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Abstract

China used to be one of the most heavily endemic countries for lymphatic filariasis (LF) in the world. Ban-
croftian filariasis, which is caused by the filarioid nematode Wuchereria bancrofti, is the only filariasis in
Shandong Province. A total of 864 endemic counties (cities) in 16 provinces/autonomous regions/municipalities
with a total population of 330 million people were at risk of infection. Shandong Province was a highly LF-
endemic area in the 1950s, the epidemiological investigation of LF conducted in 1957 indicated that the disease
was endemic in 74 counties and the highest microfilaria rate was up to 26%. There were *5 million people in the
province infected with LF; among which almost 2.5 million people had lymphedema, elephantiasis, or hydrocele.
Through vigorous prevention and scientific research, Shandong Province was the first to propose to treat LF with
fortified diethylcarbamazine salt, more than 25 million people in the province had taken the salt, and more than 3
million people took intermittent medication. After more than 50 years of unremitting efforts, Shandong Province
basically eliminated LF in 1983 and became the first province in China that successfully eradicated LF in 2004,
which has played an important role in accelerating the elimination of filariasis in the country in 2007 and has
made tremendous contributions to social and economic development of China. Since 1980, Shandong Province
has carried out extensive international cooperation as the WHO Collaborating Center for Lymphatic Filariasis.
This article is intended to share the experience in eliminating LF to other parts of the world and improve public
health capacity in regions such as Africa and Oceania where the disease is still endemic for interest.
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Introduction

Lymphatic filariasis (LF) is a neglected tropical disease
caused by nematode worms that live in the lymphatic

vessels of humans. It is caused by three species of filarioid
worms (Wuchereria bancrofti, Brugia malayi, and Brugia
timori) and transmitted by mosquitoes. In 2012, it is esti-
mated that LF was prevalent in over 83 tropical and sub-
tropical countries globally with 1.2 billion people living in
endemic areas and about 120 million people infected (Otte-
sen et al. 1997, World Health Organization 2013). LF is re-
garded as the second leading cause of global disability. The
clinical disfiguring manifestations mainly include lymphe-
dema and hydrocele that cause significant social and eco-
nomic consequences (World Health Organization 2016, Lenk
et al. 2016). In 1997, the World Health Assembly (WHA)
passed Resolution 50.29, which called on Member States to

eliminate LF as a public health issue globally (Knight 2020,
WHA 50.29. 2017). Afterward, in 2000, the World Health
Organization (WHO) launched the Global Programme to
Eliminate Lymphatic Filariasis (GPELF) with the target to
eliminate LF by 2020 (World Health Organization 2010,
2017). In 2012, WHO’s neglected tropical disease roadmap
also confirmed the target to eliminate filariasis by 2020. The two
parallel goals of the program are (1) transmission interruption
through mass drug administration with the combination of al-
bendazole and ivermectin in onchocerciasis coendemic areas,
and albendazole and diethylcarbamazine (DEC) elsewhere, and
(2) alleviation of suffering through morbidity management and
disability prevention in clinical LF patients.

After half a century of efforts, in 2004, Shandong Province
took the lead in eradicating LF in China, and its prevention
and treatment experience was vigorously promoted through-
out the country, greatly speeding up the process of eliminating
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filariasis in China. Consequently, China submitted the na-
tional report on the elimination of LF to the Fourth Global
Congress in 2006. Afterward, the WHO approved China as
the first country in the world to declare the elimination of
filariasis on May 9, 2007. This article reviews the epidemi-
ology and control strategy for LF in Shandong Province,
China, so as to share the experience with other countries
where the disease is still endemic.

Baseline Assessment

A rigorous comprehensive assessment of provincial prev-
alence of LF was conducted in 1957. The sampling survey
was conducted by selecting one to three points from each
county, and 1000–1500 residents received examination. It
was confirmed that the disease was endemic in 74 counties
(113, 65.49%) of Shandong Province. The distribution of
bancroftian filariasis extended from Laoling county in the
north (37�48¢N) to Yancheng county in the south (34�22¢N),
and from Jiaonan county in the east (120�11¢E) to Dongming
county in the west (114�48¢E) (Fig. 1). All the counties re-
ported bancroftian filariasis only. Among the 74 counties
(cities, districts) endemic for LF in Shandong Province, 41
were hypoendemic areas (microfilariae [MF] rate £ 5%), 19
were mesoendemic areas (MF rate 5%– £ 15%), and 14 were
hyperendemic areas (MF rate >15%) (Fig. 1). It was esti-
mated that there were more than 5 million people (9.31%,

53,730,000) in the province who were infected with LF;
among which almost 2.5 million people (4.65%, 53,730,000)
had lymphedema, elephantiasis, or hydrocele. The average
MF rate of W. bancrofti was 7.1% in endemic areas, with the
highest up to 26% (Cui et al. 1984, Deng and Chen 2002). The
hyperendemic areas were mainly distributed in Linyi, Jining,
and Zaozhuang cities. Culex pipiens pallens was verified as
the predominant vectors transmitting bancroftian filariasis in
Shandong Province, China. According to the pretreatment
(in the early 1950s), the infection rate of mosquito vector in
hyperendemic areas was hypothesized to be as high as 37.5%
to 51.9% (Wang 2005). Generally, the maturation of MF
takes about 12 days. The main transmission season usually
last from July to September, during which infected mature
infective larvae can be found in mosquitoes.

Control Strategy by Eliminating Infection Sources

During the 1950–1960s, the combination of vector control
and elimination of infection sources was considered to be
the most effective way to control LF. Nevertheless, due to the
high prevalence of LF in Shandong Province, and because
the comprehensive control measures needed enormous time,
money, and manpower, it was difficult to put these measures
into practice. Since the early 1970s, a total of five to seven
large-scale repeated surveys have been conducted in 74
counties across the province, 70 million individual blood

FIG. 1. Epidemiological distribution of 74 counties (cities, districts) endemic for lymphatic filariasis in Shandong Pro-
vince, China, in 1957. Fig. 1 can be viewed in great detail online.
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samples were taken and 2,943,596 (4.21%) were found to
be positive. All patients were given regular DEC treatment
regimen: total dose of 4.2 g for 7 days, with two to three times at
1-month intervals. The rate of negative conversion was above
95%. Until 1983, the MF rate in 41 hypoendemic counties
(cities, districts) fell to 0.09% (Zhong and Zhen 1991).

For the counties and cities where the MF rate remained high
(MF rate >15%), chemotherapy for all the populations and
DEC fortified salt was adopted. Antiepidemic and sanitation
stations at prefecture and county levels were responsible for
collecting blood samples, delivering drugs, and providing
DEC salt and other activities. Since 1970, for the 14 counties
(cities) residents where the MF rate was between 1% and 3%,
one course of treatment was given. The number of people
taking the salt reached 2.03 million, and the MF prevalence
dropped to 0.17. In 1973, among 33 counties (cities) such as
Tengzhou and Cangshan, where the MF rate was *5%, all
the populations took DEC fortified salt for 4–6 months. The
number of people taking the salt was up to 23.22 million, and
the MF rate was reduced to 0.15%. In addition, a 5-year on-site
comparative trial found that the effect of the control strategy
by eliminating sources of infection was similar to the strategy
by the combination of vector control and elimination of in-
fection sources, there was no significant difference in statis-
tical analysis (Chen et al. 1990, Li et al. 1990). Therefore, the
control strategy by eliminating sources of infection was es-
tablished as the main strategy to control LF nationwide during
the 1970s and significantly facilitated the LF control process in
China (World Health Organization 1994, Liu and Chen 2004).

Basic Elimination of LF and the Assessment

In October 1983, the Ministry of Health organized experts
to assess the effects of LF control in Shandong Province.
Altogether 6 counties (cities), 20 townships (towns), 52 ad-
ministrative villages were evaluated and 52,898 people re-
ceived blood tests, only 6 cases of microfilaremia were found,
the MF rate was 0.1& (Sun 1984). It was confirmed that
Shandong Province was the first in the country to meet the
standard for the basic elimination of LF.

Surveillance After Basic Elimination of LF

After the basic elimination of LF in Shandong Province,
the MF rate and density of endemic areas decreased to
extremely low levels. In the following 21 years, according
to the law of filariasis transmission and its biological
characteristics, monitoring work has been carried out. In
2004, Shandong Province passed the evaluation by the
National Expert Group, confirming that Shandong Province
has reached the Ministry-issued standards for the elimina-
tion of filariasis. The standards included the epidemiolog-
ical surveillance covered more than 3% of the total
population of the epidemic area and more than 30% of the
popular townships, and no microfilaremia cases were
found; mosquito vector monitoring showed no human lar-
val infection (>3000 mosquitoes).

Cross-Sectional Surveillance

Surveillance was conducted among administrative villages
and night thick blood smears were carried out according
to the prevalence of LF and the geographical locations of
villages. The purpose was to observe the dynamic changes of
MF rate from multiple cross-sections so as to lay a founda-
tion for the eradication of the disease. The microfilaremia
patients found in the surveillance should be treated with
DEC. Cross-sectional monitoring was performed in 74 en-
demic counties (cities) from 1975 to 1994, a total of
4,323,280 persons were blood examined, and 3783 cases of
residual microfilaremia were found. The MF rate gradually
decreased from 0.242% in 1975 to 0.017% in 1986 (Shi and
Sun 1999). No microfilaremia case was detected from 1987
(Fig. 2).

Vector Surveillance

According to the prevalence of LF, 280 villages in 45
counties (cities) were selected as monitoring points, and
about 50 households were selected for each point. Culex pi-
piens pallens were captured and then dissected and micro-
scopically examined. From 1979 to 2002, mosquito vector

FIG. 2. Number of persons received blood examination and MF rate in cross-sectional monitoring performed in 74
endemic counties (cities) of Shandong Province from 1975 to 1991.
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study was conducted and 721,473 mosquitoes were dissected
in 549 villages of 70 counties and 52 positive filarial larvae
mosquitoes were found. The average infection rate was
0.007%. In 1988, more than 279,000 Culex pipiens pallens
were dissected and no positive mosquitoes were found (Liu
et al. 1988, Gao et al. 1998) (Fig. 3).

Serological Surveillance

Surveillance sites were established in 13 cities based on
the geographic locations, control measures, and prevalence of
LF. The blood was collected from the earlobe of >1-year-old
patients, and the antibody was detected by indirect im-
munoinfluorescence assay (IFA), and the specific IgG4 level
was detected by enzyme-linked immunosorbent assay (ELI-
SA). A total of 10,667 people were tested by IFA, and 148
were positive for antibody with an average positive rate of
1.39%, which had reached the level of healthy people in
nonendemic areas (Gao et al. 1994). IgG4 level was tested
among 3854 people by ELISA, 11 were found positive and
the IgG4-positive rate was 0.29%. No microfilaremia patients
were found after the reexamination of the blood in 2000
(Chen et al. 2002).

Floating Population Surveillance

The surveillance was conducted in areas with frequent
population movements. For people from infected areas or
staying at the infected areas for more than half a year, blood
or serological tests were supposed to be performed to assess
the impact of floating populations on filariasis elimina-
tion program. Microfilaremia cases should receive regular
treatment. From 1984 to 1992, floating population moni-
toring work was conducted in 19 counties (cities) of Shan-
dong Province. A total of 265,596 persons received blood
examination and 147 microfilaremia cases that mainly came
from Anhui, Jiangsu, and Sichuan provinces were observed,
and no microfilaria cases were found in floating population
after 1993 (Fu et al. 2006).

Longitudinal Surveillance

After the basic elimination of filariasis in 1983, longitu-
dinal surveillance sites were conducted in Shandong Pro-
vince. A total of 18 villages were selected as monitoring
points, including 4 villages in Cangshan County (original
MF rate 26.0%), 3 villages in Tancheng County (original MF
rate 22.5%), 4 villages in Yicheng District (original MF rate
21.0%), 3 villages in Jiaxiang County (original MF rate
15.7%), and 4 villages in Ningyang County (original MF
rate 15.2%). After the prevention and treatment, the MF rate
had decreased to 0.29%, 0.48%, 0.14%, 0.10%, and 0.5%,
respectively by 1980. A total of 80,731 persons were examined
and 32 cases of residual microfilaremia cases were found. All
residual microfilaremia cases became negative between 1986
and 1989 after the control measures were terminated. About
382,549 Culex pipiens pallens were identified and 157 were
found positive for filarial larvae. Since 1988, except for three
mosquitoes with stage I larvae in 1991, no positive mosquitoes
were found. In additon, immunological detection methods that
use a monoclonal antibody (McAb)-ELISA for the detection of
filarial-specific IgG4 was studied in Shandong Province. In
1995, 760 filter paper samples were tested, and the positive rate
of filariasis-specific IgG4 antibody was 0.79. No microfilaria
was found after reexamination (Cui et al. 1989, Sheng et al.
1995). This diagnostic method has been listed as the national
filariasis diagnostic standard (WS260-2006).

Investigation and Community Care for Patients
with Chronic Filariasis

After the basic elimination of LF, a total of 1,219,619 people
were investigated in 13,489 villages of 50 counties (cities)
from 1983 to 1992. The investigation found that 11,207 pa-
tients had symptomatic signs, with an average prevalence of
0.91. There were few new cases of elephantiasis, but there
were still a large number of new cases of chyluria. In 1998, an
investigation was conducted again in the epidemic areas, and
found that the prevalence of chyluria had dropped to 0.19%,
which was 30% lower than that in 1985 (Gu et al. 1999).

FIG. 3. Number of mosquitoes dissected and MF rate in the cross-sectional monitoring performed in 70 endemic counties
in Shandong Province from 1979 to 1994.

878 HUANG ET AL.



Traditional Chinese medicine, physical therapy, and surgery
have been used to treat symptoms of chronic filariasis. For
example, audio electrotherapy combined with binding of the
affected limb was applied to treat elephantiasis in the lower
limbs. Audio electrotherapy has a significant softening effect
on scar tissue. The binding of the affected limb produces a
certain amount of compression, which can indirectly promote
the return of lymph fluid, thereby consolidating the effect of
audio electrotherapy (Qiu and Hou 1980). A series of Chinese
herbal medicine were identified as the therapeutic agents for
chronic lymphedema, lymphangitis, and chyluria patients. The
effective herbal medicine antitumor chylomicron preparation
was developed. Patients with chyluria were given 12 g/day for
three times per day. The basic cure rate after one course of
treatment (usually 3 months) was 90.7%. Patients with limb
elephantiasis were treated for three to four courses and the
effective rate was 65.7–73.9% (Wang et al. 1989). To date, the
vast majority of patients have been treated effectively.

After the elimination of LF in Shandong Province, com-
munity care and symptomatic treatment for patients with
chronic filariasis was mainly carried out through (1) inves-
tigation and filing; (2) setting up care centers for patients with
chronic filariasis; and (3) carrying out health education and
other ways of community care to actively alleviate the pain of
the disease and improve their quality of life. Up to 2015, more
than 3000 people with chronic symptoms have been effec-
tively treated, of whom 486 people were hospitalized (Wang
et al. 2016).

Transmission Threshold of Bancroftian Filariasis

In 1982, the MOH authorized to take research on the trans-
mission threshold of filariasis as a priority project. Tancheng
County, a hyperendemic area was selected for the study in
Shandong Province from 1984 to 1993. Blood tests on residual
mf patients were carried out every 2 years without taking any
preventive measures. The relationship between larval infection
rate and human microfilaria rates was monitored. The biting
density of mosquito and the usage of mosquito nets were in-
vestigated during the transmission seasons. The results were as
follows: (1) the MF rate in the first 3 years were 0.56–0.64% and
decreased to 0.12% in 1993. (2) Among the nine residual mi-
crofilaremia cases, eight cases turned negative during the sec-
ond to the tenth year. (3) The mosquito infection rate of filarial
larvae was 0.21%, 0.19%, and 0.06% in the first 3 years, re-
spectively. In 1993, no filarial larvae were found in mosquitoes.
(4) The man-biting density of mosquito vectors was 24.1–52.5
mosquitoes/person/night, and 13.5–21.0 mosquitoes/person/
night with bed-nets. Combined with the parameters of vector
entomology and etiology, the transmission threshold of ban-
croftian filariasis was confirmed as follows: the microfilaria
rate was £ 1 and the average density of microfilariae was 3–10/
60lL blood (Shi 1994, Wang et al. 1997). That is, when the
population microfilaria rate was <1%, even if the mosquito
density was relatively high, LF was not capable to spread in a
large area. This provided a scientific basis for the country to
develop standards for the elimination of LF.

Study on Diagnosis and Monitoring Methods of LF

Study on application of McAb-ELISA to filaria surveil-
lance by detecting that filaria-specific IgG4 was carried out in
Shandong Province. In this study, strains of filaria-specific

McAb were established through cellular fusion and
biochemistry-immunology, and were used in filarial infection
test as probes to detect filaria-specific IgG4. The positive rate
of specific IgG4 in the serum by ELISA was 95.91% in a
group of mf carriers; this was reduced to 1.45% after treat-
ment. No cross action were tested with serums collected from
residents of nonendemic area, including those infected with
intestinal nematodes, liver fluke, and cysticercosis. Its spec-
ificity was 100% (Xu et al. 1996, Chen et al. 2002). It was also
feasible and practical when applied to field study, effectively
reflected the epidemic situation of local filarial infection.

Discussion

After more than half a century’s scientific prevention and
unremitting efforts, LF, which seriously endangered the health
of the people, has been completely eliminated in Shandong
Province, China. The main characteristics and innovations
were as follows: (1) the first in the world that established an
integrated prevention and control strategy based on the elimi-
nation of infectious sources; (2) the first in the world that for-
mulated large-scale chemotherapy with DEC, especially the
fortified DEC salt. After application, significant control effects
were achieved. This breakthrough has laid a good foundation
for the elimination of LF in the country and the world; (3)
revealed the transmission law in the later stage of prevention
and control, explored the transmission threshold, and found out
the indications for interrupting the transmission of LF; (4) es-
tablished and improved integrated surveillance system, guiding
the province to achieve the goal of interrupting transmission,
and eliminating filariasis in a planned and phased manner; (5)
explored the sensitive, simple, and rapid immunological diag-
nosis method for detecting filariasis-specific IgG4 by McAb-
ELISA. After the promotion and application, detection method
has got satisfactory effect.

At present, many countries have confirmed that LF has
been eliminated as a public health problem, such as Cam-
bodia, Cook Islands, Egypt, Maldives, Marshall Islands,
Niue, Sri Lanka, Thailand, Togo, Tonga, and Vanuatu, etc.
(Sudomo et al. 2010, Charlie et al. 2018, Khieu et al. 2018).
However, by the end of 2016, preventive chemotherapy is
still needed in 52 countries (Chet et al. 2017, Joseph et al.
2018, Obiora et al. 2018). There are still many challenges to
eliminate filariasis by 2020. For example, it remains a heavy
disease burden for the government like Bangladesh and the
Republic of Congo, where implementation of large-scale
drug treatment is required. What’s more, some Pacific island
countries do not have sufficient experience in preventing
recurrence although local transmission has been interrupted.

Conclusion

Shandong Province is a region with severe filariasis. It has
witnessed the entire process of large-scale prevention and
treatment of filariasis, and has accumulated comprehensive
experience in prevention and control, scientific research, and
medical treatment of filariasis. Shandong Institute of Para-
sitic Diseases (SIPD) has been a collaborating center with the
WHO since 1980 and carried out extensive cooperation with
other countries.

In the background of openness and the Belt and Road In-
itiative, more and more technicians and laborers will work in
the countries along the Belt and Road. Nonimmune foreigners
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are more likely to be infected when exposed to local pathogens.
In addition, there has been an increasing trend of imported
parasitic diseases from abroad in China (Wang 2007, Zhou
et al. 2016, Zou et al. 2017, Wang et al. 2018). China has
always maintained a high degree of vigilance against imported
filariasis. In recent years, there have been reports of Loa loa
filariasis and onchocerciasis infection among foreign aid
workers (Zhang et al. 2018), reminding us that we must always
pay attention to the prevalence of imported filariasis patients
with possible epidemic hazards. Therefore, it is quite mean-
ingful for countries to cooperate with each other in the field of
disease control and prevention. To achieve the goal of elimi-
nation of filariasis by 2020, a strengthened strategy may be
needed. Therefore, the promotion of Shandong Province’s ex-
perience in eliminating LF and its cooperation in the field of
health care may greatly enhance the multilateral governance
capacity and role of regional and global health filariasis dis-
eases in the country.
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