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ABSTRACT:

The Republic of Angola is a priority country for onchocerciasis and lymphatic filariasis
(LF) elimination, however, the co-distribution of loiasis, caused by the filarial parasite
Loa loa, is a significant impediment. This is due to the increasing risk of severe adverse
effects (SAEs) associated with ivermectin treatment(s) when used in mass drug
administration (MDA) campaigns in Loa loa endemic areas. In Bengo province, Angola
a putative high-risk, but under-surveyed, endemic zone for loiasis exists where alternative
intervention(s) may need to be implemented. Within this province, the presence and
geographical overlap(s) of the three filarial infections are not well defined. Furthermore,
knowledge gaps in the vector biology of Loa loa exist. To this end, I undertook a two-
phased epidemiological investigation of the three filarial diseases and I provided an up-
to-date assessment of the biology of Chrysops, the insect vector of loiasis. In the latter I
placed special focus upon opportunities to develop better vector control.

In Phase 1, 2007 individuals from 29 communities from Bengo province were surveyed.
Community prevalence estimates were determined by Rapid Assessment Procedure for
Loiasis (RAPLOA) and Rapid Epidemiological Mapping of Onchocerciasis (REMO)
together with two questions on LF clinical manifestations (presence of lymphoedema and
hydrocoele). Overall, low levels of endemicity, with different overlapping distributions
were found. Loiasis was found in 18 communities with a prevalence of 2.0% (31/1571).
This contrasted to previous results which predicted this area to be a high-risk zone.
Onchocerciasis prevalence was 5.3% (49/922) in eight communities, and lymphatic
filariasis prevalence was 0.4% for lymphoedema (8/2007) and 2.6% for hydroceles
(20/761 males) in seven and twelve communities, respectively. The clinical mapping
survey method helped to highlight that all three filarial infections are present in this zone
of Bengo province and their fine scale spatial patterns.

In Phase 2, a novel combination of clinical, serological and DNA diagnostics was applied,
where additional information was collected on participants' duration of residency, access
to mass drug administration, knowledge of insect vectors and use of bednets. A total of
1616 individuals (38.1% male, 61.9% female), with an average age of 43 years, were
examined. For Loa loa, 6.2% (n = 100/1616) individuals were found to have eyeworm,
based on the rapid assessment procedure for loiasis (RAPLOA) surveys, and 11.5% (n
=178/1543) based on nested PCR analyses of venous blood. Loa loa prevalence in long-

term residents (>10 years) and older individuals (>60 years) were significantly higher,



and older men with eyeworm were better informed about Chrysops vectors. For O.
volvulus, 4.7% (n = 74/1567) individuals were found to be positive by enzyme-linked
immunosorbent assay (Ov16 ELISA), with only three individuals reporting to have ever
taken ivermectin. For W. bancrofti, no infection was found using the antigen-based
immunochromatographic test (ICT) and real-time PCR analysis; however, 27 individuals
presented with LF related clinical conditions (lymphoedema = 11, hydrocoele = 14, both
= 2). Just under half (45.5%) of the participants owned a bednet, with the majority
(71.1%) sleeping under it the night before. Our approach of using combination
diagnostics reveals the age-prevalence of loiasis alongside low endemicity of
onchocerciasis and LF. Future research foci should be on identifying opportunities for
more cost-effective ways to eliminate onchocerciasis and to develop innovative
surveillance modalities for clinical LF for individual disease management and disability
prevention. Taken as a whole, my results evidence that the utility of the earlier RAPLOA
derived maps, based on surveys undertaken over a decade ago, are in need of revision and
updating given the extent of population movement and environmental change,
particularly deforestation. In future, further fine scale micro-mapping is required to more
precisely delineate most appropriate interventions required for these complex co-endemic

diseases.
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CHAPTER ONE: INTRODUCTION
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This chapter presents the general concept of Neglected Tropical Diseases (NTDs) and
more specifically on the helminth infections, the most common causes of chronic human
infections worldwide — particularly schistosomiasis, lymphatic filariasis (LF),
onchocerciasis and loiasis (Table 1.1). The aim is to provide an overview of current
knowledge of filarial epidemiology, research and control activities globally and in
Angola. Core content on the WHO report is that tackling NTDs significantly advances
the Sustainable Development Goals (SDGs) agenda in all its breath and diversity; as such
diseases are associated with poverty, poor sanitation, lack of access to safe water, and

exposure to vectors.

They are classified as neglected diseases because until recently they received little
attention at the global level and in affected countries. This thesis will then concentrate on
LF, onchocerciasis and loiasis in Angola, which are considered endemic, based on recent

national report.

Table 1.1: NTDs in the world today.

Bacteria Parasite Virus Injury
Buruli Ulcer Helminth Dengue Snakebite
Yaws Cystiscercosis Chikungunya Podoconiosis
Leprosy Dracunculiasis Rabies

Trachoma Echinococcosis

Mycetoma* Foodborne trematodiases

Soil-transmitted helminthiases
Chagas disease
Leishmaniasis
Human African Trypanosomiasis
Schistosomiasis
Scabies
LF
Onchocerciasis
*Mycetoma is also classified as a fungus disease

Source: Adapted from WHO, 2017.
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1.1 Background

NTDs are a diverse group of parasitic and communicable diseases that prevail in tropical
and sub-tropical regions of the world (Figure 1.1). Populations living in poverty, without
adequate sanitation and in close contact with insect vectors of NTDs and often zoonotic
sources e.g., companion animals and livestock, are those worst affected. Most of the
NTDs can be controlled or even eliminated through mass drug administration (MDA),
alongside with, efforts to control the vectors such as mosquitoes and black flies that

transmit such diseases.

Figure 1.1: Worldwide countries requiring and implementing preventive chemotherapy
for five NTDs, by number of diseases including, LF, onchocerciasis, schistosomiasis,

soil-transmitted helminthiases and trachoma diseases.

00060

Bl Sdiseases [ 2diseases ] Notapplicable ] %
B 4diseases [ 1disease /
[ 3diseases [__| No preventive chemotherapy required

VZA Countries reporting on implementation in 2015 for all diseases requiring preventive chemotherapy in the country

Source: WHO, 2017.
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Elimination of NTDs has recently emerged on the global health agenda and gained
prominence with the release of the global strategy and plan to combat them by the WHO.
For instances, owing to the availability of sufficient intervention tools, the Global
Program to Eliminate Lymphatic Filariasis (GPELF) was launched in 2000, with the aim
of eliminating this disease as a public health problem by the year 2025 (WHO, 2013).

Historically, such diseases have been a serious public health concern in sub-Saharan
Africa and hindered socioeconomic development in the affected areas. With the
introduction of community MDA, preventive chemotherapy campaigns have been
significantly scaled-up since the mid-1990s such that diseases have been much reduced
while in Angola, they no longer pose an immediate public health problem although

significant disease remains (Angola NTDs, 2017).

More broadly, NTDs affect the 1 billion poorest people in the world, and they stand in
the way of achieving the SDGs. These diseases are most relevant to the goal to ensure
healthy lives and ensure well-being for all at all ages (SDG 3), but they also affect and
are affected by many of the other development areas covered by the 2030 Agenda for
Sustainable Development (WHO, 2017). For example, NTDs have specific relevance for
the SDGs aimed at poverty reduction (SDG 1) and ensuring the availability and
sustainable management of water and sanitation (SDG 6) and ensuring that cities are
sustainable, safe, resilient and inclusive (SDG 11). Efforts to mitigate the impact of NTDs
will have a direct influence on the overall progress made towards achieving the SDGs

(Figure 1.2).
The main objectives with NTDs among SDGs are integrating such diseases into global

health and development; mainstreaming them in the context of Universal Health Care;

and monitoring and financing such their control in the context of SDGs.
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Figure 1.2: Sustainable Development Goals.
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Source: SDG, 2019.

1.2 Introducing the NTDs

Collectively, the NTDs have several things in common as they proliferate in under-
developed areas in countries across the income spectrum; settings where large numbers
of people have little or no access to adequate health care, clean water, sanitation, housing,
education and information. They are neglected in terms of the research and control
funding allocated to them both by developing world governments and other donors

(WHO, 2017).

Among the NTDs, there are parasitic diseases that can be controlled or eliminated by
preventive chemotherapy, such as, LF, onchocerciasis, schistosomiasis, geohelminthiasis
and trachoma (Figure 1.3). The soil-transmitted helminthiases (STHs) include
hookworms (Ancylostoma & Necator), whipworms (Trichuris) and round worms
(Ascaris) that inhabit the human gut, and their eggs are passed out in the feces. For
schistosomiasis, adult Schistosoma worms live in the blood vessels of the human host and
the eggs laid by the female worm cause the major symptoms. There are two forms of
schistosomiasis, urogenital and intestinal, where host organs such as the bladder or bowel

undergo progressive damage respectively. The schistosomes utilize certain freshwater
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snails as obligate intermediate hosts, and these snails become infected when human
excreta (feces and urine) are deposited in fresh water. Blindness due to trachoma is caused
by the after-effects of conjunctivitis caused by Chlamydia infections carried by flies

(Table 1.2).
Figure 1.3: Diagram of helminth nomenclature.
: |
1

— Onchocerca Ascaris Schistosoma Clonorchis Echinococcus Taenia saginata

— Brugia Strongyloides Paragonimus Opisthorchis Cysticercosis Taenia solium

— Wuchereria Trichuris Fasciola Fasciola Coenurosis Diphyllobothrium latum
— Dracuncula Enterobius Heterophyes Hymenolepis nana

— Loa loa Hookworms

(— Trichinella Trichinella

— Toxocara

Source: King, 2019.

The challenges ahead for preventive chemotherapy have been recognized and might
interfere with future progress after 2020, also now being in sight of WHO 2021-2030
NTD Roadmap targets. As more than 1 billion tablets of albendazole and mebendazole
are administrated annually through preventive chemotherapy programs, open questions
remain whether these nematodes evolve towards drug resistance and therefore challenge
the long-term success of chemotherapy approaches alone (King, 2019). Furthermore, the
systematic issues of non-compliance in individuals that frequently miss or refuse

treatment may be able to sustain ongoing transmission (Farrell ez a/, 2018)
Indeed, current and future deficiencies in adequate sanitation increases transmission of

STHs. It has been predicted that STH will remain a public health concern beyond 2020

in many countries where STH is currently endemic (WHO, 2017).
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1.3 The anti-filarial drugs in MDA

In order to extend the health system coverage, to reduce poverty and social ostracism as
well as advocating reasonable integrated public health perspectives, MDA has been the
recommended strategy for control where at least 75% of the population infected by certain
NTDs is targeted for treatment (WHO, 2010). The rationale for MDA in filarial infections
is to lower the circulating populations of microfilariae (mf) therefore lowering the
transmission without the need for additional vector management (Molyneux et al, 2018).
The WHO has launched global elimination programs, involving MDA, where the GPELF
is based on an annual single dose of diethylcarbamazine (DEC) or ivermectin combined

with albendazole, while the APOC is based on MDA of ivermectin only.

Anti-filarial drugs used in MDA for LF are majorly microfilaricidal and these include
albendazole, ivermectin and DEC. The latter drug is not recommended to use in patients
from Africa due to loiasis or onchocerciasis co-infection and associated SAEs (Muller,
2002; Cano et al, 2018). Although these regimens are significantly safe and efficacious
against mf (the larval progeny stage), these are not considered to exert a powerful
macrofilaricidal (adult stage killing) effect on the long-living adult worms (Cano et al,
2018). In order to interrupt transmission, MDA must be continued, at high levels of
treatment coverage and adherence, for at least as long as the duration of the reproductive
lifespan of the adult worms, therefore ranging from 4-12 years for Wuchereria bancroffti

(Stolk et al, 2015).

For loiasis treatment, DEC kills both adults and mf for a period of 14-21 days, however,
SAEs including oedema, nausea, meningoencephalitis and even coma might occur
(Muller, 2002). Ivermectin decreases mf levels by 90% and reduces prevalence from
30%-10% but these might return within a period of 2 years (Muller, 2002). Albendazole

causes mf numbers to fall slowly and may have an adulticidal action (Muller, 2002).

The WHO strategy against onchocerciasis consists of MDA with community-directed
treatment with ivermectin (CDTi) that has shifted its goal from morbidity control to
disease elimination by 2025 (WHO, 2012b). Currently, this is the only drug in widespread
use that has completely replaced DEC, which is no longer advocated for this condition

(Muller, 2002). Ivermectin is a very efficient microfilaricide as it sterilizes temporarily
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the female worm mf production for several months, therefore lowering morbidity and
transmission (Cano et al, 2018). Thus, in order to interrupt transmission, MDA must be
continued for another 9-11 years for O. volvulus, with 95% of the worms ending
reproduction by the age of 13-15 years (Cano et al, 2018). Nevertheless, ivermectin
resistance has been reported in parasitic nematodes including O. volvulus due to common
markers, mainly the S-tubulin gene in human O. volvulus (Lustigman et al, 2007).
Furthermore, Campille ef a/ (2020) has reported for the first time, a limited prophylactic
effect on O. volvulus by reporting a raising count of nodules in 17.7% of the subjects
administered with ivermectin for 3-monthly as to those treated annually. Since presently
there are no powerful drugs against adult worms, major efforts have been put on a
promising drug named as auranofin, able to kill adult Onchocerca and adult Brugia spp.

in vitro (Bulman et al, 2015).

For mansonelliasis, DEC has no effect while albendazole and mebendazole given for 10
days have given significant results (Muller, 2002). Ivermectin appears to reduce mf for a

period but probably has no long-term effect (Muller, 2002).

The endosymbiotic Wolbachia is a vital bacterium in the most common filarial parasites
of humans as it promotes growth, development, fertility and survival (Taylor ef a/, 2005).
As a result, clinical trials have reported that extinguishing Wolbachia from O. volvulus
and W. bancrofti by administering oral doxycycline, perpetually sterilizes female worms
and shrinks the adult worm long-life, promoting powerful macrofilaricidal activity.
Doxycycline has been reported to be a highly safe drug as it reduces antifilarial activity
of anti-Wolbachia therapy by avoiding inflammatory responses linked to prompt killing
of micro- or mf within patients attending clinical settings (Taylor et al, 2010). Therefore,
these functions are highly superior to those drugs previously mentioned used for
antifilarial activity (Taylor ef a/, 2010; Walker ef a/ 2015).

Overall, there are three main perspectives in which anti-Wolbachia therapy could be
applied in the population based on ‘test and treat’ which include 1) Offering doxycycline
as an alternative in Loa loa co-endemic area with onchocerciasis and/or LF instead of
ivermectin; 2) It can be also used to ‘clean’ residual infections in suppressed but not yet
interrupted foci areas, and, 3) Key backup method in areas where minimal efficacy of
ivermectin have been recorded (Taylor et al, 2010; Taylor et al, 2009; Churcher et al,
2009).
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Table 1.2: NTDs and control strategies.

NTD Status Control Strategy
Diseases
controllable by Mass Drug Administration (MIDA)
MDA

Soil Transmitted

Helminths
Schistosomiasis

Lymphatic
filariasis

Trachoma

Onchocerciasis
Yaws

Mycetoma

Food-bore
trematodiasis

Guinea worm

Scabies

Diseases
requiring
individual
treatment
Leprosy
Buruli ulcer

Chagas diseases
Human African
trypanosomiasis
Cutaneous
leishmaniasis
Visceral

leishmaniasis
Dengue

Chikungunya

Snakebite

Neuro-
cysticercosis

Echinococcus

Rabies

Over 1 billion people infected globally

200 people million infected — mostly in Africa
from water contact

Annual treatment with albendazole or mebendazole

Treatment with praziquantel, improved water supplies

120 million people infected in Africa and Indian
continents, but elimination is possible

Elimination strategy by six Mass Drug Administration rounds with
albendazole + ivermectin (in Africa) or albendazole + DEC
(elsewhere)

192 million people at risk infection in worldwide

26 million people infected in sub-Saharan African
countries

Annual treatment with Zithromax, as part of SAFE strategy: surgery
for those with trichiasis, antibiotic treatment to clear conjunctival
infection cleanliness and environmental improvement to reduce
transmission

Control of symptoms by annual treatment with ivermectin

89 million people are at risk in 13 countries where
treponematoses are endemic

Single-dose azithromycin

There is currently a lack of accurate data on
mycetoma’s incidence, prevalence and
distribution. 75% of cases were reported from
Mexico, Sudan and India

Treatment options of the causative organism. Bacterial mycetoma
requires long-term treatment with a combination of antibiotics. For
the fungal type, treatment is based on anti-fungal agents, usually
followed by surgical excision of the lesions

Asia and Latin America are the most affected

Depending on the condition, triclabendazole and praziquantel are
recommended respectively.
Cooking food and behavioral changes in food hygiene

Close to eradication

Individual case finding case containment, clean water provision and
filtration, vector control. Regular surveillance of endemic villages.
No vaccine or medication is available to prevent or treat the disease

Occurs worldwide

Permethrin cream, Sulphur (4%) ointment. 15% benzyl benzoate.
Oral ivermectin.

Close to elimination

Case control

Case finding followed by multidrug therapy for 6-12 months

Endemic in 30 countries -Americas, Africa and SE
Asia

Early diagnosis, treatment with antibiotics or surgery

Limited distribution in South America — a disease
of poor housing

Control of the ‘kissing bugs’ which carry the diseases

Narrow in Africa dictated by tsetse fly distribution

Case finding and treatment, vector control where appropriate

12 million people presently infected worldwide

Early diagnosis and prompt treatment; control sandfly populations
through residual insecticide spraying of houses and through the use
of insecticide-impregnated bed nets

500,000 cases per year

Case finding and treatment with meglumine antimoniate or sodium
stibogluconate

250 million at risk and 50 million cases per year in
over 100 countries

No effective medications exist to treat dengue infection. Fluids and
possibly transfusion and vector control. A limited use attenuated
dengue vaccine has been licensed since 2015. Two new live
attenuated dengue vaccines are currently in phase Il efficacy trials,
0SV4 indigenous tetravalent dengue subunit vaccine in under-
development

It occurs in Africa, Asia and the Indian
subcontinent. In recent decades, there have been
outbreaks of the disease in countries that have
never recorded cases before

No effective antiviral medications exist to treat chikungunya
infection. Fluids and vector control. Several vaccine candidates are
currently being developed

An estimated 5.4 million people are bitten each
year with up to 2.7 million envenoming. Around
81 000 — 138 000 people die yearly

Snake venoms

Up to 20% infections in rural Africa and South
America

Animal zoonosis

Tape worm control and strict pig meat inspection. Vaccination and
chemoprophylaxis in pigs have been widely used as a control
strategy

Unknown numbers with cysts in liver

Transmitted by dog bites

Tape worm control in dogs and careful surgery plus albendazole to
remove unbroken cysts

Animal reservoir

vaccination

Source: Adapted from WHO, 2017; Smits, 2009.
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1.4 Lymphatic Filariasis

1.4.1 Parasites

LF is caused by an infection with the parasites W. bancrofti, Brugia malayi or Brugia
timori, which are classified as nematodes of the family Filariodidea (Figure 1.9 Panels A-
C). W. bancrofti, the most widespread of the three species, is responsible for more than
90.0% of cases (WHO, 2017). The sheathed mf circulates in the bloodstream and, in most
parts of the world show a marked nocturnal periodicity as they are found in the peripheral
circulation from 10pm-2am, while during the diurnal period they hide within the

capillaries of the lungs (Mathison ef al, 2019).

The transmission cycle of W. bancrofti occurs in a way that when the mf is ingested with
a blood meal by the mosquito, they lose their sheath within 15-30 min in the stomach of
the insect (Figure 1.4). Fractions of the mf manage to diffuse into the stomach wall prior
the formation of a peritrophic membrane and migrate to the thoracic muscles within 24h.
Within two days the mf has evolved into sausage-like larvae, measuring 150 pm x 10 pm.
Within five days the larvae have evolved further and moved to the alimentary canal,
where it has matured into the second-stage larvae measuring 250 pm x 25 pm. On the
second week the larvae evolved more and elongate greatly (1.2-1.8 mm), reaching the
infective third-stage larvae (L3), moving to the head, where they infiltrate the labium and

proceed through the tips of the labella while the mosquito is feeding.

Succeeding the infiltration into the skin of a human, larvae migrate to the lymph vessels,
nodes and tissue, where they moult twice again and evolve and the females reproduce mf
within 1 year. The adult female worms reproduce mf for a period of 5 years, although
longer periods of 10-17 years have been observed in the literature (Muller, 2002).
Furthermore, adults of Wuchereria and Brugia spp. contain a bacterium, Wolbachia, in
the cords sideways and it has latterly been suggested that these bacteria are accountable
for inflammatory actions, which is a protective effect for the filariae from the host
immune response, hence, being vital for the continuous survival of the filarial (Muller,
2002). According to Slater et al, (2012), humans are the only reservoir host of the LF

parasite in Africa.
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Figure 1.4: Life cycle of Wuchereria bancrofti.
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Source: CDC, 2018.
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1.4.2 Vectors

These nematode parasites are transmitted by various species of mosquito vectors from the
genera Anopheles, Aedes, Culex, Mansonia, Coquillettidia and Ochlerotatus (Cano et al,
2018). The major Anopheles vectors of LF in Africa are Anopheles gambiae 5.1, and
Anopheles funestus group. These species complexes are made up of distinct species,
which are morphologically indistinguishable and may occur in sympatric situations
(Souza et al, 2012). Five chromosomal forms namely, ‘Forest’, ‘Bissau’, ‘Bamako’,
‘Mopti’ and ‘Savannah’ have been described (McGreevy et al, 1982). The Mopti form of
Anopheles gambiae s.s, for example, is believed to be associated with W. bancrofti

compared with other species (Souza et al, 2012).

Therefore, understanding the roles of different vectors in LF transmission and the
implications for accelerated interruption of transmission in Africa where the LF vectors
are also targeted through malaria control efforts is important (Souza et al, 2012). LF
shares the same vectors with malaria in most African countries and the practices for
controlling the vectors of malarial parasites, such as the use of insecticide treated bednets,
indoor-residual spraying for personal and community protection, can at the same time be

effective against both malaria and LF (Souza et al, 2012).

1.4.3 Disease

This condition causes a wide range of clinical signs and symptoms, including
lymphoedema, hydrocele, lymph scrotum, chyluria, tropical pulmonary eosinophilia,
adenopathy, hematuria, and various manifestations of worms in ectopic sites (Addiss et

al, 2003).

Individuals living in the endemic area can be categorized into two major groups, infected
and uninfected individuals based on their clinical and parasitological status. The infected
group includes asymptomatic mf carriers, acute disease, chronic disease (both
elephantiasis and hydrocele) and cryptic infection. Asymptomatic patients are mf positive
without any symptoms. Cryptic individuals are free from mf and acute chronic symptoms
but positive for circulating filarial antigen, which is the marker of live adult worms. Acute

filarial diseases are identified as those having localized signs and symptoms of pain.
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Uninfected individuals are free from mf, circulating filarial antigen and filarial symptoms
(Bal et al, 2015). The earliest onset of lymphoedema in filariasis-endemic areas is usually
observed around the time of puberty, and the prevalence increases with age (Addiss et al,
2003). In many areas where bancroftian filariasis is endemic, lymphoedema of the leg is
more common in women than in men. Scarification of the skin, a traditional practice in
many filariasis-endemic areas, is considered a risk factor for rapid progression of filarial
elephantiasis because of the increased risk of acute dermatolymphangioadenitis (Addiss
et al, 2003). Another form of non-filarial elephantiasis, that is often not identified
correctly and misdiagnosis as LF due to its similar etiology, is podoconiosis that also
occurs in tropical settings in genetically prone individuals who are unprotected to irritant
volcanic soils (Chandler et al, 2020; Deribe et al, 2018). Furthermore, other causes of
secondary lymphedema to have in account involve rheumatic heart disease, endemic

Kaposi sarcoma, river blindness and liver failure (Deribe ef al, 2015).

Hydrocele is the most frequent disease manifestation of W. bancrofti infection in men,
yet its pathogenesis is poorly understood. Hydroceles develop most commonly during
adulthood and are a consequence of the accumulation of excess fluid between the serosal
and visceral layers of the tunica vaginalis, which lies between the testis and scrotal sac.
Hydroceles may be a consequence of unreduced inguinal hernias or orchitis and
epididymitis secondary to infectious agents such as Mycobacterium tuberculosis. In W.
bancrofti infection, it is likely that hydroceles result from inflammation of the tunica

vaginalis or impaired lymphatic drainage through the spermatic cord (Tobian et al, 2003).

A major goal of the GPELF (Figure 1.5) aims to interrupt the infection through MDA and
alleviate suffering among people with chronic disease through morbidity management.
The strategy that WHO recommends achieving these aims is large-scale annual treatment
MDA of all eligible people in all areas where infection is present to stop transmission and
managing morbidity through a minimum package of care to alleviate and prevent the
disabling manifestations of the disease. A more recent estimate of the impact of MDA
from 2000 to 2012 suggests that the burden has been almost halved to around 67 million
people infected and as many as 36 million living with hydrocele and lymphoedema. The

roadmap sets a target for global elimination of LF as a public health problem by 2020.
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Figure 1.5: GPELF strategy.
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Another major goal of the GPELF is to provide basic care for individuals who suffer from
the major forms of filariasis-related morbidity, both acute such as inflammatory episodes
and chronic such as lymphoedema and hydrocele (Addiss et al/, 2003). In LF,
stigmatization is a common and serious problem for those affected, as individuals might
experience suicidal thoughts, dissolution of marriage plans due to diminished economic
productivity and attractiveness; often receiving insults and being excluded at social events

(Kebede et al, 2018).

According to the GPELF, the primary intervention includes the use of footwear, regular
foot hygiene and the application on floor coverings to reduce the contact between feet
and the irritant soil (Negussie et a/, 2018). Secondary and tertiary interventions focus on
the management of the lymphoedema-related morbidity and include wound care,
exercise, elevation of the legs, treatment of acute attacks and providing psychological and
socio-economic support to those affected. However, before morbidity management and
disability prevention activities for both diseases can be implemented, better patient
estimates and an understanding of the distributions of LF at community level are vital

(Kebede et al, 2018).

1.4.4 Diagnostics

The general available diagnostic techniques for LF have the purpose to detect mf,
circulating filarial antigen, anti-filarial antibodies and molecular based tests. The most
conventional techniques used for detection of mf include the thick blood smear method
also known as TBS20; the Knott’s concentration method, the counting chamber method

and the membrane filtration technique (McMahon et al, 1979; Melchers et al, 2020).

The main limitations of this group of techniques include low sensitivity and longer time
required examining the specimen. The most common techniques for detection of
circulating filarial antigens include the immunochromatographic test (ICT) and the
Og4C3 ELISA (Njenga et al, 2001). The unit price is a major limitation for extensive
field application and the requirement of a well-equipped laboratory infrastructure and
staff, respectively for each technique. The most common technique for detection of anti-
filarial antibodies includes IgG4 ELISA and the main handicaps are possible cross-

reactivity and a well-equipped laboratory and equally well-trained staff (Lammie et al,
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2004). Molecular based tests include polymerase chain reaction (PCR), which detects
parasite deoxyribonucleic acid (DNA) extracted from mosquitoes or from human blood

samples (Simonsen ef al, 2008).

1.4.5 Control and Elimination

Vector control is among the five strategies recommended by the WHO for prevention,
control, elimination and eradication of NTDs in its road map for implementation. Prior to

2012, the WHO strategy for LF was based primarily on chemotherapy (Souza ef al, 2012).

Vector control is an important component in preventing and controlling vector-borne
diseases, specifically for transmission control. For instances, the mosquito Culex
quinquefasciatus, which breeds in stagnant and organically polluted water, is globally the
most important vector for W. bancrofti and is an important target for vector control
(Smits, 2009). Community-based actions to combat Anopheles comprise activities to
educate and empower communities to identify and remove mosquito-breeding habitats in
households and the immediate vicinity, as well as other settings where human-vector
contact occurs, such as schools, hospitals and workplaces. Mosquito breeding can also be
prevented through the provision of reliable piped water and regular solid-waste
management and by installing screens in houses. Further vector-control methods include
ensuring personal protection by using insect repellents and insecticide-treated bed nets
and by providing indoor residual spraying. However, increasing resistance to insecticides

may reduce their effectiveness over time (WHO, 2017).
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1.5 Onchocerciasis

1.5.1 Parasites

The life cycle of O. volvulus comprises a human stage and a vector stage, with the blackfly
vector having its own distinct lifecycle, also known as holometabolous (Figure 1.6). The
transmission cycle of O. volvulus occurs in a way that when the mf are ingested by
blackflies of the genus Simulium, they are attracted to the biting site by saliva injected
into the puncture wound. As a result, a portion of the mf ingested by the blackfly clear
out the midgut prior the formation of the peritrophic membrane and diffuses into the
thoracic muscle, distinctly the flight muscles cells, while others are confined in the midgut

and die.

The first moult in the muscles of the fly generates a sausage stage, succeeding by the
second moult that generates the infective third-stage larvae (L3) which then progress to
the head and proboscis, concluding their maturation within 12 days, determined by the
ambient temperature as no growth takes place in conditions lower than 18°C (Muller,
2002). The infective third-stage larvae disseminate through the puncture wound when an
infected Simulium blackfly bites another individual. They move to the subcutaneous
tissues, moult twice and outreach sexual maturity within 15 months. The O. volvulus mf
measure 280-330 um x 6-9 um. They are unsheathed and have a tapered tail, often flexed

and non-nuclease (Figure 1.9 - Panel D).

Macrofilariae can be detected in the skin within 18 months succeeding the infection but
not usually in the blood, unless after the treatment DEC treatment (Muller, 2002). The mf
reproduces and live on about for 9-11 years, and exceptionally live for more than 13 years
mainly in the subcutaneous and deep tissue nodules regions; while mf can live in the skin
for up to two years (Muller, 2002; Mitra et al, 2017). Periodicity of mf of O. volvulus in
the skin is non-specific (Mathison et al, 2019; Kuesel, 2016).
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Figure 1.6: Life cycle of Onchocerca volvulus.
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1.5.2 Vectors

The blackfly Simulium damnosum s. I. transmits the causative agent O. volvulus, which
causes blindness and skin pathologies in humans. Nine sibling species of S. damnosum
complex have been taxonomically identified and documented in East Africa. The species
include S. sirbanum, S. damnosum sensu stricto, S. dieguerense, S. sanctipauli, S.
soubrense, S. squamosum, S. yahense, S. leonense and S. konkorense (Ibeh et al., 2006).
The first three species are known as savanna flies which transmit the savanna strain of O.
volvulus while the rest belong to the forest group and transmit the forest strain of the

parasite which causes more skin disease than blinding disease (Ibeh et al., 2006).

Blackflies changes in the distribution patterns of S. dammnosum occur annually in
association with dry and wet seasonal climatic changes. Other factors influencing species
distribution include the physical and chemical properties of rivers and human activities
that change the habitats of blackflies, e.g., deforestation and hydropower dams (Zarroug
et al,2016).

1.5.3 Disease

The most common symptoms of the disease range from itching to blindness, which are
caused by an inflammatory reaction due to immunological response to the death of the
microfilariae (WHO, 1995). Non-tender nodules, also known as onchocercomata are
often reported which can be felt and seen over bony prominences. Furthermore,
depending on the geographical region, if reported in Africa, those nodules are often found
in the lower parts of the body such as the pelvic region, knees and lateral chest, contrary
to the Americas where they are often found in the upper part of the body including the
head (Muller, 2002). Other skin conditions related to onchocerciasis are pruritus, itchy
rash and ‘leopard skin’ in a later stage. Interestingly, skin changes often mimic those seen

in vitamin A deficiency (Muller, 2002).

Besides the skin, the eye is affected as the mf in the anterior chamber induce chronic
inflammation leading to sclerosing keratitis and blindness if untreated, giving the disease
its popular name ‘river blindness’. Overtime the inflammatory response to dying mf can

cause severe itching, disfiguring skin disease and visual loss or blindness (CDC, 2013)
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1.5.4 Diagnostic

Traditionally, microscopic analysis through parasite mf counting of skin snip biopsies
used to be the gold-standard technique, but, because of the high insensitivity and
invasiveness reported in the literature, it has been replaced by the Ov16 serological test

(Thiele et al, 2016).

1.5.5 Control and Elimination

Onchocerciasis has been the pivot of the international community; as it is strongly linked
to morbidities such as blindness, skin disease and an association with childhood epilepsy
(Colebunders et al, 2018). The concern about this infection has led to the implementation
of control interventions essentially vector control (Simulium control) and CDTi (WHO,
2017a). The main long-term control programs that target the filarial parasite O. volvulus
are the Onchocerciasis Control Program (OCP) in West Africa, the Onchocerciasis
Elimination Program for the Americas (OEPA) and the African Program for

Onchocerciasis Control (APOC) in the remaining part of Africa.

The OCP was established in 1974 and ceased in 2002 in West Africa countries, and has
been described as successful, as onchocerciasis is no longer considered a public health
concern in the savanna regions of ten OCP countries (Cupp et al, 2019; WHO, 2015).
OCP’s primary goal was based only in vector control intervention, targeting at the
immature stages of the Simulium vectors, but later was aggregated to the interruption of
parasite transmission through annual or biannual MDA treatment with ivermectin in that

region also known as Special Intervention Zone (Remme et al, 2017; Stolk et al, 2015;

WHO, 2015).

OEPA was acknowledged in 1990 with the purpose of eliminating the disease in every
region from thirteen isolated endemic foci in six Latin American endemic countries, and
as a strategy, a mass bi-annual ivermectin treatment takes place, in contrast to Africa
(Webster et al, 2014). By 2013, transmission has been verified to be eliminated by WHO,
in four of the six OEPA countries which still requiring monitoring for the following years

ahead (Webster et al, 2014).
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In 1995 APOC was implemented in view of eliminating onchocerciasis through annual
CDTi in all lasting 20 countries in Africa that were not covered by the OCP, which had
more than 80% of the global burden of the onchocerciasis, therefore representing 14.9
million infected individuals at the time (Remme, 1995; O’Hanlon et al, 2016). APOC
main goal was to achieve morbidity control by targeting only communities with high
infection rates (>20% nodule prevalence in adult males) through community directed
annual treatments and Rapid Epidemiological Mapping of Onchocerciasis (REMO)
(Cupp et al, 2019; Zouré et al, 2014). Unfortunately, APOC was not successful in making
the transition from a morbidity control program to a transmission elimination program,
and as a result it has formally ended in December 2015, where its considerably
achievements are now being built by the Expanded Special Project for Elimination
(ESPEN) of NTDs (WHO, 2015). In addition to working towards onchocerciasis
elimination, this expanded program is also focused on accelerating the reduction and
elimination of other NTDs from the African Region by 2020, namely LF, schistosomiasis,

STHs and trachoma (WHO, 2017).

The current status of the global program to eliminate the transmission of onchocerciasis
reports that although some countries including Angola have implemented MDA with less
than 100% geographical coverage, the number of people identified as residing in areas at
risk for infection is expected to enhance as another couple of countries had not reported

treatment data at the time of the most recent report (WHO, 2018; ESPEN, 2017).

As there are no critical animal reservoirs of O. volvulus to preserve the transmission
dynamics autonomous from the human population, long-lasting elimination of
transmission of onchocerciasis can be obtainable, as reported in four countries in the
Americas and in particular parts of Africa (Katabarwa et al, 2014; Diawara et al, 2009).
However, the shifting towards elimination has identified particular issues that has been
slowing this process down which include lacking coverage, access to treatment; treatment
adherence; sub-optimal responses to ivermectin; and cross-border issues (Colebunders et
al, 2018a). The lack of coverage and access to treatment has been challenging in many
African countries where prevalence is greater than 60% and CDTi is performed annually,
therefore requiring more coverage and longer treatment durations (Kim et al, 2015;
Kamga et al, 2016). Issues in regards the treatment might include access and poor

treatment compliance such as inadequate supply; restrict access to remote areas,

37



insufficient training and poor resources (Njim et al, 2017). Furthermore, treatment
adherence issues also include cross-border issues, seasonal migration of workers, lack of
incentives for community directed distributors (CDDs) and population reservation
regarding side effects, and, ivermectin treatment in loiasis co-endemic areas that can

result in SAEs (Senyonjo et al, 2016).

1.6 Loiasis

1.6.1 Parasites

The adults are thin transparent worms, the females measuring 70 mm x 0,5 mm, the males
30-35 mm x 0,3-0,4 mm, while the mf are sheathed and measure 250 (230-300) pm x 6-
8 um (Figure 1.9 — Panel E). The tail is short and relatively thick, with large nuclei
continuing to the tip. The sheath does not stain with Giemsa or Wrights stain, it does with
haematoxylin, so that the mf is sometimes mistakenly identified as being unsheathed

(Muller, 2002).

Mf detected in the peripheral blood suggests a diurnal activity, therefore, being greatly
abundant from 8am to Spm. As the mf is ingested within female Chrysops’ blood meal,
they misplace their sheaths in the internal side the stomach of the fly and invade the gut
wall following 6 hours (Figure 1.7). They mature in the cells of the fat body and moult
twice. The third-stage larvae (L3), sizing 2 mm x 25 um, diffuse primarily to the thorax
and then to the head afterwards where they become infective within 12 days. The larvae
migrate down to the labium during a new human blood meal, entering into the wound.
They move through the human subcutaneous connective tissues and muscle fasciae,
maturing twice and growing into adults within 12 months. The adults live for 4-17 years
(Muller, 2002). Humans are the primary reservoir for Loa loa (Slater et al,
2012).Furthermore, it is shown that age affects the prevalence of mfin such a way that
the percentage of mf carriers increases and reaches a plateau at about 45 years. The low
proportion of mf in younger age group is supported by the fact that their exposure time

has not been sufficient to facilitate biting by infected Chrysops (Djikeussi et al, 2014).
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Figure 1.7: Life cycle of Loa loa.
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1.6.2 Vectors

Chrysops silacea and Chrysops dimidiata are the main vectors of L. loa parasite which
are confined to the tropical rainforest of Central and West Africa, but also C. centurionis;
C. distinctpennis, C. langi, C. longicornis, C. zahrai and possible C. streptobalius could
act as vectors, mainly in the forest-fringe region (Akue, 2016). Furthermore, Chrysops
also known as the mango, mangrove or softly-softly fly, rubber plantations and palm oil
groves, that commonly bites lower the knee and is a pool feeder (Akue, 2016). They
belong to the Tabanidae family living in the forest canopy and are particularly attracted

by smoke of wood fires and darker colors or the color blue/light blue (Akue, 2016).

1.6.3 Disease

The main features that characterize L. loa infection can evolve from local involvement to
become a systematic disease. The most common symptoms are Calabar edema or Calabar
swellings, which commonly appear on the arm. The ocular passage of an adult worm is
another common sign. Loiasis can develop to a more sensitive life-threatening disease
such as endomyocardial fibrosis or lymphoma. Further symptoms include pulmonary

loiasis and encephalitis (Akue, 2016).

1.6.4 Diagnostics

The gold standard indicators and diagnostics for loiasis involve parasitological
identification in diurnal blood smears to detect microfilaremia performing with light
microscopy (Boatin et a/, 2002). Furthermore, clinical indicators cover the skin analysis
for Calabar swellings, ocular analysis to verify any adult worm. Lastly and more recent
has been the use of Rapid Assessment Procedure for Loiasis (RAPLOA) survey for

infection prevalence evaluation at community and individual level (Zouré et al, 2011).

A good characterization of the occult infected individuals is principal for the
understanding of mechanism, which control the infection. Besides the microscopic
technique and the ocular passage of adult worms, new methods such as detection of L.

loa specific IgG4 by ELISA are now available. By using some of these methods, it
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appears clearly that occult infected individuals are more prevalent than microfilaremic

ones (Djikeussi et al, 2014).

The most recent progression in regard to loiasis diagnostics comprehends the LoaScope
which involves the blood smear assessment for mf using a smart phone with image
analysis software that allows the quantification of the number of mf/ml of blood placed
into a amplifying tool (Kamgno et al, 2018). This modern technology affiliated to the new
‘Test and (not) Treat’ strategy for onchocerciasis elimination as a way to rule out the
high-risk population from therapy (Kamgno et al, 2017). Furthermore, a novel
immunological indicator that has only been used for research purposes for L. loa infection
includes the Loa Antibody Rapid Test that adapts the recombinant antigen LI.SXP-1to a
lateral-flow assay (LFA) platform (Drame, 2014).

1.6.5 Control and Elimination

Although restricted to central African and some West African countries, this filarial
disease is now emerging as a public health problem due to increasing human movement
throughout the world (Akue et al, 2016). The transition to filarial elimination has also
created a more urgent need to finalize the strategy for implementing ivermectin treatment,
or alternative treatment strategies, in areas that are co-endemic for L. /oa infection (WHO,
2017). In such regions, the most significant impediment for programs is the co-
distribution of loiasis, due to the risk of SAEs including encephalopathy and death, which
have been associated with ivermectin when given to individuals with high L. loa mfloads
in the blood (> 30,000 mf/ml) (Boussinesq, 2006; Gardon et al., 1997; Kelly-Hope et al.,
2014; Addiss et al, 2003). Furthermore, it has been estimated that, based on the actual
strategies in course, at most 31000 co-infected individuals will demand for

onchocerciasis therapeutics by 2025 amid being at risk of SAEs (Melchers et a/, 2020)

Furthermore, loiasis is still not included within the WHO’s list of NTDs, as the lack of
funding for research maintains, the lack of treatment and control programs action delays
the disease awareness within the communities (Metzger et al, 2014; Chesnais et al, 2017,
Whittaker ef al, 2018). A specific feature of L. loa is the fact that the prevalence of mf
carriers in endemic zones rarely exceeds 30%, while in most cases amicrofilaraemic

individuals account for 70% of infected people (Boussinesq, 2006). This spectrum
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suggests the existence of a potential mechanism for clearing mf from the peripheral blood.
The importance according to L. loa today is mostly related to its negative impact on mass
chemotherapy for eradication of other filarial parasites such as O. volvulus in co-endemic
areas. Furthermore, albendazole should be administered twice yearly for LF in areas
where L. loa infection is co-endemic for a minimum period of six years (Boussinesq,

2006; Pion et al, 2017).

Apart from the risk of SAEs associated with implementing ivermectin treatment in L. loa
co-endemic areas, excessive L. loa microfilaraemia has been linked with the elevated
mortality rate, probably as a consequence of a direct and indirect outcome of mf or to
mechanisms promoting co-infections or comorbidities, proposing that loiasis is not as
benign as it was considered previously, and therefore should receive more awareness due
to its outcome in regards the onchocerciasis and lymphatic control strategies (Chesnais et

al, 2017).

Since at least 60% of the global population relies on medicinal plant for their primary
health-care needs, this alternative therapy should not be neglected, as a significant number
of plants have been reported to treat L. loa infections such as Alstonia congensis, Costus
lucanusianus J, Senna occidentalis, Portulaca oleracea, Nicotiana tabacum, among
others (Wink, 2012). Furthermore, WHO-traditional Medicine Centers indicated that
about 80% of 122-targeted components have been used for the same reason of treating L.

loa infections (Van et al, 2004, WHO, 2011).

1.7 Mansonelliasis

1.7.1 Parasites

There are three species of Mansonella, a vector-borne filarial nematode genus that are
associated with human infections, which are Mansonella perstans, M. ozzardi and M.

streptocerca (Figure 1.9 Panels F-H).

The early medical literature referred to this nematode as Acanthocheilonema perstans or
Dipetalonema perstans (Agbolade et al, 2005). These species vary in their geographic

occurrence and localization within the host. For instances, M. perstans appears to be

42



associated only with humans, while M. ozzardi and M. streptocerca seem to be associated
with both humans and primates (CDC, 2019a). The adult females measure 70-80 mm x
0.12 mm, males 35-45 mm x 0.06 mm; both sexes have a smooth cuticle and a ventrally
curved tail, which has trilobed appearance (Baird et al/, 1987). The tail of the male has
four pairs of preanal and one pair of postanal papillae and there are two, very unequal,
rodlike spicules (Baird ef al, 1987). The mf in the blood is unsheathed and measure 200
um x 4.5 um; they have curves when fixed and stained. The tail ends bluntly and contains

nuclei to the tip (Figure 1.9 F-H).

The life cycles for all three species are similar, and there is no marked periodicity, but mf
is more abundant in the peripheral circulation at night (Garcia, 2007; Mommers et al,
1994; Service, 2004). The mf is ingested in a blood meal by small female ceratopogonid
midges of the genus Culicoides, which are pool feeders (Figure 1.8). The larvae enter the
thoracic muscles, moult twice and reach the infective third stage by 9 days, when they
migrate to the head (Muller, 2002). They exit from the labium of the midge while it is
feeding. The parasites take months to become mature, moulting twice more, in the human
body (Muller, 2002).
Figure 1.8: Life cycle of Mansonella spp.
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1.7.2 Vectors

In Africa the vector species are female C. austeni and C. milnei (midges) which have a
short flight range of about 100 m. Eggs are often laid in mud or wet soil in batches or in
water in banana stumps (Miller, 2002). Male flies do not suck blood but feed mainly on
plant juices (Gordon et al, 1978). Recent studies have proposed the capacity of another

vectors of M. perstans such as Simulidae, Tabanidae, or Culicidae (Bassene et al, 2015).

1.7.3 Disease

This condition is often asymptomatic and has been related to allergic symptoms including
itching, pruritus, joint paints, fever, enlarged lymph glands and uncommon abdominal
symptoms, followed by elevated eosinophilia (Muller, 2002). In the host, M. perstans are
usually found in body cavities, whereas M. streptocerca is often located in dermal and
subcutaneous tissue, and M. ozzardi in subcutaneous tissues (Garcia, 2007; Heyman,
2004). A complicating feature of Mansonella infections is that their geographic
distribution overlaps that of other filarial diseases that might have similar clinical
manifestations, therefore, it is difficult to confirm that symptoms identified in cross-
sectional studies in endemic areas were due to Mansonella or to co-infection with other
parasites (CDC, 2019a). For instances, M. ozzardi have been linked with symptoms that
resemble those of bancroftian filariasis (CDC, 2019a). Furthermore, the symbiotic
relationship between filarial nematodes and Rickettsia bacteria can make these filariasis

significant parasitic diseases (Rajan, 2003)

1.7.4 Diagnostics

The gold standard diagnostic for mansonelliasis is through microscopy by identifying the
mf of M. perstans and M. ozzardi in stained blood smears whereas M. streptocerca is
usually diagnosed through skin snips (Figure 1.9 F-H; CDC, 2008). Usually, more than
ten mf per milliliter may be present, together with L. loa and W. bancrofti parasites

(Muller, 2002; Debrah et al, 2017).

In the clinical context, molecular detection has been often used to differentiate mf of M.

streptocerca from O. volvulus in skin snips, whereas in the research context, real-time
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PCR technique is usually performed to identify and quantify M. perstans and M. ozzardi
mf, and loop-mediated isothermal amplification assays (LAMP) have been developed for

field use (CDC, 2019a).

Furthermore, a new possible species of Mansonella was identified through molecular
analysis, known as Mansonella sp ‘DEUX’, which was only reported in febrile children
in Gabon. It is thought to be a new species as it differs from M. perstans ITS1 with only
94% similarity between them, while M. perstans has been reported homogenous

throughout Africa (Jimenez et al/, 2011; Marcos et al, 2012).

1.7.5 Control

Currently, while no specific treatment is available for mansonelliasis, ivermectin appears
to reduce mf for a period but probably has no long-term effect, while albendazole and
mebendazole given for 10 days have been given equivocal results, and DEC has no effect

at all (Muller, 2002; Wanji et al, 2016; Garcia, 2007; Heyman, 2004).

Figure 1.9 Microfilariae parasites under the microscope in blood smears with exception
of O. volvulus. Panel A — The mf of W. bancrofti are sheathed and measure 240-300 pum.
Panel A1 — Close up of the anterior end of the W. bancrofti. Panel A2 — Close up of the
posterior end of W. bancrofti. Panel B - Mf of B. malayi are sheathed and measure 175-
230 pm. Panel C — Mf of B. timori are sheathed and measure on average 310 um. Panel
D — Mf of O. volvulus from a skin nodule stained from hematoxylin and eosin, measure
300-315 um in length (H&E). Panel E — Mf of L. loa are sheathed and measure 230-250
um. Panel E1 — Adult of L. loa removed from the eye of a patient. Panel F — Mf of M.
perstans are unsheathed and measure 190-200 pm. Panel G — Mf of M. ozzardi are
unsheathed and measure 160-205 pum. Panel H — Mf of M. streptocerca are unsheathed

and measure 180-240 um by 3-5 um. All measuring bars = 30 um (x100 magnification).
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1.8 Current status of Angola

1.8.1 Angola

Angola is an expansive country with an area of 1247 million km? and a population density
of 20.6 inhabitants per square kilometer. The gradual increase in population is due not
only to the natural growth rate of the population (estimated at 2.7% per year), but also to
the return of Angolans, once refugees in neighboring countries, as well as an increase in
life expectancy. The overcrowded population in the capital is due in part due to the

migration (20%) in search of security and better life opportunities (Angola NTDs, 2017).

1.8.2 Geography

Located on the west coast of Africa the country is limited on the West by the Atlantic
Ocean, the North by the Democratic Republic of Congo, and the East by the Republic of
Zambia and the South by the Republic of Namibia (Figure 1.10). From the West to the
East, the topography is characterized by a transition zone formed by plateaus that reach
an altitude of more than 1500 m, and a zone of variable climate influenced by numerous
factors like the latitude and altitude. The savannah vegetation covers a great part of the
country; the forest is denser to the north while steppe and desert are present to the south
of the country. The climate includes two seasons: the rainy season, hotter period, which
occurs between September and May, and the Cacimbo or drought season, which is less
hot and occurs between May and September. On average, temperatures in the country

range from 17.0 °C to the lowest, and 27.0 °C, the maximum (Angola, NTDs, 2017).
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Figure 1.10: Administrative division of Angola.
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1.8.3 Demography

Like most developing countries, Angola has a relatively youthful population. The
demographic indicators are a challenge to the country’s sustainable development.
According to the 2012-2025 National Health Development Plan (NHDP) and the United
Nations Development Program (UNDP) statistical indicators included in the 2014 Human
Development Report, the population is estimated at about 24.3 million in habitants, with
a high annual growth rate of about 3.0%. About 62.3% of the population lives in urban
and peri-urban areas while 37.7% lives in rural areas. There is an internal migratory

movement of about 20.0% from the rural to the peri-urban areas (Censo, 2014).

1.8.4 Economy

Oil represents 55.0% of Gross Domestic Product and 95.0% of exports. The non-oil sector
has the potential to employ the majority of the economically active population. The
industrial sector is in the process of reconstruction and rehabilitation. The rural sector
with agriculture, forestry and livestock activities is the second largest manufacturing
sector in the country, in which GDP is currently around 8.0% despite ongoing demining

actions. The official currency is the Kwanza (Angola NTDs, 2017).

About 46.0% of the population gets water from improved sources (piped water, public
fountains, wells or wells, protected ‘cacimbas’ and springs, rainwater); the most common
source of water in the urban area is the mobile water tanker. The country is ranked 160th
in the poverty index, in a list of 173 countries where more than 61.0% of the population
live below the poverty line, of which 26.0% live in extreme poverty (Angola NTDs,
2017). Since the beginning of the economic boom, Angola has been facing an increase of
0.4% in complex migration trends, including an intensification of mixed migration

movements (Angola NTDs, 2017).
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1.8.5 Health status

Three decades of civil war ended in 2002 leaving its footprints marked by dilapidated
health infrastructure, with nearly half of its total population lacking any access to health-
care services (Njau, 2013; Gebrezgabiher ef al/, 2019). The main causes of disease and
death are infectious and parasitic diseases, diseases strongly associated with poverty,
sanitation and malnutrition, such as malaria, HIV/AIDS, tuberculosis, and NTDs (Angola
NTDs, 2017). Added to this is loiasis, which is commonly found in the north and northeast
of the country (WHO, 2013).

One of the main major health challenges in Angola are 1) the high communicable disease
mortality and morbidity, frequent epidemics and a sharp rise (as yet unmeasured) in the
prevalence of noncommunicable diseases, 2) Increased vulnerability of the country to
various potentially health-threatening situations due to high mobility of persons and
goods within and outside the country, and extensive open borders shared with
neighboring countries, and 3) No systematic mapping of regions, localities, and
vulnerability and/ or at-risk populations to facilitate timely response through selected

interventions (WHO, 2016).

While many countries in Africa have made steady progress in scaling up their national
programs, several countries, including Angola, are behind the targets if the WHO
Roadmap is to be accomplished (Bockarie et a/, 2013; Molyneux et al., 2018; WHO,
2012). Human migration is another challenge as people search for employment, which
has been a common and increasing phenomenon in developing countries such as Angola.
Both permanent or long-term and temporary migrations are common in many
communities (Ramaiah KD, 2013). Information is scarce on the role of migrants in
creation of new foci and/or reintroduction of transmission into the ‘cleansed’ areas, which
are potential threats to LF elimination efforts (Ramaiah, 2013). Four categories of
migration have implications for LF elimination efforts. These are (i) migration from
endemic areas to nonendemic areas, (ii) migration from endemic rural areas to endemic
urban areas, (iii) migration from endemic areas to the areas that achieved

control/elimination of LF, and (iv) transborder migration (Ramaiah, 2013).
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As for the main constraints there is the need to increase efforts at the national level to
eliminate NTDs, the small number of partners involved in the control of these diseases
and the lack of specialized human resources. Challenges for the effective control of NTDs
include finalizing coordinated mapping of such diseases, updating data on the prevalence
of geohelminthiases and schistosomiasis; the effective implementation of large-scale
MDA improving the performance of the current projects and the extension of de-worming

campaigns with praziquantel throughout the territory (WHO, 2013).

1.8.6 Neglected Tropical Diseases in Angola

The coverage index NTD mass treatment developed by WHO has reported that about 3.1
million people have received treatment in Angola in 2016, and 11.4 million people in
need did not receive treatment simultaneously (WHO, 2016b). Donor support from The
End Fund in regards NTD treatments has covered for LF only 1% of the population,
onchocerciasis 2%, schistosomiasis 50%, STHs 26% and the status for trachoma is
currently unknown (WHO, 2016b; USAID, 2018). Over the past couple of years,
epidemics of diarrhea (bloody stool and viral), human and animal rabies, dengue fever
and chikungunya have been notified, investigated and controlled in Angola. Outbreaks of
dengue and chikungunya have been reported in Angola since 2013, and due to the
presence of other febrile illnesses, mostly malaria, and deficient clinical diagnosis,
laboratory analysis and case reporting, all of which also hampers systematic vigilance,
leading to underreporting of this condition (WHO, 2017). Recently, it has been reported
that about 1,000 individuals have been infected annually with NTDs in Angola according
to the local MoH reports, but no donor support for morbidity management & disability
prevention has been provided so far (USAID, 2018).
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Table 1.3 NTDs current status in Angola.

Status  Disease Description

Buruli Ulcer It was first reported in 1998, in Bengo province by Bar. 27 Angolan refugees were reported in DRC in
2003 (Kibadi et al, 2003). Foci of infection have been identified along Kwango river between Angola
and DRC frontier in 2008 (Kibadi et al, 2008).

Chikungunya An outbreak was reported between 1970-1971 in Luanda simultaneously with a yellow fever outbreak
(Filipe et al, 1973; Pinto et al, 1973). An imported case from Angola was reported in Portugal (Parreira
et al, 2014). This virus has been diagnosed in a traveler from Angola to Japan during yellow fever
outbreak (Takaya et al, 2017).

Cysticercosis Few cases of bovine cysticercosis and taeniases reported between 1996-2005 (Dermauw et al, 2018).

Dengue An outbreak of dengue was reported in 2013 confirming 1,008 clinical cases and 10 fatalities (Schwartz
etal, 2013).

Helminths/other Human strongyloidiasis, giardiasis, cryptosporidiosis and blastocystosis have been reported in Bengo
province and Cubal region (Dacal et al, 2018; Mirante et al, 2016; de Alegria et al, 2017)

Human  African There has been shrinkage of the frequency of human African trypanosomiasis by 49% since 2011 (WHO,

Trypanosomiasis 2016).

Leishmaniasis A single case report of Leishmania infantum infection in Angola was published by Jimenéz ef al, in
1994. Prevalence surveys in 1.9% of dogs in Luanda province (Vilhena ef al, 2014). Suspected cases of
human cutaneous leishmaniasis in Huambo province region in 2017 (Cortes et al, 2019).

Leprosy It ceased to be categorized as a national public health concern by 2005, when the prevalence estimate

3 lowered to less than one case per 10 000 inhabitants. A prevalence estimates superior the national
E average has been registered in some provinces. Available data from Angola presented that 378 new cases
oy were reported. The prevalence reported in 2013 was 1141 cases, which is in line with the elimination
~ target (0.6 cases/10 000 inhabitants) (WHO, 2016).

Lymphatic Endemic in the northern part of the country. About 76.5% of the population are at risk of Bancroftian

Filariasis filariasis as of 2000 (Berger, 2014)

Onchocerciasis The highest prevalence was found 7 provinces (Strangway et al, 1950). About 100,000 were infected
and 2,000 blinds in 1985 (Berger, 2014). Interestingly, the most updated data indicates that from 2005-
2016, at least 1690 people were infected with river blindness in Angola.

Schistosomiasis Majority of the cases were reported in all regions (Grécio, 1978). About 32,216 cases of schistosomiasis
were reported in 1980 (Berger, 2014). Sporadic cases have been reported among travelers to Angola
(Hua et al, 2013). An outbreak was reported between 2008-2009 including 254 casas and 15 fatalities in
Zaire province (Promed, 2008)

Snakebite The prevalence of cases of snakebites accidents in Angola is unknown, however, it can be estimated that
it is high, taking into account the data for neighboring countries. The inexistence of epidemiological data
and the fact that it is not a mandatory reporting disease, hinder the country's real casualties and,
consequently, the management of the supply of antiophidic serums for the treatment of the respective
poisonings (Oliveira, 2017).

Soil Transmitted Reported cases in Bengo (Soares et al, 2013)

Helminthiasis

Rabies Most human rabies is acquired from dogs (Berger, 2014). Notable outbreaks were reported in Luanda,
Uige and Bié (Promed 2009, 2011).

Podoconiosis Suspected cases have been reported (Deribe ef al, 2018).

Dracunculiasis

Foodborne

51 Trematodiases

E Yaws

& Echinococcosis

«E Mycetoma

4 Scabies
Trachoma
Cystiscercosis

Chagas disease
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1.8.6.1. Lymphatic filariasis in Angola

Angola is a country where LF is endemic. The national mapping of the occurrence of the
disease began in June 2015. The mapping is being carried out according to the WHO
mapping script to detect occurrence of transmission of W. bancrofti infection in each
municipality of the country, the basic unit of implementation of health interventions
(Angola NTDs, 2017). The mapping survey has been carried out using as a diagnostic
tool based on blood smear; ICT and Filarial Test Strip (FTS) (ESPEN, 2017).

According to the current results, LF is endemic in the country, with the North, Central
and Eastern provinces being the most affected (Uige, Bié¢, and Kuando Kubango). It is
estimated that the treatment coverage has slightly increased from 0% in 2015 to 1% in
2016, where about 5.35 million are at risk of contracting this disease (WHO, 2016). The
map shown below in Figure 1.11 indicates the status of LF elimination in Angola

(ESPEN, 2017).

For LF, the problem of the cross-reactivity in L. loa endemic areas with the FTS card
highlights that an alternative method is required, and in the absence of any new or
alternative diagnostic tool, the presence of the main clinical symptoms of lymphoedema

and hydrocoele may help to identify if LF is a public health problem.

With the current global interest in the control of NTDs, the Angolan Government and
partners have ensured the implementation of NTDs mapping step by step throughout the
country. Accurate mapping of the distribution of LF is a crucial step for its elimination
programs due to loiasis co-endemicity that can lead to serious adverse events in people

are treated with ivermectin (Bakajika et al, 2014; Brito et al, 2017).
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Figure 1.11: Status of lymphatic filariasis elimination in Angola.
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LF is transmitted by certain anopheline species and the precise incrimination of those
species in Angola associated with transmission is limited. Of the culideos described in
Angola in the 60s, the following W. bancrofti vectors were considered: Anopheles
gambiae, Culex pipiens fatigans, Anopheles funestus, Mansonia and Aedes aegypti
(Casaca, 1966). However, in many regions in Africa the LF vectors, such as Anopheles
funestus and Anopheles gambiae, are the same as those, which are found across all regions

of Angola at varying distributions and species compositions.

In line with the global trends to improve efforts in malaria control Angola has put in
measures to mitigate malaria transmission including vector control using insecticide-
treated mosquito nets, which were distributed during community mass distributions and

had covered less than 25.0% at household level in 2017 (Angola NTDs, 2017).

1.8.6.2 Onchocerciasis in Angola

According to WHO, the CDTI might include several communities where it is being
carried out, and as a result, these communities can span a municipality, province or even
an entire country. Treatment coverage denotes the number of people treated multiplied
by 100 and divided by the total population (exposed population), and in Angola context
it slightly increased from 0% in 2015 to 2% in 2016, meaning that about 5.55 million are
still at risk of infection while 124,000 people have received treatment (WHO, 2016a).
Angola has seven high-risk onchocerciasis areas being targeted with the annual CDTI
strategy, one of which overlaps with part of the loiasis high-risk zone (WHO, 2016; Zouré
et al., 2014). The CDTTI areas were identified through the REMO (Noma et al., 2002),
which is based on community prevalence of skin nodules >20.0% in adults, as part of
APOC's strategy to target and control blinding onchocerciasis (Zouré et al., 2014).
However, the recent change in strategy to expand and eliminate onchocerciasis, by
treating low transmission areas (nodule prevalence < 20%) poses several challenges,

which are being considered by ESPEN (Molyneux et al., 2014; WHO, 2015).

Onchocerciasis is still endemic in 44 municipalities in 9 provinces. The mappings
produced between 2004-2011 show that 3,240 communities are affected and
approximately 2.5 million individuals are at risk, thus requiring mass treatment which

suggests no re-assurance with regard to elimination of the disease (Figure 1.12). Mapping
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of onchocerciasis began in the country in a first phase in 2002 using the REMO
methodology supported by the APOC. A total of 535 villages were selected, but only 114
villages were assessed between January 25 and February 28, 2002. The second phase of
REMO, held in July 2011, covered the remaining 421 villages selected (Angola NTDs,
2017).

Based on these results, 8 community-directed treatments with ivermectin projects were
established in 8 provinces of the country, which implemented an MDA ivermectin
between 2004 and 2015 (Angola NTDs, 2017). Considering the recent change in the
onchocerciasis control paradigm for elimination, between July and December 2015, 177
villages were selected for further mapping and finally only 76 were mapped by the
cutaneous biopsy technique to investigate mf of O. volvulus. The integration of the results
of the two mapping exercises indicates that onchocerciasis is endemic in 12 provinces of

the country.

For the Angolan onchocerciasis and LF national programs to implement MDA using
ivermectin as a constituent drug, it is critical to understand the extent to which the three
filarial infections overlap geographically. This will ensure that safe treatment strategies
are implemented and monitored for impact and potential SAEs. The large-scale RAPLOA
and REMO surveys provide essential baseline information; however, they were
completed at different times, and on different and relatively large geographical scales.
Micro-mapping and overlap-mapping are new approaches developed to delineate risk,
define co-endemicity and target interventions which may be more useful in this loiasis
high risk zone, which comprises both hyper- and hypo-onchocerciasis, and an unknown
LF prevalence (Kelly-Hope ef al., 2014). Given that the programs in Angola are behind
targets for the achievement of elimination and have minimal funding support, the method
to initially assess co-endemicity needs to be simple, rapid and relatively cost effective.
Further for onchocerciasis, the use of skin snips and/or the new OV 16 rapid diagnostic
test are currently not feasible or affordable at a large scale in this low-resource setting

(Kelly-Hope et al., 2014)
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Figure 1.12: Status of onchocerciasis elimination in Angola.
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1.8.6.3 Loiasis in Angola

Knowledge of the distribution and level of endemicity and density of mf of the L. loa is
essential to decide the strategy of MDA of ivermectin in areas co-endemic with
onchocerciasis or LF in the face of the risks of SAEs in individuals with high levels of
mf. In this perspective, following the mapping of onchocerciasis between 2008 and 2011,
RAPLOA surveys were carried out in the areas indicated for the massive distribution of
ivermectin. RAPLOA evaluates the history of the presence of worm in the eye in a sample
of individuals at the place of inquiry. Figure 1.13 shows the delineation of the prevalence
areas of L. loa determined by RAPLOA. This survey was developed as a more
economically feasible alternative to the standard microscopy-based mf detection in blood
smears. This information was used to decide the viability of the treatment, which indicates
that the areas of greatest endemicity are located in the provinces of Bengo, Bié¢ and

Cuando Cubango (Angola NTDs, 2017).

More recently, in 2015, during the survey of onchocerciasis mapping in 76 villages using
the cutaneous biopsy technique, the research and determination of L. /oa mf in the
subjects were included in the survey. The mf levels detected do not represent a risk for
the occurrence of SAEs after ivermectin treatment, with the highest mf density per
microliter being detected in the municipality of Quitexe (6,820 mf/ul). Despite the low
densities detected, this does not preclude the need to establish a pharmacovigilance
system to detect any adverse events that may exceptionally occur following the massive

administration of ivermectin (Angola NTDs, 2017).
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Figure 1.13: Estimated loiasis endemicity.
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Angola has a L. loa high-risk area in Bengo Province in the northwest region of the
country with high prevalence estimates (> 40.0%) and associated risk of SAEs (Zouré et
al, 2011). These risks were defined by RAPLOA surveys conducted in 2003, 2004 and
2008, and support historical studies on filariasis, which also found widespread
onchocerciasis caused by O. volvulus and transmitted by the Simulium vector, but little
evidence of the LF parasite W. bancrofti (Casaca, 1966). The current prevalence of LF in
this area is not known but is expected to be low based on the historical data and recent
modeled map estimates developed by Cano et a/ (2018). Baseline mapping is required to
determine the way forward. However, it will be important to take into account the ongoing
activities of the onchocerciasis program that currently operates in some areas of Bengo

Province.

The situation for implementing an alternative strategy for LF elimination in L. /oa co-
endemic areas is more straightforward, but not without challenges. While the WHO and
GPELF recommends the alternative strategy of twice a year albendazole together with
the use of long-lasting/insecticide treated bed nets (LLIN/ITNs) (Kelly-Hope et a/, 2014;
WHO, 2012); only one or two countries out of the 10 L. loa co-endemic countries have
started to implement this alternative strategy. The reasons for such delays are multi-
faceted, but mainly related to political instability, poor infrastructure and difficult access
to communities (Molyneux et al., 2014). A new practical approach for scaling up the
alternative strategy may help countries to develop action plans, however they will need
considerable funding and support at a national level (Kelly-Hope et al, 2017). In some
LF-loiasis co-endemic areas more refined mapping and definition of risk factors are
important where there is uncertainty about the risk of SAEs and if CDTI or alternative
intervention strategies should be used. The other main challenge relates to measuring
endemicity, which has largely been defined in Africa through mapping community
prevalence of filarial antigen detected with the rapid diagnostic immuno-chromatographic
test card (BinaxNOW Filariasis), and now more recently the Filariasis Test Strip (Weil et

al, 2013; Weil, 2007).

Large-scale parasitological surveys undertaken across Angola over the past decade have
produced broad risk maps and provided some insights into the geographical factors and
potential challenges associated with co-endemicity. However, to fully understand the

potential risks, it is important to examine data on a finer scale, as prevalence can vary
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greatly within a short distance and according to ecological factors such as riverine

breeding sites and forest areas (Kelly-Hope et al, 2014).

1.8.6.4 Mansonelliasis in Angola

Mansonella perstans is categorized as a human filarial nematode that is mostly endemic
in particular areas through sub-Saharan Africa and South America with undefined clinical
symptoms (Akue ef al, 2011). The main demographic aspects of this condition are the
fact that in highly endemic even within the children population and tends to escalate with
age (Bassene et al, 2015). Globally, more than 100 million people might be infected and
roughly 600 million people reside in the 33 countries including Angola. The blood
sucking Culicoides flies are the main vectors and are extremely abundant in tropical

ecosystems (Bassene ef al, 2015).

The problem of the existence of filariasis in Angola, its incidence and distribution, is still
far from being solved, due to the lack of concrete data regarding the various species that
are considered possible to find in the African continent. Except for the specific case of
onchocerciasis, the remaining filariasis need to be the subject of a careful survey, and it
is important at this time to review all the elements that we can gather and have at our
disposal, which are bibliographic, whether statistical, whether observations or other

existing data (Casaca, 1966).

The first record of M. perstans in Angola was made in the 1940s, in the northern region,
and confirmed by microscopy. Since then, although no rigorous identification of the
infesting species has been made, most of the 417 cases reported up to the 1960s, must
correspond to M. perstans, due to their morphology and dimensions (Simonsen et al,
2011). From all the observations, it can be concluded that this filariasis is widely
distributed in the northern part of the country, namely in the provinces of Cabinda, Zaire,

Lunda and Kwanza-Norte; transmitted by Culicoides and Stegomia (Casaca, 1966).
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1.9 Study rationale

Filarial diseases are endemic infections in Angola, representing a serious public health
problem, and the mapping and study of their prevalence is of importance for better
management. In 2010, the population at risk was estimated by the APOC, with
onchocerciasis and loiasis co-endemic in the north and northeast of Angola (WHO,
2013b). However, what is the actual situation of filarial diseases in the Municipality of
Dande, Bengo province? Furthermore, loiasis has recently emerged as a disease of public
health importance when neurological SAEs were reported in individuals with high L. loa
mf after ivermectin treatment. This had a negative impact on the control of onchocerciasis
and LF in areas of co-endemicity with loiasis therefore more detailed knowledge at the

local scale is needed.

In this thesis, the study of the prevalence of filariasis was chosen because it is still a public
health problem worldwide. Understanding LF-loiasis-onchocerciasis co-distribution at a
micro-level, delineating 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
Test-and-not-Treat (TNT) strategy should be used to help minimize risk (Brant et al,
2018). Furthermore, following the baseline parasitological survey from this study, the
resulting data will be analyzed to better understand the epidemiology of filarial diseases
in the study area. The information from this baseline analysis will help to implement

targeted interventions, including monitoring the effects of the interventions.

1.10 Main Aims

The main objective of this study is to support the National NTDs Program through an
original research agenda that addresses critical gaps in the epidemiology and control
of NTDs in Angola in the region of Bengo province. This will develop and assess an
integrated filarial mapping survey to help determine the presence and co-distribution
of onchocerciasis and LF in an area previously identified as one at high-risk L. loa
SAEs. The study builds on the RAPLOA-LF-REMO survey method by adding LF
clinical symptoms, combined with field diagnostics including RDTs, and laboratory
techniques including real-time and nested-PCR, to monitor emerging filarial

infections, both at the individual and epidemiological levels. Furthermore, a finer
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geographical scale map within a high-risk zone than previously attempted will be
implemented. This will help in construction of a rapid integrated filarial ‘RAPLOA-

LF-REMO?’ clinical survey using a new micro-mapping approach.

1.11 Specific Objetives

1. To conduct the most recent status of the literature for L. /oa parasite in regard to
its vector transmission characteristics in Chrysops.

2. To examine the use of the integrated RAPLOA-LF-REMO survey, based on key
clinical manifestations of filarial diseases in the northern region of Angola.

3. Touse amap as a tool for filarial epidemiological analysis based on GIS mapping,
molecular and serological methods in the northern region of Angola for the first
time.

4. To consolidate the overall work, successes and challenges in filarial control.

63



CHAPTER TWO: A CURRENT REVIEW OF LOIASIS AND ITS VECTORS
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In light of the knowledge gaps identified in Chapter 1 concerning the vector management
of Loa loa and the fact that it is not yet formally listed as an NTD by the WHO due to its
wrongly classified benign nature, this chapter seeks to provide an up-to-date assessment
based on the literature for this parasite in regard to its vector transmission characteristics
that may be targeted for control. Nevertheless, the aim of this chapter is to provide within
this chapter a new insight into the potential for integrated vector management (IVM) for
loiasis and its significant epidemiological impact on the elimination programs of the
filarial conditions. Furthermore, the novelty about this chapter is that it is the first

comprehensive literature review of vectors of L. loa for the past 50 years.

The control of Chrysops has not been considered as a viable cost-effective intervention,
and here, the current knowledge of Chrysops vectors is reviewed to assess the potential
for its control, as well as, identified areas for future research. As results, 89 primary
published papers were identified concerning the two main L. loa vectors, Chrysops
silacea and Chrysops dimidiata. These papers were gathered into a database and
categorized by field and laboratory procedures, species distributions, insect ecology,
habitats and methods of vector control. The majority of the articles were from the 1950-
1960s. C. silacea has been described as the most significant and dominant vector species.
The latter vector has been described to be the most attracted to wood fire due to
dissemination of odorous particles rather than carbon dioxide (CO2) involved in the
smoke in the canopy. Main vector targeted measures proposed to impact on L. loa
transmission included defensive such as personal repellents, household screening,
clearing vegetations, while the aggressive control measures included adulticides,
larvicides and indoor residual spraying (IRS). Long ago, control depended mainly on the
regime of insecticides and clearing of vegetation neighboring the residences, but
contemporarily, repellents, trappings and destruction of the canopy are the best-proposed

options around residencies.

This chapter has been published by Kelly-Hope ef a/, in part in as entitled as ‘Loa loa
vectors Chrysops spp.. perspectives on research, distribution, bionomics, and
implications for elimination of lymphatic filariasis and onchocerciasis’, 2017, Parasite
and Vectors, 10:172. In this article, Louise Kelly-Hope, Brent Thomas and myself
contributed for the collation and chronological listing of articles (Appendix 9). David
Molyneux support through the CouNTDown operational projects to the LSTM. This
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study is dedicated to those staff of the LSTM and others who worked in West Africa
during the 1950s on L. loa.

2.1 Introduction to Loa loa and its vectors Chrysops species.

L. loa (Figure 2.1) is transmitted through biological transmission by tabanid flies that
belong to the Arthropoda phylum whose mainly characteristics are the division of the
body into clusters of segments notably the head, thorax and abdomen (Kouam et al, 2017).
Furthermore, they belong to the Insecta class based on three pairs of legs in adult stage, a
single pair of antennae and broad tagmatisation of the body into the head, thorax and
abdomen (Kouam et al, 2017). These species are part of the Diptera order or true flies,
which are characterized by a thorax bearing a single pair of functional wings (Baldacchino
et al, 2014). Their sub-order is Brachynera whose short antennae are usually composed
of different sized segments. The Brachycera face is bulbous and there is no arise of the
antennae (Kouam et a/, 2017). Predominantly, most of the economically tabanids are in

the Chrysopsinae, distinctly the genus Chrysops, and the Tabaninae (Mullens, 2002).

There are two main anthrophilic vector species of tabanid flies of the genus Chrysops that
are C. silacea and C. dimidiata, however, Chrysops distinctiennis, Chrysops zahri,
Chrysops centurionis and Chyrsops longicornis have been reported to be non-primary
vectors of the human strain of L. loa (Akue, 2016; Duke, 1955; Mullens, 2002; Whittaker
et al, 2018). Instead, the later vectors have been reported to support the maintenance of
the simian form of the infection due to the differing biting behavior and periodicities of

microfilarial circulation in the peripheral blood (Whittaker et al, 2018; Duke et al, 1958).

Overall, C. silacea and C. dimidiata are similar with a characteristic color, longitudinal
black stripes on abdomen, mottled wings and large head and eyes (Figure 2.1 — A & B).
In some parts of Africa, C. silacea is known as the ‘Red Fly’ due to its bright orange
abdomen with short black stripes, which was considered distinct from C. dimidiata with
its paler color and broader longer stripes (Kouam et al, 2017). Furthermore, adult females
of the Tabanidae are known to live on a mixed diet, feeding on sugar and blood, whereas
adult males feed exclusively on carbohydrates, averaging about 25 mg per meal in natural
conditions while the average varies about 40 mg in laboratory conditions (Crewe W,

1956; Whittaker et a/, 2018). In contrast to mosquitoes, the minor food intake observed
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in Chrysops might be explained by their preference of feeding from a pool of blood
formed by laceration, in alternative to a capillary, therefore, delaying the agglomeration

of microfilariae within the pool (Gordon et a/, 1953; Whittaker et al/, 2018).

Figure 2.1: A. Female C. silacea, B. Female C. dimidiate. Figures measuring bars = 50

pm.

Source: Wheeler L, 2018.

Moreover, C. silacea was found to be predominant in the cleared forest, particularly in
the villages and in their immediate vicinity, whereas C. dimidiata prefers natural
vegetation, particularly in the rainforest (Iboh et al/, 2012). Smoke of wood fire is
extremely attractive to C. silacea, due to dissemination of odorous particles rather than
CO; involved in the smoke in the canopy (Kouam et a/, 2017). As a result, this mechanism
increases the opportunity of contact between humans and the flies (Duke, 1955). Further
research suggests temperature as an important factor influencing transmission of L. loa
vectors as C. silacea is mostly found in warmer locations ranging around 20-28 °C,
optimal for larvae development, adult density and biting infection, compared to C.

dimidiata (Badia-Rius, et al 2019).

Vector control for Chrysops is particularly difficult due to the scale and remote location
of breeding sites. Chrysop silacea and C. dimidiata bite mostly in the morning and
evening leaving an irritating area on the skin of the person on which they have fed (Akue,
2016). Interestingly, it has been reported that the biting frequency of both species is quite
reduced, only biting once every 5 days, depending on temperature and humidity (Kershaw

et al, 1957; Whittaker et al, 2018)
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2.1.1 Perspective on research

To date the control of the Chrysops vector of L. loa has not been considered as a potential
alternative or additional strategy to address the problem co-endemic loiasis presents to
the LF and onchocerciasis elimination programs. It is possible it could play an important
role if correct vector strategies are deployed. However, a better understanding of the
major vectors transmitting L. /oa is essential and timely given the WHO defined Roadmap
targets for the elimination of LF and onchocerciasis, and the challenges identified (WHO,

2012).

The first comprehensive review of the L. loa vectors for several decades by Kelly-Hope
et al (2017) highlights the key vector transmission characteristics that may be targeted for
vector control providing insights into the potential for IVM, with multiple diseases being
targeted simultaneously, with shared human and financial resources and multiple impacts.
IVM programs for filarial infections, especially in low transmission areas of
onchocerciasis, require innovative approaches and alternative strategies if the elimination

targets established by the WHO are to be achieved.

2.2 Methodology

A systematic search and collation of data in the peer-reviewed published literature on the
two main Chrysops spp. of the vectors of L. loa was conducted using PubMed, JSTOR,
SCOPUS and Google online sources. Information on the articles was collated into a
database in Excel, summarized as the following: publication profile, study features, field
and laboratory procedures, species distribution, ecology and habitats; factors influencing
spatial-temporal transmission, and methods of vector control.Information on the study
locations included in the published documents were geo-referenced and imported into the
geographical information system software ArcGIS 10.1 (ESRI, Redlands, CA) to produce

a new sector distribution map based on the knowledge synthesized in this review.

Based on the information reviewed, key points related to field and laboratory procedures,
species distribution, ecology and habitats, spatial-temporal transmission and methods of
vector control were highlighted in a series of excerpts, and areas for potential future

research were summarized.
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2.3 Results

2.3.1 Publication profile

A total of 89 primary published documents were identified on the two main L. /oa vectors
C. silacea and C dimidiata. These were collated into a database summarizing the
publication, field and laboratory procedures, species distributions, ecology, habitats and
methods of vector control. The majority of articles were from the 1950-1960s (Figure
2.2). Field studies conducted in Cameroon, Democratic Republic of Congo, Equatorial
Guinea, Nigeria and Sudan highlighted that C. silacea is the most important and
widespread vector. This species breeds in muddy streams or swampy areas of forests or
plantations, such as banana, rubber and plantain plantations, descends from forest lower
canopies to feed on humans during the day, is more readily adapted to human dwellings
and attracted to wood fires. Main vector targeted measures proposed to impact on L. loa
transmission included personal repellents, household screening, IRS, community-based
environmental management, adulticiding and larviciding. Therefore, it has been
recognized that in order to control loiasis, a better understanding of the Chrysops species

vectors driving transmission was required.

Figure 2.2: Number of articles per decade 1900-2010.
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2.3.2 Study features: location, type and period

The majority of research was conducted in Cameroon, Nigeria, Congo, DRC, Equatorial
Guinea, Gabon and Sudan. The most common type of study was field-based (n=30) or a
combination of field/laboratory-based (n=28) with only a few exclusively laboratory-
based studies (n=6). Overall, information on the study period was irregular with the year

the study started most regularly documented.
2.3.3 Field and laboratory procedures

2.3.3.1 Collection methods

All field-based studies involved outdoor collections either of adult (hand nets) or
immature-stage/larval (wooded frame sieve) stages and were mainly related to measuring

transmission patterns including species abundance and infection rates.

2.3.3.2 Species identification

Information on species identification were not commonly documented, however, from
the articles published, both C. silacea and C. dimidiata have only been identified and
distinguished from each other by morphological features., specifically the bold colors and

patterns on different body parts such as eyes, and body size.

2.3.3.3 Infection detection

L. loa was documented to be found in the fat bodies of abdomen and to a lesser extent the
fat-bodies of the thorax and head of Chrysops species. L. loa larvae were classified into
different stages including sausage (L1), larval stage 2 (L2) and larval stage 3 or infective
stage (L3), with the development of microfilariae to the infective stage estimated to take
between 10 and 12 days based on laboratory experiments. Dissecting vectors, also known
as parity, was the only method used for detecting infection, and therefore, the dissection
of Chrysops species under a microscope involved separating the head, thorax and
abdomen manually, and identifying the presence (parous) or absence (nulliparous) of L.

loa larva.
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2.3.4 Species distribution, ecology and habitats

2.3.4.1 Distribution and ecology

The broad distributions of the main vectors, C. silacea and C. dimidiata are shown in the
following map (Table 2.1), which were based on available georeferenced data of study
locations and historical maps. Overall, C. silacea and C. dimidiata have been found
throughout the greater part of the tropical equatorial rainforest. They are considered to
become less dominant on the fringes where other species such as C. langi, C. centurionis,

C. zahrai and C. longicornis, may replace them as vectors.

Table 2.1: Summary of primary and secondary Chrysops species main characteristics.

Species Ecological distribution Peak biting time Putative host Main biting location
C. silacea Forest Day Human Ground

C. dimidiata Forest Day Human Ground

C. langi Forest Crepuscular/Nocturnal ~ Monkey Canopy

C. centurionis Forest Crepuscular/Nocturnal ~ Monkey Canopy

C. zahrai Forest-fringe Crepuscular Monkey/Human Canopy/Ground

C. longicornis Forest/Savanna/ Crepuscular Monkey Canopy

Wooded areas
C. distinctpennis  Savanna Crepuscular Monkey/Human Canopy/Ground

Source: Kelly-Hope et al, 2017.

Overall, C. silacea and C. dimidiata were considered to have similar habitats, and in
addition to rainforests, have been found in rubber plantations, palm oil groves and fringes
of mangrove swamps (Figure 2.3). Although these species frequently occur together,
however, in some areas one species was found to dominate the other across different
ecological settings with C. silacea more likely to adapt to human influenced

environments.
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2.3.4.2 Immature stage habitats

The Chrysops larvae and pupae were found to have well defined microhabitats, which
were characterized by densely shaded streams and swamps, shallow slow flowing or

standing water, with fine soft mud covered by layers of decaying leaves.

Figure 2.3: Map showing reported species distribution.
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Source: Kelly-Hope et al, 2017.

2.3.4.3. Adult habitats

C. silacea and C. dimidiata were considered to be forest canopy dwellers descending to
bite the human population in the forested or plantation areas. C. silacea in particular has
been reported to avoid the deepest shade and the brightest sunlight and found to be most
abundant in the patchy lightshade of intermediate areas. This vector has been found to
bite at all levels of the forested areas, and throughout plantations, and will leave shelter

to cross small clearings to enter houses or attack local workers.
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2.3.4.4 Adult host seeking

C. silacea and C. dimidiata were considered to be practically noiseless, persistent daylight
feeders and attack the ankles and the lower limbs most commonly. They are considered
to hunt mainly by sight and noted to be attracted to color and movement; however,
specific studies on host seeking behavior also found an olfactory stimulus related to forest
leaves burning in wood fires; this attraction to fires is perhaps due to the CO, derived

from them. C. silacea was reported to be more attracted to darker colors or the color
blue/light blue.

Both Chrysops vectors peak biting times were closely associated with the diurnal
periodicity of microfilariae of L. loa in humans. Specifically, the biting activity of C.
silacea appeared to increase with a rise in temperature to 66-85 °F and decrease with a

rise in relative humidity of 56-100%.

2.3.4.5 Host preference and patterns

While C. silacea and C. dimidata were associated with the transmission of human L. loa,
it was noted that they may attempt to feed on monkeys and other animals during the day;
however, with monkeys there was minimal opportunity to take microfilaria from the
nocturnally periodic L. loa found in monkeys. Gordon ef al (1953) raised the importance
of understanding the relationship between Chrysops infective density and human
infection rates for control and curative measures, and aimed to define the different levels
of risk, and explain why there may be disparities within and between populations and

subgroups such as adults, children, African and Europeans.

2.3.4.6 Factors influencing spatio-temporal transmission

2.3.4.6.1 Abundance pattern measures

Several factors were identified as influencing the biting cycles and infection rates, which
were primarily related to spatial and temporal environmental and anthropogenic factors.
Adult Chrysops density was based on biting rates, number of flies caught per man per

hour or tabanid per man per day.
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2.3.4.6.2 Spatial environmental factors

Spatial environmental factors were related to the changes in forest density and light
intensity both vertically and horizontally. Several studies examined the relationship
between forested and cleared areas and found decreasing biting rates with deforestation
related to anthropogenic plantation and human development. However, the rate of
reduction varied between sites depending upon the amount and distance from forested
vegetation, as well as by species with C. dimidiata noted to be more confined to forested
areas. C. silacea was more dominant in villages whereas C. dimidiata was rarely found

in the open environment, favoring primary and secondary forested areas.

2.3.4.6.3 Temporal environmental factors

Temporal environmental factors were related to climate and seasonality. For instances,
the rainy season suggests better conditions for the breeding of the Chrysops vectors due
to the presence of high moisture, humidity and very low temperature (Iboh et al, 2012).
On the other hand, extreme conditions are avoided by the Chrysops spp, from bright
sunlight to deep shade in forested areas (Noireau et al, 1990).

2.3.4.6.4 Wood fires

Wood fires were identified as an additional anthropogenic factor influencing transmission
as it was observed that the smoke of wood fires appeared to attract C. silacea and detailed

studies found a six-fold increase in biting densities of C. silacea, but not C. dimidiata.

2.3.5 Methods of vector control

In relation to the control of the Chrysops vector, overall few practical measures have been
suggested; however, several historical articles referred to studies and potential methods
of control can be divided into two main categories and sub-categories including the
following:
(1) ‘Defensive Methods Control’ such as repellents, screening, clearing forest and
bush.
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(ii)

‘Aggressive Methods of Control’, which includes measures directed against
adult and immature stages of Chrysops, such as adulticides and larvicides
respectively. For immature stages, spraying foliage where eggs are laid has
been suggested, and also the possibility of clearing brush and trees to remove
shade or the canalizing of streams to remove stagnant vegetation may help to
reduce fly density. For adults, it has been suggested that IRS may help to
reduce density as they potentially rest on walls and ceilings waiting to obtain
their blood meals or spraying the undergrowth in the vicinity of the oviposition

sites may be of value.

2.3.6 Areas of potential future research

Based on the extensive research summarized in this study, the following areas for future

research should be considered:

1-

Alternative trapping methods for collecting adult Chrysops spp. that do not
involve human landing catches such as Nzi traps or F-traps.

Review and assess the potential range of attractants, including wood-fires and trap
color that may increase adult catch numbers.

Determine the optimal time and labor efficient methods for identifying breeding
sites and collecting larvae for analysis within high-risk communities.

Determine the relationship between Chrysops infection rates and human loiasis
risk, and if xenomonitoring could play a role in determining the level of risk within
a community.

Determine the capacity of local entomologists, community members and field
workers to identify main Chrysops spp. high-risk breeding and biting sites within
communities and workplaces to help target control measures.

Determine if the ecological and climatic aspects of vector habitants and behavior,
including the extent of deforestation and the potential role in reducing risk, can be
predicted over larger geographical areas using remote sensing satellite imagery
and modeled environmental data.

Determine the geographical extent of overlapping vector-borne disease infections
to better determine how ivermectin could be effectively implemented.
Considering the identification problems with the use of traditional taxonomic

tools for Chrysops, as molecular tools may play a pivotal role for the accurate
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identification through mitochondrial cytochrome ¢ oxidase subunit 1 (COI) gene
sequences which became a standard method of identification of species of most
invertebrates (Mugasa et al, 2018; Hebert et al, 2003). Therefore, this technique
is not influenced by sex or a reproductive stage of the targeted taxa, and it is
capable to reveal genetic diversity, which can solve species complexes (Banerjee

etal,2015).

2.4 Discussion

This is the first comprehensive review on the two main L. loa vectors C. silacea and C.
dimidiata in more than 50 years. This is important as these vectors transmit loiasis, which
although not formally listed as an NTD by the WHO due to its wrongly classified benign
nature, has a significant epidemiological impact on the elimination programs for LF and
onchocerciasis (WHO, 2012; Mogoung-Wafo et al, 2019; Kamgno et al/, 2017). Studies
on the epidemiology of loiasis, and the Chrysops vectors that drive transmission should
have more prominence as these studies highlight the potential clinical impact of loiasis
on individuals (Chesnais, 2017). Efforts to scale up elimination activities for other co-
endemic filarial diseases such as LF and onchocerciasis have been prioritized, and all
possible methods of control need to be considered. This review recommends that the
control of L. loa vectors be considered as an additional strategy to reduce its transmission
where the elimination of LF and onchocerciasis is compromised by the risk of L. loa
induced encephalopathies; this may be particularly pertinent in hypo-endemic
onchocerciasis areas where there are currently no safe chemotherapy options

recommended (Kelly-Hope et al, 2017).

The review highlighted that the majority of studies were conducted in the 1950s and
1960s, when there was a surge of interest in the control of loiasis as an important disease.
This was most likely related to the high prevalence found in local populations, rubber
plantation workers and palm grove estates. The work done in Cameroon, and the
significant body of related work published in several series of research papers, has
provided an important and comprehensive foundation from which to build further work
in this field, specifically in relation to the distribution, ecology and epidemiology in high-
risk areas, and methods of targeted vector control, which could be integrated with other

vector-borne diseases (Zouré ef al, 2011). However, this will require a further significant
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surge in interest, funding and purpose for capacity strengthening, as currently there is a
general shortage of medical entomologists in Africa, and only a small pool of scientists

currently working on L. loa.

Moving forward with any form of Chrysops control is likely to be multifaceted given that
C. silacea and C. dimidiata are day-biting vectors that breed in densely shaded muddy
streams and swamps, and rest in forest canopies high above ground-level. While these
characteristics pose significant challenges, several studies indicated that vector control
activities could impact on L. /loa transmission (Kelly-Hope et al/, 2017). Therefore,
Chrysops control or repelling the biting of humans should be considered as an additional
approach to be used in conjunction with other strategies. While this may not be a solution
to reducing the risk of SAEs in the short-term given the duration of the transmission cycle,
it would provide long-term benefits by reducing the number and intensity of infections,
and thereby reducing the frequency of individuals with high microfilariae loads.
Interestingly, a recent cross-sectional study in regards the prevalence and intensity of L.
loa in Cameroon by Mogoung-Wafo et a/ (2019), has suggested a noncumulative nature
of loiasis disease over a period of 23 years, as its transmission remained stable over time.
Therefore, the latter study suggests that post-ivermectin SAEs is unlikely to occur in
untreated communities with this profile. The use of modern tools and technology to
identify local ‘hotspots’ and initiate vector control/repellency studies could be successful
if targeted at the right place, at the right time, with the right intervention (Kelly-Hope et
al, 2017).

For the immature stages of Chrysops, the use of community-based environmental
management and larviciding with new formulations may be considered. Environmental
management including drainage, filling, or clearing of vegetation around onchocerciasis
breeding sites may be possible on a small scale, but is not practical in vast forested areas.
The application of insecticide-based larvicides such as temephos or biological control
agents such as Bacillus thuringiensis that specifically kill dipteran larvae through regular
spraying offers an alternative method. These interventions have low toxicity and have
been used widely in Africa for the control of onchocerciasis (Simulium spp.), control of
Dracunculus (guinea worm) intermediate hosts (copepods) and malaria (4nopheles spp.)

control (Monnerat ef al, 2014).
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For the Chrysops adult stages, the use of personal protection, household screening, IRS,
and community-based insecticide spraying, or trapping may all help to reduce vector-
human contact and transmission. Standard insect repellents have been shown to provide
protection to people if applied regularly, especially in the morning peak biting times,
however, new methods involving transfluthrin-impregnated hessian strips being trialed
against outdoor exposure of malaria (Anopheles), urban filariasis (Culex) and Zika

(Aedes) vectors may also be promising for loiasis (Chrysops) (Govella et al, 2015).

Furthermore, the information collected in this review has been used for a recent study for
modeling habits based a maximum entropy species distribution modeling known as
MaxEnt method (Badia-Rius et al, 2019). As a result, insights into the spatial and
ecological parameters of the L. loa vectors driving transmission have provided a large-
scale environmental analysis through the Chrysops spp. database where it can actually be
used to delineated loiasis risk, which will be major to implement filariasis control and
elimination programs in the equatorial rainforest of Central and West Africa (Badia-Rius

et al, 2019).

These examples also provide insights into the potential for IVM with multiple diseases
potentially being targeted simultaneously with shared human and financial resource and
multiple impacts. However, it will be important to first conduct a situational analysis of
each disease, including an assessment of the epidemiology and entomology, the extent of
geographical overlap, vector control needs and available resources (WHO, 2016; WHO,
2012a). A systematic review and field assessments of tabanid trapping and control
methods in other regions of the world may also help to determine what could realistically

be trialed and used in Africa (Mizell et al, 2002).

Historically, a variety of traps, which the concept is on flight interception foundations and
attraction to great targets, have been commonly used to trap tabanids flies (Blaho et al,
2012). For instances, different trapping methods such as the Nzi trap have been used to

monitor Chrysops species abundance, and attractants such as CO» and octanol have been

shown to potentially improve capture rates, which may be better than the use of wood
fires (Mihok, 2002). Furthermore, Vavoua trap has been also useful for Chrysops spp.
(Desquesnes et al, 2005). Interestingly, a novel trapping technique based on horizontally
polarizing photovoltaic surface has shown a dual function where reflected light signal

engages with polarotactic tabanids; and provides the electricity indispensable to rotate the
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wire; therefore, reporting an efficiency of 92% in full sunshine (Blaho et al, 2012). The
development of a trapping-attractant method for the loiasis vectors in Africa could also
help with large-scale monitoring. Chrysops xenomonitoring has never previously been
proposed as tool to determine community risk but may be a more cost-effective option
than labor-intensive human seroprevalence surveys or RAPLOA (Kelly-Hope et al,

2017).

2.5 Conclusion

The review provides the most recent summary on the current knowledge on the two main
Chrysops vectors, highlighting main field and laboratory procedures, species
distributions, ecology, habitats and potential methods of vector control. Importantly, these
factors may help determine the feasibility of how vector control may be implemented to
reduce L. loa transmission and microfilariae loads in high prevalence communities, and
if as a consequence, could also reduce the risk of SAEs associated with the drug
ivermectin for LF and onchocerciasis elimination. This is particularly important in areas
where a high prevalence of L. loa is co-endemic with hypo-endemic onchocerciasis
‘hotspots’ and the need for alternative strategies and novel approaches is critical if
elimination targets are to be achieved. Focusing on those already infected ignores the role

that the vector plays in driving the epidemiology and the consequent risk of SAEs.
2.6 Future Work

Future work could involve the need to evaluate the genetical differences between C.
silacea and C. dimidiata. There is a gap in the knowledge of species and also in the genetic
variability that may occur within and among species. Whether sibling species or

subspecies occur in the Chrysops species is not known.

Since mathematical transmission models have been greatly used within the NTDs as
guidance and as an indicator of quantification of the effect of intercession towards control
and elimination of NTDs, therefore, bettering the health of many individuals. Since no
mathematical model currently exists for loiasis, there could be a window of opportunity
here to explore this area in a way to deeply comprehend the basis of population of
biological development of this condition through research and advocacy for mobilization

of resources for its control and management (Chesnais ef a/, 2017; Whittaker et al, 2018).
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CHAPTER THREE: MICRO-EPIDEMIOLOGY OF FILARIAL CO-INFECTION IN

MUNICIPALITY OF DANDE, BENGO PROVINCE
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The Republic of Angola has been categorized as a priority country for onchocerciasis and
lymphatic filariasis elimination, but the unknown co-distribution of the filarial Loa loa
has become an impediment due to side adverse effects (SAEs) associated with ivermectin
used in mass drug administration (MDA) campaigns. The Bengo province has been
identified with a significant high-risk of loiasis where different intervention might be
needed to be considered, although the presence and geographic convergence of the three
filarial conditions are not well defined. This study conducted a rapid integrated filarial
mapping based on RAPLOA-LF-REMO survey. In total, 2007 individuals from 29
communities in 5 municipalities were surveyed. Overall low levels of endemicity, with
different overlapping distributions were found. Loiasis was found in 18 communities with
a prevalence of 2.0% (31/1571), which contrasted to previous results defining the area as
a high-risk zone. Onchocerciasis prevalence was 5.3% (49/922) in 8 communities, and
LF prevalence was 0.4% for lymphoedema (8/2007) and 2.6% for hydroceles (20/761
males) in 7 and 12 communities respectively. The clinical mapping survey method helped
to highlight that all three filarial infections are present in this zone of Bengo province.
However, the significant difference in loiasis prevalence found between the past and this
current survey suggests that further studies including serological and parasitological

confirmation are required.

This chapter includes data from the first survey that has been published by Dr Miguel
Brito et al, in part in Parasite Epidemiology and Control journal and entitled as ‘Rapid
integrated clinical survey to determine prevalence and co-distribution patterns of
lymphatic filariasis and onchocerciasis in a Loa loa co-endemic area: The Angolan
experience’, 2017, 71:82, where my main contribution was within the field work as
technical supervisor, and later on as data analyst (Appendix 10). Dr. Pedro Van-Dunem
has contributed as the main NTD coordinator through National Directorate of Public
Health, Angola MoH. Dr Thomas, Dr. Robert and Dr. Benjamin have contributed the
overall implementation of the project through their experience and financially through
the College of Public Health, University of Florida. Dr, Louise and Michelle have
contributed this project from the implementation to elaboration of the maps through

ArGIS 10 software.
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3.1 Current status on epidemiology of Neglected Tropical Diseases in Angola

According to WHO recommendations, Angola has started the mapping of NTDs, where
LF is endemic in 22 municipalities, in the provinces of Huambo, Bi¢, Huila, Zaire,
Cuando Cubango, Luanda and Bengo. Cases of elephantiasis were reported in the
provinces of Huila, Cuando Cubango and Luanda. The strategy based on
chemoprophylaxis with albendazole and DEC in areas of co-infection and ivermectin in

nonendemic areas has been successfully achieved (Angola NTDs, 2017).

With the current global interest in the control of NTDs, the Angolan government and
partners have ensured the implementation of NTDs mapping step by step throughout the
country (Angola NTDs, 2017).

For the Angolan onchocerciasis and LF national programs to implement MDA using
ivermectin as a constituent drug, it is critical to understand the extent to which the three
filarial infections overlap geographically. This will ensure that safe treatment strategies
are implemented and monitored for impact and potential SAEs. The large-scale RAPLOA
and REMO surveys provide essential baseline information; however, they were
completed at different times, and on different and relatively large geographical scales.
Micro-mapping and overlap-mapping are new approaches developed to delineate risk,
define co-endemicity and target interventions which may be more useful in this loiasis
high risk zone, which comprises both hyper- and hypo-onchocerciasis, and an unknown

LF prevalence (Kelly-Hope et al., 2011, 2014, 2015).

3.2 Epidemiology of lymphatic filariasis in Angola

Following an exhaustive historical bibliographic review, there was no concrete reference
to the existence of filariasis by Wuchereria bancrofti in Angola up until the 1960s,
although the disease was first reported in Angola in 1920 by Gillet, it is still little-known
today. Few studies from the country were noted where Pires et a/ (1959) studied on blood
microfilariae in Lunda province (east of the country), therefore diagnosed the existence
of species Acanthoceilonema perstans (Dipetalonema). Azevedo (1964) refers to the
possibility of the existence of filariasis in Angola, without, however, presenting any case
properly as diagnosed by the presence of filaria by microscopy. Casaca (1966) was not

able to confirm the existence of W. bancrofti in Angola as well, as some cases of

82



elephantiasis were registered, but in none of them was the etiology likely due to W.
bancrofii. Further reports from northern Angola suggested cases of elephantiasis and
hydrocele, especially in the Cabinda, Zaire and Uige, but nothing could be said about its
etiology as well (Azevedo, 1964). There are references from Sasa (1976) being the first
to admit the possibility of the existence of filariasis of the species W. bancrofti in northern
Angola, namely Cabinda. Finally, Pinto (1986), in an integrated study of filariasis,
malaria and African trypanosomiasis, studied individuals in the village of Sinde,
Municipality of Buco-Zau, and found a prevalence of parasitemia W. bancrofti and L. loa,
having 4. gambiae and A. funestus mosquitoes as being the identified vectors for both LF

and malaria.

In Angola, W. bancrofii parasite is transmitted by mosquitoes Anopheles, Aedes, Culex
and Mansonia spp. (Pinto et al, 1973), which coincidentally are also vectors of
transmission of the country's greatest endemic disease, malaria. It is popularly known as
elephantiasis, alluding to one of the chronic and stigmatizing forms that affects a number
of those with the disease. It affects individuals living in rural areas and an increasing

number of urban dwellers in poor sanitation (WHO, 2017).

Although bancroftian filariasis may cause a considerable degree of morbidity related to
the acute and chronic forms of the pathology, mortality is almost null (Maciel et al, 1994).
These facts associated with the little information available in regards this disease and the
low demand in health services, since most patients only reach for those services in late
stages of the disease, often disfiguring, makes this endemic condition a negligence in
Angola (Bungo, 2002).The current prevalence of lymphatic filariasis in Bengo region is
not known but is expected to be low based on the historical and current data (Brito et al,

2017.)
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3.3 Epidemiology of onchocerciasis in Angola

From the bibliographic review carried out, few published studies from Angola were
noted. And even in these, there is greater emphasis on onchocerciasis, which had its first
publication in 1950 by Strangway ef al. In 1961 the Institute for Medical Research
presented the Conference on Onchocerciasis in Africa, which summarized the knowledge
available at that time on onchocerciasis in Angola. Table 3.1 shows the geographical
distribution at the time of 30 Similium species identified so far in the Angola territory in
the 60s. Of all these species, only S. damnosum and S. albivirgulatum were clearly
anthropophilic. However, the only species that behaves as a vector is the S. damnosum,

whose distribution is schematized on the Figure 3.1.

Onchocerciasis has been reported in Angola since the 50s and its annual CDTi strategy

has been implemented since 2005 (Angola NTDs, 2017).

Figure 3.1: Distribution map of S. damnosum in Angola. S. damnosum present (-+), S.

damnosum absent (-0).

Source: Casaca, 1961
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Table 3.1: Distribution of Simulium species in northern region of Angola.
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3.4 Epidemiology of Loa loa in Angola

Loiasis is widespread mainly in the northern of Angola. Until the 1960s this endemic
disease has ever been exclusively a subject of a methodical survey to verify its existence,
but doctors who have worked in that region have already mentioned it for a long time.
While doing a work in the Mission of identifying tropical diseases and later in the Institute
of Medical Research, from 1953 to 1966, it was possible to observe some cases of loiasis,
either in the very places where the disease was contracted, or in patients coming from
several points of Angola. As a result, almost all cases were clinically diagnosed by the
passage of the adult worm by the conjunctiva or by its repetition under the dermis after

administration of DEC or by the appearance of Calabar swellings.

Of the known Chrysops species, C. dimidiata and C. longicornis, have already been
described as existing in northern Angola which brings up in favor of the possibility of
existence of the loiasis only in the northern of Angola (Casaca, 1966). Angola has a L.
loa high-risk area in Bengo province in the northwest region of the country with high

prevalence estimates (>40.0%) and associated risk of SAEs (Zouré et al, 2011).

3.5 Methodology
3.5.1 Study location

Bengo province borders Luanda (South), Zaire (North), Uige (northeast, and Kwanza
Norte (East) provinces, and has an area of 31,371 Km? and a population of 351 579 with
the majority of people living in rural areas basic housing, and limited access to electricity,
clean water or sanitation (Costa et al, 2012; INE, 2014; Figure 3.2). Bengo province has
a tropical climate, with an average temperature of 25 °C and a rainy season from October
to April with peaks in November/December and March/April. It has large areas of rain
forest as part of Kissama National Park and Kibinda Forest Reserve, as well as forest-
savanna mosaic, savannah and woodland vegetation. Several large rivers run through the
province including de Dande River, which flows rapidly from the higher eastern region
to the western lowlands where it flows through the capital, Caxito, into the Atlantic Ocean

(INE, 2014).
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Figure 3.2: Health and demographic surveillance area in the Dande Municipality, Bengo

province, Angola
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3.5.2 Study sites

The study was primarily focused in the CISA area (Centro de Investigagdo em Saude de
Angola/Health Research Centre of Angola) of Dande Municipality, which comprises the
three communes of Caxito, Mabubas and Ucua. The CISA includes the Dande Health
Demographic Surveillance System, which operates an ongoing population monitoring
system across 69 geo-referenced communities comprising approximately 16,000
households, and a population of approximately 60,000 inhabitants in an area of 4,700
Km? (Costa et al., 2012).

The population density in Dande Municipaliity is 217 929, with approximately 13

inhabitants per Km2, and has both urban and rural characteristics, with 16 communities
in the main town of Caxito (Censo, 2014). The landscape is primarily savanna with a
forest gallery around the riverbanks and higher areas. The Dande, Lifune and Ucua rivers
run through the area and have permanent water flow, with many lakes surrounding lower
parts of the Dande. Figure 3.3 shows photos of the landscape, including rivers, vegetation
and typical houses. The presence of the river and the thick vegetation provide grounds for

breeding of mosquitoes and flies.

Figure 3.3: The landscape, including rivers, vegetation and typical houses from Dande

Municipality. A, D-Typical vegetation, B, C-Typical river, E, F- Typical houses.
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3.5.3 Inclusion criteria

Any willing participant who had lived in the study area for at least three years and was

above the age of five years was eligible.
3.5.4 Exclusion criteria

People who had not lived in the study area for the last three years and are younger than

14 years old were excluded from the study.
3.5.5 Mapping strategy and field logistics

As spatial analysis has the capacity to map out the distribution of diseases, it enables
integration of information and thus constitutes a powerful tool for planning, monitoring

and controlling endemic diseases.

To determine the prevalence and co-distribution of the filarial diseases at a fine
geographical scale across in the study area, a rapid integrated micro-mapping activity
assessing the evidence of key clinical conditions was conducted in January-February
2014. One community was selected from within a 15 km grid which was created in the
geographical information system (GIS) software (ArcInfo 10, ESRI, Redland CA) to
demarcate a 5-15km distance between each, to ensure that prevalence was measured at
regular spatial intervals across the entire study area and to incorporate a range of

environmental characteristics.

In the adjacent five municipalities, only one or two communities were selected to provide
insights into the endemicity in the surrounding CISA areas. Communities were selected
if they reported more than 100 adult (>15 years) inhabitants according to the guidelines
for rapid mapping of bancroftian filariasis in Africa. In each community, all adults
presented at the time were invited to participate, and the first 100 individuals accepting
the invitation were included in the survey. CISA research team based in Caxito
implemented the mapping survey. In total, five research assistants were trained in the
detection of LF, onchocerciasis and loiasis clinical conditions using a short survey and
physical examination, in accordance with the rapid mapping assessment methods

described below.
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3.5.6 Filarial clinical indicators
3.5.6.1 Lymphatic filariasis clinical indicators

To determine the presence of lymphatic filariasis, all participants aged above 15 years old
underwent physical examination that included evaluation for lymphedema of the
extremities (tissue swelling or thickening), hernias, and palpitation of the testicles and

scrotum (scrotal swelling), verified by a local medical officer.
3.5.6.2 Onchocerciasis clinical indicators

The clinical presentations of onchocerciasis are predominantly dermal, lymphatic, and
ocular in character and are a result of host inflammatory reactions in the tissue to the dead

microfilaria (Remme et al, 2017).

To determine the prevalence of onchocerciasis, the basis of the REMO method was used
(Noma et al., 2002). The standard REMO method was developed for APOC to delineate
zones of endemicity, identify CDTi-priority areas and estimate the number of people to
be treated. It samples a proportion of villages to determine the prevalence in the local area
by feeling for sub-cutaneous worm nodules in 50 adult males, who are aged >20 years
and have lived in the community for at least 10 years. If >20% of adults have nodules,
the local area is considered to be a CDTi-priority area, and where nodule prevalence is
<20% then clinic-based treatment is applied. In this current study the REMO method was
used. However, because the area was hypo-endemic both males and females were

included with exception of pregnant women and those that were breastfeeding.
3.5.6.3 Loa loa clinical indicators

To determine the prevalence of L. loa, the rapid assessment procedure for loiaisis
(RAPLOA) diagnostic survey method was used based on Takougang et a/ (2002) and
Zouré et al (2011). RAPLOA is based on an individual’s history of eye worm, with

information obtained from a simple short non-invasive survey (Annex 2).

Loiasis was confirmed in an individual when the answers to the three questions were all
positive ‘yes’. This is considered to be the restricted definition of eye worm or loiasis and
has been found to correlate with high L. loa microfilariae rates and risk of SAEs (Addiss

et al., 2003). An unrestricted definition of loiasis is considered to be a positive response
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to the first question only. In each community, individuals aged >15 years and whom had

resided in the area for at least 5 years were selected for assessment.
3.5.7 Data Analysis and mapping

After running the RAPLOA-LF-REMO survey, the geographic coordinates (latitude,
altitude) of the community were collected using a geographical positioning system (GPS)

unit in a central point of the village (Appendix 4 and 5).

All survey data were entered into Microsoft Excel 2010 by the CISA team, and IBM SPSS
statistical version 21 Software was used for analysis. Prevalence distributions by sex
(male, female), and age class (15-19, 20-29, 30-29, 40-49, 50-59, >60) were summarized
and statistical differences examined using the chi-square test (p-value significant <0.05).
The GPS locations of the communities and households within the CISA area were
available from the Health Demographic Surveillance System (HDSS) in Dande. The
filarial prevalence in each CISA community was mapped using ArcGIS 10 (ESRI,
Redland CA), and communities found to have more than five cases and multiple filarial
diseases were further mapped by household to better understand the co-distribution at a

micro-level.
3.5.8 Ethics, consent and patient referrals

The Ethical Committees from the Ministry of Health of Angola and the Liverpool School
of Tropical Medicine Research approved the survey (Appendix 1). Written informed
consent was obtained from each respondent and was orally explained if respondents were
illiterate (Appendix 1 and 2). For those who refused to participate, no further questions
were asked, and no information was recorded. For those individuals who consented, their
name, sex, age and years of residence in the community were recorded before proceeding
with the questions about filarial clinical conditions. For individuals found to be positive
for clinical conditions, information on risk factors and prevention were provided, and they
were referred to the local health services, which had previously been informed of the
survey’s activities. As part of the HDSS in Dande, an established communication system
is already in place between the CISA team and all community clinics, therefore good

support and follow-up for the patients could be provided.
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3.6 Results
3.6.1 Fieldwork

This study was conducted in January-February 2014. In total, 29 community study sites
were sampled across the six municipalities, being the majority from CISA area in Dande
Municipality (Figure 3.4; Table 3.2). All study sites were within endemic areas of LF,
onchocerciasis and loiasis as defined by the modeled maps with a range of prevalence
distributions as shown in maps in Figure 3.5 A-D. For loiasis, all sites were in pre-defined
high-risk ‘hyper-endemic’ areas (>40%), for onchocerciasis the majority of sites were in
pre-defined low risk ‘hypo-endemic’ areas (<20%) with approximately one third in CDTi
priority areas (>20%), and for LF, all sites were in very low (< 5%) or low (5-20%) "hypo-

endemic’ areas as defined by the modeled mf map.

Figure 3.4 Study sites in Dande Municipality
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About half of the sites (n=13; 48.1%) had lower than the expected number of adults
meeting the inclusion criteria, which is likely due to population movements associated
with long-term civil conflict, seasonal (agricultural) employment, charcoal activity and
rural-to-urban immigration trends, which is now common in this area after the war. This
is limited the analysis as it was not possible to include necessary sample size of 100
individuals or assess the prevalence in those individuals, who are most often men, as they

were not present, apparently working outside the village.
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Figure 3.5 Filarial prevalence distributions in CISA communities. A- Loiasis,

B- Onchocerciasis, C- LF hydrocele, D- LF lymphoedema
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Table 3.2: Summary of study sites, population and individual samples.

Municipality Population* N of N examined N males N females  Average
sampled age
villages (years)

Dande 217929 23 1.380 495 885 41

Ambriz 21806 2 191 51 140 39

Pango-Aluguem 6571 1 99 54 45 31

Dembos- quimbaxe 28202 1 117 56 61 26

Bula Atumba 16047 1 116 60 56 36

Nambuangongo 61024 1 104 45 59 34

TOTAL 351579 29 2.007 761 1246 40

* Total population recorded during the National Census 2014

In total, 2007 individuals were surveyed, with numbers ranging from 9 to 149 in each
community study site. There were 761 males (37.9%) and 1246 females (62.1%), with
average age of 40 years, ranging from 15 to 94 years based on 1558 individuals reporting
their age. Figure 3.6 presents the sampling and analysis framework for each disease with
details on the numbers, prevalence rates by age, sex and community study site described

below and outlined in Table 3.3-3.7.
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3.6.2 RAPLOA survey

For loiasis, 1571 individuals were included in the community analysis based on the
RAPLOA inclusion criteria. In total, 346 individuals (22.0%) stated that had experienced
a worm moving in their eye; of those 55 individuals (16% of 346; 3.5% of 1571)
confirmed the worm with the picture shown by the interviewer, with 31 individuals (56%
of 55; 2% of 1571) confirming the most recent episode being between 1 and 7 days (Table
3.2, Figure 3.5). There were no significant differences between males and females in the
unrestricted and restricted eye worm definitions (Table 3.4). Of the 29 communities
surveyed, a total of 18 communities were found to have loiasis positive individuals based

on the restricted definition.

Overall, prevalence ranged from 0%-10%, and the distribution in the CISA areas only is
shown in Figure 3.5 A-D, which highlights that positive communities are located
throughout the area with no obvious geographical pattern of clustering. When examining
prevalence by age and sex (based on 1558 individuals who provided information), overall,
no significant differences between males and females or by age class were found (Table
3.3). Community-level age and sex analysis was not possible due to the low numbers,
with most communities reporting one or two loiasis cases, and only Tabi (Ambriz
Municipality) and Muxaluando (Nambuangongo Municipality) reporting three to five

positive cases including both sexes and a range of age class.

Table 3.3: Comparison of loiasis prevalence based on restricted and unrestricted

RAPLOA definitions.
N N included in N % N Positives % Positives N Positives % Positives
examined RAPLOA * yes to yes to yes to 2 yes to 2 yesto 3 yes to 3
question 1 question 1 questions questions questions questions
Total 2007 1571 346 22.0 55 3.5 31 2.0
Male 761 592 117 19.7 17 2.9 15 2.0
Female 1246 979 229 23.4 38 3.9 25 2.0

* Persons older than 15 years old and that have been resident in the village for at least 5 years
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Table 3.4: Summary of loiasis distribution measured by RAPLOA methods.

Municipality Village N Nincluded Positives %
examined RAPLOA * RAPLO Positive
A RAPLOA

Dande Total Dande 1380 1010 18 1.8
Agucareira Sede 99 68 1 1.5
Sassa Povoagao 101 76 0 0.0
Total 200 144 1 0.7
Boa Esperanga 2 100 89 2 2.2
Bunba 41 26 2 7.7
Honga Hungo 46 33 1 3.0
Icau Centro 24 22 1 4.5
Jungo 99 65 2 31
Kilometro 29 27 20 2 10.0
Mabubas 125 95 1 1.1
Mazaza 25 18 0 0.0
Muceque Teba 34 18 0 0.0
Muculo 52 44 1 2.3
Quilengues 32 30 0 0.0
Santa Ambuleia 65 41 0 0.0
Total 670 501 12 24
Caprédio 9 4 0 0.0
Lifune Napasso Kicabo 53 37 2 54
Total 62 41 2 4.8
Catuta 36 31 0 0.0
Cheru 48 37 1 2.7
Coragem 100 67 1 1.5
Kacamba 25 11 0 0.0
Mussenga 98 71 0 0.0
Trés Casas 92 74 1 1.4
Vida e Sacrificio 49 33 0 0.0
Total 448 324 3 0.9
Ambriz Total Ambriz 191 185 4 2.2
Capulo 42 42 1 2.4
Tabi 149 143 3 2.1
Pango-Aluquem
Cazuangono 99 87 2 23
Dembos-Quimbaxe
Coqueiros 117 87 0 0
Bula Atumba
Ibundo 116 106 2 1.9
Nambuangongo
Muxaluando 104 96 5 5.2
TOTAL Bengo - 2007 1571 31 2.0%

* Persons older than 15 years old and that have been resident in the village for at least 5 years
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3.6.3 REMO survey

For onchocerciasis, there were 988 individuals from 8 communities who were included
in the analysis based on the REMO inclusion criteria, with 49 individuals (5.3%) found
to have palpable nodules (Table 3.5, Figure 3.5). Of the 29 communities surveyed,
initially 18 communities found positive individuals, however only 8 communities met the
required minimum numbers of 50 male adults. For the purpose of this study in a hypo-
endemic area, all data were included in the analysis and mapped. Overall, the prevalence
ranged from 4.8% to 7.6% in the 8§ REMO communities, and from 2.9% and 42.9% in the
other communities with fewer individuals surveyed. The distribution of all communities
in the CISA area is shown in Figure 3.5 B, which highlights that the positive communities
are located throughout the study area with no specific geographical pattern. When
examining prevalence by age, overall, there was an increasing prevalence by age, which
was found to be significant overall, and in the female sub-group (Table 3.6). Community-
level age and sex analysis was not possible due to the low numbers of only 3/7 positive

cases found in each community.
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Table 3.5: Summary of onchocerciasis nodules distribution measured by REMO

method.
Municipality Village N Nincluded  Positive %
Commune examined REMO * Nodules Positive
Nodules
Dande Total Dande 1380 486 26 53
Caxito Total 200 97 6 6.2
Agucareira Sede 99 34 1 2.9
Sassa Povoacao 101 63 5 7.9
Total 670 261 15 5.7
Boa Esperanga 2 100 66 5 7.6
Bunba 41 18 0 0.0
Honga Hungo 46 7 3 429
Icau Centro 24 16 1 6.3
Jungo 99 23 1 43
Kilometro 29 27 10 1 10.0
Mabubas 125 55 3 5.5
Mazaza 25 7 0 0.0
Muceque Teba 34 8 0 0.0
Muculo 52 18 0 0.0
Quilengues 32 7 0 0.0
Santa Ambuleia 65 26 1 3.8
Total 62 24 0 0.0
Caprédio 9 | 0 0.0
Lifune Napasso Kicabo 53 23 0 0.0
Total 448 104 5 4.8
Catuta 36 21 2 9.5
Cheru 48 25 0 0.0
Coragem 100 19 0 0.0
Kacamba 25 7 1 14.3
Mussenga 98 8 1 12.5
Trés Casas 92 17 1 59
Vida e Sacrificio 49 7 0 0.0
Ambriz Total 191 163 7 4.3
Capulo 42 33 0 0.0
Tabi 149 130 7 54
Pango-Aluquem
Cazuangono 99 63 3 4.8
Dembos- quimbaxe
Coqueiros 117 50 3 6.0
Bula Atumba
Ibundo 116 86 5 5.8
Nambuangongo
Muxaluando 104 74 5 6.8
TOTAL Bengo - 2007 922 49 5.3%

* Persons older than 20 years old and that have been resident in the village for at least 10 years
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Figure 3.6: Sampling and analysis framework.
Total sample
2007
I |
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3.6.4 Lymphatic Filariasis clinical signs

About 2007 individuals were eligible for inclusion in this study. In total, 8 individuals
(0.4%) were found to have leg lymphedema and 20 men were found to have hydrocele
(2.6%) (Tables 3.6 & 3.7; Figure 3.6). Of the 29 communities surveyed, a total of 7
communities reported lymphedema cases, 12 communities reported hydrocele cases and
3 communities reported both clinical conditions, however, different individuals were
affected. For lymphedema, no significant differences by age and sex were found;
however, for hydrocele, there was an increasing prevalence by age class with significant
differences found (P-value <0.001). The highest hydrocele prevalence rates were reported
among men aged over 50 years, which ranged from 3.4% to 8.5%. The distribution of LF
clinical cases for the CISA area are shown in Figure 3.5 C and highlight that there is no
specific geographical pattern for either condition or a very low prevalence of lymphedema

in the area.
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Table 3.6: Prevalence of loiasis, onchocerciasis and LF by sex and age class.

Prevalence
Loa loa Onchocerciasis. Lymphatic filariasis

Lymphoedema Hydrocele
Age class N % N % N % N %
Total 15t0 19 167 1.8 - - 254 0.8 -- --
20 to 29 312 1.3 214 1.4 439 0.2 -- --
30 to 39 275 2.9 199 35 356 0.6 -- --
40 to 49 242 2.1 149 54 292 0.0 -- --
50 to 59 269 1.5 164 7.9 318 0.3 -- --
> 60 293 2.4 196 9.2 332 0.6 -- --
Chi-square ns p<0.001 ns -- --
Male 15t0 19 80 2.5 - - 116 0.0 116 0.0
20 to 29 110 0.0 86 1.2 157 0.6 157 0.6
30 to 39 92 33 65 6.2 118 0.8 118 0.8
40 to 49 86 23 51 3.9 108 0.0 108 1.9
50 to 59 95 1.1 51 7.8 116 0.0 116 34
> 60 125 1.6 87 6.9 142 0.7 142 8.5

Chi-square ns Ns ns p<0.001
Female 15t0 19 87 1.1 - - 138 1.4 -- --
20 to 29 202 2.0 128 1.6 282 0.0 -- --
30 to 39 183 2.7 134 2.2 238 0.4 -- --
40 to 49 156 1.9 98 6.1 184 0.0 -- --
50 to 59 174 1.7 113 8.0 202 0.5 -- --
> 60 168 3.0 109 11.0 190 0.5 -- --
Chi-square ns p<0.001 ns -- --
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Table 3.7: Summary of clinical LF distribution measured by the presence of

lymphedema and hydrocele.

Municipality Village N Positives % Positive N Positives % Positive
examined  Lymphodema  Lymphodema  male  hydrocele  hydrocele
Dande Agucareira Sede 99 0 0.0 24 0 0.0
Caxito Sassa Povoagao 101 1 1.0 32 0 0.0
Boa Esperanga 2 100 0 0.0 30 0 0.0
Bunba 41 0 0.0 17 0 0.0
Honga Hungo 46 0 0.0 15 1 6.7
Icau Centro 24 0 0.0 8 1 12.5
Jungo 99 0 0.0 33 0 0.0
Kilometro 29 27 0 0.0 10 2 20.0
Mabubas 125 0 0.0 37 0 0.0
Mazaza 25 1 4.0 15 0 0.0
Muceque Teba 34 0 0.0 21 2 9.5
Muculo 52 0 0.0 24 1 4.2
Quilengues 32 0 0.0 16 0 0.0
Santa Ambuleia 65 2 3.1 32 0 0.0
Caprédio 9 0 0.0 4 0 0.0
Lifune Napasso Kicabo 53 0 0.0 14 1 7.1
Catuta 36 0 0.0 7 0 0.0
Chert 48 1 2.1 16 1 6.3
Coragem 100 0 0.0 29 0 0.0
Kacamba 25 0 0.0 14 2 14.3
Mussenga 98 0 0.0 43 4 9.3
Trés Casas 92 0 0.0 34 1 2.9
Vida e Sacrificio 49 0 0.0 20 0 0.0
Total 1380 5 0.4 495 16 3.2
Ambriz Capulo 42 0 0.0 5 0 0.0
Tabi 149 1 0.7 46 2 43
Total 191 1 0.5 51 2 3.9
Pango-Aluquem Cazuangono 99 0 0.8 0 0 0.0
Dembos- quimbaxe  Coqueiros 117 1 0.9 56 0 0.0
Bula Atumba Ibundo 116 0 0.0 60 0 0.0
Nambuangongo Muxaluando 104 1 1.0 45 2 4.4
TOTAL - 2007 8 0.4 761 20 2.6
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3.6.5 Micro-mapping co-distributions

Overall, there was no distinct geographical pattern of the presence or absence of the
different filarial diseases in each of the CISA study communities. Four communities were
found to co-endemic for all three filarial diseases, and four communities had none. The
presence of loiasis cases was found in two villages, onchocerciasis cases alone in one
community, and LF cases alone in two communities. The presence of loiasis and
onchocerciasis cases was found in four communities, and loiasis and LF cases alone in
two communities, while the presence of onchocerciasis and LF cases was found in four

communities.

The communities of Boa Esperanca 2, Honga Hungo, Kilometro 29, Mussenga, Sassa
Povoagdo were found to have >5 filarial cases and were located across the study area
(Figure 3.5 A). The results from the micro mapping are presented in the following Figures
3.5 B-F and 3.7 and highlight the ‘within-community’ distribution of each filarial disease.
Only one individual from one household in Boa Esperanca 2 community was found to
have clinical conditions related to two cases (loiasis and onchocerciasis) while all other
communities reported the presence of cases from different households, indicating the

absence of co-infection.
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Figure 3.7 Micro-mapping filarial in high-risk communities.

A. Communities with > 5 filarial cases

B. Mussenga
) +
Ao
@, O
A
L
0 04 02 kms v‘
D. Honga Hungo
) o+
Q. " ° od
5 @ o * \
o 0 -
-,g“&_ £ g e
o & e
0 041 02kme 0 0375075 kms
! 1 |

0 02 04 kms
| S——

102

Legend

Loiasis
Onchocerciasis
Hydrocoele
Lymphedema
No cases

by 2 2 2

D1. Honga Hungo

F1. Kilometro 29

- >

L L

© 0a28 e
[fara



3.7 Discussion

This is the first survey in the Municipality of Dande, province of Bengo, Angola, to
determine the presence of the filarial infections using rapid field methods based on key
disease specific clinical conditions. The approach builds on the well-established
RAPLOA-LF-REMO survey method, which have been used extensively across Central
and West Africa to define prevalence distributions and direct treatment strategies (Noma
et al., 2002; Takougang et al., 2002; Zouré et al., 2014). To-date, only one integrated
RAPLOA-REMO survey in neighboring DRC has been reported, which found significant
differences in co-endemicity across the country (Tekle et al., 2011). Bordering Angola,
the Bas Congo region in DRC had reported SAEs (WHO, 2004a, 2004b), and the
availability of loiasis, onchocerciasis and LF data, enabled simple maps and models to be
developed to highlight the specific high-risk areas (Kelly-Hope et al., 2015, 2014). This
is particularly important for Angola, as the current study in Bengo province was
conducted in a previously defined high-risk area (Zouré et al., 2011), where the filarial

diseases were found to be present.

The rapid integrated filarial ‘RAPLOA-LF-REMO’ clinical survey method used here in
Angola also included a new micro-mapping approach to determine prevalence
distributions at a fine geographical scale. Study communities were mapped on a scale of
~5-15km apart, which helped to highlight the wide variability in prevalence of all three
infections in the relatively small CISA area (Costa et al., 2012). However, due to some
small community sample sizes, and a highly mobile population with some potentially ‘at
risk individuals’ absent from the study, accurate estimates of risk were compromised.
This fact highlights how risk and population dynamics can change over time, and that
there is a need for up-to-date information and assessments before treatment strategies are
implemented. Notwithstanding these limitations the overall prevalence was low (defined
as meso-to-hypo endemic), with no obvious spatial patterns found, the communities with
a higher risk of one or more diseases were readily identifiable. This has provided
important preliminary information to the national programs as a ‘first step’ in
understanding the local filarial epidemiology and will help to investigate community risk
in more detail as a ‘second step’ by assessing serological and parasitological prevalence
rates, and other potential risk factors including the main vectors of loiasis (Chrysops spp)
and LF. It will also help to determine if alternative intervention strategies are required

(Kelly-Hope et al., 2017, 2015).
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For loiasis, a significant difference was found between the current survey data with the
RAPLOA modelled maps from 2010 (Zouré et al., 2011). The reason for this significant
difference is unclear but may be related to the timing and spatial resolution of data
collected as previous surveys were only conducted in a few villages between 2003-2008
(Zouré et al., 2011). It may also be related to levels of deforestation, tree cover change
and recent seasonal migration patterns as many people were not available for the survey,
and/or urbanization changes in the area (Costa et al., 2012; Censo, 2014; Hansen et al.,
2013; World Resources Institute, 2017). Further investigation is needed to better
determine L. loa prevalence, as it may be underestimated. If the L. /oa risk is found to be
meso-endemic, then the risk of SAEs is also likely to be higher. However, the proportion
of individuals with high L. loa mf loads (>30,000 ml) in such meso-endemic areas is
unknown as only a few studies have been conducted, and primarily focused on the
relationship between RAPLOA and mfTates in high transmission areas (Addiss ef a/ 2003;
Boussinesq et al, 2001; Schluter et al, 2016; Takougang et al, 2002; Wanji et al, 2012).

For onchocerciasis and LF, there was more correlation between the current survey results
and modeled levels of endemicity. However, it is important to note that higher
onchocerciasis prevalence was found in drug naive communities outside the defined
CDTi area and coincided with communities with a high prevalence of loiasis. A better
understanding of the risks and benefits of extending the current CDTi boundaries or
whether alternative strategies including doxycycline (Molyneux et al, 2003), and/or
vector control for both Simulium spp and Chrysops spp are required (Kelly-Hope et al,
2017). An extensive review of Chrysops spp suggests that various forms of vector control
or new repellent approaches to deter day biting vectors may reduce risk and thus L. loa
mf loads, which could be a novel intervention in low onchocerciasis transmission areas
(Kelly-Hope et al, 2015, 2017). Such hypo-endemic onchocerciasis areas are now priority
for ESPEN (WHO, 2015), who could provide further strategic, operational and technical

support for the implementation and systematic monitoring of safe and effective strategies.

For LF, the few clinical cases verified by medical officers helped to confirm that they
were not inguinal hernias. There may be more and/or missed hydrocele cases in the
community given the mobility of the population and social sensitivities of exposing legs
and genitalia. However, it is likely that the well-monitored HDSS operating in this region
would have identified the magnitude of the problem already. While the hydrocele rates in

low endemic areas may not be a reliable predictor of prevalence compared with highly
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endemic communities (Eigege et al, 2003; Gyapong et al, 1998), the data indicate that
transmission is low, which is in accordance with historical data (Casaca 1966). A random
sample of night bloods to detect microfilaremia may have helped to confirm the low LF
prevalence and could be included in the more detailed ‘secondary step’ serological
assessments in the future. Nonetheless, this initial clinical survey, suggests that LF
transmission may be readily interrupted with the WHO recommended alternative strategy

of albendazole twice yearly plus vector control (Kelly-Hope et al, 2017, WHO, 2012).

Further for LF, collaborative links with the national malaria control program will be
essential to help increase bed net coverage, which is very low with only around one third
of households owning an ITN (Cosep Consultoria Consaude and ICF International, 2011).
Morbidity management and disability prevention may be readily addressed through
home-based lymphoedema care, and surgery for the few men identified with hydrocoele
(WHO, 2013a, 2013b). This epidemiological pattern of low LF prevalence in L. loa
endemic area has been found elsewhere in DRC and Chad (Bakajika ef a/, 2014; Bregani
et al, 2007; Tekle et al, 2011), and supports the idea that elimination may be more easily
achieved in these co-endemic areas than previously thought. This LF-loiasis pattern also
supports the idea of competitive exclusion of filarial parasites in Africa (Molyneux et al,

2014).
3.10 Conclusion

A better understanding of the extent and intensity of serological and parasitological co-
infections is essential, and how risk and populations may have changed since the original
loiasis mapping is required for the scale-up of safe and effective treatment strategies
(Molyneux et al., 2014). It is feasible that the rapid integrated clinical survey method
presented here could be conducted across a larger geographical region in selected ‘data
naive’ co-endemic areas as an initial risk mapping model. This will highlight the range of
co-endemic patterns in the different regions of the country, and provide a broader
perspective of the potential resources, specific investigations and technical expertise that
may be needed. This is important, as the Angolan LF elimination program will face
several challenges in implementing and monitoring the impact of several intervention
strategies across the country. It will require significant collaboration, and human and
financial support from international partners and stakeholders over the next couple of

years in order to accelerate the national targets and global goals (WHO, 2015).
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CHAPTER FOUR — MOLECULAR AND SEROLOGY BASED ASSAYS FOR DETECTION OF

FILARIAL DNA IN POPULATION OF MUNICIPALITY OF DANDE, BENGO
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To treat a filarial condition based on mass drug administration (MDA), it is essential to
know where the disease is, and which population is at greater risk. Understanding how
different measures of infection are related to residual transmission is important for
making programmatic decisions about stopping MDA. Furthermore, the possibility of
existing adequate tools to assess infection state will be of extremely relevance to
elimination programs, either for the M&E outcome or for the decision of when to cease
treatment (Thiele et al, 2016). Rapid antigen tests and molecular techniques are more
sensitive than mf detection through microscopy, and therefore provide the additional
advantage of daytime blood sampling in areas where the parasite is nocturnally periodic

(Mladonicky et al, 2009)

The Republic of Angola is widely endemic for filariasis and the national neglected
tropical disease (NTD) program is scaling up MDA activities to interrupt transmission
with the aim of eliminating onchocerciasis and lymphatic filariasis (LF), taking the co-
endemicity of loiasis and risk of serious adverse events (SAEs) into account. To better
determine the prevalence of the three infections in co-endemic area, an epidemiological
survey was conducted across 22 communities using a combination of clinical, serological
and molecular diagnostic methods to detect Loa loa, Onchocerca volvulus and
Wuchereria bancrofti. Information on length of residency, vector knowledge, MDA

history and bet net were also collected.

A total of 1616 individuals (38.1% male: 61.9% female), with an average age of 43 years,
were examined. For L. loa, 62% (n=100/1616) individuals were found to have eyeworm,
based on the rapid assessment procedure for loiasis (RAPLOA) surveys, an 11.5%
(n=178/1543) based on nested PCR analyses of venous blood. L. loa prevalence in long-
term residents (>10 years) and older individuals (>60 years) were significantly higher,
and older men with eyeworm were better informed about Chrysops vectors. For O.
volvulus, 4.7% (n=74/1567) individuals were found to be positive by enzyme-linked
immunosorbent assay (Ov ELISA), with only three individuals reporting to have ever
taken ivermectin. For W. bancrofti, no infections were found using the antigen-based
immunochromatographic test (ICT) and real-time PCR analysis; however, 27 individuals
presented with lymphatic filariasis (LF) related clinical conditions (lymphoedema = 11,
hydrocoele = 14, both = 2). Just under half (45.5%) of the participants owned a bednet,
with majority (71.1%) sleeping under it the night before. Our approach of using
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combination diagnostics reveals the age-prevalence of loiasis alongside low endemicity
of onchocerciasis and LF. Future research foci should be on identifying opportunities for
more cost-effective ways to eliminate onchocerciasis and to develop innovative
surveillance modalities for clinical LF for individual disease management and disability

prevention.

The data from this chapter has been published in Parasite Epidemiology and Control
journal, on a paper entitled as ‘Clinical, serological and DNA testing in Bengo Province,
Angola further reveals low filarial endemicity and opportunities for disease elimination’
as a sequence of Brito ef al (2017) paper mentioned in the previous chapter, but the latter
will include the molecular and serological diagnostics (Appendix 11). My main
contribution was within the fieldwork as technical supervisor, as laboratory main
technician for real-time PCR and nested PCR performance, data analyst and participant
at scientific conferences and local newspapers (Appendix 13 and 14). Dr. Pedro Van-
Dunem has contributed as the main NTD coordinator through National Directorate of
Public Health, Angola MoH. Miguel Brito contributed as project research coordinator.
Antonio Martins as head of Caxito General Hospital. Russell Stothard as help to develop
the manuscript. Dr Thomas, Dr. Robert and Dr. Benjamin have contributed for the overall
implementation of the project by performing the diagnostic of onchocerciasis through the
Ov16 test at the College of Public Health, University of Florida. Dr, Louise has supported
this project from the implementation to elaboration of the maps through ArGIS 10

software.

4.1 Polymerase Chain Reaction

The polymerase chain reaction (PCR) technique was initially described in 1985, allowing
an in vitro amplification of a specific DNA fragment through a cyclic mechanism
involving denaturation, hybridization and elongation of the DNA strand based on

thermostable DNA polymerase (Saiki ef al, 1988).

The nested PCR technique which usually yields the sensitivity and specificity within
diagnostic laboratory settings, has as principles, the use of amplicons products from a
previous PCR assay as a template for a second PCR based on specific primers that are

usually not the same from the first PCR primer set. The visualization of the amplification
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products in a conventional PCR is based on ethidium bromide or alternative dye
succeeding agarose gel electrophoresis. The predicted size of the PCR products is what

dictates its specificity (Verweij et al, 2014).

The main advantages of nucleic acid-based methods such as PCR assays, among
numerous of them include high sensitivity, specificity, reduced risk of contamination,
simpler standardization of diagnostic procedures, and, monitoring possible ongoing of
drug resistant parasite strains (Osei-Atweneboana et al/, 2012). Furthermore, DNA
samples can also be stored and used for genetic characterization and molecular typing,
providing a valuable tool for surveys and surveillance studies (Weiss, 1995). As
disadvantages, the pre-condition for trained personnel and highly cost machinery are a

handicap for their fitness within low-resource settings (Notomi et a/, 2015).

4.1.1 Real-Time Polymerase Chain Reaction

During the amplification process of this technique, the amplicons are measured in real-
time, where the most commonly used probe is the “Tagman” probe, in which the 5’-to-3’
exonuclease activity of Tag polymerase cleaves the hybridized probe during the
elongation phase of the amplification reaction (Klein D, 2002; Espy et al, 2006). Within
this process, the fluorescent molecule at the 5 end of the probe is separated from the
quencher molecule at the 3 end of the probe, leading to a fluorescent signal that can be

quantified after each amplification cycle as taken place as seen on Figure 4.1.
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Figure 4.1: Tagman probe-based real-time PCR chemistry.
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4.2 Serological diagnostics approaches for lymphatic filariasis

The diagnostic needs of the GPELF aims to eliminate filariasis as a public health problem
by the year of 2020, and therefore, it has been relied traditionally on antigen detection as
a method for identifying active infections and mapping areas to be targeted for MDA,
such as the BinaxNOW Filariasis card test (Gass et al, 2012; WHO, 2011a). This
immunochromatographic card test (ICT) has been majorly used in populations suspected
of carrying W. bancrofti parasite and has been performed since 2000 (Weil et al, 2013;
Weil et al, 1997). As advantages of this ICT tool, it can be performed anytime of the day
or night (Bakajika et al, 2014). However, recent evidence indicates that the sensitivity of
ICT might be highly variable due to the narrow time window that might lead to false-
positives, age, sex, presence or absence of living adult worms, as well as microfilarial

density (Gounoue-Kamkumo et a/, 2015; Weil et al, 2013; Simonsen et al, 2004).

The Alere Filariasis Test Strip is the known next generation filarial antigen tool that has
been performed since 2013 and has been refined to upgrade on the card test by reporting
better sensitivity, specificity, more extended shelf life and lower costs, in Central Africa
(Republic of Congo and Democratic Republic of Congo) and West Africa (Liberia and
Cote d’Ivoire) settings (Weil et al, 2013; Pion et al, 2015; Chesnais et al, 2014; Beng et
al, 2020). The Og4C3 antigen ELISA test targets circulating filarial antigen (CFA) in
peripheral blood composed by adult filarial worms in the lymphatics and has been
reported to be more sensitive compared to the conventional microfilarial detection (Lau
et al, 2014; Njenga et al, 2007). However, as limitations this assay requires a highly

structure laboratory setting with well trained staff (Simonsen et al, 2008).

As for antibody tools available, there are the novel effective tools for LF control known
as Wb123, Bm14 and Wb-SXP-1 assays, which are specific and sensitive recombinant
antigen that are used as a marker for filarial infection specifically to certify the cutoff of

LF transmission (Kubofcik et al, 2012; Kelly-Hope et al 2018).
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4.3 Molecular diagnostics approaches for lymphatic filariasis

Molecular diagnostic techniques include majorly PCR assays used to detect filarial DNA
in human blood samples and molecular xenomonitoring (MX) used to detect parasite
DNA in pooled mosquitoes or human blood by PCR (Weil, 2007).Pilotte et al (2013)
performed a Tagman based real-time PCR analysis able to identify both W. bancrofti and
Brugia malayi DNA extracted from human bloodspots and vector mosquito pools,
therefore reporting higher sensitivity, lower costs and reduced labor work for LF
surveillance in co-endemic settings in comparison to singleplex assays such as

conventional PCR.

Loop-mediated isothermal amplification (LAMP) assay has been widely used to detect
various filarial nematodes including W. bancrofti and O. volvulus and L. loa, due to its
friendly use in low-resource settings. LAMP is based on a simple visual detection of
turbidity produced when magnesium pyrophosophate is precipitated, following
fluorescence via an intercalating dye (Tomita et al, 2008). Furthermore, its single-step
reaction has been reported to amplify several copies of the targeted DNA within an hour,
even when a considerable quantity of non-target DNA is observed (Notomi ef al, 2000).
Moreover, the Bst DNA polymerase routinely applied in LAMP are more receptive to
inhibitors detected in clinical specimens and vectors to which easily dodge while

performing a PCR (Alhassan et al, 2014).

Recently, a colorimetric test for diagnosis of filarial infection and vector surveillance
using non-instrumented nucleic acid LAMP (NINA-LAMP), has been developed by
Poole et al (2017), where the capacity of distinct strand displacing DNA polymerases has
been assessed jointly with the pH sensitive dyes. Therefore, as a result, the efficiency,
integrity and adaptability of this assay have showed fitness for monitoring the progress

of filarial control programs.
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4.4 Serological diagnostic approaches for onchocerciasis

The most developed and advanced serological assays as markers for exposure to
onchocerciasis is the IgG4 response to the O. volvulus marker Ov16 antibody test that is
expressed by the larval stages (L3 and L4) of the parasite; and the OV luciferase
immunoprecipitation system assay (LIPS) (Golden et al, 2016; Mathison et al, 2019).
Although this antigen Ov16, is able to target exposure of O. volvulus and its infection
while the prepatent phase takes place, however, this assay is not able to discriminate
within ongoing infection and past exposure to this parasite (Kelly-Hope et al, 2018).
Burbelo et al, 2009, have developed a faster and more distinct assay for diagnosis of O.
volvulus infection by using four mutated versions previously described Onchocerca-
specific antigens through LIPS assay. Therefore, targeting antibodies in all four O.
volvulus antigens, which has easily discriminated O. volvulus-infected samples from the
uninfected ones, suggesting that this assay is a plausible point-of-care (POC) detection of
onchocerciasis (Burbelo et al, 2009). Currently, there are no antigen detection test

commercially available for onchocerciasis for programmatic use (Kelly-Hope et al,
2018).

The minimally invasive SD Bioline Onchocerciasis/LF IgG4 rapid test have been
assessed as an integrated surveillance means for elimination of LF and onchocerciasis in
Mali, and therefore, results suggest a promising alternative for interruption of

transmission in children population (Dolo et a/, 2019).

4.5 Molecular diagnostic approach for onchocerciasis

Currently, no distinct molecular assay is available for the routine clinical diagnosis of O.
volvulus, but nonetheless, a few experiments have been performed through the years
including conventional PCR, real-time PCR, and PCR-ELISA for the detection of this
nematode. As for instance, a challenging PCR assay of the cox-1 gene has been performed
in Australian clinical setting using a nodule sample where a worm was detected through
microscopy (Crowe et al, 2018). Furthermore, Thiele et al (2016) developed a novel
proposal to a real-time PCR with melt curve analysis (QPCR-MCA) based on a single-
step reaction, able to detect and identify the nematode mf in skin snip samples, therefore,

suggesting a higher sensitive rate compared to conventional PCR and O-150 PCR-ELISA.
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As aresult, this new approach suggests a timesaving, lower contamination risk and higher

sensitivity assay.

PCR of the skin snips samples suggests higher sensitivity; however, it still requires
sampling of the skin snips (Morales-Hojas et al, 2001). Screening tests using skin snip
samples is difficult to perform at bigger scale as a result of the labor-intensive nature of
the process itself, the invasiveness, and as a local disease burden decreases, a lowered
acceptability from the community to be subjected to this type of process (Awadzi et al,

2015).

4.6 Serological diagnostic approaches for Loa loa

The capacity to diagnose L. loa infection promptly and precisely continues to be a difficult
task. After a few attempts with serologic testing by immunoblotting and enzyme-linked
immunosorbent assays (ELISA) with crude reporting low precision due to cross-reactivity
with other filarial conditions and strongyloidiasis; an alternative antigen, known as
LISXP-1, has been used on antigen-based immunoassays, therefore reporting a
significantly strong sensitivity and specificity status (Akue et al, 1998; Egwang et al,
1989; Pedram et al, 2017).

Burbelo et a/ (2008) uses LIPS assay for L. loa with a recombinant fusion proteins antigen
in order to assess antibody responses which has been reported to be readily, sensitive,
specific and high throughput. Therefore, this research has shown that LIPS assessing anti-
IgG response against LISXP-1 generates significantly high levels for differentiating L.
loa-infected patients from controls with 100% for both sensitivity and specificity, with a
considerable reduced level of cross-reactivity with a few O. volvulus and W. bancrofti-

infected patients sera (Burbelo et al, 2008)

The LoaScope, the most recent mobile cell phone-based video microscopy device, has
been developed as a POC assay that provides ready and rigorous quantification of L. loa
mf within 2 minutes after a finger prick (D’ Ambrosio et a/, 2015; Boussinesq et al, 2018).
This device has been considered potential for onchocerciasis and LF programs in L. loa
endemic areas, as a way to quickly facilitate the safe administration of ivermectin in

Africa context, where the literature has reported high densities of L. loa mf such as in
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Nigeria, Mali and Senegal (D’ Ambrosio et a/, 2015; Kamgno et al, 2017). Nonetheless,
this device is not as rigorous when estimating densities lower that <150 mf/ml of blood

due to sampling constraints, and inadequate of manufacturing outspread using

(D’ Ambrosio et al, 2015).

4.7 Molecular diagnostics approaches for Loa loa

Definitive diagnosis of loiasis can be done by the identification of the adult worm in the
eye of after its removal from under the skin or by morphological identification of the
microfilariae in blood smears, but these are low throughput methods inadequate for
mapping purposes. Molecular methods such as loop-mediated isothermal amplification
and quantitative polymerase chain reaction (qPCR) assays are credible alternatives to
microscopy-based techniques since they combine a high degree of sensitivity and
specificity with high throughput capabilities (Drame et al, 2014). However, molecular
methods remain impractical for rapid testing at the point-of-care and are relatively

expensive.

Nuchprayoon et al, (2005) reported an assay system that uses a polymerase chain
reaction-restriction fragment length polymorphism (RFLP-PCR), targeted the internally-
transcribed spacer 1 (ITS1) region of the ribosomal RNA gene, based on the Ase [
restriction enzyme digestion that discriminates between five species of filarial nematodes:
W. bancrofti, B. malayi, Brugia pahangi, Dirofilaria inmitis and Dirofilaria repens. This
suggests the utility of this PCR in the differential detection of other filariae as L. loa and
M. perstans that sympatrically co-exist in West and Central Africa (Jiménez et al, 2011).

The quantitative PCR (qPCR) has reported to be very sensitive, however, it is time

consuming, highly costly and not suitable for rapid testing at the point-of-care (POC)
(Fink et al, 2011).
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4.8 Serological diagnostic approach for Mansonelliasis

Despite the fact that the literature does not present efficient antigen- or antibody-detecting
immunological assay for diagnosis of mansonelliasis infections, both assays have been
designed for onchocerciasis and LF infections, where cross-reactivity with mansonelliasis

sera have been tested (da Silva et al, 2017; Shelley et al, 2001; Wanji et al, 2016)

4.9 Molecular diagnostic approach for Mansonelliasis

Molecular diagnosis is highly performed to target and identify mf in peripheral blood,
skin biopsies, and adult worms in other tissues, and therefore, it has been proven to be
both highly sensitive and specific (Medeiros et al, 2015). Succeeding the improvement
of filarial parasite-diagnostic PCR assays, significant uncertainties in regard ‘old species’
and ‘new species’ distributions have been elucidated among filarial species, including

within Mansonella species (da Silva et al, 2017).

The nested PCR developed in 2010 by Ta-Tang et al was able to target any form and life
stage of filariae in human host or vector based on the species size, through amplification
of the filarial parasite ribosomal ITS1 DNA using universal filariae PCR primers. This
assay is performed alongside with gel electrophoresis and/or Sanger sequencing, and
therefore, permits the classification of unknown species such as M. perstans variant Deux
(Ta-Tang et al, 2016; Ta-Tang et al, 2010). Overall, the literature has showed that most
of the assays so far performed are able to discriminate M. perstans or M. ozzardi from
filarial parasites from other species, but unable to discriminate M. perstans from M.
ozzardi (Ta-Tang et al, 2010; Mourembou G, 2015). The main limitations of the PCR
assay remain the fact that it requires highly trained personnel and expensive

infrastructure, which are not suitable indicators for low-resource settings (Ta-Tang et al,

2010).

Although further assays such as PCR-RFLP do not permit the classification of new filarial
species, it has the advantage of demanding less complicated infrastructures to support
them and can differentiate a broad spectrum of filarial species using primers through PCR

and/or RFLP assays as complements (Jimenez et al, 2011). As disadvantages it still
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requires access to PCR reagents and PCR device, which can be a constraint condition for

filarial parasite epidemiological research (Jimenez et al, 2011).

Jimenez et al first described the DNA-detecting LAMP filarial parasite assay in 2016,
although it was not designed specifically for detection of Mansonella parasites. However,
Poole et al (2019) have developed a new LAMP RDT for Mansonella spp. based on
species-specific DNA repeat sequences proposing a highly sensitive biomarker for the

latter parasite.

4.10 Methodology

4.10.1 Study site and sampling

The study was conducted in the Centro de Investigacao em Satde de Angola/Health
Research Centre of Angola (CISA) Health Demographic Surveillance System (HDSS-
Dande), area of Dande Municipality, in the northwestern province of Bengo, Angola, as
a follow on from Brito et al. (2017). In this current study, 22 communities across the
CISA area were selected on the basis of their proximity to the rivers and vegetation to

help target communities that may perhaps be at higher risk of onchocerciasis and loiasis.

In each community, at least 100 individual aged > 15 years were approached and invited
to participate in the survey by the field teams through house-to-house visitation.
Following consent, a short questionnaire was administered in either Portuguese or
Kimbundo, the official and local languages, respectively. Demographic information was
collected on the individual’s age, sex, length of residency and on clinical clinical
indicators for loiaisis (eye worm) and LF (lymphoedema, hydrocoele). In addition,
individuals were asked if they had: i) seen the loiasis vector shown to them in a
photograph, to better understand if the Chrysops spp. was in the area; ii) taken MDA for
onchocerciasis as some communities were in a CDTI area defined by APOC and iii) a

mosquito net and had used it the night before.

To determine prevalence of filarial infection through serological and molecular methods,
200 pL blood from each individual was collected by venous puncture and stored in EDTA
tubes (Figure 4.2). In the field during the survey, 100 uL blood was used for LF detection
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using a rapid diagnostic test, and the remaining samples were kept in cooler boxes, before
reaching the laboratory and where two dried blood spots were prepared on Whatman 3M
filter paper and the kept at 4°C. The remaining 100 pL blood was used for both LF real-
time PCR and L. loa nested PCR.

Figure 4.2: Blood collection performance by CISA health technician

4.10.2 Prevalence

Loa loa: To determine the prevalence of L. loa, first the rapid assessment procedure for
loiasis (RAPLOA) survey method was used, which is based on an individual’s history of
eye worm. A restricted definition was defined as individuals answering positively to a
three question survey including: 1) their experience;, ii) recognition of an eye worm in a
photograph and; iii) a recent episode of eye worm lasting between 1-7 days (Takougang

etal.,2002; Zour¢ et al., 2011).

Second, molecular biology methods were used to detect L. loa. Genomic DNA was
obtained from the whole blood EDTA tubes and extracted using the QlAamp® DNA
Blood Kit (Appendix 8). Nested PCR for L. Loa detection was adapted from Jimenéz et
al (2011). Briefly, a first PCR, targeted a 475 bp region of the ribosomal Internal

Transcribed Space (ITS) DNA region common to different nematode species was
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performed and visualized in 2.0% agarose gel electrophoresis. Positive samples were used
in a second PCR with L. loa specific primers giving 143 bp fragment, visualized in 2.0%
agarose gel electrophoresis, confirming the L. loa infection. L. loa positive control was

kindly provided by Professor Samuel Wanji, University of Buea, and Cameroon.

Onchocerciasis: To determine prevalence of the onchocerciasis parasite O. volvulus,

dried blood spots were exported to the University of South Florida, US for analysis of O.
volvulus antigens by an ELISA method. Blood spots were eluted and examined for the
presence of IgGG4 antibodies recognizing the Ov16 antigen by ELISA, following standard
procedures as described in (Oguttu et al. (20146). Data on the presence of nodules using
the REMO method was not used in the study, so we were unable to compare REMO
survey data with the ELISA result (Brito et al, 2017). This is acknowledged as a

limitation of the study.

Lymphatic filariasis: To determine the prevalence of LF, first, the presence of main

clinical conditions including limb lymphoedema (tissue swelling or thickening), and
hydrocoele (scrotal swelling) was identified by the field team and verified by a local
medical officer. No severity of the condition was recorded. Second, the prevalence of W.
bancrofti antigen was determined using the rapid diagnostic immunochromatographic test
(ICT) card (BinaxNOW Filariasis, (Alere, Portland, ME) with 100uL blood (Figure 4.3).
The ICT pad contains a gold-labelled polyclonal anti-filarial antibody that binds to filarial
antigen from the blood. Tests were conducted during the survey using the blood collected.
At the time of the survey in 2014, the ICT diagnostic was the standard recommended test
for determining LF endemicity (WHO, 2011), however, since then several studies have
shown that there is a cross-reactivity problem with the ICT diagnostic in communities
with high L. loa prevalence, which can lead to false positives (Bakajika et al, 2014; Pion
et al, 2016). To account for possible cross-reactivity in the ICTs, the prevalence of W.
bancrofiti DNA was determined using Genomic DNA extracted from the whole blood
EDTA tubes using the Qiamp DNA Blood kit (Appendix 7). Real-time PCR using
specific primers and a Taqman probe was used to detect W. bancrofti following Rao et
al., (2006), with thermal cycling conditions on a Biorad CFX connect real time system
instrument (Biorad). Amplification controls included water (no DNA template) as a
negative control, and gDNA from W. bancrofti positive control was kindly provided by
Professor Thomas R. Unnasch, University of South Florida, USA.
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The preparation for real-time and nested PCR for detection for W. bancrofti and L. loa
parasites respectively was performed at Pediatric Hospital David Bernardino molecular

laboratory, in Luanda. PCR products were detected by agarose gel electrophoresis.

Figure 4.3: Blood spots and ICT processing (Appendix 6).
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4.10.3 Data analysis and mapping

All survey data were entered into Microsoft Excel 2010 by the CISA team, and statistical
software program IBM SPSS statistical version 21 was used for analysis. First, the
prevalence for each community was quantified and mapped using ArcGIS 10.7 (ESRI,
Redland CA). Second, the prevalence by length of residency (<5, 5-9, > 10 years), sex
(male, female), and age group (15-19, 20-29, 30-29, 40-49, 50-59, >60) were summarized
and statistical differences examined using the chi-square test (p-value significant <0.05).
Finally, data were examined overall and by sex and age groups (above/below mean) to
assess the relationship between i) L. loa eyeworm and infection and the knowledge of the
Chrysops vector ii) onchocerciasis and history of MDA and iii) LF and bed net ownership

and usage.

4.10.4 Ethics and consent

The study was approved by the Angolan National Ethics Committee, administrative
approval from the Ministry of Health of Angola and the Liverpool School of Tropical
Medicine Research Ethics Committee (Protocol 14.022). Written informed consent was
obtained from each individual and was orally explained if they were illiterate. For those
who refused to participate, no further questions were asked and no information was
recorded. All people identified with clinical conditions or infections were informed by
the survey team or local community health worker and referred to the local health clinic

for advice on self-care and treatment.

4.11 Results

The field survey was conducted in August 2014. In total, 22 communities, including 1616
individuals (10 to 168 per community) were surveyed across the CISA area of Dande
Municipality (Table 4.1). In the majority of communities, it was difficult to reach the
targeted enrollment of 100 individuals, as people were either not present in the
community or busy at work. Overall, there were 615 males (38.1%) and 1001 females
(61.9%) included in the survey, with an average age of 43 years, ranging from 15 to 90
years. The distribution of the communities and prevalence rates are shown in Figure 4.4

A-D.
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Table 4.1 Summary of loiasis, onchocerciasis and LF serological and molecular filarial

prevalence by community

Village Loa loa Onchocerciasis LF
No. RAPLO No. PCR No. ELISA No Clini ICT PCR
A % % calt
%
Acucareira Sede 168 6.0 166 8.3 168 3.0 168 1.8 0.0 0.0
Boa Esperanca 2 97 7.2 96 8.3 97 0 97 3.1 0.0 0.0
Catuta 65 10.8 63 0.0 64 17.2 65 3.1 0.0 0.0
Coragem 93 9.7 92 2.2 92 2.2 93 1.1 0.0 0.0
Honga Hungo 74 6.8 74 1.4 73 1.3 74 1.4 0.0 0.0
Icau Centro 38 53 36 50.0 35 8.6 38 2.6 0.0 0.0
Icau Wanda 16 18.3 16 0.0 16 18.8 16 6.3 0.0 0.0
Jungo 59 5.1 56 5.4 59 1.7 59 0.0 0.0 0.0
Kicola 84 3.6 82 28.0 81 1.2 84 1.2 0.0 0.0
Kilometro 29 78 3.8 43 0.0 72 0.0 78 1.3 0.0 0.0
Kixiquela 60 6.7 44 18.2 58 0.0 60 0.0 0.0 0.0
Lifune Nepasso 45 0 44 4.5 45 35.6 45 4.4 0.0 0.0
Mabubas Sede 110 6.4 110 0.0 105 2.9 110 0.9 0.0 0.0
Muculo 58 52 58 52 57 5.3 58 0.0 0.0 0.0
Mussenga 88 8.0 85 1.2 88 9.1 88 0.0 0.0 0.0
Paranhos 71 7.0 69 66.7 66 3.0 71 4.2 0.0 0.0
Rio Seco 71 5.6 70 14 51 13.7 71 1.4 0.0 0.0
Santa Rosa 10 10.0 10 0.0 10 0.0 10 0.0 0.0 0.0
Sassa Povoacao 148 6.8 147 24.5 147 0.7 148 2.0 0.0 0.0
Sorilo 49 4.1 49 2.0 49 0.0 49 0.0 0.0 0.0
Sosso 55 3.6 53 20.8 55 0.0 55 3.6 0.0 0.0
Tres Casas 79 3.8 78 0.0 79 8.9 79 1.3 0.0 0.0
Total 1616 6.2 1543 115 1567 4.7 161 1.7 0.0 0.0
6
Note: Grey shade indicates above average prevalence measures
1 Includes limb lymphoedema and/or hydrocoele (scrotal swelling)
Table 4.2: Summary of loiasis, onchocerciasis and LF by length of residency
Length of RAPLOA L. loa Oncho LF
residency
N % N % N % N %
< 5 years 401 3.0 364 12.4 380 34 401 0.7
5to 9 years 421 6.2 386 8.8 401 5.7 421 0.5
> 10 years 791 7.8 793 12.5 777 4.9 791 1.4
Chi-square p=0.012 Ns Ns Ns
Total 1616 6.2 1543 12.0 1567 4.7 1613 0.9
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Figure 4.4: The distribution of the communities and prevalence rates of the filarial

infections.
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Table 4.3: Prevalence of loiasis, onchocerciasis and LF by age classe and sex

RAPLOA L. loa PCR Onchocerciasis LF clinical}

Age class N % N % N % N %

Overall 15to 19 190 2.6 78 21.9 176 23 190 1.1

20 to 29 313 3.2 301 15.6 305 5.6 313 0.3

30 to 39 247 4.0 235 11.5 239 54 247 0.0

40 to 49 249 5.6 235 7.2 241 4.1 249 2.0

50 to 59 307 7.8 294 7.5 300 5.0 307 1.6

> 60 310 11.9 300 8.7 306 4.9 310 1.0
Chi-square p=0.000 p=0.000 Ns Ns

Male 15t0 19 86 23 81 22.2 77 3.9 86 23

20 to 29 103 3.9 100 18.0 98 4.1 103 0.0

30 to 39 90 4.4 86 8.1 85 4.7 90 0.0

40 to 49 96 6.3 94 9.6 91 6.6 96 4.2

50 to 59 124 4.8 120 5.8 118 4.2 124 32

> 60 116 8.6 112 7.1 114 6.1 116 1.7
Chi-square Ns p=0.001 Ns Ns

Female 15to 19 104 2.9 97 21.6 99 1.0 104 0.0

20 to 29 210 2.9 201 14.4 207 6.3 210 0.5

30 to 39 157 3.8 149 13.4 154 5.8 157 0.0

40 to 49 153 52 141 5.7 150 2.7 153 0.7

50 to 59 183 9.8 174 8.6 182 5.5 183 0.5

> 60 194 13.9 188 9.6 192 4.2 194 0.5
Chi-square P=0.000 p=0.002 Ns Ns

Note: § Includes limb lymphoedema and/or hydrocoele (scrotal swelling) in overall measure and for
males
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Loiasis

For RAPLOA, 6.2% of 1616 individuals surveyed were found to have eye worm based
on the restricted eye worm definition in 21 communities (Table 4.1). The highest
prevalence rates were found in Icau Wanda (18.3%) and Catutua (10.8%), while none
were reported from Lifune Nepasso (0.0%) Figure 4.4A. Prevalence increased
signficantly with length of residency from 3.0% in individuals living <5 years to 7.8% in
individuals living > 10 years in the community (Chi-square=10.962, p=0.012) (Table
4.2). Overall, there was no signficant difference between male 5.2% and female 6.8%
prevalence rates. However, significant differences by age group overall (Chi-square=30.1
p=0.000) and among females (Chi-square=28.66, p=0.000) were found, with the highest
prevalences in the >60 year age group (Table 4.3). When asked about the main Chrysops
spp. vector, 11.2% (n=179) of individuals recognized the fly when presented with a
photograph. Overall, males (12.8%), individuals aged >43 years (27.3%) and those with
eye worm (23.4%) were twice as likely to recognize the fly than the related subgroups
(females 9.2%; aged <43 years 13.9; no eye worm 11.4%). Males with eye worm were
signficantly more likely to recognise the Chrysops vector in comparison with those with

no eyeworm history (Table 4.4).

For L. loa nested PCR, 11.5% of 1543 individuals tested were found to be positive in 16
communities (Table 4.1). The highest rates were found in Icau Centro (50.0%), and
Paranhos (66.7%), and no positives found in Catuta, Icau Wanda, Kilometro 29, Mabubas
Sede, Santa Rosa and Tres Casas (Figure 4.4B). Prevalence did not signficantly differ
with length of residency (Table 4.2) or by sex (males 11.3%; females 11.7%). However,
signficant differences by age groups were found overall (Chi-square=36.708, p=0.000)
and among males (chi-square= 22.051, p=0.001) and females (chi-square= 19.517,
p=0.002), with the highest prevalences in the 15-19 year age group (Table 4.3). Taking
infections status into account, when asked about the main Chrysops spp. vector, no
signficant differences were found by sex and age (Table 4.4). Overall, the relationship
between the RAPLOA and nested PCR was not significant with only eight RAPLOA

positive individuals also positive by PCR.
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Table 4.4 Summary of the knowledge of Chrysops vector overall and by age and sex

Village Have you seen
this fly? RAPLOA L. loa PCR
Nt % Nit %
Overall Yes 179 11.2 168 9.5
No 1301 5.1 1251 12.2
Chi-square p=0.001 Ns
Male Yes 94 12.8 62 11.3
No 466 3.6 477 17.2
Chi-square p=0.000 Ns
Female Yes 85 9.4 106 8.5
No 835 59 774 9.0
Chi-square Ns Ns
<43 yrs Yes 20 10.0 62 11.3
No 747 9.2 477 17.2
Chi-square Ns Ns
>43 yrs Yes 66 273 106 8.5
No 647 13.9 774 9.0
Chi-square p=0.004 Ns

1 1480 included as 136 answers missing
11 1419 included as 120 answers missing

Onchocerciasis

For onchocerciasis, 4.7% of 1567 individuals tested were found to have be positive in 16
communities (Table 4.1). The highest prevalence rates were found in Lifune Nepasso
(35.6%) and Icau Wanda (18.8%), and no positves from Boa Esperanca 2, Kilometro 29,
Kixiquela, Santa Rosa, Sorilo and Sosso (Figure 4.4C). Prevalence did not signficantly
differ with length of residency or by sex (males 5.0%; females 4.6%) overall (Table 4.2).
Similarly, no significant differences by age group overall or among males and females
were found (Table 4.3). Three individuals (0.2%) from Coragem (female, 59 years),
Honga Hungo (male, 41 years, positive ELISA) and Lifune Nepasso (male, 21 years)
reported they had taken a drug for onchocerciasis, 68.8% reported they had not and the

remaining individuals did not know.
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Lymphatic filariasis

For LF, none of the 1616 individuals surveyed were found to be positive for LF antigen
or by real-time PCR (Table 4.1). However, 1.7% was found to have lymphoedema and/or
hydrocoele in 16 communities (Table 4.1). In total, 11 cases of lymphoedema (0.68%;
male=6 cases, 5 females), 14 cases of hydrocoele in men (0.87%) and two men with both
conditions (0.12%). The highest number of cases was identified in Sassa Povoacdo (3
lymphoedema; 1 hydrocoele), Acucareira Sede (1 lymphoedema, 2 hydrocoele) and Boa
Esperanca 2 (3 hydrocoele), Sosso (2 lymphoedema, 1 hydrocoele) and Catuta (1
lymphodema and 1 hydrocoele), Lifune Nepasso (1 lymphodema and 1 hydrocoele). One
lymphodema case was found in Coragem, Icau Centro, Kilometro 29, and Rio Reco and
one hydrocoele case found in Honga Hungo, Icau Wanda, Kicola, Mabubas Sede, and
Trés Casas. Prevalence did not signficantly differ with length of residency or for
lymphoedema by sex (males 1.2%; females 0.6%) (Table 4.2). Similarly, no significant

differences by age group overall or among males and females were found (Table 4.3).

Overall, 735 individuals (45.5%) reported they owned a bed net, 860 (53.2%) did not and
21 (1.2%) did not answer the question. There were signficant differences between males
(50.1%) and females (43.6%) and between younger (43.1%) and older (49.3%)
individuals (Chi-square= 6.28, p=0.012), but not between individuals affected and not
affected by LF clinical condtions. With respect to bednet usage, 71.1% of those who
owned a bed net reported they slept under it the previous night. Overall, there were
signficant differences between males (75.2%) and females (68.2%)(Chi-square= 4.151,

p=0.04) in bed net usage, but not by age or clinical condition.
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4.11 Discussion

Our survey used a combination of clinical, serological and molecular diagnostics to
confirm the low levels of filarial endemicity across the CISA study area within Dande
Municipality (Brito et a/, 2017). This will help to inform the Angola NTD program on
appropriate, safe and better-tailored intervention strategies locally, taking the widespread
loiasis prevalence into account. This is particularly important for onchocerciasis, which
was found to be hypo-endemic here, as previously reported (Brito ef al, 2017). As a result,
ivermectin MDA is not recommended due to the risk of SAEs (Zouré et al, 2011).
Currently, no alternative drugs are available for these hypo-endemic onchocerciasis
hotspot areas, and only a few individuals indicated that they had taken ivermectin, so the
SAE risk is relatively unknown. However, the CISA area may be suitable for the new
Test-and-Not-Treat (TNT) strategy that includes the use of the Loascope to help make a
diagnosis and direct the most appropriate treatment regimen depending on the
individual’s infection status (Kamgno et al, 2018; Boussinesq et al, 2018). This area was
previously considered in RAPLOA studies to be a high-risk area for SAEs (Takougang
et al, 2002). Therefore, further confirmation of the onchocerciasis distribution through
skin snipping or use of other diagnostics may be necessary (Kelly-hope et al, 2018).

Before or during an alternative strategy such as TNT is conducted.

The prevalence of loiasis using the RAPLOA method was found to be widespread, and
higher than in the previous survey by Brito et a/ (2017). The reason for this difference in
prevalence is unclear, but may be due to different populations being sampled, seasonality
and people being away for work at different times of the year. This is a mobile population
that frequently visit the town Caxito (Rosario ef a/, 2019). The difference between loiasis
and the L. loa nested-PCR prevalence was also surprising with little correlation between
the tests and higher L. loa PCR prevalence in younger age groups. The implications of
this and how it relates to L. loa mf intensity and risk SAEs are unclear as this study was
limited and did not include parasitological analysis; however, it may suggest that the
positive results in younger population indicate recent transmission of L. loa in the area.
Furthermore, it may be that younger people who are infected may be new or mobile
residents and not exposed enough to experience eyeworm, which was more evident in

longer term and older residents. The higher risk of eyeworm in positive and older
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individuals, especially males, may be related to their occupation and visits to forested
areas as they were more likely to recognize the Chrysops vector, also known as the readily
identifiable Red Fly in Africa (Kelly-Hope et al, 2017). More frequent forest visits have
been associated with an increased risk in loiasis (Mischlinger et al, 2018; Brant et al,
2018), and using local knowledge to determine risk zones in communities and workplaces
may also help to identify vector habitats. Currently, no data exists on the Chrysops vector
in Angola (Kelly-Hope et al, 2017), however C. dimidiate and C. longicornis have been
implicated (Hawking, 1974), which may have different ecological niches to other parts
of Central Africa.

The lack of LF serological and molecular positive individuals and the few clinical cases
further indicates that this a non-endemic or very low endemic area for LF, which is in
accordance with historical data and recent mapping surveys from 2005 and 2010, and as
such may not require MDA. It is also possible that the lymphoedema and hydrocoele
cases are not related to LF, and different clinical algorithms may be needed in areas of
uncertainty (Deribe ef a/, 2018). It is important that Angola’s NTD program uses this data
to inform WHO and help shrink the map by reducing the number of endemic
municipalities throughout the country (Casaca, 1966; Brito et al, 2017). This will save
time and resources and consider more appropriate surveillance strategies for low
prevalence areas (Riches et al, 2020; Kelly-Hope et al, 2017), especially in loiasis co-
endemic areas where is increasing evidence of low LF prevalence (Wanji et al, 2019;
Kelly-Hope ef al, 2018). Engagement with the national malaria control program can help
to increase the bed net coverage in the area will be critical as this can reduce W. bancrofti
transmission (Rebollo et al, 2015; Berg et al, 2012; Bockarie et al, 2008), and is a WHO
recommended alternative strategy in loiasis co-endemic areas (WHO, 2012; WHO,
2011a). Overall, the number of patients was low and health workers need to be trained
to provide care to patients, including home-based self-care for lymphoedema, with
subsequent referral if needed for surgical management of hydrocele, as it can improve
patient economic and quality of life outcomes (WHO, 2013; WHO, 2019; Betts et al,
2020).
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4.13 Conclusion

This study highlights an integrated approach including how an alternative range of
molecular and serological diagnostic tools can better define the filarial prevalence across
the CISA study areas. The reason for different geographical distributions may be related
to environmental factors, however, Molyneux et a/ (2014) has suggested the possibility
of competitive exclusion where if the three human filaria are present then their
interactions might reduce the intensity of all infections due to factors such as niche
separation, periodicity, immunity, geographical distribution of the parasites, ecological
barriers. Nonetheless, focus now needs to be on devising opportunities to implement a
practical and cost-effective strategy to eliminate onchocerciasis and conduct innovative
surveillance for LF in the area. All of this will, of course, require collaboration between
program, the community, national partners and international stakeholders (Colebunders

et al, 2019).
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CHAPTER FIVE: OVERALL WORK
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5.1 Study rationale

The study of the prevalence of filariasis in Bengo province was chosen because it is still

a public health concern nationwide (Figure 5.1). Understanding lymphatic filariasis-

loiasis-onchocerciasis co-distribution at a micro-level, delineating 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 Test-and-not-Treat (TNT) strategy should be

used to help minimize risk.

Figure 5.1: Summary of the

methodology

Chapter 2.

To cover the most updated

status of the literature for

L. loa parasite in regards to
its vector control.

Chapter 3.

To determine the presence
and co-distribution of
onchocerciasis, LF and loiasis
in Bengo province.

Chapter 4.

To determine the presence
and co-distribution of
onchocerciasis, LF and loiasis
in Bengo province

Chapter 5.
To cover the overall work,
successes and challenges in filarial
control

Chapter 2
Systematic review

Chapter 3

RAPLOA-LF-REMO mapping
survey

Wb ICT

Chapter 4

RAPLOA-LF-REMO mapping
survey

Chapter 4
RAPLOA-LF-REMO mapping survey
Wb real-time PCR
L. loa nested PCR
Wb ICT
OV ELISA

131

Chapter 2

C. silacea is the most powerful and dominant

vector spp

Attracted to woodfire
Defensive control i.e repellents
Aggressive control i.e larvacides and IRS

Chapter 4

N=1616
RAPLOA positive = 6.2%
L. loa nested PCR = 11.5%
Ov16 ELISA positive = 4.7
Wh ICT positive = 0%
Wb real-time PCR = 0%
lymphoedema positive = 11
hydrocoele positive = 14

main findings related to the study objectives and

Chapter 3
N=2007
RAPLOA positive = 2.0%
REMO positive = 5.3%
LF positive = 0.4%
lymphoedema positive = 0.4%
hydrocoele positive = 2.6%



5.1.1 Specific Objectives and Findings:

Chapter 2 covered the literature assessment for L. /oa parasite in regard to its insect vector
transmission characteristics that have been targeted for vector control providing insights
into the potential for integrated vector management (Figure 5.2). Most of the articles
identified were from the 1950-1960s, being the Chrysops silacea the most competent and
dominant vector species. This vector has been described to be the most attracted to wood
fire due to dissemination of odorous particles rather than carbon dioxide (CO3) involved
in the smoke in the canopy. Main vector targeted measures proposed to impact on L. loa
transmission included defensive such as personal repellents, household screening,
clearing vegetations, while the aggressive control measures included adulticides,
larvicides and indoor residual spraying (IRS). Long ago, control depended mainly on the
regime of insecticides and clearing of vegetation neighboring the residences, but
contemporarily, repellents, trappings and destruction of the canopy are the best-proposed
options around residencies, carefully balanced against their detrimental impact on local

biodiversity

The usage of integrated RAPLOA-LF-REMO survey, based on key clinical
manifestations of filarial diseases, which has helped to assess the filarial prevalence maps
and predict areas at highest risk of SAEs in Angola (Figure 5.2). LF filarial surveys have
been performed in Angola in 1966 and then from 2000, while RAPLOA was performed
between 2003 and 2011 (ESPEN, 2017). As for this study, none of the reported cases for
lymphoedema tested positive with ICT for W. bancrofti antigen as also observed in Beng
et al (2020) in Cameroon setting, although FTS was applied instead. The presence of
clinical disease, especially lymphedema, has been considered to be a poor indicator for
LF in Angola. Another possible explanation for the presence of bilateral elephantiasis in
the community is caused by podoconiosis, since its occurrence have been reported in the
past in Angola and, from environmental predictions, may overlap within the study area
thereby confounding the burden of LF (Chandler et a/, 2020; Sime et a/, 2018; Deribe et
al, 2020). The REMO methodology was first performed in Angola in 2002 and
afterwards in 2011, covering a total of 956 villages (Angola NTDs, 2017).
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For loiasis, a significant difference was found between the current survey data with the
RAPLOA modelled maps from 2010 (Zouré et al., 2011). The main reasons for this may
be due to the timing, spatial resolution of data collected, environmental changes and
recent migration; as previous surveys were only conducted in a few villages between
2003-2008 (Zouré et al., 2011; Censo, 2014; World Resources Institute, 2017). Overall,
RAPLOA-LF-REMO survey alone is not as effective as it can lead to misdiagnosis or
missing diagnosis of filarial infections. Investing in fitting mapping of LF in L. loa
endemic areas may not just help to prevent unneeded MDA for LF elimination, but it will

also help to diminish the map of LF distribution.

The assessment and description of the prevalence and co-distribution of filarial parasites,
namely L. loa, O. volvulus and W. bancrofti, in Bengo province based in serological and
molecular methods. Available information in the current or historical geographical
distribution of LF in Angola is scarce. The country has a population of about 24.3 million
residents and few of them have actually been properly tested for LF. In a couple studies
performed from 2000 to 2016, over 16.316 individuals from 16 provinces were tested for
circulating filarial antigen by ICT and positivity rates ranged from 0.0-98.0% in Angola
(ESPEN, 2017), however, positive tests were not confirmed by other tools to diagnose W.
bancrofti infection, as also reported in Cameroon by Wanji et a/ (2019) and Kelly-Hope
et al (2018). Currently, apart from this research, there are no literature data available in
regards the molecular diagnostic of filarial infection in Angola region as a baseline point,
specifically real-time, conventional and nested-PCR approaches. For this reason, it has
been fundamental to apply such techniques, not only just for reference but also to compare
its accuracy and precision with further parasitic and serological diagnostics in the
Angolan setting, and in Africa in general. Results of the molecular analysis by PCR
confirmed the presence of L. loa and the absence of W. bancrofti as well as seen in
Cameroon by Beng et a/ (2020) and Wanji et a/ (2019), which suggests that the studied

region in Angola is hypoendemic.
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5.2 Success in filarial control

The development of new, more-sensitive diagnostics is now broadening our knowledge
of infection prevalence and of the risk of re-infection (Osei-Atweneboana et al, 2012).
For example, the PCR methods have the advantage that no fresh samples are needed to
make a correct diagnosis, as the DNA from damaged parasites in peripheral blood is
detectable for years by this technique, while the morphology is usually lost (Osei-
Atweneboana et al, 2012).

An integrated mapping exercise that has been implemented by ESPEN, which includes
Angola data, allows the identification of filarial cases across the country, which will help
to ensure effective implementation of morbidity management and disability prevention
services for these filarial diseases. As an example, Kebede ef a/ (2018) has pioneered this
strategy in Ethiopia, therefore identifying more than 25,000 cases of elephantiasis across

few districts known to be endemic for both LF and podoconiosis.

GIS technology has enlightened a new approach for analyzing digital map created by
earth observing satellite sensors and for regulating evaluation of spatial and temporal
environments (Hay, 2000). Therefore, by using this approach, it is possible to undermine
the onus of the filarial diseases by reproducing data that allow the implementation of
strategies and resources towards the general population to take conscious actions, and the
health actors to reform the surveillance, prevention and control of filarial diseases

(Ratmanov et al, 2013; Giardina et al, 2014).

5.3 Challenges in filarial control

The urgent issue regarding the filarial co-distribution between L. loa and Onchocerca
species, stands for the fact of lack of studies and evidence of how many people are co-
infected, therefore inhibiting the use of ivermectin MDA as it might cause severe
complications if patients carry heavy microfilaremia (Kamgno et al, 2017). Recent
advances in point-of-care screening may help to limit the risk through implementation of
a ‘test-and-not-treat’ strategy that will prevent ivermectin delivery to individuals with

high-risk L. loa infection (Kamgno et al, 2017).
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The target populations sampled earlier in the literature were focused on the adult
population, and while positive findings in this group are validated for identifying
infection in the population, it is possible that the younger population is a sentinel of recent
transmission, specifically children, the same group now recommended for assessment

guiding the decision to stop MDA.

The earlier defined justification of a sampling strategy to identify villages in regard to
blackfly breeding sites along fast-flowing rivers remains valuable, but it is not enough for
onchocerciasis elimination mapping. Adapting strategies to account for co-endemic
filarial infections is vital since in Loa-endemic settings, it is not enough to determine
whether or not onchocerciasis is endemic. Coordinated mapping for L. loa infection must
be done as efficiently as possible so that an appropriate, safe plan for MDA treatment can
be designed. For elimination mapping to be carried out safely and efficiently, national
program expects the WHO to establish strategies to address onchocerciasis co-endemicity

with LF and/or loiasis based on best evidence and consensus.

Further, challenges for effective control of NTDs include finalizing coordinated mapping
of NTDs, updating NTDs morbidity data, effectively implementing large-scale MDA,
improving the performance of community-directed treatment with ivermectin projects,
extending campaigns of deworming with ivermectin and praziquantel throughout

Angolan territory.

5.4 Changes in parasite transmission

The ecology of vectors species and intermediate host species is mostly likely to change
as global climate changes and other anthropogenic landscape changes are taking place in
the meantime. As a result of these changes either expansion or limitation of the filarial
species presence might occur in certain regions. On the other hand, population migration
and increasing of human host population density also have a major impact in the success

of pathogen transmission (King, 2019).

135



5.5 The national movement towards elimination

Angola has recently mapped filarial diseases that have been widely distributed, therefore
affecting large numbers of people, some of whom live in remote locations that are
extremely difficult to access (WHO, 2017; ESPEN, 2017). As a result, the increase in
data collection from sites, with geo-referencing, and with molecular tools give a more

detailed view on transmission and where to target control efforts.

The crucial correlation between NTDs and SDGs have been lately pointed out in a way
that symptoms from filarial infections affect the SDG 1-4 by limiting people from doing
their daily routine (Addisu et al, 2019; Bangert et al, 2017). Furthermore, the highest
predominance of filarial infections most commonly arises in remote and rural areas while
the community from urban settings and socioeconomically stabilized areas are exempted,
therefore, impeding SDG 10 which covers the reduction within and among countries

(Addisu et al, 2019; Bangert et al, 2017).

The 2019 SDG Index and Dashboards Report provides an evaluation of the actual status
of where African countries stand in regard to SDGs and their improvement in respect to
the goals, but also how African governments are applying strategies to conquer them
(SDG, 2019). The 2019 SDG Index ranks 52 African countries based on the 97 indicators
across all the 17 goals. Such scoring positions a country between the worst (0) and best
(100) outcomes. In the year of 2019, Angola ranked with a score of 49.26 meaning that
the country is 49% of the way towards conquering the SDGs.

According to the SDG performance, Angola fell into the Cluster 3 category entitled
‘Middle of the Pack’ which is considered the largest cluster out of the five, as well as the
most diverse (Figure 5.2). Therefore, this group has been classified as having the best
regional performance in terms of SDG 12 and SDG 13. On the other hand, the major
challenge identified is poverty, innovation and infrastructure, and inequality.
Achievement on SDG 8 for this group is close to the top. As a result, Angola and the other
20 countries that belong to this cluster must certify that they prosper their progress in a
way to minimize poverty and promote human welfare, without unbalanced environmental

sustainability (SDG, 2019).
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One of the aims of SDG 3 is to ‘end the epidemics’ of all conditions including NTDs.
Currently the coverage of preventive chemotherapy for NTDs is 21.4%, the UHC tracer
index is 43.2%, and the subjective wellbeing in 3.8% (average ladder score 0-10). This
could actually be achieved by implementing a comprehensive, holistic strategy of
community-based, large-scale preventive chemotherapy and individual treatments
supported by vector control delivered in tandem with universal health coverage (SDG,

2019).

Figure 5.2 Angola average performances by SDG.

G

14/

SDG

Source: SDG, 2019.

The most important factor at the international level is the recognition by supporting
program that collaborate towards the onchocerciasis elimination mapping that has been
set for 2020, 2025 and 2030, however, none of these goals can be met if the extent of

onchocerciasis infection stands unsure (WHO, 2012c¢).

At country level, the Angolan Ministry of Health through the National NTD Control
Program, with technical support from WHO, carried out a data review and validation of
five key NTDs namely LF, onchocerciasis, schistosomiasis, geohelminthiasis and

trachoma (WHO, 2019). This process will therefore allow a national observation of the
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health and socio-economic impact of such diseases through monitoring, prevention,
control and elimination. With this achievement, it is expected the expansion of this
database throughout the country as a way to determine the areas eligible for preventive
chemotherapy or mass treatment of anthelminthic drugs based on a better visualization of
the distribution and prevalence of the diseases. Angola national programs must examine
the usefulness of information for each municipality that are both missing data on
onchocerciasis and are ivermectin naive in order to evaluate if any can be ruled out from
additional assessment because of their epidemiological unsuitability for onchocerciasis
transmission. Preventive treatment of filarial infections requires activities additional to
the distribution of medicines, to ensure a holistic approach to the causes and effects of the
diseases. The broader strategy would include preventive chemotherapy, vector ecology
and management, water sanitation, and, morbidity management. The next step would be
the implementation, which would include capacity building, delivery and logistics,

planning and coordination; and data management and analysis (Rebollo et al, 2015).

Advocacy must be promoted in regards the increasing awareness of filarial NTDs and
their impact on affected communities; community engagement, education, promoting
integrated management schemes and their potential benefits to society and donors. In
terms of local research management, this project promoted the assessment of common
clinical and laboratory diagnostic platforms for filarial infections, which were practical
in the fieldwork. Furthermore, mapping was also used to identify their overlapping
distribution to allow an integrated coordinated control and treatment activities. Further
local research should be managed in regard to piloting of integrated approach in one or
several regions in Angola. Other than that, understanding community resilience and

program factors that strengthen community participation would be a major benefit.

5.6 Limitations

The study has several limitations which include:

1. The low enrolment rate of the communities within Bengo province due to highly
mobile population, which is, considered a common issue, therefore resulting in a
possible underestimation of the filarial infections and morbidity estimates as low
or non-adherers. The same pattern was observed in a similar study performed in

Zaire province (Appendix 12). This fact highlights how risk and population
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dynamics can change over time, and that there is a need for up-to-date information
and assessments before treatment strategies are implemented.

2. The pre-control epidemiological data were not available for the communities in
Dande Municipality; therefore, it was not possible to observe and compare the
impact of MDA intervention on the epidemiology of the diseases at community
level.

3. This study did not cover all the suspected filarial endemic communities from the
Municipality of Dande. Further limitation includes the lack of blackfly catches in
the different regions in Bengo and Zaire provinces. Although this reflects a lack
of biting at the sampling time in these localities, the result may not reflect true

absence of simuliids and of any associated transmission.

5.7 Future Work

5.7.1 Surveillance approach

It is imperative to comprehend the dynamics of transmission at low prevalence in order
to notify surveillance for detecting elimination and resurgence for NTDs, as a way to
promote and certify the guidance, designs are generated further data. Therefore, it has
been proposed by the literature regular training of health extension workers and primary
health care workers on the screening and management of the different conditions (WHO,
2018b). WHO has developed a manual to aid training of frontline health workers in
recognition of the signs and symptoms of NTDs (WHO, 2018b).

5.7.2 Potential future focus and research

As there is no updated of the Angolan entomological profile data in the literature since
pre-colonial period in regards the indices of onchocerciasis transmission, it should also
be considered the study of O. volvulus infection based on Simulium biting infectivity, and
infective rates a ‘limitation’ phenomenon, for comparative analysis, as seen in Ghana and
Nigeria (Amuzu et al/, 2010). As at least 11/18 provinces from Angola have been reported
to be endemic for onchocerciasis, where CDTi has been taking place from 2005 until

2016, it would be of most value to evaluate the manifestation and biting patterns of S.
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damnosum complex, as a way to interrupt the transmission cycle of the disease in

vulnerable human populations (ESPEN, 2017).
5.7.3 Disease burden approach

Although the province of Bengo, was classified as hypo-endemic for onchocerciasis,
many other provinces in Angola, including Uige, Cuanza Norte and Cuanza Sul, have
been classified as endemic, where therefore, CDTi is taking place (ESPEN, 2017). In such
regions, the contribution of community knowledge, attitudes and perceptions towards
onchocerciasis and its influence on participation and acceptability of CDTi should be
investigated, as this data is unknown in the Angola context. Therefore, a review on
historical and current about onchocerciasis in the whole country should be considered as
a way to understand the current status of the situation and plan for future challenges in
order to fight this disease better in Angola. A recent studied performed in Tanzania by
Mushi et a/ (2020) have reported inadequate levels of knowledge, negative attitudes and
perceptions in regards CDTi which suggests a continuous transmission of onchocerciasis.
Furthermore, as the literature as suggested common co-infection between onchocerciasis,
loiasis and M. perstans, novel studies should be performed to establish the geographic
range and risk factor among these conditions in suspected endemic regions (Schulz-Key

et al, 1993; Wanji et al, 2003; Van Hoegarden et al, 1987; Noireau et al, 1989).

Although the physical and psychosocial matters in regards disfigurement caused by NTDs
are well documented in the general literature, there is a significant lack of data at
population level in regards the activity limitation and social impact in Angolan context
(Yanik et al, 2004; Williams et al, 2011). A few studies have used the WHO Disability
Assessment Schedule survey in their analysis in patients with podoconiosis, which is a
disease with similar aetiology, suggesting a significant high score (Barlett ef al/, 2015;
Caprioli et al, 2020). Another interesting approach that should be considered for Angola
context is to address the stigmatization and disability impact of LF symptoms including
hydrocele and elephantiasis, in regards the quality of men’s lives as reported in Betts et
al (2020), Eneanya et a/ (2019) and Ton et al (2015); and for loiasis as seen in Gabon on
a study by Veletzky et al (2020).

As an alternative to pharmaceutical worming approach, the research and evaluation of

anti-filarial biomolecules extracted from medicinal plants should also be considered for
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future work, mainly in Angola context, where pharmaceutical therapy is often
inaccessible or unavailable in rural settings; and where people have resource to alternative
medicines to treat themselves which may or may not have beneficial impacts (Edwige et
al, 2018; Costa et al, 2013). As mentioned in the Chapter 1, a couple of plants are used
to treat L. loa infections, and among those at least 6 plants are available in Angola,
including Costus lucanusianus K Schum locally known as ‘mukisu’, Senna occidentalis
(L) Sink locally known as ‘nhoca-nhoca’, Portucala olerecea L locally known as
‘mbembe’, Nicotiana tabacum L. locally known as ‘tabaco’, and, Cissus quadrangularis

locally known as ‘dilengue’ (Costa et al, 2013; Edwige et al, 2018).
5.7.4 Sociodemographic approach

Although the filarial survey from the current study didn’t include participants aged below
15 years old, the younger class should be included in future mapping studies, as according
to WHO, the younger and pediatric population could be considered to be sentinels,
therefore indicating patent or past infections, as it was reported in younger individuals
infected with onchocerciasis in Wanji et a/ (2015) and Mladonicky et a/ (2009), where
reported positive responses regarding ICT in younger children (5-14 years old) suggested
recent filarial exposure or infection. Furthermore, WHO (2016a) also recommends that
Ov16 serology assessment in population younger than 10 years of age should be estimated

whether MDA should be cautiously interrupted.

5.7.5 Diagnostic approach

The FTS is the most recent filarial antigen test that was implemented to upgrade on the
ICT for mapping of LF (Beng et al, 2020). The use of the LoaScope based Test and Not
Treat strategy would be of most use to identify and exclude individuals from ivermectin
treatment for L. /oa at risk for SAEs which might help increase adherence for treatment

(Kamgno et al, 2017).

5.7.6 Data management approach

As a way to become more environmentally friendly, data generated in the field could be

collected electronically using smart phones or tablets and uploaded to a center server

coded, instead of using paper forms. As an example, Magpi, Epi Info and SurveyCTO
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software have been majorly used to collect field data due to their high data quality,

accuracy and laboring time reduction (Oswald et al, 2020).

142



BIBLIOGRAPHY

143



Addiss, D.G., Rheingans, R., Twum-Danso, N.A., and Richards, F.O. (2003) A
framework for decision-making for mass distribution of mectizan in areas endemic for

Loa loa. Filaria J., 2 Suppl 1(Suppl 1): S9. doi: 10.1186/1475-2883-2-S1-S9.

Addisu M., Adriaensen W., and Balew A., (2019), Neglected tropical diseases and the
sustainable development goals: an urgent call for action from the front line. BMJ Glob

Health, 4. d0i:10.1136/ bmjgh-2018-001334.

Agbolade O.M., Akinboye D.O. and Ogunkolo O.F. (2005), Loa loa and Mansonella
perstans: Neglected human infections that need control in Nigeria. Afr. J. Biotechnol,

4(13), 1554-1558. ISSN 1684-5315.

Akue P, Hommel M. and Devaney E. (1998), IgG subclass recognition of Loa loa
antigens and their correlation with clinical status in individuals from Gabon. Parasite

Immunol, 20(8), 387-393. doi: org/10.1046/].1365-3024.1998.00172.x.

Akue P. (2016), Loa loa pathogenesis in humans, Chapter 23, Human emerging and re-
emerging infections: viral & parasitic infections. Vol. I, 1% Edition, John Wiley & Sons,

Inc. doi: 10.1002/9781118644843.ch23.

Akue P., Nkoghe D., Padilla C., Moussavou G., Moukana H., Mbou R.A., Ollomo B.,
and Leroy E.M. (2011), Epidemiology of concomitant infection due to Loa loa and
Mansonella  perstans in  Gabon. PLOS Negl Trop Dis, 5(10). doi:
org/10.1371/journal.pntd.0001329.

Alhassan A., Makepeace V.L., LaCourse E.J., Osei-Atweneboana M.Y., and Carlow
C.K. (2014), A simple isothermal DNA amplification method to screen black flies for
Onchocerca volvulus infection. PLOS ONE; 9(10). doi:
org/10.1371/journal.pone.0118323

Amuzu H., Wilson M.D., and Boakye D.A. (2010), Studies of Anopheles gambiae sl
(Diptera: Culicidae) exhibiting different vectorial capacities in lymphatic filariasis
transmission in the Gomoa district, Ghana. Parasit Vectors. 3(1), 85. doi: 10.1186/1756-
3305-3-85

144



Angola NTDs (2017), National strategic plan for neglected tropical diseases 2017-2021.
National Directorate of Public Health, Angolan Ministry of Health

Awadzi K., Opoku N.O., Attah S.K., Lazdins-Helds J.K., and Kuesel A.C. (2015),
Diagnosis of O. volvulus infection via skin exposure to diethylcarbamazine: clinical

evaluation of a transdermal delivery technology-based patch. Parasit Vector, 8(1), 515.
doi: 10.1186/s13071-015-1122-9

Azevedo F. (1964), Distribution and incidence of filariasis of genera Wuchereria and

Brugia in the portuguese overseas territories, Ann Inst Med Trop, 21(3), 313-9

Badia-Rius X., Betts H., Molyneux D.H. and Kelly-Hope Louise (2019), Environmental
factors associated with the distribution of Loa loa vectors Chrysops spp. in central and

west Africa: seeing the forest for the trees. Parasites Vectors 12 (1), 72. doi:

10.1186/s13071-019-3327-9

Baird J.K., Neafie R.C., Lanoie L., and Connor D.H. (1987), Adult Mansonella perstans
in the abdominal cavity of nine Africans. Am. J. Trop. Med. Hyg. 37(3), 578-584. doi:
10.4269/ajtmh.1987.37.578

Bakajika D., Nigo M., Lotsima J., Masikini G, Fischer K, Lloyd M., Weil G., and Fischer
P. (2014), Filarial antigenemia and Loa loa night blood microfilaremia in an area without

bancroftian filariasis in the Democratic Republic of Congo. Am J Trop Med Hyg 91(6),
1142-1148. doi: 10.4269/ajtmh.14-0358

Bal M., Sahu P., Mandal N., Satapathy A., Ranjit M., and Kar S., (2015), Maternal
infection is a risk factor for early childhood infection in filariasis. PLOS Negl Dis 9(7).
doi: 10.1371/journal.pntd.0003955

Banerjee D., Kumar V., Maity A., Ghosh B., Tyagi K., Singha D., Kundu S., Laskar B.A.,
Naskar A., and Rath S. (2015), Identification through DNA barcoding of Tabanidae
(Diptera) vectors of surra diseases in India. Acta Trop, 150, 52-58. doi:
10.1016/j.actatropica.2015.06.023

145



Bangert M., Molyneux D.H., Lindsay S.W., Fitzpatrick C., and Engels D., (2017), The
cross-cutting contribution of the end of neglected tropical diseases to the sustainable

development goals. Infect Dis Poverty; 6(1), 73. doi: 10.1186/s40249-017-0288-0

Baldacchino F., Desquesnes M., Mihok S., Foil L.D., Duvallet G., and Jittapalapong S.
(2014), Tabanids: neglected subjects of research, but important vectors of disease agents.

Inf Gen Evol, 28, 596-615. doi: 10.1016/j.meegid.2014.03.029

Bar W., Rusch-Gerdes S., Ritcher E., Marquéz de Bar G., Dittmer C., Papsdorf H.,
Stosiek P., de Rijk P.B., Meyers W.M. and Portaels F. (1998), Mycobacterium ulcerans

infection in a child from Angola: diagnosis by direct detection and culture. Trop Med Int

Health, 3(3), 189-96. doi: 10.1046/].1365.1998.00225.x

Barlett J., Deribe K., Tamiru A., Amberbir T., Medhin G., and Malik M. (2015),
Depression and disability in people with podoconiosis: a comparative cross-sectional

study in rural northern Ethiopia. Int Health, 8(2),124-31. doi: 10-1093/inthealth/ihv037

Bassene H., Sambou M., Fenollar F., Clarke S., Djiba S., Mourembou G., Alioune B.,
Raoult D., and Mediannikov O., (2015), High prevalence of Mansonella perstans
filariasis in rural Senegal. Am J Trop Med Hyg 93(3), 601-606. doi: 10.4269/ajtmh.15-
0051

Beng A.A., Esum M.E., Deribe K., Njouendou A.J., Ndongmo P.W.C., Abong R.A., Fru
J., Fombad F.F., Nchanji G.T., Amambo G., Gandjui N.T.V., Biholong B., Nko’Ayissi
G., Mbia P., Akame J., Enyong P.I., Reid S.D., Tougoue J.J., Zhang Y. and Wanji S.
(2020), Mapping lymphatic filariasis in Loa loa endemic health district naive for
ivermectin masss administration and situated in the forested zone of Cameroon. BMC

Infect Dis, 20(1), 284. doi: 10.1186/512879-020-05009-3

Berger S. (2014), Infectious Diseases of South Africa. Gideon Informatics Inc., Los

Angeles, Californi, USA

Betts H., Martindale S., Chiphwanya J., Mkwanda S.Z., Matipula D.E., Ndhlovu P.,
Mackenzie C., Taylor M.J., and Kelly-Hope L.A. (2020), Significant improvement in

146



quality-of-life following surgery for hydrocele caused by lymphatic filariasis in Malawi:
A prospective  cohort study. PLOS Negl Trop Dis, 14(5). doi:
10.1371/journal.pntd.0008314

Berg H., Kelly-Hope L.A., and Lindsay S., (2012), Malaria and lymphatic filariasis: the
case for integrated vector management. Lancet Infect Dis, Vol 13(1), 89-94. doi:

10.106/S1473-3099(12)70148-2

Blaho M., Egri A., Barba A., Antoni G., Kriska G. and Horvath G., (2012), How can
horseflies be captured by solar panels? A new concept of tabanid traps using light

polarization and electricity produced by photovoltaics. Vet Parasitol, 189(2-4), 353-365.
doi: 10.106/j.vetpar.2012.04.016

Boatin B.A., Toé L., Alley E.S., Nagelkerke N.J., Borsboom G., and Habbema J.D.
(2002), Detection of Onchocerca volvulus infection in low prevalence areas: a

comparison of three diagnostic methods. Parasitology 125(6), 545-552. doi:
10.107/S0031182002002494

Bockarie M.J., Kelly-Hope L.A., Rebollo M., and Molyneux D.H. (2013), Preventive
chemotherapy as a strategy for elimination of neglected tropical parasitic diseases:
endgame challenges. Philos Trans R Soc B, 368(1623):20120144. doi:
10.1098/rstb.2012.0144

Bockarie M.J., Pedersen E.M., White G.B. and Michael E., (2008), Role of vector control
in the global program to eliminate lymphatic filariasis. Annu Rev Entomol, 54(1), 469-
87. doi: 10.116/annurev.ento.54.110807.090626

Boussinesq M. (2006), Loiasis. Ann Trop Med Parasit. 100, 715-731

Boussinesq M., Fobi G., and Kuesel A.C., (2018), Alternative treatment strategies to
accelerate the elimination of onchocerciasis. Int Health, 10(S1), 40-48. doi:

10.1093/inhealth/ihx054

Boussinesq M., Gardon K., Kamgno J., Pion S.D., Gardon-Wendel N., Chiaux J.P.

(2001), Relationships between the prevalence and intensity of Loa loa infection in the

147



central province of Cameroon. Ann Trop Med Parasitol. 63(7), 495-507. doi:
10.1080/00034983.2001.11813662

Brant T., Okorie P.N., Ogunmola O., Ojeyode N.B., Fatunade S.B., Davies E., Saka Y.,
Stanton M.C., Molyneux D.H., Stothard J.R. and Kelly-Hope L.A. (2018), Integrated risk
mapping and landscape characterization of lymphatic filariasis and loiasis in south west

Nigeria. Parasite Epidemiology Control 3, 21-35. doi: 10.1016/j.parepi.2017.12.001

Bregani E.R., Balzarini L., Mbaidoum N., and Rovellini A. (2007), Prevalence of
filariasis in symptomatic patients in Moyen Chari district, south of Chad. Trop Dr, 37(3),
175-7. doi: 10.1258/004947507781524629

Brito M., Paulo R., Van-Dunem P., Martins A., Unnasch T., Novak R., Jacob B., Stanton
M., Molyneaux D. and Kelly-Hope L. (2017), Rapid integrated clinical survey to
determine prevalence and co-distribution patterns of and onchocerciasis in a Loa loa co-
endemic area: The Angolan experience. Parasite Epidemiology Control, 2(3), 71-84. doi:

10.1016/j.parepi.2017.05.001

Bulman C.A., Bidlow C.M., Lustigman S., Cho-Ngwa F., Williams D., Rascon A.A.,
Tricoche N., Samje M., Bell A., Suzuki B., Lim K.C., Supakorndej N., Supakorndej P.,
Wolfe A.R., Knudsen G.M., Chen S., Wilson C., Ang K.-H., Arkin M., Gut J., Franklin
C., Marcellino C., McKerrow J.H., Debnath A., and Sakanari J.A., (2015), Repurposing
Aurorafin as a lead candidate for treatment of lymphatic filariasis and onchocerciasis.

PLOS Negl Trop Dis 9(2). doi: 10.1371/jornal.pntd.0003534

Bungo F. (2002), Estudo de prevaléncia da filarioso bancroftiana e loana na vila do Buco-

Zau, norte de Angola, Fundacdo Oswaldo Cruz
Burbelo P., Leahy H., Iadarola M. and Nutman T. (2009), A four-antigen mixture for

rapid assessment of Onchocerca volvulus infection. PLOS Negl Trop Dis 3(5). doi:
10.1371/journal.pntd.0000438

148



Burbelo P., Ramanathan R., Klion A., Iadarola M., and Nutman T. (2008), Rapid, novel,
specificity, high-throughput assay for diagnosis of Loa loa infection. J Clin Microbiol,
46(7), 2298-2304. doi: 10.1128/JCM.00490-08

Campille J.T., Chesnais C.B., Pion S.D.S., Gardon J., Kamgno J., and Boussinesq M.
(2020), Individuals living in an onchocerciasis focus and treated three-monthly with

ivermectin develop fewer new onchocercal nodules than individuals treated annually.

Parasites Vectors, 13(1), 258. doi: 10.1186/s13071-020-04126-x

Cano J., Basanez M., O’Hanlon S., Tekle A., Wanji S., Zouré H., Rebollo M., and Pullan
R. (2018), Identifying co-endemic areas for major filarial infections in sub-Saharan
Africa: seeking synergies and preventing severe adverse events during mass drug
administration campaigns. Parasites Vectors, 11(1), 70. doi: 10.1186/s13071-018-2655-
5

Caprioli T., Martindale S., Mengiste A., Assefa D., Kiros F., Tamiru M., Negussu N.,
Taylor M., Betts H., and Kelly-Hope L. (2020), Quantifying the socio-economic impact
of leg lymphedema on patient caregivers in a lymphatic filariasis and podoconiosis co-
endemic district of Ethiopia. PLOS Negl Trop Dis, 14(3):e0008058. doi:
10.1371/jornal.pntd.0008058

Casaca (1966), Contribui¢cdo para o estudo da filariase bancrofti em Angola, Instituto de

Investigagdo Médica de Angola. Anais Inst Med Trop, 23(1), 127-132

Censo (2014), Resultados preliminares — recenseamento geral da populagdo e habitagao.

Instituto Nacional de Estatistica, Governo de Angola

Centers for Disease Control and Prevention, 2008, DPDX: Laboratory identification of
parasites of public health concern. US Centers for Disease Control and Prevention.

http://www.dpd.cdc.gov/dpdx

Centers for Disease Control and Prevention, 2013, Biology — Life Cycle of Onchocerca
volvulus, Global Health, Division of Parasitic Diseases URL.:

https://www.cdc.gov/parasites/onchocerciasis/biology.html

149



Centers for Disease Control and Prevention, 2018, Biology — Life Cycle of Wuchereria
bancroffti, Global Health, Division of  parasitic Diseases, URL:

https://www.cdc.gov/parasites/lymphaticfilariasis/biology w_bancrofti.html

Centers for Disease Control and Prevention, 2019, Biology — Life Cycle of Mansonella
perstans, Global Health, Division of  parasitic Diseases, URL:

https://www.cdc.gov/dpdx/mansonellosis/index.html

Chandler D.J., Grijseh M.L. and Fuller L.C. (2020), With bare feet in the soil:
Podoconiosis, a neglected cause of tropical lymphedema, Dermatology, doi:

10.1159/000506045

Chesnais C., Takougang 1., Paguélé M., Pion S., and Boussinesq M. (2017), Excess
mortality associated with loiasis: a retrospective population-based cohort study. Lancet

Infect Dis, 17(1), 108-116. doi: 10.1016/S1473-3099(16)30405-4

Chesnais C.B., Missamou F., Pion S.P., Bopda J., Louya F., Fischer P.U., Weil G.J. and
Boussines M. (2014), A case study of risk factors for lymphatic filariasis in the Republic
of Congo. Parasites Vectors, 7(1), 300. doi: 10.1186/1756-3305-7-300

Churcher T.S., Pion S.D., and Osei-Atweneboana M.Y. (2009), Identifying sub-optimal
responses to ivermectin in the treatment of river blindness. Pro Natl Acad Sci USA;

106(39), 16716-21. doi: 10.1073/pnas.0906176106

Colebunders R., Olore P.C., Puok K., Bhattacharyya S., Menon S. (2018), High
prevalence of onchocerciasis-associated epilepsy in villages in Maridi county, Republic

of South Sudan: a community-based survey. Seizure, 63, 93-101. doi:

10.1016/j.seizure.2018.11.004
Colebunders R., Baidnez M.G., Siling K., Post R.J., Rotsaert A., Mmbando B.,

Suykerbuyk P. and Hopkins A. (2018), From river blindness control to elimination bridge
over troubled water. Infect Dis Poverty, 7(1), 21. doi: 10.1186/s40249-018-0406-7

150



Colebunders R., Stolk W.A., Fodjo J.N.S., Mackenzie C.D. and Hopkins A., (2019),
Elimination of onchocerciasis in Africa by 2025: an ambitious target requires ambitious

interventions. Infect Dis Poverty, 8(1), 83. doi: 10.1186/s40249-019-0593-x

Cortes S., Pereira A., Vasconcelos J., Paixdo J., Quivinja J., Afonso J., Cristéovao J. and
Campino L. (2019), Leishmaniasis in Angola — an emerging disease? BMJ Glob Health,
4(3), 47-48. doi: 10.1136/bmjgh-2019-EDC.125

Cosep Consultoria Consaude, ICF International, 2011. Angola malaria indicator survey,

2011. Cosep Consultoria, Consaude, and ICF International, Calverton, Maryland

Costa E. and Pedro M. (2013), Plantas medicinais de Angola, Centro de Botanica da
Universidade Agostinho Neto, PM Media

Costa M.J., Rosdrio E., Langa A., Bendriss A., Nery S.V., and Maria E.R. (2012), Setting
up a demographic surveillance in the Dande Municipality Angola. Etud Popul Afr,
26(2),133-146

Cupp E., Sauerbrey M., Cama V., Eberhard M., Lammie P.J. and Unnasch T.R. (2019),
Elimination of onchocerciasis in Africa by 2025: the need for a broad perspective, Infect

Dis Poverty, 8(1), 50. doi: 10.1186/s40249-019-0557-1

Crewe W. (1956), The bionomics of Chrysops silacea: its life history and role in the

transmission of filariasis. PhD Thesis. University of Liverpool

Crowe A., Koehler A.V., Sheorey H., Tolpinrud A., Gasser R.B. (2018), PCR-coupled
sequencing achieves specific diagnosis of onchocerciasis in a challenging clinical case,
to underpin effective treatment and clinical management. Infect Genet Evol 66,192-194.

doi: 10.1016/j.meegid.2018.09.012

Dacal E., Saugar J.M., de Lucio A., Herndndez-de-Mingo M., Robinson E., Koster P.C.,
Aznar-Ruiz-de-Alegria M.L., Espasa M., Ninda A., Gandasegui J., Sulleiro E., Moreno
M., Molina I., Rodriguez E. and Carmena D. (2018), Prevalence and molecular

characterization of Strongyloides stercoralis, Giardia duodenalis, Cryptosporidium spp.,

151



and Blastocystis spp. isolates in school children in Cubal, western Angola. Parasit

Vectors, 11(1), 67. doi: 10.1186/s13071-018-2640-z

da Silva L.B., Crainey J.L., da Silva T.R., Suwa U., Vicente A., de Medeiros J., Pessoa
F., and Luz Sérgio (2017), Molecular verification of new world Mansonella perstans

parasitemias. Emerg Infect, 23(3), 545-547. doi: 10.3201/e1d2303.161159

de Alegria M.L.A.R., Colmenares K., Espasa M., Amor A., Lopez I, Nindia A., Kanjala
J., Guilherme D., Sulleiro E., Barriga B., Gil E., Salvador F., Bocanegra C., Lopez T.,
Moreno M. and Moline 1. (2017), Prevalence of Strongyloides stercoralis and other

intestinal parasite infections in school children in a rural area of Angola: A cross-sectional

study. Am J Trop Hyg, 97(4), 1226-1231. doi: 10.4269/ajtmh.17-0159.

D’Ambrosio M.V., Bakalar M., Bennuru S., Reber C., Skandarajah A., Nilsson L., Switz
N., Kamgno J., Pion S., Boussinesq M., Nutman T.B., and Fletcher D.A. (2015), Point-

of-care quantification of blood-borne filarial with a mobile phone microscope. Sci Transl

Med, 7(286), 286re4. doi: 10.116/scitranslmed.aaa.3480

Debrah L.B., Nausch N., Opoku V.S., Owusu W., Mubarik Y., Berko D.A., Wanji S.,
Layland L.E., Hoerauf A., Jacobsen M., Debrah A.Y. and Phillips R.O. (2017),
Epidemiology of Mansonella perstans in the middle belt of Ghana. Parasites Vectors,

10(1), 15. doi: 10.1186/s13071-016-1960-0

Deribe K., Brooker S.J., Pullan R.L., Sime H., Gebretsadik A., and Assefa A. (2015),
Epidemiology and individual, household and geographical risk factors of podoconiosis in
Ethiopia: results from the first nationwide mapping. Am J Trop Med Hyg, Jan; 92(1),
148-58. doi: 10.4269/ajtmh.14-0446

Deribe K., Cano J., Njouendou A., Eyong M., Beng A., Giorgi E., Pigott D., Pullan R.,
Noor A., Enquselassie F., Murray C., Hay S., Newport M., Davey G., and Wanji S.
(2018), Predicted distribution and burden of podoconiosis in Cameroon. BMJ Glob
Health; 3(3): €000730. doi: 10.1136/bmjgh-2018-000730

152



Deribe K., Cano J., Trueba M.L., Newport M.J., and Davey G. (2018), Global
epidemiology of podoconiosis: a systematic review. PLOS Negl Trop Dis, Mar; 12(3):
€0006324. doi: 10.1371/journal.pntd.0006324

Dermauw V., Dorny P., Braae U., Devleesschauwer B., Robertson L., Saratsis A., and
Thomas L., (2018), Epidemiology of Taenia Saginata taeniosis/cysticercosis: a
systematic review of the distribution in southern and eastern Africa. Parasites Vectors,

11(1), 578. doi: 10.1186/s13071-018-3163-3

Deribe K., Simpson H., Pullan RL., Bosco MJ., Wanji S., Weaver ND., Murray C.J.L.,
Newport MJ., Hay S.I., Davey G. and Cano J., (2020), Predicted the environmental

suitability and population at risk of podoconiosis in Africa, PLOS Negl Trop Dis, 14(8):
€0008616. doi: 10.371/journal.pntd.0008616

Desquesnes M., Dia M., Acapovi G., and Yoni W. (2005), Les vecteurs mécaniques des
trypanosomoses animals; géneralités, morphologie, biologie, impacts et contrdle.

Identification des especes les plus abondantes en Afrique de I’Ouest. CIRAD & CIRDES

Diawara L., Traoré M.O., Badji A., Bissan Y., Doumbia K., Goita S.F., Konaté L.,
Mounkoro K., Sarr M.D., Seck A.F., Toé L., Tourée S., and Remme J.H.F., (2009),
Feasibility of onchocerciasis elimination with ivermectin treatment in endemic foci in
Africa: first evidence from studies in Mali and Senegal. PLOS Negl Trop Dis 3: e497.
doi: 10.371/journal.pntd.0000497

Djikeussi D. and Akue P. (2014), Age-dependent prevalence of Loa loa amicrofilaremia
and microfilaremia status as defined by two markers: microfilaremia and specific IgG4,

Afr J Biotechnol, Vol. 13(4), 593-597. doi: 10.5897/AJB09.645

Dolo H., Coulibaly Y.I., Dembele B., Guindo B., Coulibaly S.Y., Dicko I., Doumbia S.S.,
Dembele M., Traore M.O., Goita S., Dolo M., Soumaoro L., Coulibaly M.E., Diallo A.A.,
Diarra D., Zhang Y., Colebunders R. and Nutman T.B. (2019), Integrated seroprevalence-
based assessment of Wuchereria bancrofti and Onchocerca volvulus in two lymphatic
filariasis evaluation units of Mali with the SD Bioline Onchocerciasis/LF IgG4 rapid test.
PLOS Negl Trop Dis 13(1): e0007064. doi: 10.1371/journal.pntd.0007064

153



Drame P.M. (2014), Loop-mediated isothermal amplification for rapid and
semiquantitative detection of Loa loa infection. J Clin Microbiol 52, 2071-2077. doi:
10.1128/JCM.00525-14

Duke B.O.L. (1955), Studies on the biting habits of Chrysops. 1. The biting-cycle of
Chrysops silacea at various heights above the ground in the rainforest at Kumba, British

Cameroons. Ann Trop Med Parasitol. 49(2), 193-202

Duke B.O.L. and Wijers D.J. (1958), Studies on loiasis in monkeys. I. The relationship
between human and simian Loa in the rain-forest zone of the British Cameroons. Ann

Trop Med Parasitol. 52(2), 158-175

Edwige M.L., Ludovic M., and Sophie A-A (2018), Are medicinal plants the future of
Loa loa treatment? Pharmacogn Rev, 12(23), 133-7. doi: 10.4103/phrev.phrev_42 17

Egwang T., Dupont A., Leclerc A., Akue J. and Pinder M. (1989), Differential recognition
of Loa loa antigens by sera of human subjects from a loiasis endemic zone. Am J Trop

Med Hyg, 41, 664-673. doi: 10.4269/ajtmh.1989.41.664

Eigege A., Richards F.O., Blaney D.D., Miri E.S., Gontor 1., Ogah G., Umaru J., Jinadu
M.Y., Mathai W., Amadiegwo S., and Hopkins D.R. (2003), Rapid assessment for
lymphatic filariasis in central Nigeria: a comparison of the immunochromatographic card
test and hydrocele rates in an area of high endemicity. Am J Trop Med Hyg. 68(6), 643-
646. doi: 10.4269/ajtmh.2003.68.643

Eneanya O.A., Garske T., and Donnelly C.A. (2019), The social physical and economic
impact of lymphedema and hydrocele: a matched cross-sectional study in rural Nigeria.

BMC Infect Dis, 19(1), 332. doi: 10.1186/s12879-019-3959-6

ESPEN (2017), http://espen.afro.who.int/countries/angola

Espy M.J.., Uhl J.R., Sloan L.M., Buckwalter S.P.. Jones M.F., Vetter E.A.., Yao J.D.,
Wengenack N.L., Rosenblatt J.E.. Cockeril F.R.. and Smith T.F. (2006), Real-time PCR

154



in clinical microbiology: applications for routine laboratory testing. Clin Microbiol Rev,

19(1):165-256. doi: 10.1128/CMR.19.1.165-256.2006

Farrell S.H. and Anderson R.M., (2018), Helminth lifespan interacts with non-compliance
in reducing the effectiveness of anthelmintic treatment. Parasites Vectors, 11(1), 66. doi:

10.1186/s13071-018-2670-6

Filipe A.F. and Pinto M.R. (1973), Arboviruses studies in Luanda, Angola. 2. Virological
and serological studies during an outbreak of dengue-like disease caused by the

Chikungunya virus. Bull WHO, 49(1), 37-40

Fink D.L., Kamgno J., and Nutman T.B. (2011), Rapid molecular assays for specific
detection and quantification of Loa loa microfilaremia. PLOS Negl Trop Dis, 5(8):¢1299.
doi: 10.1371/jornal.pntd.0001299

Garcia L. (2007), Diagnostic medical parasitology. 5th Ed. Washington, DC: American
Society for Microbiology

Gardon J., Gardon-Wendel N., Demanda-Ngangue, Kamgno J., Chippaux J.P., and
Boussinesq M. (1997), Serious reactions after mass treatment of onchocerciasis with
ivermectin in an area endemic for Loa loa infection. Lancet, 350(9070), 18-22. doi:

10.1016/S0140-6736(96)11094-1

Gass K., Beau de Rochars M.V., Boakye D., Bradley M., Fischer P.U., Gyapong J., Itoh
M., Ituaso-Conway N., Joseph H., Kyelem D., Laney S.J., Legrand A.M., Liyanage T.S.,
Melrose W., Mohammed K., Pilotte N., Ottensen E.A., Plichart C., Ramaiah K., Rao
R.U., Talbot J., Weil G.J., Williams S.A., Won K.Y., and Lammie P. (2012), A
multicenter evaluation of diagnostic tools to define endpoints for programs to eliminate
brancroftian filariasis. PLOS Negl Trop Dis 6(1):¢1479. doi:
10.1371/journal.pntd.0001479

Gebrezgabiher G., Mekonnen Z., Yewhalaw D. and Hailu A. (2019), Reaching the last
mile: main challenges relating to and recommendations to accelerate onchocerciasis

elimination in Africa. Infect Dis Poverty 8(1), 60. doi: 10.1186/s40249-019-0567-z

155



Giardina F., Kasasa S., Si¢ A., Utzinger J., Tanner M., and Vounatsu P. (2014), Effects
of vector-control interventions on changes in risk of malaria parasitemia in sub-Saharan
Africa: a spatial and temporal analysis. Lancet Glob Health; 2(10):e601-e615. doi:
10.1016/s2214-109x(14)70300-6

Gillet H. (1920), Rapport medical, Novembre. Companhia de diamante de Angola —
Lunda. Diamond Fields, rapport, A-56, annexe n°® 12

Golden A., Faulx D., Kalnoky M., Stevens E., Yokobe L., Peck R., Karabou P., Banla
M., Rao R., Adade K., Gantin R.G.., Komlan K., Soboslay P.T., Santos T. and Domingo
G.J., (2016), Analysis of age-dependent trends in Ov16 IgG4 seroprevalence to
onchocerciasis. Parasites Vectors, 9(1), 338. doi: 10.1186/s13071-016-1623-1

Gordon R.M. and Crewe W. (1953), The deposition of the infective stage of Loa loa by
Chrysops silacea, and the early stages of its migration to the deeper tissues of the
mammalian  host, Ann  Trop Med  Parasit, 47(1), 74-85. doi:
10.1080/00034983.1953.11685548

Gordon R.M. and Lavoipierre M.M.J. (1978), The family Ceratopogonidae (Heleidae).
In: Entomology for students of Medicine. Blackwell Scientific Publication, London 148-

152

Gounoue-Kamkumo R., Nana-Djeunga H.C., Bopda J., Akame J., Tarini A. and Kamgno
J., (2015), Loss of sensitivity of immunochromatographic test (ICT) for lymphatic
filariasis diagnosis in low prevalence settings: consequence in the monitoring and

evaluation procedures. BMC Infect Dis 15(1), 579. doi: 10.1186/s12879-015-1317-x

Govella N.J., Ogoma S.B., Paliga J., Chaki P.P., and Killeen G. (2015), Impregnating
hessian strips with the volatile pyrethroid transfluthrin prevents outdoor exposure to

vectors of malaria and lymphatic filarias in urban Dar er Salaam, Tanzania. Parasite

Vectors, 8(1), 322. doi: 10.1186/s13071-015-0937-8

156



Gracio M.A. (1978), Contribution to the knowledge and incidence of bladder bilharziasis
in the district of Benguela. III. Municipality of Cubal. An Inst Hig Med Trop, 5(1-4), 289-
92

Gyapong J.O., Webber R.H., Morris J., and Bennet S. (1998), Prevalence of hydrocele as
a rapid diagnostic index for lymphatic filariasis. Trans R Soc Med Hyg, 92(1), 40-43. doi:
10.1016/S0035-9203(98)90948-8

Hansen M.C., Potapov P.V., Moore R., Hancher M., Turubanova S.A., Tyukavina A.,
Thau D., Stehman S.V., Goetz S.J., Loveland T.R., Kommareddy A., Egorov A., Chini
L., Justice C.0O., and Townshend J.R.G. (2013), High-resolution global maps of 21%'-
century forest cover change. Science 342(6160), 850-853. doi: 10.1126/science.1244693

Hay S.I. (2000), An overview of remote sensing and geodesy for epidemiology and public
health application. Adv Parasitol, 47, 1-35. doi: 10.106/S0065-308X(00)47005-3

Hebert P.D., Cywinska A., and Ball S.L. (2003). Biological identification through DNA
barcode. Proc R Soc B, 270(1512), 313-321

Heymann D. (2004). Control of communicable disease manual, 18" Ed. Washington DC:
APHA

Hua H.Y., Wang W., Cao G.Q., Tang F. and Liang Y.S. (2013), Improving the
management of imported schistosomiasis haematobia in China: lessons from a case with

multiple misdiagnoses. Parasit Vectors, 6(1), 260. doi: 10.1186/1756.3305-6-260

Ibeh O., Nwoke B., Adegoke J., and Mafuyai H.B. (2006), Cytospecies identifications of
vectors of human onchocerciasis in southeastern Nigeria. Aftr. J. Biotechnol., 5(19), 1813-

1818. ISSN 1684-5315
Iboh C.I., Okon O.E., Arong G.A., Asor J.E. and Opara K.N. (2012), Occurrence and

distribution of Chrysops species in Akampka community of Cross River state, Nigeria.

PJBS, 15(23), 1139-1143. doi: 10.3923/pjbs.2012.1139.1143

157



Ichimori K., King J., Engels D., Yajima A., Mikhailov A., Lammie P., and Ottosen E.,
(2014), Global program to eliminate lymphatic filariasis: the processes underlying

program success. PLOS Negl. Trop. Dis. 8, €3328

INE (2014) National census, Vol I: instituto nacional de estatistica. http:/

WWW.INe.gov.ao

Casaca J., Carvalho V.M.R., Carvalho A.C.M., and Pires F.M. (1961), Etat actuel des

connaissances sur I’onchocercose en Angola. An Inst Med Trop, 18 (1/2), 63-75

Jimenez M., Gonzalez L.M., Carranza C., Bailo B., Pérez-Ayala A. and Muro A. (2011),
Detection and discrimination of Loa loa, Mansonella perstans and Wuchereria bancrofti
by PCR-RFLP and nested-PCR of ribosomal DNA ITSI region. Exp Parasitol 127(1),
282-286. doi: 10.1016/j.exppara.2010.06.019

Jimenez M., Puente S., Gutierrez-Solar B., Martinez P. and Alvar J. (1994), Visceral
leishmaniasis in Angola due to Leishmania infantum. Am J Trop Med Hyg, 50(6), 687-
92. doi: 10.4269/ajmh.1994.50.687

Jimenéz M., Gonzaléz L.M., Bailo B., Blanco A., Garcia L., Pérez-Gonzalez F., Fuentes
I. and Gérate T., (2011), Diagnéstico diferencial de filariasis importada mediante técnicas
moleculares (2006-2009). Enferm Infecc Microbiol Clin; 29(9), 666-671. doi:
10.1016/j.eimc.2011.06.012

Kamga G.R., Dissak-Delon F.N., Nana-Djeunga H.C., Biholong B.D., Mbigha-Ghogomu
S., and Souopgui J. (2016), Still mesoendemic onchocerciasis in two Cameroonian
community-directed treatment with ivermectin projects despite more than 15 years of

mass treatment. Parasit Vectors; 9(581), 12. doi: 10.1186/s13071-016-1868-8

Kamgno J., Nana-Djeunga H.C., Pion S.D., Chesnais C.B., Klion A.D., Mackenzie C.D.,
Nutman T.B. and Boussinesq M. (2018), Operationalization of the test and not treat
strategy to accelerate the elimination of onchocerciasis and lymphatic filariasis in central

Africa. Int Health 10(S1), 49-53. doi: 10.1093/inthealth/ihx051

158



Kamgno J., Pion S., Chesnais C.B., Bakalar M.H., D’ Ambrosio M.V., Mackenzie D.,
Nana-Djeunga H.C., Gounoue-Kamkumo R., Njitchoun G.R., Nwanw P., Tchatchueng-
Mbouga J.B., and Wanji S. (2017a), A test-and-not-treat strategy for onchocerciasis in
Loa loa — endemic areas. N Engl J Med. 377(21), 2044-2052. doi:
10.1056/NEJMoal 705026

Katabarwa M. and Richards F. (2014), Twice-yearly ivermectin for onchocerciasis: the

time is now. Lancet Infect Dis 14(5), 373-374. doi: 10.1016/S1473-3099(14)70732-7

Kebede B., Martindale S., Mengistu B., Mengiste A., Kiros F., Tamiru A., Davey G.,
Kelly-Hope L., and Mackenzie C., (2018), Integrated morbidity mapping of lymphatic

filariasis and podoconiosis cases in 20 co-endemic districts of Ethiopia. PLOS Negl Trop

Dis 12(7), €0006491. doi: 10.1371/journal.pntd.0006491

Kelly-Hope L., Blundell H., Macfarlane C. and Molyneaux D. (2018), Innovative
surveillance strategies to support the elimination of filariasis in Africa. Trends Parasitol,

34(8). doi: 10.1016/5.pt.2018.05.004

Kelly-Hope L.A., Cano J., Stanton M.C., Bockarie M.J. and Molyneux D.H. (2014),
Innovative tools for assessing risks for severe adverse events in areas of overlapping Loa
loa and other filarial distributions: the application of micro-stratification mapping.

Parasites Vectors 7(1), 307. doi: 10.1186/1756-3305-7-307

Kelly-Hope L.A., Hemingway J., Taylor M.J. and Molyneux D.H. (2018), Increasing
evidence of low lymphatic filariasis prevalence in high risk Loa loa areas in central and
west Africa: a literature review. Parasites Vectors, 11(1), 349. doi: 10.1186/s13071-018-
2900-y

Kelly-Hope L., Paulo R., Thomas B., Brito M., Unnasch T.R. and Molyneux D.H. (2017),
Loa loa vectors Chrysops spp.: perspective on research, distribution, bionomics, and
implications for elimination of lymphatic filariasis and onchocerciasis. Parasites Vectors

10(1), 172. doi: 10.1186/s13071-017-2103-y

159



Kelly-Hope L.A., Thomas B.C., Bockarie M.J., and Molyneux D.H. (2011), Lymphatic
filariasis in the Democratic Republic of Congo; micro-stratification overlap mapping

(MOM) as a prerequisite for control and surveillance. Parasite Vectors, 4(1), 178. doi:

10.1186/1756-3305-4-178

Kelly-Hope L.A., Unnasch T.R., Stanton M.C., and Molyneux D.H. (2015), Hypo-
endemic onchocerciasis hotspots: defining areas of high risk through micro-mapping and
environmental delineation. Infect Dis Poverty, 4(1), 36. doi: 10.1186/s40249-015-0069-
6

Kershaw W.E., Plackett R.L., Moore P.J. and Williams P. (1957), Studies on the intake
of microfilariae by their insect vectors, their survival, and their effect on the survival of
their vectors. IX. The pattern of the frequency of the blood-meals taken in by Chrysops
silacea and of the survival of the fly in natural conditions in the rainforest of the British
Cameroons and on a rubber estate in the Niger delta. Ann Trop Med Parasitol, 51(1), 26-
37.

Kibadi K., Panda M., Tamfum J-J., Filho A., Anyo G., Pedrosa J., Nakazawa Y.,
Suykerbuyk P., Meyers W., and Portaels F. (2008), New foci of Buruli ulcer, Angola and
Democratic Republic of Congo. Emerg Infect Dis, 14(11), 1790-2. doi:
10.3201/e1d1411.071649

Kibadi K., Tsakala M., Mputu-Yamba J.B., Muyembe T., Kashongwe M., Imposso B.
and Nsiala A. (2003), Buruli ulcer in Angolese refugees in the Kimpese area, lower

Congo, DR Congo. Sante 13(1), 39-41
Kim Y.E., Sicuri E., and Tediosi F. (2015), Financial and economic costs of the
elimination and eradication of onchocerciasis (River Blindness) in Africa. PLOS Negl

Trop Dis, 9(9), €0004056. doi: 10.1371/journal.pntd.0004056

Kings C. (2019), Helminthiasis epidemiology and control: Scoring successes and meeting

the remaining challenges, Adv Parasitol, 103. doi: 10.1016%bs.apar.2018.08.001

160



Klein D. (2002), Quantification using real-time PCR technology: applications and
limitations. Trends Mol Med, 8(6), 257-260. doi: 10.1016/S1471-4914(02)02355-9

Kouam M.K. and Kamgno J. (2017), The African Chrysops, Biological control and vector
insects. Chapter 13, InTech

Kubofcik J., Fink D.L., and Nutman T.B. (2012), Identification of Wb123 as an early and
specific marker of Wuchereria bancrofti infection. PLOS Negl Trop Dis, 6(12):¢1930.
doi: 10.1371/journal.pntd.0001930

Kuesel A.C. (2016), Research for new drugs for elimination of onchocerciasis in Africa.

Int J Parasitolo - Drugs, 6(3), 272-286. doi: 10.1016/5.1jpddr.2016.04.002

Lammie P.J., Weil P., Noordin R., Kaliraj P., Steel C., and Goodman D. (2004),
Recombinant antigen-based antibody assays for the diagnosis and surveillance of

lymphatic filariasis — a multicenter trial. Filaria J. 3(1), 9. doi: 10.1186/1475-2883-3-9

Lau C.L., Won K.Y., Becker L., Magalhaes R.J.S., Fuimaono S., Melrose W., Lammie
P.J. and Graves P.M. (2014), Seroprevalence and spatial epidemiology of lymphatic

filariasis in American Samoa after successful mass drug administration. PLOS Negl Trop

Dis, 8(11), €3297. doi: 10.1371/journal.pntd.0003297

Lustigman S., and McCarter J.P. (2007), Ivermectin resistance in Onchocerca volvulus:
toward a genetic basis. PLOS Negl Trop Dis, 1(1), e76. doi:
10.1371/journal.pntd.0000076

Maciel M.A.V., Marzochi K.B.F., Silva E.C.; Rocha A. and Furtado A.F. (1994), Estudo
comprovativo de areas endémicas de filariose bancroftiana na Regido Metropolitana do
Recife, Brasil Cad. Saude Publ, Rio de Janeiro, 10(S2), 301-309. doi: 10.1590/S0102-
311X1994000800008

Marcos L.A., Arrospide N., Recuenco S., Cabezas C., Weil G.J., and Fischer P.U. (2012),

Genetic characterization of atypical Mansonella ozzardi microfilariae in human blood

161



samples from northeastern Peru. Am J Trop H, 87(3), 491-4. doi: 10.4269/ajtmh.2012.11-
0379

Mathison B.A., Couturies M.R. and Pritt B.S. (2019), Diagnostic identification and
differentiation of microfilariae, J Clin Microbiol, 57(10). doi: 10.1128/JCM.00706-19

McGreevy P.B., Kolstrupp N., Tao J., McGreevy M.M.., and Marshall T.F. (1982),
Ingestion and development of Wuchereria bancrofti in Culex quinquefasciatus,
Anopheles gambiae and Aedes aegypti after feeding on humans with varying densities of
microfilariae in Tanzania. Trans R Soc Trop Med Hyg 76(3), 288-96. doi: 10.1016/0035-
9203(82)90170-5

McMahon J.E., Marshall T.F., Vaughan J.P., and Abaru D.E. (1979), Bancroftian
filariasis: a comparison of microfilariae counting techniques using counting chamber,

standard slide and membrane (nuclepore) filtration. Ann. Trop. Med. Parasitol. 73(5),

457-464. doi: 10.1080/00034983.1979.11687285

Medeiros J.F., Almeida T.A., and Silva L.B. (2015), A field trial of a PCR-based
Mansonella ozzardi diagnosis assay detects high-levels of submicroscopic M. ozzardi

infections in both venous blood samples and FTA card dried blood spots. Parasites

Vectors, 8(1), 280. doi: 10.1186/s13071-015-0889-z

Melchers N.V.S.V., Coffeng L.E., Boussinesq M., Pedrique B., Pion S.D.S., Teckle A.H.,
Zouré¢ H.G.M., Wanji S., Remme J.H., and Stolk W.A., (2020), Projected number of
people with onchocerciasis-loiasis coinfection in Africa, 1995 to 2025, Clin Infect Dis,

70(11), 2281-2289

Melchers N.V.S.V., Coffeng L.E., Vlas S.J. and Stolk W.A., (2020), Standardization of
lymphatic filariasis microfilaraemia prevalence estimates based on different diagnostic
methods: a systematic review and meta-analysis. Parasites Vectors, 13(1), 302. doi:

10.1186/s13071-020-04144-9

Metzger W.G., and Mordmuller B (2014), Loa loa — does it deserve to be neglected?
Lancet Infect Dis, 14, 353-57

162



Mihok S. (2002), The development of a multipurpose trap (the Nzi) for tsetse and other
biting flies. Bull Entomol Res, 92(5), 385-403. doi: 10.1079/BER2002186

Mirante C., Clemente 1., Zambu G., Alexandre C., Ganga T., Mayer C. and Brito M.
(2016), Comparing concentration methods: parasitrap versus Kato-Katz for studying the
prevalence of helmniths in Bengo province, Angola. Afr Health Sci, 16(3), 698-703. doi:
10.4314/ahs.v1613.9

Mischlinger J., Veletzky L., Tazemda-Kuitsouc G.B., Pitzinger P., Matsegui P.B.,
Gmeiner M., Lagler H., Gebru T., Held J., Mordmuller B., and Ramharter M., (2018),
Behavioural and clinical predictors for loiasis. Glob Health, 8(1). doi:

10.7189/jogh.08.010413

Mitra A.K. and Rawson A.R. (2017), Neglected tropical diseases: epidemiology and
global burden. Trop Med Infect Dis, 2(3), 36. doi: 10.3390/tropicalmed2030036

Mizell III R.F., Mizell IV R.F., Mizell R.A. (2002), Trolling: a novel trapping method for
Chrysops spp. (Diptera: Tabanidae). Florida Entomol; 85(2), 356-366. doi:
10.1653/0015-4040(2002)085

Mladonicky J.M., King J.D., Lianga J.L., Chambers R., Pa’au M., Schmaedick M.A.,
Burkot T.R., Bradley M. and Lammie P. (2009), Assessing transmission of lymphatic
filariais using parasitological, serologic, and entomologic tools after mass drug
administration in American Samoa. Am J Trop Hyg, 80(5), 769-773. doi:
10.4269/ajtmh.2009.80.769

Mogoung-Wafo A.E., Nana-Djeunga H.C., Domche A., Fossuo-Tchotchum F., BopdaJ.,
Mbickmen-Tchana S., Djomo-Kamga H. and Kamgno J. (2019), Prevalence and intensity
of Loa loa infection over twenty-three years in three communities of the Mbalmoyo health

district (central Cameroon), BMC Infect Dis, 19(1), 146. doi: 10.1186/s12879-019-3776-
y

163



Molyneux D.H., Bradley M., Hoerauf A., Kyelem D., and Taylor M.J. (2003), Mass drug
treatment for lymphatic filariasis and onchocerciasis. Trends Parasitol, Nov;19(11), 516-

22. doi: 10.1016/;.pt.2003.09.004

Molyneux D., Dean L., Adekeye O., Stothard R. and Theobald S. (2018), The changing
global landscape of health and disease: addressing challenges and opportunities for

sustaining progress towards control and elimination of neglected tropical diseases

(NTDs). Parasitology, 145(13), 1-8. doi: 10.1017/S0031182018000069

Molyneux D.H., Hopkins A., Bradley M.H. and Kelly-Hope L. (2014), Multidimensional
complexities of filariasis control in an area of large-scale mass drug administration

programs: a can of worms. Parasites Vectors 7(1), 363. doi: 10.1186/1756-3305-7-363

Mommers E.C., Dekker H.S., Richard P., Garcia A., and Chippaux J.P. (1994).
Prevalence of L. loa and M. perstans filariasis in southern Cameroon. Trop Geogr Med,

47(1), 2-5

Monnerat R., Pereira E., Teles B., Martins E., Praca L., and Queiroz P. (2014), Synergistic
activity of Bacillus thuringiensis toxins against Simulium spp. larvae. J Invertebr Pathol

USA. 121, 70-3. doi: 10.1016/].jip.2014.07.003

Morales-Hojas R., Post R.J., Shelley A.J., Maia-Herzong M., Coscaron S., and Cheke R.
(2001), Characterization of nuclear ribosomal DNA sequences from Onchocerca volvulus
and Mansonella ozzardi (Nematoda: Filarioidea) and development of a PCR-based
method for their detection in skin biopsies. Int J Parasitol, 31(2), 169-77. doi:
10.1016/S0020-7519(00)00156-9

Mourembou G. (2015), Mansonella, including a potential new species, as common
parasites in children in Gabon. PLOS Negl Trop Dis, 9(10). doi:
10.371/journal.pntd.0004155

Mugasa C.M., Villinger J., Gitau J., Ndungu N., Ciosi M., and Masiga D. (2018),
Morphological re-description and molecular identification of Tabanidae (Diptera) in East

Africa. Zookeys, 769, 117-144. doi: 10.3897/zookeys.769.21144

164



Mullens (2002), Horse flies and deer flies (Tabanidae). In: Mullen G, Durben L (Eds),
Medical and veterinary entomology. Academic Press, San Diego, 263-277. doi:
10.1016/B978-0-12-814043-7.00016-9

Muller R. (2002), Worms and human diseases. 2" Edition, CABI Publishing, ISBN 0
85199516 0

Mushi V., Kakoko D., and Tarimo D. (2020), Knowledge, attitudes, perceptions and
acceptability of onchocerciasis control through community-directed treatment with
ivermectin: implications for persistent transmission in Ulanga district, Tanzania,

EAJAHME, 4, ISSN 2591-6769

Negussie H., Molla M., Ngari M., Berkley JA., Kivaya E., and Njuguna P. (2018),
Lymphoedema management to prevent acute dermatolymphangiodenitis in podoconiosis

in northern Ethiopia (GolBeT): a pragmatic randomized controlled trial. Lancet Glob

Health 6(7), 795-803. doi: 10.1016/S2214-109X(18)30124-4

Njau J., Stephenson R., Menon M., Kachur S. and McFarland D. (2013), Exploring the
impact of targeted distribution of free bed nets on household’s bed net ownership, socio-
economic disparities and childhood malaria infection rates: analysis of national malaria

survey data from three sub-Saharan Africa countries. Malar J, 12(1), 245. doi:

10.1186/1475-2875-12-245

Njenga S.M., and Wama C.N. (2001), Evaluation of ICT filariasis card test using whole
capillary blood: comparison with Knott’s concentration and counting chamber methods.

J Parasitol. 87(5), 1140-1143. doi: 10.1645/0022-3395(2001)087

Njenga S.M., Wamae C.N., Mwandawiro C.S., and Molyneux D.H. (2007), Immuno-
parasitological assessment of bancroftian filariasis in a highly endemic area along the
river Sabaki, in Malindi district, Kenya. Ann Trop Med Parasitol, 101(2), 161-172. doi:
10.1179/136485907X156933

165



Njim T. and Aminde L.N. (2017), An appraisal of the neglected tropical diseases control
program in Cameroon: the case of the national program against onchocerciasis. BMC

Public Health, 17(103). doi: 10.1186/s12889-017-4037-x

N’Jinga C., Vaz F., Paulo R., Van-Dunem P., and Brito M (2017), Epidemiology of
filariasis in Zaire province, Angola. Am Trop Med, 97, 5

Noireau F., Carne B., Apembet J.D., and Gouteux J.P. (1989), Loa loa and Mansonella
perstans filariasis in the Chaillu mountains, Congo: parasitological prevalence. Trans R

Soc Trop Med Hyg, 83(4), 529-534. doi: 10.106/0035-9203(89)90280-0

Noireau F., Nzoulani A., Sinda D., Itoua A. (1990), Chrysops silacea and C. dimidiata:
fly densities and infection rates with Loa loa in the Chaillu mountains, Congo Republic.

Trans R Soc Trop Hyg, 84(1), 153-5. doi: 10.1016/0035-9203(90)90416-C

Noma M., Nwoke B.E.B., Nutall I., Tambala P.A., Enyong P., Namsenmo A., Remme J.,
Amazigo U.V., Kale 0.0., and Seketeli A. (2002), Rapid epidemiological mapping of
onchocerciasis (REMO): its application by the African program for onchocerciasis

(APOC). Ann Trop Med Parasitol 96 (1), 29-39. doi: 10.1179/000349802125000637

Notomi T., Okayama H., Masubuchi H., Yonekawa T., Watanabe K., and Amino N.
(2000), Loop-mediated isothermal amplification of DNA. Nucleic acids research, 28(12),
E63. doi: 10.1093/nar/28.12.e63

Notomi T., Mori Y., Tomita N., and Kanda H. (2015), Loop-mediated isothermal
amplification (LAMP): principle, features, and future prospects. J Microbiol, 53(1), 1-5.
doi: 10.1007/s12275-015-4656-9

Nuchprayoon S., Junpee A., Poovorawan Y., and Scott A.L. (2005), Detection and

differentiation of filarial parasites by universal primers and polymerase chain reaction-

restriction fragment length polymorphism analysis. Am J Trop Med Hyg, 73(5), 895-900

166



O’Hanlon S.J., Slater H.C., Cheke R.A., Boatin B.A., Coffeng L.E., and Pion S.D. (2016),
Model-based geostatistical mapping of the prevalence of Onchocerca volvulus in west

Africa. PLOS Negl Trop Dis; 10(1), €0004328. doi: 10.1371/journal.pntd.0004328

Oliveira (2017), Snakes in Angola: A toxicological and clinical view of poisonings,

Glaciar, 1% Edition

Osei-Atweneboana M.Y ., Boakye D.A., Awadzi K., Gyapong J.O., Prichard R.K. (2012),
Genotyping analysis of beta-tubulin in Onchocerca volvulus from communities and
individuals showing poor parasitological response to ivermectin treatment. Int J Parasitol-

Drug, 2, 20-8. doi: 10.1016/j.ijpddr.2012.01.005

Oswald W.E., Kennedy D.S., Farzana J., Kaliappan S.P., and Atindegla E. (2020),
Development and application of an electronic treatment register: a system for

enumerating populations and monitoring treatment during mass drug administration.

Global Health Action, 13(1), 1785146. doi: 10.1080/16549716.2020.1785146

Parreira R., Centeno-Lima S., Lopes A., Portugal-Calisto D., Constantino A. and Nina J.
(2014), Dengue virus serotype 4 and chikungunya virus coinfection in a traveler returning
from Luanda, Angola, January 2014. Euro Surveill, 19(10). doi: 10.2807/1560-
7917.ES2014.19.20730

Pedram B., Pasquetto V., Drame P.M., Ji Y., Gonzalez-Moa M.J., Baldwin R.K., Nutman
T.B., and Biamonte M.A. (2017), A novel rapid test for detecting antibody responses for
Loa loa infections. PLOS Negl Trop Dis 11(7). doi: 10.1371/journal.pntd.0005741

Pilotte N., Torres M., Tomaino F.R., Laney S.J. and Williams S.A. (2013), A Tagman-
based multiplex real-time PCR assay for the simultaneous detection of Wuchereria
bancrofti and Brugia malayi, Mol & Biochem Parasitol 189(1-2), 33-37. doi:
10.1016/j.molbiopara.2013.05.001

Pinto R. and Filipe A.R. (1973), Arbovirus studies in Luanda, Angola. 1. Virological and
serological studies during a yellow fever epidemic. Bull WHO, 49(1), 31-5

167



Pinto R (1986), Breve experiéncia piloto para um estudo integrado de filariase, malaria e
tripanossomiase na aldeia de Sinde do municipio de Buco-Zau, provincia de Cabinda —

Julho 1985. Acta Médica Angolana, 5, 49-53

Pion S.D.S., Chesnais C.B., Louya F., Fischer P.U., and Majewski A.C. (2015), The
impact of two semi-annual treatments with albendazole alone on lymphatic filariasis and

soil-transmitted helminth infections: a community-based study in the Republic of Congo.

Am J Trop Hyg. 92(5), 959-966. doi: 10.4269/ajtmh.14-0661

Pion S.D.S., Chesnais C.B., Weil G.J., Fischer P.U., Missamou F., and Boussinesq M.
(2017), Effect of 3 years of biannual mass drug administration with albendazole on
lymphatic filariasis and soil-transmitted helminth infections: a community-based study in
Republic of the Congo. Lancet Infect Dis, 17(7), 763-69. doi: 10.1016/S1473-
3099(17)30175-5

Pires F.M., David H.S. and Silva (1959), Contribuicdo para o estudo das filarioses na
Lunda. I — Microfilarias sanguicolas: incidéncia e especial infestante na circunscri¢ao do

Chitato. An Inst Med Trop Lis, 16, 462-479

Pion S.D.S, Montavon C., Chesnais C.B., Kamgno J., Wanji S., Klion A.D., Nutman,
T.B., and Boussinesq M. (2016). Positivity of antigen tests used for diagnosis of
lymphatic filariasis in individuals without Wuchereria bancrofii infection but with high
Loa loa microfilaremia. Am J Trop Med Hyg, 95(6), 1417-1423. doi: 10.4269/ajtmh.16-
0547

Poole C.B., Li Z., Alhassan A., Gueling D., Diesburg S., Tanner N.A., Zhang Y., Evans
T.C., LaBerre P., Wanji S., Burton R.A. and Carlow C. (2017), Colorimetric tests for
diagnosis of filarial infection and vector surveillance using non-instrumented nucleic acid
loop-mediated isothermal amplification (NINA-LAMP). PLOS ONE, 12(2): e0169011.
doi: 10.1371/journal.pone.0169011

Poole C.B., Sinha A., Ettwiller L., Apone L., McKay K., Panchapakesa V., Lima N.F.,
Ferreira M.U., Wanji S. and Carlow C.K.S. (2019), In Silico identification of novel

biomarkers and development of new rapid diagnostic test for the filarial parasites

168



Mansonella perstans and Mansonella ozzardi. Nature, 9(1). doi: 10.1038/s41598-019-
46550-9

ProMED (2008), Schistosomiasis —Angola (N ‘Zeto). International Society for Infectious

Diseases

ProMED (2009), Rabies, canine, human — Angola. International Society for infectious

Diseases

ProMED (2011), Rabies, animals, human — Angola. International Society for infectious

Diseases

Rajan T.V. (2003), The worm and the parasite. Nat. His. 112(1), 32-35

Ramaiah K.D. (2013), Population migration: implications for lymphatic filariasis
elimination  program. PLOS  Negl Trop Dis, 7@3): €2079. doi:
10.1371/journal.pntd.0002079

Rao R., Atkison L.J., Ramzy M.R., Helmy H., Farid H.A., Bockarie M.J., Susapu M.,
Laney S.J., Williams S.A. and Weil G.J., (2006), A real-time PCR-based assay for
detection of Wuchereria bancrofti DNA in blood and mosquitoes. Am J Trop Med Hyg,
74(5), 826-832

Ratmanov P., Mediannikov O. and Raoult D. (2013), Vectorborne diseases in west
Africa: geographic distribution and geospatial characteristics. Trans R Soc Trop Med

Hyg, 107(5), doi:10.1093/trstmh/trt020

Rebollo M.P., Sambou S.M., Thomas B., Biritwum N.K., Jaye M.C., and Kelly-Hope L.
(2015), Elimination of lymphatic filariasis in The Gambia. PLOS Negl Trop Dis, 9(3), 1-
16. doi: 10.1371/journal.pntd.0003642

Remme J., Boatin B. and Boussineq M. (2017), Helminthic diseases: onchocerciasis and

loiasis. International Encyclopedia of Public Health, 2" Edition, Elsevier, 2, 576-587

169



Riches N., Badia-Rius X., Mzilahowa T. and Kelly-Hope L.A., (2020), A systematic
review of alternative surveillance approaches for lymphatic filariasis in low prevalence
settings: Implications for post-validation settings. PLOS Negl Trop Dis, 14(5): e¢0008289.
doi: 10.1371/journal.pntd.0008289

Rosario E., Gomes M., Brito M., and Costa D., (2019), Determinants of maternal health
care and birth outcome in the Dande health and demographic surveillance system are,

Angola. PLOS ONE 14(8):€0221280. doi: 10.1371/journal.pone.0221280

Saiki R.K., Gelfand D.H., Stoffel S., Scharf S.J., Higuchi R., Horn G.T., Mullis K.B., and
Erlich H.A. (1988), Primer-directed enzymatic amplifications of DNA with a
thermostable DNA polymerase. Science 239, 487-491

Sasa M. (1976), Human filariasis — A global survey of epidemiology and control.
University Park Press. Tokyo

Schluter D.K., Ndeffo-Mbah M.L., Takougang I., Ukety T., Wanji S., Galvani A.P., and
Diggle P.J. (2016), Using community-level prevalence of Loa loa infection to predict the
proportion of highly infected individuals: statistical modeling to support lymphatic
filariasis and onchocerciasis elimination programs. PLOS Negl Trop Dis, 10(12). doi:

10.1371/journal.pntd.0005157

Schulz-Key H., Albretch W., Heuschkel C., Soboslay PT., Banla M., and Gorgen H.
(1993), Efficacy of ivermectin in the treatment of concomitant Mansonella perstans
infections in onchocerciasis patients. Trans R Soc Trop Med Hyg, 87(2), 227-229. doi:
10.1016/0035-9203(93)90504-]

Schwartz E., Meltzer E., Mendelson M., Tooke A., Steiner F., Gautret P., Friedrich-
Jaenicke B., Libman M., Bin H., Wilder-Smith A., Gubler D., and Freedman D.O. (2013)
Detection of four continents of dengue fever cases related to an ongoing outbreak in

Luanda, Angola, March to May. Euro Surveill, 18(21)

Sustainable Development Goals (2019), SDG center for Africa and sustainable
development solutions network (2019): Africa SDG index and dashboards report 2019.

170



Senyonjo L., Oye J, Bakajika D., Biholong B., Teckle A., and Boakye D. (2016), Factors
associated with ivermectin non-compliance and its potential role in sustaining

Onchocerca volvulus transmission in the west region of Cameroon. PLOS Negl Trop Dis,

10(8): €0004905. doi: 10.1371/journal.pntd.0004905

Service M. (2004), Medical entomology for students. 3™ edition. London: Cambridge

University Press

Shelley A.J., Maia-Herzog M., and Calvao-Brito R. (2001), The specificity of an ELISA
for detection of Onchocerca volvulus in Brazil in an area endemic for Mansonella ozzard;.

Trans R Soc Trop Med Hyg, 95(2), 171-173. doi: 10.1016/S0035-9203(01)90150-6

Sime H., Gass KM., Mekasha S., Assefa A., Woyessa A., and Shafi O (2018), Results of
a confirmatory mapping tool for lymphatic filariasis endemicity classification in areas
where transmission was uncertain in Ethiopia. PLOS Negl Trop Dis, 12(3): e0006325.
doi: 10.1371/journal.pntd.0006325

Simonsen P.E., and Magesa S.M. (2004), Observations on false positive reactions in the
rapid NOW filariasis card test. Trop Med Int Health, 9(11), 1200-1202. doi:
10.1111/5.1365-3156.2004.01236.x

Simonsen P.E., Onapa A.W. and Asio A.M. (2011), Mansonella perstans filariasis in
Africa. Acta Tropica 120(S1), S109-S120. doi: 10.1016/j.actatropica.2010.01.014

Simonsen P.E., Malecela M.N., Michael E., and Mackenzie C.D. (2008), Lymphatic
Filariasis — research and control in eastern and southern Africa, DBL. Centre for health

research and development, Denmark

Slater H., and Michael E. (2012), Predicting the current and future potential distributions
of lymphatic filariasis in Africa using maximum entropy ecological niche modeling.

PLOS One; 7(2): €32202. doi: 10.1371/journal.pone.0032202

Smits H. (2009), Prospects for the control of neglected tropical diseases by mass drug
administration. Expert Rev. Anti Infect Ther, 7(1), 37-56. doi: 10.1586/14787210.7.1.37

171



Soares R.J., Langa A., Pedro J.M., Sousa-Figueiredo J.C., Clements A.C. and Vaz N.S.
(2013), Role of malnutrition and parasite infections in the spatial variation in children’s

anemia risk in northern Angola. Geospat Health, 7(2), 341-54. doi: 10.4081/gh.2013.91

Souza D., Koudou B., Kelly-Hope L., Wilson M., Bockarie M., and Boakye D. (2012),
Diversity and transmission competence in lymphatic filariasis vectors in west

implications for accelerated elimination of Anopheles-transmitted filariasis. Parasites

Vectors, 5, 259. doi: 10.1186/1756-3305-5-259

Strangway W.E. and Strangway A.K. (1950), Onchocerca volvulus in Angola, Africa,
Can Med Assoc J, 64(5), 427-9

Strunz E.C., Suchdev P.S., and Addiss D.G. (2016), Soil-transmitted helminthiases and
vitamin A deficiency: two problems, one policy. Trends Parasitol, 32(1). doi:

10.1016/j.pt.2015.11.007

Stolk W., Walker M., Coffeng L.E., Basdnez M.G. and Vlas S.J. (2015), Required
duration of mass ivermectin treatment for onchocerciasis elimination in Africa: a
comparative modeling analysis. Parasites Vectors, 8(1). doi: 10.1186/s13071-015-1159-
9

Takaya S., Kutsuna S., Nakayma E., Taniguchi S., Tajima S., Katanami Y., Yamamoto
K., Takeshita N., Hayakawa K., Kato Y., Kanagawa S. and Ohmagari N. (2017),
Chikungunya fever in traveler from Angola to Japan 2016. Emerg Infect Dis, 23(1), 156-
158. doi: 10.3201/eid2301.161395

Takougang 1., Meremikwu M., Wandji S., Yenshu E.V., Aripko B., Lamlenn S.B., Eka
B.L., Enyong P., Mali J., Kale O., and Remme J.H. (2002), Rapid assessment method for
prevalence and intensity of Loa loa infection. Bull World Health Organ, 80(11), 852-858.
doi: 10.1590/50042-96862002001100004

Ta-Tang T.H., Lopez-Velez R., Lanza M., Shelley A.J., Rubio J.M., and Luz S.L. (2010),

Nested-PCR to detect and distinguish the sympatric filarial species Onchocerca volvulus,

172



Mansonella ozzardi and Mansonella perstans in the Amazon region. Mem Inst Oswaldo

Cruz, Rio de Janeiro, 105(6), 823-828. doi: 10.1590/S0074-02762010000600016

Ta-Tang T.H.,, Luz S.L., and Merino F.J. (2016), Atypical Mansonella ozzardi
microfilariae from an endemic area of Brazilian Amazonia. Am J Trop Med Hyg, 95(3),

629-632. doi: 10.4269/ajtmh.15-0654

Taylor M.J., Awadzi K., and Basanez M.G. (2009), Onchocerciasis control: vision for the
future from a Ghanian perspective. Parasites Vectors, 2(1), 7. doi: 10.1186/1756-3305-2-
7

Taylor M.F., Bandi C., and Hoerauf A. (2005), Wolbachia bacterial endosymbionts of
filarial nematodes. Adv Parasitol, 60, 245-84. doi: 10.1016/S0065-308X(05)60004-8

Taylor M.J., Hoerauf A., and Bockarie M. (2010), Lymphatic filariasis and
onchocerciasis. Lancet, 376(9747), 1175-85. doi: 10.1016/S0140-6736(10)60586-7

Tekle A.H., Zouré H., Wanji S., Leak S., Noma M., Remme J.H.F., and Amazigo U.
(2011). Integrated rapid mapping of onchcerciasis and loiasis in the Democratic Republic
of Congo: impact on control strategies. Acta Trop 120(S1), S81-S90. doi:
10.1016/j.actatropica.2010.05.008

Thiele E.A., Cama V.A., Lakwo T., Mekasha S., Abanyie F., Sleshi M., Kebede A., and
Cantey P.T. (2016), Detection of Onchocerca volvulus in skin snips by microscopy and
real-time polymerase chain reaction: Implications for monitoring and evaluation

activities. Am J Trop Med Hyg, 94(4), 906-911. doi: 10.4269/ajtmh.15-0695

Tobian A., Tarongka N., Baisor M., Bockarie M., kazura J., and King C., (2003),
Sensitivity and specificity of ultrasound detection and risk factors for filarial-associated

hydroceles. Am J Trop Med Hyg 68(6), 638-642. doi: 10.4269/ajtmh.2003.68.638

Tomita N., Mori Y., Kanda H., and Notomi T. (2008), Loop-mediated isothermal
amplification (LAMP) of gene sequences and simple visual detection of products. Nat.

Protoc, 3(5), 877-82. doi: 10.1038/nprot.2008.57

173



Ton T.G., Mackenzie C., and Molyneux D.H., (2015), The burden of mental health in
lymphatic filariasis. Infect Dis Poverty, 4(1), 34. doi: 10.1186/s40249-015-0068-7

USAID (2018), Donor Ilandscape Neglected Tropical Diseases, source:

www.neglecteddiases.gov

Van Hoegaerden M., Chabaud B., Akue JP., and Ivanoff B., 1987, Filariasis due to Loa
loa and Mansonella perstans: distribution in the region of Okondja, Haut-Ogooué
province, Gabon, with parasitological and serological follow-up over one year. Trans R

Soc Trop Med Hyg, 81(3), 441-446. doi: 10.1016/0035-9203(87)90163-5

Van Wyk B-E, and Wink M. (2004), Medicinal plants of the world: An illustrated
scientific guide to important medicinal plants and their uses. Portland: Timber Press,

Portland, Oregon, 480, ISBN 0-88192-602-7

Veletzky L., Hergeth J., Stelz D.R., Mischlinger J., Manego R.Z., Mombo-Ngoma G.,
MacCall M.B.B., Adegnika A.A., Agnandji S.T., Metzger W.G., Matsiegui P.B., Lagler
H., Mordmuller B., Budke C., and Ramharter M., (2020), Burden of disease in Gabon
caused by loiasis: a cross-sectional survey, Lancet Infect Dis, 20(11). doi: 10.1016/s1473-
3099(20)30256-5

Verweij J.J. and Stensvold C.R. (2014), Molecular testing for clinical diagnosis and
epidemiological investigations of intestinal parasitic infections, Clin Microbiol Rev,

27(2), 371-418. doi: 10.1128(CMR.00122-13

Vilhena H., Granada S., Oliveira A., Schalling H., Nachum-Biala Y., Cardoso L., and
Baneth G., (2014), Serological and molecular survey of Leishmania infection in dogs

from Luanda, Angola. Parasites Vectors, 7(1), 114. doi: 10.1186/1756-3305-7-114
Walker M., Spencht S., Churcher T.S., Hoerauf A., Taylor M.J., and Basanez M. (2015),

Therapeutic efficacy and macrofilaricidal activity of doxycycline for the treatment of

river blindness. Clin Infect Dis, 60(8), 1199-207. doi: 10.1093/cid/ciul 152

174



Wanji S., Esum M.E., Njouendou A.J., Mbeng A.A., Ndongmo P.W.C., Abong R.A., Fru
J., Fombad F.F., Nchanji G.T., Ngongeh G., Ngandjui N.V., Enyong P.I., Storey H., and
Fischer P.U., (2019), Mapping of lymphatic filariasis in loiasis areas: A new strategy
shows no evidence for Wuchereria bancrofti endemicity in Cameroon. PLOS Negl Trop

Dis, 13(3): €0007192. doi: 10.1371/journal.pntd.0007192

Wanji S., Tayong D.B., Layland L.E., Poutcheu F.R.D., Ndongmo W.P.C., Kengne-
Ouafo J.A., Ritter M., Amvon N., Fombad F.F., Njeshi C.N., Nkwescheu A.S., Enyong
P.A. and Hoerauf A. (2016), Update on the distribution of Mansonella perstans in the
southern part of Cameroon: influence of ecological factors and mass drug administration

with ivermectin. Parasites Vectors, 9, 311. doi: 10.1186/s13071-016-1595-1

Wanji S., Tendongfor N., Esum M., Ndindeng S., and Enyong P., 2003, Epidemiology of
concomitant infections due to Loa loa, Mansonella perstans, and Onchocerca volvulus in

rain forest villages of Cameroon. Med Microbiol Immunol, 192, 15-21. doi:

10.1007/s00430.002.0154-x

Wanji S., Akotshi D.O., Mutro M.N., Tepage F., Ukety T.O., Diggle P.J., and Remme
J.H. (2012), Validation of the rapid assessment procedure for loiasis (RAPLOA) in the
Democratic Republic of Congo. Parasites Vectors 5(1), 25. doi: 10.1186/1756-3305-5-25

Wanji S., Amvongo-Adjia N., Koudou B., Njouendou A.J., Chounna Ndongmo P.W.,
Kengne-Ouafo J.A., Datchoua-Poutcheu F.R., Fovennso B.A., Tayong D.B., Fombad
F.F., Fischer P.U., Enyong P.I., and Bockarie M. (2015), Cross-reactivity of filariasis
ICT cards in areas of contrasting endemicity of Loa loa and Mansonella perstans in
Cameroon: Implications for shrinking of the lymphatic filariasis map in the central
African  region. PLOS Negl Trop Dis 9(11): e0004184.  doi:
10.1371/journal.pntd.0004184

Webster J., Molyneux D., Hotez P., and Fenwick A. (2014), The contribution of mass

drug administration to global health: past, present and future. Phil Trans R Soc B,
369(1645),20130434. doi: 10.1098/rstb.2013.0434

175



Weil G.J., Curtis K.C., Fakoli L., Fischer K., Gankpala L., Lammie P.J., Majewski A.C.,
Pelletreau S., Won K.Y., Bolay F.K., and Fischer P.U. (2013), Laboratory and field

evaluation of a new rapid test for detecting Wuchereria bancrofti antigen in human blood.

Am J Trop Med Hyg 89(1), 11-15. doi: 10.4269/ajtmh.13-0089

Weil G.J., Lammie P.J. and Weiss N. (1997), The ICT filariasis test: a rapid-format
antigen test for diagnosis of bancroftian filariasis. Parasitol Today, 13(10), 401-404. doi:
10.1016/S0169-4758(97)01130-7

Weil G.J. and Ramzy R.M. (2007), Diagnostic tools for filariasis elimination programs.
Trends Parasitol 23(2), 78-82. doi: 10.1016/j.pt.2006.12.001

Weiss J.B. (1995), DNA probes and PCR for diagnosis of parasitic infections. Clin
Microbiol Rev, 8(1), 113-130. doi: 10.1128/CMR.8.1.113

Wheeler L. (2018), Chrysops species, The Monster Hunter’s Guide to: Veterinary

Parasitology. Parasite image database

Whittaker C., Walker M., Pion S., Chesnais C., Boussinesq M. and Basafiez M.G. (2018),
The population biology and transmission dynamics of Loa loa. Trends Parasitol, 34(4).

doi: 10.1016/j.pt.2017.12.003
Williams S.S., Wijesingle C.A., Jayamanne S.F., Buckley N.A., Dawson A.H., and Lallo
D.G. (2011), Delayed psychological morbidity associated with snakebite envenoming.

PLOS Negl Trop Dis. Aug; 5(8), €1255. doi: 10.1371/journal.pntd.0001255

Wink M. (2012), Medicinal plants: A source of anti-parasitic secondary metabolites.
Molecules, 17(11), 12771-91. doi: 10.3390/molecules171112771

World Health Organization (1995), Onchocerciasis and its control. Report of a WHO

Expert Committee on Onchocerciasis Control WHO.

176



World Health Organization (2004a), Report of the twenty-third meeting of the
nongovernmental development organization coordination group for onchocerciasis

control. 04.95

World Health Organization (2004b), Report of the twenty-third meeting of the
nongovernmental development organization coordination group for onchocerciasis

control. 04.96

World Health Organization (2010), Country profile: preventive chemotherapy and
transmission control Geneva: World Health Organization.

http://www.who.int/neglected diseases/preventive_chemotherapy/databank/CP_Angola

pdf?ua=1

World Health Organization (2010a), Working to overcome the global impact of neglected
tropical diseases, 1% WHO report on NTDs. Geneva

World Health Organization (2011), Lymphatic filariasis transmission assessment

surveys. Geneva: World Health Organization, 1-100

World Health Organization (2011a), Global program to eliminate lymphatic filariasis. A
manual for national elimination programs. Monitoring and epidemiological assessment
of mass drug administration, Geneva, 1-100

World Health Organization (2012), Angola representation, Relatério 2012-2013

World Health Organization (2012a), Handbook for integrated vector management,

Geneve
World Health Organization (2012b), Accelerating work to overcome the global impact of
neglected tropical diseases — a roadmap for implementation. Contract No.:

WHO/HTM/NTD/2012.1

World Health Organization (2012¢), Uniting to combat neglected tropical diseases,

London Declaration on neglected tropical diseases. Ending the neglect and reaching 2020

177



goals. Available: [http://www.who.int/neglected
diseases/London_Declaration NTDs.pdf?ua=1], accessed: 04 March 2015.

World Health Organization (2013), Sustainable the drive to overcome the global impact
of neglected tropical diseases: second WHO report on neglected diseases. ISBN 978 92
4156454 0

World Health Organization (2013b), Representagdo em Angola — Relatorio 2012-2013

World Health Organization (2015), The WHO African Program for onchocerciasis
control final evaluation report. WHO/APOC

World Health Organization (2016), WHO Country Cooperation Strategy 2015-2019
Angola. WHO Regional Office for Africa

World Health Organization (2016a), Onchocerciasis: Guidelines for stopping mass drug
administration and verifying elimination of human onchocerciasis. Geneva: WHO press,

Document WHO/HTM/NTD/PCT/2016.1

World Health Organization (2016b), Mass treatment coverage for NTDs - Angola and

Neglected tropical diseases, uniting to combat Neglected Tropical Diseases

World Health Organization (2017), Integrating Neglected Tropical Diseases into global
health and development: Fourth report on neglected tropical diseases. Geneva: World

Health Organization, License: CC BY-NC-SA 3.0 IGO, ISBN 978-92-4-1 56544-8

World Health Organization (2017a), Onchocerciasis fact sheet. Geneva: WHO. Available
at: http://www.who.int/mediacentre/factsheet/fs374/en

World Health Organization (2018), Dracunculiasis eradication global surveillance

summary, 2017. Weekly epidemiological record, No 21, 93, 305-320, ISSN 0049-8114

World Health Organization (2018a), Weekly epidemiological record, Geneve. No 47(93),
633-648

178



World Health Organization (2018b), Recognizing neglected tropical diseases through
changes on the skin. Available:
https://www.who.int/neglected diseases/resources/9789241513531/en/ Accessed 15
April. 2020

World Health Organization (2019), Angola conducts review and validation of data on
Neglected Tropical Diseases. WHO Communication Officer in  Angola.

https://www.afro.who.int/news/angola-conducts-review-and-validation-data-neglected-

tropical-diseases

World Resources Institute (2017), Global forest watch. Tree cover loss. URL:

http://data.elobalforestwatch.org

Yanik M., Gurel M.S., Simsek Z.. and Kati M. (2004), The psychological impact of
cutaneous leishmaniasis. Clin Exp Dermatol, Sep: 29(5):464-7. doi: 10.1111/5.1365-
2230.2004.01605.x

Zarroug 1., Hashim K., Elaagip A., Samy A., Frah E., EIMubarak W., Mohamed H., Deran
T., Aziz N., and Higazi T. (2016), Seasonal variation in biting rates of Simulium

damnosum sensu lato, vector of Onchocerca volvulus, in two Sudanese foci. PLOS ONE

11(3): e0150309. doi: 10.1371/journal.pone.0150309

Zouré H., Wanji A., Noma M., Amazigo U., Diggle P., Tekle A. and Remme J. (2011),
The geographic distribution of Loa loa in Africa: Results of large-scale implementation
of the rapid assessment procedure for loiasis (RAPLOA), PLOS Negl Trop Dis, 5(6):
€1210. doi: 10.1371/journal.pntd.0001210

Zouré H., Noma M., Teckle A.H., Amazigo U.V., Diggle P.J., Giorgi E., and Remme J.
(2014), The geographic distribution of onchocerciasis in the 20 participating countries of
the African program for onchocerciasis control: (2) pre-control endemicity levels and

estimated number infected. Parasites Vectors, 7(1), 326. doi: 10.1186/1756-3305-7-326

179



APPENDIX

180



Appendix 1: Approval letter from Ethics Committee

181



Appendix 2: Consent letter in Portuguese

o
-
P ) ESTUDOS DAS FILARIASES NA PROVINCIA DO UiGE E ZAIRE, ANGOLA

CENTRO DEINVESTIGAGAO EV SAUDE DE ANGOLA

CONSENTIMENTO INFORMADO

Introdugdo e objectivo da pesquisa:

Os parasitas filariais (vermes) sdo transmitidos aos seres humanos através de uma variedade de vectores de insectos
que podem causar doengas clinicas significativas para os individuos infectados. Actualmente, existe um esforgo a nivel
global para eliminar essas doengas nas areas endémicas com medicamentos seguros e eficazes. No entanto, é
importante compreender a origem das doengas e se existe algum factor em particular que aumente o risco no individuo
e/ou comunidade. Portanto, este estudo tem como objectivo determinar se a filariase linfatica (elefantiase),
oncocercose (cegueira dos rios), loiases (verme do olho) e mansonelloisis estdo presentes na provincia do Uige e Zaire,
Angola e quais os factores que poderdo influenciar as sua transmissdo na comunidade.

Riscos e analises:

O procedimento ndo causard nenhum dano ao participante apesar do desconforto que podera sentir durante a picada
da agulha, que serd uma dor momentdnea enquanto uma pequena quantidade de sangue é retirada e colocada num e
no papel de filtro que sera usado para testar a filariase linfatica, loiase, oncocercose e mansonella. Os resultados das
filariases serdo analisados no laboratério do Centro de Investigagdo em Salde de Angola (CISA), e se decidir, poderd
obter o resultado no espago de 3 méses apds do inquérito pela equipa do CISA que guardard os resultados
confidencialmente.

Custos para os participantes incluidos na pesquisa:
A sua participagdo nesta pesquisa ndo custard nada.

Beneficios:

Os resultados irdo identificar a presenga de doengas na sua comunidade e factores que podem aumentar o risco da
infecgdo. No caso de haver resultados positivos para filariase linfatica (elefantiase) e oncocercose (cegueira do rio) e
loiase, o resultado serd enviado confidencialmente para a direcgdo provincial de saide e para o Ministério da Saude
para iniciarem o tratamento e gestdo de qualquer morbidade relacionada, incluindo aconselhamento, se necessario.

Voluntariado:

A sua participagdo nesta pesquisa é totalmente voluntaria. Se optar por ndo participar, isso ndo vai afectar a sua
decisdo de ndo participar, ndo afectard a sua saude de qualquer forma.

Esta estudo foi aprovada pelo Ministério da Satde de Angola.

Se tiver quaisquer perguntas, comentarios ou reclamagdes sobre o estudo, por favor, entre em contacto com o Cisa,
Centro de Investigagdo em Saude de Angola, entidade responsével pela dinamizagdo do estudo, através do nimero de
telefone 234290220.

Janeiro de 2016

o
< CONSENTIMENTO INFORMADO
ESTUDOS DAS FILARIASES NA PROVINCIA DO BENGO, ANGOLA

Eu, (nome do Inquiridor), forneci as explicagdes acima a
pessoa seleccionada para o estudo.
Assinatura(inquiridor):

Eu, (nome do inquirido) recebi oralmente as explicagdes
sobre a informagdo que consta neste termo de consentimento, compreendi o vosso pedido, aceitando e autorizando
minha participagdo no mesmo.

Assinatura ou impressdo digital:

Data:__/__/
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Appendix 3: Consent letter in English

] STUDIES OF FILARIASES IN THE PROVINCE OF BENGO, ANGOLA

INFORMED CONSENT

Introduction and purpose of the research:

Filarial parasites (worms) are transmitted to humans through a variety of insect vectors that can cause significant
clinical illnesses for infected individuals. Currently, there is a global effort to eliminate these diseases in endemic areas
with safe and effective medicines. However, it is important to understand the origin of the diseases and whether there
is any particular factor that increases the risk in the individual and / or community. Therefore, the objective of this
study is to determine if lymphatic filariasis (elephantiasis), onchocerciasis (river blindness), loiasis (eyeworm) and
mansonelloisis are present in the province of Bengo, Angola and what factors may influence its transmission in the
community.

Risks and analysis:

The procedure will not cause any damage to the participant despite the discomfort he may feel during the needle bite,
which will be momentary pain as a small amount of blood is withdrawn and placed in one and the filter paper that will
be used to test lymphatic filariasis, loiasis, onchocerciasis and mansonella. The results of the filariasis will be analyzed in
the laboratory of the Center for Research in Health of Angola (CISA), and if you decide, you can get the result within 3
months after the survey by the CISA team that will save the results confidentially.

Costs for participants included in the survey:
Your participation in this survey will cost you nothing.

Benefts:

The results will identify the presence of diseases in your community and factors that may increase the risk of infection.
In the case of positive results for lymphatic filariasis (elephantiasis) and onchocerciasis (river blindness) and loiasis, the
result will be sent confidentially to the local medical center and to the Ministry of Health with your permission to start
treatment and management of any morbidity, including counseling if necessary.

Volunteering:

Your participation in this research is entirely voluntary. If you choose not to participate, this will not affect your decision
not to participate, it will not affect your health in any way.

This study was approved by the Ministry of Health of Angola.

If you have any questions, comments or complaints about the study, please contact Cisa, the Angola Health Research
Center, the entity responsible for promoting the study, by calling 234290220.
January de 2014

[ ]
- INFORMED CONSENT
I\/) STUDIES OF FILARIASES IN THE PROVINCE OF BENGO, ANGOLA
I, (interviewer’s name), gave all the explanations above
to the person selected for the study.
Signatura(interview):
1, (interviewee’s name) received verbally the

explanations in regards to the information contained in this consente form, | understood your request, accepting and
authorizing my participation in the same.

Signature or digital print:

Date: __ /__/
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Appendix 4: RAPLOA-LF-REMO survey in Portuguese

o
l 1 MAPEAMENTO EPIDEMIOLOGICO RAPIDO DE FILARIASES

QUESTIONARIO Blocol|__| 2|__|3|_l4l_]|
Data:|__|__|/|__|__|/2014. Inquiridor- | __|__| Bairro |__|__|__|

Comuna |__|_|_|_|__|__l__l_|_| (A preencher no CISA)

Comentarios

QUESTIONARIO 1

1. Agregado familiar | _|__|_|-|__|__|-|_| _|_|_I-|_]_]|

Bairro  Sector AF ID (preencher no CISA)
2.Nome | |||l
| ] ]| __] 3.NomedeCasa |__|__|__|__|__|__|__|__|__|_|__|_|__|
4.DatadeNasc. |__|__|/1__|__I/l__l__l_l__| 5.Sexo: M|__|F|__| 6.H&quantotempo vive no bairro |__|__| anos

ATENGAO - Colocar esta questdo sem mostrar nenhuma imagem.

7. LOA1 —Alguma vez sentiu ou viu vermes a andarem na parte branca do seu olho? SIM |__| NAO |__|
8. LOA2-Alguma vez sentiu ou viu no seu olho algo igual ao que se mostra na imagem 1? (se NAO passa para 10) SIM |__| NAO |__|
9. LOA3-A ultima vez que verificou esta condigdo, o verme permaneceu no olho menos de 7 dias seguidos? SIM|__| NAO |__|

ATENCAO - Nio colocar esta questdo. O Inquiridor deve preencher SIM, se a resposta as questdes 7, 8 e 9 for SIM. Deve
preencher NAO se, PELO MENOS, uma das respostas as questdes 7, 8 e 9 for NAO.

10 Histéria do verme do olho (se NAO passa para 12) SIM |__| NAO |__|
11. Se sim, é mais frequente numa determinada época do ano? Cacimbo |__| Chuva|__| Ambas |__| N3o Sabe |__|
12. FL1 - Tem inchago na perna idéntico ao apresentado na imagem 2a? SIM |__| NAO |__|

ATENGAO - colocar esta questdo APENAS a HOMENS.

13. FL2 - Tem inchago no escroto (bolsa dos testiculos) idéntico ao apresentado na imagem 2b? SIM |__| NAO |__|
14. ONCO 1 - Tem carogos debaixo da pele em alguma parte do corpo, como se mostra na imagem 3? SIM |__| NAO | _|
15. VG 1 - Conhece a doenga que se apresenta na imagem 4 (Verme da Guiné)? SIM |__| NAO |__|

(se a resposta for NAO, termina questiondrio e agradece)

16. VG 2 - Viu alguém com esta doenga (Verme da Guiné) recentemente? SIM |__| NAO |__|

17. VG3 - Se viu, refira quando (més e ano) e onde (bairro/provincia)

R Y/ R Ry e R O R R R R O R R |

més ano Bairro ou Provincia ou Pais
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Appendix 5: RAPLOA-LF-REMO survey in English

n
RAPID EPIDEMIOLOGICAL MAPPING OF FILARIASIS
SURVEY  Block1]|__| 2|__|3|_l4a]|_]|
Date:|__|__|/|__|__|/2014. Interviwer- |__|__ Neighborhood |__|__|__|
Commune |__|__|__|__|__|__|_|__]__| (To be filled in by CISA)
Comments
SURVEY 1
1. Family Aggregate |__|__|__|-|__|__|-|__|__|__|_I-|__|_I
Neighborhood  Sector FA ID (To be filled in by CISA)
2. Name | __ |||
I ] 3. Nickname | __| || __|__|__J__|__|__|__|__|__|_|
4.D.0B. | __|__I/1_1__I/1_l__]__l__I 5.Sex: M |__|F|__| 6. How long have you been living in this
neighborhood |__|__| yes

ATTENTION - Ask this question without displaying any image.

7. LOA1 —Have you ever felt or saw worms walking in the white part of your eye? YES |__| NO |__|
8. LOA2- Have you ever felt or seen in your eye something like the one shown in picture 1? (if NO jump to 10) YES |__| NO|__|
9. LOA3- The last time you checked for this condition, the worm remained in your eye less than 7 daysina YES|__| NO |__|
row?

ATTENTION - Do not put this question. The Inquirer must complete YES, if the answer to questions 7, 8 and 9 is YES. Must
complete NO if, ONLY, one of the answers to questions 7, 8 and 9 is NO.

10 History of the worm of the eye (if NO jump to 12) YES|__|NO|__|
11. If so, is it more frequent at a particular time of year? Cacimbo |__| Raining|__| Both |__| Don’t know |__|
12. LF1 - Has swelling in the leg identical to that shown in figure 27? YES |__| NO|__|

ATTENTION — Put this question ONLY to MEN.

13. LF2 - Has swelling in the scrotum (testis pouch) identical to that shown in figure 2b YES|__|NO |__|
14. ONCHO 1 - Does it have lumps under the skin on any part of the body, as shown in figure 3? YES|__|NO|__|
15. VG1 — Do you know the disease that appears in image 4 (Worm of Guinea)? YES |__|NO|__|

(if the answer is NO, finish questionnaire and thank)

16. VG2 - Did you see anyone with this disease (Guinea Worm) recently? YES |__|NO|__|

17. VG3 - If so, mention when (month and year) and where (neighbordhood/province)

[l toeal | |
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Appendix 6: ICT Protocol

The ICT card test has been shown to be a useful and sensitive tool for the detection

of Wuchereria bancrofti antigen and is being used widely by lymphatic filariasis

elimination Programs. Although the test is relatively simple to use, adequate

training is necessary to reduce inter-observer variability and to reduce the

misreading of cards, which can lead to false positive results.

Basic Guidelines

ii.

iil.

iv.

Cards are currently known to have a limited shelf life at ambient
temperatures (3 months at 30°C) but longer shelf life when stored at 4°C
(approximately 9 months). Cards should NOT be frozen.

100 microliters of blood should be collected by finger prick into a calibrated
capillary tube coated with an anticoagulant (EDTA or heparin). Alternatively,
finger prick blood can be collected into a microcentrifuge blood collection
tube coated with either EDTA or heparin.

Before beginning field surveys, two cards from each lot of cards should be
tested using a weak positive control that can be obtained from the Filariasis
Research Reagent Repository Center (www.filariasiscenter.org). When using
this control, the testline can be very faint. DO NOT use cards that are negative
when tested with the control.

When transporting cards for use in the field, a cool box is not required.
However, care should be taken not to expose cards to extreme heat for
prolonged periods of time.

Cards must be read using adequate lighting. Faint lines can be difficult to see
when lighting is not adequate. This is especially important when reading

cards at night.
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Test procedure

NOWF" Filariasis

1. Remove card from pouch just

prior to use.

3. Add blood sample slowly to the
white portion of the sample pad. DO
NOT close the card before the
sample migrates to the pink portion
of the sample pad (takes
approximately 30 seconds after
adding blood).

2. Collect 100uL blood by finger prick
using a calibrated capillary tube. DO NOT
add blood directly from the finger to the

card.

4. Remove adhesive liner and close card.
Start timing.

DO NOT read cards of the plasma have
not flowed ALL the way down the strip as

a false positive result can occur.

5. Read test results 10 minutes after

closing card.

DO NOT read cards at any time
other than 10 minutes as false

positive readings may occur.

6. Test interpretation
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Appendix 7. DNA Extraction Protocol and real-time PCR for Wuchereria bancrofti

QIAmp genomic DNA kits enable rapid and efficient purification of high-quality
genomic DNA from a diverse variety of sample materials for a blood range of
downstream applications. The QIAmp genomic DNA kits provide reliable DNA
purification, fast procedures and easy handling; ready-to-use DNA free of contaminants
and enzyme inhibitors; high DNA recovery from a wide range of sample sources, and, no

phenol-chloroform extraction or time-consuming alcohol precipitation.

This protocol was carried out manually using a centrifuge. QIAmp kits utilize the
selective binding properties of the unique QIAmp silica membrane to isolate pure DNA.
After lysis in an optimize buffer and adjustment of DNA binding conditions, the sample
is loaded directly onto a QIAmp spin column. DNA is bounded to the silica membrane,

and contamination removed in 2-wash steps.

QIAmp genomic DNA kit components

Note: This protocol is for isolation of genomic DNA from 1-100 ul of whole blood

treated with EDTA, citrate, or heparin-based anticoagulants.

1. Pipet 200ul whole blood into a 1.5 microcentrifuge tube.

Add 10ul Proteinase K.

Add 200ul buffer AL, close the lid, and mix pulse-vortex (15s).

Incubate at 56 C for 10min

Briefly centrifuge the 1.5ml tube to remove drops from the inside of the lid

Add 200ul ethanol (96-100%), close the lid, and mix thoroughly by pulse-

AN i

vortexing for 15s.

7. Briefly centrifuge the 1.5ml tube to remove drops from the inside of the lid.
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8.

10.

11.

12.

Carefully transfer the entire lysate from step 8 to the QIAmp Mini Elute
Column without wetting the rim, close the lid, and centrifuge at 6000xg
(8000rpm) for 1 min.

Carefully open the QIAmp Mini Spin column and add 500ul buffer AW1. Close
the cap and centrifuge at 6000xg (8000rpm) for 1 min. Place the QIAmp Mini
spin column in a clean 2ml collection tube and discard the collection tube
containing the filtrate.

Carefully open the QIAmp Mini spin column and add 500ul buffer AW2
without wetting the rim. Close the cap and centrifuge at full speed (20,000xg;
14,000 rpm) for 3min.

Recommended: Place the QIAmp Mini spin column in anew 2ml collection
tube and discard the old collection tube with the filtrate. Centrifuge at full
speed for 1min.

Place the QIAmp Mini spin column in a clean 1.5ml microcentrifuge tube and
discard the collection tube containing the filtrate. Carefully open the QIAmp
Mini Spin column and add 200ul buffer AE or distilled water. Incubate at
room temperature (15-25 oC) for 1 min, and the centrifuge at 6000xg
(8000rpm) for 1 min.

QIAmp blood procedure

«mﬁﬁw amh 4 @ — <t
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SYBR Green real-time PCR amplification. It shows that all samples were amplified as

all of them have human DNA.

Amplification
500 T T T T

400 1

300 1

RFU

200 1

100 L

Tagman real-time PCR amplification plot demonstrating detection of positive control for
W. bancrofti parasite in all runs. It shows that only the gDNA from W. bancrofti
microfilaremia produced signals in both positive controls. It did not detect any presence

of the parasite in the remaining samples.

Amplification
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Appendix 8. Nested PCR protocol for Loa loa

Preparation of 10uM working solution of primers

(ITS-1 F, ITS1 R, LloaF1, LloaF2 primers)

1.Defrost the stock to 100 solution of primer
2. Vortex for 3s

3. Centrifuge 30s at full speed

4. Label an eppendorf tube with primer name, dilution date, and concentration (10 uM)

5. Pipette 90 concentration (10 primer name, dilutcentrifuge at 6000xg (ufto be diluted)

6. Pipette 10 pl of the primer to 100 /M
7. Vortex for 3s

8. Centrifuge 30s at full speed

9. Use immediately or freeze at -200C

Primer - 3 species (Loa loa 475bp, Mansonella 484bp, Wuchereria bancrofti, 482bp)

ITS1-F 5’-GGTGAACCTGCGGAAGGATC-3’

ITS1-R 5’-CTCAATGCGTCTGCAATTCGC-3’

Loa loa (fragment of 143 bp)

LIF1:5’-GATGATGATATATGATGAAG-3’

LIRI: 5’>-TTAAGCTATCGCTTTATCTTC-3’

ITS1-Nested-PCR
bp L. loa M. perstans W. bancrafts bp ITS1-PCR

=

1 2 3 4 § 6 7
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I - AMPLIFICATION OF THE ITS1 FRAGMENT COMMON TO ALL 3 SPECIES
(PCR-1)

I- FILL IN THE PCR REGISTRATION SHEET

2 - DEFROST THE PRIMERS (STOCKS OF 10UM), AND THE PCR MIX (2X -
ALREADY CONTAINS ENZYME, DNTPS, BUFFER AND MGCL2)). AFTER
DEFROSTING VORTEX FOR 3S AND CENTRIFUGE.

3- DEFROST THE SAMPLES TO BE AMPLIFIED

4- IDENTIFY THE PCR TUBES (0.2 ML) WITH THE RESPECTIVE NUMBER. (DO
NOT FORGET THE WHITE OF THE PCR AND THE WHITE OF THE
EXTRACTION, AND THE POSITIVE CONTROL)

5- PREPARE THE MASTER MIX OF THE PCR (PREPARE FOR THE N SAMPLES
PLUS THE BLANKS) IN THE PREPARATION ROOM

Reagents Per sample N samples
Mix PCR (2X) 12.5 pL XN
ITS-1F 0.5 pL XN
ITS-1R 0.5 pL XN
H-0 9.5 uL. XN

Note: Put the water as last and mix the reagents by pipetting up and down about 3 or 4

time

6- PLACE 23 ML MASTER MIX IN EACH PCR TUBE,

7- PIPETTE 2 ML OF DNA INTO THE CORRESPONDING PCR TUBE (AMPLIFY
THE EXTRACTION BLANK AND PLACE A PCR BLANK WHERE WATER IS
ADDED) AND ADD THE POSITIVE CONTROL.

192



8- CLOSE THE TUBE TIGHTLY AND PLACE IN THE THERMOCYCLER WITH
THE FOLLOWING PROGRAM:

Cycles Function Temperature Duration

1 Pre-denaturation 95 °C 10min

40 Denaturation 94 °C 30s
Annealing 58 °C 30s
Extension 72 °C 45s

1 Final extension 72 °C 10min

1 Hold 4°C oc

9- AFTER FINISHING THE PCR RUN THE SAMPLES IN 2% AGAROSE GEL
AND PHOTOGRAPH. 10- STORE THE IDENTIFIED SAMPLES AT -20 C

IT - 2% AGAROSE GEL ELECTROPHORESIS FROM PCR-1 PRODUCT
(LOA LOA 475BP, MANSONELLA 484BP, WUCHERERIA BANCROFTI, 482BP
FRAGMENTS)

1- Fill in the sheet of agarose gel

2- Weigh 2 g of agarose and add 100 ml of TBE1X buffer. (Or recast the agarose gel by
placing the gel used inside the erlenmayer and proceed to step 3. NOTE - the gel should
not be reused more than 3 times)

3. Heat in the microwave until it boils (about 90 sec) and allow to cool to about 600C.
4- Add 5 pl of RedSafe.

5- Pour the gel into the holder placed in the electrophoresis vial, and place the combs
necessary to form the wells; wait 10-15 mins to solidify.

6- Prepare "drops" of application buffer, on a piece of Parafilm

7- Mix 5 pl of each PCR sample with one drop of application solution and apply to a
well. NOTE - these samples will be re-amplified so use a new tip for each sample to
avoid contamination between samples)

8- Turn on the power and run the samples for 30 min at 120V.

9- View the gel on a UV transilluminator (254 nm) and photograph.

10- Record the number / name of the gel photograph on the agarose gel sheet.
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IIT - AMPLIFICATION OF THE SPECIFIC FRAGMENT OF LOA LOA (PCR-2)

1- FILL IN THE PCR REGISTRATION SHEET

2 - THAW THE PRIMERS (STOCKS OF 10UM), AND THE PCR MIX (2X -
ALREADY CONTAINS ENZYME, DNTPS, BUFFER AND MGCL2). AFTER
THAWING VORTEX (3 SECONDS) AND CENTRIFUGE.

3- DEFROST THE SAMPLES TO BE AMPLIFIED, WHICH ARE THE PCR
PRODUCTS OF THE ITS1 PRIMERS.

4- ADD 100 ML OF STERILE WATER (DILUTION 1: 5) TO EACH PCR-1 TUBE
(ALWAYS CHANGE THE TIP TO AVOID CONTAMINATION)

5- IDENTIFY THE PCR TUBES (0.2 ML) WITH THE RESPECTIVE NUMBER. (DO
NOT FORGET THE WHITE OF THE PCR AND THE WHITE OF THE
EXTRACTION, AND THE POSITIVE CONTROL)

6- PREPARE THE MASTER MIX OF THE PCR (PREPARE FOR N SAMPLES
PLUS WHITES) IN THE PREPARATION ROOM

Reagents Per sample N sample
Mix PCR (2X) 12.5 pL XN
ITS-1F 0.75 uL XN
ITS-1R 0.75 pL XN
H20 9 uL XN

NOTE: PUT THE WATER AS LAST AND MIX THE REAGENTS BY PIPETTING
UP AND DOWN ABOUT 3 OR 4 TIMES

7- PLACE 23 ML MASTER MIX IN EACH PCR TUBE,

8- PIPETTE 2 ML OF DNA (1: 5 DILUTION OF PCR-1) INTO THE
CORRESPONDING PCR TUBE (DO NOT FORGET THE PCR BLANK)
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9- COVER THE TUBE WELL AND PLACE IN THE THERMOCYCLER WITH THE

FOLLOWING PROGRAM:

Cycles Function Temperature |Duration

1 Pre-Denaturation 952 C 10 min

40 Denaturation 942 C 30s
Annealing 58¢C 30s
Extension 72°C 45s

1 Final Extension 722 C 10 min

1 Hold 4°C o

10- AFTER FINISHING THE PCR RUN THE SAMPLES IN 2% AGAROSE GEL
AND PHOTOGRAPH.

11- STORE THE IDENTIFIED SAMPLES AT -200C

IV - 2% AGAROSE GEL ELECTROPHORESIS OF PCR-2 PRODUCT

(LOA LOA 143 BP FRAGMENT)

1- FILL IN THE SHEET OF AGAROSE GEL

2- WEIGH 2 G OF AGAROSE AND ADD 100 ML OF TBE1X BUFFER. (OR
RECAST THE AGAROSE GEL BY PLACING THE GEL USED INSIDE THE
ERLENMAYER AND PROCEED TO STEP 3. NOTE - THE GEL SHOULD NOT BE
REUSED MORE THAN 3 TIMES)

3. HEAT IN THE MICROWAVE UNTIL IT BOILS (ABOUT 90 SEC) AND ALLOW
TO COOL TO ABOUT 600C.

4- ADD 5 ML OF REDSAFE.

5- POUR THE GEL INTO THE HOLDER PLACED IN THE ELECTROPHORESIS
VIAL, AND PLACE THE COMBS NECESSARY TO FORM THE WELLS; WAIT
10-15 MINS TO SOLIDIFY.
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6- PREPARE "DROPS" OF APPLICATION BUFFER, ON A PIECE OF PARAFILM

7- MIX 5 ML OF EACH PCR SAMPLE WITH ONE DROP OF APPLICATION
SOLUTION AND APPLY TO A WELL

8- TURN ON THE POWER SUPPLY AND RUN THE SAMPLES FOR 30 MIN AT
120V.

9- VIEW THE GEL ON A UV TRANSILLUMINATOR (254 NM) AND
PHOTOGRAPH.

10- RECORD THE NUMBER / NAME OF THE GEL PHOTOGRAPH ON THE
AGAROSE GEL SHEET.

Nested PCR L. loa amplification products in 2% agarose gel electrophoresis. First and
last wells show the molecular hyperladder. C+ stands for the L. loa positive control. The
positive bands in the gel electrophoresis were taken as those appearing at 188bp, where
the size of positive control is expected to appear (samples 350-358, 360-361). The
negative results were taken as those samples, which do not show a band at the expected

zone of 188bp (sample 359).

S 3%6 357 358 155 350 361
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The sensitivity and specificity of nested-PCR assay was found to be 98% and 100%
respectively. Thus, the positive predictive value (PPV) and the negative predictive value
(NPV) for PCR for L. loa are 99% and 98% respectively (Table 4.3). The sensitivity and

specificity of ELISA assay was found to be 91% and 99% respectively. Thus, the PPV
and NPV for ELISA for O. volvulus is 99% (Table 4.3).

Sensitivity and specificity of PCR and ELISA assays.

Assay | Sensitivity Specificity PPV NPV Accuracy
PCR 98% 100% 99% 100% 100%
ELISA 91% 99% 98% 99% 99%
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Appendix 9.Loa loa vector Chrysops spp. Perspective on research, distribution,

bionomics, and implications for elimination of lymphatic filariasis and onchocerciasis’

Kelly-Hope et al. Parasites & Vectors (2017) 10:172

DOI 10.1186/513071-017-2103-y Parasites & Vectors

REVIEW Open Access

Loa loa vectors Chrysops spp.: perspectives @
on research, distribution, bionomics, and
implications for elimination of lymphatic

filariasis and onchocerciasis

Louise Kelly-Hope' '@, Rossely Paulo’*", Brent Thomas', Miguel Brito**, Thomas R. Unnasch® and
David Molyneux’

Abstract

Background: Loiasis is a filarial disease caused Loa loa. The main vectors are Chrysops silacea and C. dimidiata
which are confined to the tropical rainforests of Central and West Africa. Loiasis is a mild disease, but individuals
with high microfilaria loads may suffer from severe adverse events if treated with ivermectin during mass drug
administration campaigns for the elimination of lymphatic filariasis and onchocerciasis. This poses significant
challenges for elimination programmes and alternative interventions are required in L. loa co-endemic areas. The
control of Chrysops has not been considered as a viable cost-effective intervention; we reviewed the current
knowledge of Chrysops vectors to assess the potential for control as well as identified areas for future research.

Results: We identified 89 primary published documents on the two main L. loa vectors C. silacea and C dimidiata.
These were collated into a database summarising the publication, field and laboratory procedures, species
distributions, ecology, habitats and methods of vector control. The majority of articles were from the 1950-1960s.
Field studies conducted in Cameroon, Democratic Republic of Congo, Equatorial Guinea, Nigeria and Sudan
highlighted that C. silacea is the most important and widespread vector. This species breeds in muddy streams or
swampy areas of forests or plantations, descends from forest canopies to feed on humans during the day, is more
readily adapted to human dwellings and attracted to wood fires. Main vector targeted measures proposed to
impact on L. loa transmission included personal repellents, household screening, indoor residual spraying,
community-based environmental management, adulticiding and larviciding.

Conclusions: This is the first comprehensive review of the major L. loa vectors for several decades. It highlights key
vector transmission characteristics that may be targeted for vector control providing insights into the potential for
integrated vector management, with multiple diseases being targeted simultaneously, with shared human and
financial resources and multiple impact. Integrated vector management programmes for filarial infections, especially
in low transmission areas of onchocerciasis, require innovative approaches and alternative strategies if the elimination
targets established by the World Health Organization are to be achieved.

Keywords: Loa log, Loiasis, Tropical eye worm, Chrysops, Vector control, Lymphatic filariasis, Onchocerciasis, Neglected
tropical diseases, NTDs, Africa, Integrated vector management, Bionomics
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Appendix 10.” Rapid integrated clinical surveys to determine the prevalence and co-
distributions patterns of lymphatic filariasis and onchocerciasis in a Loa loa co-endemic:

The Angolan experience’

Parasite Epidemiology and Control 2 (2017) 71-84

Contents lists available at ScienceDirect = PARASITE
EPIDEMIOLOGY
ANDCONTROL

Parasite Epidemiology and Control

journal homepage: www.elsevier.com/locate/parepi

Rapid integrated clinical survey to determine prevalence and co- )

Check for

distribution patterns of lymphatic filariasis and onchocerciasis in a | %
Loa loa co-endemic area: The Angolan experience

a,b,1 a,c,

Miguel Brito™™", Rossely Paulo ! Pedro Van-Dunem‘, Anténio Martins?,
Thomas R. Unnasch®, Robert J. Novak®, Benjamin Jacob®, Michelle C. Stanton®,
David H. Molyneux®, Louise A. Kelly-Hope“*

@ Centro de Investigacao em Saude de Angola/Health Research Centre of Angola, Caxito, Angola

® Lisbon School of Health Technology, Lisbon, Portugal

€ Centre for Neglected Tropical Diseases, and Department of Parasitology, Liverpool School of Tropical Medicine, Liverpool, UK
d National Directorate of Public Health, Ministry of Health, Angola

€ College of Public Health, Department of Global Health, University of South Florida, Florida, USA

ARTICLE INFO ABSTRACT

Keywords:

The Republic of Angola is a priority country for onchocerciasis and lymphatic filariasis (LF)

Sub-saharan Africa elimination, however, the co-distribution of the filarial parasite Loa loa (loiasis) is a significant
Aflgli_la. impediment, due to the risk of severe adverse events (SAEs) associated with ivermectin used in
Filariasis mass drug administration (MDA) campaigns. Angola has a high risk loiasis zone identified in
Loiasis i h I ive i i d to be impl d; he thy

Loa loa Bengo Province where alternative interventions may need to be implemented; however, the

Tropical eye worm
Severe adverse events
SAEs

presence and geographical overlap of the three filarial infections/diseases are not well defined.
Therefore, this study conducted a rapid integrated filarial mapping survey based on readily
identifiable clinical conditions of each disease in this risk zone to help determine prevalence and

Onchocerciasis co-distribution patterns in a timely manner with limited resources. In total, 2007 individuals
LF from 29 communities in five provincial municipalities were surveyed. Community prevalence
Lymphatic filariasis estimates were determined by the rapid assessment procedure for loiasis (RAPLOA) and rapid
Eleph?“tiaSis epidemiological mapping of onchocerciasis (REMO) together with two questions on LF clinical
Mapping manifestations (presence of lymphoedema, hydrocoele). Overall low levels of endemicity, with
Nodules . . s . . . .

Hydrocoele different overlapping dlStl‘lbl.lthnS' were found. Loiasis 'was found in 18 communities w1tl:1 a
Lymphoedema prevalence of 2.0% (31/1571), which contrasted to previous results defining the area as a high
Ivermectin risk zone. Onchocerciasis prevalence was 5.3% (49/922) in eight communities, and LF
RAPLOA, REMO prevalence was 0.4% for lymphoedema (8/2007) and 2.6% for hydrocoeles (20/761 males) in
NTDs seven and 12 communities respectively. The clinical mapping survey method helped to highlight

Neglected tropical diseases

that all three filarial infections are present in this zone of Bengo Province. However, the
significant difference in loiasis prevalence found between the past and this current survey
suggests that further studies including serological and parasitological confirmation are required.
This will help determine levels of infection and risk, understand the associations between clinical,
serological and parasitological prevalence patterns, and better determine the most appropriate
treatment strategies to reach onchocerciasis and LF elimination targets in the loiasis co-endemic
areas. Our results also suggest that the utility of the earlier RAPLOA derived maps, based on
surveys undertaken over a decade ago, are likely to be invalid given the extent of population
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Appendix 11.’Clinical, serological and DNA testing in Bengo, Angola. Further reveals

low filarial endemicity and opportunities for disease elimination’

Parasite Epidemiology and Control 11 (2020) e00183
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d National Directorate of Public Health, Ministry of Health, Angola
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ARTICLE INFO ABSTRACT

Article history: The prevalence of Loa loa, Onchocerca volvulus and Wuchereria bancrofti infections in an under-
Received .16JUn.€ 2020 surveyed area of Bengo Province, Angola, was determined by surveying 22 communities with a
Received in revised form 31 July 2020 combination of clinical, serological and DNA diagnostics. Additional information was collected

Accepted 20 September 2020 on participants’ duration of residency, access to mass drug administration, knowledge of insect

vectors and use of bednets. A total of 1616 individuals (38.1% male: 61.9% female), with an av-
erage age of 43 years, were examined. For L. log, 6.2% (n = 100/16616) individuals were found
I(emords: to have eyeworm, based on the rapid assessment procedure for loiasis (RAPLOA) surveys, and
E?I'ass‘; g’ 11.5% (n =178/1543) based on nested PCR analyses of venous blood. L. loa prevalences in long-
On?lholc] erciasis term residents (>10 years) and older individuals (>60 years) were significantly higher, and
Lymphatic filariasis older men with eyeworm were better informed about Chrysops vectors. For O. volvulus, 4.7%
Co-infection (n = 74/1567) individuals were found to be positive by enzyme-linked immunosorbent
Mapping assay (Ov 16 ELISA), with only three individuals reporting to have ever taken ivermectin. For
W. bancrofti, no infections were found using the antigen-based immunochromatographic test
(ICT) and real-time PCR analysis; however, 27 individuals presented with lymphatic filariasis
(LF) related clinical conditions (lymphoedema = 11, hydrocoele = 14, both = 2). Just under
half (45.5%) of the participants owned a bednet, with the majority (71.1%) sleeping under it
the night before. Our approach of using combination diagnostics reveals the age-prevalence
of loiasis alongside low endemicity of onchocerciasis and LF. Future research foci should be
on identifying opportunities for more cost-effective ways to eliminate onchocerciasis and to de-
velop innovative surveillance modalities for clinical LF for individual disease management and

disability prevention.
© 2020 The Authors. Published by Elsevier Ltd on behalf of World Federation of Parasitologists.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/
4.0/).

* Corresponding author at: Centro de Investigacao em Saude de Angola/Health Research Centre of Angola, Hospital Geral do Bengo, Caxito, Bengo, Angola.
E-mail address: rossely_cunha@hotmail.com (R. Paulo).
! These authors contributed equally to this work.

https://doi.org/10.1016/j.parepi.2020.e00183
2405-6731/© 2020 The Authors. Published by Elsevier Ltd on behalf of World Federation of Parasitologists. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Appendix 12. Epidemiology of filariasis in Zaire province, Angola, ASTMH Abstract
Book from 66" Annual Meeting

EPIDEMIOLOGY OF FILARIASIS IN ZAIRE PROVINCE, ANGOLA

Célio C. Njinga', Filipa Vaz', Rossely C. Paulo?, Pedro Van
Dunem?, Miguel Brito*

CISA, Luanda, Angola, Liverpool School of Tropical Medicine/CISA,
Luanda and Liverpool, Angola, *National Coordinator at Public Health
Department, Luanda, Angola, “Lisbon School of Health Technology, Lisbon,
Portugal

Filariasis are known to be endemic in Angola and contributes to outpatient
morbility and mortality of the country with over 12 million people at risk
of infection. As so, little is known about the geographical distribution

and co-endemicity of three filarial parasites such as Onchocerca volvulus,
Wuchereria brancrofti, and Loa loa. Hence, it is important to understand
the distribution in co-endemic areas with multiple species of Filariasis with
the assess of the prevalence of lymphatic filariasis (LF), onchocerciasis

and loiasis. The 6 municipalities of Zaire were surveyed and 7 communes
were selected based on the geographical location-river proximity and
swampy areas of plantation or forest. The random sampled respondents
were interviewed using the Rapid assessment procedure (RAPLOA) for Loa
Loa and the Rapid Epidemiological Mapping of onchocerciasis (REMO)
surveys to assess LF clinical signs (hydrocele and/or Lymphedema). A

total of 157 respondents took part in the survey. The nested Polymerase
Chain Reaction (PCR), followed by electrophoresis and visualization

with staining with ethidium bromide was performed to detect Loa loa
infection. For Wuchereria bancrofti (LF), Real-Time PCR with specific
Tagman probes, Dried Blood Spot (DBS) samples was used. In addition, for
each subject an onchocerciasis rapid test and dried blood spot (DBS) was
performed between 8 a.m. - 3 p.m. The results of molecular testing were
combined with conventional epidemiological approaches to determine
the spatial-temporal distribution of loiasis and population-level risk factors
for reported diseases. Moreover, the nested PCR assay showed 0%
prevalence for loiasis. Still, the prevalence for LF is also found to be of
0%, according to the Real-Time PCR. Conversely, with the rapid tests for
onchocerciasis infection, it was found that males have higher prevalence
(6.3%) compared to females (3.8%). The molecular biology did not find
co-endemecity but it provided insights for the importance for innovative
approaches and alternative strategies for filarial infections required for the
elimination targets established by the World Health Organization.
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Appendix 13. Conference poster publication

IV Science and Technology National conference poster (Luanda, 2015)

:m,w

Ben

ﬂ Spatial clustering of ﬁlar|a5|s and risk factors analysis in

ola

NIVERSITY OF
SOUTH FLORIDA

LSTM

Rossely Paulo'2, Miguel Brito?, Tom Unnasch?, Robert Novak3, Benjamin Jacob?, Michelle Stanton?, David Molyneux*, Pedro Van-Dumen®, Anténio

Mamnss, Louise Kelly-Hope* cisa, Health Research Centre in Angola, Caxito, Angola, 2. Lisbon School of Health Technology, Lisbon, Portugal, 3 College of Public Health, Department of Global Health,

University of South Florida, USA. 4. Department of Parasitology, Liverpool School of Tropical Medi

The implementation of lymphatic ilariasis (LF) and onchocerciasis elimination
programmes in areas where Loa loa is co-endemic is problematic because individuals
with heavy L oa nfectons may develop severe adverse events when treated with
ivermectin, tions for mass alternative
strategies may be reqmmd. One of the highest L. Loa risk areas is Dande Mumclpzlltv,
Bengo Province in Northern Angola (Figure 1: Insert shows study area).

Figure 1. RAPLOA distribution

I

The aim of this study was
the distribution of filariasis and associated
risk factors in Bengo Province using rapid
field survey methods including clinical
observations, serology and molecular
analysis. RapidEye (Sm resolution)
satellite data was also employed to
provide the foundation for empirical
information on vector and parasite
populations in relation to key
environmental drivers.

Study site: The study d the Centro de Investigagd Angola
(CI5A) area in Dande Municipality. In total, 22 villages across peri-urban and rural areas
were surveyed. In each village, up to 100 individuals were assessed in August-Sept 2014
Filariasis
L loa - the rapid assessment procedure for loiasis (RAPLOA) based on eye worm
history was used and blood collected for molecular analysis with Real Time PCR
LF - the rapid diagnostic ICT card was used to detect LF antigen, and questions

lated to morbidity (presence of limb lymphoedema and hydrocele)
i) Onchocerciasis - Blood spots were collected to detect antigen using the Ov16 ELISA

Risk factors

Surveyed individuals were asked about
intervention usage and local vectors

i) Bed net ownership and usage

i) Ivermectin consumption

iii) Chrysops spp. identification

Figure 2. Villages and households
georeferenced to RapidEye Image

High resolution RapidEye image and
environmental analysis and modelling on

digital elevation, river flow and forest cover was
conducted with geographical information system|
(GI5) and Ecognition image analysis software.

For LF: A total of 1616 individuals were surveyed. Few LF clinical cases were found with
13 lymphoedema (0.8%) and 16 hydrocele cases (1.7%) identified. The serological
survey found all rapid diagnostic tests ICTs were negative, which was also confirmed
with PCR laboratory analysis. Regarding interventions, a low bed net ownership (46.1%)
was reported, with only 33.8% sleeping under a net the previous night.

Fieldwork in the community (Bengo, 2015)

For Loa loa: Overall, L. loa prevalence
was 6.2% with positive individuals found
throughout the study area (yellow dots -

Molecular analysis of
samples is underway.

For RAPLOA, there was nosignificant
difference by sex (males 5.2%, female

6.8%) however a significantly higher
prevalence in older individuals was
found (<40 yrs 3.3%; >40yrs 8.7%).

Of particular note was the lack of L. Joa
in six of the villages within this small
area (blue circles — Figure 3). Differences
between L. loa positive and negative
villages were examined in relation to
forest cover, which is a potentially
important habitat characteristic for
Chrysops spp.

Using the high resolution RapidEye
image and a specialized image exaction

hod (multi-resolution segmemahon)
oo o G18

ne, Liverpool, UK, 5. Health Mil

Background Loa loa Results

Figure 3. Loaloa positive distribution

-

istry Angola, Luanda, Angola, 6. Director Provincial de Saude, Caxito, Angola

C

For iasis: Overall
was 4.7% with village prevalence ranging from
0 to 35%. Only a few selected household
clusters were spatially distinct with high sero-
prevalence (>20%), suggesting a ‘hypo-
endemic’ area

cerciasis Results

No significant difference by sex (males 5.0%,

female 4.5%) or age group (<40 yrs 4.6%;

>40ys 4% and e or o evidence of
found.

Figure 4. Loa negative/positive villages

Figure 5. Forest cover differences

proportion of dense forest covr within
22.5km buffer of each village centre was
compared.

loa negative villages were found to
have less forest cover (25-40%) than
positive villages (57-67%) as shown by
the two village examples presented in
Figures 4 and 5, which may explain
prevalence differences.

When asked about the main Chrysops spp. vector, 12% of individuals recognized the fly
when presented with a photograph. Overall, males and individuals 40 years of age
were twice as likely to recognize the ly, whereas individuals with loiasis (by RAPLOA),
were 2.5 times more likely, and most significantly males >40 years of age with loiasis
were 4.24 times more likely, to recognize the fly than the related subgroups (Table 1)

‘Table 1. Knowledge of Chrysops spp. in local area when shown a photograph

Variable combination

[
Oider age>40 3. (younger age)

Male older age >40 yr3 (male younger ago)
Loa +ye_(Loaye)

Lo e o age 40 Coa 43l ae]
vo_(male Loa—y

o o o e 0 U R SR ]

Odds | 95%CI z Povalue
Ratio

198 | 1450271 | 4262 | P<00001
7 0001

H

P=00020
130040 | 3185 | P=000W
224 126040 0063

0006
426 168101067 3061 | P=0002
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ivermecti

Figure 7 shows examples of potential
breeding sites of Simulium spp (orange square
~ Figure 6) in this ‘hypo-endemic’ study area.

The hypo-endemic onchocerciasis riverine
areas appear to have distinct characteristics
of trailing vegetation in fast flowing water,
which caused ripples and oxygenated water
for the vector to breed. ~This differs to the
Pre-Cambrian signatures found in hyper-
endemic area elsewhere and modelled

Figure 8. Interpolates Simulium spp.

nature along riverine location

Analysis of previous models and RapidEye
image help to define a potentially new
signature habitat of vegetation (chlorophyll
A). The potential 5. damnosum s.I. breeding
sites was interpolated to produce a risk map

along the river (Figure 8), Figure 9.
Interpolated
The lag was extended and a layer created of  |ayer around

the interpolated signature on RapidEve data,
and to help visually detect soils around the
immature, flood-prone larval habitat (Fig 9).

breeding sites

Filariasis is endemic at different prevalences and spatial patterns throughout the
region, and the presence of L. loa suggests that alternative strategies for the
elimination of LF and onchocerciasis are required.

These may include the scaling up vector control with key information on the best
targets directed by local community knowledge given their potential abiliy to identify
and micro-map Chrysops spp. habitats and high risk areas.
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Appendix 14. Local scientific newspaper giving credit to CISA in regards the NTDs
study (Sol journal, 2015)

Local houses at the community (Bengo, 2015)

Local scientific newspaper giving credit to CISA in particular the NTDs study (Sol journal, 2015)
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