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Abstract 

 

Background: Neurocysticercosis (NCC), caused by Taenia solium larval infection, is a 

leading cause of acquired epilepsy in developing countries.  Case reports of NCC are 

increasing among refugees resettled to non-endemic countries including the United 

States, but little is known about T. solium infection within refugee camps.  Heavily-

infected pigs can indicate areas where the risk of T. solium taeniasis is elevated so 

identifying these pigs could guide treatment and screening programs in areas with limited 

resources such as refugee camps.  We sought to examine factors associated with being a 

tapeworm carrier in the Ban Mai Nai Soi refugee camp, including owning a heavily-

infected pig. 

 

Methods: We carried out a random sample and a targeted sample of households within 

the camp.  All participants were asked to submit a fecal sample and to complete an 

interview.  Fecal samples were analyzed for presence of Taenia sp. antigens using ELISA 

or for presence of Taenia sp. eggs or proglottids using light microscopy.  A pig was 

determined to be heavily-infected by tongue examination for characteristic cysts.  

Generalized estimating equations (GEE) models were used to characterize the association 

between owning a heavily-infected pig and taeniasis as well as the association between 

other demographic measures and meat consumption practices and taeniasis in the camp. 

 

Results: Among the random sample, 3% (18/552) were positive for taeniasis.  After 

accounting for household clustering and sampling weight, the prevalence of taeniasis in 
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the random sample was 2.8% (95% CI: 1.4, 4.2%).  Among pigs sampled in all 

households, 2.5% (18/722) were tongue-positive.  After accounting for household 

clustering and sampling weight, the prevalence of tongue-positive pigs was 2.5% (95% 

CI: 0.8, 4.2%).  Owning a tongue-positive pig was not significantly associated with 

taeniasis upon univariate (OR = 2.43; 95% CI: 0.60, 9.76) or multivariate (OR = 2.30; 

95% CI: 0.62, 8.46) GEE analysis.  Multivariate GEE analyses indicated that the number 

of household residents, self-report of worm passage, and eating pork outside of camp 

more than 5 times per month were significantly associated with taeniasis while having a 

latrine within the yard had a protective association with taeniasis. 

 

Conclusion: The prevalence of human taeniasis in this population is comparable to 

estimates from other Taenia spp. endemic regions.  However, owning a heavily-infected 

pig, as measured by tongue palpitation, did not accurately predict taeniasis infection.  The 

association between eating pork outside of the camp more than 5 times a month and 

taeniasis suggests that pigs within the camp may be protected from T. solium infection.  

Furthermore, self-report of worm passage may be a useful initial screening for 

determining taeniasis-negative status. 
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Introduction 

 

Neurocysticercosis (NCC), an infection of the central nervous system with the larval 

form of the pork tapeworm Taenia solium, is a major cause of acquired epilepsy in the 

developing world.
1-3

  Cysticercosis is considered endemic in the majority of sub-Saharan 

African countries, much of Central and South America, China, India, and much of 

Southeast Asia.
4
  While insufficient data make it impossible to precisely estimate the 

prevalence of NCC worldwide, a recent meta-analysis estimates that roughly 30% of 

people with epilepsy living in T. solium endemic regions have brain lesions consistent 

with NCC.
5
  Clinical manifestations of NCC include hydrocephalus, meningitis, stroke, 

cognitive impairments, seizures and other motor disturbances, and death.
6-8

  However, 

symptoms of NCC may be delayed for several years or symptoms may never appear. 

Furthermore, morphological presentations in the central nervous system may vary by 

endemic region.
1
  Even when NCC is suspected, it is difficult to diagnose in the absence 

of brain imaging which is not available to the vast majority of communities affected by 

NCC.  Despite the global burden and severe symptoms, the World Health Organization 

considers NCC a major neglected disease due to the lack of knowledge regarding 

transmission, imprecision of current diagnostic tools, and inability of intervention studies 

to show consistent, sustainable results.
3,4 

 

Humans are the definitive host for T. solium. In its adult form, T. solium is attached to the 

small intestine and resides in the host (taeniasis), rarely causing symptoms (Figure 1). As 

the tapeworm grows, eggs and proglottids are shed in the host’s stool.  Pigs, as an 
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intermediate host, acquire cysticercosis by ingesting T. solium eggs shed in the feces of a 

tapeworm carrier.  Ingested eggs hatch and the resulting embryos actively cross the 

intestinal wall and enter the bloodstream of the intermediate host. Larval cysts can then 

form throughout the body. Finally, the life cycle is completed when a human consumes 

pork containing T. solium cysts that develop into adult tapeworms.  Humans can also be 

infected with the larval form of T. solium if tapeworm eggs are ingested.  As in pigs, 

resulting cysts can develop throughout the body, including the central nervous system 

leading to NCC. 

 

Neurocysticercosis is a disease of poverty.  Allowing pigs to roam free and scavenge for 

food enables owners to cheaply feed their animals.  However, pigs, which are 

coprophagic, can then easily access feces containing Taenia spp. eggs where sanitation is 

limited. Pigs affected by cysticercosis are sold at a reduced price in informal markets, 

perpetuating the economic status of their owners as well as the Taenia spp. lifecycle.
9
 

Estimates of the annual economic loss due to pork contaminated with Taenia spp. among 

communities in Taiwan, Korea, and Indonesia were US $18 million, $13 million, and 

$2.4 million, respectively.
10

  Reducing the economic and health impacts of Taenia spp. 

infection in communities where pig rearing is an essential source of income and protein is 

especially important. 
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Figure 1: The lifecycle of the pork tapeworm, Taenia solium 
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Cysticercosis has been reported in many countries in Southeast Asia including Vietnam, 

Cambodia and Laos.
11,12

  Seroprevalence studies show human exposure to Taenia spp. 

eggs in Vietnam, China, and Indonesia is common, while variable prevalence estimates 

of taeniasis have been reported in India, Vietnam, China, Indonesia, and Nepal.
13

  The 

wide range of reported prevalence indicates that endemicity may vary by socio-economic 

group within countries as well as between countries.
13

  Furthermore, in Southeast Asia, T. 

solium faces competition from T. saginata and T. asiatica in humans and T. hydatigena 

and T. asiatica in pigs.  It has been hypothesized that this competition may mitigate T. 

solium transmission in areas of Southeast Asia.
14,15

  The unique ecology of parasites in 

this region makes characterization of Taenia spp. transmission crucial to the effective 

management and prevention of disease among humans and pigs. 

 

Refugee and migrant populations are of special concern with regards to NCC in the 

United States.  Multiple case reports of NCC among resettled Burmese refugees have 

been reported and a recent seroprevalence survey shows a high proportion of refugees 

from Southeast Asia have antibodies against T. solium cysts.
16-20

  These previous studies 

suggest that T. solium infection may be endemic in Burma or in camps where Burmese 

refugees reside before resettlement.  Furthermore, while the diagnosis of NCC in the U.S. 

is largely restricted to immigrant populations or populations that have traveled to T. 

solium endemic regions,
3,8,21

 imported taeniasis poses a risk to the individual, his or her 

family and neighbors, and the larger community.
22

  In fiscal year 2012, 14,020 refugees 

from Burma were resettled in the United States, representing 24% of all refugees resettled 

in the US for that year.  Since 2004, 934 Burmese refugees have been resettled in 
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Oregon, representing 11% of all refugees resettled in the state.
23

  However, little 

information exists on the transmission of T. solium along the Thailand-Burma border and 

the underlying risk for taeniasis and cysticercosis among this growing and vulnerable 

population in the United States. 

 

Many strategies have been proposed and attempted with the goal of controlling the 

transmission of T. solium and improving human and animal health.  Mass treatments of 

both humans and pigs have been shown to decrease infection rates, but eradication of the 

parasite from treatment areas was not achieved.
24

  Furthermore, mass treatment is 

expensive and infection rates may return to pre-intervention levels if treatment is 

interrupted.
24,25

  Besides being cost prohibitive in areas where refugees reside before 

resettlement, the short life span of many pigs before slaughter makes mass treatment or 

vaccination of pigs unfeasible as a method of control.  Previous studies have shown that 

highly infected pigs can indicate areas where the risk for taeniasis is elevated in endemic 

regions.
26,27

  A recent study reported that the prevalence of taeniasis was 8 times higher 

among those who lived within 100 meters of a heavily infected pig.
27

  Furthermore, this 

study used a simple, low-cost method of determining whether a pig was heavily infected 

with T. solium cysts; cysts on a pig’s tongue that can be seen and palpated can indicate 

whether a pig is heavily infected.
28

  Identifying heavily infected pigs will indicate areas 

where focused screening and treatment may help reduce transmission especially in 

communities with limited resources. 
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Research Question 

We examined whether owning a heavily infected pig was associated with taeniasis in the 

Ban Mai Nai Soi refugee camp on the Thailand-Burma border.  We hypothesized that 

owning a heavily infected pig is associated with being a tapeworm carrier in this refugee 

community.  Furthermore, we examined whether other demographic measures and meat 

consumption practices were associated with taeniasis in the camp.  Characterizing the 

relationship between pigs heavily-infected with Taenia solium cysticercosis and taeniasis 

will allow us to recommend strategies to prevent taeniasis and NCC in this population.  
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Figure 2: Refugee camps along the Thailand-Burma border 
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Methods 

 

Study Design 

We conducted a cross-sectional study utilizing an adaptive cluster sampling method with 

households as a sampling unit. 

 

Population 

As of October 2012, 142,039 individuals were verified as living within 9 camps along the 

Thailand-Burma border.
29

  Of these residents, 83,800 were officially registered with the 

MOI/UNHCR.  An additional 17,079 internally displaced people were living in 

established camps within Burma.
29

  The Ban Mai Noi Soi refugee camp is located in the 

Mae Hong Son province of Thailand close to the Burmese border (Figure 2).  

Approximately 12,944 individuals are verified as living within the camp as of December 

2012.  Of these residents, 3,332 are officially registered with the MOI/UNHCR.
30

  The 

vast majority (93.7%) of the population living in the camp are of the Karenni ethnicity, 

with fewer individuals identifying with the Karen (2.5%) and Shan (3.3%) ethnicities.
30

  

Domestic livestock production, including chicken (70%) and pig (61%) rearing is 

common with refugees.
31

   

 

The Ban Mai Nai Soi camp is managed by the Camp Committee, comprised of camp 

residents, under the authority of the Royal Thai Government.  The Thai Ministry of the 

Interior controls camp operations through district authorities and implements refugee 

policy set by the Thai National Security Council.  The Karenni Health Department, in 
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conjunction with the non-governmental organization International Rescue Committee 

(IRC) manages health clinics within the camp. 

 

Sampling Strategy 

We used adaptive cluster sampling to recruit study participants with the goal of 

increasing the sample of pigs as the prevalence of heavily-infected pigs was expected to 

range from 3-13%.
28

  This strategy was developed to efficiently sample rare events that 

tend to cluster.
32

  A simple random sample was selected from all houses within the camp 

(random sample).  If a random sample household reported that they owned pigs, the field 

team would visit surrounding houses (targeted sample).  Up to four targeted-sample 

houses were sampled for each random sample house, one in each direction relative to the 

initial house. 

 

A depiction of our sampling strategy can be seen in Figure 3.  If a targeted sample house 

reported that they owned pigs, these pigs were examined for tongue cysts.  If no cysts 

were visible on any of the pigs’ tongues, the field team would record the number of pigs 

owned by the household and continue sampling other targeted sample houses surrounding 

that house, again one house in each direction relative to the current house for up to four 

houses.  If the field team discovered a tongue cyst and the cyst was confirmed by the 

primary investigator, the field team would perform all activities as if the house were a 

random sample house.  Again, in this case the field team would continue sampling other 

targeted sample houses surrounding that house. 
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If a targeted sample house reported that they did not own pigs, the field team would 

discontinue sampling in that direction.  Field teams would discontinue sampling 

households when their access to additional targeted sample households was impeded by a 

stream, or a road that cars could travel on, or if houses in all directions did not own pigs. 

 

 
 

Figure 3: Adaptive cluster sampling strategy to recruit study participants 
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Field Team Personnel 

Four field teams were created consisting of a veterinarian, an animal handler, a medical 

assistant, a lab technician, two data collectors, and one veterinary technician from the 

Thai Department of Livestock Development (DLD).  International Rescue Committee 

(IRC) and Camp Committee staff assisted in recruiting camp residents to work as animal 

handlers, medical assistants, lab technicians, and data collectors.   

 

Human Sample 

Inclusion and exclusion criteria for both the human and pig samples can be found in 

Table 1.  Field teams visited residents in their homes to explain the study, request 

participation, and obtain verbal consent.  An assent script was used with children under 

17 years old.  All consent and interview procedures were conducted using the potential 

participant’s primary language.  After verbal consent or assent was obtained, field teams 

conducted a household census with the head of household and interviewed each 

individual household member (Appendix I).  Questionnaires covered water and 

sanitation, animal raising practices, demographics, and pork consumption practices. 

 

All participants were asked to provide a stool sample.  Each participant was provided 

with a 500-mL plastic container and a bar of soap in a plastic bag and instructed to collect 

one entire feces in the container, secure the lid, and wash their hands with soap and water 

when finished.  Each stool container was labeled with a unique specimen ID code and the 

participant’s name or a unique shape matched to a corresponding shape drawn on the 

participant’s forearm if the participant could not read.  Participants were asked to store 
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their specimens overnight at ambient temperature.  Field teams returned the subsequent 

workday to collect stool specimens. 

 

Table 1: Inclusion and exclusion criteria 

 

Sample Inclusion Criteria Exclusion Criteria 

Human 
 Reside in a random sample or 

targeted sample household 
 No screening exclusion criteria 

Pig 
 Owned by a random sample or 

targeted sample household 

 Pregnant sow 

 Piglet less than four weeks old 

 

 

Pig Sample 

Once verbal consent was obtained from the pig owner, the veterinary team helped to 

safely restrain the pig while the veterinarian visually inspected and felt each side of the 

tongue for cysts.  Pigs that were confirmed tongue-positive were marked with spray paint 

and investigators offered to either purchase the pig from the owner or treat the pig. 

Purchased pigs were removed from the community for necroscopy. 

 

Sample Processing, Storage, and Shipping 

All stool samples were processed on a daily basis in the camp laboratory.  Field lab 

technicians visually examined whole stool samples for any tapeworm segments or 

scoloces and collected an aliquot of feces.  Any tapeworm segments or scoloces were 

preserved with 80% ethanol, while aliquots were stored on ice.  At the end of each day, 

human stool samples were registered, repacked on ice and shipped to Chiang Mai 

University by bus along with any tapeworm material that was found. 
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Lab Methods 

Chiang Mai University laboratory workers prepared fecal samples by the addition of 0.15 

M phosphate-buffered saline (pH 7.4) containing 0.3% Tween in approximately 2:1 

buffer volume to feces volume and adjusted 5% formalin solution.
33

  Fecal samples 

diluted in buffer were shaken vigorously and centrifuged at approximately 2,000 x g at 

room temperature for approximately 5 minutes to form a fecal supernatant that was able 

to be micro-pipetted.  Flat-bottomed microtiter plates were coated with 100 μl per well of 

hyperimmune rabbit anti-T. solium IgG at a concentration of 5μg/ml in 0.05 M 

NaHCO@INa2CO3 buffer (pH 9.6) and left overnight at 4°C. The wells were then 

washed three times with PBS, 0.1% Tween and blocked with 100 μl /well of PBS, 0.3% 

Tween for 1 hr.  The plates were washed again and 50 μl of fecal supernatant was added 

to each well in which 50 μl of heat-inactivated fetal calf serum is present. Samples were 

then incubated for 1 hr. The wells were washed three times as before and 100 μl of the 

anti-T. solium IgG peroxidase conjugate diluted 1: 1,500 in PBS, 0.3% Tween is added to 

each well and incubated for 1 hr. After three washes with PBS, 0.1% Tween, 100 μl of 

substrate solution containing 5-amino-salicyclic acid (Sigma) and 0.005% hydrogen 

peroxide in 0.1 M phosphate buffer containing 1 mM Na2EDTA (pH 6.0) was added to 

each well and incubated for 25 min. The optical densities (OD) of the plates were read at 

an absorbance of 450 nm. Procedures were carried out at room temperature unless 

otherwise stated. 
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Case Definitions 

Heavily-infected pig: any pig with a visible and palpable tongue cyst confirmed by the 

primary investigator (tongue-positive).  The sensitivity and specificity of the so-called 

tongue test in this environment is unknown, although a previous study has estimated the 

sensitivity and specificity of the tongue test at 70% and 100%, respectively.
28 

 

Taeniasis: the presence of Taenia sp. material (eggs, proglottids, or scoleces) in feces, or 

a positive ELISA for Taenia sp. antigens in feces (OD of sample relative to the OD of the 

positive control ≥ 40%).  The sensitivity of microscopy is limited, while both the 

sensitivity and specificity of the ELISA coproantigen test for detecting Taenia spp. has 

been estimated at 99%.
34 

 

Treatment 

Participants with taeniasis were given a single oral dose of niclosamide (2g if > 50 kg; 

1.5 g if between 35 and 50 kg; 1.0 g if equal to or less than 34 kg) followed by a single 

dose of bisacodyl (10 mg if > 50 kg; 5 mg if between 35 and 50 kg).  Participants were 

asked to collect all stools for 24 hours following ingestion of niclosamide.
35

  Again, field 

teams returned the day after treatment to collect post-treatment stool samples.  Treatment 

for other parasitic worms was also provided including mebendazole (as a treatment for 

ascaris, ancylostoma, enterobiasis, and trichuris), ivermectin (as a treatment for 

strongyloides), and praziquantel (as a treatment for schistosomiasis). Female participants 
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requiring treatment were asked if they were pregnant and if they stated they were, 

treatment was deferred until the third trimester, or post-delivery. 

 

Pigs with tongue cysts confirmed by the lead investigator (tongue positive) were either 

purchased or treated.  When owners did not want to sell, pigs were treated orally 

oxfendazole (30 mg/kg) and the owner was instructed that the pig should not be 

consumed for 20 days.
36

  Field teams offered vitamins to pig owners who participated 

and instructed owners how to administer vitamins to their animals. 

 

Statistical Analyses 

All statistical analyses were performed with Stata version 12.1 (StataCorp. 2011. Stata 

Statistical Software: Release 12. College Station, TX: StataCorp LP). The crude 

prevalence of human taeniasis was calculated as the proportion of taeniasis-positive 

individuals among all individuals in random sample households. The crude prevalence of 

heavily-infected pigs was calculated as the proportion of pigs with confirmed tongue 

cysts in the total sampled population of pigs.  The prevalence of heavily-infected pigs and 

the prevalence of taeniasis were also adjusted for household clustering and sampling 

weight using survey data analysis tools in Stata. 

 

Generalized estimating equations (GEE) were used in both univariate and multivariate 

analyses to adjust for the effect of intra-household clustering as well as sampling weight.  

Univariate analysis was used to test the association between taeniasis-status and the 

primary exposure, owning an infected pig.  Potential covariates included sex, age, 
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education, employment, years lived in the camp, previous proglottid expulsion, number 

of pigs owned, whether they own an infected pig, how often they consume raw pork, how 

often they consume raw beef, when they were last in Burma, how often they eat pork 

outside of the camp, whether the main floor of the house is elevated, and what type of pig 

meat they consume.  Variables significant upon univariate analysis (p<.25) were included 

in a multivariate GEE model.  Once a multivariate model was built, only variables 

significant at alpha=.05 or specific variables of interest were retained in the final model.  

The quasilikelihood under the independence model criterion (QIC) was used to select the 

working correlation structure while the simplified version, QICu was used to compare the 

fit of resulting models.
37 

 

Human Subjects Protections and Animal Welfare 

This research was approved by the Institutional Review Boards at Oregon Health and 

Science University and Chiang Mai University Faculty of Medicine as well as the 

Institutional Animal Care and Use Committees at Oregon Health and Science University 

and Chiang Mai University Faculty of Veterinary Medicine. 

 

Results 

 

Study Sample 

Results from the human sample can be found in Figure 4.  We interviewed a total of 777 

individuals in 213 different households, representing roughly 6% (777/12,944) of the 

total camp population.  Of these interviewees, 75% (582/777) provided a stool sample for 
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testing: 95% (552/582) from random sample households, and 5% (30/582) from targeted 

sample households.  The random sample (n=552) was used to determine the prevalence 

of taeniasis and the association between owning an infected pig and taeniasis.  The 

combined random and targeted samples (n=582) were used to determine the association 

between other factors and taeniasis. 

 

 

 
Figure 4: Results from the human study 

 

Prevalence of Taeniasis 

Among the 552 individuals in the random sample, 3% (18/552) were positive for 

taeniasis (2 via ELISA and 16 via microscopy), while among the 30 individuals in the 

targeted sample, 10% (3/30) were positive for taeniasis (none via ELISA and 3 via 

microscopy).  After accounting for household clustering and sampling weight, the 

prevalence of taeniasis in the random sample was 2.8% (95% CI: 1.4, 4.2%). 
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Interview Results 

There were significant differences between taeniasis-positive and taeniasis-negative 

individuals (Table 2).  Taeniasis-positive individuals were older (p<.001), had less 

education (p<.05), and lived in the camp for longer than taeniasis-negative individuals 

(p<.01).  Furthermore, a greater proportion of taeniasis-positive individuals reported 

passing worms (p<0.001), ever eating raw pork (p<.0001), and ever eating raw beef 

(p<.001).  The frequency of pork consumption outside of the camp (p=.025) and the years 

since visiting or living in Burma (p=.013) varied by taeniasis status.  Upon univariate 

GEE analysis, eating raw pork, eating raw beef, self-report or worm passage, and visiting 

Burma more than 5 years ago were most strongly associated with taeniasis.  The odds of 

eating raw pork among those with taeniasis was 7.08 times the odds of eating raw pork 

among those without taeniasis (95% CI: 2.22, 22.57) while the odds of eating raw beef 

among those with taeniasis was 4.22 times the odds of eating raw beef among those 

without taeniasis (95% CI: 1.50, 11.87).  The odds of reporting worm passage among 

those with taeniasis was 23.93 times the odds of reporting worm passage among those 

without taeniasis (95% CI: 7.69, 74.43).  Finally, the odds of having been in Burma more 

than 5 years ago among those with taeniasis was 8.84 times the odds of having been in 

Burma more than 5 years ago among those without taeniasis (95% CI: 1.22, 64.12).   
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Table 2: Descriptive statistics stratified by taeniasis status and GEE univariate analyses 

 

  Variable 

Taeniasis-Negative 

(n = 561) 

Taeniasis-Positive 

(n = 21) 

P-value OR (95% CI) Median (IQR) † Median (IQR) † 

  Age (years) 18 (8, 35) 47 (32, 65) 0.0001 1.04 (1.02, 1.06) 

  Education (years) 1 (0, 5) 0 (0, 0) 0.0205 0.86 (0.70, 1.05) 

  No. Household Residents 5 (4, 6) 5 (4, 7) 0.3001 1.32 (1.05, 1.65) 

  Years Resided in Camp 11 (5, 16) 13 (11, 17) 0.0090 1.11 (1.01, 1.23) 

  Proportion (CI) ‡ Proportion (CI) ‡   

  Eat Pork Outside Camp   0.025  

     Never 0.77 (0.73, 0.80) 0.57 (0.35, 0.79)  Ref 

     1-2 Times per Month 0.11 (0.08, 0.14) 0.10 (0.00, 0.22)  1.12 (0.23, 5.53) 

     3-5 Times per Month 0.05 (0.03, 0.07) 0.19 (0.02, 0.36)  4.32 (1.00, 18.71) 

     > 5 Times per Month 0.07 (0.05, 0.09) 0.14 (0.00, 0.30)  2.84 (0.64, 12.55) 

  Eats Raw Pork 0.26 (0.22, 0.30) 0.67 (0.46, 0.87) <0.0001 7.08 (2.22, 22.57) 

  Eats Raw Beef 0.25 (0.21, 0.28) 0.62 (0.41, 0.83) 0.0001 4.22 (1.50, 11.87) 

  Seen Worm Segments in Stool   <0.001  

     No 0.83 (0.80, 0.86) 0.24 (0.05, 0.43)  Ref 

     Yes 0.12 (0.09, 0.15) 0.71 (0.52, 0.91)  23.93 (7.69, 74.43) 

     Don't Know 0.05 (0.03, 0.07) 0.05 (0.00, 0.14)  5.15 (0.57, 46.81) 

  Last in Burma   0.013  

     Never Been 0.32 (0.28, 0.36) 0.05 (0.00, 0.14)  Ref 

     > 5 years ago 0.50 (0.46, 0.54) 0.81 (0.64, 0.98)  8.84 (1.22, 64.12) 

      5 years ago 0.18 (0.14, 0.21) 0.14 (0.00, 0.30)  4.45 (0.44, 44.73) 

  Owns Tongue-Positive Pig* 0.04 (0.03, 0.06) 0.11 (0.00, 0.26) 0.193 2.43 (0.60, 9.67) 

  Seen Pork Cysts in Own Meat* 0.38 (0.34, 0.43) 0.38 (0.13, 0.62) 0.9417 1.19 (0.41, 3.44) 
*Descriptive statistics from primary households only. 
†P-values calculated via Kruskal-Wallis equality-of-populations rank test 
‡P-values calculated via Pearson’s chi-squared test 
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Ever eating raw pork (5
2
=149.82, p<.001) and ever eating raw beef (5

2
=129.14, 

p<.001) were strongly correlated with age (Figure 5).  Furthermore, ever eating raw pork 

and ever eating raw beef were strongly correlated (1
2
=331.17, p<.001). 

 

 
Figure 5: Proportion of study sample consuming undercooked meat and taeniasis status 

by age group 

 

 

Prevalence of Heavily-Infected Pigs 

A total of 722 pigs were examined in 424 households: among the 269 pigs in the random 

sample, 4% (10/269) were tongue positive, while among the 453 pigs in the targeted 

sample, 2% (8/453) were tongue positive (Figure 6).  When these two samples were 

combined, 2.5% (18/722) pigs were positive via tongue palpitation.  After accounting for 

household clustering and sampling weight, the prevalence of heavily-infected pigs in the 

combined samples was 2.5% (95% CI: 0.8%, 4.2%).  Among the random sample, the 

prevalence of heavy-infection was 3.0% (95% CI: 0.6%, 5.4%) while among the targeted 

sample, the prevalence of taeniasis is 1.3% (95% CI: 0.3%, 2.4%). 
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Another method of measuring an individual’s exposure to a heavily infected pig is self-

report of cysts in the body cavity of one’s own pigs.  Among individuals in random 

sample households, 38.4% (208/542) of participants reported ever finding cysts in their 

pig’s muscles or intestines after slaughter.  After accounting for household clustering and 

sampling weight, 35.5% of participants reported ever finding cysts in their pig’s meat 

(95% CI: 28.3%, 43.7%).  Among taeniasis-negative individuals, 35.3% reported ever 

finding cysts in their pig’s meat (95% CI: 28.1%, 42.5%) while among taeniasis-positive 

individuals, 41.7% reported ever finding cysts in their pig’s meat (95% CI: 15.8%, 

67.6%). 

 

 

Figure 6: Results from the pig study 
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Heavily-Infected Pigs and Taeniasis 

Univariate analysis indicated that among individuals in random sample households, 

owning an infected pig was not significantly associated with taeniasis (OR = 2.43, 95% 

CI: 0.60, 9.76).  Factors significantly associated with taeniasis among individuals in 

random sample households included number of household residents, years resided in 

camp, worm passage self-report, eating raw pork, eating raw beef, older age groups, and 

visiting or living in Burma more than 5 years ago (Table 2, Appendix III).  After 

adjusting for the number of household residents, having a latrine within the yard, age 

group, and pig ownership, owning an infected pig remained not significantly associated 

with taeniasis (OR = 2.30, 95% CI: 0.62, 8.46; Table 3). 

 

Table 3: Heavily infected pigs and taeniasis: GEE multivariate logistic regression 

 

Model Exposure Variable OR (95% CI) QICu 

1
†
 Own Infected Pig 2.30 (0.62, 8.46) 150.302 

2
‡
 Seen Cysts in Own Pork 0.77 (0.23, 2.60) 132.514 

†Adjusted for number of residents, having a latrine within the yard age group, and pig ownership. 
‡Adjusted for number of residents, ever eating raw pork, having a latrine within the yard age group, and pig ownership. 

 

 

Univariate analysis indicated that among individuals in random sample households, self-

report of cysts in one’s own pork was not significantly associated with taeniasis (OR = 

1.19, 95% CI: 0.41, 3.44).  After adjusting for the number of household residents, ever 

eating raw pork, having a latrine within the yard, age group, and pig ownership, self-

report of cysts in one’s own pork remained not significantly associated with taeniasis and 

in fact crossed the null value after adjustment (OR = 0.77, 95% CI: 0.23, 2.60; Table 3). 
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Other Variables and Taeniasis 

In order to explore the association between other demographic measures, meat 

consumption practices and taeniasis, data from both primary and secondary houses were 

pooled.  Univariate analysis indicated that number of household residents, years resided 

in camp, worm passage self-report, ever eating raw pork, ever eating raw beef, age equal 

to or greater than 40 years, ever eating raw meat, and visiting or living in Burma more 

than 5 years ago were significantly associated with taeniasis (Table 2, Appendix III).  

After adjusting for other factors associated with taeniasis, number of household residents, 

self-report of worm passage, and eating pork outside of camp more than 5 times per 

month remained significantly associated with taeniasis while having a latrine within the 

yard had a protective association with taeniasis (Table 4).  People with taeniasis were 

4.25 times more likely than people without taeniasis to have eaten pork outside the camp 

more than 5 times a month (95% CI: 1.04, 17.46).  However, people with taeniasis were 

0.25 times less likely than people without taeniasis to have a latrine within the yard (95% 

CI: 0.07, 0.94).  Finally, those with taeniasis were 18.73 times more likely than those 

without taeniasis to have reported previously passing a worm (95% CI: 4.53, 77.49). 

 

Table 4: Other factors associated with taeniasis: GEE multivariate logistic regression 

 

Model Variable OR (95% CI) QICu 

3† 

No. of Household Residents 1.49 (1.17, 1.91) 

142.338 

Self-Report of Worm Passage 18.73 (4.53, 77.49) 

Ever Eat Raw Pork 2.02 (0.48, 8.52) 

Eat Pork Outside of Camp 1-2 Times Per Month 1.00 (0.18, 5.54) 

Eat Pork Outside of Camp 3-5 Times Per Month 2.52 (0.43, 14.91) 

Eat Pork Outside of Camp >5 Times Per Month 4.25 (1.04, 17.46) 

Have Latrine Within Yard 0.25 (0.07, 0.94) 
†Adjusted for all variables in table in addition to age group. 
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Given that worm passage self-report is the variable most strongly associated with 

taeniasis, it may be a useful screening tool in this population.  The sensitivity of worm 

passage self-report is 75% (95% CI: 50.9%, 91.3%) while the specificity is 87.4% (95% 

CI: 84.3%, 90.1%).  Using the prevalence of taeniasis (2.8%) as the pre-test probability, 

the positive predictive value of worm passage self-report is 15.1% (95% CI: 11.3%, 

20.0%) while the negative predictive value is 99.2% (95% CI: 98.2%, 99.6%). 

 

Table 5: Self-report of worm passage by taeniasis status 

 

 

Taeniasis-Positive Taeniasis-Negative 

Total Count (%) Count (%) 

Self-Report Positive 15 (2.8) 66 (12.1) 81 

Self-Report Negative 5 (0.9) 458 (84.2) 463 

Total 20 524 544 

 

 

Discussion 

 

The prevalence of taeniasis in the camp is comparable to estimates from other regions 

where Taenia solium is endemic.
38,26,27

  However, the specific species contribution to the 

estimate of 2.8% (95% CI: 1.4, 4.2%) has yet to be confirmed; it is unknown what 

proportion of the taeniasis estimate is T. solium, T. saginata, or T. asiatica.  Nevertheless, 

the prevalence of taeniasis in this population suggests that the risk and prevalence of 

NCC may also be comparable to other endemic regions.  Previous studies have found that 

Taenia egg detection underestimates the true prevalence of taeniasis, suggesting that the 
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burden of disease in this community may in fact be greater than estimates reported 

here.
15,39 

 

Owning a tongue-positive pig was not shown to be significantly associated with taeniasis 

in this population.  This method of screening has been suggested as a means of 

identifying geographic areas of high risk for taeniasis, but it may not be an appropriate 

tool in this population.
27

  Indeed, histology reports from 6 of the tongue-positive pigs in 

this study (out of 18 total) subsequently revealed the cysts to be sarcocystosis, caused by 

the protozoa Sarcocystis rather than Taenia solium cysticercosis.  While the association 

between owning a tongue-positive pig and taeniasis was not significant, it was 

nonetheless positive (OR = 2.30, 95% CI: 0.62, 8.46).  This may be explained by the 

commonalities in the life cycles of Taenia solium and Sarcocystis.  Humans are the 

definitive host and pigs (as well as cows in the case of Sarcocystis) are the intermediate 

hosts of both parasites.  Therefore, while we did not confirm the presence of T. solium 

cysts in any pigs, some pigs may indeed have T. solium cysticercosis given the positive 

(albeit not significant) association between tongue positivity and taeniasis and the 

common lifecycle of T. solium and Sarcocystis. 

 

There are multiple potential reasons why pigs in this environment may not present with 

T. solium tongue cysts.  At this point we do not have any definitive evidence that pigs in 

this population have T. solium cysticercosis.  Pigs in the camp may indeed not be exposed 

to T. solium and may be free of cysticercosis.  Alternatively, pigs may have a light T. 

solium cyst burden and therefore may not present with tongue cysts.
28

  Pigs are required 
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to be kept in pens throughout the camp, reducing their ability to roam free and thereby 

limiting their exposure to proglottids or large quantities of eggs shed from adult 

tapeworm carriers.  Pigs in this setting may have light exposure to T. solium eggs through 

contaminated feed or water, and subsequently may develop a lower burden of cysts.  

Furthermore, T. solium in Southeast Asia may be distinct from T. solium endemic in other 

regions of the world, making tongue palpitation an inaccurate marker for a heavily-

infected pig in this environment.  Competition from other Taenia species, including T. 

hydatigena and T. asiatica may mitigate T. solium transmission among pigs in the camp, 

as has been suggested in other regions of Southeast Asia.
14,15

  Finally, all pigs examined 

in the camp were either Thai indigenous or crossbred with an exotic species (data not 

shown).  These breeds may have very different reactions to infection with Taenia species 

compared with pig breeds studied in other regions of the world where T. solium is 

endemic.  Clearly, many questions remain regarding the exposure of pigs to Taenia 

species in the camp.  

 

Another method of determining whether a participant has owned a pig with T. solium 

cysticercosis is asking whether a participant has seen pig cysts in their pig’s meat after 

slaughter.  We found that self-report of pig cysts is not significantly associated with 

taeniasis in this population (OR = 0.77; 95% CI: 0.23, 2.60).  This may be explained by 

the discovery of T. hydatigena cysts upon necropsy of tongue-positive pigs purchased 

from the camp.  In fact, T. hydatigena is very prevalent in Southeast Asia; one study from 

Laos estimated the prevalence of T. hydatigena at 22.4% via carcass inspection and 

68.5% via antigen-capture ELISA positivity.
15

  It is likely that the high prevalence of 
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self-report of pig cysts in the camp, 35.5% (28.3%, 43.7%), is a reflection of a high 

prevalence of T. hydatigena in the camp.  This would also support our finding that there 

is not an association between self-report of pig cysts and taeniasis. 

 

We found that having more household residents, eating pork outside the camp more than 

five times a month, being over 40 years old, and self-report of worm passage were 

positively associated with taeniasis, while having a latrine within the yard was negatively 

associated with taeniasis.  People with taeniasis were 4 times more likely than people 

without taeniasis to have eaten pork outside the camp more than 5 times per month.  This 

may indicate that consuming pork outside the camp carries greater risk for acquiring 

adult T. solium infection and that pork within the camp is relatively protected from T. 

solium infection.  This is consistent with the lack of evidence of T. solium cysticercosis 

among pigs in the camp.  Further studies must elucidate whether pigs in the camp have 

been exposed to T. solium. 

 

The small yet significant association between increasing numbers of residents in the 

household and presence of taeniasis (OR=1.49) may be a marker for household hygiene 

or socioeconomic status.  Similarly, the protective effect of having a latrine within the 

yard may be a marker for hygiene or mobility.  One would expect not having a latrine 

within the yard to be associated with pig infection, upstream of taeniasis, since pigs must 

consume eggs in feces from a tapeworm carrier in order to develop T. solium 

cysticercosis (Figure 1).  However, since anyone in the camp is able to obtain materials 
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for and construct a latrine, those without a latrine may be less connected with the camp 

community or uninterested in using a latrine and likely have other poor hygiene practices. 

 

The factor most strongly associated with taeniasis was self-report of worm passage.  The 

odds of self-reporting passage of a worm was nearly 20 times higher among people with 

current taeniasis infection compared to those who were not infected.  While we found 

that the positive predictive value of worm passage self-report was only 15%, the negative 

predictive value was quite high at 99.2%.  Therefore, inquiring about previous worm 

passage may be a useful initial screening for the diagnosis of taeniasis since we know that 

99% of camp residents who report never passing a worm will in fact be taeniasis 

negative.  While only 15% of camp residents who report previous worm passage will 

indeed be taeniasis positive, in a community such as the Ban Mai Nai Soi refugee camp 

where resources are limited, this screening question may provide a practical method to 

focus diagnostic tests on a sub-population at increased risk for taeniasis. 

 

Eating raw pork was strongly associated with taeniasis upon univariate analysis 

(OR=7.08), yet upon multivariate analysis it was positively, but not significantly, 

associated with taeniasis (OR=2.02, 95% CI: 0.48, 8.52).  Since consuming pork 

containing viable T. solium cysts is required in order to contract T. solium taeniasis, it is 

curious to see that this variable is not significant upon multivariate analysis.  The most 

obvious conclusion would be that a Taenia species other than T. solium is causing 

taeniasis in the camp.  However, when eating raw beef was included in the model, it too 

was positively, but not significantly associated with taeniasis.  As discussed above, both 
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raw pork and raw beef consumption were strongly correlated with age.  Therefore, 

controlling for age group in our analyses may in fact over-correct for the effect of eating 

raw pork.  Another issue that became apparent during the interview process was the 

understanding of the words “raw” and “undercooked”.  Our data collectors had difficulty 

interpreting these concepts and camp residents did not intuitively know what these words 

meant.  With the aid of pictures, data collectors were able to explain “raw” meat to 

participants, however some questions remain about the level of understanding.  Finally, 

this may simply be a sample size issue.  Surveying a greater number of individuals in the 

camp may result in a more precise estimate of the association between eating raw pork 

and taeniasis. 

 

Strengths and Limitations 

As with all survey-based research, this study suffers from obvious limitations.  Self-

reported data are subject to recall error and bias.  Participants may not have accurately 

reported consuming raw pork, eating pork outside of camp, or any other interview 

variable.  As a result, the measure of association between these factors and taeniasis may 

be altered.  However, there is no reason to think that inaccurate reporting would differ by 

taeniasis status, reducing the likelihood that the measures of association reported here are 

significantly biased in either direction.  Of greater concern is our inability to survey all 

members living in sampled households.  Many household members were working outside 

the camp during the day and were therefore not available for interview.  If eating pork 

outside the camp is indeed a risk factor for taeniasis, those who work outside the camp 

may have a higher prevalence of taeniasis compared with the general camp population.  
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Therefore, the prevalence of taeniasis reported here (2.8%) may be an underestimate of 

the true burden of disease in the camp.  As far as outcome ascertainment, there are some 

concerns regarding lab testing.  ELISA results did not overlap with microscopy results, 

meaning that none of the samples that were positive for taeniasis via microscopy were 

also positive for taeniasis via the ELISA coproantigen test.  This throws into question the 

accuracy of the ELISA results; one would expect stool samples containing Taenia spp. 

eggs or proglottids to produce a strong positive ELISA coproantigen test.
34

  However, 

excluding the two samples that were taeniasis positive via the ELISA coproantigen test 

does not appreciably change the results reported here.  Despite these limitations, this 

cross sectional study provides essential knowledge about the factors potentially 

associated with taeniasis in this refugee population.  No previous studies have examined 

the transmission of T. solium within a refugee camp.  Not only is this information 

important in evaluating the risk for imported taeniasis and NCC to the United States, 

these results can be used to form recommendations about methods for interrupting the 

transmission of T. solium within the Ban Mai Nai Soi refugee camp, affecting the well-

being of the nearly 13,000 residents of the camp. 

 

Conclusions and Recommendations 

Groups that have a stake in the health of the residents of the Ban Mai Nai Soi refugee 

camp include the Camp Commander and the Thai Ministry of the Interior, the Karenni 

Health Department and Camp Committee, the International Organization for Migration, 

the Centers for Disease Control and Prevention, and healthcare providers caring for 
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refugees after resettlement to the United States.  Recommendations based on our findings 

are organized by stakeholder. 

 

Thai Ministry of the Interior/Camp Commander: Pigs raised in the Ban Mai Nai Soi camp 

may be protected from cysticercosis.  We recommend continuing to enforce pig corral 

policies within the camp that may be contributing to the health of the population.  Given 

that the camp residents struggled to understand the concept of “undercooked meat”, we 

also recommend the implementation of programs to educate camp residents on the risks 

of raw meat consumption.
25

  We found that having a latrine within the yard was 

protective against taeniasis.  Therefore we also recommend educating camp residents in 

the Ban Mai Nai Soi camp and in other camps along the border about the health benefits 

of having and using a latrine within their yards. 

 

Karenni Health Department/Camp Committee: Self-report of worm passage might be a 

useful initial screening for determining taeniasis-negative status.  Consider integrating a 

question about previous worm passage during clinic visits.  Given the prevalence of 

taeniasis is comparable to other endemic regions, clinicians should consider NCC in 

patients with unexplained neurological symptoms. 

 

International Organization for Migration/Centers for Disease Control and Prevention: 

Once individuals are removed from an environment where they are at risk for taeniasis, 

as is the case when they are resettled to the United States, mass treatment with 

niclosamide may be a good prevention method.  Again, clinicians caring for refugees 
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during the resettlement process should consider NCC in patients with unexplained 

neurological symptoms. 

 

U.S. Healthcare Providers: As above, clinicians should consider NCC in patients with 

unexplained neurological symptoms.  Clinicians should also be aware of the potential for 

imported taeniasis and should ask resettled Burmese refugees about previous worm 

passage. 

 

Future Studies 

While this study has provided crucial information on the transmission of Taenia spp. 

within the Ban Mai Nai Soi refugee camp, many questions remain.  Most importantly, the 

Taenia species must be confirmed in the camp.  PCR using taeniid material collected 

during the study will identify which species are present in this population.  Given that this 

may be a region where multiple Taenia species are endemic, identifying which species 

are present in the camp will have important consequences for future prevention measures.  

Pending pig serology results will also reveal whether pigs in the camp have been exposed 

to T. solium eggs, a crucial piece of information since tongue palpitation does not identify 

heavily infected pigs in this population.  We also hope to perform similar cross sectional 

studies in other communities and refugee camps in the region.  This will help us 

determine whether the Ban Mai Nai Soi camp is indeed a protected community and will 

help inform prevention practices throughout the region.  Finally, our survey did not 

consider T. solium cysticercosis among dogs.  While T. solium in dogs is more poorly 

understood than in pigs or humans, reports of T. solium cysticercosis have suggested that 



33 

dogs may be an important step in the lifecycle of the tapeworm.
40

  Anecdotal evidence in 

the Ban Mai Nai Soi camp points to dogs being a common food source and are free to 

roam in the camp.  Future studies in this region should include dog surveys to gain a 

more complete understanding of T. solium transmission. 
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Appendix I: Data Collection Forms 

Household Form – English 
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Household Form – Burmese 
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Human Census Form – English 

 
Human Census Form – Burmese
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Veterinary Form 
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Adult Consent Form – English 
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Adult Consent Form – Burmese 
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Minor Assent Form – English 
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Minor Assent Form – Burmese 
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Appendix II: Complete descriptive statistics 

Variable 

Taeniasis-Negative  

(n = 561) 

Taeniasis-Positive  

(n = 21) 

p-value Median (IQR) Median (IQR) 

Age 18 (8, 35) 47 (32, 65) 0.0001 

Number of Residents 5 (4, 6) 5 (4, 7) 0.3001 

Years of Education 1 (0, 5) 0 (0, 0) 0.0205 

Years Reside 11 (5, 16) 13 (11, 17) 0.009 

Number of Pigs 1 (1, 2) 2 (1, 2) 0.5215 

  
N 

Proportion  

(95% CI) N 

Proportion  

(95% CI) p-value 

Female 292 0.52 (0.48, 0.57) 9 0.43 (0.22, 0.64) 0.389 

Employment         0.045 

None 440 0.81 (0.78, 0.84) 13 0.62 (0.41, 0.83)   

Self-Employed 35 0.06 (0.04, 0.09) 4 0.19 (0.02, 0.36)   

Employed by Other 69 0.13 (0.10, 0.15) 4 0.19 (0.02, 0.36)   

Self-Report of Worm Passage         0.000 

No 458 0.83 (0.80, 0.86) 5 0.24 (0.05, 0.43)   

Yes 66 0.12 (0.09, 0.15) 15 0.71 (0.52, 0.91)   

Don't Know 29 0.05 (0.03, 0.07) 1 0.05 (0.00, 0.14)   

Eat Raw Pork Ever 145 0.26 (0.22, 0.30) 14 0.67 (0.47, 0.87) 0.000 

Eat Raw Beef Ever 137 0.25 (0.21, 0.28) 13 0.62 (0.41, 0.83) 0.000 

Eat Pork Outside of Camp         0.025 

Never 423 0.77 (0.73, 0.80) 12 0.57 (0.35, 0.79)   

1-2 times per month 61 0.11 (0.08, 0.14) 2 0.10 (0.00, 0.22)   

3-5 times per month 29 0.05 (0.03, 0.07) 4 0.19 (0.02, 0.36)   

> 5 times per month 37 0.07 (0.05, 0.09) 3 0.14 (0.00, 0.30)   

Last In Burma         0.013 

Never 176 0.32 (0.28, 0.36) 1 0.05 (0.00, 0.14)   

> 5 years ago 276 0.50 (0.46, 0.54) 17 0.81 (0.64, 0.98)   

<= 5 years ago 97 0.18 (0.14, 0.21) 3 0.14 (0.00, 0.30)   

Eat Regular Pork Meat 537 0.96 (0.94, 0.97) 20 0.95 (0.86, 1.00) 0.915 

Eat Boar Meat 288 0.51 (0.47, 0.55) 11 0.52 (0.31, 0.74) 0.925 

Don't Eat Pork or Boar Meat 3 0.01 (0.00, 0.01) 0 0.00 (0.00, 0.00) 0.737 

Main Floor Elevated 485 0.87 (0.84, 0.90) 16 0.76 (0.58, 0.94) 0.150 

Main Floor Cement, Bamboo 545 0.99 (0.98, 1.00) 20 0.95 (0.86, 1.00) 0.181 

Latrine in Yard 482 0.86 (0.83, 0.89) 17 0.81 (0.64, 0.98) 0.494 

Water From Tap to House 89 0.16 (0.13, 0.19) 2 0.10 (0.00, 0.23) 0.477 

Own Pig 431 0.77 (0.73, 0.80) 18 0.86 (0.71, 1.00) 0.341 

Own Tongue-Positive Pig* 24 0.04 (0.03, 0.06) 2 0.11 (0.00, 0.26) 0.193 

Age Group         0.000 

     <= 10 190 0.34 (0.30, 0.38) 1 0.05 (0.00, 0.14)   

     11-14 49 0.09 (0.06, 0.11) 1 0.05 (0.00, 0.14)   

     15-24 103 0.18 (0.15, 0.22) 1 0.05 (0.00, 0.01)   

     25-39 104 0.19 (0.15, 0.22) 3 0.14 (0.00, 0.30)   

     40-54 54 0.10 (0.07, 0.12) 8 0.38 (0.17, 0.59)   

     >=55 61 0.11 (0.08, 0.13) 7 0.33 (0.13, 0.54)   

Seen Pork Cyst in Own Meat* 202 0.38 (0.34, 0.43) 6 0.38 (0.13, 0.62) 0.942 
*Descriptive statistics from Primary households only. 
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Appendix III: Complete univariate logistic regression results 

 

Variable 

Primary and Secondary 

Houses Primary Houses 

No. of Residents 1.32 (1.05, 1.65) 1.33 (1.05, 1.67) 

Sex     

     Male Ref Ref 

     Female 0.65 (0.24, 1.72) 0.62 (0.22, 1.69) 

Years of Education 0.86 (0.70, 1.05) 0.86 (0.70, 1.06) 

Employment     

     None Ref Ref 

     Self-Employed 1.92 (0.49, 7.60) 1.57 (0.33, 7.59) 

     Employed by Other 1.83 (0.51, 6.52) 1.84 (0.51, 6.57) 

Years Resided in Camp 1.11 (1.01, 1.23) 1.12 (1.01, 1.24) 

Seen Worm Segments     

     No Ref Ref 

     Yes 23.93 (7.69, 74.43) 24.76 (7.58, 80.91) 

     Don't Know 5.15 (0.57, 46.81) 5.44 (0.58, 50.61) 

Eat Raw Beef     

     No Ref Ref 

     Infrequently 4.07 (1.42, 11.70) 4.06 (1.38, 11.99) 

     Monthly 0.00 (0.00, 0.01) 0.00 (0.00, 0.01) 

     Weekly 32.30 (1.78, 586.01) 33.09 (1.81, 604.37) 

Eat Raw Pork Ever     

     No Ref Ref 

     Yes 7.08 (2.22, 22.57) 7.86 (2.25, 27.38) 

Eat Raw Beef Ever     

     No Ref Ref 

     Yes 4.22 (1.50, 11.87) 4.21 (1.46, 12.16) 

Eat Pork Outside of Camp     

     Never Ref Ref 

     1-2 Times Per Month 1.12 (0.23, 5.53) 1.15 (0.23, 5.74) 

     3-5 Times Per Month 4.32 (1.00, 18.71) 4.20 (0.91, 19.47) 

     > 5 Times Per Month 2.84 (0.64, 12.55) 2.94 (0.65, 13.36) 

Eat Pork Outside of Camp Ever     

     No Ref Ref 

     Yes 0.86 (0.19, 3.96) 0.88 (0.19, 4.10) 

No. of Pigs Own 0.94 (0.76, 1.17) 0.92 (0.73, 1.18) 

Eat Regular Pork Meat     

     No Ref Ref 

     Yes 1.07 (0.16, 7.22) 1.02 (0.15, 6.89) 

Eat Boar Meat     

     No Ref Ref 

     Yes 0.73 (0.28, 1.90) 0.70 (0.26, 1.88) 

Main Floor Elevated     

     No Ref Ref 

     Yes 0.64 (0.20, 2.03) 0.63 (0.20, 1.99) 

Main Floor Cement or Bamboo     

     No Ref Ref 
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     Yes 0.20 (0.04, 1.08) 0.20 (0.04, 1.06) 

Latrine in Yard     

     No Ref Ref 

     Yes 0.37 (0.12, 1.17) 0.36 (0.11, 1.13) 

Water From Tap to House     

     No Ref Ref 

     Yes 0.47 (0.10, 2.10) 0.48 (0.11, 2.16) 

Owns Pig     

     No Ref Ref 

     Yes 1.44 (0.41, 5.10) 1.40 (0.39, 5.00) 

Owns Tongue-Positive Pig     

     No Ref Ref 

     Yes 2.68 (0.84, 8.56) 2.43 (0.60, 9.76) 

Age Group     

     <= 10 Ref Ref 

     11-14 4.77 (0.32, 71.63) 4.80 (0.32, 72.54) 

     15-24 3.21 (0.21, 49.84) 3.24 (0.21, 50.42) 

     25-39 8.77 (0.89, 86.28) 8.78 (0.89, 86.64) 

     40-54 30.67 (3.69, 255.05) 28.09 (3.26, 242.16) 

     >=55 20.49 (2.53, 166.05) 20.53 (2.53, 166.88) 

Eats Raw Meat Ever     

     No Ref Ref 

     Yes 6.07 (1.87, 19.74) 6.23 (1.83, 21.20) 

Last in Burma     

     Never Ref Ref 

     > 5 years ago 8.84 (1.22, 64.12) 8.69 (1.18, 63.94) 

     <= 5 years ago 4.45 (0.44, 44.73) 4.30 (0.41, 45.07) 

Seen Cysts in Own Pork   

     No Ref Ref 

     Yes 1.28 (0.46, 3.52) 1.19 (0.41, 3.44) 

 

 


