Research and Reports in Tropical Medicine Dove

3

REVIEW

An Overview of the Management of Mansonellosis

Thuy-Huong Ta-Tang
Sergio LB Luz’
James L Crainey?
José M Rubio (®*

'Malaria and NTDs Laboratory, National
Centre of Tropical Medicine, Instituto de
Salud Carlos Ill, Madrid, Spain;
2Laboratério de Ecologia de Doengas
Transmissiveis na Amazdnia, Instituto
Lednidas e Maria Deane, Fundagio
Oswaldo Cruz, Manaus, Amazonas State,
Brazil; 3Malaria & Emerging Parasitic
Diseases Laboratory, National
Microbiology Center, Instituto de Salud
Carlos Ill, Madrid, Spain

Abstract: Mansonellosis is caused by three filarial parasite species from the genus
Mansonella that commonly produce chronic human microfilaraemias: M. ozzardi,
M. perstans and M. streptocerca. The disease is widespread in Africa, the Caribbean and
South and Central America, and although it is typically asymptomatic it has been associated
with mild pathologies including leg-chills, joint-pains, headaches, fevers, and corneal
lesions. No robust mansonellosis disease burden estimates have yet been made and the
impact the disease has on blood bank stocks and the monitoring of other filarial diseases is
not thought to be of sufficient public health importance to justify dedicated disease manage-
ment interventions. Mansonellosis’s Ceratopogonidae and Simuliidae vectors are not targeted
by other control programmes and because of their small size and out-door biting habits are
unlikely to be affected by interventions targeting other disease vectors like mosquitoes. The
ivermectin and mebendazole-based mass drug administration (iMDA and mMDA) treatment
regimens deployed by the WHO’s Elimination of Neglected Tropical Diseases (ESPEN)
programme and its forerunners have, however, likely impacted significantly on the manso-
nellosis disease burden, principally by reducing the transmission of M. streptocerca in
Africa. The increasingly popular plan of using iMDA to control malaria could also affect
M. ozzardi parasite prevalence and transmission in Latin America in the future. However,
a potentially far greater mansonellosis disease burden impact is likely to come from short-
course curative anti-Wolbachia therapeutics, which are presently being developed for onch-
ocerciasis and lymphatic filariasis treatment. Even if the WHO’s ESPEN programme does
not choose to deploy these drugs in MDA interventions, they have the potential to drama-
tically increase the financial and logistical feasibility of effective mansonellosis management.
There is, thus, now a fresh and urgent need to better characterise the disease burden and eco-
epidemiology of mansonellosis so that effective management programmes can be designed,
advocated for and implemented.
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Introduction

Mansonellosis, and its synonym mansonelliasis, are medical terms used to describe
a chronic filarial disease caused by parasites from the genus Mansonella.
Mansonella genus parasites which cannot (or rarely) complete their life cycles
using a human host, and therefore only cause zoonotic infections, are sometimes
also considered to cause mansonellosis, but for the purposes review are not.' For
the purposes of this review, thus, mansonellosis infections are microfilaraemic,
chronic, non-lethal infections caused by M. perstans, M. ozzardi or
M. streptocerca. All three of these parasite species share very similar life-cycles
and epidemiology (Figure 1) and are only known to cause mild, usually non-
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Figure | Integrated life cycle of the three Mansonella spp. An infected female blood-sucking arthropod genus Culicoides (A) for all the three Mansonella species, or Simulium
(B) only for M. ozzardi] introduces third stage filarial larvae (L3) into the human host. The larvae develop into adult filariae, which commonly reside in the pleural cavity (1);
the peritoneal cavity (2) or the subcutaneous dermal layer (3). The female worms produce microfilariae, which are found in peripheral blood (M. perstans and M. ozzardi) or
found in the skin (M. ozzardi and M. streptocerca). An arthropod ingests the microfilariae during a blood meal. After ingestion, the microfilariae undergo two molts to become
infective L3. The life cycle in which Culicoides vectors are involved can occur both in Latin American and African settings. Simuliid species are known to transmit M. ozzardi in

Latin America.

specific symptoms, when they cause any symptoms at
all.'? The disease affects tens, if not hundreds, of millions
of the poorest people in Africa and Central and South
America, but it is almost completely ignored by both
national and international health agencies.

Although a number of mansonellosis symptoms
including leg-chills, joint pains, headaches, fevers and
corneal lesions have been robustly correlated with para-
site infections, none have yet had their associated dis-
ease burden estimated.'* For example, while it is known
that M. ozzardi infections cause corneal lesions in ende-
mic areas of the Amazon region, it is not known if these
lesions cause visual impairment or, if they do, to what
extent those that have these lesions are visual impaired.*
This is, no doubt, in part related to the fact that other

key disease burden measures have also not been esti-
mated. Thus, while it is known other chronic filarial
infections like onchocerciasis and loiasis can have
a serious impact on an infected individual’s life expec-
tancy, no one has yet investigated whether mansonello-
sis infections impact on life expectancy.”® Without such
estimates, it is difficult to calculate the disease burden
caused by mansonellosis using standard measures. And
as disecase metrics are increasingly being used by
research and public health programme funders to guide
their financing decisions, a case can be made that man-
sonellosis research has become trapped in vicious circle
of neglect.""” Research into the disease burden of man-
sonellosis has not been financed exactly because its
disease burden is unknown.'
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In contrast to mansonellosis research interest, which
collapsed after a link between M. perstans and sleeping
sickness was discarded at the beginning of 20™ century,
onchocerciasis research interest has increased enormously
over the last century.g’g Substantial World Bank (WB) and
World Health Organisation (WHO) financing for oncho-
cerciasis research and control began in the early 1970s
after epidemiologists established a strong link between
the disease and visual impairment and blindness.®’ This
sustained research interest has led, indirectly, to the dis-
covery of previously hidden pathologies, like its link to
neurological disorders such as epilepsy, which only
a minority of researchers previously recognised and
which proved the onchocerciasis disease burden was
underestimated well into the second decade of the 21%
century.'® This does not, of course, mean ipso facto that
mansonellosis, also has hidden pathologies that would be
uncovered if only the subject was more thoroughly inves-
tigated. It does, however, highlight that a chronic and
really quite well-studied filarial disease, caused by
a parasite with a very similar life-cycle to those which
cause mansonellosis, can harbour a difficult to detect but
not insignificant disease burden. Given how little research
has been done on mansonellosis by comparison and that
hitherto published mansonellosis epidemiological study
designs would not have allowed any of the most important
onchocerciasis disease burden estimates to be made (like
the disease’s impact on life-expectancy), there is, thus,
scope to question if the disease’s present perception as
being largely benign is full justified or just a default posi-
tion assumed in the absence of supporting data.

The public health importance of a disease is, of course,
not necessarily limited to its defined disease burden. Until
very recently there were no disease burden estimates for
the filarial disease loiasis, which has a very similar epide-
miological and clinical profile to mansonellosis.®’” Unlike
mansonellosis, however, it was included among the dis-
eases listed in the WHO's Expanded Special Project for
Elimination of Neglected Tropical Diseases (ESPEN)
programme.'' This was largely because individuals heav-
ily infected with loiasis (i.e. with high microfilaraemic
loads) can suffer severe adverse events (SAE) when they
are treated with ivermectin.'” Because of the broad dis-
tribution of loiasis in Africa, the WHO's ivermectin-based
onchocerciasis and lymphatic filariasis mass drug admin-
istration (iIMDA) programmes have been majorly impacted
by the disease.'®'*!'* While no associations between man-
sonellosis, mass drug administrations (MDAs) and SAEs

have hitherto been reported, it has long been recognised
that mansonellosis infections (like loiasis infections) can
interfere with the epidemiological monitoring of oncho-
cerciasis and lymphatic filariasis disease
programmes.'*'*"'® Similarly, the chronic nature of man-
sonellosis infections and the disease’s broad global distri-
bution, means the microfilariae from mansonellosis are
a major contaminant of blood stocks in the developing
world."” Even though it appears that contaminated blood
is transfused at lower rates than what would be expected
from local prevalence levels, it appears that the microfilar-
iae from mansonellosis infections are routinely transfused
through-out the developing world.'”'® Although it is
known that these transfusions cannot establish chronic
infections, the microfilariae are known to be able to persist
in the blood for over two years and could thus be con-
tributing to transmission.'®'? At present, the WHO does
not provide explicit guidance on how blood stocks con-
taminated with microfilariaec should be treated.”® In
a recent scoping expert panel review, it was concluded
that it was unnecessary to screen for or mitigate against
microfilariae contamination; however, not all experts share
this view, and it appears some blood banks adopt the
position that transfusion of blood contaminated in any

way should be avoided.'’2% 2

Existing Helminth Disease

Management Programmes

Effective and co-ordinated helminth disease control pro-
grammes have been in operation for well over 70
years.”>**?7 Many of these programmes, which have in
recent years focused on the use of anti-helminthic MDA
and (to a lesser extent) vector control, have enjoyed substan-
tial and sustained financing for almost a century.”!%!32?
Typically, these programmes are co-ordinated by regional
and national governments, often with financial and expert
support from the WHO, the WB and various non-
governmental organisations (NGOs), like the Bill and
Melinda Gates foundation.”'®'*>? To date, most of this
helminth disease control financing that has been directed
towards filarial disease management has been spent on the
management of lymphatic filariasis and
onchocerciasis.”'%'***** Far less financing has been direc-
ted to the management of other filarial diseases, with most
not directed to these two key filarial diseases being directed

to dirofilarial disease control.>®*?° Almost no dedicated
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financing has been directed to the management of
mansonellosis.'~

Unlike the financing that onchocerciasis and lymphatic
disease control has benefited from, dedicated dirofilarial
disease control has mostly come from the private sector
through sponsorship of NGOs.?® NGOs like the American
Heartworm Association; the European Society of
Dirofilariosis and Angiostrongylosis, and the Companion
Animal Parasites Council have worked toward curtailing
the spread and transmission of dirofilarial disease through
the promotion of slow-release prophylactic macrocyclic
lactones treatment of companion animals.”® With support
from their sponsors, which includes pharmaceutical com-
panies involved with the fabrication and sale of the macro-
cyclic lactones these NGOs promote, these NGOs provide
educational resources for veterinary professionals as well
as dog and cat owners and also provide parasite distribu-
tion maps and animal treatment guidelines.’®* Although
the effectiveness of these prevention efforts has not been
as carefully monitored as the WHO's onchocerciasis and
lymphatic filariasis management programmes, the emer-
gence and spread of Dirofilaria immitis ivermectin resis-
tance in North America does suggest that the drugs being
promoted are in sustained and widespread use in the
regions that these NGOs target their use.® > It is, there-
fore, quite likely that these pet-owner driven interventions
have had a significant impact on limiting dirofilarial dis-
ease transmission.

The Impact of Vector Borne Disease

Interventions on Mansonellosis

It is also likely that dirofilarial disease transmission has
been limited by vector control interventions targeting other
vector-borne diseases with geographical distributions that
overlap with dirofilarial disease.”® It is well recognised
that in regions where lymphatic filariasis is transmitted
by the same vector species being targeted for malaria
control, these malaria control efforts can also reduce the
regions lymphatic filariasis disease burden.>* As many of
the most important mosquito vectors of dirofilarial disease
(such as Culex pipiens quinquefasciatus, Aedes aegypti
and Aedes albopictus) also transmit diseases that are tar-
disease

control vector-borne

programmes,**%-7

geted for by other

it is likely that the transmission and
public health impact of dirofilarial disease is being limited
passively by the control of its vectors in regions where its
with filariasis and

distribution overlaps lymphatic

arbovirus vector control programmes.?’ And as such con-
trol programmes have been in widespread operation in
areas where dirofilarial disease occurs for well over 70
years,”’ it is quite likely that these programmes have had
a non-trivial impact on dirofilarial disease also.
Mansonellosis, by way of contrast, is unlikely to have
been significantly affected by vector control programmes
targeting other diseases. In Africa and the Caribbean,
mansonellosis is vectored by biting midges from the
family Ceratopogonidae, which are not presently the tar-
gets of any other disease control programmes in these
regions.'*%** Although M. ozzardi transmission in the
Brazilian Amazon region involves many of the simuliid
vectors involved in the region’s onchocerciasis transmis-
sion, Amazon-region onchocerciasis control has not his-
torically made use of vector control.***! This is in no
small part because the region’s large and inaccessible
rivers make the river application of insecticides (larvicid-
ing), a far less practical approach to control onchocerciasis
than it is in Africa and also because the outdoor biting and
resting habits of its simuliid vectors render conventional

ineffective.}6-39:40:42:43

adult-targeting  interventions
Therefore, there are and never have been significant vector
control programmes operating anywhere in the world that
specifically target the vectors of mansonellosis.'=%3743
Although it is possible that the widespread use of insecti-
cide residual spraying (IRS) for malaria, leishmaniasis or
Chagas disease control, could be having a meaningful impact
on the distribution of mansonellosis, this has not been inves-
tigated in any depth and is difficult to predict confidently
owning to the existing paucity of data concerning the beha-
vioural ecology of mansonellosis vectors.'**** For exam-
ple, in the Brazilian Amazon where IRS is an important tool
for malaria control and mansonellosis is highly prevalent and
caused by both M. perstans and M. ozzardi, not a single
vector has hitherto been incriminated in M. perstans
transmission.*>** Thus while the outdoor biting habits of
the simuliid filarial vectors of the Amazon are reasonably
well characterised,”” the behavioural ecology of the South
American ceratopogonids involved in M. ozzardi transmis-
sion (and presumably M. perstans transmission) is not well
understood.' 4% Although, thus, one study recently
showed that IRS treatment of homes and animal shelters
can be wused to decrease the abundance of adult
Culicoides,” whether this approach will be effective for
mansonellosis control will depend a great on the biting and
resting habits of the most important vectors, which are still to

be determined— not just in Latin America, but globally.'*
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The very small size of Culicoides and the outdoor
biting habits of most simuliids also means that bed nets,
which are used globally as an effective method of control-
ling mosquito-borne diseases like malaria and lymphatic

filariasis, are unlikely to much on

37,50,51

impact
mansonellosis. Experiments using metal screen
messing with aperture sizes much smaller than those typi-
cally used for mosquito bed nets showed that even very
fine messing does not prevent the mansonellosis vector

blood meal.>?

Culicoides  furens from taking a
Experiments investigating whether Culicoides might be
deterred by insecticide-treated messing have also proved
disappointing and were congruent with what had already
been established for phlebotomides sandflies.”’ One large
cluster control study investigating the impact of insecticide
impregnated bed nets (with mesh apertures of sufficient
size to allow phlebotomine vectors to pass), suggested that
bed nets had little or no impact on the transmission of
leishmaniasis.” Tt is, thus, unlikely that the widespread
use of bed nets in mansonellosis endemic regions is having
any significant impact on mansonellosis transmission

either in the new or old worlds.

The Impact of MDA Programmes

on Mansonellosis

The extent to which the WHO's onchocerciasis and lym-
phatic filariasis MDA programmes have impacted on man-
sonellosis distribution is difficult to estimate. When the
WHO launched its ESPEN programme in 2016, it treated
around 131 million Africans with ivermectin as part of its
onchocerciasis work."> This new MDA programme fol-
lowed on from sustained MDA treatment efforts which
began in the 1980s and focused principally in West and
Central Africa.”'® As the ivermectin doses used in both
the WHO's African lymphatic filariasis and onchocerciasis
programmes are highly effective at clearing the microfilar-
iae of M. streptocerca from the skin,> it is likely these
large-scale MDA programmes have had a significant
impact on this parasite’s transmission throughout the
Central and West African regions where M. streptocerca
occurs."? In part because of the invasive nature of the skin
snip assays used to evaluate the prevalence of
the distribution of the

M. streptocerca is very poorly mapped.'* With so little

M. streptocerca; however,
known about its vectors and their ecology, it is difficult to
even predict their distribution as has been done for
M. perstans."*> Molyneux et al (2014)>° have argued

that, because of the ecological effects of competitive
exclusion, African human filarial parasites probably have
quite limited overlapping distributions. Assuming this to
be true, it seems likely that there are M. streptocerca
endemic regions in West and Central Africa that are out-
side the ESPEN iMDA intervention areas that can act as
M. streptocerca reservoirs to repopulate the intervention
areas after ESPEN activities halt. Contemporary and his-
toric onchocerciasis and lymphatic filariasis management
programmes have used detailed epidemiological mapping
to select treatment regimens and zones to minimise the
risk of parasite recrudescence, in order to protect their
intervention’s hard won disease burden reductions.’’
Despite this, however, there is no shortage of examples
of lymphatic filariasis and onchocerciasis recrudescence
events occurring following the removal of effective
interventions.’>**"*> While, thus, there is evidence that
M. streptocerca transmission is and has been significantly
impacted by iMDA programmes (see, for example, Ta et al
2018)* and it is likely that the parasite may have been
eliminated from some MDA treatment zones, it is also
very likely that, because its epidemiological dynamics
are similar to other filarial diseases, the parasite will repo-
pulate most of these zones after MDA has been halted.>*’
Any passive mansonellosis disease burden gains from
African iMDA programmes are likely to be only tempor-
ary, unless targeted action is taken to preserve them.
Although the WHO's standard recommend treatment
for lymphatic filariasis (Diethylcarbamazine [DEC] with
albendazole) would be expected to clear M. perstans
microfilariae from those treated with it, this treatment
regime is almost never used anywhere that M. perstans is
prevalent."** Because of the risks associated in using DEC
on someone infected with O. volvulus, the WHO almost
exclusively uses ivermectin with albendazole (which does
not efficiently clear M. perstans parasitaemias) for its
lymphatic  filariasis MDA  programmes throughout
Africa."** And as lymphatic filariasis has only a very
limited distribution in the areas of the Amazonian rain-
forest where M. perstans occurs in Latin America, it is
unlikely that its transmission is being affected by lympha-
tic filariasis control measures in any meaningful way in the
New World either."***® Latin American onchocerciasis
iMDA programmes would similarly not be expected to
have any impact on M. perstans transmission and to have
only a limited impact on M. ozzardi as it is presently only
being deployed in the Yanomami territory where approxi-
mately 30,000 people are thought to be at risk of
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onchocerciasis infections and far fewer are treated.””®®
And although the ESPEN’s doxycycline treatment regi-
mens would be expected to cure those treated with
M. perstans, as this tool is usually being deployed in test
and treat way (and M. perstans infected individuals are not
being treated unless they are also infected with onchocer-
ciasis or lymphatic filariasis), in areas where loiasis and
onchocerciasis co-occur this approach is also probably
having only an extremely limited impact on African
mansonellosis.®

It is estimated that the global population is now taking
more than 1 billion drug treatments for Soil Transmitted
Helminths (STH) every year.'> Most of these treatments
are delivered through MDA programmes targeting
school-aged children and use either albendazole, meben-
dazole or ivermectin.'* As STH occur almost everywhere
that mansonellosis does and the dosage of mebendazole
used to treat them (when it is used) would be expected to
have an impact on M. perstans parasitaemias, it can be
reasonably concluded that M. perstans transmission is
likely to have been suppressed in areas where STH
mMDA programmes have operated."'*¢7%® It is, how-
ever, important to note that although STH MDA pro-
grammes have been carried out for almost a century,
they typically only include a small proportion of the
population (school age children) and typically do not
target the same areas for sustained periods.'->!3:¢7-68
Extrapolating loosely from onchocerciasis modelling,
which suggest high-level treatment coverage is key to
transmission suppression, while one would expect STH
mMDA to suppress M. perstans transmission it would not
be expected to break it anywhere that it was used.®’
Although, thus, it has been estimated that more than
100 million people are infected with M. perstans in
Africa alone and mMDA has been used widely to control
STH in these areas for decades, it is unlikely these pro-
grammes have had a greater impact on the disease burden
of mansonellosis than the onchocerciasis and lymphatic
filariasis iMDA programmes, which clear M. streptocerca
microfilariae for sustained periods and thus prevent trans-
mission and new infections.!>*® Consistent with this,
comparisons between historic and contemporary
M. perstans blood smear surveys from Africa suggest
that M. perstans prevalence has been stable since records
started getting taken."'**® It is, however, possible that
these programmes have promoted M. perstans anthelmin-

tic resistance.

Even though MDA programmes are not presently
being used for malaria control the idea of using iMDA
to control malaria has steadily been gaining support
since it was first proposed in the 1980s (The ivermectin
roadmappers 2020).”° While most proposals are opera-
tionally very similar to the onchocerciasis and lymphatic
filariasis iMDA programmes (but without the 20 year
annual treatment commitment), the way they work, by
killing or reducing the life span of mosquitoes feeding
laced blood, is
different.”®”" As most of the ivermectin doses and treat-

on ivermectin fundamentally
ment regimens that are being tested in clinical trials are
similar to those used in the ESPEN iMDA programmes
in West and Central Africa, it is likely that if iMDA
malaria programmes are rolled-out in these regions,
these programmes will also have a significant and syner-
gistic impact on M. streptocerca in these regions.”® And
as M. ozzardi microfilariae are also highly susceptible to
ivermectin,’? it is likely that if sustained iMDA is used
in the Amazon for malaria control (as is being proposed
Perez-Garcia et al 2018, Yudi et al 2018),""7
M. ozzardi transmission will be impacted in a similar
way to which M. streptocerca transmission is presently
being affected in Africa. However, whether malaria
iMDA does get rolled-out on a large scale in either of
these regions seems likely to depend a great deal on
whether such an approach can gain ethical approval and
community support. Recent experiments suggest that the
ivermectin doses currently being proposed for these
programmes do not have a positive clinical benefit to
individuals infected with malaria, complicating ethical
advocacy for the programme.’®’* There is also little to
no clinical benefit to the individuals in onchocerciasis
and lymphatic filariasis endemic areas that participate in
iMDA programmes. These programmes, which also
require extremely high levels of community participa-
tion to function, have, however, been operating success-
fully throughout the globe for decades.”!®**®° Given
the success of the onchocerciasis and lymphatic filariasis
control programmes and the fact that iMDA malaria
control trials are also underway, it appears that ethical
and community participation concerns may not prove to
be a barrier to the roll-out of this sort of programme. On
the other hand, iMDA non-compliance does appear to be
on the rise at least in Africa;66 should this rise continue,
all future iIMDA programmes, including new malaria-
targeting programmes, could be jeopardised.
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Existing Use of Anti-Wolbachia
Treatments in Filarial Disease

Management

Presently, the WHO’s use of doxycycline is primarily
focused in regions of Africa where onchocerciasis and loiasis
are co-endemic and thus in regions where ivermectin cannot
always be used safely because of the risk of SAEs associated
with the ivermectin treatment of individuals with high Loa
Loa microfilaraemic loads.”®® Part of the reason why the
WHO is reluctant to deploy doxycycline more widely in its
control programmes is the prior cost-effective successes at
reducing transmission and disease morbidity using iMDA as
a principle or sole intervention.”'?” These past successes
support the hypothesis that the elimination of these diseases
can be achieved with iMDA and only a limited amount of
alternative interventions and thus that filarial disease man-
agement resources should be focused on attaining these goals
using existing tools rather than developing potential
alternatives.”'%“**%* And although it is widely accepted that
additional tools will be needed to complement iMDA for the
WHO to achieve its ambitious filarial disease elimination
targets, insect vector targeting tools (such as insecticide-
impregnated bed nets for lymphatic filariasis control and
organophosphate ground larviciding [treating of specific riv-
ers with temephos] for the control of onchocerciasis) are
likely to be more often deployed as complementary interven-
tions owing to their proven utility in filarial disease
control.”'*?* In addition to this, the fact that doxycycline
regimes used for filarial disease treatment also prevent the
inclusion of pregnant women and young children under 8
(who can be affected by neurological disorders) from being
included in treatment programmes, means that while doxy-
cycline does have a good safety profile, when used alone, it
may not always be possible to achieve the treatment coverage
levels required to break filarial parasite transmission.”!%**
Unfortunately, this is compounded by the fact that microfi-
lariae persist in a doxycycline-treated individual’s blood for
several months after they are treated and even though experi-
mental work suggests that Wolbachia-free microfilariae can-
not develop properly in their insect vector hosts, it is unlikely
that doxycycline treatment will be as effective as existing
treatments at breaking filarial parasite transmission and thus
that any doxycycline treatment should be complemented
with traditional anti-filarial therapeutics (ivermectin for
onchocerciasis, DEC or albendazole [or both] for lymphatic

- 19,1024
filariasis) wherever possible.”'*"

Perhaps, however, the factor most limiting a greater use
of doxycycline treatment regimes in filarial disease man-
agement is that effective filarial disease treatment with
doxycycline requires daily or twice daily administration of
the drug for periods of between 4 to 6 weeks. These long-
term regimens make doxycycline-based MDA (dMDA)
programmes much more logistically difficult and expensive
to implement than iMDA programmes. Test-and-treat stra-
tegies can reduce the expense of dMDA (by preventing
public health professionals investing considerable time
treating individuals that are not infected with the targeted
filarial parasite), but even when such approaches are
adopted dMDA is still far more expensive and complex to
implement than iMDA.>'%?*% And even though cost-
effective diagnostic tools have been developed to assist
with test-and-treat dMDA approaches, existing tools are
not all field-friendly and not always accessible everywhere
MDA is needed.'

Although thus iMDA strategies offer little clinical bene-
fit to any individual accepting treatment and none to those
uninfected (they offer a benefit to the whole treated commu-
nity through reducing the number of new infections in any
treated area), they are unlikely to be replaced by ethically
more sound doxycycline-based test and treat strategies that
offer a potential cure to those treated as well as, in the case
of lymphatic filariasis, sometimes offering a direct clinical
benefit by providing relief from the symptoms caused by
their infections.”'*?*¢ New Wolbachia-targeting drugs
with short-course treatment regimens could however change
this scenario by making curative (anti-Wolbachia) treatment
regimens cheaper and more practical to deliver than doxy-
cycline-based MDA regimes.””>”” In recognition of the
potential of Wolbachia targeting drugs for accelerating the
elimination of filarial diseases a team at the Liverpool
School of Tropical Medicine, set up the anti-Wolbachia
(A-WOL) consortium with the objective to develop
Wolbachia-targeting therapeutics with good efficacy and
safety profiles and with the potential to replace the present
anti-helminthic treatment drugs being used in MDA, which
break parasite transmission but do not offer clear clinical
benefits to those that are treated with them.””>®

Novel Anti-Wolbachia Drug

Discovery, Engineering and Testing

Using insect cell lines and robotics, the A-WOL consor-
tium and its partners have tested more than 2 million
pharmaceutically active compounds from pharmaceutical
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companies’ chemical compound libraries for their activity
against Wolbachia endosymbionts and their toxicity to
their eukaryotic cellular hosts.”*>">"® From these initial
screens around 22,500 chemical compounds with an abil-
ity to kill Wolbachia, but not their host cells, were
identified.”> These compounds were then subjected to
a cheminformatic screen to identify potential compounds
that should be prioritised for animal testing.>® This screen
is considered the toxicology profiles of the compounds as
well as their metabolic stability, physiochemical properties
and the molecular weight.>> Before being tested on animal
models, some of these selected compounds were also
tested for activity against Brugia malayi microfilariae
and adults using in vitro assays.*> In vivo testing on animal
models identified a number of chemical compounds which
can kill adult filarial parasites in less than seven days of
treatment.”> One particularly interesting compound that
was identified by A-WOL compound screening was
Tylosin A, which was already licenced for medical use
on animals.”’>"”7° In experiments using this drug against
filarial parasites in animal model systems, however, it was
noted that injections were far more effective than oral
treatments and it was proposed that the drug's high solu-
bility hampered its absorption from the gut lumen making
it unsuitable for oral delivery.”>’>”” To improve this drug
‘s oral bioavailability around 150 Tylosin A analogous,
with carbamates or bulky esters, were designed, synthe-
sised and tested on animal models.*>”>"""" Testing these
analogues identified chemicals with both improved oral
bioavailability and indeed potency against Wolbachia.
A seven-day treatment regime with one of these analo-
gues, ABBV-4083, was shown to be effective against both
lymphatic filariasis and onchocerciasis animal models and
was thus selected for human clinical trials.”>7>7"-7
Having successfully completed Phase I clinical trials, this
drug is presently being tested for its utility against onch-
ocerciasis infections in Phase II clinical trials.”>>7>:77-79-80
A-WOL's that of their
Californian partners testing is, however, continuing with

compound screening and
very promising results.’*>7>"77* Most impressively of all,
single doses of the quinazolines CBR417 and CBR490 on
the Litomosoides sigmodontis rodent model were recently
shown to eliminate >99% the parasites Wolbachia.*'**
While these drugs still need to move on to clinical trials,
these single-dose anti-Wolbachia curative therapies clearly
have the potential to replace existing drugs used in almost
all MDA programmes presently in operation for onchocer-

ciasis and lymphatic filariasis management.”>7%78

The Prospect of Using
Anti-Wolbachia Therapeutics for

Mansonellosis Treatment

While anti-Wolbachia treatments have been proven to be
effective for almost all the human and animal filarial
parasites they have been tested against, it was not imme-
diately obvious that they would be effective for mansonel-
losis. Early reports suggested that at least some
M. perstans parasites did not harbour Wolbachia, which
strongly suggested Mansonella genus parasites did not
need their Wolbachia to complete their life cycles and
thus that they would not make good drug targets.® This
conclusion was also supported further by phylogenetic
analysis, which has consistently grouped Mansonella
Wolbachia in the only supergroup that contains both
arthropod and filarial parasite infecting strains.*®%**> As
the vast majority of the arthropod-infecting Wolbachia
strains are reproductive parasites that can be removed
from their hosts without significant fitness costs, the pre-
sence of arthropod Wolbachia in superclade F would typi-
cally be seen as suggesting that members of Wolbachia
supergroup are dispensable for their hosts and thus poor
drug targets for filarial treatments.®*

The evidence that Wolbachia could be effectively tar-
geted for mansonellosis treatment, has, however, been
growing steadily. Most importantly, clinical trials have
repeatedly shown doxycycline is an effective treatment
for M. perstans infections.*™®” One of these studies and
detailed studies investigating the prevalence of Wolbachia
in M. perstans clinical samples led to the hypothesis that
the initial perceived absence of Wolbachia from certain
M. perstans samples could be explained by limitations in
the sensitivity of the PCR assays used to detect them.®®
Consistent with this theory and that idea that M. ozzardi
also has a mutualistic relationship with its host (and could
therefore be effectively targeted with anti-Wolbachia ther-
apeutics), a recent survey of 48 M. ozzardi positive blood
samples found that Wolbachia could be detected in all the
samples if enough different Wolbachia detecting PCR
assays were deployed.® Although the occurrence of
Wolbachia in M. streptocerca still needs to be established
before it can be proposed that they too can be treated with
anti-Wolbachia therapeutics, Wolbachia has now been
found in multiple species from the genus suggesting
these infections were established before the radiation of
the genus and thus that they will likely be found in

M. streptocerca t00.”° Importantly and surprisingly too, it
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appears increasingly apparent that the arthropod-infecting
supergroup F Wolbachia strain wCle is a mutualist which
arthropod host with
benefits.”*? Most existing evidence thus now suggests

provides its significant fitness
that Wolbachia supergroup F strains can be targeted for
effective mansonellosis treatment and management.

The prospect of using anti-Wolbachia treatments for
mansonellosis is particularly important in the Northern
Amazon region, where Mansonella perstans appears to
commonly and possibility exclusively occur in co-
infections with M. ozzardi.*® As ivermectin treatment is
ineffective at clearing M. perstans and mebendazole treat-
ment is ineffective at clearing M. ozzardi, there is no tried
and tested MDA treatment regime effective for preventing
mansonellosis transmission in these areas.'**® Although
a combination treatment of ivermectin and mebendazole
could be expected to be effective for this disease, a short-
course curative Wolbachia-targeting treatment could be
seen as far more preferable given both treatment regimens
would need to be trailed before being rolled-out.

Future Prospects for Mansonellosis

Disease Management

Despite being one of the world’s most prevalent chronic
infectious diseases, mansonellosis is not specifically being
targeted for control by the WHO, WB or any NGO or any
major national government control programmes.’> Even
though dirofilariasis is less prevalent and not known to
have worse pathologies in humans than mansonellosis, far
more is done to control it. Whether the dirofilarial inter-
vention strategies or financial models for the disease’s
management could or should be used for mansonellosis
management is, however, debatable especially given the
differences in the two diseases” global distribution. Clear
public health benefits have been obtained in the same
poverty-stricken regions where mansonellosis occurs fol-
lowing successful public health advocacy for STH. Given
that the pathologies and disease burden of STHs are more
similar in their severity to those caused by mansonellosis
than those of onchocerciasis and lymphatic filariasis, an
argument could be made that mansonellosis management
could benefit from following the STH health advocacy
strategies more closely. However, as neglected tropical
diseases are increasingly being grouped together and con-
trolled in synergistically designed strategies, it is arguably
in this context that future mansonellosis control strategies
should be envisaged.

The WHO is presently planning the elimination of
onchocerciasis, lymphatic filariasis, loiasis and STHs
within the context of its ESPEN programme. As discussed
above, iIMDA and mMDA are a major feature of these
plans and are likely to impact on the distribution of
M. perstans and M. streptocerca in Africa. It is thus dis-
appointing that this programme has not included manso-
nellosis within its remit so that the programme’s
interventions are designed to maximise mansonellosis dis-
ease burden reductions in Africa. Although the ESPEN
programme is unlikely to have much impact on Latin
American mansonellosis, plans to control malaria with
iMDA could have. Such a project could be expected to
have a major impact on mansonellosis in the Brazilian
Amazon where it is co-endemic with malaria and where
M. ozzardi is the predominant etiological agent. However,
without a clearly defined disease burden, it is unlikely that
iMDA malaria control project designs will try to maximise
or even consider the potential impact they will have on
mansonellosis.

To obtain a more clearly defined disease burden, epide-
miological studies are going to need to be more in depth and
better designed so that the results obtained can be used in
standardised disease burden calculations. The link between
onchocerciasis and blindness was shown by associating high
microfilaraemic loads with blindness—if all infections are
considered the association is more difficult to detect.
Epidemiological studies investigating mansonellosis have,
however, almost never investigated a link between micro-
filaraemic load or exposure to infectious vector bites with
disease pathology and often miss the lightest infections
because they do not use PCR diagnosis.'**** Recently devel-
oped real-time PCR assays have the potential to address
these issues, but have not yet been used enough to investi-
gate the diseases pathology.*®®* Similarly, although novel
methods for mansonellosis vector trapping, which could be
used to investigate a link between infectious bites and dis-
ease pathology, have been developed, they have still not yet
been deployed for any type of mansonellosis epidemiologi-
cal study.”* Similarly, although techniques for the isolation
and genotyping of individual filarial individual microfilariae,
which could improve our understanding of mansonellosis
parasite population dynamics enormously, have developed,
they have not yet been used in epidemiological studies of
mansonellosis.”

Of course, as discussed above, the public health impor-
tance of mansonellosis is not limited to its directly attributed
"5 And while the

disease burden. impact chronic
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mansonellosis infections have on vaccination programmes
has not yet been investigated in any depth there is growing
evidence from other filarial disease studies to suggest it
could be non-trivial.**?’ Thus, while mansonellosis is evi-
dently not seen to be of sufficient public health importance
to justify the financial support required for a 20-year-long
iMDA-based programme like those used by the ESPEN
programme, this does not mean that its management could
not be justified by more cost-effective methods. With the
advent of Wolbachia-targeting single-dose curative filarial
treatments looking increasing close, the logistical and finical
viability of mansonellosis management is changing drama-
tically and for the better. Thus, beyond the need for more
studies to investigate the disease burden of mansonellosis,
there is an urgent need to improve understanding of the
epidemiology of the disease so that effective anti-
Wolbachia therapeutic-based MDA programmes can be
designed and deployed should such drugs become available
for mansonellosis management.
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