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Abstract

Bundibugyo virus disease, caused by Bundibugyo virus (Orthoebolavirus bundibugyoense),
is a severe human Ebola disease with substantial mortality, unresolved reservoir ecology,
limited diagnostic implementation, and no licensed vaccines or therapeutics specifically
approved for this Orthoebolavirus species. The May 2026 public health emergency in the
Democratic Republic of the Congo and Uganda renewed the need for a focused synthesis
of Bundibugyo virus-specific diagnostics and medical countermeasures. This review syn-
thesizes the peer-reviewed literature, preprints, and official public-health documents on
diagnostics, antivirals, therapeutics, vaccines, and post-exposure prophylaxis. Comparative
evidence from the Ebola virus, Sudan virus, Marburg virus, and pan-filovirus platforms is
included only where it clarifies Bundibugyo virus-specific evidence, exposes unsupported
extrapolation, or defines preparedness gaps. The 2007-2008 outbreak showed that assays
optimized for known filoviruses can miss divergent ebolaviruses; the 2026 outbreak under-
scored the importance of diagnostic breadth, sequencing-based confirmation, decentralized
laboratory capacity, and regional coordination. Clinical and immunological data indicate
that Bundibugyo virus cannot be reduced to an Ebola virus-like model. Countermeasure
evidence remains largely preclinical: recombinant vesicular stomatitis virus vaccines ex-
pressing Bundibugyo virus glycoprotein provide the strongest direct animal protection
data, whereas antiviral and antibody-based evidence varies widely and requires careful
separation of direct Bundibugyo virus data from platform-based extrapolation.

Keywords: Bundibugyo virus disease; Orthoebolavirus bundibugyoense; filoviruses; diagnos-
tics; antivirals; antibodies; vaccines; post-exposure prophylaxis; neglected tropical disease;
viral hemorrhagic fever

1. Introduction

Bundibugyo virus (BDBV) is an Orthoebolavirus assigned to the species Orthoebolavirus
bundibugyoense in the family Filoviridae [1]. Under contemporary filovirus disease terminol-
ogy, disease caused by BDBV is best referred to as Bundibugyo virus disease (BVD) or Ebola
disease caused by BDBV, whereas Ebola virus disease in the strict sense refers to disease
caused by Ebola virus (EBOV), assigned to Orthoebolavirus zairense [1-3]. This distinction is
not merely semantic. Species-level differences among ebolaviruses affect diagnostic target
choice, antigenic coverage, animal-model behavior, vaccine design, therapeutic breadth,
and interpretation of medical countermeasure evidence.

The first recognized BVD outbreak occurred in Bundibugyo District, western Uganda,
during August 2007-February 2008, with Kikyo, Kabango, and Bundibugyo shown in
Figure 1 [4-7]. The putative index patient in the epidemiological case-series investigation
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was a 26-year-old woman from Kabango village, Kasitu subcounty. She was hospitalized
on 1 August 2007, delivered a preterm infant the following day, developed diarrhea and
difficulty breathing without hemorrhagic manifestations, and died on 4 August [5]. The
initial cluster associated with this patient included nine case patients and six deaths,
corresponding to a 67% case-fatality rate [5].

In the full outbreak investigation, 192 persons met the suspected-case definition; 42
were laboratory-confirmed, 74 remained probable, and 76 were laboratory-negative and
classified as non-cases [5]. Overall, 39 of 116 confirmed or probable cases died, correspond-
ing to a 34% case-fatality rate, while the rate among confirmed cases was 33% [5]. The Cen-
ters for Disease Control and Prevention (CDC) outbreak-history summary lists 131 reported
cases and 42 deaths for the 2007 Uganda outbreak, corresponding to a 32% case-fatality
rate [7]. These differences reflect different case definitions and reporting denominators
rather than a single uniform dataset [5-8]. Among 26 hospitalized laboratory-confirmed
patients with detailed clinical data, the most frequent symptoms included non-bloody diar-
rhea, severe headache, asthenia, nausea or vomiting, myalgia, abdominal pain, dysphagia,
and appetite loss. Hemorrhagic manifestations were recorded in seven patients, six of
whom died [6].

The second recognized BVD outbreak occurred in 2012 in northeastern Democratic
Republic of the Congo (DRC), centered on the Isiro Health Zone in the former Orientale
Province, with Isiro and Dungu shown in Figure 1 [9-11]. The definitive index case was
not identified. The earliest polymerase chain reaction (PCR)-confirmed BDBV-containing
sample described in the retrospective molecular analysis came from a clinic nurse in Isiro
whose disease onset was estimated as 28 June 2012. This patient had several possible
exposures, including direct contact with sick persons, funeral attendance, and exposure to
bats [11].

The 2012 outbreak resulted in 38 laboratory-confirmed cases and 13 deaths, corre-
sponding to a 34% case-fatality rate among laboratory-confirmed cases [7,11]. A broader
clinical dataset that included probable and suspected cases reported 62 cases and 34 deaths,
corresponding to a 46.8% case-fatality rate [10,11]. Retrospective sequencing expanded the
available genomic dataset and challenged a simple single-introduction interpretation by
identifying evidence compatible with earlier BDBV circulation and more than one spillover
or introduction scenario [11]. The World Health Organization (WHO) summarizes the
case-fatality rates of the previous two BVD outbreaks as approximately 30-50% [12]. BDBV
should therefore not be described as a mild or marginal ebolavirus. Rather, it is a recurrent
human ebolavirus for which the diagnostic and medical countermeasure evidence base is
much smaller than that for EBOV.

Bundibugyo virus has usually been addressed within broader reviews of Ebola disease,
filovirus genomics, ebolavirus virulence, vaccines, or therapeutics [3,13-16]. These reviews
provide essential context, but they do not synthesize BDBV-specific diagnostic recognition,
small-molecule antiviral evidence, antibody-, protein-, peptide-, and nucleic-acid-based
therapeutics, vaccines, and post-exposure prophylaxis as a single preparedness problem.
To our knowledge, no dedicated review has evaluated BDBV diagnostics and medical
countermeasures across these categories. The current outbreak and the absence of licensed
BDBV-specific vaccines or therapeutics make this gap operationally relevant rather than
merely taxonomic.

This review prioritizes studies containing direct BDBV diagnostic, clinical, immuno-
logical, animal-model, antiviral, antibody, vaccine, or post-exposure data. Evidence is
interpreted by category: direct human BVD data; authentic BDBV challenge data from
nonhuman primates (NHPs), ferrets, or other animal models; authentic BDBV in vitro data;
BDBYV surrogate-virus animal data; BDBV glycoprotein (GP)-pseudotyped or minigenome
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data; BDBV antigen-inclusion data; BDBV epitope-focused design evidence; extrapolation
from other filoviruses; and official outbreak or preparedness documentation. Virus and
taxon names follow current International Committee on Taxonomy of Viruses (ICTV) tax-
onomy, while disease terminology follows contemporary filovirus disease nomenclature
recommendations [1,2]. Preprints and official public-health documents were used where
appropriate for diagnostic, outbreak, sequencing, coordination, or operational prepared-
ness context, but not as efficacy evidence unless the underlying study design supported
such interpretation.

During the May 2026 BVD public health emergency in the DRC and Uganda, the
Ministry of Public Health, Hygiene and Social Welfare of the DRC declared the country’s
17th Ebola disease outbreak, affecting the Rwampara, Mongbwalu, and Bunia health zones
in Ituri Province (Figure 1) [17]. The WHO was alerted on 5 May 2026 to a high-mortality
illness in Mongbwalu Health Zone, including deaths among health workers [12]. The
earliest suspected case described in the WHO disease outbreak notice was a health worker
with symptom onset on 24 April 2026 who died at a medical center in Bunia [12]. On
14 May 2026, the Institut National de Recherche Biomédicale (INRB) analyzed 13 blood
samples from the Rwampara Health Zone; BVD was confirmed in eight samples on 15 May
2026 [12].

The WHO subsequently determined that Ebola disease caused by BDBV in the DRC
and Uganda constituted a public health emergency of international concern [18]. Reported
counts evolved rapidly. The WHO statement published on 17 May 2026 reported eight
laboratory-confirmed cases, 246 suspected cases, and 80 suspected deaths in the Ituri
Province as of 16 May 2026 [12,18]. The CDC 19 May 2026 situation report, citing the DRC
and Uganda Ministries of Health, subsequently reported 536 suspected cases, 105 probable
cases, 34 confirmed cases, and 134 deaths across the DRC and Uganda [19]. On 20 May
2026, Reuters, citing WHO officials, reported 600 suspected cases, 139 suspected deaths,
51 laboratory-confirmed cases in the DRC, and two confirmed cases in Uganda; the same
report stated that investigations were ongoing and that transmission may have begun
approximately two months before formal confirmation [20].

The CDC also reported that the two BVD cases identified in Uganda were not locally
acquired, but occurred in persons who had traveled to Kampala from the DRC; one patient
died, and no onward transmission had been reported in Uganda [19]. The DRC outbreak
had been reported in nine health zones in the Ituri Province as of 18 May 2026 [20]. Africa
Centres for Disease Control and Prevention (Africa CDC) responded as the African Union’s
regional public-health authority, convening urgent regional coordination with the DRC,
Uganda, South Sudan, WHO, and other partners [21]. Africa CDC highlighted the risk
of further spread related to urban transmission, mining-associated mobility, insecurity,
infection-prevention gaps, and cross-border movement [21]. BEACON event reports subse-
quently recorded additional outbreak-tracking information, including Goma as a reported
DRC location and an unspecified preliminary positive test in South Sudan [22]. South Su-
dan should be treated as preliminary event-tracking information unless confirmed in WHO,
CDC, Africa CDC, or national Ministry of Health reporting. Subsequent WHO-convened
advisory meetings identified candidate therapeutics and vaccines for clinical-trial evalua-
tion during the 2026 BVD outbreak, while emphasizing that no vaccine or therapeutic was
licensed specifically for BVD and that the identified products should be used exclusively
within clinical trials [23].

The 2007-2008 BDBV outbreak provides the historical precedent for a diagnostic
vulnerability that remains central to BVD preparedness: target mismatch can occur when
assays are optimized for known filoviruses but the causative ebolavirus species is unknown.
A divergent ebolavirus was identified only after initial assays optimized for then-known
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filoviruses were negative and broader testing with sequencing was pursued [4]. This
episode illustrates why BVD preparedness requires diagnostic workflows that can escalate
beyond species-focused assays when the causative ebolavirus is unknown.

The May 2026 outbreak showed that this vulnerability persists. Initial real-time re-
verse transcription quantitative PCR (RT-qPCR) testing performed with an EBOV-focused
cartridge kit was negative, whereas subsequent broader testing at the Institut National de
Recherche Biomédicale (INRB) confirmed Orthoebolavirus infection and genomic sequenc-
ing identified BDBV [12,19]. This sequence illustrates the limitation of species-focused
workflows when the causative ebolavirus is unknown. It does not indicate a general failure
of cartridge-based diagnostics; rather, it shows that EBOV-directed negative results should
prompt broader testing and sequencing when clinical and epidemiological suspicion for
filovirus disease remains high [12,19,24,25].
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Figure 1. Geographic distribution of recognized Bundibugyo virus disease outbreak locations. Dots
indicate approximate outbreak-recognition, reported-affected, or index-associated locations, not
transmission routes or outbreak-area boundaries. The 2007-2008 Uganda outbreak is represented
by Kikyo, Kabango, and Bundibugyo [4-7]. The 2012 Democratic Republic of the Congo (DRC)
outbreak is represented by Isiro and Dungu [9-11]. The 2026 outbreak is represented by Mongbwalu,
Rwampara, Bunia, Butembo, and Goma in the DRC, and Kampala, Uganda, where imported cases
from the DRC were reported (as of 18 May 2026) [12,17-22].

Preparedness for BVD also extends beyond acute outbreak detection and survival.
Long-term follow-up of BVD survivors from the 2007-2008 outbreak in Uganda identified
ocular deficits, hearing loss, difficulty swallowing, sleep disturbance, arthralgia, fatigue,
constitutional symptoms, chronic health problems, and memory or confusion-related limi-
tations more than two years after infection [26]. A subsequent BVD-specific cross-sectional
study of 40 laboratory-confirmed survivors and 23 controls 16 years after infection reported
persistent multisystem sequelae, including neurological and musculoskeletal complaints,
headaches, visual disturbances, and stigma [27]. These findings support survivor follow-
up and longitudinal clinical care in the broader BVD preparedness framework, although
they do not directly inform acute diagnostic performance or countermeasure efficacy. Di-
rect BDBV-specific evidence for persistent infectious virus after recovery, relapse, semen
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shedding, sexual transmission, or treatment of persistent infection was not identified.
Addressing these questions would require clinically justified sampling beyond blood,
for example, from ocular, neurological, joint-associated, or reproductive compartments,
combined with highly optimized low-input molecular workflows, potentially including
pre-extraction virion enrichment.

The host range and transmission ecology of BDBV remain incompletely understood.
Experimental infection studies in domestic swine indicate that BDBV can infect pigs and
produce viral shedding with evidence of intraspecies transmission [28]. These data do
not establish swine as an epidemiologically important reservoir or amplifier in human
outbreaks. They do, however, show that animal host studies remain relevant to filovirus
surveillance and outbreak investigation.

Across the following sections, direct BDBV evidence is separated from BDBV-inclusive
platform data and extrapolation from EBOV, Sudan virus (SUDV), Marburg virus (MARV),
or broader filovirus studies. This distinction is essential because diagnostic, therapeu-
tic, antibody, vaccine, and post-exposure claims answer different questions depending
on whether they derive from human outbreak observations, animal challenge studies,
authentic-virus assays, minigenome systems, GP-pseudotyped reporter-particle neutraliza-
tion assays, binding studies, antigen inclusion, or platform plausibility.

2. Clinical, Pathogenesis, and Animal-Model Context for
Countermeasure Interpretation

The BDBV evidence base is smaller than that of EBOV, but it is sufficient to show
that BVD must not be treated as merely an EBOV analog. Ebolaviruses differ in genome
sequence, antigenicity, virulence, immune evasion, host response, and animal-model be-
havior [16]. These differences limit direct transfer of EBOV-derived assumptions to BDBV.

Clinical presentation and outcome data remain limited but operationally important. In
the 20072008 Uganda outbreak, hospitalized laboratory-confirmed patients frequently had
non-bloody diarrhea, severe headache, asthenia, nausea or vomiting, myalgia, abdominal
pain, dysphagia, and appetite loss; hemorrhage occurred in a minority of patients but was
associated with fatal outcome [6]. In the 2012 Isiro outbreak, systemic, gastrointestinal,
and pain-related symptoms were again frequent, bleeding was less common, and case
management and clinical documentation were challenging in the Ebola Treatment Cen-
ter setting [10]. These studies support two operational points: BVD requires laboratory
confirmation, and clinical documentation is not a secondary issue but a prerequisite for
evaluating supportive care, diagnostics, and future countermeasure use.

Immune-response data specific to BDBV further indicate that BVD pathogenesis
should not be inferred from EBOV alone. This is important because fatal EBOV dis-
ease is commonly framed around systemic inflammatory dysregulation and high pro-
inflammatory cytokine responses, whereas the limited human BDBV data available so
far do not simply reproduce that pattern. In human samples from the 2007-2008 BDBV
outbreak, fatal infection was associated with higher viral antigen levels, low concentrations
of several pro-inflammatory cytokines, including interleukin-1 alpha, interleukin-1 beta,
interleukin-6, and tumor necrosis factor alpha, and high concentrations of interleukin-
10 [29]. Antibodies were detected even in some fatal acute infections [29]. In a BDBV
rhesus macaque model, survival was associated with early activation of adaptive immu-
nity, stronger anti-BDBV antibody responses, and reduced myeloid-derived suppressor
cell-related signaling, whereas fatal disease was associated with higher viral loads and
immune dysregulation [30]. These findings do not show that BDBV pathogenesis is unre-
lated to EBOV pathogenesis, but they do show that the available BDBV immune-response
profile is not identical to the EBOV-derived fatal-disease model. BDBV-specific patho-
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genesis and countermeasure studies are therefore required rather than reliance on EBOV
extrapolation alone.

Because prospective efficacy studies during rare and sporadic BVD outbreaks are
rarely feasible, carefully justified animal models remain central to preclinical pathogenesis
and countermeasure evaluation. Ferrets infected with wild-type BDBV developed lethal
disease without viral adaptation, including viremia, viral shedding, rash, thrombocytope-
nia, lymphocyte changes, biochemical evidence of organ dysfunction, and viral antigen in
multiple organs [31]. This model is relevant for pathogenesis and countermeasure screen-
ing, although results from ferrets, immunodeficient mice, surrogate-virus systems, and
NHPs answer different questions and cannot be treated interchangeably.

Genomics is also central to outbreak recognition, species assignment, transmission
reconstruction, and assessment of countermeasure relevance [14]. In the BDBV context,
sequencing has particular importance because diagnostic assays optimized for previously
more frequently encountered species, such as Orthoebolavirus zairense (EBOV) or Orthoe-
bolavirus sudanense (SUDV), can miss divergent viruses. Genomic confirmation also en-
ables assessment of assay target compatibility and identification of sequence features
relevant to therapeutic or vaccine evaluation. For the 2007-2008 Uganda outbreak, 11 viral
genome sequences were submitted to the National Center for Biotechnology Information
(NCBI) Nucleotide database (as of 22 May 2026). However, these entries include only
two specifically named isolates: “Butalya-811250” (GenBank accessions KR063673.1 and
FJ217161.1/NC_014373.1) and “Bundibugyo-200706291” (GenBank accessions MK028856.1,
MKO028835.1, and KU182911.1). Several submissions therefore appear to represent different
sequencing platforms, assembly approaches, or presumably different cell-culture passages
rather than independent biological samples.

A similar issue applies to the 2012 DRC outbreak dataset. Initial genomic analy-
sis confirmed the first recognized emergence of BDBV in the DRC and showed that
the available 2012 genomes were approximately 98.6% identical to the 2007 Uganda
BDBV genome [9]. The four initially sequenced patient samples were highly similar
to each other and were submitted under GenBank accessions KC545393.1, KC545394.1,
K(C545395.1, and KC545396.1 [9]. In total, 23 viral genome sequences from the 2012 DRC
outbreak were submitted to the NCBI Nucleotide database (as of 22 May 2026). Among the
19 subsequently sequenced viral genomes submitted in 2020, at least five isolate names
(“Isiro-20120022-1", “Isiro-20120004”, “Isiro-20120074-1", “Isiro-20120115-1”, and “Isiro-
20120130”) occur as two different GenBank accessions each. These are likely samples from
the same patients, but were sequenced after different virus-isolation or cell-culture passage
histories. Later retrospective sequencing expanded the 2012 dataset and challenged a
simple single-introduction interpretation by identifying evidence compatible with earlier
circulation and more than one spillover or introduction scenario [11].

When interpreting expanded genomic datasets from outbreak responses, careful atten-
tion to whether sequences represent independent biological samples or technical replicates
is critical. Multiple sequences of the same isolate can inflate apparent genetic diversity and
create spurious evidence for multiple introductions through pseudo-replication, while in-
dependently acquired culture-adaptive substitutions in shared cell-line systems can create
homoplastic phylogenetic signals and artifactually cluster otherwise unrelated outbreak
samples. Phylogenetic and phylogeographic inference should therefore be based on a
dereplicated dataset with one representative per biological sample, reserving replicates for
quality-control validation of group structure and technical-noise estimation. This evolution
in interpretation illustrates why sparse genomic sampling should be treated cautiously
during early outbreak reconstruction, and why expanded datasets require explicit attention
to sample independence.
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Clinical and countermeasure frameworks centered on EBOV remain essential but
incomplete for BDBV. Broad reviews of Ebola disease summarize clinical management, in-
fection prevention and control, therapeutics, vaccines, and survivor care, but they generally
treat BDBV as one ebolavirus among several rather than as the primary subject [3]. Similarly,
filovirus vaccine reviews emphasize that vaccine development has advanced fastest for
EBOV and that countermeasures for other filoviruses require additional evidence [15,32].

This review therefore uses comparative filovirus literature only as a guardrail. Com-
parisons are included where they clarify why EBOV-focused diagnostics, vaccines, or
antibodies cannot be assumed to cover BDBV; where they identify broadly reactive plat-
forms that include BDBV experimentally; or where they define implementation questions
relevant to BVD preparedness.

3. Molecular Diagnostics and Species Identification

The central diagnostic issue in BVD is breadth of detection. Species-specific RT-
qPCR and cartridge-based assays are essential in defined outbreak contexts, but they
are not sufficient as stand-alone tools when the causative filovirus species is unknown.
A robust diagnostic workflow should combine broad filovirus screening, sequencing-
based species assignment, and subsequent species-specific confirmation [33,34]. Table 1
summarizes nucleic acid amplification assays relevant to BDBV diagnostic recognition and
outbreak response.

In the 20072008 BDBV outbreak, the causative virus was identified only after diagnos-
tic escalation beyond assays targeting then-known filoviruses. The outbreak investigation
identified a divergent ebolavirus that differed by more than 30% at the genome level from
previously recognized ebolaviruses [4]. Evidence of acute ebolavirus infection was detected
by broadly reactive antigen and serological assays [4]. By contrast, highly sensitive RT-
qPCR assays specific for known Zaire and Sudan ebolaviruses and Marburg viruses were
initially negative [4]. A more broadly reactive filovirus large polymerase gene (L) reverse
transcription PCR (RT-PCR), followed by sequence analysis of the resulting amplicons,
revealed that the virus was distinct from known ebolaviruses [4]. Subsequent genome
recovery combined random-primed metagenomic pyrosequencing from patient serum with
primer-walking completion from a virus isolate, illustrating how broad molecular screening
and sequencing-based escalation together enabled recognition of BDBV [4]. The implication
is not that the RT-qPCR assays lacked analytical sensitivity, but that the available assays
lacked appropriate target breadth for a divergent virus. After BDBV had been identified
by broader testing and sequencing, a BDBV-specific nucleoprotein (NP)-targeted RT-qPCR
assay was developed for species-specific confirmation [4].

The May 2026 outbreak provides a contemporary operational example of this diagnos-
tic escalation pathway. WHO reported that initial testing of 20 samples from the Rwampara
Health Zone at the Provincial Public Health Laboratory in Bunia using standard “Ebola
Xpert” testing was negative for EBOV [12]. In the published EBOV diagnostic literature, this
cartridge-based RT-qPCR workflow corresponds to the Xpert® Ebola Assay on GeneXpert®
Instrument Systems (Cepheid, Sunnyvale, CA, USA) [24,25]. Rapid cartridge-based EBOV
assays have been analytically validated and field-tested in EBOV outbreak settings, support-
ing near-patient use when the target virus is appropriate [24,25]. However, such evidence
does not establish pan-orthoebolavirus performance [24,25]. Samples were then referred
to INRB for further analysis, where eight of 13 blood samples from the Rwampara Health
Zone were confirmed as Orthoebolavirus-positive by RT-PCR on 15 May 2026, followed by
genomic sequencing that identified the virus species as BDBV [12]. The CDC 19 May 2026
situation report similarly described initial negative EBOV testing in the DRC, followed
by identification of Bundibugyo virus by genetic fingerprinting after eight of 13 samples
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tested positive and five were inconclusive [19]. The available public reports do not provide
the full assay-by-assay analytical workflow, primer or probe targets, or genome-generation
details for the 2026 confirmation sequence [12,19]. This sequence of events supports diag-
nostic algorithms that do not stop at an EBOV-focused negative result when clinical and
epidemiological suspicion for filovirus disease remains high.

Published broad filovirus nucleic acid amplification assays relevant to BDBV recog-
nition include several formats rather than a single pan-filovirus screening tool [35-40].
These assays differ in target gene, amplicon length, reaction format, intended use, valida-
tion material, and suitability for diagnostic versus surveillance settings. Nucleoprotein
(NP)-targeting conventional RT-PCR assays include the one-step assay that detected BDBV
ribonucleic acid (RNA) together with other then-known filoviruses, resulting in a 594-base-
pair (bp) amplicon [37], and a one-step pan-filovirus RT-PCR screening assay generating
a 317 bp sequenceable NP amplicon that detected RNA from virus isolates of BDBV, Tai
Forest virus, Reston virus, SUDV, EBOV, and MARYV [35].

The RealStar® commercial assay family (altona Diagnostics GmbH, Hamburg, Ger-
many) is based on an L-targeting broad screening hydrolysis probe RT-qPCR test that
covered the filovirus collections of European biosafety level 4 (BSL-4) laboratories before
the discovery of BDBV in 2007 [36]. Each of the three RealStar® assays addresses a dif-
ferent aim: Filoviridae family-wide screening, Orthoebolavirus genus-level screening, and
species-identification follow-up testing. The RealStar® Filovirus Screen RT-PCR Kit 1.0
(altona Diagnostics GmbH, Hamburg, Germany) [41] facilitates broad filovirus detection
with genus differentiation on recommended platforms [38]. This test functions as a prac-
tical reference assay at the beginning of a new filovirus outbreak, when no optimized
BDBV-specific RT-qPCR has yet been established, commercially implemented, or newly
listed for emergency use. It was listed under the WHO Ebola Virus Disease Emergency Use
Assessment and Listing (EUAL) framework and considered eligible for WHO procurement
for Ebola virus disease and Marburg virus disease emergency testing in 2014 [42]. Despite
this role, WHO still lists the assay, as of 8 July 2026, only as an ongoing EUL application
for BDBV nucleic-acid detection, not as a final EUL decision or procurement recommenda-
tion [43]. This assay nevertheless played an essential role in revealing the causative agent
of the 2026 BVD outbreak, as it provided the first positive molecular evidence of filovirus
infection in eight clinical BVD samples from the DRC and one sample from Uganda, en-
abling subsequent species identification by amplicon sequencing [44]. The related RealStar®
Ebolavirus RT-PCR Kit 1.0 (altona Diagnostics GmbH, Hamburg, Germany) [45] provides
BDBV-inclusive ebolavirus screening without species differentiation and was authorized by
the U.S. Food and Drug Administration (FDA) for ebolavirus RNA detection in 2014 [46].
Both RealStar® assays, the Filovirus Screen Kit and the Ebolavirus Kit, were recommended
by the Africa CDC on 22 May 2026 for the detection of BDBV [47].

Broad biosurveillance and discovery-oriented assays include a two-step pan-filovirus
dye-based RT-qPCR assay targeting NP, which detected BDBV and other mammalian-
filovirus synthetic constructs [39], and a high-throughput L-targeting dye-based RT-qPCR
assay generating a 416 bp L-gene amplicon, which detected synthetic mammalian-filovirus
RNA templates, including that of BDBV, with amplicon sequencing-based species identifi-
cation [40].

These broad assays are useful when the causative filovirus species is uncertain or for
the discovery of previously unknown virus species or strains, but they do not all answer
the same diagnostic question. Conventional endpoint RT-PCR assays [35-37] provide
amplicons long enough for species identification by Sanger sequencing. Dye-based RT-
qPCR assays [39,40] are useful for surveillance but require confirmatory analysis by high-
resolution melt curve analysis, amplicon sequencing, or other follow-up methods. Species-
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specific panel assays require selective inclusion of their BDBV-specific component [48,49].
For example, one of the four master mixes of the Research Use Only (RUO) RealStar®
Filovirus Type RT-PCR Kit 2.0 (altona Diagnostics GmbH, Hamburg, Germany) consists of
a combined SUDV /BDBV assay with two distinct fluorophore channels, while the other
three master mixes represent a duplex Reston virus (RESTV)/Tai Forest virus (TAFV), an
EBOV, and a MARV RT-qPCR test [50-52].

By contrast, previously developed cartridge-based EBOV-specific assays occupy a
narrower but important diagnostic niche. Their main value is rapid, standardized near-
patient testing when EBOV is the relevant target, whereas their limitation is target scope
rather than cartridge-based technology itself [24,25]. In a BDBV-compatible clinical or
epidemiological context, an EBOV-negative cartridge result should be interpreted within a
tiered algorithm that includes broad filovirus RT-PCR or RT-qPCR and sequencing-based
species assignment.

Because the 2026 BVD outbreak is evolving rapidly, Table 1 was expanded to include
recent commercial molecular platforms documented in WHO, regulatory, manufacturer, or
outbreak-response sources, even where peer-reviewed BDBV-specific data remain limited.
The following assays represent commercial near-point-of-care (PoC) closed systems that
integrate sample processing and detection by RT-qPCR. The BioFire® Global Fever Special
Pathogens Panel (BioFire Defense, LLC, Salt Lake City, UT, USA) is a multiplex syndromic,
two-stage nested, dye-based RT-qPCR assay for detection of 16 fever-causing pathogens,
including BDBV and other ebolavirus species [53,54]. The Xpert® Hemorrhagic Fever Panel
(Cepheid, Sunnyvale, CA, USA) detects the ebolaviruses EBOV, SUDV, TAFV, and BDBY,
although without species differentiation, as well as the other viral hemorrhagic fever (VHF)
agents MARYV, Lassa virus, and Crimean—-Congo hemorrhagic fever virus (CCHFV) [55,56].
The RADIONE Ebola Detection Kit RP017 (KH Medical Co., Ltd., Pyeongtaek-si, Republic
of Korea) [57], already employed during the current 2026 outbreak, was used to test
148 suspected BVD blood samples from the Ituri Province, DRC, and showed 95% overall
agreement with the RealStar® Filovirus Screen RT-PCR Kit 1.0 [58]. While already widely
employed in the 2026 outbreak in the DRC and recommended for BDBV detection by the
Africa CDC [47], the WHO still lists the assay, as of 8 July 2026, only as an ongoing EUL
application for BDBV nucleic-acid detection, not as a final EUL decision or procurement
recommendation [43]. The same WHO EUL application status applies to the RADIONE
Pan-Ebola Genotyping & Marburg Multiplex Kit (RP038, KH Medical Co., Ltd., Pyeongtaek-
si, Republic of Korea) [59], launched in late May 2026, which the manufacturer describes as
detecting MARYV and the Orthoebolavirus species BDBV, EBOV, SUDV, TAFV, and RESTYV,
with species-level differentiation reported for MARYV, BDBV, EBOV, and SUDV.

The WHO listed the Liferiver™ Ebola Virus (EBOV) Real Time RT-PCR Kit (QR-0220-
02, Shanghai ZJ Bio-Tech Co., Ltd., Shanghai, China) [60] as the first BDBV nucleic-acid
test under its Emergency Use Listing (EUL) procedure on 2 July 2026 [61], although the
current public assessment report was still pending as of 8 July 2026 [62]. This is the com-
mercial RT-qPCR test previously considered eligible for WHO procurement under the
2015 Ebola EUAL framework [63]. The manufacturer’s Instructions for Use (IFU) report
analytical sensitivity using “EBOV pseudovirus plasmids” diluted across several concen-
trations [60]. Testing was performed with three kit lots and three repeats per concentration,
followed by 20 confirmatory repeats at the lowest positive concentration [60]. The IFU
concludes a minimum detection level of 1 x 10° copies/mL for all four ebolavirus plasmid
materials, but does not report a probit analysis, confidence interval, dilution-series table,
standard curve, or biological-matrix effect [60]. With the specified 5 puL template input in a
25 ul reaction, 1 x 10% copies/mL corresponds nominally to approximately five copies
per reaction. By contrast, the 2019 WHO public report stated that this did not mean
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WHO prequalification and described a limited independent laboratory evaluation using
infectious EBOV Makona cell-culture supernatant spiked into healthy-donor whole blood,
with a 95% limit of detection of 23.9 RNA copies/reaction and a wide 95% confidence
interval of 13.4-405.9 RNA copies/reaction [63]. The assay thermoprofile is also notable,
combining a short 45 °C 10 min reverse-transcription step with a prolonged 95 °C 15 min
activation/denaturation step before 40 cycles of 95 °C 15 s and 60 °C 60 s [60]. This profile
may be compatible with an older chemically activated hot-start polymerase formulation,
but it makes transparent validation with RNA-containing material and clinical matrices
particularly important. For BDBV, the IFU states that primers and probes cover six listed
historical BDBV accessions, but they only represent different submissions of the same
genome of a BDBV isolate from the 2007-2008 outbreak in Uganda (GenBank IDs: FJ217161,
NC_014373, and JA489018) and the genomic sequences of three BDBV isolates from the
2012 outbreak in the DRC (GenBank IDs: KC545393, KC545394, and KC545395). As with
the other commercial molecular platforms discussed above, the Liferiver IFU does not
disclose primer/probe sequences, the target gene or region, amplicon length, or target-
region checking against 2026 BVD outbreak genomes [60]. This underscores the need for
timely peer-reviewed analytical and clinical BDBV validation and publication of Minimum
Information for Publication of Quantitative Real-Time PCR Experiments (MIQE)-level
assessment details.

Table 1. Nucleic acid amplification assays relevant to Bundibugyo virus diagnostic recognition and
outbreak response. Entries are ordered by year of publication. Abbreviations: BDBV, Bundibugyo
virus; bp, base pairs; BSL-4, biosafety level 4; BVD, Bundibugyo virus disease; CCHFV, Crimean-—
Congo hemorrhagic fever virus; DRC, Democratic Republic of the Congo; EBOV, Ebola virus; EUL,
Emergency Use Listing; GP, glycoprotein gene; L, large polymerase gene; LoD95, 95% limit of detec-
tion; MARV, Marburg virus; MGB, minor groove binder; NP, nucleoprotein gene; PCR, polymerase
chain reaction; RESTV, Reston virus; RNA, ribonucleic acid; RT-LAMBP, reverse transcription loop-
mediated isothermal amplification; RT-PCR, conventional endpoint reverse transcription polymerase
chain reaction; RT-qPCR, real-time reverse transcription quantitative polymerase chain reaction; RUO,
Research Use Only; SUDV, Sudan virus; TAFV, Tai Forest virus; VHF, viral hemorrhagic fever. Mini-
mum Information for Publication of Quantitative Real-Time PCR Experiments (MIQE) terminology is
used [64].
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China) EBOV, SUDV, .
TAEV synthetic
plasmid-target
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Sequencing complements nucleic acid amplification testing and occupies several dis-
tinct positions in this diagnostic landscape; sequencing-based approaches are summarized
in Table 2. Sanger sequencing of sufficiently long amplicons can provide species assignment
after broad RT-PCR [4,35,37]. Whole-genome sequencing of BDBV can support lineage
assignment, transmission reconstruction, and monitoring of diagnostic targets [4,9,11,14].
Agnostic or semi-agnostic metagenomic sequencing can be particularly valuable when
targeted assays are negative or when the clinical syndrome suggests a high-consequence
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viral infection but the causative agent is uncertain [14]. Field-deployable sequencing, in-
cluding Oxford Nanopore Technologies plc, Oxford, UK (ONT)-based approaches, has
demonstrated utility for near-real-time EBOV genomic surveillance and can complement
targeted diagnostics by enabling rapid genomic characterization in outbreak settings [65].
In the BVD outbreak context, sequencing should therefore be used within an informed
and flexible strategy that accounts for the outbreak phase, diagnostic question, sample
quality, viral load, biosafety requirements, available infrastructure, and need for rapid
species assignment or broader genomic epidemiological characterization, rather than as
a replacement for validated BDBV molecular assays optimized for reliable and scalable
outbreak testing [66].

Table 2. Sequencing-based approaches relevant to Bundibugyo virus species identification, genomic
confirmation, and outbreak characterization. Abbreviations: BDBV, Bundibugyo virus; L, large
polymerase gene; NGS, next-generation sequencing; NP, nucleoprotein gene; RNA, ribonucleic acid;
RT-PCR, conventional endpoint reverse transcription polymerase chain reaction.

Avproach Format Target or Diagnostic BDBV Main Source
PP Input Role Relevance Limitation
Supports .
Sanger L or NP Species BDBV Reg:iléf;a
sequencing of Amplicon product, identification  identification amp licon and [4,35,37]
broad RT-PCR  sequencing assay- after broad after broad sepuencin T
amplicons dependent RT-PCR RT-PCR c(; acit &
positivity. pactty:
Ge'norm'c Requires
confirmation, Relevant to sequencing
lineage BDBV capacity, con-
Whole or Whole or assignment, genomic tamina,tion
near-whole NGS near-whqle outbreak. re-  confirmation control, bioin- [4,911,14]
genome genome, viral  construction, and recon- formatics. and
sequencing RNA and struction of inter ret;jltion
diagnostic- the 2012 in ffas truc-
target outbreak. ture
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Relevant sensitivity
when targeted than
. D assays are optimized
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metagenomic . target or divergent . .
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sequencing agents e .
to original Requires
BDBV robust
recognition. controls and
analysis.

The diagnostic conclusion is therefore a layered model: broad screening when species
identity is uncertain, sequencing for confirmation and optimized species-specific R-T-qPCR
once the target is known as well as lineage assignment, outbreak reconstruction, and
genomic surveillance. The May 2026 outbreak, the third recognized BVD outbreak to date,
again demonstrated why BVD diagnostic workflows must accommodate species-level
uncertainty [12,19]. Africa CDC’s May 2026 response similarly highlighted laboratory
coordination, digital surveillance and data management, cross-border preparedness, and
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assessment of medical countermeasure appropriateness after sequencing confirmed the
ebolavirus species [21].

In remote, infrastructure-limited, or insecure outbreak settings, including forested or
mining-associated communities where sample transport to molecular laboratories may
be delayed, BDBV-compatible antigen rapid diagnostic tests (RDTs) could substantially
improve rapid triage, isolation decisions, and the proportion of suspected cases receiving
at least presumptive testing. However, no antigen RDT is currently recommended, listed,
approved, or clinically validated for BDBV diagnosis in the 2026 outbreak. Africa CDC’s
Diagnostics Advisory Committee concluded that no antigen RDT currently meets the
required specifications for recommendation [67], while WHO’s BDBV EUL pathway cur-
rently addresses only nucleic-acid detection tests [68]. The Day 45 International Pandemic
Preparedness Secretariat (IPPS) update reported that 27 antigen RDTs had been identified,
22 reviewed, and 11 selected for evaluation, including planned field evaluation in the
DRC and Uganda and complementary BSL-4 analytical testing [67]. Existing Ebola antigen
RDT evidence, however, is largely EBOV-derived. The OraQuick® Ebola Rapid Antigen
Test (OraSure Technologies, Inc., Bethlehem, PA, USA) is an FDA de novo-authorized
lateral-flow immunoassay for presumptive detection of antigens from viruses within the
genus Orthoebolavirus, does not provide species differentiation, and requires confirmatory
testing [69]. The FDA documentation reports analytical reactivity with SUDV and BDBYV,
in addition to EBOV, but not with tested TAFV or RESTV materials under the reported con-
ditions [69]. Clinical performance data remain mainly EBOV-based: OraQuick® Ebola RDT
showed 84.0% positive percent agreement in archived Ebola virus disease venous whole-
blood samples [69,70], while a head-to-head evaluation in eastern DRC EBOV outbreak
samples reported 61.6% sensitivity and 98.1% specificity versus the Xpert® Ebola RT-qPCR
(GeneXpert®) (Cepheid AB, Solna, Sweden) assay [71]. BDBV antigen RDTs should there-
fore be treated as an urgent preparedness gap, not as replacements for validated RT-qPCR,
broad molecular testing, or sequencing-based species assignment.

The WHO Filovirus Research and Development Roadmap emphasizes the need to
strengthen diagnostic and field laboratory capacity, develop and validate field-suitable
serological and PCR tests, support antigen rapid diagnostic test development, expand mul-
tiplex PCR and sequencing approaches, harmonize assays across countries, and strengthen
reagent repositories and evaluation standards [72].

4. Therapeutic Approaches
4.1. Small-Molecule Antivirals

Direct antiviral evidence for BDBV remains limited. A newly developed BDBV
minigenome system enabled comparison of BDBV and EBOV polymerase-complex ac-
tivity and provided a platform for antiviral susceptibility testing [73]. The same study
also tested remdesivir against infectious BDBV and EBOV in HepG2 cells, reporting
90% effective concentration values of 109.6 nM for BDBV and 284.1 nM for EBOV based on
infectious-virus readout [73]. Thus, the study provides BDBV-specific remdesivir suscepti-
bility evidence at two in vitro levels: minigenome polymerase activity and authentic-virus
cell-culture inhibition, but does not establish BDBV animal protection, post-exposure
efficacy, or clinical benefit [73].

Remdesivir has stronger evidence in EBOV models, including NHP efficacy, but those
data should not be treated as BDBV efficacy. In EBOV models, GS-5734/remdesivir showed
therapeutic efficacy in rhesus monkeys, supporting remdesivir as a filovirus antiviral
candidate [74]. For BDBYV, the appropriate interpretation is narrower: remdesivir is a
plausible BDBV-relevant antiviral candidate supported by a BDBV minigenome system,
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authentic-virus cell-culture inhibition, and broader filovirus precedent, not a validated
BVD therapy.

Polymerase-sequence variation further complicates remdesivir interpretation. Poly-
merase substitutions associated with reduced remdesivir susceptibility have been described
for EBOV [75]. At the homologous position corresponding to EBOV L polymerase residue
562, BDBV naturally encodes alanine, equivalent to the T562A substitution observed af-
ter remdesivir selection in EBOV [75]. Whether this substitution functionally reduces
remdesivir susceptibility in BDBV polymerase has not been directly established. Current
BDBV data support polymerase susceptibility, but natural polymerase diversity warrants
validation with diverse BDBV isolates under clinically relevant pharmacokinetic assump-
tions. The currently available evidence does not establish clinical efficacy, post-exposure
prophylaxis efficacy, or clinically meaningful resistance for BDBV.

Obeldesivir is relevant because oral administration could be operationally advanta-
geous for post-exposure or early treatment strategies, particularly compared with remde-
sivir, which requires intravenous administration. Post-exposure protection has been re-
ported in NHP models of SUDV, MARYV, and EBOV infection [76-78]. These studies support
obeldesivir as a broad filovirus antiviral candidate, but they do not establish BDBV efficacy.
No direct BDBV obeldesivir efficacy data were identified in the sources reviewed here.

Galidesivir, formerly developed as BCX4430 by BioCryst Pharmaceuticals, Inc.
(Durham, NC, USA) and now advanced by Island Pharmaceuticals Ltd. (Hawthorn East,
VIC, Australia), is another nucleoside analog relevant to the 2026 outbreak. Ugandan
regulatory and ethics authorities have granted approval for compassionate use under a
WHO-recognized Monitored Emergency Use of Unregistered and Investigational Interven-
tions (MEURI) protocol during the current BVD outbreak [79,80]. The program is described
as prospectively collecting clinical, safety, and virological data in infected patients, but
this should not be interpreted as regulatory approval of galidesivir or as evidence of clin-
ical efficacy. Galidesivir has filovirus-supporting preclinical evidence, including activity
against EBOV and MARYV in cell-culture and NHP models, and an EBOV rhesus macaque
study reported protection with loading-dose regimens initiated two or three days after
challenge [81,82]. No direct BDBV efficacy data were identified in the sources reviewed
here. Galidesivir should therefore be interpreted as a broad-spectrum filovirus antiviral
candidate with potential to generate rare human BVD outbreak data, not as an established
BDBYV therapy.

Favipiravir has been evaluated in filovirus animal models, but available evidence
does not establish BDBV efficacy [83]. No direct BDBV efficacy evidence was identified for
favipiravir, and no head-to-head comparison of remdesivir, obeldesivir, favipiravir, or other
small-molecule antiviral candidates in authentic BDBV infection models was identified in
the sources reviewed here.

None of the small-molecule antivirals discussed here is approved for BDBV infection
or BVD [23]; regulatory availability is indication-specific, with intravenously adminis-
tered remdesivir approved or authorized for coronavirus disease 2019 (COVID-19) by the
FDA [84] and the European Medicines Agency (EMA) [85], favipiravir lacking approval by
these agencies but authorized in selected countries for restricted indications such as novel
or re-emerging influenza in Japan [86] or restricted emergency use for mild-to-moderate
COVID-19 in India [87], and obeldesivir remaining investigational and not approved by
any regulatory authority [88].

Recent EBOV NHP data comparing the small-molecule compound remdesivir and
the antibodies monoclonal antibody 114 (mAb114), REGN-EB3/INMAZEB (atoltivimab/
maftivimab/odesivimab-ebgn), and ZMapp under uniform late-treatment conditions
showed incomplete protection for all single interventions and support continued eval-
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uation of combination approaches for advanced filovirus disease [89]. These findings
are useful for framing treatment timing and combination-therapy rationale, but they are
EBOV-specific and should not be interpreted as BDBV efficacy evidence.

The WHO Filovirus Research and Development Roadmap supports the same research
direction at the preparedness level: therapeutics should be developed and evaluated
for under-researched filoviruses, including monoclonal antibodies and antiviral agents
across the family, host-directed therapies, interventions targeting viral persistence and
sanctuary sites, and harmonized clinical evidence generation through pre-approved core
protocols and outbreak-ready platforms [72]. These roadmap priorities support BDBV
trial readiness and research prioritization, not claims of efficacy for any specific BDBV
therapeutic candidate. The small-molecule antiviral therapeutics evidence relevant to BDBV
is summarized in Table 3 according to candidate class, evidence category, BDBV-specific
findings, and main caveat.

Table 3. Small-molecule antiviral candidates and antiviral-susceptibility evidence relevant to Bundibu-
gyo virus. Abbreviations: BDBV, Bundibugyo virus; BVD, Bundibugyo virus disease; EBOV, Ebola
virus; HepG2, human hepatocellular carcinoma cell line; MARV, Marburg virus; MEURI, Monitored
Emergency Use of Unregistered and Investigational Interventions; NHP, nonhuman primate; nM,
nanomolar; RNA, ribonucleic acid; SUDV, Sudan virus; T562A, threonine-to-alanine substitution at

polymerase residue 562.
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Table 3. Cont.
Type/Class Candidate Evidence BDBV:Relevant Main Caveat Interpretation  Key Source
Category Evidence
EBOV and
. Extrapolation No strong direct other filovirus
I\;Udeoil.d? 1 Favipiravir from other BDBYV evidence data do not ciﬁfiléll(jsel [83]
analog antivira filoviruses identified establish BDBV y
efficacy

4.2. Antibody, Protein, Peptide, and Nucleic Acid Therapeutics

This therapeutic class covers antibody-, protein-, peptide-, and nucleic-acid-based
candidates, including monoclonal antibodies, antibody cocktails, bispecific antibodies, mes-
senger ribonucleic acid (mRNA)-encoded antibodies, nanobodies, peptides, and epitope-
focused design approaches. It is used here as a pharmacological grouping of non-vaccine
therapeutics distinct from small-molecule antivirals and vaccines, not as a regulatory
classification. The strength of BDBV-relevant evidence varies substantially.

Monoclonal antibodies derived from BDBV survivors provide direct evidence that
natural BDBV infection can elicit cross-reactive humoral responses. Survivor antibody
studies show that natural ebolavirus infection can elicit cross-reactive and neutralizing
antibodies, including antibodies derived from BDBV survivors [90]. Monoclonal antibody
BDBV223 is a key example. Identified from a BVD survivor, BDBV223 neutralizes BDBV
and EBOV but not SUDV, illustrating both the feasibility and limits of cross-reactive an-
tibody recognition [91]. It should be described as cross-reactive across two ebolaviruses,
not as pan-orthoebolavirus. Mechanistically, BDBV223 also has evidence beyond simple
neutralization. EBOV and BDBV can spread to neighboring cells through intercellular
connections in a process dependent on actin and T-cell immunoglobulin and mucin do-
main 1 (TIM-1) [92]. The membrane-proximal external region (MPER)-specific antibody
BDBV223 inhibits BDBV spread through intercellular connections in a bone marrow stromal
antigen 2 (BST2/tetherin)-dependent manner [92]. This finding strengthens BDBV223 as
a mechanistically informative antibody, but it remains in vitro mechanistic evidence and
should not be interpreted as animal or clinical efficacy.

Monoclonal antibody BDBV289-N provides direct BDBV NHP therapeutic evidence,
but its survival result requires careful interpretation. In rhesus macaques challenged
with BDBV, recombinant BDBV289-N, a glycan-cap-specific antibody derived from BDBV
survivor antibody work, was associated with survival of all six treated animals when
treatment was initiated as late as eight days after virus challenge [93]. However, six of ten
untreated controls in the same study also survived [93]. This study is therefore important
direct BDBV antibody evidence, but survival efficacy should not be overstated; the result is
best interpreted as promising preclinical evidence requiring confirmation in models with
more uniformly lethal challenge conditions and clinically realistic treatment windows.

Antibody model systems specific to BDBV also matter because direct BDBV test-
ing is constrained by biosafety requirements and limited animal models. A chimeric
EBOV/BDBV-GP virus caused 100% lethal infection in signal transducer and activator of
transcription 1 (STAT1) knockout mice and was used to screen BDBV GP-specific antibod-
ies [94]. In that model, BDBV223 protected three of five treated mice when administered
24 h after challenge [94]. Lethal vesicular stomatitis virus (VSV)-based surrogate mouse
models for SUDV and BDBV have also been developed to enable antibody evaluation
under biosafety level 2 (BSL-2) conditions [95]. Such models support in vivo screening but
should not be conflated with authentic BDBV NHP efficacy.
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Pan-ebolavirus antibody cocktails provide a breadth-oriented approach, but BDBV-
specific claims require careful separation by assay type and model. The two-antibody
cocktail MBP134AF provides broad preclinical filovirus protection in ferrets and NHPs,
including direct BDBV data [96]. In the BDBV ferret model, MBP134AF protected animals
against otherwise lethal challenge [96]. In the BDBV cynomolgus macaque study, five of
six treated animals survived, whereas none of three phosphate-buffered saline controls
survived [96]. These data make MBP134AF one of the strongest BDBV-relevant antibody-
cocktail candidates identified here, while still remaining preclinical and not establishing
human BVD efficacy.

Atoltivimab /maftivimab/odesivimab-ebgn (INMAZEB®/REGN-EB3) cocktail re-
quires separate interpretation from its maftivimab/REGN3479 component. INMAZEB® is
approved for treatment of infection caused by EBOV, but this indication and the clinical
efficacy evidence from the “Pamoja Tulinde Maisha” (PALM; “Together Save Lives” in
Kiswahili) trial do not establish efficacy against BDBV [97-99]. The only direct BDBV-
relevant evidence for maftivimab is component-specific in vitro evidence: maftivimab
targets a conserved glycoprotein subunit 2 (GP2) fusion-loop/quaternary epitope and
neutralized authentic BDBV in vitro [99]. This finding should not be interpreted as BDBV
efficacy evidence. The same study showed rapid selection of resistant virus under maf-
tivimab monotherapy in an EBOV GP-based escape system, whereas complete resistance
to the INMAZEB® cocktail was not observed after ten passages [99]. Moreover, public
WHO prioritization material from the 2022 SUDV outbreak reported that only maftivimab
among the three INMAZEB® antibodies could potentially neutralize SUDV, yet preliminary
NHP results showed no or limited efficacy for both the full INMAZEB® cocktail and maf-
tivimab alone [100]. Because maftivimab neutralized SUDV more potently than BDBV in
the Rayaprolu et al. assay [99], these preliminary SUDV NHP data [100] substantially limit
confidence that maftivimab would protect against BDBV in vivo. Maftivimab should there-
fore be considered an operationally discussed antibody component with authentic-virus
BDBYV in vitro activity [99] and regulatory [98] adjacency, but with substantially weaker
BDBYV efficacy evidence than BDBV289-N or MBP134AF [93,96,99,100]. MBP134AF remains
the strongest BDBV-relevant antibody candidate identified here because it combines di-
rect BDBV animal protection with a true antibody-cocktail format targeting conserved,
non-overlapping GP epitopes [96], a design feature associated with increased resistance to
antibody-driven viral escape [99].

Additional broadly reactive antibody studies, including multifunctional pan-ebolavirus
antibodies and two-antibody protective therapy approaches, support the feasibility of tar-
geting conserved GP sites [101,102]. Their relevance to BDBV depends on the exact assay,
species, and challenge model used [101,102].

The human survivor-derived antibodies 1C3 and 1C11 recognize quaternary GP
epitopes, do not cross-react with soluble GP, and were evaluated as a broad ebolavirus
antibody pair [103]. BDBV relevance is strongest for 1C11 and the 1C3/1C11 combination
in the EBOV/BDBV-GP chimeric STAT1 knockout mouse model [103]. In that model,
1C11 alone conferred 80% protection and the 1C3/1C11 cocktail conferred 100% protection
when administered 24 h after challenge, whereas 1C3 alone did not protect [103]. The
same antibody combination protected NHPs against EBOV and SUDV, but not against
authentic BDBV challenge [103]. The 1C3/1C11 data therefore support broad antibody-
design relevance and BDBV-GP surrogate small-animal activity, but do not provide direct
authentic BDBV NHP efficacy evidence.

Other antibody approaches, including FVM04/CA45, contribute to the broader pan-
ebolavirus immunotherapy landscape. Macaque monoclonal antibodies targeting con-
served filovirus GP epitopes have shown pan-ebolavirus and pan-filovirus binding profiles
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and mouse protection evidence, but without direct BDBV challenge protection [104]. A
subsequent antibody-combination study showed post-exposure protection of NHPs against
EBOV and SUDV using FVMO04/CA45 [105]. Protection against MARYV required addition of
the anti-MARYV antibody MR191 [105]. These studies support broad filovirus immunother-
apy design; however, direct BDBV efficacy cannot be inferred unless BDBV-specific testing
is included.

Bispecific antibodies are a recent strategy to broaden coverage and reduce escape.
Bispecific and cocktail-based antibody studies support dual-epitope targeting and broader
ebolavirus coverage, including protection in EBOV and SUDV models and broad activ-
ity against multiple ebolavirus species [106—-108]. Bispecific antibodies derived from the
broadly neutralizing human monoclonal antibody rEBOV-515 and the human survivor-
derived antibody 1C3 were engineered in CrossMab, dual-variable-domain immunoglob-
ulin G, and immunoglobulin G-single-chain variable fragment formats and evaluated
against EBOV, SUDV, and BDBV systems [109]. The immunoglobulin G-single-chain
variable fragment construct S1+5 showed markedly improved neutralization against re-
combinant vesicular stomatitis virus (rVSV) expressing BDBV GP compared with parental
antibodies and maintained neutralizing activity during serial passaging [109]. Several
constructs protected type I interferon receptor-deficient (IFNAR— /—) mice in rVSV-BDBV
challenge experiments [109]. This study should be included as BDBV-relevant surrogate-
virus small-animal bispecific antibody evidence. It should not be interpreted as authentic
BDBV NHP protection, and the authors themselves noted the need for further authentic
SUDV and BDBYV challenge studies under BSL-4 conditions [109].

Antibodies encoded by mRNA provide another emerging modality. An mRNA-
encoded antibody approach has been described for the pan-orthoebolavirus neutralizing
antibody 2G1 [110]. This platform is relevant to BDBV preparedness because mRNA
delivery could accelerate antibody deployment, but the evidence remains preclinical.

Computational antibody optimization is beginning to enter the filovirus countermea-
sure research. A computational-experimental pipeline was used to optimize the broad
antibodies ADI-15878 and ADI-15946 using a luciferase-expressing, envelope-defective
lentiviral reporter-particle system generated from pNL4.3-Luc-E—R— and pseudotyped
with GPs encoded by EBOV, BDBV, or SUDV GP plasmids [111]. Thus, the BDBV-relevant
result reflects neutralization of lentiviral reporter particles bearing BDBV GP, not authentic
BDBV. For ADI-15878, the W32G light-chain (W32G-LC) variant improved neutralization
of reporter particles bearing EBOV, BDBV, or SUDV GP compared with the parental an-
tibody [111]. For ADI-15946, optimized light-chain variants improved neutralization of
reporter particles bearing SUDV GP while retaining activity against particles bearing EBOV
or BDBV GP [111]. The authors performed these assays under biosafety level 2 (BSL-2)
conditions, consistent with an entry/neutralization reporter-particle assay rather than
authentic ebolavirus infection [111]. This is relevant as antibody-engineering evidence, but
it remains GP-pseudotyped lentiviral reporter-particle and binding-stage evidence and
should not be treated as authentic BDBV neutralization or protection.

Nanobody approaches have become increasingly relevant. The synthetic-library
nanobody BDBV-Nb02 targets the BDBV glycan cap [112]. Neutralization was assessed
using a pNL4.3-Luc-E—R— luciferase-expressing, envelope-defective lentiviral reporter-
particle system pseudotyped with EBOV, BDBV, or SUDV GP; thus, the BDBV-relevant
result reflects inhibition of lentiviral reporter particles bearing BDBV GP, not authentic
BDBYV [112]. BDBV-NbO02 neutralized particles bearing BDBV or EBOV GP, and bivalent
formatting improved activity, but it did not neutralize particles bearing SUDV GP [112].
Authentic-virus and animal validation therefore remain necessary, and BDBV-Nb02 should
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be considered a rapid-discovery, GP-pseudotyped reporter-particle-stage BDBV candidate
rather than a validated therapeutic.

The strongest nanobody-based BDBV-relevant protection data identified in this review
come from camelid-derived nanobodies 1A10 and BA2 [113]. These nanobodies neutralized
EBOV, SUDV, and BDBV in vitro [113]. The engineered BA2-1A10 bispecific antibody
protected rodent models, including a VSV-BDBYV challenge model [113]. This study raises
the evidence level for nanobody /bispecific approaches from GP-pseudotyped reporter-
particle-only evidence to small-animal protection in a BDBV-relevant surrogate model. It
remains preclinical, and VSV-BDBV rodent protection should not be treated as equivalent
to authentic BDBV NHP protection or human efficacy.

Peptide- and epitope-focused approaches may contribute to future BDBV therapeutic
and vaccine design, particularly where conserved GP regions are targeted. Antibodies
targeting conserved heptad repeat 2-membrane-proximal external region sites or other
conserved GP regions inform rational design of broadly reactive interventions [114-116].
The BDBV heptad repeat 2-membrane-proximal external region epitope recognized by
BDBV223 was specifically used for epitope-focused immunogen design [117]. The study
identified a sterile alpha motif (SAM) domain scaffold displaying the BDBV heptad re-
peat 2-membrane-proximal external region epitope and tested nanoparticle-displayed
immunogens in rabbits [117]. The immunogens induced robust BDBV and EBOV GP-
binding antibodies and more moderate SUDV GP-binding responses, but sera did not
show meaningful neutralization of authentic BDBV or VSV expressing BDBV GP except for
limited activity in one peptide-immunized animal [117]. This study is valuable because
it demonstrates both the promise and the difficulty of BDBV epitope-focused vaccine de-
sign: binding breadth can be induced, but neutralizing activity and protective efficacy
remain unresolved.

The antibody-, protein-, peptide-, and nucleic-acid-based therapeutics evidence rele-
vant to BDBV is summarized in Table 4 according to candidate class, evidence category,
BDBV-specific findings, and main caveat. Maftivimab/REGN3479 was not ranked as a
BDBYV efficacy candidate in this table because its direct BDBV evidence is limited to in vitro
neutralization, while public WHO SUDYV prioritization material reported no or limited
preliminary NHP efficacy for both the INMAZEB® cocktail and the single-component
maftivimab despite stronger SUDV than BDBV in vitro neutralization [99,100].

Table 4. Antibody-, nanobody-, peptide-, and nucleic-acid-based therapeutic candidates relevant to
Bundibugyo virus. Abbreviations: ADI, antibody discovery/optimization identifier; BDBV, Bundibu-
gyo virus; BST2, bone marrow stromal antigen 2; BVD, Bundibugyo virus disease; EBOV, Ebola
virus; GP, glycoprotein; IFNAR—/—, type I interferon receptor-deficient; LC, light chain; mAb,
monoclonal antibody; mAbs, monoclonal antibodies; mRNA, messenger ribonucleic acid; NHP,
nonhuman primate; pNL4.3-Luc-E—R—, luciferase-expressing, envelope-defective lentiviral reporter
construct; rEBOV-515 and rEBOV-442, broadly neutralizing human monoclonal antibodies used
in a pan-ebolavirus antibody cocktail; rVSV, recombinant vesicular stomatitis virus; STAT1, signal
transducer and activator of transcription 1; SUDV, Sudan virus; VSV, vesicular stomatitis virus.
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5. Vaccines and Post-Exposure Prophylaxis

Vaccines currently provide the most species-specific direct BDBV animal protec-
tion data. Recombinant vesicular stomatitis virus (rVSV)-based vaccines are central be-
cause they have shown rapid protection in filovirus NHP models and because licensed
EBOV vaccination uses this general platform. For BDBV, however, antigen specificity
remains decisive, and small animal numbers limit the strength of available preclinical
efficacy estimates.

The studies on rVSV-based vaccines provide the strongest direct BDBV vaccine ev-
idence, but their evidentiary weight differs by antigen and schedule. The most direct
species-specific evidence comes from recombinant vesicular stomatitis virus expressing
BDBYV glycoprotein (rVSV-BDBV-GP), which protected NHPs against BDBV challenge [118].
Heterologous rVSV evidence is less direct: a short prime-boost regimen using rVSV express-
ing SUDV GP (rVSV-SUDV-GP) and rVSV expressing EBOV GP (rVSV-EBOV-GP) protected
macaques against BDBV challenge, whereas a single blended heterologous vaccination
strategy failed [118]. Single-dose monovalent heterologous rVSV-EBOV-GP vaccination also
provided BDBV challenge evidence, but this should be interpreted as antigen-dependent
heterologous protection rather than as a general rVSV-platform guarantee [119]. Published
BDBV vaccine studies generally use small NHP cohorts and should be interpreted as
preclinical feasibility rather than licensure-level evidence. WHO-convened experts also
reviewed the potential role of the licensed EBOV vaccine ERVEBO. They concluded that
ERVEBO is not licensed for prevention of BVD and that evidence for cross-protection
against other ebolavirus species remains limited and inconclusive; WHO therefore rec-
ommended that ERVEBO should not be used outside carefully designed research settings
during BVD outbreaks [23].

Pan-filovirus vaccine platforms are relevant where BDBV antigens or BDBV challenge
data are explicit. A highly attenuated quadrivalent VesiculoVax recombinant vesicular
stomatitis virus-based filovirus vaccine formulation (rVSV-Filo) contained BDBV GP and
protected NHPs challenged with BDBV one week after vaccination [120]. This is BDBV-
inclusive NHP evidence, but it remains preclinical and should not be interpreted as human
BVD efficacy.

Human parainfluenza virus type 3 (HPIV3)-vectored pan-ebolavirus vaccine studies
add an intranasal delivery dimension [121,122]. A trivalent HPIV3-vectored ebolavirus
vaccine study reported antibody-mediated protective mechanisms [121], and a single-
dose intranasal combination pan-ebolavirus approach provided BDBYV ferret protection
data [122]. These studies support further development of BDBV-inclusive mucosal vaccine
approaches, but ferret protection and mechanistic antibody data do not substitute for BDBV
NHP or human efficacy evidence. Recent vaccine reviews argue that filovirus vaccine
development should move beyond a one-virus/one-vaccine paradigm while preserving
rigorous virus-specific evidence requirements [15,32].

Protein, virus-like particle (VLP), nanoparticle, mRNA, viral-vector, and epitope-
focused approaches differ substantially in their BDBV evidence. Protein-adjuvant vaccine
studies explicitly included BDBV GP and measured BDBV-reactive humoral and cellular
responses, but did not provide BDBV challenge protection [123]. Stabilized mucin-like-
domain-deleted glycoprotein (GPAmuc) and self-assembling protein nanoparticle (SApNP)
work included BDBV GPAmuc-WL2P* trimers and BDBV GP-presenting SApNPs, together
with BDBV pseudovirus neutralization readouts, but did not establish authentic BDBV pro-
tection [124]. Bivalent EBOV/SUDV VLP vaccination produced cross-neutralizing activity
against BDBV GP-pseudotyped particles despite lacking BDBV GP as a vaccine antigen,
which makes the BDBV relevance indirect [125]. EBOV glycoprotein ferritin nanoparticle
(GP-Fer) immunofocusing similarly supports cross-neutralizing design principles but re-
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mains EBOV-antigen based and does not provide BDBV challenge data [126]. The BDBV
heptad repeat 2-membrane-proximal external region (HR2-MPER) nanoparticle immuno-
gen provides a useful negative design lesson: BDBV and EBOV GP-binding responses were
induced, but meaningful BDBV neutralization and protection were not established [117]. By
contrast, the lipid nanoparticle (LNP)-formulated mRNA vaccine encoding EBOV, BDBV,
and SUDV GPs plus EBOV NP ([GPs+NP]J@LNP) includes BDBV GP and provides BDBV-
relevant rodent challenge and authentic BDBV immunodeficient-mouse exposure data,
although no BDBV NHP or human efficacy data are available [127].

The BDBV vaccine pipeline changed rapidly during the 2026 outbreak. WHO-
convened experts identified the single-dose rVSV Bundibugyo vaccine candidate developed
by the International AIDS Vaccine Initiative (IAVI) as the most promising vaccine candidate,
but estimated that it would likely require 7-9 months before clinical-trial assessment [23].
A second candidate, chimpanzee adenovirus Oxford 1 (ChAdOx1) Bundibugyo, developed
by the University of Oxford and the Serum Institute of India, was considered potentially
available within 2-3 months for efficacy assessment through a clinical trial, although ad-
ditional animal data were still required to support and confirm further prioritization [23].
The Coalition for Epidemic Preparedness Innovations (CEPI) subsequently announced
fast-track support for three BDBV vaccine candidates developed by IAVI, Moderna, Inc.
(Cambridge, MA, USA), and the University of Oxford, with the Oxford candidate to be
manufactured by the Serum Institute of India [128,129]. Separate from this outbreak-specific
fast-track portfolio, the earlier CEPI/Oxford/Leipzig/Moderna multivalent filovirus pro-
gram remains relevant as long-term BDBV-inclusive pipeline evidence because it targets
EBOV, SUDV, BDBV, MARYV, and potentially additional filoviruses, with immunogens to be
tested on chimpanzee adenovirus Oxford vector (ChAdOx) and mRNA platforms [130].
These announcements are important for outbreak preparedness and trial readiness, but
they are programmatic and regulatory-development evidence rather than BDBV protective-
efficacy evidence.

Post-exposure vaccination is particularly relevant during outbreaks because many
exposures are recognized only after contact with an infected patient or body of a deceased
patient. In a post-exposure vaccination experiment, recombinant vesicular stomatitis
virus lacking native glycoprotein and expressing BDBV glycoprotein (rVSVAG/BDBV-GP)
treatment 20-23 min after BDBV challenge resulted in survival of five of six cynomolgus
macaques [131]. This is direct BDBV evidence, but it should be described as feasibility under
artificial experimental conditions: treatment was administered within minutes of challenge,
in a small treated cohort, with a single untreated concurrent control and reliance on
historical controls, after a defined intramuscular laboratory challenge [131]. Occupational
or community exposures in field outbreaks are usually recognized substantially later than
this experimental interval. The field applicability of this approach after delayed exposure
recognition therefore remains unknown, and no published BDBV post-exposure vaccination
study has addressed delayed recognition intervals comparable to many occupational or
community exposure investigations.

Post-exposure prophylaxis (PEP) should be considered separately from pre-exposure
vaccination and treatment. The rVSVAG/BDBV-GP study therefore represents direct but
limited vaccine PEP evidence under artificially early treatment conditions [131]. Antiviral
PEP evidence is indirect for BDBV: obeldesivir has post-exposure NHP efficacy against
SUDV, EBOV, and MARYV and was prioritized by WHO for BVD PEP evaluation, but no
direct BDBV efficacy data were identified [23,76-78]. Remdesivir should be interpreted as
a BDBV treatment-trial candidate supported by authentic-virus cell-culture susceptibility,
not as BDBV PEP evidence [23,73]. Antibody or nanobody PEP remains candidate-specific
and should be interpreted through the antibody evidence summarized in Table 4 rather
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than as a class-level claim [93,96,103,109,113]. No BDBV-specific studies were identified in
the sources reviewed here that evaluate combined vaccine, antiviral, and antibody-based
PEP. Such approaches should therefore be discussed only as research questions, not as
evidence-supported BVD interventions.

The WHO Filovirus Research and Development Roadmap supports several vaccine
priorities directly relevant to BDBV preparedness: advancement of additional filovirus
vaccine candidates, exploration of pan-filovirus and multivalent approaches, harmonized
immunogenicity and functional assays, immunobridging where validated correlates of
protection exist, outbreak-ready clinical trial platforms, adaptive designs for vulnerable
and high-risk groups, and resilient manufacturing and supply ecosystems [72]. These
recommendations reinforce the need to move BDBV-inclusive candidates from antigen
inclusion and small-animal evidence toward standardized, comparable, and outbreak-
deployable evaluation. Vaccine and post-exposure prophylaxis evidence relevant to BDBV
is summarized in Table 5, with pre-exposure vaccines, vaccine-development programs,
vaccine PEP, antiviral PEP, and immunotherapy PEP or early-treatment concepts separated
to avoid conflating protective efficacy, antigen design, programmatic prioritization, and
post-exposure use.

Table 5. Vaccines and post-exposure prophylaxis candidates relevant to Bundibugyo virus. Entries
are grouped by intended use and ranked within each group by directness of BDBV evidence. Ab-
breviations: [GPs+NP]@LNP, lipid nanoparticle-formulated mRNA vaccine encoding Ebola virus,
Bundibugyo virus, and Sudan virus glycoproteins plus Ebola virus nucleoprotein; BDBV, Bundibu-
gyo virus; BVD, Bundibugyo virus disease; CEPI, Coalition for Epidemic Preparedness Innovations;
ChAdOx, chimpanzee adenovirus Oxford vector; ChAdOx1, chimpanzee adenovirus Oxford 1;
CIEBOV, Céte d’Ivoire ebolavirus; EBOV, Ebola virus; GP, glycoprotein; GP-Fer, glycoprotein ferritin
nanoparticle; GPAmuc, mucin-like-domain-deleted glycoprotein; GS-5245, obeldesivir; HPIV3, hu-
man parainfluenza virus type 3; HR2-MPER, heptad repeat 2-membrane-proximal external region;
IAVI, International AIDS Vaccine Initiative, New York, NY, USA; IFNAR—/—, type I interferon
receptor-deficient; LNP, lipid nanoparticle; LU-IDD, Leipzig University Institute for Drug Discovery,
Leipzig, Germany; MOD, Moderna, Inc., Cambridge, MA, USA; mRNA, messenger ribonucleic
acid; NHP, nonhuman primate; NP, nucleoprotein; OU, University of Oxford, Oxford, UK; PEP,
post-exposure prophylaxis; PrEV, pre-exposure vaccination/prophylactic vaccine; rVSV, recombi-
nant vesicular stomatitis virus; rVSV-BDBV-GP, recombinant vesicular stomatitis virus expressing
Bundibugyo virus glycoprotein; rVSV-CIEBOV-GP, recombinant vesicular stomatitis virus expressing
Cote d’Ivoire ebolavirus glycoprotein; rVSV-EBOV-GP, recombinant vesicular stomatitis virus ex-
pressing Ebola virus glycoprotein; rVSV-Filo, recombinant vesicular stomatitis virus-based filovirus
vaccine formulation; rVSV-SUDV-GP, recombinant vesicular stomatitis virus expressing Sudan virus
glycoprotein; rVSVAG/BDBV-GP, recombinant vesicular stomatitis virus lacking native glycoprotein
and expressing Bundibugyo virus glycoprotein; SApNP, self-assembling protein nanoparticle; SII,
Serum Institute of India Pvt. Ltd., Pune, India; SUDV, Sudan virus; VLP, virus-like particle; VSVAG-
BDBV-GP, vesicular stomatitis virus lacking native glycoprotein and pseudotyped with Bundibugyo
virus glycoprotein.

Intervention Candidate or Evidence ].Sundlbugyo . . Key
Type Platform Category VlmstRelevant Main Caveat  Interpretation Source
Evidence
Vaccines and vaccine-development platforms
rVSV-BDBV-GP Strongest
protected all vaccinated =~ Small cohort;  species-specific
rVSV vaccine Authentic macaques against BDBV no human BDBV
PrEV expressing BDBV NHP challenge without overt ~ BVD data; not prophylactic [118]
BDBV GP challenge disease or detectable licensed for vaccine
viremia in the protected BVD evidence, but
cohort still preclinical
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Table 5. Cont.
Intervention Candidate or Evidence ].?»undlbugyo . . Key
Tvpe Platform Catego Virus-Relevant Main Caveat Interpretation Source
M gory Evidence
Strong
Small NHP BDBV-inclusive
Quadrivalent rVSV-Filo  cohorts; rapid multivalent
Quadrivalent Authentic vaccine included BDBV 7-day NHP evidence;
VesiculoVax GP and protected prechallenge preclinical
PrEV . BDBV NHP < [120]
rVSV-Filo challenge macaques challenged schedule is outbreak-
vaccine & with BDBV 7 days after not readiness
vaccination equivalent to signal, not
field efficacy licensure-level
evidence
Short heterologous rVSV Requlre's Shows thét
. sequential cross-species
Heterologous prime-boost protected rime-boost: VSV protection
rVSV-SUDV- Authentic macaques against BDBV pro tection is, can oclzur but is
PrEV GP/rVSV- BDBV NHP challenge, whereas the P . [118]
) schedule- less direct than
EBOV-GP challenge single blended dependent BDBV-GP-
prime-boost heterologous strategy -
failed and does not containing
use BDBV GP vaccination
Single rVSV-EBOV-GP Useful warning
7. . Heterologous h S
Monovalent vaccination gave partial protection that rVSV
heterologous Authentic heterologous protection was platform
PrEV VSV-EB OgV- GP BDBV NHP against BDBV challenge; incomplete similarity does [119]
. challenge rVSV-CIEBOV-GP did P not guarantee
vaccine and antigen-
not clearly outperform BDBV
dependent )
controls protection
Single intranasal Strong
HPIV3- . . Ferret model BDBV-relevant
vectored BDBYV ferret trivalent HPIVS vaccine only; no mucosal
;i expressing EBOV, SUDYV, g .
PrEV trivalent challenge BDBV NHP vaccine [122]
. . and BDBV GPs protected .
pan-ebolavirus evidence P . or human evidence below
. errets against lethal .
vaccine efficacy data NHP-level
BDBYV challenge .
evidence
Encodes EBOV, BDBY,
and SUDV GPs plus
surroB]zFe\—/virus EBOV NP; Rodent and Strong
animgal model BDBV-relevant testing immunodeficientBDBV-inclusive
Multivalent . included mouse data mRNA vaccine-
PrEV [GPstNPJ@LNP P 1‘”§S§{f”“ VSVAG-BDBV-GP only; no platform [127]
mRNA vaccine . .. challenge and reduced BDBV NHP evidence, but
immunodeficient- . .
mouse viral loads after or human still early
exPosUre authentic BDBV efficacy data preclinical
P exposure in IFNAR—/—
mice
Recombinant BDBV GP
Protein. Waiﬁﬁi‘fﬁ;;g‘f” Mouseim-  BDBV-inclusive
adiuvant BDBV antigen- adiuvanted GP munogenicity  immunogenic-
) inclusion and ) . only; no ity evidence;
PrEV EBOV/SUDV/ . . formulations; mouse [123]
BDBV GP rmmunogenic- studies measured BDBV BDBV cannot
. ity evidence . a. challenge substitute for
vaccines GP-binding, . .
protection protection data

neutralization, and T-cell
recall responses
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Table 5. Cont.
Intervention Candidate or Evidence ].?»undlbugyo . . Key
Virus-Relevant Main Caveat Interpretation
Type Platform Category Evidence Source
BDBV GPAmuc-WL2P*  \° g‘gg@nﬂc
Stabilized nti BE_]ZV ion GPt_nmers f.nd SBBEP challenge Explicit BDBV
BDBV GPAmuc O oo aeisty presenting SApTLS protection; rational
trimer/BDBV antigenicity, were designed and in vivo im- antigen-design
PrEV . and characterized; BDBV .. . [124]
GP-presenting . . munogenicity evidence, not
pseudovirus- pseudovirus was .
SApNP - . . was not a BDBYV efficacy
. neutralization included in .
vaccines . L BDBV- evidence
evidence cross-neutralization .
protection
readouts
study
No
BDBV HR2-MPER meaningful IIr}portaimt. nega-
. BDBYV neutral- tive/limiting
epitope was transplanted . " . .
BDBV BDBYV epitope- onto scaffold proteins 1zation except design
HR2-MPER focuSe d P and displa i don limited evidence:
PrEV epitope- . pay . activity inone  binding breadth [117]
immunogen nanoparticles; rabbit . .
focused . . o peptide- did not
nanoparticle evidence immunization induced immunized translate into
P BDBV and EBOV ;
1 . . animal; no robust
GP-binding antibodies . o
protection neutralization
data
EBOV/SUDV GP VLP
vaccination generated
sera with Cross-
BDBV L. BDBV GP neutralization
seudovirus- cross-neutralization was not part signal only;
Bivalent I?eutralization against BDBV of the vaccine; ~ weaker thar,l
PrEv EBOV/SUDV™ d NHP im- GP-pseudotyped noBDBY  BDBV-antigen- L2
VLP vaccine . particles; rhesus .
munogenicity challenge containing
- macaques developed . .
evidence protection vaccine
humoral and cellular evidence
responses to the bivalent
VLP vaccine
EBOV-based
Hyperglycosylated design; no
BDBCVréSSS[_jDV EBOV GP-Fer BDBV Relevant
EBOV GP-Fer L immunogens elicited antigen, universal-
. neutralization .. . . .
PrEV immunofocus- from cross-neutralizing authentic vaccine design [126]
ing vaccine EBOV-based activity against BDBV BDBV concept, but
candidates immunogen and SUDV in mice more  challenge, or indirect for
desi r% consistently than BDBV BDBV
& wild-type EBOV GP-Fer protection
data
No BDBV Important
Portfolio includes TAVI clinical outbreak-
. CEPI 2026 Official pro- rVSV-BDBV, MOD efﬁcac.y data; response
Vaccine- mRNA-BDBYV, and candidates context;
BDBYV fast-track gram/outbreak L. [23,128,
development . . . OU/SII ChAdOx1-BDBV  remain inves- product
vaccine trial-readiness . .. L . 129]
program ortfolio evidence candidates selected for tigational and  prioritization is
P accelerated development at different not protective-
during the 2026 outbreak readiness efficacy
stages evidence
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Table 5. Cont.

Intervention Candidate or Evidence ].?»undlbugyo . . Key
Type Platform Category VlmstRelevant Main Caveat Interpretation Source
Evidence
Long-term multivalent Program-
CEPI/OU/LU- filovirus program targets level e%/ idence Long-term
IDD/MOD Official EBOV, SUDV, BDBY, onlv: no BDBV-inclusive
Vaccine- multivalent desion- MARY, and potentially d y,t-l 1 pipeline
development ChA- program/ eggn additional filoviruses; produc .eve context, not [130]
stage pipeline . BDBV im-
program dOx/mRNA ovidence LU-IDD immunogens munogenici countermea-
filovirus are to be tested on OU genicity sure efficacy
program ChAdOx and MOD or pgotectlon evidence
mRNA platforms ata
Post-exposure prophylaxis and early post-exposure interventions
Treatment Direct BDBV
interval was vaccine PEP
minutes after  proof of concept
. 5/6 macaques survived challenge; under artificial
Authentic when small treated timing; field
Vaccine PEP rVSVAG/BDBV— BDBV NHP rVSVAG/BDBV-GP was  cohort, single applicability [131]
GP vaccine post-exposure . .
challenge administered 20-23 min concurrent after delayed
after BDBV challenge control, and exposure
historical recognition
controls; no remains
human data unproven
No direct
Oral obeldesivir BDBYV efficacy Operationall
Extrapolation protected NHPs after data; PEP a tlt:;ac tive ora}I
Obeldesivir/GS- from other SUDV, EBOV, and MARV utility PEP candidat
. eldesivir —_— candidate,
Antiviral PEP 5045 filoviruses plus exposure and was depends on but BDBV [23,76-78]
WHO BVD PEP  prioritized by WHO for  rapid contact officacy remains
prioritization BVD PEP evaluation identification Y
. unproven
among contacts and dosing
after exposure
BDBV289-N and Not a unified
BDBV289-N, MBP134AF have direct PEP regimen; Should be
MBP134AF, BDBV timing, dose, interpreted
1C3/1C11, Candidate- treatment/protection route, escape  through Table 4
Immunotherapy  engineered specific datasets; 1C3/1C11, risk, and candidate- [93,96,103
PEP/early bispecific antibody or engineered bispecific authentic- specific 1 0’9 1’1 3] !
treatment antibodies, and nanobody antibodies, and virus evidence, not as !
nanobody/ evidence BA2-1A10 provide protection class-level
bispecific BDBV-relevant surrogate remain antibody PEP
candidates or small-animal candidate- efficacy
protection evidence specific

6. Evidence Synthesis, Trial Readiness, and Implementation Implications

The BDBV countermeasure literature is heterogeneous, and its interpretation depends
strongly on the experimental system. The strongest direct vaccine evidence comes from
rVSV-BDBV-GP prophylactic NHP data [118] and rVSVAG/BDBV-GP post-exposure NHP
data [131]. However, both studies used small cohorts [118,131], and the post-exposure
study used a treatment interval much shorter than realistic field recognition intervals [131].
Antibody-, protein-, peptide-, and nucleic-acid-based therapeutics provide a broader but
uneven evidence landscape, ranging from BDBV survivor-derived antibody characteriza-
tion [90,91] and in vitro mechanisms [92] to chimeric mouse models [94], surrogate-virus
small-animal protection [95,109,113], direct BDBV NHP antibody treatment [93], and direct
BDBYV ferret and NHP antibody-cocktail protection [96]. Antiviral evidence is weaker
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and currently rests mainly on BDBV cell-culture susceptibility for remdesivir [73] plus
extrapolation from other filoviruses for NHP antiviral efficacy [74,76-78].

Diagnostic evidence is conceptually strong but operationally uneven. Non-commercial
broad conventional or dye-based filovirus RT-PCR/RT-qPCR assays [35,37,39,40], the
RealStar® assay suite spanning broad filovirus screening [38,41], ebolavirus screening
without species differentiation [45], species-identification testing [50], BDBV-specific and
differential species-specific RT-qPCR assays [4,48], EBOV-focused cartridge-based test-
ing [24,25], and newer commercial closed systems with BDBV-inclusive Orthoebolavirus
coverage [53-59] all have distinct roles. Targeted sequencing [4,35,37], agnostic metage-
nomic sequencing [4,14], and field-deployable genome sequencing [65] then provide species
assignment, genomic confirmation, diagnostic-target assessment, and outbreak character-
ization. The practical lesson from the current outbreak is that a negative EBOV-directed
assay result should trigger broader testing and sequencing when clinical and epidemiologi-
cal suspicion remains high [12,19], rather than ending investigation. The problem is not
simply analytical sensitivity; it is loss of negative predictive value when the assay target
does not match the causative virus [4,24,25].

Clinical and immunological evidence reinforce the same need for species-specific
interpretation. The published 2007-2008 and 2012 outbreak analyses show frequent non-
specific systemic, gastrointestinal, and pain-related symptoms, variable fever documenta-
tion, and hemorrhage in only a subset of patients [6,10]. Human cytokine and serological
data, together with rhesus macaque immune-signature data, suggest BDBV-specific host-
response patterns that should not be collapsed into a generic EBOV-derived pathogenesis
model [29,30]. This matters because therapeutic timing, antibody response, inflammatory
markers, and survival correlates may differ by ebolavirus species and model.

Trial readiness is therefore a central preparedness gap [72]. The WHO Filovirus Re-
search and Development Roadmap emphasizes outbreak-ready clinical trial platforms,
pre-approved protocols, trained teams, interoperable data systems, adaptive trial designs,
harmonized immunogenicity endpoints, harmonized serological and functional assays,
reagent repositories, rapid data-sharing agreements, regulatory and ethical pathways,
sample-access mechanisms, and inclusion of vulnerable populations [72]. These recommen-
dations are highly relevant to BDBV because outbreaks are rare, geographically constrained,
and often recognized under difficult field conditions. Without pre-positioned protocols,
harmonized assays, sample-access agreements, and regional trial networks, promising
BDBV countermeasure candidates may remain unevaluable during the short window in
which cases occur.

During the 2026 BVD outbreak, WHO-convened experts recommended MBP134,
maftivimab, and remdesivir for evaluation in clinical trials among confirmed BVD cases
and also recommended evaluation of monoclonal antibody plus remdesivir combina-
tion therapy [23]. This prioritization should be interpreted as outbreak trial-readiness
guidance rather than efficacy evidence [23]. It does not change the BDBV evidence hier-
archy: MBP134/MBP134AF and BDBV289-N have stronger direct BDBV animal-efficacy
evidence [93,96] than maftivimab [99,100], whereas remdesivir has BDBV cell-culture sus-
ceptibility evidence [73] and non-BDBV NHP efficacy evidence [74], but no BDBV animal
or human efficacy data were identified.

Publicly available sources indicate that maftivimab was prioritized for clinical-trial
evaluation [23] and that INMAZEB supply was available in the DRC [132], but no public
source identified here confirmed maftivimab administration to BVD patients or reported
preliminary BDBV efficacy outcomes [23,132,133]. The publicly described Charité case
involved combined antiviral therapy, experimental therapies, supportive care, and clinical
recovery after BDBV infection, but the administered agents were not named in the Charité
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statement [133]. Therefore, maftivimab should be interpreted as an operationally prioritized
candidate [23] because of available supply [132] and regulatory coverage through its
inclusion as a component of the approved INMAZEB® combination product [98,132], not
as a treatment with emerging BDBV clinical efficacy evidence [23,132,133].

Implementation constraints are equally important. Regulatory coordination also be-
came part of the 2026 BVD outbreak response. EMA, African Medicines Agency (AMA),
and African national regulatory authorities initiated joint engagement on clinical-trial
designs and candidate medical countermeasures [134], while noting that EBOV-targeted
countermeasures are unlikely to be effective for BDBV [134] and that customized vac-
cines, pan-filovirus monoclonal antibodies, antivirals, and well-designed randomized
clinical trials are required [134]. Official DRC, Africa CDC, WHO, and CDC sources de-
scribe response needs that include strengthened surveillance, laboratory confirmation,
contact tracing, infection prevention and control, safe care, safe burials, and risk commu-
nication [12,17,19,135], together with cross-border coordination, local border screening,
logistics, regional coordination, and response deployment under conditions of insecurity
and population mobility [17,21,135]. Very early post-exposure protection in an animal
model [131] cannot be assumed to translate to field exposures identified late, during
cross-border movement [21], or in areas where contact tracing and sample transport are
difficult [12,17,135].

Deployment constraints also differ by modality. rVSV-based vaccines provide im-
portant rapid-protection data [118,120,131], but cold-chain requirements [136], outbreak
logistics [12,17,135], access in insecure areas [17,135], and vaccine availability [23,128,129]
remain major barriers. The licensed EBOV recombinant vesicular stomatitis virus lacking
native glycoprotein and expressing Zaire ebolavirus glycoprotein (rVSVAG-ZEBOV-GP)
vaccine ERVEBO has stringent —80 °C to —60 °C storage requirements [136], illustrating
the type of logistical constraint that may affect rVSV-based platforms if comparable formu-
lations are used. Product-specific stability data would nevertheless be required before as-
suming identical cold-chain requirements for any BDBV vaccine candidate. Oral antivirals
such as obeldesivir may have operational advantages for post-exposure or early treatment
use [23,76-78], but BDBV efficacy has not been demonstrated [23]. Antibody, bispecific
antibody, and nanobody products may offer rapid protection but require candidate-specific
BDBYV validation [93,96,109,113], manufacturability, dosing feasibility, and assessment of
viral escape risk [99].

Equity and access should be treated as part of scientific preparedness, not as an
afterthought. The WHO roadmap emphasizes equitable access to knowledge, tools, medical
countermeasures, reagents, data, funding, clinical trials, diagnostics, therapeutics, and
vaccines, as well as the need for community engagement and social-science integration [72].
Africa CDC’s regional coordination role is also directly relevant because BVD outbreak
control and countermeasure evaluation require African public-health leadership, cross-
border coordination, and sustained capacity in the countries and regions most likely to face
future BDBV outbreaks [21].

Actionable priorities follow directly from this evidence hierarchy: broad diagnostic
algorithms that do not stop at EBOV-negative results; sequencing capacity for species
confirmation and assay-target assessment; authentic BDBV validation of antiviral and
antibody candidates; realistic post-exposure timing studies; standardized comparison
of antiviral, antibody, nanobody, and vaccine candidates; harmonized immunological
assays; and pre-approved, regionally led clinical and data-sharing frameworks [72]. Hu-
man outbreak observations, authentic BDBV NHP and ferret studies, surrogate animal
models, authentic-virus assays, minigenome systems, GP-pseudotyped lentiviral par-
ticle neutralization assays, binding studies, antigen-inclusion data, and extrapolation

https://doi.org/10.3390/v18070775


https://doi.org/10.3390/v18070775

Viruses 2026, 18, 775

33 of 42

from other filoviruses should remain explicitly separated because they answer different
preparedness questions.

7. Conclusions

Preparedness for BVD remains limited despite repeated outbreaks and substantial
preclinical progress. Diagnostic development has shown that broad filovirus detection and
sequencing can complement species-specific assays, but implementation remains uneven.
The May 2026 outbreak demonstrates the practical consequences of assay-target mismatch
and the value of broad RT-PCR, diagnostic escalation, sequencing-based confirmation, and
regional genomic and public-health coordination. Antiviral evidence is sparse and largely
mechanistic or cell-culture based. Antibody-, protein-, peptide-, and nucleic-acid-based
therapeutics include survivor-derived antibodies, pan-ebolavirus antibody cocktails, bispe-
cific antibodies, mRNA-encoded antibodies, nanobodies, and computationally optimized
antibody variants, but the strength of BDBV-specific evidence varies widely. Vaccines,
especially rVSV-BDBV-GP approaches, currently provide the most substantial direct BDBV
protection data, including limited post-exposure evidence in NHPs. Newer mRNA vac-
cine platforms, bispecific antibody studies, nanobody approaches, and epitope-focused
immunogen designs expand the pipeline, but most remain early, surrogate-model based, or
preclinical and require validation in higher-order models.

The main research priorities are authentic BDBV validation of antiviral and antibody
candidates, realistic post-exposure timing studies, standardized comparison of antiviral,
antibody, nanobody, and vaccine candidates, expanded evaluation of BDBV-inclusive mul-
tivalent vaccines, harmonized diagnostic and immunological assays, ethical sample-access
and data-sharing pathways, and clinical trial platforms that can be activated rapidly during
outbreaks. BVD preparedness requires neither exclusive BDBV-specific development nor
uncritical reliance on broad platforms. It requires evidence-based integration of diagnos-
tics capable of identifying BDBV early, regionally coordinated outbreak response, and
countermeasures whose breadth has been demonstrated rather than assumed.
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CIEBOV
COVID-19
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EUAL
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FDA
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GP2
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[GPs+NP]J@LNP
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GS-5734
HepG2
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INRB

IPPS
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LNP
LoD95
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mADb
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mADbs
MARV
MEURI
MGB

MIQE
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MPER
mRNA
NCBI
NGS
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biosafety level 2

biosafety level 4

bone marrow stromal antigen 2

Bundibugyo virus disease

Crimean-Congo hemorrhagic fever virus

Centers for Disease Control and Prevention
Coalition for Epidemic Preparedness Innovations
chimpanzee adenovirus Oxford vector
chimpanzee adenovirus Oxford 1

Coéte d’Ivoire ebolavirus

coronavirus disease 2019

Democratic Republic of the Congo

Ebola virus (Orthoebolavirus zairense)

European Medicines Agency

Emergency Use Assessment and Listing
Emergency Use Listing

United States Food and Drug Administration
glycoprotein

glycoprotein subunit 2

glycoprotein ferritin nanoparticle
mucin-like-domain-deleted glycoprotein

lipid nanoparticle-formulated mRNA vaccine encoding Ebola virus, Bundibugyo
virus, and Sudan virus glycoproteins plus Ebola virus nucleoprotein
obeldesivir

remdesivir

human hepatocellular carcinoma cell line

human parainfluenza virus type 3

heptad repeat 2-membrane-proximal external region
International AIDS Vaccine Initiative
International Committee on Taxonomy of Viruses
type I interferon receptor-deficient

instructions for use

atoltivimab /maftivimab/odesivimab-ebgn
Institut National de Recherche Biomédicale
International Pandemic Preparedness Secretariat
large polymerase gene

light chain

lipid nanoparticle

95% limit of detection

Leipzig University Institute for Drug Discovery
monoclonal antibody

monoclonal antibody 114

monoclonal antibodies

Marburg virus

Monitored Emergency Use of Unregistered and Investigational Interventions
minor groove binder

Minimum Information for Publication of Quantitative Real-Time PCR
Experiments

Moderna, Inc.

membrane-proximal external region

messenger ribonucleic acid

National Center for Biotechnology Information
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nonhuman primate
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recombinant vesicular stomatitis virus lacking native glycoprotein and
expressing Bundibugyo virus glycoprotein

recombinant vesicular stomatitis virus lacking native glycoprotein and
expressing Zaire ebolavirus glycoprotein
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