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Abstract
Background: WHO initiated lymphatic filariasis (LF) elimination globally. Pekalongan District, as LF endemic
area, started a program of mass drug administration (MDA) to combat LF in 2015. This study aimed to determine prevalence of Wuchereria bancrofti infection prior to the MDA.
Methods: LF infection was detected by the existence of circulating filarial antigen (CFA) W. bancrofti using immunochromatographic card test (ICT). The study population consisted of 1404 elementary school (ES) students living in Pekalongan District. Overall, 1033 were selected as study subjects. Prevalence survey was also
conducted on 436 general population in areas where infected students were found.
Results: The subjects ranged from 7-17 yr old (mean 9.85±1.296) and equally distributed between both sexes.
Prevalence of W. bancrofti infection was 1.98% in children. Infection was mostly found in older students (12 yr
old), male, in 6th grade, but did not differ significantly (P=0.129, 0.376, and 0.212 respectively). On the other
hand, distribution of infection was significantly different by school (P=0.009) and sub-district (P=0000). Most
of children with LF infection were found in Tirto Sub District. In general population, the prevalence of W.
bancrofti infection in Tirto was 4.4%. Proportion of infection in males (12.2%) was greater than females (3.8%),
with 78.9% of positive cases were in adult over 20 yr old.
Conclusion: Cases of W. bancrofti infection exist in Pekalongan District, both in children and adults. Implementation of MDA must be carefully monitored in order to achieve elimination target.
Keywords: Mass treatment, Wuchereria bancrofti, Elimination, Filariasis, Children

Introduction
Lymphatic filariasis (LF) is a chronic infectious
disease caused by filarial worms Wuchereria
bancrofti, Brugia malayi, and B. timori (1,2). The disease is a main community health problem, which
mostly affects susceptible people of all ages and
sexes (3,4) especially in tropical and subtropical
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countries (5). About 120 million people in 58
countries are infected globally with an estimated
1.23 billion at risk of infection (6). The disease
usually had a very low attention (neglected) in the
countries where it is prevalent (7). The manifestations of the disease are noticeably disfiguring
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(2,3,8), including lymphedema of the limbs, male
genitalia (hydrocele), or swollen breast (2).
WHO launched Global Program to Eliminate
Lymphatic Filariasis (GPELF) in 2000. The
GPELF targeted the elimination of LF as public
health problem by 2020 through mass drug administration (MDA) (9). From 2000 to 2013,
WHO had delivered more than 5 billion doses of
anti-filarial drugs to almost 984 million at-risk
individuals worldwide (6). In 2015, Indonesia
planned to carry out MDA in 106 LF endemic
districts (10). Pekalongan District is an endemic
LF area with 62 cases chronic LF, which potentially will continue to increase and spread if not
promptly treated.
“Effective monitoring and evaluation are necessary to achieve the goals of LF elimination” (11).
After MDA, LF programs must be able to assess
whether the prevalence of infection decrease to a
level at which transmission is no longer likely to
be sustainable (11). Pekalongan District had conducted partial treatment of LF only in its endemic
areas (five sub-districts) since 2002. However,
data from the District Health Office (DHO) of
Pekalongan showed mf rate after the partial
MDA (2003-2007) remained high, ranged from
1.15% to 3.90%.
Pekalongan District re-implemented MDA in all
sub-districts by 2015. Prior to the MDA, there
was no recent data on LF prevalence. Therefore,
a baseline survey should be conducted to determine the existence of new infection. LF infection
in children is a marker for recent exposure to the
parasite (12).
In this study, we conducted a survey prior to the
MDA. The study aimed to determine prevalence of
W. bancrofti infection among elementary school students in endemic sub-districts. The prevalence data
will be used as a baseline data because of LF elimination programs will be applied to the whole district.

Materials and Methods
Ethics Statement

Ethical approval was obtained from the Committee of Public Health Research Ethics, Diponegoro University (107/EC/FK/2015). Informed
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consent was acquired from students, in addition
to written consent from their parents. Written
informed consent was obtained from teachers.

Study design

This was a descriptive study designed as baseline
data to measure prevalence of W. bancrofti prior to
MDA. Selection of the study site was based on
endemicity of LF. Endemicity data was obtained
from DHO of Pekalongan. The study was carried
out in five LF endemic sub-districts, namely: Buaran, Kedungwuni, Tirto, Wiradesa, and Wonokerto (mf rate in 2007 were 3.9%, 1.27%, 1.15%,
1.40%, and 1.23% respectively). There were a
total of 128 elementary schools (ES) in those
sub-districts, 28 in Wiradesa, 24 in Wonokerto,
40 in Kedungwuni, 20 in Tirto, and 16 in Buaran.
Fifteen ES from those areas were randomly selected.
The protocol for this study was reviewed and
approved by the Health Research Ethical Review
Committees of the Public Health Faculty,
Diponegoro University, Indonesia. The survey
was conducted in Sep 2015, a month before the
first round of MDA was implemented.

Subject

Inclusion criteria consisted of students from selected ES, in 3rd to 6th grade, and willing to join
the study. Study population consisted of 1404 ES
students (729 male and 675 female) living in five
LF endemic sub-districts in Pekalongan. Of 1404
students, 1033 (98.9%) agreed to undergo CFA
examination, as outlined in Fig. 1. Prevalence
survey was also conducted in general population
of Tirto Sub District, where LF infected students
were highest.

Blood drawing and circulating filarial antigen
detection

Circulating filarial antigen (CFA) detection used
immunochromatographic test (ICT) from Alere
Scarborough Inc., Scarborough - ME USA. A
volume of 100 μL blood was drawn by finger
prick using microtainer BD blue. The blood was
collected in a calibrated capillary tube of each
individual.
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Fig. 1: Flow diagram of study subject participation

Blood was then added to the white portion of the
sample pad of the card according to the manufacturer protocol. Once the card was closed, the
timer was started. The result of the test was read
exactly 10 min after closing the card. Pink control
(C) and test (T) lines were visible for all valid
positive tests, whereas only the control pink line
appeared for negative tests.

Mapping

Mapping of LF used GIS software to produce
graphic displays of geographical information. The
map showed distribution of LF infection and
chronic cases in Pekalongan District. Map of
Pekalongan District was obtained from Dinas Tata Ruang Kabupaten Pekalongan. Coordinate of LF
infection and chronic cases were obtained from
GPS.

Analysis

Data were presented as proportion, mean ± deviation standard, minimum, and maximum. Statistical analysis used Chi-Square to test the difference
between positive and negative cases based on sex,
grade, school, and sub-district. Mean of age was
compared by independent t-test.

Results
Overall, 1033 students were selected from 15 ES.
Among 1033 subjects examined, there were 275
(26.6%) invalid result due to rapid blood clot.
The result showed 758 valid results, and 15 subjects were infected by W. bancrofti, as outlined in
Fig. 1. Prevalence of W. bancrofti antigenemia in
students was therefore 1.98%.Characteristics of
study subjects can be seen in Table 1.

Table 1: Characteristics of Wuchereria bancrofti antigenemia among elementary school students in Pekalongan District
2015
Variables
Positive
n=15
%
Age(yr)
Mean ± DS
Median
Minimum
Maximum
Sex
Male
Female
Grade
Third
Fourth
Fifth
Sixth

10.27±1.100
10
8
12

CFA
Negative
n=743
%
9.77±1.256
10
7
14

Invalid
n=275
%
10.01±1.397
10
7
17

P value
0.129a

9
6

1.7
1.2

360
383

69.5
74.4

149
126

28.8
24.5

0.376b

1
5
8
1

0.4
1.4
2.2
2,6

195
272
255
21

71.2
77.5
68.9
55.3

78
74
107
16

28.5
21.1
28.9
42.1

0.212b

CFA = circulating filarial antigen /DS = deviation standard /a = Independent t test /b = Chi-Square test
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In general, age of students ranged from 7 to 17 yr
old. Mean age of positive subjects was slightly
higher compare to negative subjects, yet the difference was not significant (P=0.129). The subjects were equally distributed between male and
female students. Proportion of positive males
was higher than female, although there was no
statistical difference (P=0.376). Proportion of
positive students increased with grade, i.e. 0.4,
1.4, 2.2, and 2.6 respectively from third to sixth
grade. No significant difference was found between grades (P=0.212).
Distribution of LF in children can be seen in Table 2.

Cases of LF were only found in two sub-districts,
namely Buaran and Tirto Sub Districts.
Proportion of positive CFA in Tirto Sub District
was more than 4 times higher than in Buaran Sub
District. The school with highest proportion of
W. bancrofti antigenemia was SDN Kranding, followed by SDN Tegaldowo, SDN Paweden, and
SDN Mulyorejo. Three of the schools (SDN
Kranding, Tegaldowo, and Mulyorejo) were located in Tirto Sub District. Only one other
school was located in Buaran Sub District. Distribution of positive CFA differ significantly according to school (P=0.009) and sub district
(P=0.000).

Table 2: Distribution of Wuchereria bancrofti antigenemia among elementary school students in Pekalongan District
2015
Variables

Positive
n=15
%
School
SDN Kepatihan 1
SDN Coprayan
SDN Kemplong
SDN Simbang Wetan
SDN Kertijayan 3
SDN Paweden
SDN Pekajangan
SDN Kedungwuni 4
SD Muhamadiyah 1
SDN Tegaldowo
SDN Bondansari 3
SDN Bebel
SDN Jeruksari
SDN Mulyorejo
SDN Kranding
Sub Districts
Wiradesa
Buaran
Kedungwuni
Tirto
Wonokerto

CFA
Negative
n=743
%

Invalid
n=275
%

P value

0
0
0
0
0
2
0
0
0
5
0
0
0
2
6

0.0
0.0
0.0
0.0
0.0
2.5
0.0
0.0
0.0
4.8
0.0
0.0
0.0
2.4
5.8

41
54
59
33
39
55
33
71
60
86
20
47
21
50
74

58.6
83.1
78.7
91.7
83.0
68.8
73.3
78.9
88.2
81.9
50.0
61.8
45.7
58.1
71.2

29
11
16
3
8
23
12
19
8
14
20
29
25
34
24

41.4
16.9
21.3
8.3
17.0
28.8
26.7
21.1
11.8
13.3
50.0
38.2
54.3
39.5
23.1

0.009b

0
2
0
13
0

0.0
0.9
0.0
3.8
0.0

120
181
164
231
47

64.9
79.4
80.8
67.7
61.8

65
45
39
97
29

35.1
19.7
19.2
28.4
38.2

0.000b

CFA = circulating filarial antigen
SDN = sekolah dasar negeri = public elementary school
SD = sekolah dasar = elementary school
b = Chi-Square test

For further investigation, LF prevalence in general population was examined. The result showed
19 out of 436 subjects were CFA positive. ThereAvailable at:
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fore, prevalence of W. bancrofti infection was
4.4%. Mean age was 36.8 yr old in all subjects,
while in infected persons the mean age was 39.1
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yr old. Proportion of infection in male (8.1%)
was higher than female (2.1%). LF cases were
also mapped. Fig. 2 shows geographical distribution of chronic and active cases of LF. Most
chronic cases were found in Tirto Sub District.

Chronic cases also sporadically spread in other
sub districts (Wiradesa, Buaran, Kedungwuni,
Wonopringgo, Kajen, Kesesi, Doro, Petungkriono, and Paninggaran).

Fig. 2: A. Geographical distribution of lymphatic filariasis chronic cases in Pekalongan District; B. Geographical
distribution of Wuchereria bancrofti antigenemia in endemic sub districts of Pekalongan District

Discussion
Study on LF in Pekalongan District is an additional interest to the current effort by DHO of
Pekalongan towards LF elimination. This present
observation demonstrated LF cases tended to
cluster in area of Public Health Center (PHC)
Tirto II, especially in village Tegaldowo (SDN
Tegaldowo) and Jeruksari (SDN Kranding and
Mulyorejo). Tegaldowo and Jeruksari are two
neighboring villages. The result, therefore, supports the potential of Tirto Sub District to serve
as sentinel site for Transmission Assessment Survey (TAS). TAS is done after five years of eligible
MDA program. Selection of sentinel site should
be based on mapping of LF endemic areas, i.e.
the region with highest cases of LF (13). Tirto is
qualified to be a sentinel site when MDA evaluation takes place. Once a sentinel site is selected, it
should continue to serve as the sentinel site
1488

throughout the program. “Blood surveys at sentinel sites are used to establish the baseline infection level and to monitor the impact of MDA on
infection prevalence periodically” (13). Pekalongan District has implemented partial MDA in five
endemic sub districts, started in 2002 and ended
in 2007 (14). Yet this study found prevalence of
LF remains higher than the level of transmission
threshold (15,16). According to WHO, after five
years of MDA, the expected prevalence of CFA
should not exceed 2% (16). With an overall prevalence of 1.98% in children and 4.4% in population, LF remains a public health problem in Pekalongan, especially in Tirto Sub District. Although the prevalence is lower than that of earlier
observations (2014) in Indonesia (4.7%) (10), infection in children should receive attention. LF in
children is a marker for relatively recent exposure
to the parasite (12) and is a sensitive indicator of
LF endemicity (17). This study supports the need
Available at:
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for targeting children in LF elimination campaign.
“LF prevalence in Indonesia varied from 0.5 to
27.6%. The high rates of LF were found in Maluku, Papua, West Papua, East Nusa Tenggara, and
North Maluku” (18). All people at risk are involved in this program (16). The efficacy of six
annual rounds of MDA was studied in Alor Island, eastern part of Indonesia. Microfilaria rates
in Alor decreased significantly after MDA intervention, from 26% to 0.17%. MDA may be recommended for other parts of Indonesia (19).
However, the challenge of MDA was mostly related to the infrastructure of MDA implementation (20) and the compliance with drug administration (21). Therefore, LF elimination in remote area in Indonesia is a major challenge (22).
This result showed the prevalence of LF in children increased with age. The similar type of prevalence was also reported from other endemic areas (23-25). Increasing of LF prevalence according
to the age in an endemic area correlates with the
duration of exposure to the infection (23,26). In
this study, the existence of concurrent prevalence
of LF both in children and adults was observed
in Tirto Sub Districts. Transmission had occurred
(27) in the area. Knowledge of LF prevalence in
children is very important for understanding the
future status of the disease. In this case, the global elimination program decided to protect children from LF (28,29), because children who are
close to adults are more exposed to infection (4).
This result will help to develop public health
strategies for treatment of LF infection in children and to reduce the future disease burden in
the adult population.
This study confirmed previous epidemiological
studies that proportion of LF was higher in male
than female (4,23,25). Higher prevalence in male
usually due to the possibility to be exposed to
mosquitoes (4). If left untreated, they may experience lymphatic damages and develop hydrocele
by around 10-15 yr old, because the parasites
seem to prefer the lymphatic of scrotum (30).
This study also found LF cases between families,
with all family members were infected. The clustering of LF cases possibly due to genetic (31–36)
Available at:
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or environmental (34,37) factors. A study in
Mauke, Pacific Island revealed a strong association of genetic and LF in population (36). Several
other studies in LF endemic areas also showed
the infection and microfilariae burden tend to
cluster in families, which was mostly due to genetic factor (31–36).
As control effort is implemented, maps of the
progress in control can help highlight success and
indicate where further effort is required. Mapping
of LF was conducted to show the distribution of
active LF infection and chronic cases in Pekalongan District (Fig. 2). Both chronic cases in older
population and infection in children were mostly
found in Tirto Sub District. Tirto is lowland,
which located 4 m above sea level. There are two
coastal areas in the sub district. Several villages
experience tidal inundation and are continuously
affected by stagnant water or flood. The existence of stagnant water may serve as breeding
places of LF vector Culex quinquefascitus (38).
Cx. quinquefascitus was confirmed as LF vector
in Samborejo Village, located in Tirto Sub District (39, 40).
During the first three years of partial MDA in
Pekalongan District (2002-2005), the coverage
increased, i.e. 80.8%, 81.9%, and 90.2% respectively. This impacted in the decrease of mf rate to
0.14% throughout the District in 2007. Tirto and
Buaran were two sub-districts with lowest MDA
coverage compared to other sub-districts. Consequently, in this study, we found positive cases
only in students from Tirto and Buaran. Therefore, the result of this study confirmed the importance of high percentage coverage of MDA to
reduce LF transmission.
Information on LF prevalence and associated
burdens is necessary to evaluate its public health
implication and subsequently plan for control
intervention (41). The study showed LF infection
both in children and adult. This may serve as
baseline prevalence before implementation of
MDA. Infected children usually did not show
clinical signs. Nevertheless, school-based mass
chemotherapy in lower age groups is necessary to
prevent clinical manifestations associated with LF
infection in the adults later in life (41).
1489
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This study described prevalence and geographical
distribution of LF in Pekalongan District, and
might be used for mapping of population at risk
and monitoring the disease.
Limitation of this study related to the selection of
study areas. Five sub-districts with high number
of chronic LF cases were included in this study.
The sub-districts were previously known as LF
endemic areas. Therefore, the result cannot be
generalized to other non-endemic areas.

Conclusion
Cases of W. bancrofti infection exist in Pekalongan
District, both in children (1.98%) and adults
(4.4%). LF infection in children is a marker for
relatively recent exposure to the parasite and is a
sensitive indicator of LF endemicity. Therefore,
this result will help to develop public health strategies for treatment of LF infection in children
and to reduce the future disease burden in the
adult population. Based on geographical distribution, LF infection was found clustering in Tirto
Sub-district, located on the northern coast of
Central Java. The result supported the potential
of Tirto Sub District to serve as sentinel site for
Transmission Assessment Survey (TAS). This
study may serve as baseline data prior MDA program. Monitoring and evaluation of the program
before second round of MDA should be done to
measure the prevalence and effect of MDA.

Ethical considerations
Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or falsification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements
The authors would like to thank the study participants, District Health Office of Pekalongan, and
Public Health Centre of Tirto II for their cooperation in facilitating the study. The assistance of
1490

Luthfiana Qonita in enrollment of study
participants and Asfahania in data collection are
also highly appreciated.

Funding
This study was financially supported by the Directorate General of the Higher Education, Ministry of Education and Culture and the Research
Institute of Diponegoro University (grant number 140-17/UN7.5.1/PG/2015). The funder had
no role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Conflict of interest
The authors declare that there is no conflict of
interests.

References
1. Nutman T (2001). Blood-borne filarial infection:
Wuchereria bancrofti, Brugia malayi, Brugia timori,
Loa loa, Mansonella perstans and Mansonella
ozzardi. In: Gillespie SH, Pearson RD, editors.
Principles and Practise of Clinical Parasitology.
Chichester, UK: John Wiley & Sons, Ltd. p.
433–54.
2. Supali T, Kurniawan A, Partono F (2011).
Wuchereria bancrofti, Brugia malayi, Brugia timori.
In: Sutanto I, Ismid IS, Sjarifuddin PK,
Sungkar S, editors. Parasitologi Kedokteran. 4th
ed. Jakarta: Balai Penerbit FKUI. p. 32–40.
3. Zeldenryk LM, Gray M, Speare R, Gordon S,
Melrose W (2011). The emerging story of
disability associated with lymphatic filariasis: a
critical review. PLoS Negl Trop Dis, 5 (12):
e1366.
4. Brandão E, Bonfim C, Cabral D et al (2011).
Mapping of Wuchereria bancrofti infection in
children and adolescents in an endemic area
of Brazil. Acta Trop, 120 (1-2): 151-4.
5. Chu BK, Hooper PJ, Bradley MH, McFarland
DA, Ottesen EA (2010). The economic
benefits resulting from the first 8 years of the
Global Programme to eliminate Lymphatic
Filariasis (2000-2007). PLoS Negl Trop Dis, 4

Available at:

http://ijph.tums.ac.ir

Ginandjar et al.: The Prevalence of Lymphatic Filariasis in Elementary School …

(6): e708.
6. World Health Organization (2015). Lymphatic
filariasis: Key facts. Geneva, Switzerland:
WHO Media Centre. p. 1.
7. Holmes P (2014). Neglected tropical diseases in
the post-2015 health agenda. Lancet, 383
(9931): 1803.
8. Perera M, Whitehead M, Molyneux D et al
(2007). Neglected patients with a neglected
disease? A qualitative study of lymphatic
filariasis. PLoS Negl Trop Dis, 1 (2): e128.
9. Brady M (2014). Seventh meeting of the Global
Alliance to Eliminate Lymphatic Filariasis:
reaching the vision by scaling up, scaling
down, and reaching out. Parasit Vectors, 7: 46.
10. Kementerian Kesehatan RI (2014). Menuju
eliminasi filariasis 2020. 1st ed. Jakarta:
Infodatin Kemenkes. 8 p.
11. World Health Organization (2013). Lymphatic
filariasis: Training in monitoring and
epidemiological assessment of mass drug
administration for eliminating lymphatic
filariasis. Geneva, Switzerland: WHO Press.
85 p.
12. Rebollo MP, Bockarie MJ (2013). Toward the
elimination of lymphatic filariasis by 2020:
treatment update and impact assessment for
the endgame. Expert Rev Anti Infect Ther, 11
(7): 723–31.
13. World Health Organization (2012). Transmission
assessment surveys in the Global Programme
to Eliminate Lymphatic Filariasis: WHO
position statement. Wkly Epidemiol Rec,
87(48):478-82.
14. Kabupaten Pekalongan (2010). Berita Dinas
Kesehatan Kabupaten Pekalongan. Website
Resmi Kabupaten Pekalongan. Kabupaten
Pekalongan. p. 816.
15. Bhumiratana A, Intarapuk A, Koyadun S et al
(2013). Current Bancroftian Filariasis
Elimination on Thailand-Myanmar Border :
Public
Health
Challenges
toward
Postgenomic MDA Evaluation. ISRN Trop
Med, 2013:857935.
16. World Health Organization (2013). Global
programme to eliminate lymphatic filariasis; a
handbook
for
national
elimination
programme. Rome, Italy: WHO Press. 1-8 p.
17. Witt C, Ottesen EA (2001). Lymphatic filariasis:
an infection of childhood. Trop Med Int Health,
6 (8): 582–606.

Available at:

http://ijph.tums.ac.ir

18. Kementerian Kesehatan RI (2010). Rencana
nasional program akselerasi eliminasi filariasis
di Indonesia 2010-2014. Jakarta: Subdit
Filariasis dan Schistosomiasis-Dit P2B2Ditjen P2PL;. 1-15 p.
19. Supali T, Djuardi Y, Bradley M et al (2013).
Impact of Six Rounds of mass drug
administration on brugian filariasis and soiltransmitted helminth infections in Eastern
Indonesia. Gyorkos TW, editor. PLoS Negl
Trop Dis, 7 (12): e2586.
20. Wibawa T, Satoto TBT (2016). Magnitude of
Neglected tropical diseases in Indonesia at
Postmillennium development goals era. J Trop
Med, 2016: 5716785.
21. Ginandjar P, Saraswati LD, Taufik O et al
(2017). The need of adequate information to
achieve total compliance of mass drug
administration in Pekalongan. IOP Conf Series:
Earth and Environmental Science, 55: 12059.
22. Bhullar N, Maikere J (2010). Challenges in mass
drug administration for treating lymphatic
filariasis in Papua, Indonesia. Parasit Vectors, 3:
70.
23. Mandal NN, Bal MS, Das MK, Achary KG, Kar
SK (2010). Lymphatic filariasis in children:
age dependent prevalence in an area of India
endemic for Wuchereria bancrofti infection. Trop
Biomed, 27 (1): 41–6.
24. Nana-Djeunga HC, Tchatchueng-Mbougua JB,
Bopda J E, et al (2015). Mapping of
Bancroftian Filariasis in Cameroon: Prospects
for Elimination. PLoS Negl Trop Dis, 9 (9):
e0004001.
25. Chesnais CB, Missamou F, Pion SD et al (2014).
A case study of risk factors for lymphatic
filariasis in the Republic of Congo. Parasit
Vectors, 7:300.
26. Jaoko WG, Michael E, Meyrowitsch DW et al
(2007). Immunoepidemiology of Wuchereria
bancrofti infection: Parasite transmission
intensity, filaria-specific antibodies, and host
immunity in two East African Communities.
Infect Immun, 75 (12): 5651–62.
27. Rebollo MP, Sambou SM, Thomas Be L, et al
(2015). Elimination of lymphatic filariasis in
the Gambia. PLoS Negl Trop Dis, 9 (3):
e0003642.
28. Addiss DG (2010). Global elimination of
lymphatic filariasis: addressing the public
health problem. PLoS Negl Trop Dis, 4 (6):

1491

Iran J Public Health, Vol. 47, No.10, Oct 2018, pp. 1484-1492

e741.
29. Alexander NDE (2015). Are we nearly there yet?
Coverage and compliance of mass drug
administration for lymphatic filariasis
elimination. Trans R Soc Trop Med Hyg, 109 (3):
173–4.
30. Shenoy RK, Bockarie MJ (2011). Lymphatic
filariasis in children: Clinical features, infection
burdens and future prospects for elimination.
Parasitology, 138 (12): 1559–68.
31. Junpee A, Tencomnao T, Sanprasert V,
Nuchprayoon S (2010). Association between
Toll-like receptor 2 (TLR2) polymorphisms
and asymptomatic bancroftian filariasis.
Parasitol Res, 107 (4): 807-16.
32. Terhell AJ, Houwing-Duistermaat JJ, Ruiterman
Y et al (2000). Clustering of Brugia malayi
infection in a community in South-Sulawesi,
Indonesia. Parasitology, 120 (Pt 1): 23–9.
33. Cuenco KT, Halloran ME, Lammie PJ (2004).
Assessment of families excess risk of
lymphedema of the leg in a lymphatic
filariasis-endemic area. Am J Trop Med Hyg, 70
(2): 185–90.
34. Wahyuni S, Houwing-Duistermaat JJ, Syafruddin
et al (2004). Clustering of filarial infection in
an age-graded study: genetic, household and
environmental influences. Parasitology, 128 (Pt
3): 315–21.
35. Cuenco KT, Halloran ME, Louis-Charles J,
Lammie PJ (2004). A family study of
lymphedema of the leg in a lymphatic

1492

36.

37.

38.

39.

40.

41.

filariasis-endemic area. Am J Trop Med Hyg, 70
(2): 180-4.
Cuenco KT, Ottesen EA, Williams SA et al
(2009). Heritable factors play a major role in
determining host responses to Wuchereria
bancrofti infection in an isolated South Pacific
island population. J Infect Dis, 200 (8): 1271–8.
Manhenje I, Galán-Puchades MT, Fuentes MV
(2013). Socio-environmental variables and
transmission risk of lymphatic filariasis in
central and northern Mozambique. Geospat
Health, 7 (2): 391–8.
Mukhtar M, Ensink J, Van der Hoek W et al
(2006). Importance of Waste Stabilization
Ponds and Wastewater Irrigation in the
Generation of Vector Mosquitoes in Pakistan.
J Med Entomol, 43 (5): 996–1003.
Febrianto B, Maharani A, Widiarti W (2008).
Faktor risiko filariasis di Desa Samborejo,
Kecamatan Tirto, Kabupaten Pekalongan,
Jawa Tengah. Bul Penel Kesehatan, 36 (2): 48–
58.
Pemerintah Daerah Kabupaten Pekalongan
(2016). Peta dan Profil Kecamatan Tirto.
Pekalongan: Website Resmi Kabupaten
Pekalongan. p. 1.
Christiana O, Olajumoke M, Oyetunde S (2014).
Lymphatic
filariasis
and
associated
morbidities in rural communities of Ogun
State, Southwestern Nigeria. Travel Med Infect
Dis, 12 (1): 95-101.

Available at:

http://ijph.tums.ac.ir

