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Abstract: Lymphatic filariasis (LF) is targeted for elimination by the year 2020. The Global
Programme for Elimination of LF (GPELF) aims to achieve elimination by interrupting trans-
mission through annual mass drug administration (MDA) of albendazole with ivermectin or
diethylcarbamazine. The program has successfully eliminated the disease in 11 of the 72 endemic
countries, putting in enormous efforts on systematic planning and implementation of the strategy.
Mapping areas endemic for LF is a pre-requisite for implementing MDA, monitoring and
evaluation are the components of programme implementation. This review was undertaken to
assess how the mapping and impact monitoring activities have evolved to become more robust
over the years and steered the LF elimination programme towards its goal. The findings showed
that the WHO recommended mapping strategy aided 17 countries to delimit, plan and implement
MDA in only those areas endemic for LF thereby saving resources. Availability of serological
tools for detecting infection in humans (antigen/antibody assays) and molecular xenomonitoring
(MX) in vectors greatly facilitated programme monitoring and evaluation in endemic countries.
Results of this review are discussed on how these existing mapping and monitoring procedures
can be used for re-mapping of unsurveyed and uncertain areas to ensure there is no resurgence
during post-MDA surveillance. Further the appropriateness of the tests (Microfilaria (Mf)/
antigenemia (Ag)/antibody(Ab) surveys in humans or MX of vectors for infection) used cur-
rently for post-MDA surveillance and their role in the development of a monitoring and
evaluation strategy for the recently WHO recommended triple drug regimen in MDA for
accelerated LF elimination are discussed.

Keywords: lymphatic filariasis, mass drug administration, mapping, monitoring,

elimination, xenomonitoring, TAS (transmission-assessment survey)

Introduction

Lymphatic filariasis (LF) is one of the neglected tropical diseases (NTD) caused by
three species of filarial worm: Wuchereria bancrofti, Brugia malayi, and Brugia
timori. As of 1997, the disease was prevalent in 72 tropical and sub-tropical
countries of the world." In 1997, the World Health Assembly” declared elimination
of LF as a public health problem. Subsequently, the World Health Organization
(WHO) Ilaunched the Global Programme to Eliminate Lymphatic Filariasis
(GPELF) in 2000 to achieve elimination by 2020.> The elimination program has
two components 1) interruption of transmission; and 2) morbidity management and
disability prevention. For interruption of transmission, the strategy is annual single
dose mass drug administration (MDA) of albendazole in combination with diethyl-
carbamazine (DEC) or ivermectin (IVM) to the LF endemic population. The
program encompasses the following sequence of steps:* 1) map LF endemic areas
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(>1% of antigenemia (Ag), among 50-100 individuals
(>15 years), from two communities of an endemic
district);> 2) deliver MDA for a minimum of 5 years
with an effective coverage of 65%; 3) conduct
a transmission-assessment survey (TAS);* 4) conduct post-
MDA surveillance; 5) develop a dossier that documents
the achievement of elimination targets; and 6) independent
validation of the claim that elimination criteria have been
achieved.

Mapping the areas endemic for LF is the pre-requisite
for the countries to plan and implement the elimination
program. The next step is to implement MDA in endemic
areas for a minimum of 5 years with an effective coverage
of 65%. The program is to be monitored every 6 months
post-MDA by assessing filarial infection (microfilaria
[Mf]/Ag) in sentinel and spot check sites. If the prevalence
of Mf in all the sentinel and in the randomly selected spot
check sites are <1%, TAS is conducted to decide on stop-
ping or continuing MDA. The TAS’s decision to stop or
continue MDA is based on a pre-determined number of Ag
positives below which transmission is expected to be inter-
rupted and hence MDA can be stopped, if not MDA is
continued for another two rounds. TAS is repeated twice at
2-3 year intervals (post-MDA surveillance) to assess if
transmission interruption is sustained after cessation of
MDA following TAS 1. After successfully passing all the
three TASs, a dossier is submitted to the WHO, which
validates the claim of elimination made by the country and
once validated, WHO acknowledges LF elimination in that
country. As of 2017, 51 of the 72 LF endemic countries
have fully implemented MDA, and WHO acknowledged
after post-MDA validation in 11 countries, that LF is no
longer a public health problem.®

As GPELF is nearing its end game in many endemic
countries it would be useful to do a comprehensive
assessment of the mapping and monitoring activities
used so far and to see how they been improvised to
help in upscaling and assessing the impact of the pro-
gram. Such a review would also be helpful to provide an
insight on the methods that could be used in future for
1) remapping areas that are unsurveyed and not under
MDA and areas bordering endemic districts; and 2) in
identifying the appropriate sensitive tool that would
detect ongoing transmission during post-MDA surveil-
With this
a systematic review of the literature on use of mapping

lance or wvalidation phase. background,

and monitoring methods for LF elimination is

undertaken.

Search criteria

All published articles in national and international peer-
reviewed journals were searched. Searches were made in
PUBMED MEDLINE database with key words like “lym-

2 ¢

phatic filariasis” in combination with “monitoring,” “map-
ping,” “infection,” “disease,” “MDA,” “antigeneamia,”
“antibody,” “ICT,” “FTS,” “Wb123," “Mf”’ (or “microfi-
laria”), “vector infection,” and ‘“xenomonitoring” using
Boolean operators like “and” and “or.” Attempts were
made to download the full articles and the back reference

lists in these articles were searched for additional studies.

Eligibility criteria

For a study to be eligible for the review it should either
have carried out mapping or monitored/measured impact
evaluation with respect to MDA or both in terms of filarial
infection (Mf/Ag/Ab) in humans or disease in humans or
infection in vectors.

Results

The studies in this review were from the regions of Africa,
Americas, Western Pacific, East Mediterranean and South-
east Asia (as specified by WHO). The countries included
from the African region were Benin, Botswana, Burkina
Faso, Cameroon, Central African Republic, Cote d’Ivoire,
Democratic Republic of the Congo, Ethiopia, Ghana,
Malawi, Mozambique, Nigeria, Republic of the Congo,
Rwanda, Senegal, Seychelles, Sierra Leone, Togo,
Uganda, United Republic of Tanzania and Zambia; the
studies in the American region were from Brazil and
Haiti; the Western Pacific included studies from Papua
New Guinea, Samoa, and American Samoa; Egypt and
Sudan East

Mediterranean. The countries included from South East

were the two countries from the
Asia were Bangladesh, India, Indonesia, Myanmar,
Nepal, Sri Lanka, and Thailand. While in the African
and East Mediterranean countries, where bancroftian filar-
iasis is co-endemic with onchocerciasis (oncho), ivermec-
tin plus albendazole were used for MDA, in the rest of the
regions, where bancroftian filariasis is the only predomi-
nant form, DEC plus albendazole are being used.

Up until 2018, a total of 138 papers had been pub-
lished on mapping, and or monitoring of LF. Of these,
541775% were not eligible (as per the inclusion criteria)
and therefore were excluded from subsequent review
(Figure 1). A total of 84 studies were eligible for this

review. Of these, 43 were on mapping alone, 36 on
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Total studies
screened=138

Number of studies
eligible = 84

Number of studies not eligible=54
Reviews (8)

Observational studies(8)
Methodology(9)

MDA coverage(8)

Use of new diagnostics (6)
Analytical Modelling(5)
Trials(3)

Vector abundance (2)

. MDA impact on STH(2)
10. View points(2)

11. Burden estimation(1)
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Number of studies on
monitoring = 36

Number of studies on
mapping = 43

Number of studies on
mapping & monitoring = 5

Figure | Selection of studies for the review.

Abbreviations: MDA, Mass Drug Administration; STH, Soil transmitted helminths.

monitoring alone and five both on mapping and monitor-
ing aspects of LF.

The results of this review on mapping and monitoring of
LF are presented in accordance with different phases of the
program (pre-MDA, during MDA and post-MDA). While
one would expect mapping to be undertaken mostly prior to
implementation of MDA, it was observed that mapping was
also done in the during- and post-MDA phases. As for
monitoring, the studies included in this review assessed
only the impact of MDA and not on coverage or compliance
aspects of MDA.

Mapping

The majority (86%; 37/43) of the studies on mapping were
conducted prior to implementation of MDA, mainly to delimit
areas that required MDA. Of these 37 studies, 23 (62%) were
from Africa, 5 (14%) from South East Asia, 6(16%) from the
Americas and 3 (8%) from the Eastern Mediterranean region.

The WHO mapping guidelines’ for LF endemic areas
(preferably an implementation unit (IU)/district) recom-
mended a two stage sampling method of examining 50-100
individuals aged >15 years (conveniently sampled) for filarial
antigen from two communities purposively selected from the
[U/district. If the Ag prevalence is found to be >1%, the TU/
district is considered for MDA.

Pre-MDA

The details of the pre-MDA mapping studies that were car-
ried out to assess if MDA is required are given in Table 1. The
review showed that most African countries used the WHO
recommended mapping method for delimiting areas requiring
MDA.%*%® The surveys were conducted among adults and or
children aged 515 years across the studies spanning over
countries. In addition to these surveys, a few studies used Mf
key informant

surveys (current and historic data),

techniques®’® for assessing LF endemicity. In four studies,
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Mf, Ag and or disease surveys were used to map areas
requiring MDA.”> %2

In Rwanda, mapping showed that there was only one Ag
positive case in all five districts that were surveyed and this
helped in declaring that LF was not a public health problem
and therefore MDA was deferred thereby saving money and
other humane efforts.*®

In the countries of the African region, starting with
rapid assessment procedures (Ag survey and key infor-
mant interviews on LF symptoms) for delimiting areas
endemic for LF, the progress made on mapping of LF
has been tremendous. A few studies mapped the distribu-
tion of LF6!:62:66.83.84

showed that the LF was more widely spread than it was

using Mf and or Ag surveys and

previously thought in those countries. Few studies went
further to carry out spatial analysis of the filarial preva-
lence data collected for mapping through a spatial sam-
pling grid with 50 km distance between sampled locations
and predicted LF prevalence at 25 km distance.%%7-85%7

Studies that carried out mapping of LF in Oncho co-
endemic area helped the program to produce LF distribution

mapSSO,S2

with areas having Ag rates >1% and recommended
inclusion of albendazole with the monotherapy of ivermectin
to aid elimination of LF in these areas.®> Subsequently, as the
countries in the African region were known to be co-endemic
for NTDs like loasis, soil transmitted helminthic diseases,
schistosomiasis and podoconiosis, attempts were made to
map all these under one roof and this paved the way for an
integrated mapping approach to understand the extent of
distribution of diseases, and implementing control
programs. Integrated mapping of LF with podoconiosis led
to efficient use of resources and helped in rapidly delimiting
large geographical areas. This approach was popular among
the health staff in Ethiopia.®®™® A large NTD survey integrat-
ing mapping for LF, schistosomiasis and STH in three states
of Sudan®’ established that an estimated population of 1.2
and 1.4 million individuals were eligible for regular MDA
with preventive chemotherapy (PCT) to treat STH and schis-
tosomiasis respectively, and that 1.3 million individuals
residing in Central- and Eastern Equatoria required MDA
for LF. This integrated mapping approach cut costs and saved
* Yet another

approach called Micro stratification overlapped mapping

time with the same man-power efforts.

(MOM) in Congo’® helped the program authorities to take
extra precautions in handling serious adverse events that may
take place due to co-endemicity of LF and loasis. In Nigeria,
a similar approach using historical data helped in producing
a series of maps to assist in maximizing existing

interventions, cost effective usage of resources as the LF
elimination programme scaled up.®!

Countries such as Ghana, Uganda and India used the
historical data (Mf, Ag), for predicting LF prevalence in the

uncertain and un-surveyed areas
67,69,90-93

using geo-statistical
models and showed the heterogeneous distribution
of LF for the respective countries, indicating the possibility on
the risk of occurrence of LF even in the probably non-endemic
areas. Three studies from India used Mf prevalence to identify
districts for MDA.”""”* Mapping data along with social depri-
vation index (SDI) and socio-environmental composite risk
index (SRI) were used in Haiti to specifically map LF risk in

urban areas’+”>7®8

and to see clustering of infection. Two
studies tested a confirmatory mapping tool against the WHO
recommended mapping strategy mainly to assess whether

those areas in Ethiopia and Tanzania”*">

with uncertain ende-
micity (one Ag positive among 200 adults; 45 in Ethiopia and
11 in Tanzania) needed to be included for MDA. This tool
tested a sample of 320 children aged 9—14 years, from 30
schools selected based on probability proportional to estimated
population size in a Woreda (a district) to find areas requiring
MDA. The results showed that while only 3 out of 45 in
Ethiopia and none of the 11 from Tanzania required MDA,
thereby saving time and the resources by preventing MDA in

areas where there was no evidence of transmission.

During MDA

Mapping during MDA (Table 2) was useful in re-assessing
the geographic limits of LF and identifying new LF ende-
mic areas that were either not surveyed, or classified as
uncertain or non-endemic earlier.”®*® It was observed that
in India, 113 of the 190 districts, which were not surveyed
earlier and not included for MDA, were identified to be
having varying risk of transmission. As the elimination
goal is nearing, the National Vector-Borne Disease
Control Programme (NVBDCP) is in the process of vali-
dating these findings before bringing these districts under
MDA net. Mf and entomological surveys conducted in the
sentinel villages of the Gampha district of Sri Lanka after
5 rounds of MDA showed ongoing transmission’® and
recommended continuation of further rounds of MDA. In
another study in Malawi that had already undergone 5
rounds of MDA for LF elimination is co-endemic for
oncho and malaria, it was felt that the intervention pro-
grammes against these diseases could have impacted the
transmission of LF. Therefore, to identify the high-risk
areas of LF, a multiple intervention score map (MISM),
that is based on weighted sum of individual intervention
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Xenomontoring.

scores was used. This score was useful in identifying areas
with high and low coverage of LF impacting interventions. It
was shown that those areas with low coverage with high
baseline LF prevalence were identified and considered to be
with high risk of transmission or re-emergence.'® Another
study!®!
dema burden in Malawi after 5 rounds of MDA, observed

attempted morbidity mapping to estimate lymphe-

that as there was no standardized method for collection of
morbidity data, the morbidity burden due to LF could be
grossly underestimated.

Monitoring

A total of 36 studies have monitored filarial infection
during the period of MDA implementation and also during
post-MDA surveillance. Of them, 19 were during MDA
implementation, 15 during post-MDA, one study reported
monitoring of both pre-MDA and during MDA, and
another study about monitoring in all the three phases,
(pre, during and post MDA) of elimination programme.

During MDA

Of'the 19 studies conducted during MDA phase, 6, 7, 3, 2 and
1 were from African, Southeast Asian, Western Pacific,
Americas and eastern Mediterranean regions respectively
(Table 3). In eleven studies, the impact of MDA had been
measured in terms of reduction in Mf Ag or Ab or filarial

102112 517 humans. Seven studies, two from

115,116 117

disease prevalence

113,114 one each from Haiti,

120

two from Tanzania,
119

India,
Nigeria,"'® Samoa,''? and Egypt'*® monitored infection
(xenomonitoring/dissection) in vectors in addition to infection
in humans (MF/Ag/Ab).

Studies in the Afn'can,118 East Mediterranean,120 and
South East Asian'*"'*!'"" regions which used human and
vector infection indicators have concluded that 4-6 rounds of
MDA may not be sufficient to interrupt transmission. While
the study from Nigeria''® concluded that additional interven-
tions (like more frequent MDA treatments and insecticidal bed
nets) were necessary particularly for those sentinel villages
that had baseline Ag prevalence >25%, systematic non-
compliance to MDA was the reason for on-going transmission
in Haiti which led to two additional MDA rounds.""” The
studies that had used vector infection prevalence in addition
to Mf/Ag/Ab"' 71?120 have suggested that MX is a powerful
tool in assessing the impact of MDA and that both Ab in
humans and the MX tool could be used to measure on-going
transmission.

Few studies that had measured Ab prevalence alone or
in addition to Mf/Ag in children'%>'%%!1>11¢ indicated that
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o
: 2
et
> o
8§ 8 3
S5 c 2
328
w O
T = 9
0 9 u
£ £ 0
w 9 c
< 5 3
N £ ©
© o
Zﬁ&
«“
o B ©
wws-g
T B
S 2 & w
o 2% 5
Lv)ﬂ)“
v 6 £ >
> < 20
E v w9
. 3 ©u 3
g< s §
® 5 c &
o 2 0 9
Ch'ge
s g8
w < 5 §
s v £ g
;LUO
w 08 &
05 d
g 828
uciau
o 9 8§ ¢
255 2
s 3 E @
Sgu g
w uv
a «© <
«-U;E
& 6 s 2 o
= w0 € 2
c s O g
i~ a9 25
a ¢ o T
£ c 2 3 o
L > 5 v E
~
4
o
[ ] -8
8 |4
<v o~
& <
. e 5
° ] g
® g 0
9] c <
. 0 v o
H c 5 &
- 0 8=
€ 2|38
N w':E
« '5,'5_:
Q = | W U
14 c b
] :gu
3 =
3 E|§s
5 E| = 2 q
Dw 0| < 89
mw o uvu|lUL £ &
9
«
[}
>
] —
o «
° =
© 3
s s <
-] g =
g € o
[ IR
>
8
€ -
3 2
[+
LS b
=
°
5| €
= -] ©
S | ‘oo o
A :
-4 <
S
N>~
Q|
-
'gUO
= | W c o
58 submit your manuscript

Dove

Research and Reports in Tropical Medicine 2019:10


http://www.dovepress.com
http://www.dovepress.com

Srividya et al

Dove

(ponunuo?)

-9|doad pardaye

Jo uonuodoud e ul 35E3| 3B UONEISSJIUB SY) SA|OSSJ ABW pUB SISBD
9]920.pAY MaU Jo 3duapIdUl JUSASId 03 [ennualod sy sey uone.IsIuILpE
D3 pareaday “We UNIBWLIBAI Ul SS3] A[pAnE[ad sem 1dedwi ay] *DIQ
YaIM paleady saniunwwod aya ul sdnoud a8e Jayio ||e ul aduajesaud
9920.pAY Ul suIPSp uBdYIUSIS A|[BOISIIEIS B SEM SJ3Y3 ‘Y| YIUASS
a1 4oy ‘swJe y1oq ul ewapaoydwA| ul ases.udsp [euidiew e Ajuo sem
9492 J9ASMOH A|9AnDdsal ‘9%9'9}, PUB %9'9G ‘%E°G/ JO sUonINpad
01 juseAINbs ‘w.e ogade|d aya Ul (S0'0>d) %601 O3 %y 0T WOy

PUEB WLIB UNISWIBAI 32 Ul (S0'0>d) %P 01 O %6 €7 WoJ) ‘wie H3q
ay1 ul (S0'0>d) %1°S—S'0T JO |[2A3] uonuaAsalul-aud Byl wouy pauldsp
pey 25udjeAd.d 3|9204pAY ‘SPUNOU UBAIS U3y Y| JO SPUNo.

USASS J9)JB PUE 2.0J9q 1IN0 P3LIIBd 3J9M SASAINS [BIIUI[D [BUOIIDDS
-$S0UD) ‘%G /—S U9aMIDq padued YW Jopun 95eJoA0d Y1 a4aym
SUO|B UNDISULIBA| 4O 3UOE DI YIM YA JO SSOUSANDIDYS Y3 SJnsesw
0] [ela) paseq AUNWWod w.a) 3uo| e Sulnp paldnpuod sem Apnas siy |
-9oueljdwod 3nup ays 3uises.oul

Aq AjpAndays asow Yyl uswa|dwi o) saidareans dojaasp o1 pasu
9Y2 uo passauls 3| A|9Andadsau %40 PUB 9'€ SJ49M S9IBJ AIIAIDSJUI puE
UOID3JUI J03II3A By A[9ANRIdSAI %p T PUB %p'f SJ9M SS1B. SSEISIP
PUE j| @Y "32LIISIP Y3 JO SUMO) T pue saSE||IA XIS Ul P2IDNPUOD S4oM
sA9AJNs [e2130]0WOIUS PUE I\ ‘SO0T OF 666| WOy YW JO SpuUnod
XIS u0gI9pun pey eIpu| ‘Ysapedd BAYpuy/ Ul IDLIISIP IBABPOL) IsB]
"A13unod 01 A13unod wouy AJeA pjnom 11 Jeyy

pue 988J49A0D (|| 199)8 P|NOM 3DUE||I9AINS Jo 1Jed & se swoldwAs
yons 3uneaul Jayaaym parianb ASys USASMOH "s109)43 opis paeja.-3nJp
Aq pasned aiam swordwAs pardodau ayy 1eys A1 ss| sI A YA Y
u| pasn 3jozepuaqe pue DI JO SISOP MO| 3l USAIS Jeyl papn|duod
sJoyine ay] -Suntods. Jo swn Y3 Ie s|9A3| By 9|qrIdLISP 9ARY J0U
pIp swoldwAs [e10.43s pue dlwalsAs unJdods. sidoad sy jo AuJolew
1BU) POIMOYS SINSDY "PIMBIAIRIUI BaM YW Y2 Joye swordwiAs

40 3usawneal Bupjaas sisod UoINGLISIP Y 01 PAUINISL OYM 3oy |
(D] Buisn 8y) uondajul [elIe|ly 01 UOCNE[SJ S PUB YW JO PUNOJ YIg
ay1 Joye (seiSjeAw pue snaunud ‘oydepesy ‘ssaulzzip Y49A9)) swolidwiAs

21Wa1SAS JO 9JUDJINID0 Y3 paJojdxd pey sJaydJeasad aya Apmas siya u|

Souajeadud

9[9204pAH

Soudjeadud

uonsdjul
J0129A pue
oseasip Y\

aouajeadud

3y

Sl<

sade ||y

sage ||y

pauon
-uaw 10N

suosJad

950°s

suosJad

18L°€

2213s1p weandnjjiA
Sl

‘sade||l

PLISIp

lJeAepog 1seg Jo
sa3e||IA [N XIS pue
SBaJE UBQIN OM|

$93IS 9Al4

501800C
‘le 19 feaeany

+01£00T ‘e 3®
AeAypedoypinyy

£01900C
‘le 39 84aqydoH

elpu|

®lpy|

ey

uelsy

1583 Yyanog

BISY
1583 yanos

sesLIawy

s3uipuig

Jojesipuj

(saeak)
a8y

pa3sa)
9jdoad

Jo 'ON

s3I
J0 sade||IA 40
S32143SIp JO "ON

aealk
B Joyiny

An3unodn

uoi3ay

‘ou
Apms

VAW Sulinp suop sem SulioliuoWw YdIym Ul S3IpNIs aYa Jo s|ieIx € d|qel

59

submit your manuscript

Research and Reports in Tropical Medicine 2019:10

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Srividya et al

(panunuod)

'Spue|s| asay3
Ul UOIdBUI JO UOIBUIWIR USISBY O3 1dUN[pE UE SE J[Bs pajedipaw DI
JO uonNQLIISIp Ssew pa1sadans pey SIOYINe ay| "%E'E Sem ddudjeAa.d
JW ‘YA Jo spunod 9 jo audsul 38yl punoy sem 3| ‘spue|s| jo dnou3
AJIMODUEN ‘UOIID34Ul JO 1204 SUO| B Ul INO PALLIED SBM Y|4 SuInunuod
Jo 3uiddoas uo ap1>ap 01 (SY1) SASAINS JUSWISSISSY UOISSILUSUR]
"AIpiqJow 47 Jo 24mes) siy3 dIeIAD|[e

01 YA Jo [enuatod ays Sunydiydiy Agalayy ‘poldad adue|iaAIns
JB3A-G 9J13UD DY) JSAO PBUIRISNS SBM DDUDPIDUI |4V Ul SSBIIDDP
pideds sy wQ 40} pasn s3nJp aya Jo 9And9dsaUdl uoIssiwsUe.I)

Y31y Jo seaJe ul %|9 AQ PUB UOISSIWSUEI) 9IBISPOW JO SBaUR Ul S\YQJA
[enuue 7 J91ye [9A9] Juswiea.n-aud syl Jo 9/ G O1 paseaJdap uone|
-ndod siya ul |4V JO 3JUSPIdUI BY3 BY3 PAPN|PUOD SJoyIne 3y WAV
Suidojaasp Jo st 493833 38 a4am s3nup YW Supjel 3ou ‘Auanisod ji
‘9ouapIsa. ‘98e 1Byl pamoys sisA[eue 101D} dsiy ‘spolad Apnis Jsyio
Aue Surnp (jw Jad elejyosdIW 00| PU® 66—0| ‘6—| ‘O St pazIi0391ed)
A)suap Jo sniels dJWaJe|oIdiw 01 SUIpJOdIE USYIP I0U PIp SAEU |4V
's?1ed yq|N-o4d 031 aAneed saeak Jusnbasqns ul % 9—¢p Aq pue yaW
31541} 3Y3 Suimo||o} Jeak syl ulnp %07 Aq pasesJdap |4V Jo duap
-1dul [enuue 3y ‘adreuuonsanb e Buisn (L44V)AUpIGiow siselie|ly 2Inde
uo spunoud 4 Jaye (undawuaal snid 53 jo asop 3j3uls sA auoje HI
Jo asop 9|3uis yum) [eLi3 QW Ue jo 3oedwi ay3 paunseaw Apnis siy |
‘uoissiwsue.3 3uissasse

10} [00] B SE \/S|73D JO SN Y3 21epljeA 03 paJinbad auam salpms
2JOW JBYI PAPN[IUOD 3| UIP|IYD Ul ASAINS QY UO Paseq dIWIPUd

9q 01 PuUNOj SEM 93.) {7 POJE[29P SEM UDIYM ‘BaJE Y| "SBaJe 9s9Y3 Ul
$109)49 |0J3U0d paudYIZUDIIS 0) PISU Y3 PIMOYS SINsaY "pardnausaul
PeY UOISSIWSUR.II 9J9UM PUE|SI JSYIOUER Ul pUB UOID3)ul Judlsistad yum
pug[s! sIy3 ul pa1dn.iaiul peY UOISSILISUE.) JI SSISSE O INO PILIIED DJoM
(3] VSIT13D) sAeAuns qy pue 8y ‘Y| "SPUE|sI a1 jo auo ui 8y Juaisisaad
pamoys AaAJns Jusunea.l 1sod ‘Yl JO Spunod g jo audsul ‘eowreg uj

9ouajersud

W

9ouajessud

aseasi

9ouajeasud

av
pue 3y YW

sade ||y

sueah G2

ols
% sade ||y

suosJad

199°C

pauon

-usw 10N

suosJad
vLy'T

spue|s! JeqodIN
pue uewepuy

JO Spue|sl dAl4

adulA0.{ djidag Iseg

40 321sIp JpIRYRIQ

sa3e||IA A4

g01710T
‘e 39 weJlyg

401 110T
‘le 39 yasi|

901 110T
|e 39 ydasof

BIpY|

BaUIND
MON
endeq

BOWES

RISy 3583
Yanog

ay1eg

UI9ISIAA

ayieq
UI9ISIAA

s8uipuiy

Jo3ed1puj

(saeaf)
a8y

paisay
9jdoad

JO 'ON

sajIs
4o sage||IA 40
S32113SIp JO "ON

Jealk
B Joyiny

An3uno>n

uoiday

‘ou
Apms

"(penunuo)) € ajqeL

Research and Reports in Tropical Medicine 2019:10

submit your manuscript

60

Dove


http://www.dovepress.com
http://www.dovepress.com

Srividya et al

Dove

(panunuo))

VAW o 1edwi aya
03 98uBY> BY3 93L[9. O3 SBAIE DSBYI Ul ISBISIP UO UOIBLULIOMNI SUIdSEq

OU SBM 3432 U49AIMOH ‘[0d010.4d |oa3uod Alipigiow paseq-awoy e
pue saniAnde dqWId dn Suljeds Joy jnydjay aq Aew yoiym 93] ade||IA
e aseqelep aseasip a1 Supualajed 033 Joy sdde sjigow jo asn ayy
p21sa33ns suoyane ay| *(£'—'€) ¥’ SEM ddudeAdId dsEaSI "UONEISDY
-IUBW 3UO 1SEI| 1B PIpJ0da. $38e||IA OF Y3 Jo duo Auam| ‘Aianisod
8y [eliB|l PUB SNIBIS SSBISIP U99MIDQ UOIIBIDOSSE OU SBM .93 PIMOys
synsay ‘paddew auom sased asessip aya pue sade||lA Apnas ay ) ‘suon
-BIS9JIUBW 47 JlUoIYd pue QY jo ssposids ‘(1)) 3y Joj pakeAdns

9J9M $33e||IA P2103[3S YIM ASAUNS U31SN|D Of 95EIS-OM] Y/ "SISELIE|lY 2ouajeaasd suos.ad 1asip LeweydjN 1115107 BISY
[ea1ul> uo QA Jo spunod 7| jo 1oedwi aya passasse Apnis ay| | Isessip :ndy sade ||y Wl Jo sade||IA o€ ‘le 19 zyeH | ysopejSueg 1se3 yanog 6
‘paroadw 3q
pInoys 93eJ9A0D JUSWIIESJ) PUB PIpPE 3q p|noys djozepuaq|e ‘we.So.ud
]oJ2u0d Y3 Ul oyduo YIm Suofe paadiel aq O) SEM 47 J| “UOISSIW
-sue.3 47 3dn.usaul 30U pIp 3 1BY3 PIMOYS pue 47 Uo oyduo Joj Ade 9ouafeAaud suosJaad 01 S10T
-laylouow Al YUM YA [enuue jo sueak 7 jo 1oedw) ay) passasse 3 3y 2 vi/ sade||IA 924y | ‘|e 3@ meysapug eidoiyag BOLpY 8
‘suolisPap YAl Suiddoas
Joj Q] ul dnoud oz pue g ay ul adudjeAs.d qy jo ad1oyd aya pariod
-dns ‘s8umas cnewwes3oud uspun suonendod paies.aiun pue pages.ad
Jo so|youd qy Buipiroad ajiym ‘S| Sunuswaidwi pue ‘yqly ‘Suiddew (SV.L pajre} suo
40} 92UBpINS OHAA 2USJIND 3YI PIMO||O} YDIYM SIDLIISIP WOy SI NSy ‘SyL passed auo
‘seaJe ‘dds eidnug ul SP|OYSS4Y3 JO-IND [BI1IIID,, SUIWLISISP O3 S|DAI| 2ousjeaald uaJp|Iyd ‘2lWLIAPUS UOU JUO) 601510 BISY
qVy Jo asn ay1 Joj 1ioddns |esiSojoiwapids aya papiaoad Apms siy] qy /-9 €951 S9IIUNWIWOD 334y | ‘le 39 ImMaQ BISSUOPU| 1se3 yanog L
po3s9) S93Is
(saeak) s|doad J0 sade||IA 10 Jeak ‘ou
sSuipui4 Jo3edipuj a8y Jo ‘oN | s3o13sip jo ‘oN »® Joyny | Anyuno) uoi8ay | Apms

"(penunuod) € aqeL

61

submit your manuscript

Research and Reports in Tropical Medicine 2019:10

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Srividya et al

(panunuo)y)

wYydy

sem xnjjui suoneindod ueaSiw aya auaym A3 Jo SUOZ YIION Ul padiou
sem a1ed J2y31Yy ‘Yl ©3 SnNp padnpad pey d1ed J|| |[el12A0 ‘Y3noy |
*(%8§ Jo uonINpaJ) %OE'0 O3 %70 WOy PIdNPaJ Il SUOZ Y1Iou Ul
pue (%$S uonanpad) %[ |0 ©3 %y’ 0 WOo.y padnpad el AIDIWSPUS {7
"A1D 78NS Ul YA JO SPUNO. 9 J33yE UOIEBNIIS {7 Y3 passasse Apnis siy |
-2oe|d ul d49m uon

-en[eas pue 3uriojiuow 3uUouls pue PauleISNs SeM 9SEJSA0D JUSWIEDID
aya J1 47 Jo uoneulwd jo [eo3 OZOT Y3 SA31YdE 03 pasiod sem eidoiyag
eyl Pa1edIpUl SNIEIS JUBJIND Y] 47 Jo uonuaaaid uj sjod Juedyiudis e
pake|d osje Sy| pue uonnquiasip N7 ‘001 uoiSaJ snoliejew e

3uiag ‘%69 Jo a3eian0d |ediBojolwapids UB pue %/g PUB £/ UIMIDQ
$98eU9A0D JUBWIE YUM 33e19A0D [edlydeaSoad 900| paAdlyde pey
31 910 Ag "sI2L3sIp dIWapUd 47 O£ Ul paruswajduwl sem Jey 00T Ul
we.8oud [0J3U0D SISBIDISD0UDUO Yl YIIM paed3aiul sem Jeyl dwwe.s
-oad uopeulwl® 47 Y3 JO SNIEIS JUSLIND BY) paquSIp Apnis By
'SB9.B JIWSPUS-0d OYdUQ PUE 47 Ul USXEI 9q O3 SBM UOISIDSp

VAW doas aya y1 aswie Aew 1eys sanixajdwod aya ojur aysisur papiaoad
Apms siy3 jo sSuipuly 3y ‘pa1919p 249M saARIsod | D] ou Ji usAS
Po1dnJJsul SeM UOISSIWSUEI] JI PSUIWISISP 3G I0U P|NOD 31 dJ0jRI9Y)
pue |[ews sem 3zis ajdwes syl Apnis JUS.INd SY3 Ul ING UOISSILUSURIY
47 jo uondn.usul ssesse 01 ua.p(iyd> 0S‘| Jo o|dwes & paJinbau

SVL (%TH—T0) %T'1 PUe (%y'L=€'|) %S°€ J0 @dudeadd qy pue Sy
UE pPap.Joda. BIBWS[ES ‘SIDLISIP 994yl Bl JO dUO USASMOH (%€ 1-T°0)
%9°0 sem Apoquue s31 Jo 3By pue (%7 |—T0 [ID%S6) %50 Se punoy
SEM UD31IUE {7 JO DDUSJBARIJ "UOIIIBJUISNNAJOA ‘O PUBYOOUD] AA Y20q
10} PBUIWEXD 3J9M SIDLIISIP 934D WOJ) SISE||IA §,| WO} S[ENPIAIPUI JO
ajdwies 95U3lUSAUOD W/ YT PUB OYDUO Y30q 0} dIWSpUa-0d ‘[e3auag jo
uoli8a4 no3nopay| ul | Y 91AO Y3 yum 3uoje ‘€7 GAA Pue 1D Suisn

POSSIsSe SEM SIDLASIP 99.4Y3 Ul 47 jo sniels oy ‘weJdoud uoneuiwie

0du0-47 40y s3ynsa. [njSuluesw apiroad o3 AsAuns [edidojolwapids sise

-J920dUo pJepuels & 01 s1s3) {7 Sulppe jo Ajiqissod oyl passasse 1|

aouaeraud

W

douajersud

8y pue jiJ

9ouajeasud
qy pue 3y

pauon

-usw 10N

suos.Jad

850°S

pauon

-usw 10N

suosJad
1€1°1

(3eang) A suQ

S12LISIP 0/

S1LAISIp

2943 Ul saSe||IA §|

»11£00T
‘[ 39 ABUYSIEA

enl10t
‘le 30 nasidualy

211910C
‘[e 32 UOS|IAA

eipu|

eidoiyig

[eSauag

BISY
ase3 yanos 4

By 11

By 0l

s8uipuiy

J03ed1puj

(saeaf)
a8y

paisay
ajdoad

JO 'ON

sajIs
40 sade||IA 40
S32113SIp JO "ON

aealk
B Joyiny

An3uno>n

‘ou

uoiday | Apms

"(penunuo)) € ajqeL

Research and Reports in Tropical Medicine 2019:10

submit your manuscript

62

Dove


http://www.dovepress.com
http://www.dovepress.com

Srividya et al

Dove

(panunuo))

VAW W 343 1934895797 WO} %y°9 paydesd pue spiemuo yYQ

T 493e Apueoyiudis paonpad QW 3541 9Y3 adojeq Ajsaeipawiwi |
pJepuEls JO UaJp|Iyd> ul ddudjeadud 3y vl Yy Isod sewn /g

Aq paseaudap [enualod uoISSIWSUEI] A[JIUOW UBSW 3Ul USAT "Iued
-IJ1u8is 10U SEM S91BJ A1IAIIDDJUI JOIDDA Ul UOIIDNPAJ BY) JSASMOH
VAW JO PUNOJ 3sJl Yl J9B USAS JUBDIIUSIS SEM UONINPaI

3Y2 ‘uondduUI J0123A 01 pJedad YIAA (S0H0 ©3 $8/°0 ©3 wody)
@N[eA QO qV PUE SIUN V4D €°/p 03 6°90| wody :suun 8y £D430)
sjulod awn yYioq 18 pakaAans s[enplAIpul JO s1uoyod syl Suowe
sanjeA O qVY PUE s3iun 3y Ul 95U3J9HIp JUBdYIUSIS SUOM U3
‘JOASMOH ’S[9A9] duljaseq wody Ajpuedyiudis JayIp 10U pIp VAW
p-1sod qy pue 8y jo sdusjeasud ay3 Jeyl S1BJIPUI SIIPNIS ISAYI JO
$3NsoY "YW Yoeo 03 Jolid Wayl ul paJnsesw a49m S|9A9| uadiue
pue ya Y3y 03dn pamojjo} a4am Yyl IS4l J91e A[S1BIpawwl|
pJepuels ul 3y JOj PIsSSISSE PUB P3||OJUS UIIP|IYD USASMOH
'SJ0129A Ul UONd3jul SULIOIIUOW 40} INO PILIIBD OS[E 3J9M SASAINS

[ea18ojowolug "yl pP4€ 03dn YW JO punod yses Ja1ye pue aul|

aouseas.d ua.p|iyd s|ooyds L1110t
-aseq ayl 3e (y|wg)qy Pue (£D430)3V YW JOpPuUN paulwexs aiam Sy y1-9 008—00/ Asewrad jeana g | ‘|e 39 usasuowis BlURZUR| BILYY Sl
a3e|[1A a3 ul (sauspisad AJuo) s[enplAlpul || "Vl JO SpuUnoJ Janoy 9ouafeAaud
pa19|dwod pey Yoiym ‘edlpy ul 33e||IA SJBJIY SYI Ul PIIINPUOD SADA qy suos.ad 1,010T
-INS Y3 WoJy eIep Y3 PIZ|IIN ‘BlUBZUB| WO} SIIPNIS OMI IS | pue 3y Yl 12 616 | (a4eary]) a8eia suQ | ‘e 39 ussuowis BlUBZUR] ey pl
473dD Jo ssa2ans ay3 ul
syuauodwod [ennuassa ayl auam adueljdwod Snup jo 1933 ays Supnsaw
Joj suoInqgLisip 8nup jo Suiuresy o3 3ounipe ur uonedidnuaed Alunwwon)
‘weJ3oad uopeujwId 3Y2 03 }P9USPIO] UreWw Y3 sem dueldwod 3nap
Jo0d 1nq 3|qeA3IYIE S| 91€IG BY2 Ul UOHEUIWID 47 IBY2 SIPN|PUOD ApMis
9y "seled 9dUel|dWOD Yl UO UONEBWIOI OU SISM IIY) USASMOH
€107 U1 %0/—09 ©3 P2npad 3 ‘00T Ul %08< SeM 93eJ9A0d UonNGLIASIP
343 3IYAA Y31y d49m sa3el (%£°€) AnAndajul pue (%47°€1) uon
-D3Ul JOIDIA %/’ SEM 1B ISEISIP ‘%G’E SEM 1B | IJIYAA ‘PIINP aouseas.d
-Uod aJam shaAdns [edi3ojowolus pue asessip | Ised syl ul so1ed uonsajul wessy
JIW Y31y papJodad pey oym wWessy Ul suadJom uapJed eal Suowe Y J0129A pue suos.ad ‘yJedniqig jo uon «1510C ISy 3583
JO SPUNOJ 3Al J9)Je UOMENIIS SISELIE|l) JUDIIND dY) pIssasse Apnis Y| 3seasIp Y| sade ||y ¥€9 | -eindod uspued es| ‘e 39 ueyy| elpu| yanog €1
pa3sa) S9ajIs
(saeak) ajdoad J0 sasde||IA 40 Jeak ‘ou
sSuipui4 Jo3jedipuj a8y Jo 'oN | s3o13sip jo ‘oN »® Joyny | Anaunod uoi8ay | Apms

‘(panunuo)) ¢ ajqel

63

submit your manuscript

Research and Reports in Tropical Medicine 2019:10

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Srividya et al

(panunuo))

47 JO uoissiwsue.l)
[enuszod yum seade Ajnuspl 01 |njasn aq Aew qy pue SulI0IUOW-OUIX
410q JeY) papn|puod sioyine aya ‘(Apnis Jajjaed ue uo paseq) sade||iA
3533 Ul UONIAJUI J0IDIA JO s1iodau UM dJayl sy 'sade||ia asayd

IIB Ul %6’} | PUB %G°7| usamiaq pasued dusfeaald qy pue %9 pue /¢
usamiaq padued adudjeAddd By ‘9| > SeM JI JO ddudeAdld |[eaaA0 By
'sJedh < pade s[enplAlpul 8ulIdA0D SaSE||IA 934Yd Ul PIIDNPUOD BIIM
sAkaaans qy pue 3y Y|4 "VAWW JO spunou 9 paiajdwod pey Jey) eade ue
ul paJojdxa sem UOISSIWSURY 47 Ul 3UlIOIIUOW OUSX pUB qV/ JO ash Yy |
'saseas|p

3yl y10q 40} dUE|[IdAINS YIN-150d In0 Auued 01 poylaw ddUE||I9A
-uns pajea8aiul ue Joy ueld pue ‘yql oysuQ dois paadnauaiur punoy
JI ‘UoIssiWsueIl OYdUO Jo smels a3 Suissasse Jaye (1) Jo 9JUIdSIp
-nud3J s11 JudaA3ad 01 4 Joj ddUE||IvAINS Y| 3sod Yaim panunuod 3q
01 aAey Aew 3auo|e A (1) :suondo omi ausm a4ay) BaUE DIWIPUI-0D B
Joy Alaenonged ‘vl Suiddoas uo suoisipap Supjew jo yred ayy uo
SJaMm sy Sulurews. aya sy "aJnjiej QW JO sk jo seade Auewrud sya
9q 01 Aj9y|I] a49m (duljaseq 1e ddudferaud By %G72) Audlwapus Jaeaus
YaM sy Jeya pa1sad8ns sIOyINe 9y °S1I0YS [BUOIIUIAISIUI PASEIIDU]
Joj paau ay3 SunedIpul ‘yZ< UOIDDUI JOIDDA PUB %E'/T JO ddudjeAa.d
3y ® pey auo pue (canbsow ur £ 9ANd9jUI UO paseq) uoISSIWSURLY

Su103-uo pey sade||IA [sunuas 934y "(UondNpaJ %//) %E'Q O €| WOy

914 A3IAISJUI pue (UOIDNPAJ %98) $'Q O3 | '€ WOL) UONDJUI JOIDDA
‘(uonanpaJ %/9) %T'L 03 %9'1T Wody (LD] uo paseq) 3y ‘(uoponpau
%98) %80 O3 %6y Wo.y pasea.tdap adusjeaa.d Jl4 6007 Aq IeY2 pamoys
uolssiwsue.3 uo 3oedw] ‘6007 A9 %EL PUB 9007 U! %582 ‘€00T Ul
%7/ 10 93e4aA0d B YUIM Y| JO SpuUnod g|—/ paiajdwod pey pue 0p0T
92UIS UOMID3JUI JOIDDA PUB UBWINY YIOQq J40J ‘600T |II? PR403IUOW AJlenuue
9.J9M sa3e||IA 9] "BaJE DIWDPUI-0d OYdUQ-4T & Ul (SYyDT | Ul WAI
yum Adessyrouow jo sueak 7) yQW jo 1oedwi aya passasse Apnis ay |
's8nJup ya o3

9dueldwod-uou yIm paJeldosse Apuedyiudis Sem U0 pUB Banjeu
Ul [BD0) SEM UONDDJUI [BLIB|I] “%/'6| PUB %EH| d4om saduaferaud qy
pue 8y "o -7 Suowe A9AJns 423sN|d-0¢ B YSnoaya J4ndd0 03 SNunuod
13S P|NOD UOISSIWSUEIY ‘YAl JO SPUNOJ 1ySId Jaye ‘% | > saduafead.d
JIW Po34odau s31IS [SUUSS SY3 JI USAS MOY PaqLIdSOp SJOyane 3y |

duseAald
uon

-D94ul JOIDIA
pue 3y

dudeAald
uon
-J94u] J01DDA

pue 3y YW

dudeAald

L\
pue 3y YW

suosaad

6.5

suosJad
€52°01

suosJad
Sy

sa3e|[IA 2.y |

sa3e||IA 0|

sa3e||IA XIS

071600T ‘[ 3
Apiuope|y

611 110C
‘[ 39 spJeydry

g11010C
‘le 30 pAog

eOWEg

uedlswy

BISSIN

BreH

sy1eg

UJIDISIAA

ey

sedlawy

81

Ll

s8uipuiy

Jojed1puj

(saeak)
a8y

paisay
9jdoad

Jo 'ON

sajs
40 sase||IA Jo
S32143SIp JO "ON

aeak
B Joyiny

An3unop

uoi3ay

‘ou
Apms

"(penunuod) € alqeL

Research and Reports in Tropical Medicine 2019:10

submit your manuscript

64

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Srividya et al

" R
5 ";";g)oﬁ >~<Q(
° 50 c 4 ©
‘“o-o-c_?:“ﬁ"‘ﬁz
S;uwcu'ﬁﬁ‘”“a
o 2 ® c o
< * 9 Q o9 C )
Qg e HE S <cF §
« X A
ZE%:-CI'EEZ;JE'
“6M>'—".E'm0&_
e DT 2 S 8 o B
5 &< 33 & 2 W g
€ w28 X =35 c uw
3-55‘,;—"588-‘/,.5
£ 89 Y 909 . c QG g
v $ 998 S5 v e E L QO
> b1 c T —
Cgsgo\og5§h—gg
L L« C u 0 o (S
S8 2w g 8BS
S =9 Eo 2« E =
»Ou:xtzz SO
898 g =95 228
Z eS8 9 L ,T a3
“n b} 7] =]
w v @& 8§ 0 & @ w EE
CN;L%Z\g%Eg
S99 S5<PeEEE
T8 8Z2=3%§g s R
o]
§ 208870 ¢23F o
=} Q S a
T2 s egse £’
f=
Sfw g2 REE
oo s Z 82 £ 35
aXw N 9 g5 o ®
2% %90 4,68 3 005
n e £ 5 & 0@ T o
0 5 - 9 a U c 3 >~ g
c 3 98 ¢ 500 5T
bS] 2358385 oa@2 3
© g = a a g o s ©
It > O
c v a E 0 o 0 u ¢
iT £ a= ¢ 2 £ ¢ 2 0 0
[ F @ ES a3 c o
.
[ [9]
- 9@ )
2 SE ¢
8 0o & 2
5 <8 s
- O 1
c T 90 O <«
- X > 5 a
n n
I 4]
[T &
b0 O —
- R <
\
c
s 2ol ¢
29 E'g
.
S$8|385
Zas|lz 5
0
O s 3
o R
T © @
e <
T 8 | £
CEIN -
R
S+ 2|
Zoa|E
“ —
~ <
S 85
€ 5 o~
38 |58
< X L N
>
<
4
g e
o
S &
w
c
. <
—~ g
o
Q Il
S| § c £
£|.L s 8
2 | oo 8
od) 2]
Uﬁ w =
N
M>~
Q|
- e
'gUO o
Elwc =

ICT,

Abbreviations: LF Lymphatic filariasis; DEC, Diethylcarbamazine; IVM, Ivermectin; Ag, Antigeneamia; Mf, Microfilaraemia; Ab, Antibody; MDA, Mass drug administration; TAS, Transmission Assessment Survey;

Immunochromatographic Test; MX, Molecular Xenomontoring.

measuring Ab in children is a better indicator to assess
interruption of transmission as it also measures exposure
to infective bites in addition to infection with adult worms.
It was suggested that measuring Ab instead of Ag alone
may be helpful in identifying areas with residual
infections.'®

Studies that used disease prevalence to measure the
impact of MDA'04106:110

MDA had helped in reducing the overall disease preva-

suggested that 10 rounds of

lence to low levels. A study from Papua New Guinea
showed that after four rounds of MDA, the acute filarial
morbidity reduced significantly from the pre-treatment
levels and that the reduction was higher in those areas
that had higher transmission indices compared to those
with lower figures.'®® In a community trial from India, it
was found that seven rounds of MDA with DEC alone
prevented incidence of new hydrocele cases and resolved
the manifestation in a proportion of already affected indi-
viduals in addition to reducing the levels of Mf and trans-
mission indices in the communities.'®® Assessment of

occurrence of systemic symptoms'®?

following a 5th
round of MDA and providing free symptomatic treatment
was expected to motivate people to report symptoms and
seek care. However, the authors concluded that from
a programmatic perspective, treatment of these systemic
symptoms might not be necessary, because most of the
individuals surveyed did not report these symptoms as
a barrier to participating in future MDA.

Few studies have reported only the current situation of
LF (Mf/Ag/Ab/disease) after six to seven rounds of
MDA 031041012714 - the endemic areas and found
that Mf prevalence were still above the 1% threshold. To
interrupt the on-going transmission in spite of several
rounds of MDA, these studies recommend the need for
additional efforts by program authorities to improve the
coverage of the program and better monitoring and evalua-
tion procedures.

One study assessed the possibility of integrating anti-
body testing for LF and oncho, which has highlighted the
complexities that may arise in making a decision on stop-
ping MDA particularly in LF-oncho co-endemic areas of
Africa."'" Another study'®

therapy with ivermectin has not reduced Mf prevalence in

observed that 7 years of mono-

a oncho-LF co-endemic area and therefore to achieve
significant reduction, the authors suggested that albenda-
zole be added to the program particularly in LF endemic
areas. In another oncho-LF co-endemic area''® the study
showed that while Mf and Ag rates were reduced by 83%
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and 67%, the mosquito infection and infectivity rates were
reduced by 86% and 76% compared to the baseline. As
this was a LF-oncho co-endemic area, regarding the deci-
sion of stopping MDA, it was suggested that if LF trans-
mission was found to be interrupted, albendazole could be
stopped and the MDA could continue only with ivermectin
with simultaneous post-MDA surveillance for LF for
resurgence. If it is found that oncho transmission also
has been interrupted, an integrated surveillance can be
planned for post-MDA surveillance.

Post-MDA

A total of 17 studies (eleven from South East Asia, three from
Western Pacific, two from Africa and one from American
regions) have reported the findings during the post-MDA
monitoring phase. Of these, one additionally monitored pre-
MDA period and another study monitored pre-, during- and
post-MDA periods. These studies highlighted the importance
of monitoring during different phases of MDA (Table 4).

As seen in pre- and during-MDA phases, studies in the
post-MDA phase have also used Ag/Ab and vector infec-
tion indicators to monitor the LF situation. In a multi-
country study (consisting of eleven countries) Chu et al.'?!
reported that TAS protocol is a reliable strategy (either
school- or community-based) to assess interruption of
transmission. Similar observation was made in India'*
who reported the first successful TAS in Goa in India
after nine rounds of MDA, mentioning that TAS is
a scientific, practical, and effective evaluation tool for
stopping MDA. The authors emphasized the importance
of focal survey to identify the source of infection in com-
munities with antigen-positive children to prevent resur-
gence in an area declared free from MDA.

A study from Ghana reported the existence of hotspots,
despite 14 years of MDA, and attributed the persistence of
hotspots to its high baseline Mf prevalence'** and reported
that more than the standard five to six rounds of MDAs,
say up to 14 rounds were required to interrupt transmis-
sion. Another study'** summarized the current situation of
LF in Bangladesh through TAS conducted in 19 districts
(which had undergone 5-12 rounds of MDA) and 15 low
endemic districts (not given MDA). The results showed
a significant reduction in prevalence of geographical dis-
tribution of infection across Bangladesh and attributed this
to factors like good administrative development and health
system infrastructure, relative political stability, strong
political commitment and financial support, strong pro-
gram management leadership and heightened awareness

of morbidity in the endemic areas. The authors also sug-
gested that districts that required more rounds of MDA
had higher baseline Mf prevalence. Post-MDA surveil-
125 showed that all the endemic districts
had undergone five rounds of MDA with >65% coverage

lance in Cambodia

and had passed even TAS 3 and is currently in the final
stage of declaring LF elimination. The authors have attrib-
uted this success to the commitment of the government
and effective implementation of MDA, monitoring and
evaluation, and surveillance activities. MDA was success-
fully implemented even in forested and remote endemic
areas through advocacy, sensitization of various depart-
ments, active participation of provincial- and central-
level program personnel in MDA activities, and financial
and related support from partners and stakeholders. In

1'*° it was shown that interruption of transmission

Nepa
was established in five of the ten endemic districts and in
one EU of another district following successful TAS after
six rounds of MDA, in-spite of not achieving the optimum
coverage of 65% in three districts. In the remaining dis-
tricts, MDA continued as they had a higher baseline Mf
prevalence as reported in Bangladesh.'**

In Myanmar'?” the program initiated in one district in
2001 was up-scaled to 42 of the 45 endemic districts by
2014. This slow progress in upscaling was attributed to
lack of funding, resources (eg training of basic health staff,
advocacy materials), continued problems in procuring ade-
quate quantities of DEC, as well as security-related issues.
In spite of this, five districts declared interruption of trans-
mission with two passing TAS 1 after 6-10 rounds of
MDA and three districts that had passed TAS 2 after
undergoing five rounds. In this study also, a predictive
modeling approach showed that the decline in Mf preva-
lence was associated with the number of MDAs and initial
Mf prevalence as observed in the above studies.

The PHC area in Thanjavur district, Tamil Nadu,
India,'*® reported low levels of infection (community Mf
and Ag prev-0.2%,and 2.3%, and Ag prevalence in 2—8
years old children was 0.12%) after eight rounds of MDA
with spatially clustered infection both at household and
community level. Based on this study MDA was stopped
in this area. Results of a long-term community trial that
evaluated the effectiveness of ten rounds of DEC or iver-
mectin alone in ten villages of the Villupuram district of
Tamilnadu, India'?*""*! concluded that ten rounds of MDA
with DEC alone would be able to interrupt transmission of
LF and achieve the objective of LF elimination.'?’

Subsequent post-MDA study’*® in the same area indicated
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that 6 years of post-MDA monitoring and evaluation was
adequate to discern the status of transmission interruption
and for making an appropriate decision on certifying LF
elimination.

Few studies have also evaluated the use of MX for
confirming the findings of TAS and, also as a post-MDA
surveillance tool. In a study from India, Ag-prevalence in
children and vector infection indicators were used to
assess the LF situation in one of the evaluation
areas that stopped MDA (after 8 rounds).'**'*? The esti-
mated vector infection rate based on xenomonitoring
corroborated with the decision based on human infection
for stopping MDA in this evaluation unit, suggesting that
xenomonitoring could be a potential alternative to post-
MDA surveillance or validation. Further, vector infection
prevalence was reported to be higher in communities
which were transmission hotspots (with Ag positive chil-
dren). Similar observations were made in American

Samoa'??

that detected parasite DNA in vector mosqui-
toes in the communities where Ag-positive persons were
134 reported MX eva-

luation for transmission interruption in two areas; one

detected. In Bangladesh, one study

previously endemic district that had stopped MDA
(Panchagarh), and another part of a non-endemic district
that reported transmission. In a study from Sri Lanka, in
addition to TAS, a comprehensive surveillance (a package
included cross-sectional community surveys for Mf and
Ag, school surveys for Ag and Ab, besides xenomonitor-
ing) was carried out to assess the LF situation 6 years
after cessation of MDA in 19 Public Health Inspector
(PHI) areas of the eleven EUs in eight districts.'>> The
prevalence of infection in vector exceeded the provisional
threshold of 0.25% in 10 of the 19 PHIs where the
school- and community-based Ag- and Ab surveys
reported <2% Ag and >2% Ab prevalence. Based on
the results, the authors recommended use of antibody
and MX testing as tools to complement TAS for post-
MDA surveillance. Similarly, a study from Tanzania
showed that in areas that had passed TAS, MX provided
evidence of on-going transmission and this led to re-
initiation of MDA for another two rounds in those
areas. In a subsequent study from Sri Lanka,'*® MX
indicated ongoing transmission (filarial DNA prevalence
of 0.63% greater than the provisional threshold of
0.25%'*) in a coastal district 8 years post-MDA,
although Mf prevalence (0.2%) was much lower than
the threshold for stopping MDA (1%) proving xenomo-
nitoring is more sensitive than TAS and Mf-survey.

Mapping and monitoring

Five studies reported on mapping and monitoring together
(Table 5) during MDA (four studies) and post-MDA phase
(one study).

In Haiti, of the five districts that were mapped as low
endemic based on Ag survey prior to MDA, transmis-
sion was on-going during MDA in three districts and
a possibility of spatial dependency up to a distance of
20 m from an index case (an Ag-positive child). Spatial
mapping of Mf prevalence (overall 31.5%, least 8.5%)
after three rounds of MDA in four endemic districts of
Andhra Pradesh in India showed spatial heterogeneity with
non-interruption of transmission.'**

A study in Tanzania'’® showed that even after six
rounds of MDA, transmission was on-going but at
a lower level. However, the Ag prevalence in 6—7-year-
olds had started showing a declining trend. One study,'*’
using samples from a serum bank assessed the prevalence
of LF Ag and Ab, 4 years after stopping MDA. They
reported that while Ag prevalence was very low (0.8%),
Ab prevalence (8.1%) was high as expected. It was seen
that while Ag prevalence showed spatial variation, Ab
prevalence did not. Another study'*' from Papua New
Guinea that reviewed the district level distribution of
MDA during 1980-2011, reported that targeting of dis-
tricts by level of prevalence will strengthen the control
program, facilitate monitoring of the disease trend and
increase the likelihood of reaching the target of LF elim-
ination by 2020.

Discussion

This review on mapping and monitoring of LF is based on
84 studies from 32 countries representing all WHO regions
except the European region over two decades between
1997 and 2018. Most African countries followed the map-
ping protocol for delimitation in addition to historical data.
Countries from other regions used WHO mapping strategy
and other methods like the Key informant technique,’”
physical examination by health workers for chronic symp-
toms of filariasis, disease prevalence and Mf prevalence
for mapping LF. The review has shown how the WHO
mapping strategy that initially used convenience sampling
design evolved to become a more robust 30-cluster-based

design in line with the confirmatory mapping tool’*"° t

0
delimit areas requiring MDA. This confirmatory mapping
tool tested Ag among older children aged 9—14 years in 30

randomly selected schools and was proved to be more
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effective in low-prevalence settings. Though this tool is
similar to the LF-TAS, the sample size requirement is only
one-fourth of that of TAS and covers older children and is
currently termed as “Mini-TAS.” In the current scenario,
where most LF endemic countries have completed at least
five rounds of MDA, it is proposed to use this for re-
mapping in uncertain and naive areas bordering the ende-
mic districts or the unsurveyed areas that have the risk of
LF transmission to help the country program to bring in or
exclude those areas from the MDA net. However, the
challenge will be to choose the appropriate test (Ag/Ab
surveys in humans or MX for vector infection) for re-
mapping to identify new transmission hotspots if any,
and prevent resurgence during post-MDA surveillance.

This review has highlighted how mapping helped in
implementing the elimination program only in the areas
known to be endemic for LF thereby preventing MDA in
areas where the LF was non-endemic. Mf and Ag surveys
were used in prioritizing areas requiring MDA and these
data were subsequently used to visualize the extent of LF
distribution. Accounting for the spatial component in these
data with appropriate spatial models, LF prevalence was
predicted up to a distance of 25-50 km around the surveyed
locations to provide additional information on risk of LF to
the program authorities to act upon.®®***3%%% Such data
also provided scientific evidence on the clustering nature of
LF around a transmission/residual foci which again could
be used to extend MDA or other supplementary interven-
tions in those neighboring areas. In addition, mapping data
collected over time from different countries were also useful
for modeling the trends of LF prevalence accounting for the
effect of climate change on parasite transmission.”"*>

The mapping initiative for LF also paved the way to
integrate mapping of all NTDs (LF, podoconiosis, schisto-
somiasis, loasis and STH) which was proven to be cost
effective and feasible while covering a large geographical
area,®+88:8%:100:192 However, it could be logistically inten-
sive and methodologically difficult due to the difference in
the tests used and the target groups to be covered. As this
is one of the important activities under the WHO road
map'*®® for implementing interventions against NTDs, the
challenges for the endemic countries would be in terms of
strong in-country leadership, man power and resources to
conduct the surveys and application to capture the data to
make it cost effective and feasible.

One of the reasons for the success of this large scale
elimination program is attributed to the strong in-built com-
ponent of monitoring and evaluation during- and post-MDA.

The review has shown that impact of MDA is generally
measured in terms of Mf and Ag prevalence in humans.
However, in recent times Ab prevalence in humans and
MX for assessing parasite DNA in vectors are being used
for the purpose in view of their high sensitivity in detecting
exposure/transmission. It was observed that the WHO
recommended strategy of 5—6 rounds of MDA was not suffi-
cient in interrupting transmission'?%:!07-109-111.114.118.119.123
suggesting the requirement of additional interventions like
frequent MDA treatments, distribution of insecticide treated
nets and other localized vector control measures.''®
Additional efforts warranting improved MDA coverage and
adequate monitoring by the implementing authorities were
recommended. Non-interruption of transmission and persis-
tence of hotspots in spite of several rounds of MDA (up to 12
rounds) were found to be significantly associated with high

baseline prevalence of Mf or Ag''®!23:124

and systematic
non-compliance to MDA.""” These imply that the number
of rounds required to reach the threshold of <1% Mf pre-
valence (or 2% Ag prevalence) cannot be generalized for all
endemic areas. The success stories in Bangladesh'** and
Cambodia'®® indicated that in addition to the adequate
MDA coverage, the reasons for success of the elimination
program in a country is driven by 1) the commitment of the
government and effective implementation of MDA even in
remote areas; 2i) active participation of provincial- and cen-
tral-level program personnel; 3) adequate financial and
related support from stakeholders and partners; and 4)
a rigorous monitoring and evaluation plan and post-MDA
surveillance activities. The impact of MDA on LF disease,
both chronic and acute forms were promising with not only
reduction in the disease prevalence following 5—8 rounds of
MDA but also in preventing new cases of hydrocele, thereby
indirectly achieving the MMDP goals too.'**!

In LF-oncho co-endemic areas, impact assessment sur-
veys during MDA showed that several rounds of MDA

100, 107, 113 could

with monotherapy of Ivermectin alone,
not interrupt LF transmission and inclusion of albendazole
in the subsequent rounds helped in reducing the Mf and
Ag prevalence in humans and vector infection and infec-
tivity rates significantly, respectively.'®''" However, the
decision on stopping MDA in such areas would imply
stopping albendazole but continuing with ivermectin
alone along with post-MDA surveillance to ensure there
is no resurgence of the disease.

TAS, the decision-making tool for stopping or continuing
MDA was adjudged to be a robust, scientific and reliable tool

based on the results from 12 countries,'*! including India,'**
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based on a single EU. Detection of filaria parasite DNA in
vectors in areas with Ag-positive children, showed that the
results of TAS and MX corroborate with each other, when the
decision to continue MDA is to be made. However in a few
countries, it was also shown that assessing the impact of
MDA on transmission interruption was more accurate if Ag
tests in TAS are complemented with Ab tests during post-
MDA surveillance as they provide additional evidence of on-
going transmission/exposure in the community, particularly
in children. 051516132134 11y some instances, even when
both Ag (TAS) and Ab tests indicated interruption of trans-
mission, vector infection prevalence through MX was found
to be well above the provisional threshold level of 0.5%
(indicating on-going transmission) suggesting that TAS
may not be a sensitive tool in assessing complete interruption

of transmission,'>:13%:136:142

particularly during post-MDA
surveillance. In view of this, it was recommended MX/Ab
surveys may be used as a complementary tool for TAS to
assess transmission, particularly during post-MDA surveil-
lance and validation phases.'>*!3>136:192 Thege observations
suggest that though TAS is a powerful tool while making
decisions on stopping MDA or not, it may or may not be very
sensitive particularly during the post-MDA surveillance and
validation phases when the transmission levels are very low.
Therefore MX, a sensitive tool in detecting on-going trans-
mission may also be done alongside so that there is added
support to the results by TAS. However, implementing MX
under programmatic mode will be a major challenge as the
expertise and the facilities for running the molecular assays
need to be made available at all implementation unit levels.

Currently, in order to eliminate LF in hard core
areas with persisting transmission, WHO has recom-
mended the
Ivermectin + Diethylcarbamazine + Albendazole) for
MDA towards
2020.° While the monitoring and impact evaluation

use of triple drug regimen (IDA,

accelerated elimination of LF by

methods are in place for the existing LF elimination
strategy of MDA with two drug regimens (DA, DEC +
Albendazole),* the challenge will be to develop an
appropriate monitoring and evaluation (M & E) strat-
egy, as this strategy is expected to interrupt transmis-
sion with 2-3 rounds of MDA in the endemic areas. In
addition to the appropriate indicators sensitive enough
to measure the human infection levels and or vector
infection/infectivity levels, the target population need
to be examined and the diagnostic to be used in
humans for assessing transmission interruption needs
to be identified.

Conclusions

The review has highlighted the necessity of mapping for
LF before a massive intervention program is to be imple-
mented in large geographical area as it helps in identifying
only those areas that require the intervention, thereby
saving resources and man-power. If the area is endemic
for other NTDs as well, an integrated mapping approach
would be cost effective as well as feasible. For example in
India, if an area is prone for dengue, chikungunya and LF,
serological or MX surveys with appropriate test Kkits/
devices with good sampling designs can be used to carry
out integrated mapping of these diseases at the same time
sharing the man-power and other resources.'** However,
to include this as a part of a national program, a substantial
investment has to be made in providing the infrastructure
and training to personnel to carry out serological and MX
surveys for the NTDs prevalent in the area. The review
compared the performance of both serological (Ag/Ab)
and molecular tools in assessing the status of LF transmis-
sion and highlighted that MX could play a major role in
the context of M & E for LF. As most endemic countries
under GPELF are progressing towards post-MDA surveil-
lance, validation and elimination phases, M & E compo-
nent needs to be revised/strengthened with appropriate
tools either Ag complemented with Ab or MX for verify-
ing the absence of transmission, assessing the risk of
resurgence, identifying hotspots, particularly in the context
of introduction of IDA as MDA for accelerated
elimination.

With this holistic approach, national programs should
take advantage of the existing serological tools and MX
and incorporate them wherever necessary in their inte-
grated vector management program to control, monitor
and eliminate all vector borne diseases. And wherever
possible both mapping of diseases and monitoring of inter-
ventions should adopt an integrated approach, to assess the
current situation with minimum resources.
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