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Filarial infections caused by nematodes are one of the major neglected tropical
diseases with public health concern. Although there is significant decrease in
microfilariae (mf) prevalence following mass drug administration (IVM/DEC/
ALB administration), this is transient, in that there is reported microfilaria
repopulation 6-12 months after treatment. Wolbachia bacteria have been
recommended as a novel target presenting antibiotic-based treatment for
filarial disease. Potency of antibiotics against filarial diseases is undoubtful,
however, the duration for treatment remains a hurdle yet to be overcome in
filarial disease treatment.
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Introduction

Filarial infections caused by nematodes mainly include: lymphatic filariasis (LF) and
onchocerciasis (Oncho), causing severe morbidities such as elephantiasis, skin diseases
and blindness (Litt et al., 2012). Globally, LF is endemic in 73 countries in Africa, Asia,
and the Americas. Approximately 1.1 billion people are exposed to the infection, and
more than one third of these individuals are in sub-Saharan Africa (Who, 2013). About
120 million individuals are affected globally with approximately 40 million individuals
disabled owing to filariasis-related morbidity (Who, 2013).

Blood nematodes cause LF infection in the host’s lymphatic vessel. There are three
species of these filarial worms: Wuchereria bancrofti, which accounts for almost 90% of
the cases, with the remaining 10% caused by Brugia malayi and Brugia timori. Adult

Abbreviations: MDA, mass drug administration; NTDs, neglected tropical diseases; WHO, world health
organization; TAS, transmission assessment survey; OCP, onchocerciasis control program, GPELF, global
programme to eliminate lymphatic filariasis; IVM, Ivermectin; ALB, Albendazole;

DEC, Diethylcarbamazine.
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filarial parasites are located in the lymph vessels and are sexually
dimorphic, producing thousands of first-stage larvae
(microfilaria) for up to 8 years (Pfarr et al., 2009). Mosquito
vectors of the genera Aedes, Anopheles, Culex or Mansonia are
required for development of the larvae into the human infective
stage, and for transmission to the human hosts.

The mainstay preventive intervention for these infections is
based on mass drug administration (MDA) using
diethylcarbamazine (DEC), ivermectin (IVM) and albendazole
(ALB) (Simonsen et al, 2010). Although there is significant
decrease in microfilariae (mf) prevalence following MDA, this is
transient, in that there is repopulation of host system with
microfilariae 6-12 months after MDA (Klarmann-schulz et al.,
2017). What accounts for this observation is currently unclear
but could be due to the fact that the MDA drugs do not target the
adult worms rather the drugs disrupt embryogenesis, depriving
the adult worm of mf production for some time (Volkmann
et al., 2003; Klarmann-schulz et al., 2017). For this reason, MDA
is given annually or biannually with the aim of terminating
transmission. Although targeting mf through MDA has been
successful in eliminating LF and Oncho in some countries
(Egypt, Malawi, Vietnam, Yemen, etc), the program has not
been feasible in other countries (Gabon, Equitorial, Guinea,
South Sudan, etc), especially in developing countries co-
endemic with Oncho/Loa loa (Traore et al., 2012; Katabarwa
et al,, 2013; Sodahlon et al., 2013; Wanji et al., 2015). The use of
IVM in these countries can result in severe adverse reactions
(SAEs) caused by drug induced death and associated
inflammation of blood-borne L. loa mf in the brain
(Boussinesq et al., 2006). Recently, a clinical trial
administering a single triple-dose combination of IVM/DEC/
ABZ has proven to have superior microfilaricidal effect in
bancroftian filariasis for almost a year (Thomsen et al., 2016).
These promising results have the potential to accelerate LF
elimination goals, however, the drug combinations pose severe
adverse effects in situations where LF co-exist with Loa loa/
Oncho (Gardon et al., 1997; Thomsen et al., 2016).

Furthermore, epidemiological simulations have also
predicted that MDA will not interrupt transmission in certain
scenarios (Turner et al,, 2010; Stolk et al., 2015). Alternative
chemotherapy with a short course of treatment delivering safe
macrofilaricidal effect is therefore imperative to achieve the
Global Program to Eliminate Lymphatic Filariasis (GPELF)
target (Taylor et al., 2010).

Anti-Wolbachia approach

Wolbachia is an endosymbiotic bacteria (order Rickettsiales)
present in most arthropods. Most insect species (20-80%) are
estimated to be infected with these Gram-negative alpha-
proteobacteria (Hilgenboecker et al., 2008). Wolbachia has
been recommended as a possible target for antibiotic-based
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treatment or a novel anti-symbiotic chemotherapy (Hoerauf
et al,, 2000; McGarry et al, 2004). The association between
Wolbachia and the filarial worm has been extensively explored,
thus suggesting a symbiotic relationship between the two
(Mclaren et al., 1975; Hoerauf et al, 2000; McGarry et al,
2004). This association has been therefore recommended as a
novel target presenting antibiotic-based treatment for filarial
disease. Tetracyclines (doxycycline and minocycline) are known
to be efficacious against Rickettsiae bacteria by disrupting/
interfering with protein synthesis pathway in the bacteria
(Hoerauf et al., 2000). Albeit there is no uncertainty in
potency with the class tetracyclines, the duration for treatment
remains a hurdle yet to overcome in filarial disease treatment.

Antibiotics used in filarial clinical
trials

For over a decade Wolbachia has become a target in the
treatment of filarial disease. This has led to several field trials
evaluating the efficacy of the various classes of antibiotics
including: tetracyclines (minocycline, doxycycline), rifamycin
(rifampicin, rifapentine), azithromycin, chloramphenicol, etc.

In LF and Oncho field trials, tetracyclines have been shown
to have biological effect on Wolbachia, thus, the depletion of the
bacteria in the worm obstructs early embryogenesis and female
worm development (Hoerauf et al., 2000).

Doxycycline (DOX)

Doxycycline is well-tolerated, safe, inexpensive, and is
commonly used as an antibiotic and anti-inflammatory drug
for the treatment of a variety of medical conditions. Doxycycline
displays excellent activity against Gram-positive and Gram-
negative aerobic and anaerobic pathogens. The antibiotic
activity of doxycycline mainly targets growth of bacteria by
conformationally binding to the 30S prokaryotic ribosomal unit
during protein synthesis resulting in the blockage of aminoacyl-
tRNA binding to the mRNA-ribosome complex.

Doxycycline has been found to be anti-inflammatory in
nature in filarial diseases (Awata et al, 2002; Debrah et al,
2006; Mand et al.,, 2012), thus reducing excessive inflammation
that could be detrimental to the health of individuals. The anti-
inflammatory property of doxycycline is due to its slow anti-
filarial mode of action (killing worms slowly), and hence can be
used in L. loa endemic areas, since this filarial parasite does not
contain Wolbachia (Turner et al., 2006; Turner et. al., 2010). A
six-week course of doxycycline treatment among individuals
resulted in tremendous reduction in microfilariae, and a
significant amelioration in patient’s condition (Mand et al,
2012; Coulibaly et al., 2012; Debrah et al., 2019). Further
studies with doxycycline treatment has been shown to be

frontiersin.org


https://doi.org/10.3389/fcimb.2022.1044412
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Fordjour and Kwarteng

effective in mediating long-term reductions of microfilaremia in
a population infected with Mansonella perstans, another form of
filarial disease (Awata et al., 2002; Mand et al., 2012).
Confirmatory study on doxycycline treatment has shown that
there is sustained suppression of microfilariae 36 months after
treatment, suggesting that doxycycline has a sustained effect on
adult filarial worm (Coulibaly et al., 2012). Despite the success
seen in doxycycline treatment, there is still the need of finding
drug(s) that can be delivered on a short course, as the six/four
weeks course for doxycycline treatment is usually not feasible
with national programs (logistical challenge), and also does not
encourage compliance (Debrah et al.,, 2009; Debrah et al., 2019).
Moreover, the contraindications of doxycycline seen in pregnant
women and children present challenges to widespread scale-up
programs in resource-poor settings of Sub-Saharan Africa
(Czeizel and Rockenbauer, 1997). Howbeit, in areas of partial
elimination of filarial disease, doxycycline can be used in test and
treat scenarios to achieve end game target for the disease.

Minocycline (MIN)

Minocycline is a semi-synthetic, second-generation drug
belonging to the tetracycline family. It is effective against Gram-
positive, Gram-negative, and many atypical bacteria including
Mycobacterium species and Bacillus anthracis (Upadhya et al,
2018). Minocycline has the similar mechanism of action as DOX.
Through pharmacokinetic-pharmacodynamic (PK-PD)
modelling, studies have demonstrated that the related second-
generation tetracycline (minocycline) may reduce overall
treatment time compared with doxycycline against the human
filarial parasite Brugia malayi in a severe combined
immunodeficiency (SCID) mouse model (Czeizel and
Rockenbauer, 1997; Debrah et al., 2011). This data further
suggest that not only can minocycline be used as alternative to
doxycycline in test and treat strategies, it may offer some
advantages through either improved Wolbachia kill rates or
lower dosage requirements, which may impact on tolerability or
safety profiles (Sharma et al., 2016). Further, human clinical trial
administering minocycline for 3 weeks reported the drug to be
more efficacious than doxycycline administered over the same
course (Klarmann-schulz et al,, 2017). Although the incidence of
adverse effects (AEs) associated with either drug (doxycycline or
minocycline) is very low, there is a slightly higher incidence of AE
with minocycline (Smith and Leyden, 2005). The shorter
treatment period may offset this slight increase in risk of AEs
with minocycline. It will now be important to undertake clinical
evaluations of minocycline, supported through full PK/PD
analysis, to confirm these benefits. Although minocycline has
been identified as a superior anti-Wolbachia agent to doxycycline
in the B. malayi SCID mouse model (Sharma et al., 2016), the
same contraindications seen in doxycycline apply because they are
in the same class of antibiotics.
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Rifampicin (RIF)

Rifampicin is active against Gram-positive cocci but not on
enterobacteriaceae (such as E. coli, Klebsiella, Salmonella or
Pseudomonas) (Jammal et al., 2015). Rifampicin is thought to
inhibit bacterial DNA-dependent RNA polymerase, which
appears to occur as a result of drug binding in the polymerase
subunit within the DNA/RNA channel, facilitating direct
blocking of the elongating RNA.

In an attempt to focus on finding shorter treatment course or
other antibiotics that are practical for use in MDA, RIF has been
explored in in vitro/in vivo LF and Oncho mice studies to exhibit
superior anti- Wolbachia potency compared with the tetracyclines
(Smith and Leyden, 2005; Halliday et al., 2014; Klarmann-schulz
etal, 2017; Debrah et al., 2019). However, this success has not yet
been translated into human clinical trials. A minimum RIF dose
calculation of 30-40 mg/kg in humans is required to deplete
Wolbachia beyond the 90% threshold predictive of clinical cure
(Smith and Leyden, 2005; Debrah et al., 2009). To buttress this
evidence, fourfold dose elevations of RIF have recently been
identified as safe when delivered for periods of 1 month (Boeree
etal, 2017) in patients with TB, indicating that RIF at a high dose
could be deployed as a short-course for macrofilaricidal effect in
humans (Katabarwa et al., 2013). This drug therefore has the
potential to achieve Wolbachia depletions predictive of cure when
administered for 1-2 weeks against filarial parasites (Aljayyoussi
et al., 2017). Combinatorial effect of filarial antibiotics has shown
that 2-week doxycycline plus rifampicin could have stronger
macrofilaricidal activity (Debrah et al., 2011) compared to single
dose doxycycline.

Azithromycin

Azithromycin binds to the 23S rRNA of the bacterial 50S
ribosomal subunit. It stops bacterial protein synthesis by
inhibiting the transpeptidation/translocation step of protein
synthesis and by inhibiting the assembly of the 50S ribosomal
subunit. Although macrolides are known to have better efficacy
against Wolbachia (Townson et al., 2000; Debrah et al., 2009),
azithromycin like the DNA-gyrase inhibitors (quinolone) has
failed in several field trials in giving significant effect against
Wolbachia (Hoerauf et al., 2008; Hansen et al., 2011; Aliaa et al.,
2019). Initially, in vitro study assessing the effect of azithromycin
on B. malayi resulted in a partial inhibition of molting of the
parasite (Rao, 2002). Other study has shown that a six-week trial
of azithromycin monotherapy in humans proved futile as there
was no significant reduction of worm load after 12 months of
treatment at either 250 mg/day or 1.2 g/per week (Hoerauf et al,,
2008). Another study using rifampicin/azithromycin alone or
both, neither showed Wolbachia depletion nor anti-filarial effect
after a short course of 5 days. These studies confirmed that
azithromycin is less effective in treating human filariasis.
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Moxifloxacin and rifapentine

Rifapentine is an antibiotic drug used in the treatment of
tuberculosis. It inhibits DNA-dependent RNA polymerase activity
in susceptible cells. Specifically, it interacts with bacterial RNA
polymerase but does not inhibit the mammalian enzyme
(Micromedex, 2022). Moxifloxacin is a novel fourth-generation
fluoroquinolone with a broad spectrum of antibacterial activity
against Gram-positive and Gram-negative bacteria, anaerobes,
and atypical organisms (Scholar, 2007). Moxifloxacin is
bactericidal and its mode of action depends on blocking of
bacterial DNA replication by binding itself to an enzyme called
DNA gyrase, which allows the untwisting required to replicate one
DNA double helix into two. Moxifloxacin and rifapentine have
progressed into human filarial clinical trials. Both are currently
been experimented in phase 2 randomized open-label clinical
trials at a dosage of 900 mg/day rifapentine plus 400 mg/day
moxifloxacin for 14 or 7 days [Debrah and Klarmann-Schulz U
(2018)]. Previously, in vitro and in vivo experiments using
moxifloxacin and rifapentine showed that this combination
administered for only 4-7 days significantly could deplete
Wolbachia load in adult worms (Specht et al., 2018).

Corallopyronin

Corallopyronin, originally isolated from the myxobacterial
strain Corallococcus coralloides, is a natural compound and a
non-competitive RNA Polymerase (RNAP) inhibitor (Irschik
et al., 1985; Schiberle et al, 2014; Schiefer et al., 2012). It has
many bioactivities including microfilaricidal. The genome of
Wolbachia found in filarial nematodes encode complete RNAP,
which is a suitable target for antibiotics. In vitro and in vivo
studies in animal models have shown the potential of
corallopyronin against Wolbachia with a good safety profile
(Debrah et al., 2014; Specht et al, 2018). However, further
clinical trials in humans will be required to examine the
efficacy of corallopyronin as a treatment regimen in patients
with onchocerciasis and LF.

Berberine, rapamycin and globomycin

Berberine (Li et al., 2011), rapamycin (Voronin et al., 2012)
and globomycin (Johnston et al., 2010) are currently in the initial
phase of experimental research in filarial trials (Aliaa
et al,, 2019).

Besides antibiotics, several non-antimicrobial compounds
such as anti-oxidants, anti-histamines and synthetic compounds
have demonstrated activity against Wolbachia in vitro, opening
up the potential for other anti- Wolbachia therapeutic
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combinations to be explored and exploited in future research
(Johnston et al., 2014).

An example of such anti- Wolbachia candidate is
AWZ1066S (Hong et al., 2019). AWZ1066S has superior
efficacy compared to existing anti-Wolbachia therapies in
validated preclinical models of infection and has drug
metabolism and pharmacokinetics (DMPK) characteristics that
are compatible with a short therapeutic regimen of 7 days or less.
The main setback with the current MDA is macrofilaricidal
effect and regimen duration. This candidate molecule, however,
is well-positioned for onward development and has the potential
to make a significant impact on communities affected by
filariasis, delivering safe macrofilaricidal effect within a short
treatment course. AWZ1066S has been demonstrated to be
capable of depleting Wolbachia >90% with sustained
sterilization of microfilaria production in two independent
filarial infection models over a week treatment course.

In an attempt to find superiority for AWZ1066S over other
anti-Wolbachia candidates such as moxifloxacin, rifampicin,
minocycline and doxycycline, a time-kill assay was structured
from standard microfilaria assay in a panel of anti-Wolbachia
drugs (McGarry et al., 2004; Voronin et al., 2012), screened over
a varied exposure time intervals for 1, 2 or 6 days (Hong et al.,
2019). Findings from this assay suggested that AWZ1066S can
achieve maximum reduction of Wolbachia just after 1 day of
drug exposure compared with the antibiotics tested.

Moreover, AWZ1066S meets all target candidate profile
criteria for an anti-Wolbachia macrofilaricidal drug and has
entered formal preclinical evaluation. This compound may
provide a unique opportunity to make a vital contribution to
communities affected by filariasis, importantly after
confirmation of the macrofilaricidal effect of AWZ1066S in
human clinical trials.

Possible pathways targeted by
antibiotics used in filarial trials

The action of antibiotics has shown to target specific
pathways that deplete Wolbachia bacteria in filarial infection
(Landmann et al, 2011). An example is the apoptosis of adult
germline cells, embryos and somatic cells of microfilariae in
animals/in vitro studies following depletion of Wolbachia of B.
malayi after tetracycline treatment (Landmann et al.,, 2011).

Furthermore, apoptosis has also been observed in the uterine
tissues of O. volvulus 21 months following antibiotic treatment
of people with onchocerciasis. To buttress the importance of
antibiotic in depleting the symbiotic bacteria (Wolbachia), a
study investigated treatment of antibiotic on the Wolbachia-free
filarial nematode, Acanthocheilonema viteae and found out that
it has no effect on the viability or biological processes of the
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species (Hoerauf et al., 1999). This further confirms findings that
apoptosis is due to the loss of Wolbachia rather than a direct
effect of tetracycline treatment (Landmann et al., 2011).

Studies have shown that the first event which occurs after
Wolbachia depletion from adult female worm is the blockage of
embryogenesis and cessation of microfilariae production, which
is consistent with the extensive and profound apoptosis observed
in uterine embryonic stages of B. malayi and onchocerciasis
(Taylor et al., 2000; Misra et al., 2007). This results in long-term
sterilization of adult female worms and the slow decline in
microfilariae levels, until patients reach a sustained
amicrofilariae state, with benefits to disease reduction and
interruption of transmission in both onchocerciasis and
lymphatic filariasis.

Another positive target of the Wolbachia bacteria in filarial
nematodes is their RNA polymerase (RNAP). Bacterial RNAP
has been proven to be a potent target for the development of
highly specific antibacterial drugs as it is a vital enzyme for cell
survival (Brodolin, 2018). RNAP and its associated transcription
factors are highly conserved across the bacterial domain and
represent excellent targets for broad spectrum antibacterial agent
discovery. Classes of antibiotics that inhibit RNAP include:
rifamycins, sorangicin, streptolydigin and myxopyronin.
Rifamycin antibiotics (rifapentine and rifampicin) are widely
used to treat a variety of infections including tuberculosis.
Rifampicin and rifapentine have already been proven to be
efficacious against Wolbachia bacteria in filarial mouse studies
(Rao, 2002; Smith and Leyden, 2005; Debrah et al., 2019). Studies
have indicated that rifampicin bind within the cleft close to the
active centre of RNAP, which sterically hinders growth of the
RNA product eventually inhibiting RNA synthesis sites (Ma
et al., 2016).

Time effectiveness of the various
anti-filaria either singly or
combinations

IVM is the standard drug for treatment of onchocerciasis
while ALB and IVM/DEC are for LF in filarial endemic
communities. Nonetheless, these drugs have been used in
triple dose combinations (IVM/ALB/DEC) to achieve superior
anti-filarial effect in LF (Thomsen et al., 2016; Winnen et al,,
2002). This notwithstanding, the impressive response achieved
with this combination cannot be administered in areas co-
endemic with Oncho/Loa loa, as this poses severe threat.
Through in vitro studies/in vivo, rifampicin has been found to
be potent against filarial infection. More so, its combination with
albendazole has been proven to be superior when given in filarial
field trials (Smith and Leyden, 2005; Halliday et al., 2014; Debrah
et al., 2019). Furthermore, doxycycline plus rifampicin has also
been shown to have significant effect on filarial infection in
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mouse study compared to doxycycline alone (Volkmann et al,
2003). This study further explains that doxycycline plus
rifampicin can be administered for 14 days, and still show
macrofilaricidal effect, instead of doxycycline alone for 4 or 6
weeks which may affect compliance.

There have been several suggestions and discussion about
drug combinations (antibiotic or anti-helminthic combinations)
with regards to having superior effect compared to single doses
(Table 1). All these antibiotics have been shown to deplete
Wolbachia bacteria thereby resulting in the disruption of the
embryogenesis of female filarial worms. However, IVM, ALB
and DEC are anti-helminths and therefore does not target the
Wolbachia bacteria but rather target microfilariae reduction
(Katabarwa et al,, 2015). Anti-helmintic drugs act rapidly and
selectively on neuromuscular transmission of nematode by
depleting the parasite of energy thereby leading to paralysis
(Martin, 1997).

Practical application of antimicrobial
drugs for filariasis in Africa:
Antimicrobial resistance a common
challenge in the population

Vector-borne diseases remain an important challenge for
public health globally, and contribute to over 17% of the globally
estimated burden of all infectious diseases (WHO, 2017b).
Reports have shown an encouraging progress in the control of
some important mosquito borne diseases including malaria
(Cibulskis et al., 2016) and filariasis (Cromwell et al., 2020).
This notwithstanding, there remain certain challenges regarding
the controlling of these diseases, with the evolution of resistance
against anti-parasitic drugs being one of the most important
(Conrad and Rosenthal, 2019).

Anti-filarial resistance has become alarming in larger
populations since the inception of GPEL, probably leading to
the WHO’s inability to achieve target (McCarthy, 2005).
Ivermectin resistance has been reported in Ghana, with the
widespread of benzimidazole resistance (such as albendazole)
present due to specific mutations in the gene encoding f3-tubulin
associated with drug resistance (Anderson and Jaenike, 1997).
Moreover, it has been shown that DEC susceptibility is not 100%
for lymphatic filariasis treatment. A review of the mechanisms of
resistance to these anti-helminthics is therefore imperative to
optimize the treatment for human lymphatic filariasis.

There has been data on the antimicrobial resistance (AMR)
in Africa with high level of resistance to the commonly used
antibiotics in the Sub-Saharan African region (Leopold et al,
2014). For example, 90% of Gram negatives have been shown to
be resistant to chloramphenicol, a commonly used antibiotic. In
contrast, resistance to third-generation cephalosporins (like
ceftriaxone) was less common, recommending this group for
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TABLE 1 Anti-filarial drugs and their time effect efficacies against the various forms of filarial diseases.

Drug

Ivermectin (IVM)
Albendazole (ALB)+IVM
ALB + Doxycycline (DOX)

Dosage

150 ukg
ALB 400 mg+IVM 150ukg

200 mg/d ALB 800 mg/d +
DOX

Regimen Dura-

tion

annually
annually

ALB 3 days + DOX 3
weeks

Disease

Onchocerciasis
Lymphatic filariasis (LF)

Onchocerciasis

Onchocerciasis

Lymphatic filariasis

Lymphatic filariasis
Onchocerciasis
Mansonella perstans

Lymphatic filariasis

Onchocerciasis

Preclinical LF and
Onchocerciasis

Onchocerciasis
LF Murine

Onchocerciasis
Onchocerciasis
Onchocerciasis
Onchocerciasis
Onchocerciasis
Onchocerciasis

Brugia malayi in vitro

10.3389/fcimb.2022.1044412

Reference

(World Health Organization, 2004)
(World Health Organization, 2004)

(Klarmann-schulz et al., 2017)

(Klarmann-schulz et al., 2017)

(Debrah et al., 2006; Klarmann-schulz
et al,, 2017)

(Debrah et al., 2006; Mand et al., 2012)
(Debrah et al., 2015)
(Debrah et al., 2019)
(Debrah et al., 2011)

(Richards et al., 2007)

(Aljayyoussi et al., 2017)

(Klarmann-schulz et al., 2017)
(Sharma et al., 2016)
(Opoku et al., 2018)

(Awadzi et al., 2014; Turner et al., 2015)
(Awadzi et al., 2014; Turner et al., 2015)
(Richards et al., 2007)
(Hoerauf et al., 2008)
(Hoerauf et al., 2008)
(Sabharwal and Anandharaman, 2010)

ALB 800 mg/d 3 days
DOX 200 mg/d 4 weeks
DOX 200 mg/d 6 weeks
DOX 100 mg/d 6 weeks
DOX 200 mg/d 6 weeks
DOX + Rifampicin (RIF) DOX 200 mg/d + RIF 10 2 weeks
mg/kg/d
RIF 20 mg/kg/d 5 days
RIF 35 mg/kg/d 2 weeks
Minocycline (MIN) 200 mg/d 3 weeks
MIN 25 mg/kg x2 daily 4 weeks
Moxidectin (MOX) 8 mg 1 time
MOX 4 mg 1 time
MOX 2 mg 1 time
Azithromycin (AZT) 12 mg/kg/d 5 days
AZT 250 mg/d 6 weeks
AZT 12 ¢ 1 week
Tetracycline 201 g/ml 2 days
Moxifloxacin (MOXI)+ Rifapentine ~ RIFA 900 mg/d + MOXI 400 1 week/2 week
(RIFA) mg/d

use (Leopold et al., 2014). To design suitable local and global
interventions, it is important to understand the status of AMR
and identify knowledge gaps.

The discovery of drug resistance in veterinary parasitology
indicates that the resistance to the treatment of lymphatic
filariasis in human nematode parasites could also exist.
Although it is urgent to prove anti-helminthic resistance in
filarial parasites (W. bancrofti, Brugia spp, O. volvulus), it is
difficult to investigate this because these parasites do not have
free-living stages and therefore cannot be cultured in animal
models (Cobo, 2016). This clearly shows that parasitological
evidence of anti-helminthic drug resistance can only be available
by demonstrating the persistence of parasites after treatment
over a long period of time.

Studies have shown that antimicrobials given in
combinations have higher efficacies than those given singly
(Schwab et al., 2005). Treatment with anti-filarial drugs
through the MDA programme has proved to be significant in
the reduction of infection and morbidity, although in some parts
of Asia, the program over 50 years could not eradicate the
disease (Pichon, 2002). Nonetheless, the continual use of the
three anti-helminthics used for filarial treatment increases
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in vitro and in vivo (Specht et al., 2018)

the risk for the emergence and spread of drug resistance,
which may be a threat to the set goals of the GPELF. Since
there is no available vaccine, and the vector control programs
have failed, the short-term goal is to identify and develop new
classes of drugs and alternative chemotherapeutic strategies. The
Wolbachia bacteria has been identified in filaria parasites over
some decades now (Andre et al., 2002). Many antibiotics but,
above all doxycycline are known to be effective in the treatment
of human filariasis through the depletion of Wolbachia (mclaren
etal., 1975; Gardon et al., 1997; Hoerauf et al., 2000). Despite the
efficacy of doxycycline against filarial disease, there is
contraindication of the drug in pregnant/breastfeeding women
and children under 9 years, therefore there is the need for new
drugs that will be safe for these populations (Jammal et al., 2015;
Jimah T, 2020).

The way forward in filarial disease
elimination

A meeting held by WHO in Geneva 1999, primarily was
about finding suitable initiative to identify new molecular targets
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for anti-filarial chemotherapy. One of the drug targets
discovered was the endosymbiotic bacteria Wolbachia.
Although it has been over two decades since the Wolbachia
bacteria was discovered in filarial parasites (mclaren et al., 1975),
its significance as a potential target unravelled a little later.

Initially the GPELF’s goal was in two folds: the first was
interrupting transmission through mass drug administration
(IVM, DEC and ALB). The second goal was to provide
morbidity management for individuals with pathologies of the
disease. It was the GPELF’s target to eliminate LF by 2020.
However, the disease is still of public health concern. The disease
is endemic in 73 countries with 1.39 billion people at risk of
infection globally (WHO, 2011). Out of 73 countries endemic for
LF, 20 have stopped interventions after passing the first
transmission assessment survey (TAS) and are conducting
surveillance to verify elimination. Additional 30 countries have
delivered MDA at least once in all endemic areas and are also on
track to achieve elimination (WHO, 2017a). Factors that might
impede the success of the program may be low coverage that
may be sustained over multiple treatment rounds and low
compliance primarily due to adverse effects of the drug. The
required duration of MDA has turned out to be longer than the
anticipated years, which might be due to relatively high baseline
mf prevalence levels.

Antibiotics have gained popularity in the treatment of filarial
diseases over the years (Debrah et al., 2006; Debrah et al., 2007;
Debrah et al., 2011; Mand et al., 2012; Sharma et al., 2016;
Klarmann-schulz et al.,, 2017). Compared to the standard MDA
drugs (IVM, DEC and ALB), antibiotics used in treating filarial
diseases take longer, usually 2-6 weeks. Reports from field trials
with tetracyclines suggested at least 3 weeks to achieve
macrofilaricidal effect (mclaren et al, 1975). Despite their
potency in reducing microfilariae levels and depleting the
Wolbachia bacteria, their longer regimen duration makes them
not feasible with national scale-up programs. Although the
treatment duration for rifampicin (1-2 weeks) might be
shorter compared to the tetracyclines, this is still long and
might pose logistic challenge and affect compliance. There is
therefore the need for further studies in finding drug(s) of
choice, that has comparatively shorter treatment duration and
has macrofilaricidal effect.

Conclusion

Looking at the successes achieved from the various programs
for eliminating filarial disease (onchocerciasis control program
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(OCP) and global program to eliminate lymphatic filariasis
(GPELF), there has been tremendous improvement in some
countries. Other countries especially those in the Sub-Saharan
African region have not yet achieved target. It is therefore

imperative to:

1. Explore new anti-filarial drug(s) with safe safety profile,
shorter treatment time, as well as macrofilaricidal effect.

2. Further research should be directed towards other classes
of antibiotics to ascertain their potency and regimen
duration in filarial infections.

3. Other non-antimicrobials should be investigated to help
achieve WHO’s target of elimination.
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