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Abstract

Measles caused an estimated minimum of one million fatalities annually before vaccination. 

Outstanding progress towards controlling the virus has been made since the measles vaccine was 

introduced, but reduction of measles case-fatalities has stalled at around 100,000 annually for the 

last decade and a 2019 resurgence in several geographical regions threatens some of these past 

accomplishments. Whereas measles eradication through vaccination is feasible, a potentially open-

ended endgame of elimination may loom. Other than doubling-down on existing approaches, is it 

worthwhile to augment vaccination efforts with antiviral therapeutics to solve the conundrum? 

This question is hypothetical at present, since no drugs have yet been approved specifically for the 

treatment of measles, or infection by any other pathogen of the paramyxovirus family. This article 

will consider obstacles that have hampered anti-measles and anti-paramyxovirus drug 

development, discuss MeV-specific challenges of clinical testing, and define drug properties 

suitable to address some of these problems.
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Challenges to paramyxovirus drug development

Paramyxoviruses are negative polarity RNA viruses that are collectively a major threat to 

human and animal health. In addition to measles virus (MeV), the family includes other 

highly contagious infectious agents such as mumps virus, the human parainfluenza viruses 

(HPIVs), and the highly pathogenic, zoonotic Hendra and Nipah viruses. The global Measles 

& Rubella Initiative started in 2001 was extraordinarily successful in lowering measles 

deaths in the first years after launch, until reaching the current status quo of approximately 

100,000 case-fatalities per year in 2007. Despite the availability of effective vaccine 
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prophylaxis, MeV therefore remains a leading cause of mortality due to respiratory 

infectious diseases. Overall measles case numbers have reached a decade-high in 2019 [1].

Considering the major health and economic threats posed by paramyxoviruses and lack of 

vaccine protection against, for instance, the parainfluenza viruses or henipaviruses, it may 

seem surprising that no antiviral drug has been specifically developed yet against any 

member of the family. However, there are several obstacles to paramyxovirus drug 

development: i) because the viruses replicate rapidly and cause mostly acute disease, narrow 

windows of opportunity for therapeutic intervention are anticipated; ii) major clinical signs 

often reflect immunopathogenesis and viral load is already in decline shortly after disease 

manifestation; iii) the size of treatable patient groups will likely be limited despite high 

disease prevalence, restricting economic potential; iv) the predominantly pediatric patient 

population of paramyxovirus diseases complicates the design of clinical efficacy trials; and 

v) further exacerbating the problem, a human challenge model has not yet been established 

for any paramyxovirus.

The recent resurgence of measles has nevertheless initiated discussion as to whether 

therapeutics directed specifically against MeV could augment vaccination and aid in measles 

case management [2,3]. Although the above developmental obstacles are in principle 

applicable to most paramyxoviruses, the discrete mechanism of MeV host invasion and 

pathogenesis must be appreciated when defining a hypothetical drug product profile.

MeV host invasion and clinical signs of measles

MeV spreads through the respiratory route, originally infecting CD150-positive alveolar 

macrophages and dendritic cells in the respiratory tract [4], which subsequently home to the 

draining lymph nodes where initial centers of viral replication are established [5]. Mediated 

by virus dissemination via infected lymphocytes, systemic infection through cell-associated 

viremia ensues that ultimately results in basolateral reentry of the virus into respiratory 

tissues through the Nectin-4 receptor [6,7], viral release into the lumen of the respiratory 

tract [8,9,10], and discharge of lipid droplets containing MeV particles. The incubation 

period from first host invasion to the prodromal phase characterized by increasing fever, 

cough, coryza or conjunctivitis is approximately 10-12 days, and the characteristic 

maculopapular rash develops on average 14 days after exposure [11].

First introduced in 1963, the measles vaccine is safe and efficacious, and is estimated to have 

prevented over 21 million measles death in the time period from 2000-2017 alone [12]. 

However, MeV remains responsible for major morbidity worldwide and estimated global 

measles deaths have hovered around 100,000 per year since 2007 [13]. Two factors in 

particular drive the continued health threat posed by MeV: the virus is exceptionally 

contagious and infection results in immunosuppression of the host that can last for several 

years.

Impact of high MeV infectivity

The primary basic reproduction number R0 of MeV is estimated to be 12-18 [14], although 

anecdotal evidence suggests that actual R0 values can be much higher [15]. This implies that 
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a primary measles patient infects on average 12-18 contacts, making MeV one of the most 

contagious infectious agents identified to date [16]. For comparison, R0 numbers of other 

respiratory viruses range from 1.2-2.1 for respiratory syncytia virus (RSV) [17] and 1.4-2.8 

for the 1918 H1N1 influenza virus that caused the Spanish flu pandemic [18]. Due to this 

exceptionally high infectivity, a herd immunity of approximately 95% is required to prevent 

sporadic measles outbreaks in a population [19]. Since this high level of immunity cannot be 

achieved in a population with a single dose of the vaccine, the immunocompromised are not 

eligible for vaccination, and vaccine failures occur, essentially every child must receive two 

doses of the vaccine, currently recommended to be administered in the United States at 

12-15 months and 4-6 years of age [11].

Parental opposition to vaccination due to religious beliefs or safety concerns has created 

pockets of low herd immunity in the United States that have fueled large local measles 

outbreaks in 2019 [20]. Vaccination coverage has remained below eradication targets in 

large parts of the European region and for the first time four countries, Albania, Czechia, 

Greece and the United Kingdom, have lost their measles elimination status [21]. Due to 

limited access to vaccination, measles activity remains furthermore high in Sub-Saharan 

Africa and parts of the Western Pacific region. For the first half of 2019, the WHO reported 

a 10-fold increase of cases in the African region, 2-fold increase in the European region, and 

3-fold increase in the Western Pacific region compared to 2018 [1].

MeV-induced immunosuppression

Within the paramyxovirus family, MeV is a member of the morbillivirus genus. 

Characteristic for morbillivirus infections is the induction of long-lasting 

immunosuppression that has been well documented for MeV [22,23,24] and animal 

morbilliviruses such as canine distemper virus (CDV) [25,26]. Almost all animal 

morbilliviruses recognize species homologs of human CD150, consistent with the 

characteristic lymphotropism of most pathogens in the genus. In addition to macrophages 

and dendritic cells, the CD150 receptor is highly expressed on memory T and B cells and 

plasma cells, and shortly after infection a phase of transient lymphocytopenia ensues [27]. 

Although peripheral lymphocyte counts are restored 2-4 weeks after viral clearance and 

overall IgG levels do not decline during measles [28], immunosuppression typically lasts for 

several months, but was still detectable in a subset of recoverees 5 years after the primary 

disease [24,29].

A paradox therefore exists between the effective adaptive anti-MeV immune response 

mounted by measles patients, which ultimately clears the infection and results in lasting 

humoral protection against reinfection, and the loss of immune memory against other 

pathogens. Neutralizing anti-MeV antibodies are predominantly directed against the viral 

attachment protein [30,31,32]. Two recent studies have concluded that a state of measles-

induced humoral immune amnesia may arise from MeV depletion specifically of memory B 

cell populations, compromising previously acquired immunity and potentially exposing 

measles recoverees to unrelated future infections [24,25]. Consistent with this interpretation, 

assessment of population-level data from several high-income countries has revealed that 
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measles outbreaks are linked to mortality from unrelated infectious diseases in the following 

2-3 years [24,33].

Possible benefits of therapeutics for measles control

Because measles is predominantly an immunopathogenic disease and virus load drops 

rapidly with the onset of rash, the window of opportunity for the treatment of established 

disease must be extremely narrow, if existent at all. The greatest health benefit can 

consequently be expected from post-exposure prophylaxis (PEP), especially since 

administration of the measles vaccine after infection is largely ineffective unless given 

within the first hours after exposure (figure 1) [34].

Providing proof-of-concept for PEP efficacy, passive immunization with measles 

immunoglobulins (measles IgG) prevents measles when given within six days of contact 

[35], and administration up to nine days post infection still reduces subsequent measles 

symptoms [35,36]. Since no alternative therapies currently exist, the German Standing 

Committee on Vaccination (STIKO), for instance, recommends that measles IgG PEP is 

administered intravenously to high-risk groups such as infants below 6 months of age, 

susceptible pregnant women, and immunocompromised patients ineligible for measles 

vaccination, preferentially within 6 days after the alleged exposure [37]. However, the 

availability of measles IgG is limited, especially since MeV neutralizing antibody titers have 

declined since measles immunity of human plasma donors has become predominantly 

vaccine acquired [38]. Individual IgG batches are not standardized, the product is cost-

intensive, deployment requires a cold chain, and intravenous treatment must be administered 

by trained healthcare professionals under sterile conditions. These limitations compromise 

application to lower risk groups in high-income countries and essentially exclude IgG-based 

PEP for low and middle-income countries, in which measles case numbers are highest.

To respond to the needs of high- and low-income country populations alike, a viable 

replacement of the problematic IgG component of measles PEP cannot compromise on four 

fundamental demands: the drug product must be amenable to cost-effective manufacture, 

shelf-stable at ambient temperature, orally bioavailable, and safe for prophylactic use in 

children. Of the three major therapeutic classes – biopharmaceuticals, synthetic therapeutic 

peptides, and chemically synthesized small-molecule (SMOL) pharmaceuticals – only 

SMOLs, which currently comprise over 80% of licensed therapeutics, have the potential to 

meet each of these requirements [39].

As a second conceivable indication in addition to use in PEP, a measles therapeutic may be 

beneficial for improved management of validated, rare measles complications such as acute 

demyelinating encephalomyelitis (ADEM) [40], measles inclusion body encephalitis 

(MIBE) [41], and subacute sclerosing panencephalitis (SSPE) [42,43]. Of these, MIBE and 

SSPE are associated with prolonged phases of viral replication in the brain, and both are 

ultimately fatal due to neurological damage. Whereas MIBE develops within two to six 

months of primary measles [44,45], SSPE typically occurs years after measles and disease 

progression after first manifestation varies among patients from rapid advance to chronic 

encephalitis. Approximately 95% of patients die within three years of SSPE diagnosis [46], 
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although aggressively advancing SSPE is fatal on average within three months. MIBE is 

concentrated in the immunocompromised. In contrast, no specific conditions predisposing 

for SSPE have been identified, although males are affected with a 3:1-ratio over females 

[46]. Experimental treatments of SSPE with broad-spectrum antivirals such as ribavirin with 

or without α-interferon have been attempted. However, results were mixed leaving the 

ultimate impact on disease outcome unclear [47,48,49,50,51,52,53,54,55] and side effects of 

the regimen are severe [56,57]. Provided effective drug concentrations can be reached in the 

CNS, a blood-brain barrier permissive MeV-specific pharmaceutical may better slow SSPE 

and MIBE disease progression and prolong life than the tested broad-spectrum candidates 

that have shown only moderate activity against MeV in cell culture tests [58].

Lastly, the overproportional health benefit of the measles vaccine beyond suppression of 

direct measles deaths has highlighted the major impact of measles immunosuppression on 

heightened population susceptibility to other infectious agents [24,33]. Accordingly, the 

health impact of measles drugs would expand tremendously if the degree of MeV-induced 

immunosuppression could be alleviated or its duration shortened when therapy is started 

after first appearance of clinical signs. Reflecting a knowledge gap in therapeutic measles 

management, efficacy evaluation of measles IgG treatment has predominantly concentrated 

on suppression of primary measles and little information is available concerning alleviation 

of long-term measles complications. With a better appreciation of the importance of measles 

immunosuppression for public health, determining the latest time point after infection at 

which measles immunosuppression can be successfully modulated has emerged as an 

important question in morbillivirus pathogenesis and drug development.

Developmental obstacles define a desirable measles drug product profile

A viable path to cost-effective manufacture must be paramount to measles drug 

development, in particular since measles PEP in low-income countries with high measles 

prevalence or local outbreaks is anticipated to be a major application of the product. SMOLs 

best respond to this request, since they can typically be produced in existing facilities, using 

established methods and available starting materials. Shelf stability and oral bioavailability 

can furthermore often be optimized if necessary through synthetic chemotype and/or 

formulation development [39], addressing three of the discussed fundamental measles drug 

profile requests. By comparison, biopharmaceuticals and synthetic peptide-type drugs are 

high cost, often require dedicated production facilities, and are typically not orally available.

However, the concerns remain that realistically the economic opportunity of a measles drug 

will be limited and that clinical testing will be challenging. In particular, clinical trial design 

may pose a major obstacle due to geographical disease prevalence and age distribution of 

measles patients. Phase 1 safety trials of drug candidates can certainly be conducted at 

established trial sites enrolling healthy adult volunteers and following well-developed 

procedures. However, no human volunteer challenge model can be established for measles 

due to disease severity and widespread anti-measles immunity in adults. Natural disease 

occurs even in Western European regions with continued endemic transmission in irregular 

sweeps of MeV through a population, infecting a large portion of the immunologically naive 

and then retreating until a sufficiently large pool of susceptible people has been restored 
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[59]. Outbreaks originating from virus importation into susceptible local communities, as 

experienced in the United States since the interruption of endemic transmission, are even 

harder to predict. A suitable site with predictable patient population for phase 2 efficacy 

testing can therefore not easily be identified in Western Europe or North America, but rather 

would need to be located in an area with low measles herd immunity such as Sub-Saharan 

Africa.

Exacerbating the problem, measles is a pediatric disease and disease burden in Sub-Saharan 

countries such as the DRC is highest in the one to nine years of age group [60]. Because 

minors cannot volunteer for a clinical trial or be enrolled by their guardians, the only 

ethically acceptable format of trial design would be that participation has some possibility of 

providing a health benefit to the enrollee. If candidates comprise children with confirmed, 

symptomatic measles at the time of enrollment, alleviation of standard clinical signs such as 

fever or rash cannot reasonably be used as primary endpoints for the reasons discussed, 

leaving objectives undefined. Testing a clinical candidate for performance in measles PEP 

would solve the endpoint problem, but actual infection with MeV would not be confirmed at 

the time of enrollment, and measles vaccination rather than experimental treatment should 

first be offered to all without measles immunity seeking medical care after a possible 

exposure.

Therapeutic candidates with a broadened anti-paramyxovirus activity spectrum could solve 

the conundrum, provided antiviral activity extends to a member of the family that causes 

predictable disease in adult patients. Paramyxoviruses of the respirovirus genus such as the 

HPIVs type 1 and 3 (HPIV1 and HPIV3), for instance, are currently not vaccine-preventable 

and are associated with major morbidity [61,62]. HPIV3 specifically infects up to 18% of 

hematopoietic stem cell transplant patients [63], of which 20-40% progress to lower 

respiratory infection within a median time of 78 days. Case fatality rates are devastatingly 

high, comprising approximately 10% after upper respiratory infection and increasing to 27% 

when viral pneumonia is acquired [64,65,66,67]. In addition to major clinical need and a 

perceived larger window of opportunity for treatment, transplant recipients are subject to 

close monitoring, maximizing the prospect of early detection of infection. Although no 

HPIV3-specific treatment is currently available, novel drug candidates such as DAS181 [68] 

and off-label use of ribavirin [69] have been explored, establishing proof-of-concept that 

clinical tests can be conducted in this patient group. A broadened antiviral activity spectrum 

that promises to benefit different patient groups may furthermore better offset the cost of 

drug development and licensing.

Traditionally, broad-spectrum activity is predominantly associated with two classes of 

antivirals, host-directed drugs that interfere with host pathways or factors commonly 

exploited by a number of viruses for their replication [70,71,72,73,74,75], and broad-

spectrum ribonucleoside analogs or their precursors such as ribavirin or T-705 [76,77,78]. In 

fact, off-label use of ribavirin alone or in combination with pegylated IFNα against measles 

was explored clinically, but outcomes were mixed [48,49,51,79,80] and ribavirin suffers 

from serious toxicity liabilities such as hemolytic anemia [56,57]. For use in measles PEP, 

broad-spectrum inhibitors are extremely unlikely to ultimately meet the safety margins 

demanded by a pediatric patient population. Better suited for this indication are well-
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behaved direct-acting antivirals that specifically block a distinct viral protein or function and 

therefore do not inherently interfere with a host activity (in contrast to host-directed 

antivirals) or affect an analogous host activity (i.e. incorporation of ribonucleoside analogs 

by host polymerases).

Status of experimental small-molecule measles therapeutics

A number of experimental SMOLs have been implicated with anti-measles activity in cell 

culture. Chemically, these compounds represent diverse classes such as fully synthetic 

molecules, natural product-derived substances, and antisense sequence molecules. The states 

of individual candidates has been reviewed before in detail [81,82]. To summarize the 

previous discussion, most of these substances were either only moderately active, cytotoxic, 

inactive when added post-infection in cell culture, or the active ingredient in natural extracts 

remained uncharacterized. Over the last 15 years, my group has applied structure-informed 

drug discovery and high-throughput screening approaches to the identification of anti-

measles SMOLs. Based on high-resolution structural insight into the docking pose and 

confirmed oral efficacy in anti-morbillivirus PEP, respectively, I consider the resulting 

AS-48 entry [83,84,85] and ERDRP-0519 polymerase [86,87,88] inhibitor classes among 

the most advanced to date.

MeV Entry Inhibition:

The entry inhibitor class stabilizes an intracellular transport-competent prefusion 

conformation of the MeV fusion (F) protein [89], which mediates merger of the viral lipid 

envelope with target cell membranes for cell invasion [90]. Docking into a microdomain 

located near the base of the prefusion F head domain [85] (figure 2) that is involved in 

regulating conformational stability of the metastable prefusion F structure [91], AS-48 

prevents refolding of the F protein into a postfusion conformation and thus viral entry. The 

compound is reportedly well-behaved, highly target-specific, and has gained considerable 

traction in the literature as a molecular probe used in characterization of F function 

[92,93,94,95,96,97,98,99,100].

Despite these apparent strengths, entry inhibitors have in my opinion limited translational 

potential against the measles indication for three reasons. Firstly, resistance to SMOL 

inhibitors of paramyxovirus and structurally closely related pneumovirus F proteins emerges 

rapidly [89,101] and does not necessarily coincide with a reduction in viral fitness and 

pathogenesis [101]. Fusion inhibitors may secondly have limited potential against MeV 

infection of the brain, which affects their usefulness for the treatment of persistent MeV 

infections. SSPE viruses in particular morph essentially into replication units during the 

multi-year incubation period before onset of neurological symptoms, accumulating a large 

number of mutations in the viral envelope proteins that greatly impair the formation of 

infectious viral particles and traditional routes of virion spread [102,103,104]. Thirdly, 

membrane fusion constitutes a unique, rapidly completed step in the viral replication cycle, 

creating a single short-lived opportunity for inhibitor action. Since the drug-target kinetics of 

non-covalently acting well-behaved SMOLs is typically characterized by high on and off 

rates, target occupancy is often intermittently low under the dynamic conditions present in 
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vivo [105,106], providing transient opportunity for a virion to bypass the block and complete 

membrane merger. Once the pharmacological entry bottleneck has been negotiated 

successfully, the viral replication cycle continues uninhibited until release of progeny 

virions. Indeed, recent results of phase 2 clinical trials with the RSV entry inhibitor 

presatovir were sobering, since the compound lacked clinical benefit when administered to 

hematopoietic-cell transplant recipients, but resistant viruses emerged in approximately 11% 

of the treatment group compared to 0% of the placebo group [107].

MeV Polymerase Inhibition:

Synthetic development of the AS-48 chemotype was therefore discontinued in favor of 

advance of inhibitors of the viral RNA-dependent RNA polymerase (RdRP) complex. 

Structurally and functionally unique to members of the mononegavirus order, the RdRP 

complex consists of a hetero-oligomer of the viral polymerase (L) protein complexed with 

the phospho- (P) protein as its obligatory molecular chaperone [108]. This P-L complex 

interacts with the protein-encapsidated viral genome, acting either as transcriptase for viral 

protein expression or replicase for the production of progeny viral genomes [108].

A number of strategic advantages suggest that RdRP inhibitors may be particularly effective: 

i) anticipated opportunity for inhibition is plentiful, because all polymerase complex 

activities – initiation at the promoter, polymerization, mRNA capping, and cap methylation – 

must be performed numerous times to complete a single viral replication cycle; ii) the 

inhibitory effect very likely does not need to be absolute, since a reduction of polymerization 

rate alone should result in virus attenuation; and iii) probably most importantly, polymerase 

inhibitors should experience an efficacy boost in vivo due to a two-pronged antiviral effect. 

Firstly, they directly suppress the expression of viral proteins and/or production of progeny 

genomes. Secondly, they should impair the ability of the virus to counteract the innate 

antiviral response of the host. Paramyxoviruses express non-structural immunomodulatory 

proteins, the V and C proteins in the case of MeV [109], that suppress the type I interferon 

response [110]. Not surprisingly, morbillivirus recombinants engineered to be defective in 

the expression of these non-structural proteins were viable, but attenuated in vivo [111,112]. 

In contrast to viral entry inhibitors, blockers of RdRP activity can therefore be expected to 

trigger pharmacological virus attenuation.

The ERDRP-0519 chemotype was first discovered in a high-throughput screen, blocking 

polymerase activity of all currently circulating MeV genotypes [88]. Synthetic hit-to-lead 

development of the scaffold has yielded the orally bioavailable lead ERDRP-0519, which 

inhibits morbilliviruses with nanomolar potency [86,87]. Pan-morbillivirus inhibition in 

particular represents a major asset of the compound, since MeV is human-tropic and no 

animal model other than non-human primates recapitulates hallmarks of human measles. 

Activity of ERDRP-0519 against closely related CDV, however, opened a path to establish 

CDV infection of one of its natural hosts, ferrets, as a surrogate efficacy assay. Reportedly, 

the CDV/ferret system accurately recapitulates the complex pathogenesis of human infection 

by MeV, including host invasion through the respiratory tract and mediastinal lymph nodes, 

primary cell-associated viremia, lymphocytopenia, fever, rash, and virus shedding from the 

respiratory tract [113]. With the exception of non-human primates, these hallmarks of 
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measles are not reproduced by laboratory animal models of MeV infection [114]. Unlike 

MeV, however, ferrets succumb to pathogenic CDV within two weeks of infection [115], 

providing a decisive primary efficacy marker.

When tested in the CDV/ferret system, PEP with oral ERDRP-0519 resulted in complete 

survival of all treated animals, reduced viral burden by over two orders of magnitude, and 

almost completely alleviated all clinical signs of disease [86]. Prolonged twice-daily 

treatment was well tolerated without signs of adverse effects. The CDV/ferret model 

furthermore confirmed the anticipated pharmacological attenuation benefit associated with 

viral polymerase inhibitors, since ERDRP-0519 PEP resulted in a massive increase of the 

expression of effector interferon-stimulated genes four days after the initiation of treatment 

compared to control animals [86].

Resistance profiles of the chemotype against MeV and CDV closely overlapped [86,116], 

identifying hot-spots in direct proximity of the polymerase catalytic site for phosphodiester 

bond formation (figure 3). Importantly, resistance was in all cases associated with reduced 

viral fitness, attenuation, and/or reduced transmission success of the resistant variant 

compared to the genetic parent virus [86]. In addition, ERDRP-0519 was found to be shelf-

stable at ambient conditions for over one year and a cost-effective scalable chemical 

synthesis strategy was established [86]. This compound thus meets the central requests of a 

measles drug product profile. The CDV/ferret efficacy model furthermore provides a viable 

system for final de-risking of the asset prior to formal development.

Summary and perspective

Considering the precedent set by successful measles IgG PEP, an effective anti-MeV drug 

can reasonably be anticipated to provide clinical benefit when used for PEP in cases when 

vaccination is declined, unavailable, or contraindicated. In order to provide viable 

replacement of the measles IgG component especially in low-income countries where the 

clinical need is greatest, the successful therapeutic must be amenable to cost-effective 

manufacture, shelf-stable at ambient temperature, orally bioavailable, and safe for 

prophylactic use in pediatric patients. A direct-acting anti-MeV SMOL provides the best 

perspective to address these fundamental requirements and the SMOL ERDRP-0519 has 

indeed emerged as a promising developmental candidate. Targeting of the viral polymerase 

complex specifically promises to provide high anti-MeV impact in vivo, resulting from a 

combination of direct antiviral activity and pharmacological viral attenuation. However, the 

problem remains that the path to clinical advance beyond phase I safety trials in adult 

volunteers is unclear. Drug candidates with broadened activity spectrum could mitigate the 

obstacle, provided they ultimately meet the stringent safety profile required for PEP use in 

pediatric patients.

When entertaining the development of a SMOL for measles PEP, it must also be considered 

whether a therapeutic could actually interfere with vaccination drives by providing vaccine-

skeptics with a perceived alternative option. Of course, the current trivalent MMR vaccine 

provides protection not only against measles, but also against mumps and rubella. Even if 

that added benefit is ignored, all evidence suggests that the risk of discouraging vaccination 

Plemper Page 9

Curr Opin Virol. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



is minimal for a drug that is designed predominantly for measles PEP. The German 

recommendation to make measles IgG available to the unvaccinated for PEP, for instance, 

has not triggered a decline in vaccination rates in Germany. In fact, it appears that the 

availability of measles PEP has little, if any, relevance for the decision-making process of 

vaccine skeptics, and the same can reasonably be expected to apply to a therapeutic 

replacing the measles PEP IgG component. Almost 20 years after launch of the global 

Measles & Rubella Initiative and despite best efforts, global measles elimination has lost 

ground in 2019 in several geographical regions. Rather than pursuing a more-of-the-same 

strategy and viewing a therapeutic as a potential threat to viral eradication plans, a drug 

suitable for cost-effective measles PEP could actually provide a fresh opportunity to expand 

our antiviral arsenal and in conjunction with vaccination contribute to breaking the threat of 

a prolonged eradication endgame stalemate.
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Figure 1. 
Timeline of MeV load, clinical signs (fever and rash), and immunosuppression phase during 

acute measles based on [59]. Approximate efficacy cut-offs for post-exposure vaccination 

and measles IgG PEP are shown.
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Figure 2. 
Docking pose of the MeV entry inhibitor AS-48 to MeV F. A ribbon model of the of the 

prefusion F trimer, colored by monomer, in complex with AS-48 is shown (PDB 5YZC). 

The prefusion head and stalk domains are highlighted. Docked AS-48 is depicted in 

magenta, resistance hot-spot N462 [89] is shown in black. The target membrane attack 

domain, the fusion peptides [90] are highlighted in red.
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Figure 3. 
Target site mapping of the MeV polymerase inhibitor ERDRP-0519. Homology model of 

the MeV L protein based on the coordinates reported for VSV L (PDB 5A22) and colored 

by functional domain. The catalytic center for phosphodiester bond formation (GDNQ) is 

shown with blue spheres, confirmed resistance sites are specified and shown in magenta.
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