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Abstract 

 

In 2020 the pandemic of COVID 19 by SARS-COV 2 infected more than 27 million with more 
than 875,000 deaths. Present day world is more compact with quick mode of transport between 
far locations, this makes spread of new viral infections at alarming rates. Similarly, Filovirus is a 
family of extremely dangerous Marburgvirus and Ebolavirus with up to 90% mortality rate. Since 
first Filovirus was discovered in 1967, many outbreaks were reported from African countries. 
Increased number of infected human population in other outbreaks in 2014  2017 poses a 
question of our understanding of Filovirus reservoirs. We are beginning to understand the 
relation between virus and ecological agents and their role in the spread of disease, but it is still 
a long road ahead. To counteract and containment of Filovirus infection, it is utmost requirement 
to understand the viral life cycle patterns, agents involved and type of circulating strains in 
different geographical locations. This information will provide the basis to develop viable 
therapies to counteract future outbreaks. 
geographical area affected creates the urgency to generate effective vaccines and prophylactic 
agents so that mortalities can be controlled during future outbreaks. Therapies are required for 
pre-infection acute phase and post-infection. Here, we summarize recent advances in 
immunotherapy strategies that can be used as passive prophylaxis. We focused on development 
of recent monoclonal antibodies and cocktails that can be used as neutralizing agents or 
immunotherapy for Ebola infected patients During the pre-outbreak period it is required to 
vaccinate susceptible populations that will allow limiting the infection and mortalities. 
Furthermore, during the acute phase to neutralize virus and limiting disease symptoms, passive 
prophylaxis mean neutralizing antibodies are required. In the recent past few promising 
therapies are developed, some of these are on the clinical trial phase. Here we will review these 
therapies with their advantages in protecting against Filovirus. 
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Introduction 

As most of the world is now connected with 
air, land, and sea routes, the COVID-19 
pandemic will become a classic example of 
how a single virus can affect the whole world. 
This pandemic possesses a real threat to 
human life and the world economy. COVID 
19 situation brings the focus of whole 
scientific community on Corona CoV 2 
testing, treatment, and vaccination 
strategies. We are living in a world with the 
continuous threat of new disease and 
infection, here we have focused on available 
effective countermeasures for Filovirus 
infections, focusing on monoclonal 
antibodies. 

On May 11, 2017, the Ministry of 
Public Health of the Democratic Republic of 
the Congo notified international public health 
agencies of a cluster of suspected cases of 
Ebola Virus Disease (EVD) in the Likati 
health zone of the province of Bas Uélé. 
Teams from international agencies, including 
CDC, WHO, MSF (Doctors without Borders), 
and others, supported the Ministry of Public 

and communications efforts to respond to the 
outbreak. The response faced challenging 
logistical obstacles, including the 
remoteness of the area and limited services. 
Mobile diagnostic laboratories provided 
testing of samples in the affected areas. 
Following a period of 42 days since the 
second negative laboratory diagnostic test of 
the last confirmed patient, WHO declared an 
end to the outbreak on July 2, 2017.  
Summarizing the total 8 cases (probable or 
confirmed) 5 were laboratory confirmed and 
4 died (50%) 

(https://www.cdc.gov/vhf/Ebola/outbreaks/hi
story/chronology.html). 

Earlier Ebola Virus Disease (EVD) was 
assumed to be too lethal to spread to large 
geographical areas as the disease was 
associated with high mortality rates of upto 
100% cases (CDC, USA 2020). However, 
after 2013 outbreak primarily in Guinea, 
Liberia and Sierra Leone with 28,616 human 
cases, health agencies were forced to make 
fundamental changes in general view 
regarding the potential of EVD as a global 
threat. 

 The global health community 
recognizes the urgent need to develop 
strategies that can be used before, during 
and after any future Filovirus outbreak. 
These include development of vaccines and 
immunotherapy. The information regarding 
the eco - biology of Filovirus greatly hinder 
the development of accurate therapies. Even 
after more than 50 years, our understanding 
of Filovirus natural reservoirs is very limited. 
The limited information on natural host and 
pathology of Filovirus is one of the major 
causes of the limited development of new 
therapies. 

Here, we summarize recent advances 
in immunotherapy strategies, focusing on 
Ebola targeting monoclonal antibodies 
(mAbs) that can be used for neutralization of 
virus and their potential use as passive 
prophylaxis.  

In past few years, many epitopes on 
Ebola surface glycoproteins (GP) are 
identified. GP proteins play central role in 
virus entry inside host cells and pan out as 
effective target for mAb mediated 
neutralization. Various cocktails and mono-
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immunotherapy have been suggested with 
successful results in various laboratory 
organisms including rodents like mice and 
non-human primates (macaques).  Studies 
postulated multiple potential targets for 
interference to inhibit viral entry. These sites 
are associated with conformation and 
proteolytic cleavage-based activation of GP 
protein and interaction with its endosomal 
receptor, Niemann Pick C1 (NPC1) (Saphire 
and Aman, 2016). Peripheral B-cells isolated 
from past Ebola virus outbreak human 
survivors followed by transformation of B-
cells and screening Ebola binding antibodies, 
is one of the best methods for identification 
of immunologically safer anti-Ebola mAbs.  
One of the first mAb developed KZ52 was 
also used to characterize neutralizing 
epitope within EBOV GP, consisting of 
residues at the GP1-GP2 interface (Lee et 
al., 2008).  Similarly, cocktail of 3mAbs with 
trade name ZMappTM is also shown to be 
promising in clearance of viremia (Murin et 
al., 2014).  Recently Zhao et al., 2017 
identified several cross-neutralizing epitopes 
suggesting that pan Ebola or broad 
neutralizing antibodies (bNAbs) and cross-
protective vaccines might be developed. In 
2020 Fan P. et al., also reported various 
human origin monoclonal antibodies 
showing neutralizing effect.   

Filovirus 

The family Filoviridae is subclassified into 
three genera i.e. Ebolavirus, Marburgvirus 
and Cuevavirus (Kuhn et al. 2014).  The 
genus Ebolavirus consists of five species: 
Zaire Ebolavirus (now known as EBOV), 
Sudan Ebolavirus (SUDV), Bundibugyo 
Ebola¬virus (BDBV), Tai Forest Ebolavirus 
(TAFV) and Reston Ebolavirus (RESTV).  

The Marburgvirus genus currently consists of 
a two closely related virus types, Marburg 
Marburgvirus (MARV) and Ravn virus 
(RAVV) both classified as single recognized 
species Marburg Marburgvirus I 
(Amarasinghe et al. 2017). The Cuevavirus 
genus includes a single species, 
Lloviucuevavirus, with one member, Lloviu 
virus. Although genome of Cuevaviruswas 
dem¬onstrated to be present in bats in 
northern Spain still virus is not isolated 
(Negredo et al. 2011). 

Disease symptoms 

Ebola Virus infection is followed by initial 
nonspecific symptoms, such as fever, severe 
fatigue, weakness, and headache, sometime 
accompanied with a maculopapular rash. In 
the later phase other symptoms including 
nausea, vomiting, diarrhea, abdominal pain, 
and other appears. In severe cases lethal 
unexplained hemorrhage starts. Symptoms 
may appear anywhere from 2 to 21 days after 
exposure to Ebola, but the average is 8 to 10 
days (Brown et al. 2017; CDC 2020). 

Epidemiology  

diseases with mortality rates up to 25% to 
90%.First discovered in 1976 with 
simultaneous outbreaks in Nzara, South 
Sudan, and Yambuka, Democratic Republic 
of the Congo (previously called Zaire), by 
2013 there had been more than 1700 cases 
with a case fatality rate ranging from 25% to 
90%. Of the 5 strains of EBV 4 strains of virus 
infect humans, with Zaire Ebolavirus as the 
most commonly found causative agent in 
outbreaks (CDC). 

EVD is so fatal that until 2014 it was 
thought to be a localized disease with limited 
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risk of converting to large outbreak. The 2013 
to 2016 EVD outbreak in West Africa turned 
out otherwise and made scientific community 
to rethink the potential of EVD. During 2013-
2016 reports of cases imported in different 
countries were also very high. For the first 
time in the history of Ebola virus outbreaks, 
world witness the deadly potential of Ebola in 
term of population infected and area 
involved. Modern world easy air, land, and 
water connectivity helps the spread of the 
disease at easier and faster rate. Cases were 
imported into, some with localized onward 
transmission in Mali (8), Nigeria (20), the 
United States (2), the United Kingdom (1), 
Senegal (1), and Spain (1), along with the 
repatriation of a further 24 patients to the 
United States and Europe. World Health 
Organization (WHO) declared the conclusion 
of the Public Health Emergency of 
International Concern in March 2016, more 
than 28,000 people had been infected, with 
more than 11,00 deaths (CDC).  

Host animals 

Limited numbers of studies are available to 
understand the ecology of Filovirus Studies 
suggest that Filovirus are zoonotic. Although 
Filovirus natural reservoir (s) still not clear, 
but recently Marburgvirus and Ebolavirus 
were detected in fruit bats in Africa. 
Marburgvirus has also been isolated in 
several occasions from Rousettus bats in 
Uganda. To date, the only wild nonhuman 
primates found infected with Ebola viruses 
were African great apes: western lowland 
gorillas (Gorilla gorilla gorilla) and central 
chimpanzees (Pan troglodytes troglodytes) 
with EBOV and western chimpanzees (Pan 
troglodytes verus) with Taï Forest Ebolavirus 
(TAFV) (Leroy et al. 2004a, 2004b, 2005). 

Mortalilty is also reported by Reston 
Ebolavirus (RESTV) in long-tailed macaques 
(Macacafascicularis) held under captivity 
(Gogarten et al. 2017). 

Human Transmission  

Lawrence et al. (2017) reviewed our current 
understanding of Ebola virus transmission in 
humans.  EBOV has been detected as virus 
particle or its RNA in a range of bodily fluids 
including blood, stool, semen, breast milk, 
saliva, sweat and tears. Transmission of 
disease from infected to healthy individual is 
believed to be via contact of these body 
fluids, fomites, droplets and aerosols. 
Experimenal models using NHPs have 
shown that EBOV is both highly infectious 
and contagious; it can use many 
administration routes including oral, 
conjunctival, submucosal and respiratory 
routes. EBOV have been detected in semen 
of survivors at least up to around 500 days 
(Diallo et al. 2016). 

Viral genome and proteins 

Ebolavirion contains non segmented around 
19kb of linear, negative-sense, single-
stranded RNA. Capping and tailing of RNA 

The viral genome encodes a message for 7 
structural proteins and 1 non-structural 

leader (UTR)  NP 
 VP35  VP40  GP/sGP  VP30  VP24  

L  trailer (UTR)  1). UTR regions 
contain sequences responsible for gene 
regulation and new virus assembly. 

Understanding of Ebola Virus 
pathogenesis is used as a hallmark of 
Filovirus pathogenesis. Most of the 
information comes from experiments 
involving non-human primates. The disease 
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severity in humans and NHPs appears to be 
an outcome of aggressive virus replication 
and inflammatory response by the host 
defense system. Possibly, various cytokines 
and cytotoxic molecules are released during 

Filovirus infection that results in disease 
symptoms, including high fever, vascular 
leakage and coagulopathy (Messaoudi et al. 
2015). 

 
Figure1: Ebola Genome and corresponding products of gene products: Ebola genome is around 
19kb long ss(

 
 
Ebola genomic RNA is packed in 
nucleocapsid consisting of multiple proteins: 

and viral proteins VP35, VP30, and VP24. 
Host derived membrane envelope has two 
transmembrane proteins i.e glycoprotein 
(GP) spike trimers and VP40 matrix protein 
(Beniac et al. 2017).  GP trimers is a class I 
fusion protein and play role in attachment to 
host cells, endosomal entry, and membrane 
fusion. Many researchers have discovered 
antibodies targeting GP proteins and 
convincingly demonstrated the importance of 
GP protein as target for immunotherapy 
(Beniac et al. 2017). 

Experiments with GP expression in 
Ebola infected Vero E6 cell reveals that after 
transcription of GP gene it produces three 
type of GP proteins using post transcription 
RNA editing. Unedited mRNA 
(71%)istranslated to 364-residue soluble GP 
protein that later forms disulfide bridged 
dimers and a smaller peptide fragment called 

larger precursor of soluble GP. Around 24% 
GP mRNA are edited causing +1 shift in 
reading frame. The resulting +1 ORF 
translated to 676-residue full length GP that 
is further cleaved by Furin, forming 
membrane bound GP1/GP2 trimers. GP1 



Biotechnology Kiosk, 2, 8 (2020)                                  ISSN 2689-0852                              Page 24 
 

consists of RBS while GP2 wrap GP1 like a 
ribbon. The trimer structure forms chalice like 
structure and consists of glycan cap, 
receptor binding site (RBS), IFL cathepsin 
loop, Furin cleavage site, transmembrane 
domain, mucin like domain (M), TNF-
converting enzyme (TACE) cleavage site. 
Another 5% with +2 frameshift translated to 
much smaller soluble GP (ssGP). Both 
soluble GPs are N-linked glycosylated and 
present in easily detectable quantities body 

- linked glycosylated 
while GP1/GP2 trimers are both N- and O- 
linked glycosylated (Ning et al. 2016; Beniac 
et al. 2017). GP1/GP2 trimers are further 
cleaved to soluble GP trimers (GPCL), 
particles seen as GP shedding. 

Virus particles attach to host cell through two 
types of relatively non-specific receptors: 1. 
Carbohydrate interacting C-type lectins 

(CLECs) and 2. Phosphatidylserine (PtdSer) 
receptors that interact with the viral envelope 
Phosphatidylserine. Other receptors like 
CLECs (LSECTin, DC-SIGN [dendritic cell-
specific intercellular adhesion molecule-3-
grabbing non-integrin], L-SIGN [liver/lymph 
node-specific ICAM-3 grabbing nonintegrin], 
MBL mannose-binding lectin, and hMGL 
[human macrophage galactose- and N-
acetylgalactosamine-specific C-type lectin]) 
are also thought to play role in viral glycans 
attachment. Micropinocytosis is thought to be 
primary entry route of Ebola virus. Initially 
virus particles are trapped in endosomes 
followed by environmental changes in form of 
lowering of pH. Lower pH and possibly 
activation of some hydrolytic enzymes 
triggers conformation changes in GP1/GP2 
trimers leading to exposure of receptor 
binding domains on GP1.  

 

Figure 2: Structure of Ebola Glycoprotein (GP) trimers. 
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In endosome Nieman-Pick disease type C1 
(NPC-1)- protein is demonstrated as 
receptors for GP. Interaction with NPC-1 
promotes further conformation changes in 
GP2 leading to exposure of fusion loop that 
embedded in endosomal membrane leading 

to fusion of viral and endosomal membrane. 
The viral genomics released in cytosol to 
proceed next stages of virion replication 
cycles leading to generation of new virus 
particle (Bornholdt et al., 2016a; Miller et al., 
2012; Wang et al., 2016a).

Figure 3: Role of GP protein in viral membrane fusion with endosome membrane. 

 

Diagnostic methods 

Initial phase of Ebola infection causes 
generalized symptoms like fever, making it 
difficult to suspect Ebola symptomatically. 
Suspected patients can me diagnosed by 
any of the available methods as prescribed 
by CDC, USA. The test includes: 1. for within 
a few days after symptoms begin: Antigen-
capture enzyme-linked immunosorbent 
assay (ELISA) testing, IgM ELISA, 
Polymerase chain reaction (PCR) and Virus 
isolation; 2. Later in disease course or after 
recovery: IgM and IgG antibodies and 3. 
Retrospectively in deceased patients: 

Immunohistochemistry testing, PCR and 
Virus isolation (CDC, USA). 

Immunotherapy 

Importance of GP in virus entry make it most 
important target for the development of 
immunotherapy. Currently, three modes of 
viral targets are identified: 1. Inhibition of 
receptor binding, 2. Cathepsin-mediated 
cleavage inhibition, and 3. Blocking structural 
rearrangements of GP2 involved in formation 
of fusion loop. Monoclonal antibodies are 
currently most useful immunotherapy agents 
(Saphire and Aman 2017).  In the past few 
years, many different antibodies were 
generated using EBOV specific B-cells 
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isolated from human survivors. Other 
approaches for generation of mAbs using 
naïve antibody repertoire or somatic 
mutations were also successfully utilized. 
Summary of some antibodies are given in 
table 1. Similarly, epitopes discovered on 
GP1- GP2 trimer is given in Figure 4. One of 
the first antibodies developed was KZ52 that 
interacts with GP in its trimeric, pre-fusion 
conformation (GP1+GP2). The Ab was 
derived from B- cells of a human survivor of 
the 1995 Kikwit outbreak. KZ52 specific 
epitope were mapped to base of GP1/GP2 
trime - the assembly responsible for fusion of 
viral membrane to endosome. KZ52 proved 
to be neutralizing ab in rodents but failed to 
protect EBOV-infected non-human primates 
(NHPs) (Lee et al. 2008).  

Soon after the initial reports on anti 
EBOV antibody, idea of using cocktails of 
different antibodies were materialized. One 
of the first successful cocktails was 

consists of three monoclonal antibodies 
(mAbs). The mAbs 2G4 and 4G7, binds to 
epitope present at base of GP1/GP2 trimer, 
while mAb3C6 binds carbohydrate cap. 

5 days post-
successful candidate immunotherapy 
suggesting importance of combination of 
different target binding Ab, a key possible 
treatment for patients infected with EBV. This 
also shows importance of GP1/GP2 in viral 
entry and their importance as target for 
generation of neutralizing antibody (Wong et 
al. 2014). 

Various other antibodies were also 
developed that specifically binds to epitopes 
present on different part of GP1/GP2 trimers. 

Here we tried to summarize some of these 
antibodies with information on their targets in 
very brief. 

Furuyama et al. (2016) reported neutralizing 
mAb (6D6) that targets internal fusion loop in 
GP molecule thereby hindering membrane 
fusion of the viral envelope with endosomal 
membranes. The mAb recognize Ebolavirus 
glycoprotein, it effectively inhibits cellular 
entry all known Ebolavirus species in vitro. 
The mAb was successful in mouse models.  

Flyak et al. (2016) isolated several 
antibodies specific to glycan cap that 
neutralized multiple Ebolaviruses, including 
SUDV as demonstrated in guinea pigs. The 
ab isolate from transformed B- cell isolated 
from human survivors of 2007 Uganda BDBV 
outbreak.  

Bornholdt et al. (2016b) isolated and 
characterized 349 GP-specific monoclonal 
antibodies (mAbs). Antibodies were 
prepared from in vitro Epstein Barr virus 
mediated transformed B cells isolated from 
survived 2014 EBOV Zaire outbreak. They 
show 77% of the mAbs neutralize live EBOV, 
and several mAbs exhibit unprecedented 
potency. GP1/GP2 trimer stalk regions were 
appear to be the primary target for antibodies 
leading to inhibition of membrane fusion. The 
successful results were seen in mice. 

Keck et al. (2016) identifies a set of 
pan-Ebolavirus and pan-Filovirus 
monoclonal antibodies (FVM02) derived from 
cynomolgus macaques. The macaques were 
challenged with mixture of GP and virus-like 
particles representing three different 
Filovirus species. Many different antibodies 
were isolated with different epitopes on GP. 
Antibody binding to a highly conserved 
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epitope within the fusion loop of Ebolavirus 
and Marburgvirus species was also 
identified. Significant success in neutralizing 
EBOV was reported in mouse model of 
EBOV infection. 

Everardo González-González (2020) 
describe the development of HEK293T cells 
engineered for stable expression of 
mAb13C6, a neutralizing anti-EBOV 
monoclonal antibody. The produced 
antibodies exhibited the expected 
functionality; they recognized the GP 
glycoprotein of the Ebola virus in both ELISA 
assays and cell binding experiments using 

HEK293T cells engineered to express the 
EBOV GP at their membrane surface. 

Xiaoyan Tian (2020) reported the induction 
and isolation of two monoclonal antibodies 
that specifically recognized the glycoprotein 
(GP) and secreted glycoprotein (sGP) of the 
Ebola virus. Plasmids encoding either GP or 
sGP were constructed and immunized 
BALB/c mice, accordingly purified sGP was 
boosted. The antisera were analyzed for 
binding activity against sGP protein in 
enzyme linked immunosorbent assay 
(ELISA) and neutralization activity in a 
pseudo typed virus neutralization assay. 

 

 

Figure 4: GP1/GP2 associated epitopes. 
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Table 1. Table: Summary of mAbs identified as agents of immunotherapy against Ebola virus 

 

Antibody source Target Epitope results reference  

 
 

First Antibody used 

KZ52 (monoclonal)  1995 human 
survivor 

residues within both 
GP1 and GP2 at the 
base of the trimer 

neutralization 
and protection of 
rodents from 
EBOV  

Lee, J.E. et al. 
(2008) 

Engineered Antibody 

bispecific antibody 
(bsAb)  

engineered 
mechanism binds 
both NCP-1 and GP 

neutralization all 
EBOV, Mice 

Wec et al. 2016 

Cocktails of mAbs 

 MB-003 (MappBio) 
c13C6, h13F6, c6D8 
 

vaccinated mice  GP core, glycan cap, 
mucin-like domain 

 non neutralizer 
in absence of 
complement 

Olinger GG Jr, et 
al. (2012) 

ZMAb (Defyrus) 
c2G4, c4G7, c1H3 

vaccinated mice GP core Neutralizing, 

non-neutralizing 
(c1H3) 

Qiu et al. (2012) 

ZMapp : c13C6, c2G4, 
and c4G7 

vaccinated mice   trimeric GP chalice  100% protection 
of NHPs 5 days 
post-infection 

 Wong et al. 2014 

Next gen Cocktail: 
ADI-15878, ADI- 
15946, and/or CA45 

2014 Zaire 
outbreak and 
Macaques 

internal fusion loop 
with the N-terminus 
GP, glycan cap, 
soluble GP (sGP), 
regions of the 
trimeric GP spike 
including 

Not evaluated in 
combination  

Zhao et al. (2017) 
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Others 

2G1 + others Monoclonal 
antibodies from 
healthy person 
vaccinated with 
Ad5-EBOV 

Against GP Neutralizer P. Fan et. al.   
2020 

mAb13C6 Genetic 
engineered 
expression in 
HEK293T cells 

Against GP Neutralizer Gonzalez-Gonzalez 
et. al. 2020 

T231 and T242 Monoclonal 
antibodies  

Against glycoprotein 
(GP) and secreted 
glycoprotein (sGP) 
of the Ebola virus. 

Variable  X tian et al. 2020 

6D6  mouse 
hybridoma  

against the internal 
fusion loop (IFL) 

neutralizer Furuyama 
et al. 2016 

-
antibodies  

survivors of 2007 
Uganda BDBV 
infection 

GP \glycan cap variable  Flyak et al 2016 

349  Abs including 
2G4 or 4G7 

2014  Zaire 
outbreak 

mucin-like domain, 
glycan cap 

variable Bornholdt et al 
2016 

pan- 
filovirus antibody 
(FVM02) 

 cynomolgus 
macaques  

core GP, Glycan 
Cap, fusion loop 

variable pan 
Ebola Pan 
Filovirus 

 Keck et al.2015  

mAb100, mAb114, 
mAb165, and mAb166  

human survivor of 
the 1995 Kikwit 
outbreak 

GP2 IFL as well as 
residues at the GP1 
N terminus 

moderate 
neutralizer 

corti et. al. 2016 

mAb114  human survivor 
of the 1995 
Kikwit outbreak 

the glycan cap and 
inner chalice of GP 

human survivor 
of the 1995 
Kikwit outbreak 

Misasi et al. 2016 

pan-ebolavirus mAb, 
termed FVM04 

macaques RBS pan-Ebola and 
SUDV 

Howell et al 2016 
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CA45 macaques internal fusion loop 
with the N-terminus 
GP 

pan ebola Zhao et al. (2017)  

m21D10 mouse GP   Holtsberga et al. 
2016 

m16G8 mouse GP2   Holtsberga et al. 
2016 

m8C4 mouse glycan cap and 
possibly neighboring 
residues within the 
core GP1 and 
cathepsin cleavage 
site 

 EBOV and 
SUDV  

Holtsberga et al. 
2016 

m17C6 mouse GP   Holtsberga et al. 
2016 

m16G8, m8C4, 
m17C6, and m4B8 

mouse GP variable Holtsberga et al. 
2016 

ADI-15878, ADI-
15946, and ADI-15742 

2014  Zaire 
outbreak 

glycan cap, soluble 
GP (sGP), regions of 
the trimeric GP spike 
including the base, 
internal fusion loop 
(IFL) and the stalk 

ADI-15878 and 
ADI-15742 
shown highly 
potent 
neutralizing 
activity against 
all five known 
Ebolaviruses 

Wec et al. (2017) 

 

Corti et al. (2016) isolated peripheral B-cells 
from a survivor of the 1995 Kikwit, 
Democratic Republic of the Congo outbreak. 
One antibody (mAb100) provides protection 
in macaques up to 5 days post-infection of 
EBOV. Misasi et al. using crystal structures 
of antibodies bound GP reveals epitope near 
the tip of the GP2 IFL as well as residues at 
the GP1 N-terminus, which mediates viral 
cell entry. Interestingly mAb114 was shown 
interacting with the glycan cap and inner 

chalice of GP trimer. Even after removal of 
carbohydrate cap mAb114 remains 
associated. This binding may cause 
hindrance in interaction between GP RBS 
and NPC-1 leading to failure of membrane 
fusion. 

Another pan Ebolavirus mAb, 
(FVM04) isolated from vaccinated macaque,  
identified by Howell et al. (2016), binds to the 
tip of the RBS crest and blocks NPC-1 
binding . Wec et al. (2017) screened their 
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previously published 349 mAb library for 
broad neutralizers. Two mAbs were identified 
that could potently neutralize all five 
Ebolaviruses. The antibody targets the 
glycan cap, soluble GP (sGP), regions of the 
trimeric GP spike including the base, internal 
fusion loop (IFL) and the stalk. Prominent 
mAbs identified are the base and internal 
fusion loop (IFL) binders ADI-15878, ADI-
15946, and ADI-15742, of these ADI-15878 
and ADI-15742 shown highly potent 
neutralizing activity against all five known 
Ebolaviruses. ADI-16061 is the stalk binder. 

Zhao et al. (2017) characterizes 
antibody (CA45) isolated immunized 
macaque. CA45 targets the internal fusion 
loop with the N-terminus GP. It potently 
neutralizes Ebola, Sudan, Bundibugyo, and 
Reston viruses; therefore, it is a candidate 
immunotherapy agent that can be used alone 
or in combination with other antibodies. It 
provided full protection against all pathogenic 
Ebolaviruses in mice, guinea pigs, and 
ferrets. Zhao et al. suggested that next 
generation cocktails of mAbs can comprise 
ADI-15878, ADI- 15946, and/or CA45. 

Interestingly Wec et al. (2016) 

using bispecific antibody, in which mAbs 
specific for NPC1 or the GP receptor-binding 
site are coupled to a mAb against a 
conserved, surface-exposed GP epitope. In 
mice, bispecific antibodies neutralized all 
ebolaviruses types.  

Conclusion 

In summary, these studies demonstrated the 
importance of GP proteins in viral entry into 
host cell. Various neutralizing epitopes are 
discovered on GP1, GP2 and glycan cap. 

Many different mAbs are identified and 
suggested to being used as monotherapy or 
cocktail. Antibodies like KZ52, 2G4, 4G7, 
13C6, 6D6, FVM02, mAb100, mAb114, 
FVM04, CA45 and others successfully 
demonstrate the neutralization potential of 
these mAbs. Shedding of GP in body fluids 
may provide additional problem in use of 
mAbs. As most of the identified mAbs 
recognize epitopes on parts of GP trimer that 
is subject to cleaved during viral entry (GP 
shedding), this will provide the competition to 
circulating antibody and may lower the 
avidity of neutralizing antibodies.  

It is suggested that cocktail of mAbs 
has higher potential to neutralize Ebola virus 
as compared to use of single mAb type. It is 
understandable that use of multiple 
antibodies that recognizes different target, 
have better chance than single antibodies. 
We should also explore these antibodies for 
their role in controlling the symptoms of 
disease in infected animals. This information 
will provide us the true potential of mAbs as 
agent of neutralization and passive 
prophylaxis in Ebola infected patient. At the 
moment we require a robust reagent that not 
only neutralize the Ebola Virus but also help 
in controlling disease associated symptoms.  
Use of neutralizing antibodies as passive 
prophylactic can be of great use to reduce 
mortality rates during future outbreaks. New 
approach lik
antibodies have potential as broad anti-
filovirus immune therapeutics. We should 
never underestimate the potential of other 
relatively silent Filovirus as agent of future 
outbreaks. Development of pan Ebola or pan 
Filovirus mAbs will surely be a step-in 
preparation for future. 
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