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A B S T R A C T

Nigeria has the heaviest burden of lymphatic filariasis (LF) in sub-Saharan Africa, which is caused
by the parasite Wuchereria bancrofti and transmitted by Anopheles mosquitoes. LF is targeted for
elimination and the national programme is scaling up mass drug administration (MDA) across the
country to interrupt transmission. However, in some regions the co-endemicity of the filarial
parasite Loa loa (loiasis) is an impediment due to the risk of severe adverse events (SAEs) as-
sociated with the drug ivermectin. To better understand factors influencing LF elimination in
loiasis areas, this study conducted a cross-sectional survey on the prevalence and co-distribution
of the two infections, and the potential demographic, landscape, human movement, and inter-
vention-related risk factors at a micro-level in the South West zone of Nigeria. In total, 870
participants from 10 communities on the fringe of a meso-endemic loiasis area of Osun State were
selected. LF prevalence was measured by clinical assessment and using the rapid im-
munochromatographic test (ICT) to detect W. bancrofti antigen. Overall LF prevalence was low
with ICT positivity ranging from 0 to 4.7%, with only 1 hydrocoele case identified. Males had
significantly higher ICT positivity than females (3.2% vs 0.8%). Participants who did not sleep
under a bed net had higher ICT positivity (4.0%) than those who did (1.3%). ICT positivity was
also higher in communities with less tree coverage/canopy height (2.5–2.8%) than more forested
areas with greater tree coverage/canopy height (0.9–1.0%). In comparison, loiasis was de-
termined using the rapid assessment procedure for loiasis (RAPLOA), and found in all 10 com-
munities with prevalence ranging from 1.4% to 11.2%. No significant difference was found by
participants' age or sex. However, communities with predominately shrub land (10.4%) or
forested land cover (6.2%) had higher prevalence than those with mosaic vegetation/croplands
(2.5%). Satellite imagery showed denser forested areas in higher loiasis prevalence communities,
and where low or no ICT positivity was found. Only one individual was found to be co-infected.
GPS tracking of loiasis positive cases and controls also highlighted denser forested areas within
higher loiasis risk communities and the sparser land cover in lower-risk communities. Mapping
LF-loiasis distributions against landscape characteristics helped to highlight the micro-
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heterogeneity, identify potential SAE hotspots, and determine the safest and most appropriate
treatment strategy.

1. Introduction

Lymphatic filariasis (LF) is a mosquito-borne parasitic neglected tropical disease (NTD) targeted for global elimination by the year
2020 as part of the Global Programme to Eliminate LF (GPELF) (World Health Organization, 2017). LF is caused by three parasitic
worms: Wuchereria bancrofti, Brugia malayi, and B. timori, with W. bancrofti causing over 90% of the infections. The major vectors of
W. bancrofti are the Culex, Anopheles, and Aedes mosquitoes. The World Health Organization (WHO) estimates that over 120 million
people are infected with LF in tropical and subtropical areas of the world. Approximately 40 million suffer from disabling clinical
manifestations, primarily lymphoedema and elephantiasis, and/or hydrocoele (World Health Organization, 2013). One of the
GPELF's main strategies is to interrupt transmission through mass drug administration (MDA) using three combinations of anthel-
minthic medicines: albendazole plus diethylcarbamazine (DEC); albendazole plus ivermectin (onchocerciasis co-endemic areas), or
the alternative strategy of albendazole twice yearly plus vector control (Loa loa or loiasis co-endemic areas) (World Health
Organization, 2016).

Since the launch of GPELF in 2000, there has been significant scale-up of MDA across all regions of the world (World Health
Organization, 2010). However, at the halfway point in 2010 it was highlighted that the WHO's African Region, which accounts for
approximately one third of the global burden of LF, had several challenges and was behind global targets. The main barriers to MDA
implementation included incomplete mapping due to logistical challenges, instability, conflict and/or loiasis co-endemicity. The
latter related to the risk of severe adverse events (SAEs), mostly neurological, associated with the use of ivermectin in individuals
with high L. loa microfilariae (mf) loads in the blood (Boussinesq, 2006; Gardon et al., 1997; Kelly-Hope et al., 2014; Twum-Danso,
2003). The African Programme for Onchocerciasis Control (APOC), launched in 1995, relied on the community-directed treatment
with ivermectin (CDTI) strategy to control the disease by targeting areas where the prevalence of skin nodules was≥20% determined
by Rapid Epidemiological Mapping of Onchocerciasis (REMO) (Noma et al., 2002). APOC experienced many challenges in expanding
this strategy safely in loiasis areas due to the risk SAEs, and where encephalopathic cases were reported (Twum-Danso, 2003; Zouré
et al., 2014, 2011). The GPELF drew on the APOC experiences to help develop a provisional strategy and practical approach for LF
elimination in the loiasis endemic countries, which take CDTI and vector control coverage into account (Kelly-Hope et al., 2017b;
World Health Organization, 2012).

In Africa, Nigeria has the heaviest LF burden with an estimated 120 million people at risk (Okorie et al., 2013). In 2013, the
Nigerian National LF Elimination Programme planned to scale-up MDA based on recent national mapping results, and the use of
microstratification overlap mapping (MOM) to delineate L. loa co-endemicity, CDTI, and insecticide-treated net/long-lasting in-
secticidal mosquito net (ITN/LLIN) distributions to protect from the main Anopheles vectors (Okorie et al., 2013, 2011). Initial
programme work demonstrated successful integration of ITNs with MDA in Central Nigeria (Blackburn et al., 2006; Eigege et al.,
2013), links with the malaria programme and co-implementation strategies (Federal Ministry of Health, 2013) and that community-
wide distribution of LLINs can reduce transmission alone in loiasis co-endemic areas in South East Nigeria (Richards et al., 2013).
However, in some LF-loiasis co-endemic areas more refined mapping and definition of risk factors were important where there was
uncertainty about the risk of SAEs and if CDTI or alternative intervention strategies should be used. In Nigeria, the CDTI strategy was
adopted in 1997, and currently more than 45 million people are being treated in more than 36,000 communities during the annual
MDA (Federal Ministry of Health, 2017).

In Nigeria, the rapid assessment procedure for loiasis (RAPLOA) helped to define the distribution throughout the country
(Takougang et al., 2002; Wanji et al., 2005; Zouré et al., 2011). Endemicity was found to be generally low, and closely associated with
southern tropical rain forests that support the main vector, Chrysops spp. habitats (Kelly-Hope et al., 2017a). Understanding LF-loiasis
co-distribution at a micro-level, delineating risk in relation to forested areas and how people move in and around these areas, may
provide insights into where SAEs are more likely to occur, and if the new Test-and-not-Treat (TNT) strategy should be used to help
minimize risk (D'Ambrosio et al., 2015; Kamgno et al., 2016; Pion et al., 2016a). The TNT strategy involves using the LoaScope (a
mobile phone-based video microscope) to rapidly quantify L. loa mf in individuals during MDA, in order to exclude those with high
mf levels and therefore at risk of SAEs. Micro-mapping methods have been used to delineate SAE and environmental risk factors in
onchocerciasis-loiasis and LF-onchocerciasis-loiasis areas within relatively defined geographical parameters (Brito et al., 2017; Kelly-
Hope et al., 2015, 2014; Tekle et al., 2011).

Therefore, to build on these new mapping approaches and better understand factors associated with LF elimination in a loiasis
endemic area, this study aimed to examine the prevalence and co-distribution of the two diseases and the potential demographic,
landscape, and intervention-related risk factors in a co-endemic area in the South West zone of Nigeria. A secondary aim was to
examine the geographical movement and estimated exposure times of individuals infected with loiasis.
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