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ABSTRACT
BACKGROUND
Cysticercosis is an infectious disease caused by the larval form of Taenia
solium (cysticercus cellulosae) and has been ranked as the most important
food-borne parasite of humans in terms of public health, socioeconomic
and trade impact. Cysticercosis is still a health problem in Papua and is
inseparable from socio-cultural factors, hygiene and environmental
sanitation. The aim of this study was to investigate the seroprevalence of
cysticercosis and the risk factors that contribute to cysticercosis.
METHODS
A cross-sectional study was conducted in March-November 2016 involving
800 subjects. Demographic data and risk factors were collected using
questionnaires. Cysticercosis serological examination was performed by
means of the magnetic microsphere bead immunoassay technique coupled
with rT24H recombinant protein to detect serum rT24H cysticercosis specific
antibodies. The data obtained were analyzed by bivariate test (chi-square)
and logistic regression.
RESULTS
Cysticercosis seroprevalence in Papua was 3.6% (284/7 874). The logistic
regression analysis found that the risk factors playing the role of predictor
were cooking pork with hot stones [OR=3.06; 95%CI: 2.19-4.28; p=0.000],
nail hygiene [OR=2.05; 95%CI: 1.57-2.67; p=0.000], consumption of raw
vegetables or salads [OR=0.52; 95%CI: 0.30-0.91; p=0.022], use of river
water for washing foods [OR= 1.92; 95%CI: 1.39-2.64; p=0.000].
CONCLUSIONS
Cooking pork with hot stones was the main risk factor of cysticercosis.
Suspected cases of T. solium in pigs should be confirmed by molecular
methods. Both taeniasis and human cysticercosis should be notifiable and
surveillance in animals should be improved.
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INTRODUCTION
Cysticercosis is a parasitic infectious disease
caused by the larval stage of Taenia solium that
can attack human tissues or organs such as the
muscles, eyes, heart, lungs, and brain.(1) The
sources of cysticercosis transmission are patients
with T. solium taeniasis, where the stools of the
patients that contain the tapeworm eggs
contaminate the environment, and if the eggs are
ingested they can cause cysticercosis in pigs as
well as in humans. Cysticercosis in the
subcutaneous tissues can be observed by the
formation of subcutaneous nodules, while in the
brain the presence of T. solium cysts cause
neurocysticercosis with epileptic seizures as the
most frequent sign.(2,3)
Neurocysticercosis is a public health
problem in developing countries. The presence
of T. solium cysts in the brain results in a disorder
of the central nervous system, causing secondary
epilepsy in the majority of patients.
Neurocysticercosis has been reported as the
cause of around 20-50 % of secondary epilepsy
in several countries in the world. (4) The incidence
of taeniasis/cysticercosis is highest in Africa,
Southeast Asia, Central and South America, and
Europe.(3,5) In the Southeast Asian region research
has been conducted on the prevalence of taeniasis
and cysticercosis, e.g. in Indonesia, the Philippines,
Singapore, Vietnam and Burma. In Indonesia,
endemic areas of T. solium are West Irian, North
Sumatra, Bali, Flores and Timor.(6) However,
taeniasis/cysticercosis has also been reported in
Lampung, Jakarta, East Java, East Nusa
Tenggara, West Kalimantan, East Kalimantan,
North Sulawesi, South Sulawesi and Southeast
Sulawesi.(7)
Taeniasis/cysticercosis in Papua was initially
encountered in the Paniai district in 1970-1972,
then spread to the regions East of the Jayawijaya
mountain range into Baliem Valley and other
districts, including the districts of Jayawijaya,
Tolikara, Puncak Jaya, Pegunungan Bintang, and
the areas bordering Papua New Guinea
(PNG).(7,8) The prevalence of cysticercosis in the
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Papua mountains is around 20.8%, while the
prevalence of taeniasis is 7%.(9)
Humans are infected with taeniasis because
of consumption of undercooked or raw T. solium
larvae-containing pork, while cysticercosis occurs
due to human consumption of food or water
contaminated with T. solium eggs. Cysticercosis
may also occur from autoinfection in patients with
taeniasis.(5) A study on the risk factors of taeniasis/
cysticercosis in Vietnam reported that consuming
undercooked or raw pork, raw vegetables or
salads, and unboiled water are important positive
factors for the spread of the disease, whereas
hand washing with soap before meals and after
defecation is important in its prevention. (10) The
risk factors of taeniasis/cysticercosis transmission
in Africa, Asia, Latin America, and Southeast Asia
are generally similar, i.e. community culture, poor
environmental sanitation, low level of personal
hygiene, low educational level, free-roaming pigs,
consumption of undercooked or raw pork, and
consumption of raw vegetables or salads.(5,10)
Similarly, the risk factors of taeniasis/cysticercosis
transmission in Papua are associated with the
consumption of undercooked pork and vegetables,
low educational level on hygiene, and free-roaming
pigs.(11) However, there is a need for further study
on the management of pork consumption. The
aim of this research was to determine the risk
factors that are important predictors of
cysticercosis in humans.
METHODS
Research design
This was a cross-sectional research project
of the Papua Biomedical Research and
Development Station (Balai Litbang Biomedis
Papua) that was conducted in March 2016 in
10 districts of Papua Province, i.e. the districts
of Biak Numfor, Paniai, Nabire, Deiyai, Nduga,
Intan Jaya, Jayawijaya, Yalimo, Mamberamo
Pusat, and Lannya Jaya. The reason why these
10 districts were selected was because
historically the initial cases of taeniasis and
cysticercosis were found in the Paniai district,
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then spread to the East to Pegunungan Bintang
district, while to the West they spread to the
districts of Deiyai, Nabire, Teluk Wondama and
Manokwari (Figure 1).
Research subjects
The research subjects were respondents
above the age of 5 years from among the
residents who were domiciled around pig farms.
Sample collection was performed by purposive
sampling by considering community spots of pig
farmers.
The size of the research sample was
calculated by the Central Agency for Statistics
of Papua Province (Badan Pusat Statistik
Provinsi Papua), using the cross-sectional study
equation with consideration of the design effect
of the study. (12) The prevalence (p) of
cysticercosis in Papua was 20-25.6% (based on
considerations of the Papua Province Animal

Breeding and Health Service (Dinas
Peternakan and Kesehatan Hewan Provinsi
Papua), with a margin of error (E) of 20%,
confidence interval of 95% (95%CI), mean
household population (x) of 4 persons,
anticipated drop-outs of 5%, and research design
effect (deff) of 2.

z 2 p 1  p deff  x 1.05
n
EP 2 x k (X)
Therefore the study sample size was 800
individuals.
Data collection
Collection of demographic data and risk
factors was performed by means of
questionnaires, comprising the respondents’
gender, education, habit of washing hands with
water and soap before meals, habit of washing

Figure 1. Cysticercosis sero-epidemiologic locations and sample size by district, Papua 2017. Legend: 1. Biak Numfor
(n=800), 2. Nabire (n=798), 3. Deiyai (n=798), 4. Paniai (n=800), 5. Nduga (n=797), 6. Jayawijaya (n=799), 7. Lannya
Jaya (n=800) 8. Mamberamo Tengah (n=800). 9. Intan Jaya (n=800), 10. Yalimo (n=682)
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hands with water and soap after defecation, nail
hygiene, source of water for washing vegetables,
consumption of raw vegetables, and habit of
using hot stones for cooking pork. Interviews
with 5-12 year-old respondents were performed
in the presence of their parents or of adults
residing in the same house.
Laboratory assay
The diagnosis of cysticercosis was
established by drawing a blood sample of 4 drops
(an estimated 400 µl of blood sample) from the
fingertips of the respondents using Whatman
grade No.3 filter paper that was then dried and
placed in silica gel-containing plastic bags.
Serologic assays of serum specimens were
performed by means of magnetic microsphere
bead immunoassay for detection of specific
circulating antibody against the recombinant
cysticercosis protein rT24H using MagPix
Luminex equipment. (13) The assay was a
multiplex assay using the cysticercosis protein
antigen rT24H (Genscript Lot.# U7761BI2801) on microsphere beads according to the
Luminex protocol.
The samples were prepared using the
Luminex Immunoassay technique (14,15) i.e. the
blood sample on filter paper was dissolved in 1
x PBS solution (Sigma, Cat.# P4417-100 tab);
0.3% Tween-20 (Sigma, Cat.# P1379 100 ML)
and 0.1% NaNO3 (HiMedia, Cat.# GRM1038),
so that the sample concentration was 1:10. A
volume of 50 µL rT24H magnetic microsphere
mixture (50 µL microparticles/µL in 1x PBS;
0.3% Tween-20; 5% skim milk) was pipetted
A
B
and placed in round-bottomed microplate wells
(Costar, Cat.# 3792). Subsequently 50 µL of the
sample was added to the wells (sample
concentration 1:100 in 1 x PBS; 0.3% Tween20; 5% skim milk) and incubated at room
temperature for 30 minutes using the microplate
shaker (800 rpm). Washing with PBS 1 x; 0.3%
Tween-20 was performed twice manually using
Luminex magnetic microplate washer. Binding
of the recombinant rT24H protein complex with
specific circulating antibody was detected by
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adding 50 µL biotinylated mouse anti-IgG4
(Clone HP6025, affinity purified, Southern
Biotech, Birmingham, AL, Cat.Number 920008) dissolved in 1 x PBS, 1% BSA, 0.05%
NaNO3 (concentration 1:200) then incubated for
30 minutes on the microplate shaker (800 rpm).
Subsequently washing was done 3 times then
detection of the fluorescent color was performed
by adding 50 µL R-phycoerythrin-labeled
streptavidin conjugate [(Invitrogen, Cat.# S866)
dissolved in 1x PBS-1% BSA, 0.05% (Sigma
Cat.# A9647-10 g) NaN 3 so that the
concentration was 1:250] then incubated for 30
minutes. After incubation washing was done 3
times then the mixture was suspended in 125
µL 1x PBS, 1 % BSA, 0.05% NaNO3, and the
median fluorescence intensity (MFI) was read
on the MagPix Luminex using the Luminex
software 4.0. (16) Data validity control was
performed with recombinant rT24H antigen as
cysticercosis antigen standard.
The data were interpreted by observing the
data output of the Luminex MagPix in the form
of MFI values and quantitative data of magnetic
beads that had reacted. The sera of patients with
positive cysticercosis were used as cysticercosis
positive controls. The cut-off value was
determined using cysticercosis-negative serum,
by measuring the mean MFI and its standard
deviation (SD), where eventually the cut-off
value = mean MFI + 2*SD of the MFI negative
standard. The serologic assay results were
interpreted as positive if the MFI > cut-off value,
then the cysticercosis serologic score was
determined (0= negative cysticercosis, 1=
C
positive cysticercosis) for logistic regression
analysis.
Statistical analysis
The collected questionnaire data were
processed using Epi Data ver. 3.1, then bivariate
screening analysis was done with Chi-square
test at significance of p<0.05, followed by logistic
regression analysis to determmine the causal
predictors of cysticercosis in the community at
95% confidence level and significance of p<0.05.
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Table 3 shows that cooking pork on hot
stones constituted the greatest risk factor for the
occurrence of cysticercosis (OR= 3.06;95% C.I.
2.19-4.28).
DISCUSSION

RESULTS
The laboratory test results for 7,874 serum
samples showed that the cysticercosis
seroprevalence in Papua was 3.6%. The highest
seroprevalence was found in Memberamo
Tengah district (16.0%), followed by Nduga
(6.9%; 55/797), Yalimo (4.0%; 27/682), Nabire
(2.6%; 21/798), Paniai (2.4%;19/800), Lannya
Jaya (1.6%;13/800), Jayawijaya (0.9%;7/799),
Biak Numfor (0.8%;6/800), Intan Jaya (0.8%;
6/800), and Deiyai (0.3%; 2/798) (Table 1).
The relationship between risk factors and
cysticercosis in the 10 districts of Papua may
be seen in Table 2.
Table 2 shows that there was a significant
relationship of educational level, nail hygiene,
vegetable salads, use of river water for washing
vegetables, and cooking pork on hot stones with
the incidence of cysticercosis (p<0.05). The
significant risk factors were education (p=0.041),
nail hygiene (p=0.021), consumption of raw
vegetables or salads (p=0.049), river as water
source (p=0.000), and cooking pork on hot stones
(p=0.000), which were further analyzed by logistic
regression, for determining which risk factors
constituted causal predictors of cysticercosis in
the community. The results of the logistic
regression analysis may be seen in Table 3.

The results of this study shows that the
cysticercosis seroprevalence in Papua was
3.6%. This does not differ much from the results
of previous studies in several districts in the
central mountain range of the Papua Province,
where the seroprevalence in Puncak Jaya and
Pegunungan Bintang was 2-2.6 % and in the
Paniai and Jayawijaya districts 20.8-29.2%.(17)
On-location observation of the respondents’
hygiene still found dirty and long fingernails. The
results of logistic regression analysis shows a
significant relationship between nail hygiene and
incidence of cysticercosis [OR=2.05; 95% C.I.
1.57-2.67). These results show that dirty
fingernails carry a 2.05-fold risk of
cysticercosis. This is due to the fact that long
fingernails will readily accumulate dirt, such as
soil, if children play with soil or adults work in
their gardens or after defecation if they do not
thoroughly wash their hands. Dirt under the
fingernails is difficult to remove by hand
washing only without picking and removing it.
This may be a risk factor for the adherence of
T. solium eggs from contaminated soil, so that
they can cause cysticercosis.(18) This is also
supported by Mwanjali et al.(19) who reported
that poor nail hygiene constitutes a risk factor
for cysticercosis infection.

Table 1. Cysticercosis seroprevalence by districts in Papua
District
Biak Numfor
Nabire
Deiyai
Paniai
Nduga
Jayawijaya
Lannya Jaya
Mamberamo Tengah
Intan Jaya
Yalimo
Total
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n

Cysticercosis seroprevalence

%

800
798
798
800
797
799
800
800
800
682
7,874

6
21
2
19
55
7
13
128
6
27
284

0.8
2.6
0.3
2.4
6.9
0.9
1.6
16
0.8
4.0
3.6
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Table 2. Relationship between several risk factors and cysticercosis
Risk factors
Gender
Male
Female
Education
Low (no schooling,
elementary school)
Middle to high (Junior
high school, senior high
school, D1, D2, D3, S1)
Hand washing with water
and soap before meals
No
Yes
Hand washing after
defecation
No
Yes
Nail hygiene
Not clean
Clean
Vegetables made into
salads or consumed raw
No
Yes
River as source of water
No
Yes
Cooking pork on hot
stones
No
Yes

Cysticercosis serology
Seropositive
Seronegative
n
%
n
%

p value

Total
n

%

130
154

3.6
3.6

3 493
4 097

96.4
96.4

3 623
4 251

100
100

0.935

200

3.9

4 898

96.1

5 098

100

0.041*

84

3.0

2 692

97.0

2 776

100

156
128

3.6
3.7

4 230
3 359

96.4
96.3

4 386
3 487

100
100

0.788

162
122

3.6
3.6

4 342
3 247

96.4
96.4

4 504
3 369

100
100

0.954

184
100

3.3
4.4

2 192
5 398

96.7
95.6

5 582
2 292

100
100

0.021*

270
14

3.7
2.2

6 964
620

96.3
97.8

7 234
634

100
100

0.049*

232
52

3.2
7.6

6 960
630

96.8
92.4

7 192
682

100
100

0.000*

49
235

1.8
4.6

2 677
4 913

98.2
95.4

2 726
5 148

100
100

0.000*

*p with Chi-square test

The results of our study show that
consumption of raw vegetables or salads was a
risk factor for cysticercosis. Similar results were
obtained in a Laotian study where consumption
of uncooked vegetables was a risk factor for
cysticercosis.(20) A study by Sah et al.(21) found
that the use of river water for consumption was
significantly associated with incidence of

cysticercosis. A study by Van De et al.(22) in
Vietnam reported that the sources of cysticercosis
transmission are consumption of raw vegetables
and fresh fruit, half-cooked pork, and unboiled
drinking water. Unprotected river streams or
water wells may become contaminated with
T.solium eggs,(23) which can survive in water for
long periods of time so becoming a source of

Table 3. Results of multiple logistic regression analysis of risk factors correlated
with incidence of cysticercosis
Risk factors
Cooking pork on hot stones (1)
Vegetables made into salads or
consumed raw (1)
River as water source (1)
Nail hygiene (1)

β

p

1.12
-0.64

0.000
0.022

Odds
ratio
3.06
0.53

0.65
0.72

0.000
0.000

1.92
2.05

95% Confidence interval
2.19
0.30

4.28
0.91

1.39
1.57

2.64
2.67
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cysticercosis transmission in pigs and humans.(1,5)
Different results were obtained by Nkouawa et
al.(24) who reported that there was no significant
relationship of the use of river water and
vegetable consumption with cysticercosis.
The cooking of pork on hot stones still allows
the tapeworm larvae to survive, so that they can
cause taeniasis and indirectly constitute a factor
in the transmission of cysticercosis if humans
consume the half-cooked and taeniasis-infected
pork. Patients with taeniasis may become sources
of cysticercosis transmission and infect
themselves (autoinfection) as well as pigs and
humans in their neighborhood.(25) The results of
our study show that the risk factor of cooking
pork on hot stones has a significant relationship
with the prevalence of cysticercosis. This may
be because the vegetables and roots that are
cooked together with the pork are contaminated
with tapeworm eggs from the soil around the
cooking site.(28) Consumption of raw or halfcooked T. solium larvae-containing pork is an
indirect factor, since it causes taeniasis, which
results in contamination of the environment with
T.solium eggs, but causes cysticercosis upon
autoinfection. This is supported by the study of
Khaing et al.(23) who reported that the risk factors
of cysticercosis transmission are among others
community cooking resulting in consumption of
half-cooked or raw meat.
A limitation of this study is its crosssectional design so that it cannot evaluate any
cause-and-effect relationships. The collection of
the samples was performed on respondents
residing near pig farming communities, so that
there is a high probability that local respondents
residing far from district cities were not included.
Interview bias may occur from the large
community gatherings at the time of visit to the
respondents.
The implication of this study is that there
are still cases of taeniasis and cysticercosis to
be found in Papua, indicating that there are still
neglected diseases in Indonesia, so requiring
cross-sectoral management for the prevention
and control of disease transmission. The use of
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the magnetic microbead immunological assay is
of great help in doing surveys with large samples,
so saving time and expenditure.
Cysticercosis studies or surveys should not
only be conducted in humans but also in pigs for
early identification of porcine cysticercosis to
obtain more epidemiologic data for this disease.
The magnetic microbead immunoassay with
recombinant rT24H protein for the detection of
serum cysticercosis antibodies in pigs should also
be performed. This method requires only small
amounts of serum so simplifying the
management and transportation of the samples
from distant locations.
CONCLUSION
This study demonstrated that cooking pork
on hot stones was the main risk factor for
cysticercosis. The main problem for control of
cysticercosis lies in reducing the risk factors.
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