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Abstract

Lymphatic filariasis (LF) is an important neglected parasitic disease according to the World Health Organization. In this study, we aimed to
determine the prevalence of human LF in Asia using a systematic review and meta-analysis approach. Records from 1990 to 2018 in
reputable databases including PubMed, Science Direct, Embase, and Cochrane Library were searched using a panel of related keywords.
All 48 countries of Asia were searched one by one in combination with the keywords. In all, 41,742 cases identified in this study were
included in the analysis. According to our findings, the pooled prevalence of LF in Asia was estimated at 3% (95% CI:[1.7,5.2]). There was
no major trend in the cumulative prevalence of LF over time. Some countries in Asia including China, Japan, Vietnam, and South Korea
succeeded in eliminating LF as a public health problem, but others still need to monitor the disease. Based on the initiative of the WHO
starting in 2000, some countries in Asia succeeded in eliminating LF as a public health problem. Other countries have taken steps to
eliminate the disease with variable degrees of success. These efforts might be affected by issues such as climate change.

Keywords Lymphatic filariasis - Asia - Prevalence - Neglected tropical diseases

Introduction

The term neglected tropical diseases (NTDs) arose from the
recommendation by the Working Group on Monitoring and
Evaluation of the Strategic and Technical Advisory Group for
NTDs (WHO 2020). Among NTDs, parasitic diseases are
prominent, and many studies have been conducted on differ-
ent aspects of their risks and complications (Torgerson et al.
2014). According to the WHO (WHO 2020), the following
diseases are considered NTDs: Chagas disease, dracunculiasis
(guinea-worm disease), echinococcosis, foodborne
trematodiases, human African trypanosomiasis (sleeping sick-
ness), leishmaniasis, lymphatic filariasis, onchocerciasis (river
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blindness), schistosomiasis, soil-transmitted helminthiasis,
and taeniasis/cysticercosis.

Filariasis is an important parasitic disease caused by round-
worms of the Filarioidea superfamily, which are parasites re-
siding in the blood and tissues of humans. In humans, filariasis
is caused by Wuchereria bancrofii, Brugia malayi, Loa loa,
Onchocerca volvulus, and Dirofilaria spp. Lymphatic filaria-
sis (LF), in which the adult worms are found in the lymphatic
system, is considered the most important form of filariasis,
and is also known as elephantiasis. It is transmitted by mos-
quitoes of the genera Culex, Mansonia, and Anopheles (Solgi
et al. 2017; WHO 2013).

Nearly 63% of 1.34 billion people worldwide are at risk of
LF, and about 50% of the 120 million infected people live in
the South-East Asia Region. This region bears approximately
57% of the total global burden of an estimated 5.1 million
disability-adjusted life years (DALYSs) lost due to LF. Nine
countries in this region are endemic for LF. India, Nigeria (in
Africa), Bangladesh and Indonesia together account for 70%
of LF in the world, although 80 countries are considered en-
demic for the disease (WHO 2013). In the year 2016, a total of
1189 (587.7 to 2114.9) DALY s (thousands) were reported for
all ages (Collaborators 2017).

Countries and areas considered at high risk include central
Africa and the Nile delta, Madagascar, Turkey, the Middle
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East, India, Pakistan, Sri Lanka, Myanmar, Thailand,
Malaysia, Vietnam, South Korea, Indonesia, the Philippines,
Timor, southern China, Haiti, Dominican Republic, Guyana,
French Guinea, and costal Brazil (Hotez and Ehrenberg 2010;
Utzinger et al. 2010).

The disease has variable symptoms caused mostly because
adult worms occupy and block the lymphatic vessels.
Depending on the kind of filariasis, the patient shows a spec-
trum of signs and symptoms including elephantiasis, lymph-
edema, hydrocele, chyluria, chylous diarrhea, and
chylorrhagia (Addiss 2010; Kabatereine et al. 2010). Some
asymptomatic cases, which may become chronic, have also
been reported.

Clinical manifestations including episodic attacks of
lymphadenitis and lymphangitis (fever, pain in the affected
area, tender red streaks) along with fever and malaise are
attributed to acute LF, while some cases of acute attacks have
been reported for chronic manifestations. The patients show
lumps in the subcutaneous tissue, breasts or testicles due to
reactions to adult worms or related granulomas (Al-Shaham
and Sood 2010).

After the World Health Assembly (WHA) on 1997 and
based on Resolution 50.29 to eliminate LF, a Global
Programme to Eliminate LF (GPELF) was initiated in 2000
to eliminate LF in 2020. The main strategies were mass drug
administration (MDA) using a two-drug combination of di-
ethylcarbamazine (DEC) and albendazole, and a transmission
assessment survey (TAS) (WHO 2013).

In this review, we aimed to collect and analyze data
concerning the situation of human filariasis in Asian countries
by searching publications between 1990 and 2018 recorded in
reliable databases.

Methods
Search strategy

The PubMed, Science Direct, Embase, and Cochrane Library
databases were searched using a panel of keywords that in-
cluded, but was not limited to, human filariasis, lymphatic
filariasis, Wuchereria bancrofti, Brugia malayi, Brugia
timori, prevalence, epidemiology, and all Asia countries in
turn (https://www.worldatlas.com/articles/how-many-
countries-are-in-asia.html). The countries included in the
searches were Afghanistan, Armenia, Azerbaijan, Bahrain,
Bangladesh, Bhutan, Brunei, Cambodia, China, Cyprus,
East Timor, Georgia, India, Indonesia, Iran, Iraq, Israel,
Japan, Jordan, Kazakhstan, Kuwait, Kyrgyzstan, Laos,
Lebanon, Malaysia, Maldives, Mongolia, Myanmar, Nepal,
North Korea, Oman, Pakistan, Philippines, Qatar, Saudi
Arabia, Singapore, South Korea, Sri Lanka, State of
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Palestine, Syria, Tajikistan, Thailand, Turkey, Turkmenistan,
United Arab Emirates, Uzbekistan, Vietnam and Yemen.

We included relevant studies conducted from 1990 to 2018
and published in English. We initially screened studies based
on their title and abstract, followed by availability of the full
text. If only the abstract was available, information from the
study was considered only in the Discussion section. Items
such as books and Letters to the Editors were excluded from
the study.

The inclusion criteria were (1) conducted between 1990
and 2018, (2) English language, (3) availability of the full text,
(4) original or review article as publication type, and (5) in-
volving human patients.

The exclusion criteria were (1) studies in animals only, and
(2) case report or letter to the editor as publication type.

As shown in Fig. 1, a total of 3305 records were initially
found in the database searches. After initial screening, 2440 du-
plicate articles were deleted. The remaining 790 items were then
screened to locate relevant content. The remaining 75 articles
were then checked to verify that they met the inclusion criteria,
and as a result, a total of 19 studies were included in the analysis.

Statistical analysis

The data were analyzed using R version 4.0.2 (R Foundation
for Statistical Computing, Vienna, Austria.). The pooled prev-
alence was estimated with its 95% confidence interval (CI).
Chi-squared, tau-squared, and I-squared statistics were calcu-
lated to assess heterogeneity of the studies. Due to significant
heterogeneity, a random effects model was used to estimate
the pooled prevalence of filariasis. Publication bias was eval-
uated using a funnel plot. Results with p values less than 0.05
were considered statistically significant.

Results and discussion

Figure 2 shows the distribution of LF in Asia. The differences
in prevalence among countries are discussed in detail below.

A total of 41,742 cases synthesized in the present study
were included in the analysis. According to the results of the
present meta-analysis, reported in Fig. 3, the pooled preva-
lence of LF in Asia was estimated at 3% (95% CI: [1.7,
5.2]). The results of chi-squared, tau-squared and /-squared
tests revealed significant heterogeneity among the studies, so
arandom effects model was used to pool the prevalences from
all included studies (tau2 = .53, chi’ = 1618.02, p value <
0.001, * = 99%).

Cumulative meta-analysis was performed to estimate the
trend in LF prevalence with time in Asia. The results showed
that there was no major trend in cumulative prevalence (Fig.
4). A funnel plot drawn to check for the existence of publica-
tion bias in the studies (Fig. 5) showed no bias.
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Fig. 1 Flow diagram of search
and selection of relevant articles
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The highest prevalence of infection was reported in India as
21% (Foo et al. 2011), and the lowest rate was from Sri Lanka
as 0.32% (Chandrasena et al. 2016). We noted that most stud-
ies done in India reported a prevalence of LF between 2.4 and
21% (Foo et al. 2011; George et al. 2019; Khan et al. 2015;
Mandal et al. 2010; Mukhopadhyay 2010; Mukhopadhyay
et al. 2007; Sabesan et al. 2013; Srividya et al. 2002;
Upadhyayula et al. 2012).

Lymphatic filariasis due to Brugia spp. was reported from
Indonesia (Supali et al. 2002), Malaysia (Jamail et al. 2005),
Sri Lanka (Iddawela et al. 2015; Mallawarachchi et al. 2018),
and Thailand (Rahmah et al. 2003). Dirofilaria spp. was re-
ported in humans in Iran (Ashrafi et al. 2010; Ghasemi et al.
2020; Jamshidi et al. 2008; Tavakolizadeh and Mobedi 2009),
Israeli (Gutierrez et al. 1995), and Taiwan (Li et al. 2013),
although these cases are not considered NTDs. Because the
aim of the study was to document the situation of LF only in
humans, the many studies that reported animal filariasis in
Asia were excluded from the present analysis.

The situation of LF in individual Asian countries is
reported below.

India

Lymphatic filariasis has a long history in India dating back to
the 6th century B.C. In 1995, the National Filaria Control
Programme (NFCP) was started (Agrawal and Sashindran
2006). The disease has been reported in India since 1945
(Ahmad 1945). Unfortunately, there are no detailed data in
the literature from that time. A survey conducted in 1981
showed that of 24,946 persons examined for LF, 8—41% had
microfilaremia (Rajagopalan et al. 1989).

Many more recent studies from India have been published
regarding the prevalence of LF (Foo et al. 2011; George et al.
2019; Khan et al. 2015; Mandal et al. 2010; Mukhopadhyay
2010; Mukhopadhyay et al. 2007; Sabesan et al. 2013;
Srividya et al. 2002; Upadhyayula et al. 2012). Bancroftian
filariasis was reported in all of these studies. India harbors
nearly 40% of 120 million cases of infection with LF in the
world (George et al. 2019). The DALY lost in India due to
FL has been reported as 2.06 million, resulting in an annual
wage loss of US $811 million (Ottesen 2000). The six states
regarded as having high endemicity in India are Uttar Pradesh,

@ Springer



414 Parasitol Res (2021) 120:411-422

o Uzbekistam,__ mifg,{s{}i}-'
+ NG i
Y Tlﬂ([n?mstan S C.-‘fan dstan.,

b a

Ovars | ol 5
Lebanon.— 5 . Afghanistan
i e Iran {

4{_ _Pakistan
L

§

Phijjpé}les

Philigpies
7 Pl
Philigp";ﬁesm

Legend Maldives
Maldives

Prevalence (%) Maldives

221 Maldives

B 3

Bl 1025

B 920

I 4

B 0.1.38

[ Jo032-113

[ Jos2

[ NoData o0 920 1,840 2,760 ses0

Fig. 2 Distribution of lymphatic filariasis in Asia (Original figure)

Bihar, Jharkhand, Orissa, Kerala, and Gujarat (Raju et al. ~ Malaysia
2010). The global LF program is currently being conducted

with the main targets of eliminating LF and interrupting trans-  In Malaysia, LF has been reported with two agents:
mission using MDA (Ottesen 2000). The drugs DEC and =~ W. bancrofti and B. malayi (Al-Abd et al. 2014). The first
albendazole are used as part of the program to support its aims. ~ report of LF we noted in the literature dates to 1968, but no
Accordingly, they may reduce the microfilaremia more than  details were available (Yap et al. 1968). The earliest report we
95% after 2 annul rounds (Ottesen 2000). could find described microfilaria as sub-periodic B. malayi in
Fig. 3 Forest plot showing the Study Events Total GLMM, Random, 95% CI GLMM, Random, 95% CI
led I F lvmphati Omar, M. S (1996) 27 762 0035[0.0230051]

pooled prevalence ot fymphatic Srividya, A (2002) 4 119  0.034[0.009; 0.084]
filariasis in Asia Supali, T (2002) 99 1075  0.092[0.075; 0.111]

Sherchand, J. B (2003) 582 4488  0.130[0.120; 0.140]

Rahmah, N (2003) 18 5138  0.004 [0.002; 0.006]

Leang, R (2004) 18 3490  0.005 [0.003; 0.008]

Jamail, M (2005) 261 2545  0.103[0.091;0.115]

Mukhopadhyay, A. K (2007) 123 5056  0.024 [0.020; 0.029]

Mukhopadhyay, A. K (2010) 7 217 0.032[0.013;0.065]

Mandal, N. N (2010) 137 1383  0.099 [0.084; 0.116]

Patricia K. Foo (2011) 354 1563  0.226 [0.206; 0.248] .

Upadhyayula, S. M (2012) 199 5394  0.037 [0.032; 0.042]

Sabesan, S (2013) 119 3667  0.032[0.027; 0.039]

Khan, A. M (2015) 47 634  0.074[0.055; 0.097]
Chandrasena, N. T (2016) 4 1257  0.003 [0.001; 0.008]
Rao, R. U (2017) 34 3123 0.011[0.008; 0.015]
Rao, R. U (2018) 6 528 0.011[0.004; 0.025]
Mallawarachchi, C. H (2018) 11 994  0.011 [0.006; 0.020]
George, S (2019) 11 309  0.036 [0.018; 0.063]

Total (95% Cl) 41742 0.030 [0.017; 0.052] -
Tau? = 1.5305; Chi® = 1618.29, df = 18 (P = 0); I> = 99% UL L L B
0 0.05 0.1 0.15 0.2 0.25 0.3
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Fig. 4 Cumulative forest plot
showing the trends in lymphatic
filariasis prevalence in Asia
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82 persons among 1613 people examined in seven villages in
Serian District (Rubis et al. 1981). The disease is not wide-
spread in the country, and occurs only in some states of
Peninsular Malaysia including Terengganu, Kelantan,
Pahang, Selangor, and Johor as well as the very small Sabah
and Sarawak regions (Al-Abd et al. 2014). In Malaysia, an
MDA program is being conducted with the two drugs noted
earlier for India. The program covered all endemic areas from
2004 to 2008. It appears that the program has not been
completely successful and requires additional efforts to reach
the WHO goals (Al-Abd et al. 2014; Noordin et al. 2017). In a
study by Rahmah et al. (Rahmabh et al. 2003) with B. malayi
recombinant antigen for ELISA testing, among 5138 children
in Malaysia, 0.35% showed seropositivity. Positive cases in-
cluded 13 boys and 5 girls between 7 and 12 years old.

o |
o n
:"\\
AN ° ®
o/ [e]
- o (@ '\ (0]
e l’l i \ °
\
! | \
5 ° fo
= ! \
S - — p | \
L o ' : \
ko] o o / i \
a 1 | \\
T o ) : \
c . — 16} lo | \
g © / ! \
%) 1 ! \
/ ! v
K | \
< ;|© : \
o o ! i \
1‘ ! \\
‘ ' \
1) / i \
o / o ! \
I I I I
5 4 3 2

Logit Transformed Proportion

Fig. 5 Funnel plot to assess the presence of publication bias
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Sri Lanka

Lymphatic filariasis has been reported from Sri Lanka for
hundreds of years, with high endemicity (Rao et al. 2018).
The earliest documented report found microfilaremia in
19.1% of houses examined for LF in Ceylon (Abdulcader
etal. 1966). The country implemented an MDA program with
DEC and albendazole from 2002 to 2006 in all endemic parts
of the country. A TAS was conducted in endemic areas in
2013 (WHO 2014) to determine the prevalence of filarial
antigenemia in young schoolchildren, and found a prevalence
of'less than 2% with 95% certainty (Chu et al. 2013). Rao et al.
believed this method was not sensitive to detect ongoing trans-
mission of W. bancrofti in many areas in Sri Lanka (Rao et al.
2018). They reported high rates of circulating filarial
antigenemia (3%, confidence interval [CI]: 1.8-4.9) and
microfilaremia (1%, CI: 0.5-2.5%), and noted that “circulat-
ing filarial antigenemia rates were 2.8-fold higher in males
than females”. Anti-filarial antibodies were detected in young
children at a prevalence of 5.7% (Rao et al. 2018). According
to the WHO, although Sri Lanka could eliminate LF in 2016,
surveillance efforts and interventions should be continued to
monitor the problem in endemic areas (WHO 2016). It is
believed that according to antigen prevalence data, adult
males account for most persistent filarial infections in Sri
Lanka (Irvine et al. 2018; Rao et al. 2017, 2018).

Indonesia

The reported cases of LF in this country were 9.2% and 1.98%
(Ginandjar et al. 2018; Supali et al. 2002). In 1980, the prev-
alence of microfilaremia was 19.5%, but it had been reduced
to 4.7% by 2014 (Lee and Ryu 2019). The Indonesian
Ministry of Health planned an MDA program in 2015 to mon-
itor LF in 106 endemic districts. Based on further
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verifications, there was little success in monitoring the dis-
ease, such that 29 provinces continued to have problem in
Eastern Indonesia in 2016 (Lee and Ryu 2019; Wibawa and
Satoto 2016). A known endemic district is Pekalongan, where
62 cases with chronic LF were reported. There is a risk that the
disease will spread if it is not controlled (Ginandjar et al.
2018). In a study of elementary schoolchildren in Indonesia
in 2015, the prevalence was 1.98% and the agent was
W. bancrofti. Although most infected students were older ones
and males, no significant differences were reported (Ginandjar
et al. 2018). In another study (Supali et al. 2002), both
bancroftian filariasis and B. timori were reported in separate
districts but no mixed infections were detected. Among 586
cases studied for B. timori, 27% showed microfilaremia.
Males showed more infection than females. Regarding clinical
manifestations, 13% of cases showed lymphedema in the legs,
but no hydrocele or genital lymphedema were reported.

Nepal

Another country in Asia, which is listed by the WHO as an
endemic country for LF, is Nepal (Sherchand et al. 2003). The
only agent of LF in Nepal is W. bancrofti, transmitted by
Culex quinquefasciatus. Our survey of the literature disclosed
no data regarding the history of LF in Nepal in the past, and
identified only some reports which testify to the endemic na-
ture of LF (Pradhan et al. 1998; Rana Krishna 2003).
According to the Department of Health Services (DoHS)
(2020) and the Epidemiology and Disease Control Division
Teku (2018) and based on a survey from 2001 to 2012, the
prevalence of LF was reported to range between 1 and 39%
with average of 13%. It was also reported that 25 million
people are at risk of LF in 61 out of 75 districts in Nepal.
All these 61 endemic districts have received six rounds of
MDA. Since 2018, 14 districts have been considered
nonendemic. The MDA program was stopped in 36 districts
in light of a successful TAS, but 25 districts were scheduled
for MDA in 2019. Morbidity data recorded during the MDA
from 61 districts showed a total of 28,529 cases of LF, among
which most (19,907) were hydrocele, 5704 were elephantia-
sis, and cases 2918 involved hand and breast swelling and
other LF manifestations (Epidemiology and Disease Control
Division Teku 2018). At present, many health workers have
learned to manage the disease and teach people how to pre-
vent, manage and cure the LF. A referral system is available,
along with treatment free of charge for infected people. The
government of Nepal has implemented six rounds of MDA,
instead of the five rounds implemented in other countries, to
ensure the elimination of LF as a public health problem
(Epidemiology and Disease Control Division Teku 2018).
These rounds used a single dose of albendazole plus DEC as
the baseline for MDA. A study of 4488 people in Nepal
showed 13% seropositivity for LF. A higher rate of infection
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was reported among males (57.4%), but the difference be-
tween males and females was not significant. In addition, se-
ropositivity was highest in the group of people 46 to 50 years
old, with the lowest rate in the 36-to-40-year-old age group,
but here again the difference was not significant (Sherchand
et al. 2003).

Thailand

A noteworthy feature of Thailand is this country’s extensive
border with Myanmar. It has been documented that there is no
significant rate of LF in Thai people, and the disease has been
reported only in one southern province. Regarding the history
of LF in Thailand, an old study reported that among 4112
persons examined in many villages, 863 were positive for
microfilariae, of whom 215 showed filarial disease (Iyengar
1953). Currently, most cases of LF are reported in immigrants
(Nithikathkul et al. 2006; Rojanapanus et al. 2019). Many
immigrants reside in Thailand, so many studies have focused
on this population group. In a long-term study from 2002 to
2017, LF was investigated in 23,477 immigrants. The results
showed that 0.7% (range 0.1 to 2.7%) of them were seropos-
itive (Rojanapanus et al. 2019). In contrast, during the same
period, no positive cases were detected among Thai people in
nearby areas. In another study of 2462 people of Thai origin,
1.38% were positive for B. malayi microfilariae The highest
prevalence (4.69%) was reported in the 45-to-60-year-old
group , and the lowest rate (0.37%) in the less than 15-year-
old age group. The rate of infection was threefold as high in
males as in females (Triteeraprapab et al. 2001). Toothong
et al. evaluated the efficacy of MDA in 2015, and found that
75% of immigrants received DEC, which was below the stan-
dard. Barriers to receiving DEC were lack of official docu-
ments, unemployed status, daily employment, short-term im-
migrant status, and living in a fishery area for immigrants
(Toothong et al. 2015). Currently, an LF surveillance program
is conducted by the government every 2 years, targeted espe-
cially to immigrants. The perspectives seem promising in
terms of eliminating LF as a public health problem
(Rojanapanus et al. 2019).

Saudi Arabia

In Saudi Arabia, there are no significant concern at present
regarding LF. Most cases have been reported among foreigner
workers or as case reports (El-Moamly et al. 2012; Haleem
et al. 2002; Omar 1996). In a study conducted by EI-Moamly
et al., among 647 foreigner workers from countries endemic
for LF, 32 (5%) were positive for W. bancrofti microfilaremia
according to membrane filtration and microscopy, 142 (22%)
according to ELISA, and 128 (20%) according to an
immunochromatographic test (ICT) (El-Moamly et al.
2012). Thus, FL in this country mostly a potential problem
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because of the huge number of foreigner workers, but not in
people of Saudi origin. Another study of foreigner workers (n
= 762) to determine the rate of LF showed that 3.5% of the
participants were positive. A total of 259 Indian males had an
mf density of 6.0/20 mm® of blood. To date, only W. bancrofti
has been detected as the only causal agent of LF, and in 1996,
it was first suggested that Culex pipiens mosquitoes might be a
potential vector for introduced LF in this country (Omar
1996). These results show that people of Saudi origin are at
risk of the disease and should be aware of the risk. In one of
the few studies of LF in people of Saudi origin from 1981 to
2001 at a military hospital, three cases were reported. They
included a 68-year-old woman, a 78-year-old woman, and a
32-year-old man, all of Saudi origin. The authors warned that
indigenous filariasis is present in Saudi Arabia, and that this
disease should be considered in patients who show compatible
signs or symptoms on physical examination (Haleem et al.
2002).

Cambodia

The earliest report of existing LF in this country dates back to
1956, when microfilaria was discovered in mosquitoes
(Urbani 1997). The first case of LF was reported in 1995,
followed by other positive cases in a single village (Leang
et al. 2004). Cambodia contains both B. malayi and
W. bancrofti microfilariae (Khieu et al. 2018; Leang et al.
2004). During a survey in 2004 by Leang et al., LF was in-
vestigated in 3490 people with a compendium of methods.
The results showed that 0.52% were infected with filariasis
according to the WB ICT card test, and that 0.23% were in-
fected according to night blood examination (Leang et al.
2004). Both B. malayi and W. bancrofii were detected as the
agents. The Cambodian Ministry of Health inaugurated an
initiative in 2003 to control and eliminate NTDs including
LF, by 2015. In overall terms this target was achieved, thanks
in part to positive collaboration among the responsible orga-
nizations. In addition, MDA covered more than 70% of the
country in five consecutive rounds from 2005 to 2009. This
achievement was possible thanks to a compendium of train-
ing, allocation of two reference hospitals, MDA, screening
tests, and other measures (Khieu et al. 2018). It was also an-
nounced that antigenemia in schoolchildren decreased from 1
to 0% during the years 2010-2013 and 2015. Together, these
achievements led the WHO to announce that Cambodia was
free of LF in June 2016 (Khieu et al. 2018).

China

China is among the countries which has not only certified the
elimination of LF as a public health problem, but has also has
entered the post-elimination survivable phase (Fang and
Zhang 2019). Previously, both W. bancrofti and B. malayi

infections were prevalent in this country. In the 1980s, 31
million cases of LF were estimated including 22 million as
bancroftian filariasis and 9 million as malayan filariasis
(Anonymous 1991). Sixteen provinces were involved then,
including 864 counties and cities. The nature of filariasis in
these areas was bancroftian (n = 463), malayan (n = 217), and
mixed infections (n = 184) (Sun and Chen 1992). In 1995,
elimination was first announced in Guanxi, and the province
to eliminate the disease was Anhui in 2006. Thereafter, the
WHO announced that China was the first country in the world
to officially succeed in eliminating LF as a public health prob-
lem (De-Jian et al. 2013). Some strong points helped China to
combat the disease, e.g., an emphasis on control of infectious
sources, three rounds of DEC, and establishing a threshold for
LF transmission interruption (Fang and Zhang 2019).
Although the present situation is ideal, the government plans
to appraise the TSA in some previously endemic areas during
the next 2 years.

Other countries

Vietnam is among the countries that, according to the WHO,
has successfully eliminated LF (Cane 2020; Serrano et al.
2020). Reports of the disease in this country date from the
1900s (Meyrowitsch et al. 1998). A study in 1998 surveyed
135,000 people from 24 provinces, and found a prevalence of
microfilaremia, attributed primarily to B. malayi, ranging from
0.9 to 5.5% (Meyrowitsch et al. 1998).

The Philippines reported LF caused by both W. bancrofti
and B. malayi from 1951 onwards. With the establishment of
the National Filariasis Control Programme in 1963, the gov-
ermnment tried to identify endemic areas (Leonardo et al. 2020).
Forty-six provinces (of a total of 81) had cases of LF. It is
reported that the disease was more prevalent in adults than
children, and in males compared to females (Kron et al.
2000; Leonardo et al. 2020). Like other countries at risk for
LF, the Philippines started to combat the disease using a com-
pendium of MDA, morbidity management and prophylaxis
from 2000. Before that, 40 million people were at risk of
infection, and in 1998 the national prevalence rate of LF was
9.7 cases per 1000 population (Galvez Tan 2003; Kron et al.
2000; Rubite 2018). Five rounds of MDA were implemented
in 38 endemic provinces. Following on from this achieve-
ment, the government hopes to eliminate LF in the country
by 2020.

The Republic of Korea is documented to be free of LF
(Cheun et al. 2009; Cheun et al. 2017). Official reports of
LF in this country date back to 1927. Although W. bancrofti
was initially identified as the culprit species, later B. malayi
was determined to be the correct culprit (Senoo 1943). In the
1950s, it was reported that 12.1% of the population was pos-
itive for microfilaria caused by B. malayi (Senoo and
Lincicome 1951). Later studies showed that the infection
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was remained present in Korea (Cheun et al. 2017); however,
at present, the country is documented to be free of LF. This
achievement was made possible by government initiatives
including the installation of mosquito nets and sanitation in
houses (Cheun et al. 2009). During a follow-up study conduct-
ed by Cheun et al., 83 patients with an earlier diagnosis of LF
were surveyed, and no cases were detected in many of them,
although 31 patients could not be traced for different reasons
(Cheun et al. 2017).

Bangladesh still has not eliminated LF but has made sig-
nificant progress towards this goal (Karim et al. 2019;
Shamsuzzaman et al. 2017). An MDA program was success-
fully implemented in the country, when it was assumed that 70
million people were at risk of LF. The species involved was
identified as W. bancrofii transmitted by Culex sp. In 2001, 34
out of 64 districts were endemic for microfilaremia, at a rate of
1 to 19% (Hafiz et al. 2015; Karim et al. 2019; Shamsuzzaman
etal. 2017). Overall, 19 endemic areas successfully completed
the MDA program while 15 others were excluded from MDA
monitoring because of their low endemicity (WHO 2011).
One recent study (Karim et al. 2019) detected 43,678 clinical
cases in 19 highly endemic districts, including cases of leg
and/or arm lymphedema, hydrocele, female breast lymphede-
ma or genital swelling. It shows that the government should
implement additional measures to eliminate the infection. In
another study to detect clinical cases of LF in 30 villages of
Nilphamari District in Bangladesh, among 1242 participants,
4.4% were found to have LF-related clinical conditions. The
most frequent clinical manifestations were hydrocele in males
and leg lymphedema in females (Hafiz et al. 2015).

In Myanmar, the prevalence of LF remains high. The species
involved is W. bancroffi, transmitted by Culex quinquefasciatus
(Aye etal. 2018; de Meillon et al. 1967). In accordance with the
WHO, the government of Myanmar decided in 2020 to launch
a program to eliminate LF (Research et al. 1998). As a result, it
was found that about 41 million people (about 80% of the total
population) were infected with LF in 45 of 65 districts. An
MDA program was implemented in endemic areas. To appraise
the degree of success, two studies were conducted in 2008 and
2014 (Aye et al. 2018; WHO 2004). The results did not show
complete elimination, but varying degress of progress were
made and in some areas, the outcome was significant. The rate
of filarial antigen positivity ranged from 0 to > 25% (Aye et al.
2018). A recent study showed the overall prevalence of infec-
tion to be 2.63% based on antigenemia and 1.03% based on
microfilaremia (Dickson et al. 2018). No cases of lymphedema
were found among participants, but 2.78% of males showed
hydrocele. The present situation demonstrates promising fea-
tures. Satisfactory measurements have been implemented with
positive perspectives for eliminating the disease in the near
future.

In Turkey, single case of filariasis was reported in an 11-
year-old girl in a southern region, with swelling in both her
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legs (Cengiz et al. 2006). The species of the parasite has not
been reported. Her family were reported to be free from the
disease.

Japan is another country in Asia that has successfully elim-
inated LF (Ichimori et al. 2007). The initiative to combat the
infection was started in the 1970s and ended in 1999. The high
level of cooperation among the population was an important
factor in eliminating not only LF but also many other parasitic
diseases.

In Oman, the LF situation presents no serious concerns.
Only sporadic cases have been reported, most of which were
imported. A study of 250 children aged 17 to 18 years in 2004
detected no positive cases (Al Awaidy et al. 2010), and the
authors concluded that LF is nonendemic in Oman. In another
study from 1999 to 2013, 5 cases of filariasis were reported, of
which 4 cases were travel-associated infections. The type of
filariasis was not reported in this study (Al-Abri et al. 2015).

An important factor which has a decisive influence on the
prognosis of LF is climate change. As a vector-borne infectious
disease, LF is considered among the parasitic diseases affected
by climate change. Accordingly, it is expected that LF could
readily spread to new areas and worsen the situation (Short et al.
2017). Soil and plant canopy moisture levels are factors which
directly influence the distribution of LF because they affect
mosquito larvae breeding sites (Thompson et al. 1996).
Changing temperature and precipitation patterns will thus affect
soil moisture levels and mosquito populations. In Africa, it is
reported that based on the level of climate change, the popula-
tion at risk of LF may increase from 543 to 804 million to as
much as 1.65—1.86 billion by 2050 (Slater and Michael 2012).

A limitation of our study was that some articles not acces-
sible. Although we used some abstracts to obtain a clear-cut
picture of the LF situation in Asia, the lack of access to infor-
mation in some full texts may somewhat compromise the in-
tegrity of the output. To offset this drawback as far as possible,
we tried to review all 48 countries individually to ensure
reliability.

We found no cases of LF in other countries in Asia, al-
though other kinds of filariasis were reported (Negahban
et al. 2007; Parsa et al. 2020; Reddy 2013; Rokni 2008;
Simon et al. 2012).

Conclusion

After the WHO announced a major initiative to eliminate LF
in 2000, considerable progress has been made. Many coun-
tries have succeeded in eliminating the disease in accordance
with the goals set by the WHO, while other countries should
still take additional steps. Our study shows that in general, the
outcomes have been satisfactory, and measures recommended
by the WHO were observed to an adequate extent. One dis-
appointing aspect is that unfortunately the region
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encompasses many political and social issues in some coun-
tries, including immigration, disruption, and poverty. These
problems hinder efforts to attain all the aims proposed by the
WHO to eliminate the disease in all countries.

According to evaluations conducted by the WHO and
some governments in the region, LF is on track to be con-
trolled and eliminated, yet some important factors including
climate changes and especially the deadly new disease caused
by SARS-CoV-2 will undoubtedly affect future efforts.
Increasing declines in financial and economic resources may
foreseeably prevent further efforts to control and eradicate
filariasis. In order to continue the fight against the disease
and prevent its spread, it is necessary for health authorities
to consider the following points:

Regular training for health workers
Systematic surveillance management
Direct Network Report system
Establishing new and effective diagnostic methods
TAS and morbidity datasets should be developed for
post-elimination surveillance strategies
Long-term reporting of new cases
7. Patient access to care (lymphedema management and
hydrocele surgery)
8. Patient outreach and identification activities
9. Integration of LF clinical care into the primary health
care system
10. Establishing a system of travel health service, e.g., in-
creasing physicians’ awareness of travel-associated in-
fections and passenger inspection programs for countries
with high LF endemicity due to high numbers of
immigrants
11. Eventually, five public health strategies recommended
by the WHO to monitor neglected tropical diseases
should be implemented by all involved countries: expan-
sion of preventive chemotherapy, intensified case detec-
tion and case management, improved vector control, ap-
propriate veterinary public health measures, and provi-
sion of safe water, sanitation, and hygiene.
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