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We	tested	refugee	camp	residents	on	the	Thailand–Myan-
mar border for Taenia solium infection. Taeniasis prevalence 
was consistent with that for other disease-endemic regions, 
but seropositivity indicating T. solium taeniasis was rare. 
Seropositivity	indicating	cysticercosis	was	5.5%	in	humans	
and	3.2%	in	pigs.	Corralling	pigs	and	providing	latrines	may	
control transmission of these tapeworms within this camp.

Infection with the adult form of Taenia solium tape-
worms, known as taeniasis, results from consuming 

undercooked or raw pork that is contaminated by this par-
asite (http://www.cdc.gov/parasites/taeniasis/gen_info/
faqs.html). Though these infections are often asymp-
tomatic, infection with tapeworm eggs can progress to 
a larval infection of the central nervous system, known 
as neurocysticercosis, that poses a serious public health 
hazard. Neurocysticercosis is a major cause of acquired 
epilepsy in the developing world (1–3) and an emerging 
public health issue in the United States because of emi-
gration from and travel to areas in Latin America, Asia, 
and Africa where the disease is endemic (4–6). Multiple 
cases of neurocysticercosis have been reported among re-
settled refugees from Myanmar, one of the largest refugee 
groups recently resettled in the United States (7–10). A 
recent seroprevalence survey showed that 1 in 4 refugees 
from Myanmar has antibodies against T. solium cysts (8), 
which suggests that T. solium infection might be endemic 

to Myanmar or camps in Thailand where refugees re-
side before they are resettled. However, because little is 
known about transmission of this zoonotic parasite in that 
region, opportunities for disease control and prevention 
have been limited.

The Study
In October 2012, we conducted a cross-sectional study 
in the Ban Mai Nai Soi refugee camp on the Thailand–
Myanmar border. This camp was established in 1996 to 
house persons displaced by conflicts between ethnic mi-
norities and the Myanmar government. Many of these 
refugees subsequently resettle in the United States. Ap-
proximately 13,591 persons in roughly 3,000 households 
lived in the camp as of October 2012 (11). Camp residents 
live in closely packed bamboo housing; many have small 
yards with an enclosed pit latrine. Residents do not have 
access to electricity and obtain treated water from com-
munal water stations located throughout the camp. Do-
mestic pig rearing is common, and corral use is mandated 
by camp authorities.

We randomly selected participants from all houses 
in the camp by using hand-drawn maps provided by the 
camp’s governing committee and invited all household 
residents, regardless of age, to participate. We interviewed 
all consenting residents using a standard questionnaire in 
Karenni, their primary language, and collected a fecal 
sample and blood sample from them. We attempted to 
interview all participants directly, but allowed parents to 
answer questions for their young children. We examined 
whole fecal samples macroscopically in a field laboratory 
for Taenia sp. proglottids or scoleces (i.e., segments or 
anterior ends) but did not use morphologic characteristics 
to identify the species of the recovered tapeworm mate-
rial. Fecal and blood samples were transported on ice each 
day to the laboratory at Chiang Mai University for further 
processing. Fecal samples were concentrated by sedimen-
tation and examined by light microscopy for Taenia sp. 
eggs. Pig blood was analyzed by enzyme-linked immu-
noelectrotransfer blot (EITB) for antibodies against T. so-
lium cysticerci (12). Human blood was analyzed by EITB 
for antibodies against recombinant antigens specific to T. 
solium tapeworms (rES33) and cysticerci (rT24) (12,13). 
The sensitivity and specificity of these tests are 97% and 
100%, respectively, for rES33, and 94% and 98%, respec-
tively, for rT24. Participants with taeniasis were given a 
single oral dose of niclosamide with bisacodyl to assist 
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in tapeworm elimination (additional methods are provided 
in the online Technical Appendix, http://wwwnc.cdc.gov/
EID/article/21/10/14-1657-Techapp1.pdf).

We interviewed 738 persons in 205 randomly sampled 
households, representing roughly 5% (738/13,591) of the 
total camp population (Table). Our sample included a high-
er proportion of girls and women (394, 53.4%), and partici-
pants’ mean age was 23.7 years (SD ± 19.8), ranging from 
a few months to 84 years of age. Participants had a mean of 
2.8 years of education (SD ± 3.6) and had lived in the camp 
for an average of 9.9 years (SD ± 5.9). Most participants 
were unemployed (575, 80.0%) and owned at least 1 pig 
(549, 74.4%); none owned a cow. Among the 138 (67%) 
households in which pigs were raised, all but 1 (≈100%) 
household maintained their pigs in a corral. Approximately 
one quarter of participants reported eating raw pork (190, 
26.1%) and raw beef (178, 24.6%).

Fecal samples were collected from 552 (75%) par-
ticipants. Of these, 18 (3.3%) participants tested posi-
tive for taeniasis (i.e., eggs or proglottids were detected 
by microscopy), ranging from 1 (0.6%) person <10 years 
of age to 7 (11.7%) persons >54 years of age (Figure). 
After accounting for intrahousehold clustering and sam-
pling weight, the prevalence of taeniasis as determined by 
microscopy was 2.9% (95% CI 1.4%–4.3%). Among the 
671 persons with blood sample results, only 1 (0.1%) had 
serologic test results indicating T. solium taeniasis. This 
person was negative for Taenia sp. eggs or proglottids via 
fecal microscopy and was not seropositive for antibodies 
indicating T. solium cysticercosis.

Blood samples were collected from 671 (91%) partici-
pants. Of these, 29 (4.3%) were seropositive for antibodies 
against T. solium cysticerci by using EITB rT24, ranging 
from 6 (2.9%) persons <10 years old to 10 (15%) per-
sons >54 years old (Figure). After accounting for house-
hold clustering and sampling weight, seroprevalence was 
5.5% (95% CI 2.9%–8.1%). Of the 258 pigs whose blood 
we collected, 11 (4.3%) were seropositive for antibodies 
against T. solium cysticerci by EITB lentil-lectin puri-
fied glycoprotein. After adjustment for household clus-
tering and sampling weight, 3.2% (95% CI 0.8%–5.5%)  
were seropositive.

Conclusions
Taeniasis is relatively common among residents of the 
Ban Mai Nai Soi refugee camp. The overall prevalence of 
2.9% is consistent with estimates from other regions where 
Taenia sp. are endemic. Although we did not definitively 
identify the species of taeniasis present, serologic results 
suggest that T. solium is not the dominant Taenia species in 
this population. We found only 1 person with serum anti-
bodies indicating T. solium taeniasis using an assay that is 
100% specific for T. solium. The prevalence of antibodies  

indicating T. solium cysticercosis in humans was also 
low. Given this combination of findings, T. asiatica or T. 
saginata are likely the dominant species in this camp. The 
risk of acquiring neurocysticercosis in Ban Mai Nai Soi is 
therefore likely to be relatively low. However, the distribu-
tion of Taenia sp. tapeworms varies considerably among 
geographic areas and ethnic groups, so these results might 
not be generalizable to other camps or communities along 
the Thailand–Myanmar border.

The universal availability of sanitary infrastructure 
and wholesale adoption of animal corralling within the 
camp limit the conditions necessary for the T. solium tape-
worm to complete its lifecycle. These prevention measures 
might control transmission despite the pervasive poverty 
and common practice of eating raw pork. Sanitation and 
pig restraint within the camps and surrounding communi-
ties might reduce the risk for T. solium taeniasis and neuro-
cysticercosis in this region.

This study has limitations. Because we collected only 1 
fecal sample from each participant, we might have underes-
timated the prevalence of taeniasis. Although we recovered 
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Table. Characteristics of refugees living on the Thailand–
Myanmar	border	who	participated	in	taeniasis	study	and	their	
households,	2012* 
Characteristic Finding 
Refugees,	n	=	738  
 Age,	y,	median	(IQR);	mean	(SD) 18	(7–35);	23.7	

(19.8) 
 Education,	y,	median	(IQR);	mean	(SD) 1	(0–5);	2.8	(3.6) 
 Lived	in	camp,	y,	median	(IQR);	mean	(SD) 11	(4–16);	9.9	

(5.9) 
 Female	sex,	no.	(%) 394	(53.4) 
 Unemployed,	no.	(%) 575	(80.0) 
Households,	n	=	205  
 No.	residents,	median	(IQR);	mean	(SD) 4	(4–6);	4.3	(1.9) 
 Main	floor	elevated,	no.	(%) 169	(83.7) 
 Main	floor	cement	or	bamboo,	no.	(%) 198	(98.5) 
 Latrine	in	yard,	no.	(%) 170	(83.7) 
 Water	runs	from	tap	to	house,	no.	(%) 35	(17.2) 
 At least	1	pig,	no.	(%) 138	(67.3) 
*IQR,	interquartile	range.  

 

Figure. Taenia solium taeniasis and cysticercosis in refugees living 
on	the	Thailand–Myanmar	border,	2012.	Taeniasis	by	microscopy	
indicates presence of T. solium eggs or proglottids in stool.
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tapeworm material from fecal samples, we were not able 
to perform any molecular analyses, so the exact species of 
Taenia remains unconfirmed. Many of the variables collect-
ed were self-reported and therefore subject to participants’ 
recall bias.

Additional epidemiologic studies are needed to im-
prove understanding of the distribution of Taenia sp. in-
fections in this region and the effects of associated neuro-
logic disease. Screening and treatment for taeniasis among 
refugees before resettlement might also reduce the risk of 
further transmission in the receiving country.
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Technical Appendix 

Methods 

Specimen Collection 

We asked all participants to provide a whole stool sample. Each participant was 

provided a 500-mL plastic container and a bar of soap and was instructed on hygienic 

collection of stool. Field teams returned within 24 hours to collect stool samples. We also 

collected a blood sample via fingerstick. Lab technicians used disposable lancets and 

semi-quantifiable filter paper strips (Nobuto, Tokyo, Japan) to collect 1 mL of blood per 

participant. Used filter paper strips were stored in microtubules containing stabilizing 

enzyme (Stabilzyme SELECT, SurModies, Eden Prairie, MN, USA). 

Veterinarians collected a blood sample from all pigs by using disposable lancets 

and filter paper strips to collect 1 mL of blood from the inside of the pig’s ear flap. Used 

filter paper strips were stored in microtubules containing stabilizing enzyme. 

Statistical Analyses 

All statistical analyses were performed with Stata version 12.1 (Stata Statistical 

Software: Release 12. StataCorp LP, College Station, TX, USA). The crude prevalence of 

human taeniasis and seroprevalence of antibodies against cysticercosis were calculated as 

the proportion of persons with corresponding positive laboratory results among all 

persons sampled. Crude seroprevalence or porcine cysticercosis was calculated as the 

proportion of pigs with positive laboratory results among all pigs sampled. To adjust for 

intrahousehold clustering of participants, we assigned the household identification 

number as the panel variable on all models. We calculated sampling weights for each 

participant by dividing the total number of households in the camp (n = 2,988) by the 

number of households surveyed (n = 205) and then multiplying by the reciprocal of the 

http://dx.doi.org/10.3201/eid2110.141657
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participant’s number of household members. We calculated 95% CIs for all prevalence 

estimates. 

Human Subjects Protections and Animal Welfare 

We obtained verbal consent from every participant >18 years of age. An assent 

script was used with children <18 years of age, and a parent or guardian was also 

required to provide consent for the minor to participate. The Institutional Review Boards 

at Oregon Health & Science University and Chiang Mai University Faculty of Medicine 

as well as the Institutional Animal Care and Use Committees at Oregon Health & Science 

University and Chiang Mai University Faculty of Veterinary Medicine, approved this 

research. 
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