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Abstract

Papua New Guinea (PNG) has an estimated population of 7 million inhabitants; of
which 5.6 million are at risk of lymphatic filariasis (LF). LF is a debilitating disease
caused by nocturnal periodic nematode Wuchereria bancrofti and transmitted by
Anopheles mosquitoes, similar to malaria. LF is targeted for elimination, and PNG is a
member of the Global Programme to Eliminate LF, which aims to interrupt
transmission through mass drug administration (MDA) and providing patient care to
those affected by the clinical conditions of lymphedema and hydrocoele. There is a
need to collect and collate more national and published data to understand the risk
factors influencing transmission so that control, elimination and surveillance can be
targeted. This research project aimed to address some gaps in knowledge and
conducted four specific activities including i) a scoping review of research on human
prevalence and mosquito vectors in PNG and ii) a field survey to determine W.
bancrofti antigenemia prevalence and related demographic and environmental risk
factors iii) a micro-mapping microfilaria (Mf) survey and iv) entomological survey in
an endemic area in Usino Bundi district of Madang Province. The review highlighted
human prevalence as high as 48.8% and the significant impact of MDA in selected
places. The entomological review found 17 studies on LF, with An. punctulatus, An
farauti and An. koliensis identified as main vectors, and impacted by MDA and vector
control for malaria, but most entomology was done in one region. The Ag prevalence
survey conducted in 398 households across 4 villages found one village at significantly
higher risk with 28.9% prevalence (Korona) with most clinical cases, while 2 villages
had low prevalence (<5%) and one village none. Overall Ag prevalence significantly
increased with individuals age and was higher in household made of semi-
permanent/bush material. Most (>90%) of participants did not know about LF or the
LF Programme. The Mf survey of 301 individuals in high risk Korona village found
29.9% Mf prevalence which varied significantly by hamlet; Korona (24.6%; 16.6/ul),
Koinduna (31.9%; 21.6/ul) and Tongona (43.3%; 17.3/ul). There was an increasing
trend with age, and males (34.5%) had a significantly higher prevalence than females
(23.4%), and those participants who reported using mosquito coils/spray for personal
protection had a significantly lower prevalence (12.2%) than those who didn’t (33.2%).
Interpolated maps were able to show a relationship between Mf positives per
household and selected risk factors. The entomology field survey found two main LF
vectors, An. punctulatus (infection rate 14.6%) and An. farauti (8.5%), in all hamlets
of the high risk village, Korona. The series of studies in this thesis provides key
information to the National LF Elimination Programme to help target public health
campaigns, and may be used to plan future research studies.
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Chapter One

General Overview

1. Introduction

1.1 Lymphatic filariasis

Lymphatic Filariasis (LF), commonly known as elephantiasis, is a neglected tropical
disease (NTD) caused by thread-like parasitic nematodes, and affects 73 countries in
the tropical and sub-tropical region of the world (World Health Organization (WHO
2017).

LF is caused by 3 species of parasitic nematodes; the Wuchereria bancrofti parasite
accounts for 90% of infection worldwide, while Brugia malayi and Brugia timori are
more localised and mainly confined to South East Asia (WHO 2017). The parasitic
worms are transmitted by several mosquito species which are found in the

Anopheles, Culex, Mansonia and Aedes genera (WHO 2013; 2017)

An estimated total population of 1.3 billion are considered to be at risk with more
than 120 million people infected and an estimated 40 million suffering from clinical
manifestations including limb lymphoedema, genital disease (hydrocoele, chylocele)
and acute attacks which are painful and often accompanied with fever. These
clinical conditions can be incapacitating and disfiguring for life, making LF one of the

leading causes of disability worldwide (WHO 2017; Ramaiah and Ottesen, 2014).

1.2 Global Programme to Eliminate Lymphatic Filariasis

The importance of LF was highlighted a wide range of experience and expertise by
the International Task Force for Disease Eradication (CDC 1993), which identified LF
as one of several diseases that could be eliminated as a public health problem
(WHO 2010). The prime reasons being the main causative agent for LF, Wuchereria

bancrofti is exclusive to humans as host and the availability of safe and affordable
14




drug regimens including different combinations of ivermectin, Diethylcarbamazine
citrate acid (DEC), albendazole, which have shown evidence to reduce

microfilaraemia to very low levels that can interrupt transmission.

In 1997, the 50" World Health Assembly, adopted Resolution WHA50.29, which
made a commitment to eliminate LF as a public health problem (WER, 2012). In
support of this resolution, the WHO formed the Global Programme to Eliminate LF
(GPELF) in 2000, urging all LF endemic Member States to work towards targeting LF
elimination by 2020. Since then, escalating pressure and work has been applied to

endemic countries to control and lower the spread of LF (WHO 2017).
The GPELF based its elimination strategy on two main components;

(1) to stop the spread of infection (interrupting transmission) — through a strategy

of mass drug administration (MDA) to at risk populations for at least 5 year

(2) to alleviate the suffering of affected populations (controlling morbidity) —

through a strategy of morbidity management and disability prevention (MMDP).

Figure 1.1 highlights the GPELF strategy and the steps within each component that

each endemic country programme needs to follow in order to reach elimination.

Figure 1.1 The Global Programme to Eliminate LF Strategy
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1.3 Lymphatic filariasis in the Western Pacific

The Western Pacific Region is divided into two sub-regions, the Mekong-plus and
the Pacific groups, the latter is known as the Pacific Programme for the Elimination
of LF (PacELF), which formed in 1999 and made up of 22 island countries as shown
in Figure 1.2 (excluding Australia), and has the largest estimated burden in Papua

New Guinea (PNG) (highlighted in yellow square).

An estimated 40 million people are at risk of the LF in the Western Pacific Region,
which accounts for approximately 3% of the global burden (WHO 2017). The main
parasites responsible for the disease in the regions are W. bancrofti and B. malayi
which are transmitted by three mosquito genera, including Anopheles, Culex and
Aedes (WHO 2010). The recommended strategy for the PacELF region was the

combination of DEC and albendazole once per year for five years (WHO 2017).

Since the inception of GPELF, the majority of countries in the Western Pacific Region
have made good progress in the implementation of MDA and interruption of
transmission, with many in the surveillance post-MDA phase. In 2016, WHO were
able to announce that 4 countries had successfully eliminated F as a public health

problem including Cambodia, Cook Islands, Niue and Vanuatu (WHO 2017).

Figure 1.2 Countries included in the Pacific Programme for the Elimination of LF
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1.4. Lymphatic filariasis in Papua New Guinea

Papua New Guinea has a population of 7.2 million people (PNG National Census
2012), with an estimated 5.6 million at risk of LF, which makes up 90% of the
population in the Pacific sub-region requiring MDA (WHO WER 2015). PNG is
reported to have one of the highest endemicity levels in the world with community
prevalence rates ranging from 10-98% (Graves et al. 2013). LF is caused by W.
bancrofti and considered endemic throughout the country. The main mosquito
vectors include the Anopheles punctulatus group, which are similar to those that

transmit malaria.

The PNG LF Elimination Programme receives some funding and substantial technical
support from WHO Western Pacific Region Office and the PacELF organization.
Since the inception of the PNG LF Elimination Programme in 2000, the program has
developed a National LF Strategic Plan (2001-2020) to assist with the MDA of at
least 85% of the country’s population living in endemic districts with plans for the
home-care of people leaving with clinical manifestations. However, the plan is quite
optimistic, as well as expensive with many regions difficult to access due to rugged
terrain, scattered rural populations, poor infrastructure, lack of human resources as
well as a lack of effective social mobilisation and MDA compliance among

community members.

The PNG National Department of Health is having difficulties in sustaining and
generating funds to support the plan, hence the MDA can only cover a few
provinces at a time, and the LF Programme is well behind targets and yet to scale up
MDA in many regions. With external assistance and support from integrated
programs e.g. malaria control program issuing insecticide treated nets (ITNs),
several provinces (with an average population size of 120,000 people) have been
treated once annually since 2008 without follow-up MDAs. This still poses the

threat of re-infection and continuing infection and transmission in the country.
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At the start of this research project, there was no comprehensive information
collated from studies on LF human infection and the vectors that transmit W.
bancrofti, which made it very difficult to understand the epidemiology of the
disease across the country, and thus implement the best control strategies. Further,
to the best of my knowledge, no specific risk factor study on the environment,
household infrastructure, what the community understands about LF, preventative

measures and the National LF Elimination Programme had been conducted.

1.5 Rational for study, overall aim and specific objectives

Given the status of the PNG LF Elimination Programme, and to better understand
risk factors and to help scale up intervention strategies to high risk communities,
this thesis aimed to contribute to research in PNG on LF by collating related human
prevalence and entomological information, and undertaking specific field studies to
examine the prevalence of infection, burden of disease, entomology and potential
risk factors in an endemic area of the country, with the aim to improve the control,

elimination and surveillance.

Aim and specific objectives

The overall aim of this study is to investigate risk factors associated with LF
infection, disease and transmission for better control, elimination and surveillance

of LF in PNG.

The specific objectives to achieve this aim are as follow and are presented as

individual chapters (3 to 6);

1. Toreview LF research in PNG, with specific focus on entomology in Madang
Province

2. To map W. bancrofti antigen (Ag) prevalence and risk factors associated with
LF in Madang Province

3. To micro-map and spatially analysis MF prevalence in a highly endemic
village in Madang Province

4. To examine the distribution and incrimination of Anopheles species in LF
transmission in a highly endemic village in Madang Province
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1.6 Layout of the thesis

Chapter one provides a general overview of LF, GPELF, the Western Pacific Region
and PNG as well as the rational for the topic, it also outlines the main aim and

specific objectives, related chapters and provides a brief layout of the thesis.

Chapter two provides a review of the literature on LF in general (history, global
burden, parasite periodicity and lifecycle, vectors, clinical manifestations, diagnosis

and treatment), GPELF, and a brief background on LF in PNG.

Chapter three provides a scoping review of research conducted in PNG, and is the
first research-related objective of the study. The reviews summarises studies on LF
human prevalence and the impact of MDA, as well as entomological research, with

specific focus on entomology in the proposed study area in Madang Province.

Chapter four is the second research objective and includes the mapping of W.
bancrofti antigen prevalence and examination of associated risk factors in the Usino
Bundi District of Madang Province. Four villages were surveyed using WHO
guideline, a semi-structured household questionnaire also used to gather

demographic, household and knowledge of disease information.

Chapter five is the third research objective ad includes micro-mapping and spatial
analysis of microfilaria (Mf) prevalence in a highly endemic village to detect current
infection rates. A more in depth fine scale spatial analysis of an endemic village
using night time Mf survey and a further short questionnaire to try to elicit details

and specific risk factors associated with within village patterns.

Chapter six is the fourth research objective and examines the distribution and
incrimination of Anopheles species in LF transmission in a highly endemic village. It
specifically identified vector species, their biting patterns, infection rates and

relation with positive Mf households within the village.

The last and final chapter seven provides a summary of key findings from each of
the research related chapters and lists a number of main recommendations for

future programmatic activities and/or scientific research.
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Chapter Two

Background and Literature Review

2.1 Lymphatic filariasis general

2.1.1 History of lymphatic filariasis

Human lymphatic filariasis or elephantiasis as it’s commonly known is one of the
oldest diseases in the world (WHO 2017), with some of its earliest records dating
back 4000 years as portrayed in an Egyptian pharaoh sculpture obviously suffering
from lymphoedema of the lower limbs (Dean, 2001). The disease is caused by tiny
thread-like parasitic nematodes which are transmitted by several genera of

mosquitoes.

LF was known in ancient times where physicians and medical writers associated the
morbidity with stagnant waters around areas where people living with
lymphoedema were common. It was not until the 19™ century when more concrete
proof of association between the clinical manifestations and the parasitic worm was
made. Between 1862-1888, scientists and physicians discovered the adult worm in
chyluria and hydrocele fluid and blood but were not sure how the disease was
transmitted until Patrick Manson in 1887 showed W. bancrofti larva development in

Culex quinquefasciatus (Melrose, 2004).

There are three filarial species responsible for human lymphatic filariasis,
Wuchereria bancrofti responsible for 90% of the global burden and found
throughout the tropics and subtropical countries, while Brugia malayi is responsible
for 9% of the global burden and mainly found in Asia and Brugia timori is confined

to Indonesia (WHO 2010, 2017).
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2.1.2 The global burden of lymphatic filariasis

LF is a disease associated with poverty and affects most vulnerable countries in the
tropics and sub-tropical regions as seen in Figure 1A-B which highlights the
environmental suitability and limits of transmission based on pre-intervention data
(Cano et al. 2014). At the start of GPELF, the disease was considered to be endemic
in 81 countries, however after surveys and further investigations to determine
endemic foci in selected low endemic countries, only 73 countries were found to
need MDA to control and eliminate LF (WHO, WER, 2009). The WHO estimates that
over 1.3 billion people are at risk of infection with approximately 65% residing in
the South-East Asia Region, 30% in the African Region and the remainder in the
other regions (WHO, 2010). An estimated 120 million people are affected, with 83
million living with lymphatic disability, 15 million with lymphoedema (mainly lower

limbs) and about 23 million men with hydrocele.

Figure 2.1: Global environmental suitability (A) and (B) limits of LF transmission
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At the GPELF halfway mark of 2010, in the South-East Asia region, 9 countries were
endemic with an estimated 874 million people at risk of infection, which
represented the highest number of people at risk of LF infection in a region. An
estimated half of infected people (~60 million) and incapacitated physically by LF
live in this region. All three human filarial parasites occur and although C.
quinquefasciatus is the predominant mosquito vector, other genera like Aedes,

Anopheles and Mansonia play a role in parasite transmission in some areas.

In 2010 in the African region, there were 39 endemic countries with an estimated
405 million people at risk of bancroftian filariasis infection. W. bancroftian is the
only causative agent of LF in the region and is primarily transmitted by Anopheles
although Culex is occasionally responsible for transmission in urban areas in East

Africa (WHO 2010).

In the Eastern Mediterranean region, 3 countries are endemic with an estimated 12
million people at risk of bancroftian filariasis infection making up 1% of global

population at risk (WHO 2010).

In the Americas, 7 countries are endemic with an estimated 11 million people at
risk of infection, also making up only 1% of global population at risk. W. bancrofti is
the main parasite in the region and Culex quinquefasciatus is the main vector of

transmission (WHO 2010).

In the Western Pacific region, 23 countries with an estimated 40 million people at
risk of infection which accounts for about 3% of global population at risk. W.
bancrofti and B. malayi are responsible for infection and mosquito species from

Anopheles, Aedes and Culex are vectors (WHO 2010).
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2.1.3 The parasite, its periodicity and life cycle

The three filarial worms have similar life cycles, involving humans and several
genera of mosquitoes, the life cycle of W. bancrofti is shown in Figure 2.2. The
filarial parasitic worm needs an arthropod vector for maturity of their larvae and
transmission from one vertebrate host to another (Schacher, 1973, Sasa, 1973). The
Mf are the reservoir of filarial infection and transmission. They have developed
several adaptations to ensure successful transmission from host to vector. An

example of this is the periodicity by which Mf peak in the peripheral blood.

In most endemic areas, including PNG, the lymphatic filariae has a nocturnal
periodicity; Mf is absent in blood circulation during the day but if infected appear in
large numbers between 21.00 and 02.00, which also coincide with peak biting times
of the majority of vectors. During the day, the Mf are in the microvasculature of
tissues, especially in the lungs (Eberhard, Roberts et al., 1988). It appears that Mf is
able to regulate its periodicity by physiological signals from the host such as oxygen
tension in the blood and body temperature (Dean, 2001). There are clear benefits
being available in high numbers during a time when the vectors are actively feeding.
The periodic pattern of each parasite is important to understand in terms of

diagnostics, so that the right tests and tools can be implemented at the right time.

The life cycle of the main parasite W. bancrofti is presented over the page and
directly sourced from the Centers for Disease Control (CDC). It highlights the human
and mosquito stages of the cycle, as well as the infective stage of the parasite and

when a suitable diagnostic stage would be best to implement.
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Figure 2.2. Life cycle of Wuchereria bancrofti
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Source: Centers for Disease Control (CDC)

https://www.cdc.gov/parasites/lymphaticfilariasis/biology_w_bancrofti.html
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2.1.4 The vectors

It was first demonstrated that some mosquito species were vectors of W. bancrofti
in 1878 (Scott, 2000). The major mosquito species that transmit the lymphatic
filariae varies with geographical, climatic and ecological factors. The principle
mosquito vectors that transmit the parasites are found in 4 genera: Anopheles,
Aedes, Culex and Mansonia (Sasa 1976, Scott, 2000). These mosquito species have
been found to be selective in the species of LF they transmit. For example,
Anopheles spp. can transmit W. bancrofti, B. malayi, and B. timori but Culex spp.
transmits W. bancrofti only; and Aedes spp. and Mansonia spp. can transmit W.

bancrofti, and B. malayi (Sasa, 1976; Scott, 2000).

There are also regional differences in vector distributions; South-East Asia —
predominately Culex pipiens group, with some subgenus Anopheles; Africa —
predominately Anopheles gambiae and An. funestus complexes, with selected Culex
in the urban areas of the East Coast; Pacific — Aedes, Anopheles punctulatus group,

and Culex quinquefasciatus and the American — Culex quinquefasciatus.

Sampling of adult mosquitoes

Several methods have been used for the collection of human-biting mosquitoes in
endemic areas. Landing (human bait) or light trap catches are commonly used for
exophagic and exophilic species including Aedes, Mansonia and some Anopheles
mosquitoes. In areas where endophilic and endophagic mosquitoes like Culex
quinquefasciatus predominate, specimens may be efficiently collected from the walls
of huts and houses by resting or spray collections. Service (1993) has provided a
comprehensive review of field sampling methods for adult and larval stages of

mosquitoes.
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2.1.5 Clinical manifestations and treatment

The main clinical manifestations of LF are not directly fatal but are estimated to
account for 2.8 million Disability Adjusted Life Years (DALY’s), which does not
include mental illness of the patients or other family members who may be

negatively affected as well e.g. caregivers (WHO, 2013; WER 2016, Litt et al. 2012)

The main clinical symptoms include i) acute dermatolymphangioadenitis (ADLA):
acute inflammation of the skin, lymph vessels and lymph glands ii) lymphoedema
(or elephantiasis for more severe forms) of limbs and breast and iii) hydrocoele:
collection of excess fluid inside the scrotal sac that causes the scrotum to swell or
enlarge. Pictures are shown in Table 2.1 with the recommended treatment for each
condition. The stages of severity of leg lymphoedema are commonly classified

according to clinical signs as shown and described in Figure 2.3 (Debrah et a. 2006)

Table 2.1. Clinical manifestations and treatment of LF

Acute dermatolymphangioadenitis Antibiotics, antipyretics, 34,16
analgesics
Lymphoedema and elephantiasis Hygiene, 34,16

antibacterial creams,
antifungal creams

Hydrocoele Surgery 18 and general

surgical manuals

Source: WHO 2013 (refs 3, 4,16, 18 = WHO 2003a 2003b, Dreyer 2002, WHO 2002 listed in
references) http://apps.who.int/iris/bitstream/10665/85347/1/9789241505291 eng.pdf
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http://apps.who.int/iris/bitstream/10665/85347/1/9789241505291_eng.pdf

Figure 2.3. Stage of the severity of lymphoedema

(A) Non-reversible swelling. (B) Shallow skin folds at the ankle. (C) Alteration of skin texture
and formation of knobs (arrowheads). (D) Deep skin folds in addition. (E) Mossy lesion in

addition to (D). (F) Patient unable to perform daily tasks (Debrah et al., 2006).
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For all conditions, it is important to implement simple basic hygiene measures to
reduce the risk of secondary bacterial infections, this is important for ADLAs which
may contribute to the progression of lymphoedema to more severe stages. For mild
and moderate case of lymphoedema home-based care can greatly improve
patients’ conditions and include limb washing, wound care, foot care, suitable
footwear and exercise. For hydrocoele, the main recommendation is surgery (Addis

et al. 1999, WHO 2003a, WHO 2016, 2017).

The disease affects mainly adults however the infection is acquired in early
childhood years in most endemic areas. LF is not only a disease of physiological
dysfunction that results in widespread disability (Zeldenryk et al., 2011), but creates
psychological problems like depression, anxiety and social isolation (Wynd et al.,
2007, Litt et al., 2012, Ton et al., 2015). LF is the second most disabling disease
worldwide, after depression (WHO, 2010). Although a large portion of the world’s
population live in endemic areas, it is likely that the majority of them know very
little about how the disease affects them and the community and ways to manage it

especially in relation to psycho-social issues and stigma (Perera et al., 2007).

2.1.6 Diagnosis of LF in humans

Several diagnostic methods are available to determine infection and disease status
of an individual (WHO 2017). Parasitological and immunological diagnosis
techniques have been developed over the years, especially the latter with recent

advances in technology. Diagnosis can be done by:

Detection of microfilariae (Mf) by direct or concentrated techniques
Detection of filarial antigens and antibodies
Detection of parasite DNA by molecular methods

Detection of adult worms

v kA e

Skin tests with filarial antigen

Direct techniques for detecting Mf in capillary blood is useful where only one
species of filarial worm is present, as species identification can be difficult with this

method. The capillary blood is extracted and placed on slide and observed under

28




microscope to determine presence of Mf. Thick blood film is another widely used
method of direct Mf detection that can be easily employed in the field, a 60ul of
blood obtained from the finger is used to make three strips of 20l each, air dried
and stained to detect presence of Mf. Although there are limitations and
disadvantages of this method, it is still reliable when done correctly and is also a

cheap and affordable diagnostic method.

Membrane filtration and Knott concentration methods are two most common
concentrated techniques used to detect Mf. These methods are preferred if there is
presumably low Mf density, hence membrane filtration technique is used more
often to determine density rather than presence of Mf (WHO Bench Aids, 1997).
The Knott concentration method is highly sensitive and is the most widely used
method (Melrose, 2004). It can be easily done in the field and taken back to the lab
to be check for Mf. Periodicity of the Mf is important to determine suitable time for
sample collection, for example the W. bancrofti strain in PNG is nocturnal periodic,

hence MF surveys are conducted at night between 10pm-2am for reliable results.

Filarial antigen diagnosis have been developed from raising antibodies against
different filarial antigens (Weil et al, 1997). For instance the monoclonal antibody
raised against Onchocerca gibsoni antigen (the Og4C3 assay) is highly specific for W.
bancrofti and is able to pick amicrofilaraemic and microfilaraemic infections.
Antigen diagnostic tests unlike Mf tests, blood samples can be taken at any time of

the day.

The BinaxNOW?® Filariasis immuno-chromatographic (ICT) cards (Alere Inc.,
Scarborough, ME) are rapid tests that are easily and conveniently used in the field
with very minimum supervision. The test can be done any time of the day and
results are obtained in 10 minutes. The ICT has been used over the past 15 years of
the programme in establishing endemic foci in countries, and in surveillance
activities (WHO 2011). The ICT has recently been replaced with Filariasis Test Strip
(FTS), which is more stable to field conditions and is considered to have a longer

shelf life (Yahathugoda et al. 2015).
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2.2 The Global Programme to Eliminate Lymphatic Filariasis
strategy and progress

The GPELP has progressed well since its inception and is one of the most successful
public health programmes in history. It is a public-private partnership with many
stakeholders involved including the WHO, member of the Global Alliance to
Eliminate LF (GAELF), endemic country governments and LF programmes, NGOs,
academia, donors, and pharmaceutical companies as shown in Figure 2.3. GAELF
has been very fortunate to received support from two pharmaceutical companies,
Merck & Co, GlaxoSmithKline (GSK) who have donated drugs towards this course for
the last 14 years, and more recently from Eisai Co. (WHO, 2017; Ichimori et al.,

2014).

Figure 2.4. Diagram to highlight the partnership in GPELF
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Source. Ichimori et al., 2014

The GPELF strategy has two main pillars which include the following below, but also
recommends working in partnership and integrating programmes where possible

(Figure 2.4 and 2.5) (WHO 2018; Ichimori et al. 2014)

2.2.1 To stop the spread of infection (interrupting transmission), which targets
endemic districts with MDA and aims to treat the entire population at risk. The

following drug combinations are used and recommended to be implemented for at
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least 5 years with a coverage of at least 65% of the total population at risk (WHO

2011; 2017; Ichimori et al. 2014)

o 6 mg/kg of body weight diethylcarbamazine citrate (DEC) + 400 mg

albendazole; or

o 150 pg/kg of body weight ivermectin + 400 mg albendazole (in areas
that are also endemic for onchocerciasis);

° 400 mg albendazole preferably twice per year (in areas that are also

endemic for Loa loa).

Vector control is also considered to be an important supplementary intervention
for interrupting transmission given that LF is a mosquito-borne disease (see Figure
1.1, 2.5) (WHO, 2010, 2017). The impact of transmission is most likely highest in
places where there are Anopheles mosquitoes and vector control for malaria may
impact. The role of vector control in GPELF and the importance of working with
malaria control programmes has long been raised as an important issue (Manga

2002; Molyneux et al., 2004; Molyneux et al., 2009; Bockarie et al., 2009; Kelly-

Hope et al., 2013), especially as there is evidence that intervention such as ITNs and

indoor residual spraying (IRS) can help to reduce transmission (van den Berg et al.,

2013; Webber, 1977, 1979). However, not many endemic countries have

demonstrated LF-malaria links.

Figure 2.5 Opportunities for integrating activities into other disease programmes
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The second main pillar of the GPELF strategy is

2.2.2 To alleviate the suffering of affected populations (controlling morbidity),
which aims to manage morbidity and prevent disability (MMDP) to help reduce the
suffering that people affected may experience. A minimum package of care to
manage lymphoedema and hydrocoele is recommended for all endemic countries if
they want to show that they are making sure care is provided for people living with
these conditions and prevent progression of these clinical manifestations of LF
where possible (WHO, 2017). The new MMDP activities focus on i) planning,
including patient estimates ii) capacity building to deliver services for MMDP and iii)

documentation of services for MMDP.

Table 2.2 The WHO’s recommended minimum package of care

MDA or individual treatment to destroy any remaining adult parasites and
microfilaria

Surgery for hydrocoele (in W. bancrofti endemic areas)
Treatment for episodes of adenolymphangitis (ADL)

Management of lymphoedema to prevent both progression of disease and
episodes of ADL.

2.2.3 Progress on GPELF in MDA and MMDP activities

Overall there has been significant progress in MDA and MMDP scale up of activities
with an estimated total of 4.5 billion treatments taken by people living in endemic
communities between 2000-2012, which has resulted in an estimated reduction in
9.6 million LF cases, 79 million Mf carriers, 19 million hydrocoele cases and at least
5 million lymphoedema cases (Ramaiah and Ottesen 2014). While this is positive
progress, there are still many challenges ahead for some countries, especially in
Africa and selected countries in other regions such as India, Indonesia in South-East

Asia and PNG in the Western Pacific.
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In 2015, the WHO reported that the African region had 35 endemic countries with

approximately 395 million people requiring MDA, with a regional MDA coverage

rate of 44.5% and 12 countries reporting MMD services available. This compared to

the South-East Asia region (9 countries; 500 million people requiring MDA; 72.4%

MDA coverage and 6 countries with MMDP services); and the Western Pacific region

(22 countries; 25 million people requiring MDA; 46.4% MDA coverage and 9

countries with MMDP services) (Table 2.3 and 2.4) (WHO WER 2016)

Table 2.3 Summary of MDA implementation information by WHO region, 2015

Tatle 2 Mass drug administration (MDA) implemented for lymphatic filariasis (LF) by WHO region, 2015
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Estimated No. of No. of i tion estima-  reported to
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2.3 Lymphatic filariais in Papua New Guinea

2.3.1 Historical distribution

LF is a major infectious disease and public health problem in PNG. Evidence of the
disease was first recorded in the 17th and 18th centuries when Europeans made
contact with island communities (Laurence 1989). A review of the global dispersal of
Bancroftian filariasis, Laurence (1989) placed the early infection of humans by W.
bancrofti somewhere in South-east Asia about 3000 years ago. The sea-faring
Malay speaking people moved eastwards into the Pacific carrying the filarial
parasite with them and New Guinea island was the first in the pacific region to
come in contact with the parasite. The parasite, which was originally transmitted by
Anopheles and Aedes mosquitoes in South-east Asia was easily adapted to
transmission by the common human-biting Anopheles punctulatus group of
mosquitoes. It was reported that the only parasite in PNG was W. bancrofti with no
reported Brugia malayi or Brugia timori in PNG or the western half of the island of
New Guinea governed by Indonesia. (Bockarie et al, 2000; Bryan et al., 1986;
Melrose et al. 2000).

A historical review by lyengar (1954) highlights the distribution and epidemiology of
filariasis, MF and elephantiasis prevalence maps are shown in Figure 2. 6A, B and
highlight the MF infections in Western, New Ireland and New Britain Provinces and
with MF prevalence high rates in Morobe Province and rates up to 55% reported in
Milne Bay Province. A further review on W. bancrofti infection and disease in PNG
by Alexander (2000), highlighted studies in the East Sepik Province yielded
community-based prospective data on filarial infection and disease (Alexander et
al., 1999; Bockarie et al., 1998; Kazura et al., 1997; King et al., 2001; Tish et al.;
2001). Chronic disease and acute disease were considered high with all
combinations of the three main clinical manifestations evident but there was not
sufficient data to understand patterns. A very high incidence of acute disease was
observed in the Dreikikir area of the East Sepik Province where 0.31 episodes per
person-year was experienced in the leg alone (Alexander et al., 1999). Incidence

generally increased with age, except in the breast, where episodes were
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Figure 2.6 Historical maps of LF microfilaria and elephantiasis in PNG

A. Distribution and prevlence of microfilaria
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concentrated in the reproductive age range. Males had slightly higher incidence
than females in the leg and arm. Chronic disease was strongly associated with acute
disease incidence in all locations. Microfilaremia had a statistically significant

association with acute disease in the leg, arm, and breast, but not the scrotum.

2.3.2 PNG vectors

Vector composition, vector ecology and transmission dynamics of filariasis in the
Drekikier area are well documented (Bockarie, Kazura et al. 1996). To date,
entomological studies carried out in the Drekikier area and some other areas in PNG
have shown that the main vectors of W. bancrofti are the members of the
Anopheles punctulatus complex, which the three main vectors are A. punctulatus, A.

koliensis and A. farauti (Bockarie et al, 1996, Bryan, 1986).

Anopheles punctulatus prefers breeding in sun-lit water, road ruts and drains.
Anopheles koliensis favours subcoastal areas and generally breeds in temporary
pools, in grasslands and in pools around the edges of jungles. Anophele farauti
occurs mainly in the coastal areas and can breed in fresh or brackish water and
permanent swamps or temporary pools. Anopheles koliensis and An. punctulatus

are be equally capable of transmitting W. bancrofti (Bockarie et al, 1996).

Vectors infections rates tend to be higher in PNG compared to those found in
Anopheles mosquitoes in other regions of the world. Village-specific infection rates
reported for biting catches of An. punctulatus sl in the Dreikikir area of the East
Sepik Province ranged from 2% to 11.7% and infective rates from 0.4% to 3.5%. The
34 infective larvae of W bgncrofti observed in one indoor resting mosquito in
Yauatong in the East Sepik Province (Bockarie et al., 1996) is the highest so far

recorded for Anopheles mosquitoes.

Bockarie et al. (Bockarie, Alexander et al. 1998), working in an area of intense
perennial transmission of W. bancrofti by An. punctulatus in the Drekikier area

attributed failure to detect infective mosquitoes for many months, following mass
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treatment to the phenomenon of facilitation. In facilitation relationship, the lower
point below which transmission will be interrupted can be achieved either by
reducing density of parasites through mass treatment or density of mosquitoes by

vector control.

This concept may play a role in lowering transmission in especially treated endemic
areas (Bockarie, Ibam et al. 2000). In other endemic countries, Culex species are the
principle vectors of W. bancrofti (Burkot, Taleo et al. 2002; Boyed, Waller et al.
2004). Although Culex quinquefasciatus and C. annulorostris are predominant
species in the Drekikier area, they do not play a major role in the transmission of

filariasis in the area (Bockarie, Tisch et al. 2002).

2.3.3 Historical background on MDA and vector control interventions in PNG

Studies of the efficacy of anti-filarial drugs have been conducted in PNG since the
early 1980’s (Kazura, Greenberg et al. 1993). The main findings from this work,
conducted in collaboration with the WHO, established that single dose DEC (6 mg
per kg body weight), ivermectin (400 ug per kg body weight), or a combination of
the two drugs reduced Mf intensity by 50-90% for one year and that the efficacy of
these regimens was similar to that of previously recommended 10 to 14 day courses
of anti-filarial drugs. These studies have been important in the development of the
formal declaration by the WHA that bancroftian filariasis be considered a target of
elimination as a public health problem and ultimately eliminated, i.e., sustained

interruption of transmission, by the year 2020.

Following these initial findings, a prospective study of 2500 persons living in a rural
area of East Sepik Province showed that a single dose of DEC or DEC plus ivermectin
reduced MF rate in people by 57.5 and 30.6%, respectively, and the annual
transmission potential by 75.7-79.4% and 75.6-98.9%, respectively, after one year.
The combination of the two drugs was more effective than DEC alone (Bockarie,
Alexander et al., 1998). More recently, annual MDA continued for four years was
reported to nearly eliminate Mf infections with no new infections in children

reported and an overall decrease in disease by 25%, and the reverse of pre-existing
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disease of the legs and male genitalia by 69 and 87%, respectively (Bockarie, Tisch
et al., 2002). These findings support the notion that annual single dose mass
treatment will be valuable in the control of lymphatic filariasis even in high

endemicity areas such as PNG.

Several other studies have addressed issues regarding the impact of bednets not
treated with insecticides on the prevalence of W. bancrofti infection, one such
study was carried out on Bagabag island in Madang Province where both malaria
and filariasis were endemic (Bockarie, Tavul et al. 2002). Bednet usage among
residents was 60.6%, and the mean age of users (25.6 years) was similar to non-
users (22.5 years). The overall W. bancrofti MF and Ag rates on the island were
28.5% and 53.1%, respectively. Bednet users had lower prevalence of W. bancrofti
microfilaraemia , antigenaemia and hydroceles than non-users. An integrated
community-based invertension involving mass drug administration and insecticide-
treated bednets in the Mount Bosavi region of the Southern Highlands reduced
rates of microfilaraemia in one village from 92% to 6% (Prybylski, Alto et al., 1994).
Integrated control efforts involving mass treatment and vector control have also
reduced microfilaria-positive rates in Ok Tedi area (Schuurkamp, Kereu et al. 1994)
(Schuurkamp et al., 1994), Lihir island and Misima island (Selve, Bwadua et al.

2000).
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Chapter Three

Review on lymphatic filariasis research in Papua New Guinea,
with specific focus on entomology and Madang Province

3.1 Introduction

The type of research conducted on LF transmission in PNG is important to
understand as it helps to understand the epidemiology of disease and what
interventions may work for elimination purposes. There are several historical
research articles and reports which show that LF is widely endemic, and more
recently human prevalence mapping by the LF programme or part of research
studies have help to determine different levels of risk across the country. However,
it is important to collate all this information into one resource for the LF programme
to assess all information and make key decisions. It may also help to guide where to

conduct research studies.

Some studies have also assessed MDA intervention on transmission and this may
provide some insight into how successful elimination may be. MDA studies on LF
prevalence have been conducted in Southern Highlands, Western, East Sepik,
Madang and New Ireland — understanding impact across different areas of the
country with different prevalence levels is important. It may highlight areas that

may need more help.

Despite some programmatic achievements, generally the challenges of delivering
MDA and monitoring transmission in PNG have been big and resources quite limited
due to other national priorities and few international stakeholders investing in the
LF programme. It is important to consider other interventions that may impact on
transmission such as vector control including ITNs or IRS. This is important as in
PNG, LF is transmitted by Anopheles mosquitoes similar to those of malaria, and any

intervention scaled up for malaria may also help the LF programme. Recently in



PNG (in 2012) there has been a large-scale distribution of LLINs through The Global
Fund to Fight AIDS, Tuberculosis and Malaria. To understand the potential of vector
control for malaria on LF it is important to understand the vectors driving

transmission and their distributions across the country.

A scoping review of the research conducted to date on LF vectors therefore may
help highlight the main vectors and also show the areas in need of further
investigation. It may also help to determine if vector control is likely to help impact
on LF transmission and consequently help the programme. This is important when

the programme is slow to expand MDA activities.

3.1.1 Aim

The aim of this chapter was to provide a broad prospective on the research
conducted on LF in PNG to-date, to better understand the epidemiology, help to
identify gaps in knowledge and identify a research study area and direction that

may help the LF Programme eliminate the disease.
Specifically, the work included

i) summarizing human prevalence distribution and data showing the
impact of MDA

ii) collating and summarizing LF-specific entomological studies, highlighting
publication profile, study features, field and lab procedures, species
characteristics and methods/impact of vector control interventions

iii) describing the broad distribution and characteristics of the main
Anopheles spp. associated with LF transmission in PNG and within
Madang Province in relation to a proposed study site in Usino Bundi for

field work
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3.2. Methods

3.2.1 Human prevalence distribution and impact of mass drug administration

This section of work relates to work conducted as part of a collaborative study that |
was involved with on human prevalence and the impact of MDA, and which |
contributed to as a PhD student and the National LF Programme Coordinator for
PNG at the time. My work involved organizing and conducting field sero-prevalence
surveys with provincial teams, and compiling related programmatic data for the

database and related publication by Graves et al. 2013.

To better understand the LF distribution in PNG, a systematic literature review on
all LF human prevalence and MDA impact studies was conducted. The details are

published in Graves et al., 2013 and are briefly described here.

A literature search using terms like Papua New Guinea, New Guinea, and Lymphatic
Filariasis or Wuchereria bancrofti or W. bancrofti or filariasis or elephantiasis.
Additional references were identified from published documents, WHO meeting
reports, records, and MDA reports. Data on LF surveys in PNG since 1980 were
extracted with locations, number of people tested, number of positives, sampling
method used, age groups, and method of Mf examination were collected where
available. Research studies testing interventions (mostly MDA, but some mosquito
net projects) were extracted separately by village and time period where possible.
Occurrence of any MDA or number of MDA rounds in locations of all surveys was
noted, if given or available from other sources. The number of districts, how many

publications, years when studies were conducted were also noted.

GPS coordinates of unknown locations were obtained from Geographic Names
Server earthinfo.nga.mil/gns/html and/or Global Gazetteer
www.fallingrain.com/world. Locations were assigned to districts using the 2010
district and provincial profiles from the National Research Institute of Papua New
Guinea. For this chapter endemic districts were remapped using QGIS

(http://www.qgis.org) based on three classification criteria.
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Diagnostic tests included i) Blood slides/ thick films taken at night to maximize the
number of Mf present in peripheral blood ii) ICT card test to detect antigen from
the adult worm that is circulating in the peripheral blood iii) Og4C3 antigen ELISA a

laboratory-based test also detecting antigen from the adult worm.

3.2.2. LF-specific entomological studies with specific cases studies

This section of the chapter focuses on a review of LF entomological studies, and was
conducted to complement the work mentioned above in 3.2.1, to provide a source
document for filariasis entomology in PNG and a background for my research, and
also to highlight areas which would require further investigation in order to
stimulate others to carry out further research on the entomological aspect of

filariasis in PNG.

» Literature search terms included Papua New Guinea, PNG, New Guinea,
lymphatic filariasis, LF vectors, mosquitoes, Anopheles punctulatus complex,
Anopheles punctulatus, Anopheles koliensis, Anopheles farauti and
combinations thereof. Malaria was also searched as similar vectors are
responsible for transmission and may have related information on LF.

» Data were obtained from both published research (journal articles,
thesis/dissertations as well as book chapters) and unpublished reports
(district/provincial/national technical reports). These were collected from
district/provincial health office, national health malaria surveillance and control
office, PNG medical research institute, universities online, the internet or
through PubMed search.

» Each document was assigned a reference number and its information recorded
into a specific data collection form created on Excel spreadsheet. For each
article the following information was summarised;

o Publication profile: title of document, publication time (year/decade), type

of document (research article, review article, report, thesis),
journal/publisher and first author’s affiliation (institution, organization)
o Study features: locality (province, district, place if available), type of study

(field, laboratory, or combination of both), time period of study if stated
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o Field and laboratory procedures: method (landing catch, indoor/outdoor

resting collections, light trap), stage of collection (adult, larval), vector
identification method (morphological or molecular lab techniques),
infection identification method (mosquito dissection, molecular lab tools),

o Species characteristics: main species incriminated, ecological habitats of

adult and larvae, host seeking patterns/preference, flight range, spatial and
temporal/seasonal abundance patterns, associated with LF mosquitoes in
studies,

o Impact/methods of control/interventions: interventions associated with a

reduction in abundance and/or infection and infective rates (MDA, ITNs,

IRS)

Only articles containing information related to LF were included in the final
database and descriptive analysis. The distribution of study locations were mapped
to district level using QGIS software (http://www.qgis.org) to highlight where

studies took place.

3.2.3. Broad distributions of Anopheles vectors incriminated for LF in PNG and
specifically in Madang Province study site

This section of the chapter focuses on presenting a broad overview of the
distribution of the main Anopheles vectors incriminated or confirmed from papers
reviewed in the LF entomological review section 3.2.2. A number of historical
reviews on Anopheles in PNG have already been published and the distribution of

the different species and their ecological habitats summarised.

To highlight the distributions of the main Anopheles species in Madang Province,
maps were created from the data points in relation and digitised to the province’s
elevation. A close up map of the different vectors species around the proposed
study site in Usino Bundi was created to better assess the expected vectors and

potential for LF transmission in the study area.
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3.3. Results part 1

3.3.1. Human prevalence distribution and impact of mass drug administration

There were 312 LF prevalence survey sites between 1980-2011 using 3 main
methods to determine LF prevalence, these are the Mf, ICT and OgC4 diagnostic
methods. There were 155 Mf surveys conducted, testing between 6-1666
individuals (mean 211)/site, 149 ICT surveys testing 1-3799 individuals (mean
290)/site and 79 OgC4 surveys testing between 9-1322 (mean 209)/site. Some
surveys conducted per site, included 2 or all of the diagnostic methods hence the
total number of diagnostic methods is more than the actual number of surveyed

sites.

By the initial GPELF endemicity criteria, from a total of 89 districts in PNG, 60
districts were found to be endemic, mostly lowland, coastal and island districts with
an ‘at risk’ population of 4.81 million (70.4% of total population) whilst 0.73 million

people (10.7%) live in nine unknown, yet to be surveyed districts.

Figure 3.1. Regional summary of human prevalence distribution publications in
PNG between 1980 and 2011

Highlands
2%
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3.3.2 Prevalence and GPELF criteria / classification

When all the surveys were combined, the estimated prevalence by diagnostic
methods MF, ICT and Og4C3 were 27.5%, 12.9%, 48.8% respectively. These
estimates are deemed biased due to different sampling sizes used and most LF
research activities targeted high LF endemic areas. Alternatively, crude average
estimates of each district were calculated for MF-18.5%, ICT-10.1% and Og4C3-
45.4%. Although, these estimates don’t address bias of surveys conducted in known
LF endemic areas, they may be more appropriate representative of the general

prevalence of LF in PNG.

The surveys were observed at three equal time points to see the changes over time,
from 1983-1992 (10 years), 1993—2002 (10 years) and 2003—2011 (9 years). A
decrease in MF and Og4C3 was observed over the 3 time periods while no big
changes in ICT was seen in the latter 2 time periods. These are shown in Table 3.1

which was taken from Graves et al. (2013)

Table 3.1. Table showing the time periods and prevalence; the three GPELF
endemicity criteria

Table 2 Summary of survey results by three time periods  Taple 3 Classification of districts by three criteria

mf ICT 0g4C3 schemes

No No % No No % No No % 1 GPELF 2 GPELF modified 3 Alternative

sites persons pos sites persons pos sites persons pos criteria criteria criteria
1983- 50 6539 304 0 0 2 976 64.7  High endemic 60 36 4
092 _
1% Low endemic 25 15
093- 7 0540 3001 35 8502 34 47 9755 569 ) R
]’UUE /6 1540 ] o 1344 » % Non endemic 20 20 31

q g

003- 29 6608 78 115 34762 128 27 5169 289 Unknown ’ 8
201 Total districts 89 89 89

Source: Graves et al., 2013
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The first GPELF criteria for endemic and non-endemic districts was, any positive
result (1 positive) by any of the three diagnostic methods in a district was classified
as an endemic district, and negative results are non-endemic districts, shown in
Figure 3.2_A. While this was previously used by the PNG LF Elimination Programme
(PNGELF), Graves et al. (2013) highlighted another two modified GPELF criteria

options, which reclassify the endemic districts into low and high endemic districts.

The two modified criteria have three categories of endemicity, the first modified
criteria classified districts as follows; 0 positives = non-endemic, >0 - <5% = low
endemic and 25% = high endemic (Figure 3.2_B) and if any unknown/untested
district is surrounded with endemic districts, the lowest endemic category is

assigned to that unknown.

The second modified criteria classified <1% = non-endemic, 21% - <5% = low
endemic and 25 = high endemic (Figure 3.2_ C). The main difference is the first
GPELF criteria had only 2 criteria while the two modified criteria had 3 categories,

which further divided the endemic districts into low and high endemic districts.

The first GPELF criteria, identifies 60 endemic districts, while the second criteria
identifies 36 of the 60 to be highly endemic districts (25% prevalence) while 25 are
of low endemicity (>0 - <5% prevalence) and one of the unknown districts
surrounded by 4 high endemic districts and 2 low endemic sharing boundaries with
at least a low endemic district is classified as a low endemic district (Table 3.1 and

Figure 3.2. A and B)
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Figure 3.2. Districts by endemicity according to the 3 GPELF criteria

Maps showing classification of districts by endemicity, according to three criteria schemes. A. Map with districts classified
using GPELF criteria scheme 1. Red: endemic, >0% pos; Green: non-endemic, 0% pos; Black: unknown; results from all types of

test. B. Map with districts classified using modified GPELF criteria scheme 2. Red: High endemic, 25% pos; Yellow: Low
endemic, >0% and <5% pos (or unknown but all adjacent districts >0%); Green: non-endemic, 0% pos; Black: unknown; results

from all types of test. C. Map with districts classified using alternative criteria scheme 3. Red: high endemic; 25% pos; Yellow:

low endemic, 21% and <5% pos; Green: non-endemic, <1% pos; Black: unknown; Mf results used if available, otherwise ICT.

Source: Graves et al., 2013

3.3.3 MDA impact

Most of the surveys took place before any MDAs were conducted, 2 research
activities on annual MDA trials in Ambunti-Drekikir using DEC alone or DEC+
Ivermectin and Usino-Bundi using DEC+Albendazole had more than 3-4 MDAs
carried out consecutively. Number of MDAs for each site was recorded if available.
To see if MDA had an impact on prevalence, surveyed sites were categorized

according to number of MDAs; 0, 1, 2, 3, 4 or > =5 MDAs prior to the survey. The
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impact on prevalence of annual or twice a year MDA is shown graphically for Mf
assays in Figure 3.3_A and for ICT and Og4C3 assays in Figure 3.3_B. Pre-MDA Mf
rates were between 18.6% and 76.9%, after 3 and 4 rounds of MDA respectively,
MF rates dropped down to 1.3% and 5.3% respectively. The impact on Mf
prevalence was found to be very rapid and large (Figure 3.3_A) 5 rounds of MDA
with DEC + Ivermectin, the MF rate was brought down to 5.3%, whereas the decline

in antigen prevalence appeared to be slower as seen in Figure 3.3_B.

Figure 3.3. MDA impact on prevalence rates

A. MDA impact on MF rates

e Arnibunti-Dredkikic 4 mod trans. vilages DECeIVM
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= \ —a— Surnicar Bagabag |s 3 vilages DEC or ALB-DEC
E ® \ st Usino-Bunds 4 vilages ALB+DEC

[ \ Samarai-Muna Misma Is DEG+VM

N North Fiy Star M B vitages DEC
0 A ™ North Fly Star M ‘ages DEC
\\ North Fly Rumg

PreMDA  Post1MDA  Post2 MDA PostaMDA  Post4 MDA Posto=5 MDA
Figure 4 Percentage of persons positive for MF in sites surveyed more than once, according to number of rounds of MDA in that
location

B. MDA impact on Ag rates
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Figure 5 Percentage of persons positive for LF antigenaemia in sites surveyed more than once, according to number of rounds of
MDA iin that location.
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3.3. Results part 2

3.3.4 Review of LF entomological studies

Summary of literature search

The literature search including all terms produced 52 documents from 1934 to
2016, which included scientific research papers, reviews, local technical malaria
reports and theses. In total, there were 15 documents on LF vector studies and 2 on
LF / malaria vectors, and the remaining documents on Anopheles vectors and
malaria as summarised in Figure 3.4 below. For the purpose of this review, 