 13% to 47%. This meant that outdoor defecation was a practice reported by 

between 15% and 74% of the study population. Our data showed that allowing pigs to 
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free roam was common practice in Buon Bon, Krong Nang, and M’Drak. The percentage 

of pigs that consumed human faeces was high in Buon Don and M’Drak (Table 6.2). Of 

11 exposure-positive households for pigs, there were nine households in M’Drak. Pigs 

kept in seven of the nine households were allowed to roam freely within the village.  

6.4.2 Distribution of pig T. solium exposure households 

No exposed pigs were detected in Buon Don (Fig. 6.3c-d) and two exposed pigs were 

detected in Krong Nang (Fig. 6.4c-d). In M’Drak, the four exposed pigs that were 

detected were within a distance of 250 m of each other (Fig. 6.5c) and pairs of 

exposure-positive pig households were less than 100 m apart (Fig. 6.5d). The K-

function difference plot for T. solium exposure in pigs in M’Drak shows 𝐾(ℎ)  in 

excess of 𝐾(ℎ)  up to a distance of 1500 m (Fig. 6.6f). 

6.4.3 Distribution of human T. solium exposure households 

There were small numbers of human T. solium exposure-positive households in close 

proximity in Krong Nang (Fig. 6.4b). The K-function difference plot for exposure to T. 

solium in humans in Krong Nang supported this observation, where 𝐾(ℎ)  was in 

excess of 𝐾(ℎ)  up to a distance of 200 to 300 m (Fig. 6.6c). The spatial 

distribution of human exposure-positive households in Buon Don (Fig. 6.3a-b) and 

M’Drak (Fig. 6.5a-b) were more regularly distributed; there was no evidence of 

significant differences between 𝐾(ℎ)  and 𝐾(ℎ)  up to a distance of 3000 

m (Fig. 6.6a and 6.6e). 

6.4.4 Distribution of Taenia-positive households 

When we considered households that were either human T. solium exposure, taeniasis or 

pig T. solium exposure as a single group, the K-function difference plot showed all T. 

solium exposure-positive and taeniasis-positive households were aggregated up to a 

distance of 1000 m in M’Drak (Fig. 6.6g). Similar associations were evident in Buon 

Bon and Krong Nang but the observed K-function difference plot did not exceed the 

simulation envelope limits at any distance (Fig. 6.6b and 6.6d). On inspection, however, 
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we observed a group of taeniasis- and exposure-positive households in close proximity 

to each other in the village of Cu Mta in M’Drak district (Fig. 6.7). 

6.5 Discussion 

This study describes the fine scale spatial distribution of T. solium exposure in pigs and 

humans in Vietnam for the first time. The geographic distribution of T. solium 

exposure- and taeniasis-positive households varied markedly across the districts of 

Buon Don, Krong Nang and M’Drak of Dak Lak province. A prominent feature of this 

data is that the prevalence of T. solium exposure in both species and T. solium taeniasis 

was relatively low (in humans 9 exposure- and 2 taeniasis-positive households per 100 

households at risk; in pigs 3 exposure-positive households per 100 households at risk) 

making it difficult to definitively identify characteristics of the spatial distribution of 

positive households that are likely to exist across all districts of Dak Lak, and indeed all 

districts of Vietnam.  

Spatial aggregations of T. solium exposure-positive households for humans occurred in 

the village of Dlieya in Krong Nang district (Fig. 6.4b) but not in the villages of Ea Wer 

in Buon Don (Fig. 6.3b), and Krong Jing and Cu Mta in M’Drak (Fig. 6.5a-b)). Our K-

function difference plots showed that T. solium exposure-positive households for 

humans showed the same pattern of spatial dependence as T. solium exposure-negative 

households in Buon Bon and M’Drak (Fig. 6.6a and 6.6e). In Krong Nang, compared 

with human exposure-negative households, human exposure-positive households were 

aggregated up to a distance of 200 to 300 m (Fig. 6.6c). We speculate that if the 

prevalence of exposure was higher in Buon Don and M’Drak and sufficient resources 

were available to allow larger sample sizes in each of the two districts to be collected, a 

similar pattern of spatial dependence would be evident. 

Although spatial aggregation of T. solium exposure-positive households for humans in 

Krong Nang was beyond that expected by chance (and entirely due to a collection of 

five positive households in the village of Dlieya), its overall magnitude was relatively 

small (Fig. 6.6c). Dlieya is small village comprised of less than 200 households in a 

remote area of Krong Nang. In Dlieya the number of individuals per household was 

considerably larger than that of the other villages in the study (median 5; minimum 2 to 
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maximum 11) and a notable feature was that it was common for several generations of a 

family to live together in close proximity, and a highly prevalent custom was that food 

was shared with neighbours and relatives on a daily basis, often associated with 

community ceremonies (e.g. weddings and anniversary of deaths). In the district of 

Krong Nang, houses are typically surrounded by a large garden comprised of coffee or 

pepper trees. We hypothesize that in this district, where a high proportion of the study 

population were known to defaecate outdoors, individuals were more likely to defecate 

in their own garden (as opposed to communal areas) which means that it was more 

likely for T. solium eggs to be present in close spatial proximity to a given household 

where exposure-positive individuals were present. We speculate that the anthropological 

and fine-scale environmental characteristics of Dlieya were sufficient to allow spatial 

clustering of human exposure infection to be detected even in the presence of a modest 

sampling effort (𝑛 = 30 households). 

Spatial aggregations of exposure to T. solium in pigs occurred but this was infrequent. 

In three study districts, there was a single aggregation of pig exposure-positive 

households in M’Drak (Fig. 6.5c). Our K-function difference plot for M’Drak (Fig. 

6.6f) showed pig exposure-positive households were clustered within a distance of 1500 

m. Presumably, this was due to the larger range over which free-roaming pigs forage. 

Copado et al., 2004 [26] reported that free-roaming pigs travel daily within a distance 

ranging from 1000 to 3000 m. In a 12 hour period, pigs traveled a distance of up to 4000 

m and spent, on average, 47% of their time outside of their homestead [28]. Our 

findings are supported by those of Ngowi et al. (2010) [12] who conducted a cross-

sectional study of cysticercosis in 784 pig-owning households in northern Tanzania. In 

the study of Ngowi et al. (2010) it was shown that porcine cysticercosis was clustered 

within the distance of 600 m and 10 km. Morales et al. (2008) [29] conducted a cross-

sectional study of 562 pigs in the state of Morelos in Mexico in 2003. In this study the 

prevalence of porcine cysticercosis was relatively high (13%; 95% CI 11 to 17) and 

while free-roaming pigs had a greater risk of being cysticercosis-positive, no 

geographical clustering of positivity was found.  
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Spatial clustering of T. solium exposure in pigs in M’Drak could have been associated 

with the age of the resident pig population, the absence of pigsties and the regular habit 

of coprophagy amongst pigs. In total, there were 11 T. solium pig exposure-positive 

households in Dak Lak. Nine of these 11 positive households were in M’Drak, 

aggregated in groups of two to four households (Fig. 6.5c-d). Of the nine T. solium pig 

exposure-positive households in M’Drak, in seven households pigs were allowed to 

roam freely within the village, increasing the chance of exposure to T. solium eggs. The 

terrain in M’Drak is generally flat. The quality of the soil is poor supporting 

predominantly natural grasslands. For these reasons, the practice of allowing pigs to free 

roam is more common compared with the two other districts. M’Drak had a high 

proportion of pigs that were not confined (17% [211 of 1281], 95% CI 15 to 19). Of the 

total number of pigs sampled in this study, 511 (40%) were from M’Drak. Of the 511 

M’Drak pigs that were sampled, it was reported that 193 (38%) consumed human faeces 

and 211 (41%) regularly scavenged for food (Table 6.2). 

When we considered households that were human and/or pig T. solium exposure-positive 

or taeniasis positive as a single group, our K-function difference plot showed these 

positive households were aggregated up to a distance of 1000 m in M’Drak (Fig. 6.6g), 

but not in Buon Bon (Fig. 6.6b) and Krong Nang (Fig. 6.6d). O’Nea at al. (2012) and Pray 

et al. (2017) showed that human and/or porcine cysticercosis cases were strongly 

associated with the presence of tapeworm carriers [14, 15]. Individuals and pigs living in 

close proximity to tapeworm carriers are more likely to be infected with T. solium 

cysticercosis [11, 15, 30]. Given this unique data set, with contemporary sampling of 

humans and pigs, it was of interest to us to determine if there was a spatial dependence 

between T. solium exposure- and T. solium taeniasis-positive households. Although 

households that had either T. solium exposure- or taeniasis-positive cases were spatially 

aggregated, we were unable to identify an association between the two because of the 

extremely low number (𝑛 = 4) of taeniasis-positive households across the three study 

districts. On inspection we observed a group of taeniasis- and exposure-positive 

households in close proximity to each other in the village of Cu Mta in M’Drak district 

(Fig. 6.7). Madinga et al. (2017) [26] and Morales et al. (2008) [29] indicated that there 

was no spatial correlation of T. solium exposure in pigs and T. solium taeniasis. 
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Spatial aggregations of human and pig exposure-positive households occurred in 

some, but not all, of the villages in the three study districts. We can only speculate 

about the reasons for this pattern, as discussed above. Since cysticercosis occurs 

throughout Vietnam [17] it is likely that foci of infection are present in other areas. 

The relatively low prevalence of exposure to T. solium indicates that massive 

deworming programs in the communities of Dak Lak province are, for the most part, 

unnecessary. Instead, we recommend that if a human is identified as T. solium positive 

then either: (a) individuals resident in the immediate area should be tested to rule out 

the presence of an exposure or infection cluster; or (b) anthelmintic treatment is 

offered to individuals resident within a 2000 m radius of the identified case. With 

respect to the second approach, privacy issues would need to be handled 

appropriately, particularly in small communities.  

A limitation of this study was that for logistic reasons sampling of humans and pigs 

were carried out independently resulting in a lack of overlap of the locations of 

households where humans and pigs were sampled (see, for example, Ea Nuol in the 

district of Buon Don, Fig. 6.3a and 6.3c). While this limited our ability to identify an 

association (if any) between human and pig T. solium exposure-positive households, 

assessment of the spatial dependence of exposure status by species (human, pigs) was 

possible.  Although households that had either T. solium exposure- or taeniasis-positive 

cases were spatially aggregated, we were unable to quantify their spatial association due 

to the extremely low number of T. solium taeniasis-positive households. 
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Table 6.1 Spatial characteristics of T. solium exposure and taeniasis. Data structure of household and 

individual sampling 

Infection status Human Pig Total 

Total number of households visited 190 408 561 a 

T. solium exposure-positive households (pigs) - 11 11 

T. solium exposure-positive households (humans) 17 - 17 

Taeniasis-positive households 4 - 4 

Taenia-positive households - - 31 b 

    

Total number of tested study subjects 342 1281 1623 

Total T. solium exposure-positive subjects 17 12 29 

Total taeniasis-positive subjects 4 - 4 

a Total of visited households for sampling humans, pigs, and both humans and pigs. 
b A total of 31 households had cases of either pig T. solium exposure-positive, human T. solium exposure-
positive or T. solium taeniasis. 
 
 
 
 
 

Table 6.2 Spatial characteristics of T. solium exposure and taeniasis. Pig management in the study 
districts of Dak Lak province 

Location Total of pigs Free-roaming pig Human coprophagy 

Event % (95% CI) Event % (95% CI) 

Buon Don 323 164 51 (45 to 56) 133 41 (36 to 47) 

Krong Nang 447 31 6.9 (4.8 to 9.8) 14 3.1 (1.8 to 5.3) 

M’Drak 511 211 41 (37 to 46) 193 38 (36 to 42) 
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Fig. 6.1 Map of Dak Lak province showing the location of study sites. The black shaded areas show 
the study locations in Buon Don, Krong Nang and M’Drak districts. This figure was adapted from Ng-
Nguyen et al. (2017) [22]. 
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Fig. 6.2 A picture showing a typical household in rural areas in Dak Lak province. The space under 
the floor of the stilt house is used for the shelter of domestic animals. 
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Fig. 6.3 Location of households for human (a and b) and pig (c and d) T. solium exposure in Ea 
Noul (a and c) and Ea Wer (b and d) villages in Buon Don district. The solid red circles indicate the 
location of exposure-positive households; the open grey circles indicate the location of exposure-negative 
households. 
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Fig. 6.4 Location of households for human (a and b) and pig (c and d) T. solium exposure in Ea Ho 
(a and c) and Dlieya (b and d) villages in Krong Nang district. The solid red circles indicate the 
location of exposure-positive households; the open grey circles indicate the location of exposure-negative 
households. 
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Fig. 6.5 Location of households for human (a and b) and pig (c and d) T. solium exposure in Krong 
Jing (a and c) and Cu Mta (b and d) villages in M’Drak district. The solid red circles indicate the 
location of exposure-positive households; the open grey circles indicate the location of exposure-negative 
households. 
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Fig. 6.6 Estimated K-function differences for human and pig T. solium exposure- and Taenia-
positive households in three studied districts. Horizontal Horizontal dotted lines at D(h) = 0 provides a 
reference for D(h) under complete spatial randomness. The solid line indicates the observed value of 
D(h). The light blue areas indicate the 95% tolerance limits for D(h) estimated from 1000 Monte Carlo 
simulations. Panel (a), (c) and (e) showing the estimation for human T. solium exposure respectively in 
Buon Don, Krong Nang and M’Drak; panel (b), (d) and (g) for Taenia-positive respectively in Buon Don, 
Krong Nang and M’Drak and panel (f) for T. solium exposure in pigs in M’Drak. 
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Fig. 6.7 Location of T. solium taeniasis- and exposure-positive households. A group of cysticercosis-
positive households (red circles) occurred in close proximity of a taeniasis-positive household (green circles) in 
the village of Cu Mta of M’Drak district. The taeniasis-positive household (green circles) had a case of 
cysticercosis. 
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CHAPTER 7  

The prevalence of Trichinella in pigs in  

the Central Highlands of Vietnam 
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7.1 Introduction 

The nematode Trichinella is a globally distributed meat-borne parasitic zoonosis [1]. A 

number of domestic and wild animals including mammals, birds, reptiles and rodents 

are known definitive hosts of the parasite [1]. Infection in domestic and wild animals 

such as domestic and feral pigs, dogs, cats and raptorial birds occurs due to scavenging 

or being fed scraps of infected meat or via natural hunting behaviour. Humans may be 

infected when ingesting raw or undercooked infected meat [2]. No clinical signs have 

been observed in infected animals, whereas, humans with trichinellosis show non-

specific symptoms such as high fever, myalgia and periorbital oedema [3]. 

Trichinella has been reported to be present in Southeast Asia. The food-borne parasite 

has caused several outbreaks in the mountainous regions of Cambodia, southwest 

China, Lao PDR, Thailand, and Vietnam [4–7]. In Vietnam, a limited number of 

published studies on Trichinella in the northwest of the country have reported at least 

four human outbreaks involving 88 individuals in the last 15 years (reviewed by 

Nguyen et al., 2017 [8]). In affected provinces, including Son La and Dien Bien, 20% of 

domestic free-roaming pigs [9], 3.2% of wild boars (n = 62), 2.8% (n = 820) of rats and 

4% (n = 125) of dogs [10] were found positive to Trichinella antibodies. Surprisingly, 

none of 261 confined wild boars resident on seven farms or 98 cats in these two 

provinces were seropositive [11]. In these areas, the outbreaks of trichinellosis were 

associated with the consumption of raw/undercooked pork and/or game meat [12]. In 

affected provinces of Dien Bien, Son La, Yen Bai, and Thanh Hoa, it is typical for 

inhabitants to consume raw/undercooked pork/wild pork. Non-confinement of pigs is 

common [13]. In other regions of Vietnam, including the Central Highlands, 

information on the prevalence of Trichinella is not available [8]. 

Dak Lak province in the Central Highlands of Vietnam has the same environmental 

conditions and pig management practices for the propagation of Trichinella in domestic 

and sylvatic hosts and dietary risk factors for zoonotic meat-borne disease. The province 

has approximately 810,000 adult pigs [14]. In rural, resource-poor communities 

approximately 16,000 pigs (approximately 2% of the adult pig population) are non-

confined and permitted to scavenge for food [15]. Currently, there has been an increase 



213 
 
 

in the demand for free-roaming pork. The interprovincial market demand for free-

roaming pork has increased by a factor of between 170% and 210% in recent years [15]. 

Free-roaming pigs are often sold directly from farmers to consumers. These pigs are 

slaughtered by consumers in their back yards and, as a result, are not inspected. In 

addition, the dietary practice of consumption of raw or undercooked meat and pork is 

common among rural Dak Lak inhabitants, which increases their risk of Trichinella 

infection. The aim of this study was to quantify the prevalence of Trichinella in pigs in 

Dak Lak province using the artificial digestion (AD) method. 

7.2 Materials and methods 

7.2.1 Study sites and sampling 

This was a cross-sectional study carried out between May and October 2015 in Krong 

Nang, M’Drak and Buon Don districts in Dak Lak province. These districts were chosen 

as the study sites based on their diverse geographic characteristics. M’Drak is located in 

the east of Dak Lak province with an average altitude of 400 m to 500 m. The region 

has a tropical monsoonal climate typical of Vietnam’s Central Coast. Krong Nang is 

situated to the north at an altitude of 800 m. Buon Don, situated to the west of the 

province, has an average elevation of 330 m and has a hot and dry climate. 

There are two pig production systems in these districts: semi-commercial farming and 

smallholder production systems. Semi-commercial farms are comprised of between 20 

to 60 fattening pigs that are fed a mixture of 80% crop by-products and 20% 

commercial concentrates. Pigs from these farms are sold via pork traders with meat 

inspection carried out at district slaughterhouses in urban areas. In contrast to semi-

commercial farms, smallholder production systems in the three studied districts 

comprise of one or two sows and less than 10 fattening pigs. In the study districts, 

local breeds are predominant in these smallholder farms. An additional characteristic 

of smallholder farms is that the pigs are permitted to freely roam around forests and/or 

villages to scavenge for food. Pigs on smallholder farms are not provided with a daily 

food ration and are instead fed crop by-products or human leftover food on an 

irregular basis. Pork is sold to consumers via village slaughterers, who function as 

pork traders within a village. In addition, pigs are often sold directly from farmers to 
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consumers. There is almost no activity of meat inspection at the village level since 

pork traders fear that their businesses will be shut down if infected carcasses are found 

by health officials. 

For this study muscle samples were collected from pigs slaughtered at i) each of the 

district abattoirs (n = 3) and ii) from households where pigs from smallholder farms 

were slaughtered (n = 80). Samples were collected by trained local veterinarians (n = 

10) or medical staff (n = 10). For each slaughtered pig approximately 50 to 100 grams 

of tissue from the diaphragm crus, the tongue, and masseter muscle [16] were 

collected. Data on age, sex, original location (domestic or wild pig), production 

system (commercial, smallholder backyard) and management practices (confinement 

or non-confinement) were obtained from pig traders (in the case of abattoir-

slaughtered pigs) and original smallholder farmers or consumers (in the case of 

smallholder-slaughtered pigs). 

7.2.2 Artificial digestion 

For groups of five pigs, diaphragm, tongue, and masseter muscle samples were pooled 

based on the method described by Gamble et al. (2000) [17]. In brief, fat tissues were 

carefully removed from the muscle tissue with the amount of muscle dissection kept 

to a minimum. Twenty grams of pooled muscle was homogenised using a blender. In 

some situations where there was insufficient muscle tissue to yield a 20 g pooled 

sample, muscle tissue from healthy pork was used to make up the shortfall. Each 20 g 

pool was then digested in 2 litres of 1% pepsin-hydrochloric acid (Pepsin 1:10 000 NF 

Sigma Aldrich; Hydrochloric acid 37% Merck) and mixed for 40 minutes. The digest 

fluid was passed through a 180 µm sieve to retain any undigested material and then 

onto a 20 µm mesh that would then retain any Trichinella muscle larvae. The 20 µm 

mesh was rinsed forcefully using warm tap water until traces of the digested fluid 

were gone. The remaining sediment was rinsed into a gridded square petri dish with 

up to 20 mL water. The rinse was examined for Trichinella larvae using a dissecting 

microscope at 20 × magnification. 
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7.2.3 Statistical analysis 

Because of the imperfect diagnostic test characteristics of AD (compared with PCR 

[18]) the estimated TP of Trichinella, accounting for pooling was calculated using the 

general approach described by Sergeant et al., 2008 [19] and Rogan & Gladen (1978) 

[20], modified for the low prevalence situation using Bayesian methods as described by 

Messam et al. (2008) [21]. 

In brief, a Bayesian approach accounts for uncertainty in the values of the diagnostic 

test characteristics of the pooled testing protocol. Where 𝑆𝑒 and 𝑆𝑝 represent the 

sensitivity and specificity of the individual tests (respectively), and 𝑆𝑒  and 𝑆𝑝  

represent the sensitivity and specificity of the pooled testing protocols (respectively) 

and 𝑛 is the number of pools, the distribution of the number of test-positive pools is 

𝑥 | 𝑇𝑃, 𝑆𝑒 , 𝑆𝑝  ~ 𝑏𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑛, 𝐴𝑃) where: 

𝐴𝑃 = 𝑆𝑒  × (1 − [1 − 𝑇𝑃] ) + (1 −  𝑆𝑝  × [1 − 𝑇𝑃] ) Equation 1 

and  

𝑆𝑒 = 1 −  (1 − 𝑆𝑒)  × 𝑆𝑝 ( ) Equation 2 

and 

𝑆𝑝 =  𝑆𝑝 . Equation 3 

To estimate the 𝑇𝑃 of Trichinella at the individual animal level beta prior distributions 

for the 𝑆𝑒 and 𝑆𝑝 of AD were used. We assumed that the 𝑇𝑃 of Trichinella was greater 

than zero and that all prevalences were equally likely, which translates to a 

𝑇𝑃 ~ 𝑏𝑒𝑡𝑎(1, 1) distribution.  

Markov chain Monte Carlo (MCMC) methods were used to derive posterior estimates 

of 𝑇𝑃 using WinBUGS [22, 23]. In WinBUGS, the MCMC sampler was run for 20,000 

iterations and the first 1000 ‘burn in’ samples were discarded. The posterior distribution 

of 𝑇𝑃 was obtained by running sufficient iterations to ensure that the Monte Carlo 

standard error of the posterior means were at least one order of magnitude smaller than 

their posterior standard deviation [24]. Parallel chains were run using diverse initial 
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values to ensure that convergence was achieved to the same distribution. The point 

estimate and 95% CrI for 𝑇𝑃 is reported as the median and 0.025 and 0.975 quantiles of 

the posterior distribution of 𝑇𝑃. Because of the considerable uncertainty around the 𝑆𝑒 

of AD we conducted a series of analyses where, 𝑇𝑃 was calculated assuming 𝑆𝑒 took 

values that ranged from 10 to 100% at 10% increments or were obtained from previous 

publications [25]. For all calculations the 𝑆𝑝 of AD was assumed to be 100%. Statistical 

analyses were carried out using the contributed package R2WinBUGS [26] in R [27]. 

7.3 Results 

Of the 835 pigs sampled, 202 (24%), 334 (40%) and 298 (36%) were sourced from 

Krong Nang, Buon Don and M’Drak districts, respectively. Confined pigs comprised 

87% (n = 730) and free-roaming pigs 13% (n = 105) of the study population. Of the 

confined pigs, 12% (n = 84) were raised in local households, 4% (n = 26) were wild-

captured pigs and 85% (n = 620) were from commercial enterprises. All free-roaming 

pigs were raised in backyards of local small holder farmer households. AD did not 

identify the presence of larvae in any of the pigs sampled in this study. The estimated 

TP of Trichinella in pigs in these communities ranged from 0.38% (95% CrI 0.02 to 

1.29) to 2.44% (95% CrI 0.12 to 9.23) (Table 7.1 and Fig. 7.1). 

7.4 Discussion 

Even though pig management conditions in Dak Lak provide conditions conducive to 

the propagation of Trichinella, we failed to recover any Trichinella larvae using AD. 

In the human trichinellosis outbreak described by Vu Thi et al. in 2013 and 2014 [10, 

11], only free-roaming pigs and dogs were found seropositive to Trichinella as 

opposed to the confined seronegative pigs. The low proportion of free-roaming pigs 

tested in this study (13%, n = 105) may explain the absence of Trichinella positive 

pigs herein. Due to pork traders fearing that their businesses will be shut down if 

infected carcasses are found by health officials, slaughtering of free-roaming pigs in 

rural communities tends to be a discrete activity. This impacted our ability to obtain 

sufficient free-roaming pig sample numbers to reflect the proportion of free-roaming 

pigs consumed in this area of Vietnam.  
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Assuming the 𝑆𝑒 of AD ranged from 10% to 92% and the 𝑆𝑝 is 100% our estimate of 

the true individual animal prevalence of Trichinella in Dak Lak ranged from 2.4% (95% 

CrI 0.12 to 9.2) to 0.52% (95% CrI 0.02 to 1.9), respectively (Table 7.1 and Fig. 7.1). If 

the 𝑆𝑒 of AD was assumed 100%, the estimated TP of Trichinella was 0.38% (95%, CrI 

0.02 to 1.3). In Argentina and Mexico where Trichinella are endemic, the prevalence of 

Trichinella in slaughtered pigs determined using AD is commonly less than 1% [28, 

29]. This indicates that even in endemic regions the prevalence of Trichinella is quite 

low. Our estimates of the 𝑇𝑃 of Trichinella in pigs in Dak Lak province are therefore 

consistent with those from endemic countries such as Argentina and Mexico. Even 

though all samples in this study were AD test negative, we stress that absence of 

evidence is not evidence of absence [26] and our findings should be interpreted 

accordingly with routine existing advice regarding standards of pig housing and limiting 

access of pigs to raw meat maintained.  

Although AD is considered the ‘gold standard’ for the detection of Trichinella, the limit 

of detection using this method is ≥ 3 larvae per gram (LPG) when digesting 1 g of pool 

muscle compared to PCR-based methods which can detect as low as 0.1 LPG [18, 30]. 

In a survey conducted by Vu Thi et al., (2010) [9] in Son La province, of 206 

seropositive carcasses tested by PCR, Trichinella larvae were recovered from 11 

samples and the burden of infection in Trichinella positive individuals was estimated to 

vary from 0.04 to 0.4 LPG. It is therefore possible that in this study larval burdens were 

lower than the limit of AD detection which resulted in missed positive cases [31].  

7.5 Conclusions 

Although Dak Lak province has environmental conditions and pig management 

practices conducive for the propagation of Trichinella in domestic and sylvatic hosts, 

we failed to detect Trichinella larvae in confined and free-roaming pig populations 

using AD. Further investigations targeting more representative sections of the pig 

population using cost competitive and sensitive serological and/or molecular diagnostic 

tools should provide a better estimate of the prevalence of Trichinella infection in Dak 

Lak in the future.  
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Table 7.1 Estimated true prevalence of Trichinella with assuming test Sp of 100% 

Test sensitivity (%) Larvae burden (LPG) True prevalence (%) 95% CrI 

100 NA 0.38 0.02 to 1.29 
92 a 0.25 

0.52 0.02 to 1.86 
88 a 0.50 

0.54 0.02 to 1.95 
72 a 0.15 

0.68 0.03 to 2.42 
60 NA 0.84 0.04 to 2.74 
50 NA 0.84 0.05 to 3.03 
40 NA 1.06 0.06 to 3.96 
30 NA 1.27 0.07 to 4.58 
20 NA 1.71 0.06 to 6.65 
10 NA 2.44 0.12 to 9.23 

NA: Not applicable; 
a 

Test sensitivity was obtained from Cuttell (2013) [25] 

 

  

 

Fig. 7.1 Estimated true prevalence of Trichinella with assuming test Sp of 100%. The dark grey area 
indicates 95% credible interval of estimated true prevalence 
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CHAPTER 8  

General discussion 
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8.1 Aims of the study revisited 

Vietnam is classified as a low-to-middle income country by the World Bank [1, 2]. The 

country is comprised of eight regions: the Southeast, the Red River Delta, the Mekong 

River Delta, the Northeast, Northwest, North Central Coast, South Central Coast and 

Central Highlands. The Central Highlands is located in the southern central part of the 

country and comprises five provinces, Kon Tum, Gia Lai, Dak Lak, Lam Dong and Dak 

Nong. The socio-economic standing of this region is low compared with the rest of the 

country and resources for addressing issues related to low rates of education and high 

rates of poverty is limited. Low numbers of physicians and veterinarians per capita and 

relatively limited public health facilities contribute to low standards of accessibility to 

medical care. Health and environmental education campaigns are infrequent which 

contributes to the poor standards of sanitation and hygiene observed, which include 

routine practices of outdoor defaecation and unsafe eating habits. Vietnam is among the 

top five countries that raise pigs in the world [3]. However, the majority of pig production 

systems consist of smallholder (household) farms, common in rural regions [4]. The pig 

husbandry system in rural regions of the Central Highlands is characterised by the use of 

agricultural by-products for feeding pigs, that are allowed to free-roam [4, 5].  

Taenia and Trichinella are neglected zoonotic parasites that are endemic in most 

underdeveloped countries and regions where extensive pig raising is practiced and 

where the consumption of undercooked meat is commonplace [6]. Current estimates of 

the prevalence of Taenia and Trichinella at the community level in Vietnam is lacking. 

The little research that has been conducted, has focussed on the north of the country 

and, given the substantial changes arising from economic development that has occurred 

in recent years, it is likely that the results of these few studies are now outdated and not 

indicative of current conditions.  

In the Central Highlands, despite the presence of a number of factors conducive to either 

infection or exposure to Taenia and Trichinella, there is little or no information on the 

prevalence of and risk factors for taeniasis, T. solium cysticercosis, and Trichinella in 

humans and pigs. A lack of robust, quantitative data deprives government veterinary and 

public health officers of information that can be used to devise appropriate measures to 
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manage these parasites in pig and human populations. For these reasons, the primary aims 

of this thesis were to determine the risk factors associated with the seroprevalence of 

human and pig T. solium exposure, and true prevalence of Taenia tapeworm species 

infection in humans and Trichinella in pigs. In addition, this PhD study aimed to identify 

the spatial distribution of T. solium taeniasis and cysticerci exposed pigs and humans and 

ascertain the spatial relationship between them. 

8.2 Limitation of this thesis 

The research that comprises this dissertation was self-funded, limiting the ability to 

carry out investigations comprised of large numbers of participants over wide 

geographic areas. Hence, the conclusion on the TP of taeniasis in humans and 

Trichinella exposure in pigs, as well as the seroprevalence of T. solium cysticerci 

exposure in humans and pigs may not be as strong as if a larger sample size were 

screened. Subsequently, risk factors associated with taeniasis and T. solium 

seroexposure in humans and pigs would also be strengthened if a larger sample size 

were utilised. 

Given the budget limitation, we were not able to utilise ‘gold standard’ methods to 

confirm the present T. solium cysticerci infections in humans (chapter 4) and pigs 

(chapter 5) using ultrasound or CT / MRI scans. The reported results in this thesis were 

thus limited to T. solium seroexposure which cannot definitively confirm the presence 

of a current or true infection in humans and pigs but rather, their ability to mount an 

antibody response to the antigens of T. solium. This research was thus unable to provide 

the most accurate and clinically relevant picture of T. solium cysticerci infection in the 

region. The specificity and accuracy of the intervention methods proposed to the 

communities (Chapter 8) may thus be reduced as a consequence. In addition, the more 

sensitive methods (using ELISA, WB or PCR) to screen Trichinella in pig populations 

(Chapter 7) were not utilised due to the budgetary constraints; the TP of Trichinella in 

pigs may be underestimated. 

This research was conducted in the rural communities of Dak Lak province where 

facilities are generally lacking along with limited numbers of trained personnel 

available to provide assistance with field research.  
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Budgetary limitations also meant that we could not screen for porcine cysticercosis 

using additional LLGP antigens in the EITB assay format (Chapter 5), which has been 

shown to be the most reliable serological ante-mortem test for porcine T. solium 

seroexposure [7]. Utilisation of rT24H antigens in the EITB assay however provided a 

reasonable compromise. Ideally, post-mortem examinations of pigs that were found to 

be seropositive for T. solium exposure using the rT24H-EITB assay would have 

provided confirmation of serological results, however this was not possible given 

constraints of having to pay the householder for replacement pigs. Similar to the 

aforementioned situation in humans, the outcome we measured was therefore T. solium 

exposure, as opposed to T. solium infection. The proposal intervention methods for 

eliminating or reducing the infection in humans and pigs may not fix the current 

situation in the communities as the true and/or present infections were not confirmed. 

Moreover, given the relatively limited sample size and low numbers of individuals 

positive for taeniasis, we were unable to estimate risk factors for species-level taeniasis 

in Dak Lak province (Chapter 4). Similarly, the relatively low numbers of pigs positive 

for T. solium exposure hindered our ability to build a strong model for the association of 

risk factors for T. solium exposure in pigs, as well as detered efforts to identify the 

spatial relationship between T. solium taeniasis and cysticercosis in humans and pigs 

(Chapter 6). 

In the Central Highlands of Vietnam slaughter of free-roaming pigs is typically carried 

out discretely since pork traders fear that their businesses will be shut down if 

cysticerci-infected carcasses are found by health officials. Furthermore, free-roaming 

pigs are sold directly from farmers to consumers and pigs that are purchased tend to be 

slaughtered by consumers, typically in their back yard. Both of these factors negatively 

impacted on our ability to collect muscle samples from slaughtered community pigs for 

the Trichinella study. Since the composition of the pigs for Trichinella study did not 

reflect the general population of pigs, it is possible that the prevalence reported in this 

study is not an accurate estimate of the TP of Trichinella infection in Dak Lak. A 

relatively small sample size and the fact that all of the muscle samples that were tested 

were found to be negative for Trichinella meant that we were unable to identify the 



227 
 
 

species/genotypes and risk factors of Trichinella infection in pigs in the communities of 

Dak Lak province.  

8.3 Application of new and multiple diagnostic tests 

8.3.1 Diagnosis of taeniasis 

The question of how many Taenia tapeworm species exist and the prevalence of 

taeniasis infection in humans in Dak Lak province were questions that were addressed 

in this dissertation. In North Vietnam, three species of Taenia tapeworms were 

confirmed for the first time in 2001 [8]. Prior to this study, experts presumed that T. 

asiatica was not present in the South of Vietnam and T. saginata was dominant over T. 

solium. This assumption was based on the finding that 100% of 15 Taenia spp. 

proglottids collected in the South Vietnam (in the provinces of Lam Dong, Kon Tum, 

Dak Lak, Ha Tinh, Phu Yen, Ninh Thuan, Can Tho and Ho Chi Minh) were identified 

as T. saginata [9]. 

The poor sensitivity of light microscopy to identify eggs of Taenia in faeces in 

previously conducted helminth surveys in Vietnam is likely to have resulted in 

underestimation of the TP of taeniasis infection, and it is possible that there may have 

been errors in identifying Taenia species on the basis of light microscopic 

examination of proglottids alone (Chapter 2). Our study in Dak Lak province 

reinforced this critique of the literature: of 342 individuals, the AP of taeniasis 

estimated using the KK technique was 2% (95% CI 0.9 to 4.4). The AP increased to 

6.7% (95% CI 4.4 to 10) when the same samples were tested using a newly developed 

multiplex real-time PCR (T3qPCR). Furthermore, when the imperfect Se and Sp of 

the multiplex real-time PCR were taken into account the TP of taeniasis was estimated 

to be 5.1% (95% CI 2.7 to 8.6). 

The advantage of the T3qPCR compared with the cAg-ELISA and KK is its ability to 

discriminate Taenia species and with substantially greater diagnostic Se and Sp 

compared to the KK technique (Chapter 3). The utilisation of T3qPCR allowed the 

prevalence of this tapeworm in the Central Highlands of Vietnam to be determined 

and negated the assumption that T. asiatica is restricted to the north of the country. In 
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addition, this assay assisted in proving the sympatric existence of all three human 

tapeworms in the region for the first time and confirmed the dominance of T. saginata 

over T. solium in Dak Lak province with TP estimates of 5.8% (95% CI 3.7 to 9.0) 

and 1.2% (95% CI 0.4 to 3.2), respectively. The T3qPCR provides a suitable tool for 

large-scale community surveys due to its ability to screen samples in a high 

throughput fashion.  

8.3.2 Diagnosis of Taenia solium cysticercosis in humans 

Options for choosing a reliable serodiagnostic test for T. solium cysticercosis in humans 

and pigs are limited. The LLGP-EITB assay is considered the reference serological test 

using native LLGPs antigen derived from T. solium cysticerci. The assay requires 

expensive equipment and technical expertise, thus it is difficult to apply in developing 

countries (usually Taenia endemic countries) where actually need for eliminating the 

parasite. Besides this, an ELISA using B158C11A10 and B60H8A4 monoclonal 

antibodies has been used widely in the field and has recently been commercialised (the 

apDia Cysticercosis Antigen ELISA, apDia-ELISA), despite little information on 

diagnostic test characteristics being available [10]. In this study, utilization of antibody 

test (LLGP-EITB assay) means that the current T. solium cysticercosis infection is not 

known as the assay can pick up the case of passively obtained antibodies or transition 

antibodies. In Dak Lak as well as Vietnam where T. solium is endemic, a reliable 

serological assay to confirm the true status of cysticercosis infection is necessary to 

obtain the true burden of cysticercosis in the region to propose a suitable strategy for 

intervention programs.  

8.3.3 Diagnosis of Taenia solium cysticercosis in pigs 

In Dak Lak, the dog tapeworm, T. hydatigena, is endemic [11, 12] along with the 

sympatric presence of T. solium and T. asiatica which use pigs as their intermediate 

hosts. For these reasons it is a challenge to investigate the prevalence of porcine T. 

solium cysticercosis in the province using ante-mortem serological methods. Post-

mortem examination is a reliable means for diagnosing T. solium cysticercosis in pigs, 

but this was impractical because most of the pigs reared in rural communities of Dak 
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Lak are slaughtered on an individual and irregular basis within backyards. Palpation of 

the tongue to detect cysts may have been possible, however this is a relatively 

insensitive procedure. Moreover, this technique is not only time consuming and but also 

presents a health and safety risks for those conducting the examination [7, 13, 14].  

In a large-scale survey, serology is the preferred diagnostic method. However, antibody 

and antigen-ELISAs reportedly cross-react with T. hydatigena [15–20] and are therefore 

not suitable for use as a diagnostic test for Taenia solium cysticercosis in pigs in Dak 

Lak. In this study, serum samples from pigs were subjected to the rT24H-EITB assay to 

detect antibodies against T. solium cysticerci. This antigen worked well in different 

platforms of EITB, MAPIA, MICT and Quick ELISA [21–30] and initially shows 

highly specific to T. solium. 

8.4 Epidemiological characteristics of Taenia in Vietnam 

The systematic review of taeniasis and T. solium cysticercosis (Chapter 2) helped to 

provide an overview of the main epidemiological features of pork-borne zoonotic 

diseases in Vietnam. Taeniasis and cysticercosis in humans were the outcomes of 

interest with TP estimates ranging from zero to 13% across the various study locations. 

The TP of human cysticercosis in some regions was relatively high, arising from 

sporadic foci of T. solium. In contrast to human cysticercosis, the TP of porcine 

cysticercosis was relatively low in most study locations (less than 1%). The use of tests 

with a relatively low diagnostic Se (e.g. post-mortem carcass examination) and 

slaughterhouse-based surveys were presumed to be the reason for the low prevalence of 

porcine cysticercosis in Vietnam (Chapter 2). Consumption of undercooked and/or raw 

meat were identified as the main risk factors for taeniasis whilst consumption of raw 

vegetables and the use of night-soil for fertilisation of local produce were risk factors 

for T. solium exposure.  

In Chapter 2, we hypothesised that the low AP of T. solium cysticercosis in pigs was 

due to use of a diagnostic test with relatively low Se (carcass examination) and/or the 

internal validity of the study’s findings was poor because of selection bias: the 

population of pigs slaughtered at abattoirs were not typical of the general population of 

pigs in each of the study regions. In Chapter 5, where the seroprevalence of T. solium 
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exposure in pigs was estimated using a community-based survey (where the population 

of pigs that took part in the study were typical of the general population of pigs in Dak 

Lak), we showed that even with a good diagnostic test (the rT24H-EITB assay) the 

prevalence of T. solium exposure was low, supporting the hypothesis of protective 

cross-reactivity between T. hydatigena and T. solium. 

The sympatric existence of all three human tapeworm species along with the presence 

of T. hydatigena increases the complexity of diagnosing T. solium cysticercosis in pigs 

in Dak Lak province. The overall AP of taeniasis in the province was 6.7% (95% CI 

4.4 to 10) in which T. saginata taeniasis was the most dominant infection (5.8%, 95% 

CI 3.7 to 9.0) followed by T. asiatica and T. solium taeniasis with 1.5% (95% CI 0.5 

to 3.6) and 1.2% (95% CI 0.4 to 3.2), respectively (Chapter 3). Factors associated with 

Taenia spp. taeniasis infection were frequent consumption of undercooked beef and 

undercooked pork, and frequent consumption of pork tongue. The identified risk 

factors supported the presence of the three human tapeworms in the region as 

consumption of undercooked beef may cause T. saginata taeniasis and consumption of 

undercooked pork or pork tongue may cause T. solium and/or T. asiatica taeniasis. 

Because the prevalence of undercooked beef consumption was high and because the 

association between this consumption and taeniasis was relatively strong, elimination 

of exposure to this risk factor, e.g. via using education campaigns, was estimated to 

decrease the prevalence of taeniasis by 77%. Elimination of exposure to consumption 

of undercooked pork and pork tongue was estimated to decrease the prevalence of 

taeniasis by 24% and 26%, respectively (Chapter 4). Parasitic diseases may have 

occult and insidious impacts on human health and thus local economies in comparison 

to bacterial and virological diseases which normally occur acutely with obvious 

impacts. Due to this, parasitic diseases often do not receive much attention and 

governmental interest, especially in low-income countries such as Vietnam. Our 

findings therefore help to raise governmental awareness in Dak Lak as well as 

Vietnam about taeniasis and T. solium cysticercosis. This study provides a scientific 

basis and evidence to allow the economic costs and the benefits of intervention to be 

calculated for T. solium cysticercosis and taeniasis. This would be an important next 

step to increase the likelihood of advocacy and action from local governments to 
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implement community control measures for these parasites. Finally, the quantified risk 

factors for taeniasis and T. solium exposure assist in the proposal of efficient strategies 

to reduce or eliminate the burden of Taenia in Dak Lak. 

Pigs are expected to have a higher probability of T. solium cysticerci infection compared 

with humans because pigs have more frequent exposure to each of the known risk factors 

for cysticercosis (i.e. free-roaming, scavenging and coprophagy of human stools). While 

humans and pigs share the same environmental conditions in Dak Lak province, the 

prevalence of T. solium exposure was substantially higher in humans (5%) than it was in 

pigs (0.94%) (Chapter 2). This result is in concordance with findings reported by Conlan 

et al. (2012) [31], who showed that village pigs in Laos possessed a very low prevalence 

of T. solium cysticercosis (0.8%) compared with that of T. hydatigena (22%), even though 

the prevalence of T. solium in humans in the same area was relatively high (5.7%). The 

low prevalence of T. solium porcine cysticercosis was hypothesised by Conlan and co-

workers to be due to protective cross-reactivity between T. hydatigena and T. solium.  

The literacy rate among the 342 participants that took part in the study described in 

Chapter 4 was 56% and approximately 91% of participants worked in animal husbandry 

and agricultural sectors at the smallholder level. If the study participants were typical of 

the wider population of Dak Lak it is likely that the general level of awareness of 

hygiene and sanitation and its relationship with health is low. This statement is 

supported by the relatively high percentage of participants who did not their wash hands 

after defaecation and before eating (35% and 44%, respectively) (Chapter 4).  

Fig. 8.1 provides a schematic diagram of transmission pathways for taeniasis and T. 

solium seroexposure in the communities of Dak Lak province. Environmental factors 

such as water sources, the presence of vegetables or soil may be contaminated with 

Taenia eggs shed from tapeworm carriers (either T. solium, T. saginata or T. asiatica) 

due to outdoor defaecation was commonly observed within the study communities. 

Inhabitants may be infected with T. solium cysticerci when drinking untreated water 

sourced from streams or wells and/or the consumption of raw, unwashed vegetables 

contaminated T. solium eggs. These factors contributed significantly to T. solium 

cysticerci exposure in humans with the adjusted population attributable fraction for 
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consumption of raw vegetables and drinking water sourced from lakes, streams or ponds 

at 74% and 56%, respectively. 

The practice of defaecating outdoors in combination with the mobility of humans and 

animals is conducive to the spread of Taenia eggs into the environment. Understanding 

the spatial distribution of T. solium taeniasis and cysticercosis and the spatial 

relationship between taeniasis and cysticercosis provides important background 

information when developing strategies to either control and /or eliminate T. solium 

infection. In Chapter 6 we identified a statistically significant positive spatial 

autocorrelation among human T. solium exposure-positive households in the district of 

Krong Nang. We speculate that anthropological and fine-scale environmental 

characteristics within the villages of Krong Nang were sufficient to give rise to spatial 

clustering of human T. solium exposure to be detected even in the presence of a modest 

sampling effort (n = 30 households). 

8.5 What are the distinctive characteristics of Dak Lak?  

The presence of T. asiatica together with T. saginata and T. solium in Dak Lak makes 

the province typical of most regions in Southeast Asia, harbouring the sympatric 

existence of all three human tapeworms. While in Vietnam’s North [32, 33] and 

Samosir Island (Indonesia) [34] T. asiatica was observed to be the dominant Taenia 

species, T. saginata is dominant in Dak Lak province, similar to Thailand [35] and Laos 

[31]. The presence of all three Taenia species with the co-existence of dog tapeworm, T. 

hydatigena, adds to the complexity for understanding the epidemiological features of 

these Taenia spp. parasites in Dak Lak province. In contrast to the Northern Vietnam 

where T. solium is characterized by hotspots or foci of infection, the prevalence of T. 

solium in this study region was low and homogenously dispersed, indicating that T. 

solium may not pose as serious a public health problem as originally hypothesised.  

It is known that different settings may possess different risk factors for the circulation of 

the parasite. For example, in the mountainous regions of Vietnam’s North, permitting 

pigs to roam, the lack of latrines and utilization of human faeces (night-soil) for 

fertilization were identified to be associated with T. solium cysticercosis in pigs 

(Willingham III et al., 2003). In contrast, the use of night-soil was not a risk factor for 
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porcine cysticercosis in Dak Lak (Chapter 5). The cultivation practices between the two 

regions are quite different and although night-soil is utilised as a fertilizer for vegetables 

in the North, this is rarely practiced in the Central Highlands.  

Similarly, routine coprophagy of human faeces and scavenging for food were significant 

risk factors for cysticercosis exposure in pigs (Chapter 5). Although examined, factors 

such as sex, breed and age of pigs which were associated with porcine cysticercosis in 

Peru, Mexico, Mozambique, Zambia and Tanzania   [40-45], were not found associated 

with seroexposure. This may due to the difference in biological (the presence of T. 

hydatigena), social, cultural, or environmental characteristics of the region. 

8.6 Trichinella study - The first attempt  

This study provided an effort to quantify the prevalence of Trichinella infection in pigs 

in the Central Highlands of Vietnam for the first time. Trichinella larvae were not found 

in any of the 835 pork muscle samples screened using the AD method; it is possible that 

the prevalence reported in this study is not an accurate estimate of the TP of Trichinella 

infection in Dak Lak. In endemic regions, the prevalence of Trichinella infection in pigs 

is often less than 1% [36, 37],.. The low sample size may be one of the reasons for the 

negative result. Furthermore free-roaming pigs are commonly at higher risk of 

Trichinella infection compared with confined pigs. In the northwest of  Vietnam no 

positive cases of Trichinella were detected in confined pigs [38]. The low proportion of 

free-roaming pigs (13%, n = 150) tested as part of this study may explain the absence of 

the parasite in this cohort. In addition, the AD method is known to possess poor 

diagnostic sensitivity compared with serological and molecular methods and may have 

resulted in false negative detections.  

While the AD method is useful for confirming the result of immunological and 

molecular diagnostic tests it is known to have relatively poor Se when the burden of 

Trichinella is low [39]. Assuming the Se of the AD test ranged from 10% to 90% and 

the Sp was 100%, the TP of Trichinella in Dak Lak was estimated to be anywhere 

between 0.09% (95% CI 0 to 0.44) and 0.8% (95% CI 0.03 to 4.34), respectively 

(Chapter 7). In fact, our TP estimate assumes 92% diagnostic Se (0.52%, 95% CrI 0.02 to 

1.9) and this results in a prevalence of trichinellosis observed in regions such as Mexico 
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and Argentina where the disease is endemic, with a mere 1% of pigs at slaughter testing 

positive to AD [36, 37]. From this TP estimation, it is possible that Trichinella is indeed 

present in Dak Lak as well as the Central Highlands of Vietnam, however could not be 

definitively ascertained owing to relatively low sample size. Future work subjecting 

current sera and muscle samples to immuno- or molecular- diagnostic assays will allow 

an estimate of prevalence to be calculated with improved confidence.  . 

Because of what appears to be a low prevalence of Trichinella and the relatively poor 

Se of AD to detect Trichinella in the tested samples, this dissertation was unable to 

identify risk factors for porcine Trichinella in Dak Lak. Although none of the pigs 

sampled in this study were Trichinella larvae positive, we cannot assume that the risk of 

trichinellosis in humans is negligible in this area of Vietnam. Further investigations 

targeting representative sections of the pig population using cost competitive and 

sensitive serological and/or molecular diagnostic tools should provide a better estimate 

of the prevalence of porcine Trichinella infection and risks for human trichinellosis in 

Dak Lak in the future. 

8.7 Recommendations for controlling of the pork-borne zoonoses 

The current study demonstrated the high risk of Taenia infection and possibility of the 

circulation of Trichinella in the communities of Dak Lak province. Both Taenia and 

Trichinella have the same pig hosts; as the result, the measures for control these pork-

borne zoonotic diseases are relatively similar. 

There is a broad group of control methods for taeniasis, cysticercosis and Trichinella 

infection such as community education on health, hygiene and sanitary, meat inspection, 

pig management, and treatment of taeniasis carriers as well as vaccination of pig 

populations. Research has pointed out that the implementation of a single method will 

not result in a satisfactory reduction of disease morbidity or transmission. A 

combination of approaches focussing on both human and animal hosts should be 

implemented to control and eliminate the zoonotic parasites. In the communities of Dak 

Lak province, a One Health approach involving community education involving pig 

owners, medical- and veterinary- sectors would be asuitable approach and comply with 

the findings of this study. 
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8.7.1 Community education 

Community education includes providing villagers with information about the primary 

pork-borne zoonotic parasites of importance and their relationship with human and 

animal health. In turn, this knowledge will guide the development of appropriate 

sanitation, hygiene and animal management strategies to avoid infection and/or stop the 

circulation of these parasites within communities. For example, the health education 

program resulted in a reduction of 43% in porcine cysticercosis incidence in 21 

intervention villages in Tanzania (Ngowi et al., 2009) [3]. Health education although  

important [40, 41], should form a component of a larger or more integrated intervention 

program in order to obtain a high degree of translational efficacy.  

The findings of this study showed that the prevalence of Taenia spp. taeniasis in the 

communities of Dak Lak province was strongly associated with males, observation of 

proglottids and the consumption of raw or undercooked meat (pork tongue, beef and 

pork). T. solium seroexposure in humans associated with the consumption of raw 

vegetables, sourcing water from streams, lakes or ponds and outdoor defaecation. In 

pigs, allowing pigs to roam freely, the practice of outdoor defaecation amongst humans 

and coprophagy of human faeces were the risk factors associated with T. solium 

seroexposure. The messages included in public health education programs should 

therefore address each of these factors. 

To reduce/eliminate Taenia spp. taeniasis in the communities of Dak Lak province, the 

massage of education is to encourage consumption of cooked pork and beef amongst 

inhabitants, especially targeting males who commonly consume these delicacies when 

consuming alcohol. The message of using a safe drinking water supply,  boiling water, 

washing or cooking of vegetables prior to consumption and using a closed latrine 

system should be conveyed to the communities to reduce the risk of infection with T. 

solium cysticerci among resident. The local residents should be educated to confine pigs 

and the message of the benefit of confining pigs should be delivered to pig owners. The 

optimal choices to convey education messages to villages are through community 

loudspeakers, through village head persons, village communal meetings, at schools 

and/or social organisations such as women’s or youth groups. Among the three study 
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districts in Dak Lak province, porcine T. solium seroexposure in M’Drak district was 

spatially aggregated. This implies that one or more of the risk factors listed above were 

particularly prevalent in M’Drak and that education programs should be targeted 

accordingly. Since many of the aforementioned risk factors are traditional practices in 

this area of Vietnam, the probability to induce permanent behavioural change from a 

single education campaign is likely to be small. As proposed above, a One Health 

approach utilising the expertise of anthropologists might be one way of effecting 

permanent behavioural change.  

8.7.2 Veterinary measures 

It is essential that veterinarians retain their role as professional advisors for disease 

prevention and control in animals. Taenia and Trichinella are zoonotic parasites, and 

intervention measures developed by veterinary health workers are a key step towards 

breaking parasite lifecycles and reducing the risk of transmission of infection to 

humans. There are a lot of veterinary measures to reduce/eliminate the prevalence of 

T. solium cysticercosis in pigs such as meat inspection, improving pig husbandry, 

restricting animal movement, treatment of pigs with anthelmintics and vaccination 

[42]. The findings of this study indicates that improvements in pig husbandry is 

necessary and will have the great impact on parasite control in Dak Lak province as 

allowing pigs to roam freely and allowing pigs to ingest human faeces were the risk 

factors for T. solium exposure. 

Pigs are produced in a variety of production systems in Dak Lak province ranging from 

free-roaming village pigs living on waste, backyard pigs, pigs on small family farms, 

and large scale integrated farms with high levels of biosecurity [43]. In rural 

communities of Dak Lak as well as the rest of Vietnam, pig rearing is a temporary 

activity often associated with low-income families and regarded as a backup financial 

source with a very low investment outlay. Farmers see no advantage in confining pigs 

when faced with the financial burden of constructing a pigsty, particularly in times of 

food shortage. In Dak Lak province where rice production is not a major activity, 

householders are unable to utilise rice by-products as a source of food for pigs. The 

immediate economic benefit of allowing pigs to free roam is obvious to most farmers in 
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this area of Vietnam [44]. Gilman et al., (1999) [44] demonstrated a reduction in the 

incidence of T. solium cysticercosis when pigs were tied or corralled and fed with rice 

by-products. Similarly, Braae et al. [45] proved that confined pigs had comparable 

prevalence of T. solium cysticercosis to free-ranging pigs. 

To eliminate the practice of allowing pigs to free roam in Dak Lak two key points 

should be solved. Firstly, materials for pigsty construction and foodstuff resources for 

pigs should be made more affordable for poor families. Confinement of pigs within a 

corral using local materials such as bamboo, coffee or rubber trunk to construct a 

fence could be an option. Secondly, encouragement of local residents to cultivate 

maize, cassava or sweet potato and even golden snails as a food resources for pigs 

should be considered. Semi-industrial pig husbandry systems that utilise local feed 

stuffs and affordable and simple pig housing should be showcased to poor 

communities to show their benefit to both pig production and health. The utilisation of 

anthelmintics such as oxfendazole for treatment of porcine cysticercosis is an 

intervention strategy. Finally, if none of the aforementioned solutions are feasible, it 

may be necessary to encourage poor families to change their husbandry system from 

pigs to other, low overhead livestock species such as poultry or rabbits.  

8.7.3 Medical measures 

Medical measures to eradicate T. solium cysticercosis and Taenia spp. taeniasis include 

detection and treatment of tapeworm carriers and ensuring appropriate sanitation and 

hygiene practices. 

Detection of tapeworm carriers and chemotherapy with cestodicides in taeniasis patients 

destroys the source of infection for humans and pigs by eliminating the parasite. Mass 

medication with cestodicides [46] would provide one option for reducing the prevalence 

of infection in humans; however, this method seems not feasible for Dak Lak as 

infection is low and sporadic. Since there is an association betweenTaenia spp. infection 

and males and with individuals consuming raw/undercooked beef/pork in the 

communities of Dak Lak province, a risk based approach to target cestodicidal 

treatment to this group of people is advised. As praziquantel is not ovicidal, it is 
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imperative these individuals be advised to defecate in a closed latrine and if this is not 

possible, dispose of their stool via incineration / burning to ensure that eliminated 

tapeworms do not in turn result in further contamination of the environment. 

Taeniasis can be detected through self-diagnosis, microscopic examination of stools, 

copro-PCRs, copro-ELISAs or copro-WB. The association of taeniasis infection with 

the observation of Taenia proglottids in this study suggests that self-report from infected 

patients is the feasible approach. To carry out self-diagnosis, individuals need to be 

equipped with appropriate knowledge about clinical symptoms and in this regard local 

health workers should play an active education role within their communities.  

In Chapter 6, we showed that the relatively low prevalence of exposure to T. solium and 

although cases of human and porcine T. solium seroexposure in certain locations 

occurred in close proximity of each other, the regular distribution was found in the most 

locations of study. These indicate that massive deworming programs in the communities 

of Dak Lak province are, for the most part, unnecessary. Instead, we recommend that if 

a case of T. solium seropositive identified then either: (a) individuals resident in the 

immediate area should be tested to rule out the presence of an exposure or infection 

cluster; or (b) anthelmintic treatment is offered to individuals resident within a 1500 m 

radius of the identified case.  

Outdoor defecation was a significant factor for T. solium seropositive humans 

(Chapter 4); this activity may result in free-roaming pigs ingesting human feces 

(Chapter 5). Public health workers should play an active role in guiding inhabitants on 

how to build functional latrines. Building a latrine should be cheap and easy to 

construct in order for it to be translatable to inhabitants in low-income regions. In Dak 

Lak province as well as remote regions, building a pit latrine seems an economic 

solution. In case pit latrines are not affordable, guiding the practice of defecating into 

a deep hole to avoid widespread spread of pathogens into environment or preventing 

pigs from coprophagy will assist. 
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8.7.4 Other measures to ensure the success of intervention programs  

The requirements and preconditions that need to be considered when formulating 

control and eradication programs for any infectious disease fall into two main general 

categories: (1) technical-epidemiological, and (2) socio-economic, operational and 

administrative [47]. The technical-epidemiological preconditions are: 

a) There should be a main tool (control measure that is effective in breaking disease 

transmission). This tool should be simple to apply and be relatively inexpensive.  

b) The disease should have epidemiological features that facilitate effective case 

detection in the advanced stages of the eradication program.  

The socio-economic, operational and administrative preconditions are: 

a) The disease must be of recognised socio-economic importance (at either or both 

the national and international level).  

b) There should be a specific reason for elimination (as opposed to control).  

c) There should be adequate administrative, operational and financial resources 

available for the entire eradication program.  

d) There should be an absence of cultural or social conditions that render the methods 

used to eliminate disease unacceptable to stakeholders. 

While much of this dissertation has considered the epidemiological features of taeniasis 

and cysticercosis, aspects of the socio-economic, operational and administrative 

preconditions will now be considered. 

Long term behavioural change in a population and on-going political support for health 

interventions occur when aspects of health risk, the economic benefits of disease control 

and the economic costs associated with disease can be quantified [42]. Financial and 

human resources are critical factors influencing the success of disease intervention 

programs. If resources are not available to support an integrated, long-term control and 

eradication program, a selective approach provides a suitable alternative with the 

selection of those interventions that provide the most cost-effective return on investment 

being preferred [46, 48]. The resource for taeniasis, cysticercosis and Trichinella 
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intervention programs in Dak Lak province is limited; therefore, a selective approach is 

necessary. As discussed above, health education programs involving both the human 

medical and veterinary health sectors are a feasible intervention option. Choosing a 

small number of risk factors that make the greatest contribution to the prevalence of 

taeniasis or cysticercosis are logical targets within an education campaign. The 

population attributable fraction estimates calculated in Chapter 4 are particularly useful 

in this regard. As mentioned previously, field data and simulations carried out using 

disease transmission models [49] show that implementation of a single intervention 

strategy does not, in general, lead to a satisfactory reduction in disease morbidity and/or 

transmission. This being the case, and given the scarcity of resources in Dak Lak and 

recognising that effective disease control is dependent on biological, socioeconomic, 

behavioural and environmental factors [50], a One Health approach in its very simplest 

form would involve asking human medical and veterinary health practitioners to deliver 

the same public health messages when interacting with members of the community. For 

example, a medical health professional visiting a household that observes pigs free 

roaming should take time to explain to the householder about the disease risks 

associated with this practice. Conversely, a veterinarian visiting a household that 

becomes aware that outdoor defaecation is taking place should explain the risks arising 

from this practice.  

Finally, it is important to recognise that interventions implemented for other disease 

conditions, for example the WASH (Water, Sanitation and Hygiene) program 

implemented in Dak Lak to reduce the prevalence of intestinal parasitism, can also have 

a positive impact on control of taeniasis and cysticercosis.  

8.8 Future directions 

The presence of all four species of taeniid cestode parasites, T. solium, T. saginata, T. 

asiatica and T. hydatigena that share the same intermediate or definitive host generates 

a complex situation when trying to understand aspects of disease epidemiology 

including prevalence, incidence and factors influencing disease transmission. In Dak 

Lak, these four taeniid species are sympatric so a comprehensive program of research 
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targeting multiple species (including humans) is necessary to provide a clear picture of 

infection status and the level of interaction between these parasites.  

Most of the serological tests that have been applied to porcine cysticercosis were 

developed initially for diagnosis of human cysticercosis. Pigs are likely to be exposed to 

many species of taeniid cestode parasites due to their foraging habits. For this reason, 

the potential for nonspecific positive serological reactions in porcine T. solium serology 

is advantageous. It has been shown that many serologically positive pigs are found to 

have no cysts when necropsied [51–56]. In addition, no assessment has been made of 

the potential for cross-reactivity when testing for porcine cysticercosis due to exposure 

to T. saginata, T. asiatica and T. hydatigena [10]. In future, studies that compare 

serological test results with post-mortem findings are required to quantify Taenia 

species-specific diagnostic specificity with greater certainty.  

A low prevalence of porcine T. solium cysticercosis combined with a relatively high 

background prevalence of T. hydatigena has been observed not only in Dak Lak province 

but also in other areas of Vietnam. This situation has also been observed in Laos by 

Conlan and co-workers (2012) [31]. Conlan et al. (2012) [31] assumed that exposure to T. 

hydatigena was cross-protective for T. solium in pigs. An animal-based study in which 

pigs are experimentally infected and tested is necessary to confirm this hypothesis.  

The T3qPCR was a useful tool for identification and differentiation of all three Taenia 

spp. The usefulness of the T3qPCR for large-scale epidemiological studies can be 

confirmed using a larger sample size of individuals, ideally in a community in which the 

prevalence of taeniasis is relatively high. 

Findings from this study showed the dominance of T. saginata taeniasis in the region. 

Even though this tapeworm is not a cause of serious health problems in humans, it is 

associated with direct and indirect economic losses due to reduction of productivity in 

patients with T. saginata taeniasis and beef carcass condemnation. Intervention 

programs are necessary to reduce to the prevalence of this parasite in Dak Lak. 
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Further evaluations of the prevalence of Trichinella in domestic and feral pigs using more 

sensitive serological and molecular diagnostic tools (e.g. Ab-ELISA/WB and real-time PCR 

directly from muscle digest) using a larger sample size and sampling appropriately from 

each of the major pig production classes in Dak Lak is necessary to provide an estimate of 

the prevalence and species of Trichinella infecting pigs with greater accuracy and precision.  
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Fig. 8.1 The pattern for transmission and circulation of taeniasis and T. solium exposure in humans 
and pigs in communities of Dak Lak province 


