Elimination of lymphatic filariasis in West African cities: is implementation of mass drug administration a necessity to reach this goal?
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Summary

Achieving the 2020 lymphatic filariasis (LF) elimination targets of the Global Programme for the Elimination of Lymphatic Filariasis (GPELF) requires the treatment of entire endemic communities, through Mass Drug Administration (MDA) with ivermectin or diethylcabamazine in combination with albendazole. LF in Africa, is caused by the parasite, Wuchereria bancrofti and transmitted by Anopheles and Culex mosquitoes. While the MDA strategy in combination with other interventions, such as vector control, has led to the elimination of the infection and its transmission in many rural communities, cities in sub-Saharan Africa present specific challenges to achieving the 2020 targets. This is primarily because the community-based mass treatment approach usually used to deliver MDA is best suited to rural areas and the high treatment coverage needed for reaching the criteria for halting treatment is difficult to achieve in urban areas. We believe that the implementation of MDA may not be essential to interrupt LF transmission in large cities of West Africa and the resources involved could be directed towards other aspects of the LF programme. We discuss the relevance of MDA implementation in West African cities based on available evidence, and make recommendations for the way forward. 
Introduction

Lymphatic Filariasis (LF) is a public health problem in 74 countries and is associated with marked morbidity and disability 1, 2
. This disease is unique because the parasite is transmitted by five different genera of mosquitoes including Culex, Aedes, Anopheles, Mansonia and Ochlerotatus 3, 4
. LF is, after malaria, the most common vector transmitted parasitic infection 
2

. Therapeutic coverage, however, has been reported to be 83%.  Additionally, MDA coupled with high coverage and adherence together with the usage of bednets has accelerated the elimination efforts in Togo and Malawi 1

,2. In Africa, the regional MDA geographic coverage was 62.7 %  in 2015 showing an 18% improvement as compared to 2014 through increased  MDA coverage in several countries including Cameroon, Ethiopia, Nigeria, Zambia and Demographic Republic of Congo 6

, and as a consequence has drastically reduced LF endemicity from an estimated 120 million infections in 83 countries to 36.45 million, with 18 countries moving into a surveillance phase whilst several countries have been verified as free of transmission. The numbers of hydrocele cases have also declined from 25 million to 19.43 million, and lymphedema cases from 40 million to 16.68 million cases in 2013 5

. The Global Programme to Eliminate Lymphatic Filariasis (GPELF) was launched in 2000 and has since scaled up its efforts in implementation of Mass Drug Administration (MDA), having achieved over 6.2 billion cumulative treatments by 2015 
7, 8
. Circulating antigen filaria rates were 0% and 7.1% in Lome and Lilongwe, respectively.  LF prevalence varied between 1 and 36% in Togo and between 1 and 79.1% in Malawi when programmes commenced. Both countries are currently in the post-MDA surveillance period and continue to make progress in terms of Disability Management and Disability Inclusion (DMDI) 10

.  12

 tools based on detection of L3 stage of the parasite DNA in mosquitoes are appropriate tools to address such challenges. The Gambia was one of the most heavily infected countries with prevalence over 50% reported in the 1950’s using night blood surveys.  A decline in reported prevalence in people over the age of 15 had occurred by 1975/1976 but remained between 2.9-26.9%, whilst examination of stored serum from samples taken between 1997 and 2000 revealed a further decline in prevalence using ICT tests to detect circulating W. bancrofti antigen. These steady declines can be attributed to the national bed-net programme which achieved high coverage over two decades 10

. However, as TAS is not sensitive enough to detect low-level persistence of LF, transmission may not have been interrupted. Use of recombinant antibody such as Wb1239

. The Gambia has passed transmission assessment survey (TAS) as a result of the historic use of bednets without recourse to MDA 1

. However, overall this aspect of the programme has lagged behind the efforts to upscale MDA in urban areas. Vector control through the use of impregnated long lasting bednets or indoor residual spraying  (IRS) can significantly impact on the control of W. bancrofti transmission 
Challenges to MDA in urban areas
A recent publication has discussed the particular problems and challenges of NTD control in urban settings 14


13

.  The efforts deployed to date by endemic countries and a multiplicity of partners to eliminate LF as a public health problem could be delayed because large cities in West Africa have yet to be effectively covered by MDA in most endemic countries, while mapping results based on the presence of antigen positive individuals demonstrated that the majority of these cities had a prevalence below 1% such as in Monrovia, Freetown and Conakry , 15
. However, given the findings from these studies in West Africa 
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  and the predominance of Culex in such settings, a mosquito known to be a less susceptible vector in West Africa  HYPERLINK \l "_ENREF_14" \o "de Souza, 2014 #934" 


 ADDIN EN.CITE 
, we propose that the status of most west African cities be re-evaluated in terms of what is described as endemicity. The situation in West Africa contrasts with that in East Africa, Asia and in Haiti  where Culex quinquefasciatus is known to be an efficient vector of W. bancrofti 21

.
It is well documented that there is a net migration into urban areas of Africa for reasons associated with the expanding populations in search of employment, pressure on the finite rural land resource, reduced productivity from eroded or less productive land, conflict and instability, the access to transport networks and improved communications availability. The population of African cities is forecast to increase by 350 million people by 2030, with 50% of the population living in urban areas 22

. Whilst the converse is true that there is some movement to rural areas the majority of migration is rural to urban. Migration from cities of individuals infected with filariasis to rural areas may play a role in maintaining some rural foci of transmission locally but we consider that the number of infected individuals is not likely to be significant nor given the evidence from previous studies in urban West Africa that urban -rural migrants will be infected given the overall low urban prevalences and limited, if any, transmission in such cities for the reasons articulated in this paper. 
Currently urban LF is recognised as being a key challenge to ongoing global efforts to eliminate LF as a public health problem 
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 but we believe that implementation of MDA for LF needs to be re-evaluated in many of the large conurbations in West Africa, as the results of antigen testing in cities used to define areas for implementation of MDA is open to question for the following reasons. 1.) There is a constant inward migration from rural areas to cities in West Africa and infected individuals are likely to have acquired infections in rural areas 2.) Apparent foci of high prevalence are likely to be due to the establishment of groups from rural areas forming social and cultural communities within specific areas of cities and 3.) Culex mosquitoes are inefficient to Wuchereria bancrofti in West Africa 
31

.30

. However, an evaluation unit passing the TAS criteria, cannot be used to confirm interruption of LF transmission as a recent study has shown that circulating filaria antigen rates are lower in school aged-children (age groups used for TAS) compared to those recorded in adults suggesting that TAS sensitivity should be improved 29

. These observations therefore raise questions about the value of MDA in urban areas in generally. In contrast to Ghana, in Ouagadougou - Burkina Faso, prevalence surveys in peri-urban areas indicated microfilaria levels of 0% in 4 sentinel sites and 3.79% in a single site. Following 8 to 10 rounds of MDA with coverage consistently above 70% reported since 2005, TAS were undertaken in districts where mf < 1% in order to confirm that the prevalence levels fell below the operational cut-off levels for stopping MDA 28

, and as such the coverage data presented may be even lower than reported. Similarly, in Malindi, Kenya during four consecutive years from 2002, programme data showed that the treatment coverage achieved was far below (48%, 46%, 46.5% and 30%) the recommended 80% of the eligible population 27

. As a verification survey aimed to confirm the programme coverage was never implemented as recommended by WHO, MDA coverage data reported by the Ghana NTD program may be bedevilled by issues of accuracy 26

. Despite this, these areas passed TAS meaning that transmission was interrupted, as TAS sampled the 5-10 year age groups 26

. MDA in Accra district started in 2006 and had a fluctuating therapeutic coverage of 49.4%, 11.1%, 37.6%, 60.2% and 57.8% respectively for 2006, 2007, 2008, 2009 and 2012 treatments. But MDA coverage was above 65% in 2010, 2011 and 2013. Thus, from 2006 to 2009 and in 2012, Accra was faced with the challenge of attaining the required 65% coverage 25

. This was exemplified in the Greater Accra region in Ghana where an antigen prevalence survey of 7.86%, with baseline night blood microfilaria levels of 0.21% in 2004 were reported24

. This phenomenon coupled with administrative challenges such as high population density and population heterogeneity, together with the demand for incentives by drug distributors, contribute to reduce MDA effectiveness in urban settings because of reduced access and lowered adherence . Furthermore, MDA implementation approaches of community directed treatment using community directed drug distributors, previously developed for onchocerciasis were developed for rural areas and not for urban settings
In contrast to Ghana and Burkina Faso where urban MDA was implemented for several years, in Kano in Northern Nigeria, results of a mapping survey carried out in 2010 confirmed ICT prevalence rates varying between 2 and 12% in some Local Government Areas (LGAs). Prior to MDA implementation, results of baseline sentinel site surveys carried out in 2015 found 0% ICT rates although low levels of Wuchereria bancrofti DNA was detected in mosquitoes, implying W. bancrofti was present in some individuals. However, it cannot be assumed from the presence of parasite DNA in mosquitoes that transmission was taking place as detection of DNA does not necessarily indicate the existence of infective larvae, since mosquitoes will record W. bancrofti DNA positivity as a result of simply feeding on an infected individual with W. bancrofti, as indeed would any haematophagous arthropod. Such a signal does not provide any evidence of vectorial capacity or infectivity. The relationship between preventive measures used against mosquito bites and the nationwide distribution of bednets may have contributed to this result in these urban areas. 
The entomological argument
In West Africa, Anopheles in particular A. gambiae and A. funestus are considered to be the major vectors of W. bancrofti whilst Culex quinquefasciatus appears to have a much reduced vectorial capacity compared with the same species in East Africa 
. This could either be attributed to the genetic diversity within the parasites in different geographic locations and the refractoriness of the West African Culex species. Given that many  studies show that Culex is the most abundant mosquito in urban settings 
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14, 15, 32, 33
 we believe that urban transmission of W. bancrofti is unlikely to be a factor which will impede progress towards elimination of LF in West Africa.  In urban areas of Abidjan, Cote d’Ivoire and Conakry, Guinea following a mapping survey, it was observed that less than 1% of the subjects had detectable levels of circulating filarial antigen suggesting that MDA is not required in these cities 15


 ADDIN EN.CITE , 30
. In Conakry - Guinea1416

 and Freetown – Sierra Leone , Bolgatanga – Ghana 15

 
 where xenomonitoring studies have been carried out, these studies have recorded a low level of Wuchereria bancrofti DNA in mosquitoes. The data presented in these studies shows that the observed prevalence of parasite DNA in the mosquitoes in some locations was higher than the cut-off points, of 0.25%, 0.5% and 1% suggested for Culex areas 
 ADDIN EN.CITE 
31, 34, 35
 and 0.65% for Anopheles areas 37

. 36

, required to interrupt transmission. However, the wide confidence intervals surrounding the results from those studies also reflect a lack of precision of the prevalence estimates indicating that larger sample sizes are needed to determine what the significant prevalence levels of W. bancrofti DNA are and how they should be interpreted 
Further, the low vector biting rates favoured by the limited number of productive mosquito breeding sites, the use of insecticide spray and mosquito coils, fans and air conditioners in households in cities make it unlikely that LF transmission will be sustained, as the vector to human ratio will be lower in urban areas compared to rural areas. It has been estimated that over 15,000 infective bites of Culex quinquefasciatus are required to produce a patent of W. bancrofti infection in an Asian urban setting 14

 and it is therefore improbable that the  transmission of W. bancrofti by mosquitoes in urban areas will be sustained in the face of improved vector control interventions and malaria control strategies. 39

. In Freetown – Sierra Leone, biting rates were as low as 44 infective bites per person per year were estimated 38

. Other studies on Culex, Anopheles and Aedes vectors in different parts of the world have also provided data with estimates ranging from 2700 to over 100,000 infective bites per new human case 
The arguments regarding the implementation of MDA in urban areas cannot be complete without reference to the transmission thresholds and vector-parasite density-dependent processes. The density-dependent processes influencing the larval infection dynamics differ between mosquito species in different geographic locations 



40-43

. In “Facilitation” the transmission of W. bancrofti by anopheline vectors can be interrupted 
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. The elimination strategy based on MDA is itself based on the knowledge that vector species exhibit the phenomena of “Facilitation”, “Limitation” or “Proportionality”  HYPERLINK \l "_ENREF_40" \o "Pichon, 2002 #545" 
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41, 44, 45
, below a certain threshold level of mfs, designated as Webber’s Critical Point 4240

. On the other hand, “Limitation” results in a stable transmission of W. bancrofti by culicines even at low mf levels , 46
. “Proportionality” is a non-regulated transmission by vectors, with a constant percentage (linear relationship) of mf developing into the infective stage, following a mosquito blood meal. Limitation and Facilitation in vectors cause deviations from this linear relationship 4847

. However, we believe that the complex vector-parasite interactions required to sustain LF transmission, cannot be sustained in West African cities given other density dependent processes occurring in the parasite life cycle 46

. As a result, anopheline transmitted filariasis may be easier to eliminate than Culex transmitted disease , given the same infection levels and control interventions , 49
, such as acquired immunity regulating infection in the human population
47

. Based on these estimates, the vector biting rates recorded in West African cities  point to the importance of reducing vector biting rate as well as the parasite reproduction rate. Studies point to reducing culicine monthly vector biting rate to below 10 (i.e 120 per year), and anopheline monthly vector biting rate to below 200 (i.e 2400 per year) in order to break transmission 50

.  Modelling studies
14, 51, 52
 indicate that urban biting rates are  not sufficient to favour transmission of W. bancrofti, added to the lack of genetic susceptibility of Culex from West Africa, and irrespective to facilitation and limitation as described above. 
While countries are progressing towards LF elimination, it is important for programmes to undertake xenomonitoring studies to assess of the presence of W. bancrofti L3 infectivity within mosquito populations as the definitive measure of absence of transmission in urban areas. We consider this to be the only effective parameter, supplemented by immunological assessments, which will enable programmes to decide whether MDA is required in these increasingly populous urban areas in West Africa and should be implemented before MDA is considered, given the longer-term resource consequences for national programmes and donors. 
Urban areas themselves may be prohibitive to continued LF transmission. During the last 3 decades, populations of the major cities in West Africa increased from less than 1 million to close to 2.7 million in Ouagadougou and Conakry, and to more than 4 million in Abidjan and Accra 57

 and, enhanced construction methods leading to the screening of households against mosquitoes such as building  of mosquito-proofed houses with screens and ceilings which have the potential of reducing indoor densities of mosquitoes 56

. The development of urban areas, coupled with environmental engineering, could  result in the reduction in vector breeding sites 55

 whilst 3.3 million persons were displaced due of Boko Haram attacks from Borno, Yobe and Adamawa States to Kano in the last 5 years 54

. Civil war and insecurity in northern Nigeria and Cote d’Ivoire have contributed significantly to the increase in the numbers migrating from rural areas to cities such as Abidjan and Kano. In Cote d’Ivoire, civil unrest, starting in 2002 favoured the migration of some 1.7million displaced persons from Western, Northern and Central regions to Abidjan 53

, whilst Lagos is now estimated to have a population of 21 million 
Need for the reappraisal of MDA policy for urban areas in West Africa
We consider that the policy of MDA for LF in large conurbations in West Africa needs to be reappraised, given the observations and experiences we have outlined above.  Whilst vector control measures, particularly bednets and use of other domestic preventive measures against mosquito bites, may play a role in reducing the prevalence of LF, the significance of finding positive antigen prevalences, which might merit MDA in a rural setting, fails to recognize the demographic and social factors which could have influenced the findings of a similar level of prevalence in an urban environment for reasons described in this paper. In addition, we suggest that xenomonitoring must focus on the presence of infective W. bancrofti larvae rather than the existence of W. bancrofti DNA in mosquito sample pools, the epidemiological significance of which is uncertain. 

Conclusion

In conclusion, we recommend that more precise studies are required to define if transmission is ongoing in urban areas before implementation of MDA. Such studies should be based on sentinel site or spot check surveys by xenomonitoring to detect infective larvae in mosquitoes, the true measure of the existence of a susceptible vector and ongoing transmission; in parallel  immunological approaches such as Wb123 assays59

 or the  Filariasis Test Strip (FTS) to detect exposure antibodies as an acceptable surrogate of active transmission, as well as the use of antigen detection methods like the ICT Card Test
Based on these assessments, the implementation of MDA in the large cities of West Africa may not be essential to interrupt LF transmission, saving huge costs for programmes, avoiding many millions of treatments, and perhaps allowing Disability Management and Disability Inclusion aspect of the LF programme to be implemented at the expense of MDA. A further priority is to assess if vector control other than that associated with malaria control can be implemented, as the challenge of controlling Culex – given its larval habitats in polluted water bodies such as cess pits and waste water containments – is not considered practicable despite the proven efficacy of polystyrene beads at small scale 62

 . The success of the LF programme in rural environments will mean that the focus of country activities may change to address the potential problems of LF in urban environments which will become an increased focus of LF elimination efforts over the coming years. 61

. The numbers of Culex larval habitats in urban settings would preclude a sustained operation given the logistics and costs. A similar conclusion was reached when the use of the larvicide Bacillus sphaericus was assessed for Culex control in West Africa
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