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Abstract: Onchocerciasis treatment is one of the most positive stories in tropical medicine
although major challenges remain to reaching the ultimate goal of disease elimination. Such
challenges are to be expected when the therapeutic goal is to kill and safely remove a large mul-
tistage, efficient, metazoan infectious agent such as Onchocerca volvulus that has an exception-
ally complicated relationship with its host. Successful control of onchocerciasis has often been
hampered by host reactions following chemotherapy, that can sometimes cause significant tissue
pathology. Presence of other filariae, particularly Loa loa, in endemic onchocerciasis-treatment
areas also poses severe problems due to adverse reactions caused by drug-induced death of the
coincident microfilariae of this usually clinically benign species. Although ivermectin has been
very successful, there is a need to enhance the progress toward elimination of onchocerciasis;
new drugs and their efficient use are keys to this. The permanent absence of Onchocerca
microfilaridermia, defined as the lack of resurgence of skin microfilarial loads after treatment,
is the ultimate characteristic of a useful new chemotherapeutic agent. Several drugs are under
investigation to achieve this, including the reassessment of currently available and previously
tested agents, such as the antibiotic, doxycycline, which targets the adult parasites through its
anti-Wolbachia endosymbiont activity. Flubendazole, a benzimidazole derivative approved for
treatment of human gastrointestinal nematodes, is also being considered for repurposing as a
macrofilaricide to aid in the achievement of eradication. The managerial challenges existing at
the population level also need to be addressed; these include drug-distribution fatigue, the need
to include noncompliant people, civil unrest in endemic areas, political cross-border issues,
restrictions of age and pregnancy, and complications due to integration with other treatment
programs. It is likely that a panel of chemotherapeutic options, new and old, supported by strong
and effective distribution systems will be the best way to address challenges of treatment and
elimination of this infection. Future research should also address management of treatment and
control, and consider how new treatment paradigms can be incorporated to meet time lines set
for global elimination by 2025.

Keywords: mass drug administration, ivermectin, macrofilaricides, challenges

Introduction

Onchocerciasis, caused by infection with the filarial nematode Onchocerca volvulus
(Figure 1), has been one of the most recognized tropical nematode diseases, largely
through the emotive images of the blind patients in onchocerciasis-endemic areas. It
is also a prominent example of successful transmission control achieved through the
important, now common, mass drug administration (MDA) approach to distributing
drugs to endemic populations; these community-wide drug distribution programs
have been in place since 1987. This approach has drastically reduced the prevalence
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Figure | Onchocerca volvulus filarial parasites (three adult males and one adult female).

of overt disease, brought infection to the point of elimination
of its transmission, and begun to break the infection cycle
permanently in many areas. The use of the MDA approach
with ivermectin, for the first time with onchocerciasis, has
changed the face of tropical medicine and the provision of
health care services to populations that have been the most
under-served in the world. A concerted global effort is now
underway to finally eliminate onchocerciasis, along with
other parasitic diseases such as lymphatic filariasis, from
their respective endemic areas. Elimination, ie, breaking of
transmission for 3 years at unsustainably low levels,' has now
occurred in Colombia? and Ecuador® as well as in specific
endemic foci in Africa.* Other countries are likely to reach
the state of complete breaking of transmission, especially in
Latin America where, for example, Mexico is poised to join
the successes of Colombia and Ecuador.>® Indeed, this is a
most exciting time in tropical medicine, when such possibili-
ties as elimination are even considered as achievable goals.
This review summarizes the path taken to this point with
regard to the chemotherapeutic treatment of river blindness,
and suggests some ways that it may change as we approach
the goal of elimination of onchocerciasis as a public health
concern by 2025.7

Onchocerciasis poses an exceptional challenge to therapy
in part because of its complex life cycle. It is a vector-borne
disease, transmitted to humans by the bite of infected black
flies in the genus Simulium; this biology means that there is
areservoir of infected vectors outside of humans, which can
be the cause of the transmission of this parasite moving to
new areas. Adult worms live in anatomically discrete tissue

nodules in humans, some of which are palpable. Adults may
live for more than 15 years, but contribute little to pathology.
Mated females release many thousands of larval stages over
their life span, termed microfilariae (mf), that primarily reside
in the skin. Host inflammatory and immunological reactions
associated with the destruction of mf stage in the skin and
eye are responsible for significant pathological changes in
these tissues. Treatment should optimally remove both adult
and mf stages from the host without exacerbating the pathol-
ogy associated with parasite death and degeneration, which
is severe when there are large numbers of acutely dying
parasites. Should such drugs be available, prospects for the
eradication of onchocerciasis are enhanced by the fact that
O. volvulus only infects humans; the absence of an animal
reservoir means that such chemotherapeutic interventions
need to be directed only at humans, with black fly control as
a matter of additional support.

Several drugs have been used over the past 70 years to
treat patients infected with O. volvulus. Many of them are
independently toxic to the host at the same dose levels used
to cure the infection, while others have been plagued by
serious adverse reactions associated with the death of the
parasite. Finding a safe drug requires a good understanding
of the mechanisms by which the host reacts to the death
of the parasite, including both the adult and the mf stages.
Sadly, it can be argued that much of the exacerbation of eye
disease in Africa related to onchocerciasis resulted from the
extensive use of diethylcarbamazine (DEC), which was for
many years the drug of choice for this disease. As discussed
below, the reactions associated with DEC are particularly
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severe and tissue damaging. Therefore, the discovery and
development of improved agents for onchocerciasis must
carefully consider treatment-induced pathology and any
potential for inducing serious adverse clinical reactions.

Several recent reviews®!? describe approaches to find-
ing new drugs for filariasis, including onchocerciasis. We
focus here on the current status of chemotherapy and the
fundamental challenges to developing new treatments,
discussing the biological and logistic problems presented
by this complicated tropical infection. Improving treatment
of this parasitic disease must be considered in the context
of the renewed global efforts to eliminate many such parasitic
infections under the banner of neglected tropical diseases
(NTDs). However, it could be argued that onchocerciasis is
far from being “neglected” as there have been major attempts
to control it since 1974.

Challenges of treating

onchocerciasis

Onchocerciasis is a challenge to treat for many reasons
(Table 1), including the ability of the worm to potentially
resist treatment, its adaptability in terms of biochemistry,
and the many consequences of breaking the extraordinary
biological “agreement” that exists between the worm and its
host that can result in the pathology that is the basis of this
disease. In addition, there are the extraordinary challenges
in distributing a drug or a procedure to people living in some
of the most remote areas of the tropics. As onchocerciasis
control has largely been based on insecticide and anthel-
mintic deployment, the monetary aspects of supplying and
using insecticides and drugs in such large numbers require
large donations of material and financial support as well
as the development of managerial and logistic capacities
in difficult places in hot climates (Table 1). Like many
tropical diseases, onchocerciasis patients typically lack
financial resources to pay for treatment, and the provision
and distribution of therapeutic interventions is an endeavor
that falls to national services and not one that enters the
realm of commerce.

It must also be noted that there is a distinct difference
between chemotherapy for an intestinal parasite, one that is
essentially lying outside the body, and that of one residing
within host tissues, such as O. volvulus. This distinction
is evident when addressing the many issues regarding the
development and administration of a chemotherapeutic agent
that need to be resolved, such as safety, bioavailability, and
route and frequency of administration, for a treatment against
a tissue-based parasite compared with a gut-based organism.

Table | Key factors in the chemotherapy of onchocerciasis

Item Key factors in the chemotherapy of

onchocerciasis

| Reactions to dying microfilariae are responsible for
the pathology: these occur in untreated infections and
are naturally and are often exacerbated after therapy-
induced parasite degeneration

1l The ultimate goal for treatment of onchocerciasis is a
sustained suppression of dermal microfilariae; this may
come through an agent directed at the adult worms that
can survive in natural infections for long periods of time

1} A range of drugs for different epidemiological situations
would greatly enhance a program’s ability to reach
elimination in as short a time as possible

v Optimal management of drug distribution and treatment
coverage is a vital component for achieving success

\% The approaches to medical management of individual
onchocerciasis patients may differ considerably for the
approaches to treating endemic communities, although
this distinction is likely to narrow as programs approach
elimination

\ The current global NTD approach changes in both
positive and negative ways the progress toward the
treatment and elimination of onchocerciasis

Vi Loaiasis is a special challenge with regards ivermectin
treatment and the handling of this infection needs to be
carefully addressed by program management teams

Abbreviation: NTD, neglected tropical disease.

Clearly, the treatment parameters for intestinal parasites can
differ dramatically from those for tissue-based parasites.

Biological challenges

Nematodes adapted to living inside humans have a complex
biology. As a group, filariae are extraordinarily well adapted,
and most often show little outward evidence that they are
present in the host. Some, such as Loa loa, can be present
for many years without major clinical signs. This is not to
say that there are no subclinical effects present in apparently
unaffected hosts; indeed, loaiasis causes a number of detect-
able changes, although the overall clinical effect is minor.
Even with lymphatic filariasis, where a small proportion of
the infected people show the dramatic clinical presentations
of lymphedema and hydrocele, it is likely that all the infected
people actually have some degree of pathological change at
the tissue level, albeit occult. It is as though host and parasite
in these “quiescent” infections have come to a mutual agree-
ment for an almost peaceful coexistence. Thus, most filarial
infections cause relatively little acute disease but instead can
have serious, debilitating long-term consequences. From this
perspective, one could argue that O. volvulus is in fact not
as well adapted to its host as are many other filariae in that
it has a clearly observed clinical presentation in virtually all

Research and Reports in Tropical Medicine 2014:5

submit your manuscript 79

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Higazi et al

Dove

infected people. The intolerable itching and skin destruction
along with, in some cases, ocular tissue damage reflect its
relatively poor adaption to its human host.

Central to this biological adaption that underscores the
host—parasite interface is the phenomenon of manipulation of
the host’s immune system by the parasite. Immune responses
to onchocerciasis, including suppression and activation,
have been described. The lack of an animal model has been
a hindrance to research, and much remains to be learned
about this interface. Medical science has not yet been able
to adequately manipulate the host immune system to develop
immunotherapies, such as vaccines, for prevention of this
infection.

Pathological challenges

The major clinical lesions in human onchocerciasis result
from tissue reactions associated with the death of the mf
present in the skin and eye, where dying and degenerating mf
induce inflammatory responses in these tissues. In the natural
untreated infection, these damaging events happen slowly and
continually with the natural turnover of mf numbers — mfhave
a life span of 6—12 months and are constantly replenished
by fertile females. The local inflammation resulting from
the death of mf over time can gradually cause permanent
damage in the tissues. Unfortunately, these tissue-destroying
inflammatory events occur in host tissues that are particu-
larly sensitive and often nonregenerative, such as the retina,
and thus lead to clinically evident and permanent damage,
including blindness and dermal degeneration.

When the death of mf occurs “en masse” due to treat-
ment with microfilaricidal agents, the clinical response can
be extremely severe. This is why early chemotherapeutic
approaches for onchocerciasis were plagued with adverse
events, some of which were extremely severe and even
fatal."! Thus, a successful treatment for this disease should
destroy the parasites in a manner that does not elicit severe
host responses, a challenge that contributes greatly to the
difficulties of developing new antifilarial drugs (Table 1).
This fundamental problem plagued drug treatment for river
blindness until the adoption of ivermectin (see below). DEC
caused severe reactions associated with the rapid death and
destruction of mf. This effect was particularly problematic
because DEC also has an independent effect on the host
inflammatory response in a way that is incompletely under-
stood but is thought to involve the arachidonic acid pathway
and is associated with anaphylactoid conditions.'?

An additional complication is that onchocerciasis patients
can be coinfected with other filarial parasites, which can

themselves induce problems during chemotherapy. The
most serious coinfections with onchocerciasis occur with
L. loa, which can reach very high levels of mf in blood
(eg, 100,000 mf/mL). This problem is most commonly seen
at a community level in MDA programs where the area under
treatment in question is co-endemic for L. loa. Treatment of
patients with L. Joa present at this high level often induces
adverse clinical responses; severe reactions, including death,
can occur in these hyper-microfilariaemic patients after treat-
ment with ivermectin.'! It is thought that the significant mass
of dying mf in vital tissues such as the brain may be related
to the pathogenesis in this syndrome. More than 250 people
have died from a severe encephalopathy that followed within
48 hours of treatment with ivermectin;' such reactions were
also seen in the past when DEC was used. Obviously, a pri-
mary challenge to finding a safe chemotherapeutic approach
for onchocerciasis, at least with Loa coinfected patients (or
those living in co-endemic regions), is to find agents that
kill adults but not mf and thus avoid mf-dependent severe
adverse events. Alternatively, one could develop methods
to identify and avoid treating those people who have high
loads of circulating mf, if a microfilaricidal agent is to be
deployed (Table 1).

Logistic challenges

The global approach to the treatment of onchocerciasis has
evolved to rely on annual or twice-yearly treatment with
ivermectin in MDA campaigns. The original purpose for
the donation of ivermectin by Merck & Co, Inc. (White-
house Station, NJ, USA) was to limit transmission and
reduce pathology (especially for onchocercal blindness) in
highly endemic areas. This program has enjoyed remark-
able success, leading to a new phase aimed at controlling
dermatological disease, and then more recently the adop-
tion of the goal of elimination of this infection from all
endemic areas.” Whereas this is being achieved in Latin
America, many challenges remain to achieving this goal in
Africa and Yemen. Aside from the obvious need for a safe
and effective drug approach to treatment, there are logistic
challenges of distributing such a drug to everybody in an
endemic area effectively enough to break transmission and
to eventually eliminate the parasite (Table 1). Dominant
among the obvious logistic challenges is the difficulty of
delivering drugs to difficult geographic areas, often amidst
civil disturbances, and ensuring that noncompliant people
are included in the treatment program and thus prevent the
retention of ‘hidden’ reservoirs of infection. Compliance
and extent of coverage are central issues for the achievement
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of the goal of elimination.'s Strong government support
and very effective management systems are required to
overcome these challenges; maintaining this support in
the face of declining case rates to achieve the ultimate goal
is likely to be a significant challenge to eventual disease
eradication.

The logistic challenges in onchocerciasis therapy differ
between two situations: that of treating individual infected
patients on the one hand and the contrasting case of provid-
ing treatments without diagnosis through MDA in endemic
arecas. A good example of how good management can
overcome the challenges presented by MDA is evident in
the onchocerciasis programs in Latin America. In Ecuador,
the endemic area was in a difficult jungle riverine location
with very active transmission through a voracious vector.
Nevertheless, MDA with ivermectin twice a year eliminated
transmission;’ this program developed a very close relation-
ship with the endemic villages and managed to maintain a
very high level of coverage over 17 years. In contrast, the
endemic focus in the Amazonian jungle, where it is difficult
to maintain access and contact with the nomadic population
of American Indians (Yanomamo), is proving difficult to
eliminate.'® Different approaches to treatment and the asso-
ciated logistical support will most likely be needed for this
challenging population.

Additional logistic issues come into play when the
disease exits across the borders of two or more endemic
countries; examples of this are the Amazonian jungle focus
in South America mentioned above, and also in the endemic
areas of Eastern Sudan and Western Ethiopia in North Africa.
Comprehensive epidemiological studies are needed to verify
whether such foci are isolated from each other or indeed con-
stitute a single continuous disease focus; whether the vectors
active in these sites are the same across these borders; and
what the characteristics are of the respective vector breeding
sites and their closeness to communities. Cross-border foci
will require a high degree of political, managerial, and sci-
entific coordination between the respective parties involved
to ensure complete success in eliminating onchocerciasis at
these sites.

A special situation arises when treating onchocerciasis
patients who are not living in endemic countries; here there
is a challenge in obtaining the appropriate drug (currently
ivermectin), which is not readily available in non-endemic
countries, and usually needs to be obtained through official
(government) sources. With the increase in global travel,
including to onchocerciasis-endemic countries, physicians
in non-endemic countries must be aware of the possible need

to diagnose and treat these infections; this is not entirely the
case today.

As mentioned above, significant political and financial
components are needed for treatment of this disease at the
field level. In addition, there has been a recent expansion of
global organizations devoted to eliminating and controlling
many of the major NTDs. Although the MDA program for
onchocerciasis was the first to contribute to the well-being of
people living in the tropics, other NTDs have been joined to
these early efforts. The lymphatic filariasis program, which is
a large elimination program involving 160 million people,”
is perhaps the closest to the onchocerciasis-elimination
programs, and indeed shares the current chemotherapeutic
approach, using ivermectin (plus albendazole) in countries
that also have onchocerciasis present; DEC is used in place
of ivermectin in countries that are onchocerciasis-free.
Integration of all these new MDA programs presents major
logistical challenges for in-country medical institutions that
require continuing strong political and financial support to
resolve.

History of onchocerciasis treatment
When developing new approaches to treatment, one should
be fully aware of what has been used in the past (Figure 2).
Understanding why previous approaches failed might allow
us to improve these agents and perhaps repurpose them using
modern technological approaches; this may be a more rapid
approach to drug development compared to de novo discovery
and development of completely new agents. The history of
onchocerciasis treatment until the time of ivermectin was
plagued with adverse host reactions largely due to reactions
associated with the death of mf; however, suramin, an agent
endorsed as the “standard treatment” in highly endemic areas
such as Sudan in the 1950s and 1960s, caused additional and
direct side effects that could be lethal.'®

An original, and still used, approach to treatment of
onchocerciasis was to remove the adult worms that live in
palpable nodules situated under the skin. This useful inter-
vention was used by early investigators,'® although it is only
partially effective as there are likely to be additional nonpal-
pable nodules present deeper in the body. Surgical campaigns
to remove nodules were very common in Central America
after the discovery of the disease there. These campaigns
were, however, very unpopular with patients. Removing
nodules surgically may be more effective in cases of recent
infections, such as those in non-endemic individuals, as there
is likely to be a single nodule present. Long-term residents
of endemic areas are likely to have many more nodules than
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Major events in history of treatment of
onchocerciasis

DEC

Nodulectomy
campaigns

. OCP West
Suramin .
. Africa
introduced L
initiated
DEC recognized as
1980 causing ocular Benzimidazoles
pathology and others
Ivermectin tested
for human
use
Problems due to APOC
loaiasis detected established

Doxycycline used

Flubendazole
reformulated

Moxidectin

First countries free of

trials infection

Global elimination
goal

Figure 2 History of onchocerciasis treatment and control.

Note: Events associated with specific drugs are shown in blue, and more general events shown in yellow.
Abbreviations: APOC, African Program for the Control of Onchocerciasis; DEC, diethylcarbamazine; OCP, Onchocerciasis Control Program.

recently infected individuals such as western travelers and
expatriates. An example at the field level of the ineffective-
ness of surgical campaigns comes from the Ecuadorian
focus, where in the 1980s the disease was extremely severe
and increasing rapidly in endemicity despite strong and
active nodulectomy campaigns.?® In this case, the distribu-
tion of ivermectin over a period of 17 years was required
to eliminate transmission of O. volvulus.’ Nevertheless, the
removal of nodules is justified as a “standard treatment” pro-
cedure as long as it can be done using medically appropriate
procedures. Nodules have been known to cause pressure pain
when impinging on bone points or other sensitive places;

they are also disfiguring and aesthetically displeasing. It is
not uncommon for infected people to attempt self-removal
of nodules by inserting objects such as nails through the
skin into the swellings; this totally inappropriate treatment
should be actively discouraged.

Chemotherapy came into play for the treatment of
onchocerciasis with the work of Luis Mazzotti in pioneering
studies in Central America, where he used DEC.?! He was
also the first to describe the characteristic adverse dermal
reactions that occur in patients after treatment with this
drug. These reactions include pruritus, papular eruptions,
and hyperemia of the skin, and are associated with the death
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of mf in the skin. These anaphylactoid-type reactions have
become known as “Mazzotti reactions” and are seen with
other microfilaricidal drugs, including ivermectin, although
the manifestations with this drug are typically mild and
tolerable.”® These dermal reactions were also the basis for
a “provocative test”: a low dose of DEC is given to elicit
these pruritic papular reactions in patients infected with
O. volvulus. Tt is crucial to note that mild dermal responses
seen in some ivermectin-treated people are clinically and
pathogenically distinct from reactions occurring in cases of
hyper-microfilariaemic loaiasis.

The arsenical Mel W was suggested for onchocerciasis in
the early 1960s by Janssens? and Friedheim,* but was found
to be unacceptable for reasons of toxicity and only modest
efficacy. The polyanionic compound suramin is another
comparatively toxic agent; although its action in filariasis is
still unclear, it was used as a macrofilaricide until the 1970s
for the treatment of onchocerciasis. This was commonly used
in Sudan and was known as the “Sudan regimen”; the drug
was given intravenously once a week for 6 weeks.?® Little
is known of the true efficacy of this inherently toxic agent,
which was very unpopular with both patients and medical
staff. Nevertheless, research was carried out on this drug, as
it was the only macrofilaricide available.?”? However, toxicity
issues associated with suramin finally stopped its use and it
is no longer approved for this indication.

The next significant step related to onchocerciasis and
DEC came from studies carried out in South Sudan in the
early 1980s. Led by ophthalmologist Alan Bird, the team
showed that patients who had mf present in ocular tissues
experienced severe vascular changes and loss of vision after
treatment with the standard dose of DEC.* This finding led to
the restriction of DEC use in countries where onchocerciasis
is present. To escape this unacceptable adverse event, work
continued in the early 1980s on new DEC formulations that
would not induce severe ocular changes. One approach was
based on a report from Liberia suggesting that DEC applied as
atopical cream was a safe and effective approach that avoided
adverse reactions.*® However, this material caused devastat-
ing dermal and systemic responses when tried in patients in
South Sudan; topical DEC may in fact induce more severe
local Mazzotti reactions than oral dosing, and is certainly not
a suitable treatment.’' A more positive consequence of this
topical approach was the development of the current DEC
patch test*? as a diagnostic method.?>3*

A number of drugs approved for treatment of gastroin-
testinal nematodes were tested in the early 1980s, including
benzimidazoles (Figure 2). Supported by the World Health

Organization (WHO) through their “MacroFIL Programme”
tasked with finding a macrofilaricide, human studies were
carried out in Mexico to evaluate mebendazole, flubendazole,
and levamisole in comparison to DEC.**%¢ Albendazole was
studied separately in Venezuela.’” The most promising of
this chemical class tested here was flubendazole. This drug
has very low oral bioavailability, necessitating intramuscular
injection as the route of delivery in the original Mexican study.
The formulation caused unacceptable injection-site reactions
in some of the patients and the drug was not advanced to
development even though it was highly efficacious against
adult O. volvulus.*® This early observation led to a significant
investment in synthesis of flubendazole prodrugs, which could
provide improved oral bioavailability to deliver adequate sys-
temic exposure to flubendazole. None of these compounds was
advanced to human testing, although some were efficacious
in animal models.*® Other candidate macrofilaricides were
tested in the 1980s in human trials, including compounds from
formerly Ciba-Geigy, now Novartis International AG (Basel,
Switzerland)* and antiparasitic drugs such as chloroquine and
the organophosphate metrifonate.**#! None were sufficiently
safe or effective to warrant further development.

The introduction of the very successful veterinary drug
ivermectin for onchocerciasis control in 1987 (Figure 1) led
to deprioritization of macrofilaricide discovery programs.*
Like DEC, ivermectin is a highly effective microfilaricide
(Figure 2), and crucially, it caused only mild Mazzotti
reactions. It also did not induce the damaging ocular changes
associated with DEC, perhaps because mfkilling by ivermec-
tin only begins a few days after dosing and requires an active
immune system, a system usually considered to be less active
in the ocular tissues. It is also believed that few mf actually
die in the eye, but that they move into dermal tissues where
they are more actively affected by this drug. Ivermectin is
thought to act by interrupting the secretory apparatus of mf,
blocking the release of protective molecules that keep the
host immune system at bay.*** It also is known to prevent
the release of late stages of developing mf from the repro-
ductive tract of female worms,* although the mechanism
underlying this effect, which lasts for many months, remains
ill-defined. A single ivermectin dose of 160 ug/kg brings
dermal mf'loads in most people to very low levels for at least
6 months, although it should be noted that this response is
quite heterogeneous, ranging from minimal changes to very
effective reduction; various factors are at play here, includ-
ing host variation. mf generally begin to repopulate the skin
7-9 months after dosing, although they do not reach pretreat-
ment levels. A study in Sudan showed that the immune system
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is likely to be important in the effectiveness of ivermectin in
reducing dermal parasite loads.*

One major recent contribution to onchocerciasis chemo-
therapy has been the focus on destroying the endosymbiont
Wolbachia that these parasites need for survival. Although
Wolbachia had been identified in O. volvulus in the 1970s,* it
was not until Hoerauf et al**->* used doxycycline to generate a
macrofilaricidal effect that these bacteria became a target for
treatment (Figure 2). In addition, it has been suggested that
the gold-containing compound, auranofin, a drug approved
over 25 years ago for use in humans, may be a useful mac-
rofilaricidal agent; humans trials in onchocerciasis with this
drug are expected in the near future.

Currently used anthelmintics

Two drugs are used routinely for MDA in onchocerciasis-
endemic areas: ivermectin and albendazole — this is a
WHO-approved combination for treating lymphatic filariasis
patients in Africa, some of whom also have onchocerciasis.
Although we have a fairly good understanding of the effects
of ivermectin on O. volvulus, especially on the mf stage, little
is known about the effects of albendazole on O. volvulus,
and there is little evidence that it has clinical utility in
onchocerciasis in the currently approved regimen. A study
in Venezuela with albendazole in onchocerciasis showed a
partial effect;*” supportive studies are lacking.

Ivermectin is a semisynthetic derivative of an aver-
mectin, which are fermentation products of Streptomyces
avermitilis. It is produced as 3 mg and 6 mg tablets for
use in onchocerciasis (labeled as Mectizan; Merck &
Co, Inc.), for lymphatic filariasis when combined with
albendazole, and for strongyloidiasis (labeled as Stromectol;
Merck & Co, Inc.). For onchocerciasis, it is given at a dose
of 120-200 pg/kg. It is metabolized by the liver and its
metabolites are almost exclusively excreted in the feces,
with a half-life of around 18 hours; peak plasma values are
observed at around 4 hours after dosing. Higher doses do not
appear to be more effective,’' although more frequent dosing
than the standard approach of once a year used in Africa
does appear to produce higher efficacy, and dosing every
3 months improved clinical conditions compared to annual
treatment. Ivermectin remains contraindicated for children
under 5 years of age (although it has been used extensively
in very young animals in veterinary medicine), for pregnant
women, and the infirm; in addition, it should not be used
in individuals carrying high loads of L. loa mf."*'* Dermal
reactions, ie, mildly pruritic papular responses, do occur
after ivermectin treatment in many infected patients, but

these reactions take many hours longer to develop than those
occurring with a classical DEC-induced Mazzotti reaction,
and are very much milder in intensity. Given the fact that
MDA is carried out in field environments, it is important
to realize that pregnant women may actually inadvertently
receive the drug; retrospective studies have shown that this
has not resulted to date in any adverse outcomes in the
pregnancy or the developing infant.>?*

Other than ivermectin, the only other available filaricidal
agent with documented efficacy in onchocerciasis is the anti-
biotic doxycycline, which is administered as a daily dose of
100-200 mg for 4—6 weeks.**> As it is a tetracycline, doxy-
cycline use is age-restricted; combined with the additional
challenge of the need for a long duration of therapy, doxycy-
cline in its current form is unlikely to alone achieve elimina-
tion. Doxycycline eliminates the prokaryotic endosymbiont
Wolbachia that is present in most filarial nematodes, includ-
ing O. volvulus (but not L. loa), and is required for survival
(Figure 2). Doxycycline has been shown to be a useful adjunct
approach in recent studies in Africa.®® Research is ongoing
to find new antibiotics or antibiotic combinations that could
reduce the duration of therapy required for doxycycline to a
regimen more compatible with field use. Although it requires
a long course of treatment and cannot be given to individu-
als younger than 9 years of age or to pregnant or lactating
women, doxycycline is nonetheless the only macrofilaricide
available for human use.

Managing adverse reactions
Chemotherapy of onchocerciasis has been plagued by adverse
reactions, and it is important to consider how to manage them.
Reactions with ivermectin are minimal and rarely require
further medical attention. The dermal pruritus sometimes
associated with ivermectin treatment is usually reduced
satisfactorily with antihistamines.

In contrast, the severe adverse events associated with
treatment of patients with hyper-loaiasis (Table 1) remain
mechanistically mysterious, and little is known about the
most-appropriate therapy for affected patients.’® Many
patients who suffer these sequelae die or suffer irreversibly
central nervous system consequences.'* Some are reported to
have suffered from secondary infections and have succumbed
some weeks after the initial treatment. Certainly, the most
important action is immediate hospitalization and provision
of essential medical support. Questions remain about how
these cases might be treated to prevent the severe clinical
sequelae. Limited studies in experimental models suggest
that corticosteroids and aspirin, commonly given to these
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patients, are not particularly useful in this condition. It is
possible that these patients are immunocompromised, which
may have contributed to the high L. /loa mf loads. However,
optimal nursing care and antibiotic use should be always used
to minimize bedsores or other infections.

Components of a successful

treatment program

When considering the characteristics needed for successful
treatment of onchocerciasis, one must distinguish treating an
individual under full medical support compared with treating
populations at the village level where there is only minimal
medical support. Obviously, many components overlap
between these two target groups, but there are also essential
differences. Treatment must be safe and effective and fit
all the requirements of the medical world today (Table 1).
It must be remembered that useful adjunct approaches can
help manage this complex disease, such as vector control in
village transmission sites, and the use of ameliorating agents
to reduce pruritus and improve skin condition. However, anti-
parasite chemotherapy clearly remains the central approach
for onchocerciasis treatment.

It is perhaps obvious to say that the optimal form of a new
treatment is an oral tablet that could be given to children as
well as adults, including pregnant women, in a single dose
(Table 2); this might be too high a bar to set if the goal is to
quickly develop a new drug that could contribute to eradica-
tion within the desired time frame. Other characteristics, such
as stability at high temperatures, low cost-of-goods, and effi-
cacy against only adult stages of the parasite could be included
in an optimal target product profile. However, it is important
to consider what is available now and what might be a useful

improvement on the current situation. Certainly high on the
list of characteristics is a drug that would safely and with a
minimal number of treatments kill adult Onchocerca. There
is a concern that quickly and simultaneously killing multiple
adult filariae would induce unacceptable tissue reactions such
as abscesses. This has been seen with lymphatic filariasis, in
which treatment with an adulticidal regimen of DEC in Haiti
induced lymphangitis and abscesses.’

The minimal efficacy required of a macrofilaricide is also
amatter of discussion.”' Obviously, 100% killing is optimal,
but this may very well be an unrealistic goal. Currently, we
have no drug that kills adult worms safely in only a few doses
(one to three). In this context, a macrofilaricide with 90%
efficacy in a limited-dose regimen would be an extraordinary
and most-welcome improvement for national programs and
for the treatment of infected individuals (Table 2). Data are
not available that would allow us to set a lower limit on the
degree of macrofilaricidal efficacy that would be of value to
the elimination of onchocerciasis; modeling may be informa-
tive and should be pursued.

It is important to stress that ivermectin markedly reduces
the mfload and causes little to no pathology. This has led to
drastic reductions in symptoms and transmission, an amazing
improvement from the time when only DEC was available.
However, it would be a considerable achievement to be able
to reduce the time that programs need to distribute ivermectin
from the current 12 or more years to perhaps two to three
rounds of treatment with a macrofilaricide. It should be noted
that doxycycline, as noted, is a macrofilaricide; there is no
doubt that it kills adult worms, but the fact that it needs to be
distributed on a daily basis for 4-6 weeks must be regarded
as less than optimal.

Table 2 Characteristics of a chemotherapeutic agent that would enhance the current onchocerciasis-elimination global programs

Optimal characteristics

Minimum (acceptable) characteristics

Route of administration Oral dosing
Schedule Single dose
Efficacy Prevents microfiladermia in all patients

Outcome measure
is sustained for over 2 years
Target population All people above 2 years of age
General characteristics
countries to be used

Formulation

Complete suppression of dermal microfilaria that

Complying with the safety requirements in the

Stable tablet with more than 4 years longevity at

Intramuscular dosing

a) 2-5 daily doses or b) | dose monthly for 3 months
Prevents microfiladermia in all patients for more than

15 months

Complete suppression of microfilaridermia for

15 months

All males above 9 years of age

Complying with the safety requirements in the countries
to be used

A cold chain formulation

temperatures and humidities experienced in endemic

countries
Safety

Programmatic use Mass drug administration

Usable in all patients, including those with loaiasis

Not usable in pregnancy nor in those under the age of
9 years
Individual patient treatment

Note: These characteristics are given as an indication of the type of drug that would be of assistance to global programs directed at elimination.
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It is also important to discuss the possibility of the
development of resistance to ivermectin. This unfortunate
phenomenon has been commonly recorded in the veterinary
literature,** and is probably the result from the extensive use
of'this anthelmintic in cattle, sheep, and also in dogs.*® There
have been reports of “atypical” or low responders (or resis-
tance) in Ghana*® and possibly in Cameroon® in relation to
its use in onchocerciasis; however, proof that this phenotype
is due to genetic or true resistance has not as yet been clear.
These “poor responders” may reflect genetic drift rather than
resistance within parasite populations; more work is clearly
indicated to determine the status of resistance to ivermectin
in O. volvulus.

A discussion of a new drug for the treatment of onchocer-
ciasis in MDA programs must include a consideration of
its ease of production as well as a funding source for its
production and distribution to calculate the cost effective-
ness of its use. These parameters may change over time.
For example, when praziquantel was first introduced for
the treatment of schistosomiasis, the cost of the drug was
initially high. However, as it became incorporated into field
programs, improvements in logistics and production reduced
the cost of the drug to a practical level. This is likely to hap-
pen with any new drug for NTDs, and must be factored in
cost-effectiveness analysis.

An important aspect of onchocerciasis treatment that
nevertheless is rarely discussed is for the alleviation of the
intolerable itching and dermal changes that occur in most
patients; this is particularly true for patients who suffer
from the particularly severe form of the disease known as
“sowda”."-¢* Unfortunately, most patients who are infected
with O. volvulus live in areas where palliative treatments
(such as antihistamines, corticosteroids, and dermal creams)
are not readily available. Certainly, patients with the “sowda”
form require considerable dermatological treatment and
attention; these patients often injure themselves whilst trying
to suppress the severe itching and commonly have breakages
to the skin. Similarly, the cracks and folds that appear in
affected skin require antifungal and antibiotic ointments.

The fact that onchocerciasis can be challenging to diag-
nose may be an issue in individual patient management,
especially with individuals seen outside endemic zones. The
attending clinician may not be completely sure of a positive
diagnosis in these cases. A drug that can be safely given
to people who are suspected rather than defined as having
onchocerciasis would be an advantage.

So what kind of chemotherapeutic agent is needed?
Although there is general agreement that a macrofilaricide is

needed, the therapeutic end point is not necessarily the death
of adult parasites but instead is the permanent removal of
mf from the skin — mf are the causative stage of pathology
and are responsible for transmission. In this context, a drug
that permanently sterilized adult females would be as useful
as a drug that killed them. The best indication of success in
elimination is the lack of mf in the skin rather than the lack
of nodules, of infective larvae, or of particular antigens or
circulating antibodies. Although these latter entities are useful
indicators, the most important outcome for onchocerciasis
is absence of mf. A possible target product profile for such a
chemotherapeutic agent to achieve elimination of onchocer-
ciasis is shown in Table 2. In addition, adequate safety and
stability goals must also be reached for use of a drug in a
developing country environment.

Field programs have become very used to a once a year
regimen with a very safe drug for treatment and control of
filarial diseases such as onchocerciasis. Indeed, the treatment
of other tropical diseases such as tuberculosis, HIV, leprosy,
etc is far more complicated, and we should thus be open to
more complex approaches to onchocerciasis if they could
lead to a rapid eradication. There is also an unfortunate
tendency to underestimate the capabilities of village health
staff in developing countries to administer complex treatment
plans; whereas complex treatment approaches are obviously
quite challenging in areas undergoing civil disturbance or
conflict and in remote rural areas, in stable countries the
capabilities of local medical facilities are remarkably robust,
and more complicated regimens than once a year can be
easily accommodated.

In 2002, it was believed by the scientific community that
the tools existed, based on chemotherapy, that could elimi-
nate onchocerciasis from Latin America but this could not
yet be achieved in Africa. This belief for the Latin American
situation is becoming true and many lessons can be learnt
from the New World disease that could possibly assist the
programs in Africa. Perhaps the fundamental characteristic
of success in the American situation has been consistent,
well managed high coverage with the drug (ivermectin) in
more than one cycle per year. The showcase example of
this is success in the Ecuadorian focus® where twice-a-year
treatment with consistently high coverage (usually >85%)
eliminates the transmission in an endemic area with a very
voracious vector (Simulium exiguum) that is thought to be
similar to the situation regarding transmission in much of
Africa with Simulium damnosum. The inclusion of additional
rounds of treatment with ivermectin per year, such as has
been achieved with four rounds per year in Mexico,® also
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appears a very useful strategy that could be incorporated
in many places in Africa. Although, as described in detail
elsewhere in this review, there is a concerted effort to find
new chemotherapeutic agents — especially a macrofilaricide,
perhaps better described as an agent that can maintain the
suppression of the production of microfilariae — it should be
remembered that efficient use of ivermectin, as applied in
the Americas, can be successful in eliminating transmission,
although admittedly this usually requires a long period of
time, a factor that is becoming less acceptable in the current
health policy climate of “quick successes”.

Successes

The use of ivermectin in onchocerciasis control programs is
a tremendous success story in tropical medicine. Although
there is a need for a drug targeted at adult worms to achieve
elimination goals, the stellar record of these programs is an
undeniable and remarkable tribute to medical science, social
science, and particularly to the many thousands of people
who have contributed to the actual distribution of ivermectin
in the field: the community distributors. These programs have
set the standard for similar approaches to other NTDs. The
discovery and distribution of ivermectin have been arguably
among the most important events in tropical medicine in the
last half-century and laid the basis for a needed change in the
way medicines are distributed in developing countries. The
effects of these programs extend well beyond the reduction in
blindness and dermatitis; they have promoted the development
of health care systems for those living in rural areas of develop-
ing, and often war torn, countries. It is sobering but important
to remember that a number of people, particularly distributors
in the field, have lost their lives in this laudable cause.

The first indicator of the major successes in the treatment
of onchocerciasis was the recognition 15 years ago that no
children were suffering from ocular disease due to this infec-
tion in treated areas of West Africa. The past decade saw the
success of national programs in Latin America, where treat-
ment of the relatively small foci of onchocerciasis showed
that ivermectin given twice a year could eliminate the para-
site as long as high coverage was achieved (>80%). Both
Colombia and Ecuador® are now in all likelihood free of the
disease. In Africa, some endemic foci, such as the Nubian
Desert in Sudan® and parts of West Africa,* are now free of
transmission of onchocerciasis following the dedicated and
intensive distribution of ivermectin.

Paralleling these successes, there has been a gradual
change in the goals of onchocerciasis control programs. These
programs began in 1987 to reduce the level of blindness,

then in the mid-1990s changed to reducing the prevalence of
onchodermatitis. In 2002, it was proposed that onchocerciasis
could be eliminated from Latin America, but the elimination
of'the disease and transmission in Africa was not yet possible.
By 2010, global opinion had again changed and a concerted
effort to eliminate the infection from Africa was endorsed.’
However, it is still recognized that challenges remain in
achieving the goal of elimination of onchocerciasis by 2025.
As noted, these challenges include adverse reactions to coin-
fections with loaiasis, funding issues, and the challenges of
long-term sustainability and program fatigue.

Changes to current approaches

Two areas warrant consideration in a discussion of how
current approaches to onchocerciasis treatment might
be enhanced to achieve the goal of elimination by 2025.
Firstly, current national programs should be supported and
assisted in any way they need to ensure high drug coverage
and program efficiency; this is of course vital in countries
that have special difficulties, such as ongoing civil distur-
bance, very large or difficult-to-reach populations needing
treatment in remote areas, or comparatively undeveloped
health systems.

Secondly, the provision of a panel of drugs and procedures
that can be adjusted to fit the needs of particular endemic
areas would be a major advance. Rather than a single therapy
approach, which has been the strategy for the past 25 years
involving ivermectin, more diverse approaches that better
respond to local needs may be needed. It is generally accepted
that a monotherapeutic approach to treatment will prob-
ably not suffice to reach elimination, and that other drugs,
especially a new macrofilaricide, would be a very welcome
addition. Tailoring therapies and other supportive activities,
such as vector control, to the particular needs of each endemic
area in a local context will be of most use, particularly for
addressing control in hypoendemic areas, which have usually
been ignored in MDA programs. A panel of options for inter-
vention will allow tailored approaches to be used depending
on the endemic location and associated support systems,
including local difficulties with distribution. Each country
could make appropriate decisions on the treatment approach
after full consideration of its own various local situations. To
fit this “menu” approach, programs should perhaps designate
their endemic areas (foci) as individual projects rather than
using a whole-country approach. Obviously, cross-border
endemic areas will need to be addressed, and positive inter-
actions between the programs of the different countries are
encouraged.
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As described above, there have been considerable
changes in the programs to deal with onchocerciasis over
the past 40 years, one of which has been the focusing of
what are known as the NTDs into a collective target for
“eradication, elimination, and control” through a dec-
laration in February 2012 led by WHO. There, a WHO
roadmap to accelerate work to overcome these diseases
was announced and joined by a wide range of public and
private partners that included donors foundations, drug
companies, and governmental bodies in an effort termed
the London Declaration. This combining of efforts against
a range of often coexisting diseases requires new medical
and logistic approaches.

Different drugs often need to be combined or at least
given in close temporal proximity and this has often required
changes to long standing onchocerciasis programs in some
countries. Success for the WHO Roadmap is set for 2020 for
the elimination of diseases such as onchocerciasis; this is an
ambitious goal but it is likely that onchocerciasis will be one
of the most successful of the diseases that are targeted by the
London Declaration.

The search for new drugs

As discussed above, there is an ongoing search for new drugs
that will safely kill adult filariae (Table 2). This elusive target
probably needs to be brought into the field within the next
2-3 years if it is to be a major contribution to the elimina-
tion target of 2025. In addition to following the standard
approaches to screening for new drugs against an infectious
agent, it is also important to understand the mechanism by
which new or old drugs damage the various components of
adult filariae (Figure 3). This information will most likely
facilitate the discovery of agents that do not cause rapid
death of the adults, and importantly avoid acute adverse
reactions such as abscesses. It is believed that a drug that
induces slow degenerative changes in these parasites that are
eventually lethal will elicit minimal or no side reactions; this
is the case with doxycycline. As many screening programs
are based solely on evaluation of motility, and motility does
not necessarily reflect the necessary permanent damage to
internal organs such as the uterus; it is quite possible that
promising hits may be missed in such screens. Finding
agents that induce slow degenerative changes would be
greatly facilitated by more basic research on the action of
drugs that might act this way. An example of another drug
that appears to cause these kinds of effects is flubendazole,
an agent that damages the worm’s uterine tissues, perhaps
irreversibly, and causes a slow loss of viability.

It should be noted that ivermectin was used in the field
for over 20 years before investigations really began to
understand how the drug works. Indeed, concerns about the
possible development of ivermectin resistance are better
addressed in light of improved knowledge about how this
drug works. A current candidate macrofilaricide, flubenda-
zole, has been used extensively in animal models despite
the fact that we poorly understood how the drug kills and/or
sterilizes adult filariae; it is known to inhibit tubulin poly-
merization as the mechanism of action, but we do not yet know
why this effect is slowly lethal to the parasite. Although the
end point of safe effectiveness is the major driving criterion,
it is likely that a better understanding of the mechanisms of
drug action and measurement of these will greatly enhance
drug development.

An area often forgotten in discussions of the role of che-
motherapy of parasites is the function of the host immune
system subsequent to the administration of a chemotherapeu-
tic agent. The degeneration of parasites after chemotherapy
releases large amounts of previously unexposed antigens, and
perhaps with untoward consequences, elimination of parasite
factors that were keeping the immune system in a clinically
quiescent state before treatment. Filarial infections are prime
examples of the involvement of the immune system in the
host response to the parasite and to the clinical presentations
following anthelmintic treatment; the anaphylactoid reactions
seen after DEC and other agents that comprise the Mazzotti
reaction underscore this. More recently, the immune system
has been directly implicated in the action of ivermectin as a
microfilaricide.**¢ Thus, it is important to keep the immune
system in mind when investigating the consequences of drug
treatment.

Immune responses to parasites began to be better under-
stood in the 1980s, catalyzed by the hope that an immuno-
therapeutic approach (vaccine) for onchocerciasis might be
developed. However, immunotherapy for parasitic diseases
has proven to be extremely difficult with rare exceptions.
A vaccine against onchocerciasis has not been developed,
and is not likely to be available before the 2025 goal for
elimination. Chemotherapy remains the predominant
approach, but must be deployed with an open eye for improve-
ments in drug distribution and post-campaign care of those
affected. Prophylaxis of onchocerciasis has never been a
major goal of research agencies, partly due to the fact that
this is a chronic and relatively slowly acquired infection.
However, more pertinently, treatment programs have been
directed against populations in which infection is already
prevalent. Even if an agent that is effective against the early
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Chemotherapeutic targets in Onchocerca volvulus

Stage

Characteristics

Examples

Microfilaria

Infective

larvae

Need to avoid
adverse
reactions

lvermectin

Moxidectin

Flubendazole

(" ™
Moulting Closantel
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stage 27
Adult worms Endosymbionts Doxycycline

Reproductive Flubendazole
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N
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structures

Reproduction

Interrupting
mating

Figure 3 Targets within Onchocerca volvulus and its life cycle that may be susceptible to chemotherapeutic attack.

Abbreviations: ??, none defined; L4, fourth stage larvae.

stages of O. volvulus infection could be identified, the need
for frequent dosing to eliminate newly infecting parasites
is unlikely to be compatible with MDA programs that are
sustainable in many endemic areas.

An important fact when developing a new drug for
treatment of a disease such as onchocerciasis, one that
almost exclusively affects people in developing countries,
is the likely need for donation by a major manufacturer.
When Merck & Co, Inc. entered into a public—private
partnership to donate and distribute ivermectin, a precedent

was created that has been followed by several other
companies. Merck KG, GlaxoSmithKline plc (London,
UK), Johnson & Johnson (New Brunswick, NJ, USA), and
Eisai Inc. (Woodcliff Lake, NJ, USA). have all committed to
donate drugs for soil-transmitted nematodes, onchocerciasis,
lymphatic filariasis, and schistosomiasis, and any new drug
for NTDs may also need a manufacturer who will donate it;
there will at least need to be a plan for funding its production
and distribution. This needs to be an early consideration in
any development program for a new drug for onchocerciasis
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and other NTDs. The integration of antiparasite programs in
the last decade® has also catalyzed the need to understand
how treatments used for one disease may affect others; over-
laps in treatment will have obvious clinical benefits and can
provide a way to reduce the distribution burden for country
programs (Table 1).

There are reasons to be hopeful about prospects for intro-
ducing a new macrofilaricide in time to assist in the elimina-
tion campaign. Flubendazole (mentioned above) is currently
approved for human use as a very effective anthelmintic for
treatment of gastrointestinal nematode infections. It showed
considerable promise in earlier studies in the 1970s—1980s
as a macrofilaricide against multiple species of filariae when
administered parenterally, and is now being reformulated
to markedly enhance its oral bioavailability.*® Because of
its insolubility, flubendazole has been a challenge to drug
developers; however, modern pharmaceutical chemistry
approaches have led to new formulations that provide excel-
lent oral bioavailability. These new formulations are currently
being evaluated for safety and efficacy in preclinical models;
it is hoped to go in human trials in 2015.

Moxidectin, a semisynthetic macrocyclic lactone
related to ivermectin, is another potentially useful agent
for onchocerciasis chemotherapy derived from veterinary
medicine.% It has undergone initial trials in humans and
has been shown to be a highly efficacious and exception-
ally persistent microfilaricide®”*® (Figure 2). Recent studies
suggest that it is a more effective compound than ivermectin
against O. volvulus mf, but has no marked effect on adult
parasites, and thus is probably not a useful macrofilaricide.*
Although moxidectin is not registered for use in humans, it is
a candidate that could be considered in a panel of drugs that
might be made available for the final push toward elimina-
tion of this disease.

Other potential drugs for onchocerciasis have been
proposed in recent years,® although none has shown defini-
tive potential for being a major contributor to elimination
programs. Closantel, a salicylanilide used in veterinary
medicine to treat liver fluke (Fasciola spp.) infections, was
suggested as a candidate;* however, this drug appears to
only affect molting stages of O. volvulus (Figure 2) and is
not a candidate macrofilaricide. It is possible that closantel
could be used as a prophylactic agent, but as discussed
above, prophylaxis is not a major goal for an MDA program.
It could be argued that this drug might be useful in maintain-
ing elimination of the infection from a cleared area, if this
was ever required, but it would not seem to be a priority for
development at this time. Among the other compounds that

have been proposed in recent times as being antifilarial is
the kinase inhibitor imatinib, which is also active against
Schistosoma sp.” and the filarial parasite Brugia malayi.”*
Imatinib is currently used for the treatment of chronic
myelogenous leukemia and thus has been tested for use in
humans at least in these cases. It is possible that imatinib
may be included in a battery of chemotherapeutic options
for the treatment of onchocerciasis, although it has not been
tested in this disease and cost-of-goods may be a challenge.
Finally, the semisynthetic cyclic depsipeptide emodepside,
used in veterinary medicine to control gastrointestinal nema-
todiases of companion animals, has potent activity against
Onchocerca adults in culture (see'’ for review), but activity in
animal models of filariasis is highly species-dependent.”

General discussion

Onchocerciasis has moved over the last 30 years from a posi-
tion of clinical notoriety characterized by blindness and dis-
ability, flagged by disturbing images of blind people in Africa
and elsewhere, to one of success as the ivermectin MDA
programs have progressed. Indeed, it currently has a positive
image as one of the most important success stories in tropical
medicine today. This has come about through a remarkable
donation program based on a single drug, ivermectin, a drug
that has been a mainstay of veterinary medicine since its
discovery in the late 1970s. The donation of ivermectin for
onchocerciasis has changed in major ways access to health
for many people living in the most remote parts of Africa
and other developing areas. It should be emphasized that
the success of the original ivermectin donation program,
which began in 1987, has catalyzed similar programs for
a number of other parasitic and tropical diseases. This suc-
cess, however, has meant that government health programs
in many developing countries in tropical regions have now a
number of diseases that come under MDA programs rather
than only river blindness; this in itself has posed financial
and management challenges to these countries and this issue
should be kept in mind when discussing how to support and
interact with country programs.

Ivermectin, now used with albendazole in many locations,
has reduced the prevalence and incidence of onchocerciasis
in many countries — indeed, some countries, with small
endemic areas, are now looking at complete elimination of
the transmission in those areas. However, challenges remain
in much of Africa’s endemic areas. Addressing these chal-
lenges centers around optimizing existing MDA programs,
using all means available, enhancing the panel of drugs and
procedures available by adding an effective macrofilaricide,
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and maintaining the global efforts to focus on the goal of
elimination by 2025.

Although there have been remarkable successes with
ivermectin for treating onchocerciasis, such as the elimina-
tion of infection from countries in Latin America and iso-
lated foci in Africa, it is likely that a new safe and effective
macrofilaricide, or at least a way of permanently suppressing
microfilarial production, will be needed to achieve complete
elimination of this infection in Africa. Candidate macrofilari-
cides have recently emerged along with reconsideration of the
global management strategies necessary to distribute such an
agent. It is hoped that the goal for global eradication of this
infection by 2025 will be achieved using such agents if the
current focus and support of this goal is maintained.

Scientific resources, including those of the pharmaceu-
tical world and academia, together with endemic country
personnel to focus on this important goal. Success in mac-
rofilaricide discovery and development will bring greater
understanding of the biology of this parasite and the phar-
macology of existing therapeutic agents. Success in global
eradication of onchocerciasis will be a major global medical
event, and will be to the credit of partnerships between aca-
demic scientists, pharmaceutical companies, philanthropists,
and, most importantly, the medical communities that deliver
health care in the endemic countries.
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