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were quantified using ELISA. We enrolled 199 participants in two different
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sites as follow: 91 survivors at the Loreto clinic and 70 survivors with 38 rela-
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Accepted: April 27,2021 tested for anti-EBOV NP and anti-EBOV GP IgG antibodies. Our findings
Published: April 30, 2021 revealed that the median anti-EBOV IgG level among survivors was 5.7128

U/ml [IQR: 2.793 - 7.783] for anti-EBOV GP IgG and 4.431 U/ml [IQR: 2.083
- 7.696] for anti-EBOV NP IgG. Survivors relatives had a median anti-EBOV
GP IgG level of —0.7128 U/ml [IQR: —0.903 to —0.04327] and —2.711 U/ml
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[IQR: —4.01 to —1.918] for anti-EBOV NP IgG. We observed that IgG levels
in survivors were higher than in relatives with a significant difference of
about 0.0001. The median value of anti-EBOV IgG level among seropositive
relatives was 0.7043 U/ml [IQR: 0.5686 to 3.716] for anti-EBOV GP IgG and
4.05 U/ml [IQR: 0.2765 to 7.759] for anti-EBOV NP IgG respectively. Interes-
tingly, we observed that 3.30% of Loreto clinic survivors did not developed
anti-EBOV NP IgG antibodies; also about 10% survivors of the SLAESB were
not reactive to anti-EBOV NP IgG and 1.43% of these survivors did not ex-
press antibodies against the Ebola viral glycoprotein. Our work is consistent
with previous published studies showing heterogeneity in both survivors and
asymptomatic cases of Ebola infection developing adaptive immunity against
EBOV proteins.

Keywords

Immunoglobulin IgG Level, Ebola Survivors and Relatives, Glycoprotein and
Nucleoprotein

Author Summary

Ebola virus disease, formally known as Ebola Haemorrhagic Fever, is a severe,
often fatal illness in humans. The West Africa outbreak presented unprecedent-
ed features and has been recorded as the largest and the most complex Ebola
outbreak since its discovery with a case fatality rate of approximately 70%. More
than 28,610 confirmed, probable, and suspected cases have been recorded with
11,308 deaths between December 2013 and March 2016. Although our under-
standing of how host immunity controls the infection is still limited, we do know
that antibodies have the ability to ensure protection against Ebola virus disease
infection. In this piece of work, we determine immunoglobulin G (IgG) antibo-
dies level against two Ebola viral antigens (Glycoprotein and Nucleoprotein) in
Ebola survivors and household contacts considered here as family members who
live in the same compound with an EBOV infected person or took care of EBOV
infected person at home. We observed a wide variability of antibodies level
among close contacts of infected person and even survivors. However, with a
different disease course, asymptomatic subjects could elicit a similar immune

pattern as in survivors.

1. Introduction

Antibodies play a crucial role in host defense against viruses, both by preventing
infection and by controlling viral replication [1]. It is reported that antibodies
also exert their antiviral effects by crystallizable fragment (Fc)-mediated effector
mechanisms alongside their capacity to neutralize viruses [2] [3]. This involves a
bridge between innate and adaptive immune systems, wherein antibodies form
immune complexes that drive numerous innate immune effector functions, in-

cluding antibody-dependent cellular cytotoxicity, antibody-dependent comple-
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ment-mediated lysis, and antibody-dependent phagocytosis [4]. Several me-
chanisms modulate antibody-mediated effector functions against virally infected
cells and can either protect viral replication or enhance infected cell clearance
[5]. This phenomenon has been described in Ebola virus disease infection where
the ability of antibodies to provide protection from a lethal Ebola virus (EBOV)
challenge has been demonstrated in the context of pre- and post-exposure ad-
ministration of EBOV glycoprotein (GP) specific monoclonal antibodies (mAbs)
[6]. It is reported that Ebola virus disease (EVD) survivors develop both humor-
al and cellular immunity against several EBOV proteins, including GP, secreted
GP (sGP), nucleoprotein (NP) and matrix protein VP40 [7].

Ebola virus genome is mainly constituted of seven genes. The viral RNA con-
tains information about eight proteins: VP24, VP30, VP35, VP40, L, NP, sGP
and GP1/2. Each of the protein expressed is known for its multi-functionality,
essentially VP35 and GP that present multi-functionality in the pathogenesis
process and in the inhibition of immune responses in the host [8]. The only vi-
rally expressed protein on the virion surface of EBOV is the glycoprotein (GP)
that is critical for attachment to host cells and catalysis of membrane fusion [9].
Ebola virus matrix protein or nucleoprotein (NP) is a key component of the viral
ribonucleoprotein complex and the most abundant. It has a distinct function in
the replication cycle where it plays critical roles in protecting viral RNA from
degradation and in mediating genome encapsidation during virus assembly. At
present, all research has focused on these primary activities of NP, and any sec-
ondary roles remain to be determined [10].

Studies show that immunological events very early in an Ebola virus infection
determine the control of viral replication and recovery or catastrophic illness
and death [11]. Recovery from infection is related to orderly and well regulated
humoral and cellular immune responses, characterized by the early appearance
of immunoglobulin M (IgM) and immunoglobulin G (IgG), followed by activa-
tion of cytotoxic cells at the time of antigen clearance from blood. By contrast,
fatal outcome is associated with impaired humoral responses and an early acti-
vation of T cells unable to control virus replication, followed by considerable
intravascular apoptosis [12].

Although many studies have been conducted to understand the role of im-
munity against Ebola virus disease, the extent of asymptomatic EBOV infection
is still unclear. Several studies reported a wide variability of antibodies level
among close contacts of infected person and even survivors [11] [13] [14]. This
high variability may be ascribed to the different antigens targeted. Thus, we
aimed at determining immunoglobulin G (IgG) antibodies level against two
Ebola viral antigens (Glycoprotein and Nucleoprotein) in Ebola survivors and
household contacts or relatives.

2. Methods
2.1. Study Area and Sample Population

During the last 2013-2016 Ebola outbreak, we conducted a study in Makeni
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town situated in the northern region of Sierra Leone. This capital town of the
Bombali District in Sierra Leone experienced 1050 confirmed. Ebola virus dis-
ease cases during this unprecedented outbreak [15]. The Ethical Review Board of
the Ministry of Health and Sanitation of Sierra Leone approved this study. Par-
ticipants and/or guardians of children enrolled in this study gave their approval
by signing or fingerprinting a written consent form according to the Helsinki
declaration. We collected demographic data and information about clinical his-
tory using questionnaires before obtaining 4 ml of peripheral blood by vene-
puncture.
Overall, we enrolled 199 participants in two different sites described as follow:
- The first set was made of 91 Ebola survivors follow up at the Loreto clinic. All
the 91 survivors were tested for anti-EBOV NP IgG antibodies and 41 of
them were tested for both anti-EBOV NP and anti-EBOV GP IgG antibodies.

- The second set was made of 70 Ebola survivors recruited with the help of
Sierra Leone Association of Ebola Survivors Bombali Branch (SLAESB) and
38 relatives tested for anti-EBOV NP and anti-EBOV GP IgG antibodies.

The inclusion criteria for Ebola survivors was to be a person who was infected
by Ebola virus, presented signs and symptoms of the disease, tested Ebola posi-
tive by real time polymerase chain reaction and later on recovered. Relatives or
household contacts were family members who live in the same compound with
an EBOV infected person and or took care of EBOV infected person at home.

It should be noted that these activities were carried out in an emergency con-

text where reagent and consumable supplies were highly challenging.

2.2. Laboratory Testing

Ebola virus RNA detection using real time PCR in survivors of the Loreto
clinic

Given that, this was the first West Africa Ebola outbreak and our first expe-
rience with Ebola Virus Disease (EVD), we thought one way of ensuring our
safety was to ascertain if viremia is cleared after onset of symptoms in survivors.
Ebola nucleic acid detection was performed using real time RT-PCR on the 91
enrolled survivors at Loreto clinic. Viral ARN extraction was done after sample
inactivation with TRIzol under a biosafety cabinet level 3; we used reagents of a
commercial Kit PureLink Viral RNA/DNA Kits, /nvitrogen life technologies.
Ebola virus genetic material was quantified using a commercial kit RealStar
Ebolavirus RT-PCR Kit 1.0 of Altona Diagnostic, according to the manufactur-
er’s instructions.

Anti-EBOV IgG quantification using ELISA

Anti-Zaire Ebola Glycoprotein (ZEBOV-GP) IgG antibodies and Anti-Zaire
Ebola Nucleoprotein (ZEBOV-NP) IgG antibodies were quantified using En-
zyme-Linked Immunosorbent assay (ELISA) of a commercial kit Alpha Diag-
nostic International [ADI], Texas, USA, according to the manufacturer’s in-

structions. Positive control and calibrators provided by the kit were used in each
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test run.
To perform ELISA in these two sets of samples, optimal sample dilution was
previously determined at 1:500 as described by Mafopa et al, 2017 [16].

2.3. Statistical Analysis

We collected data and entered them in a customized template in EpiData soft-
ware version 3.1. Statistical analyses were done using GraphPad Prism 7.04. p <

0.05 was considered statistical significant.

3. Results

3.1. Ebola Survivors of Loreto Clinic

Of the overall participants enrolled, 58.24% were women (53/91) and 40.66% were
men (37/91). The other 1.01% (1/91) enrolled did not inform us on their gender.

We performed EBOV nucleic acid detection in Loreto clinic survivors and the
presence of EBOV nucleic acid was not detected (Table 1). To be sure that par-
ticipants were indeed EBOV survivors, anti-EBOV NP IgG antibodies screening
using quantitative ELISA technique was performed. Surprisingly, 3.30% (03/91)
of these survivors did not developed anti-EBOV NP IgG antibodies.

Anti-EBOV IgG antibody activity variation related to gender

Our results shown that there was no statistical difference (p = 0.3443) between
median anti-EBOV NP IgG level among female (7.827 U/ml, IQR: 5.098 - 8.599)
and male survivors (6.698 U/ml, IQR: 1.598 - 7.803) as described in Figure 1.

Table 1. Plasmatic Ebola viral RNA detection by Real time RT-PCR and Anti-EBOV NP
IgG detection months after onset of symptoms.

Positive Negative Total (N)
First RT-PCR o1 0 o1
(Performed during symptoms onset)
Second RT-PCR 0 o1 o1
(Performed months after recovery)
ELISA 88 03 91
(Anti-EBOV NP IgG detection)
p=0.3443
10+
% #
(=9
Z = 61
2
22 4
g 2
0-
& X
Q@&% @fb

Figure 1. Anti-EBOV NP IgG activity variation among female and male survivors.
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3.2. Anti-EBOV IgG Antibody Activity Variation Related to Gender

Survivors of this specific objective were aged 2 to 65 years old with an average of
30 years old. We enrolled 15.38% infants (2 to 12 years), 9.9% adolescents (above
12 to 19 years) and 69.23% adults (above 19 to 65 years) and 5.49% did not in-
form us. Adults were more representative. We used one-way ANOVA test with p
statistical significant at 0.05. Figure two (Figure 2) shows that anti-EBOV NP
IgG detection among survivors revealed that the median antibodies level among
the age groups varied slightly (p = 0.0462) with teenagers having the highest me-
dian antibodies level of 8.417 U/ml [IQR: 8.205 - 8.883]; while infants and adults
had a median antibodies level of 4.876 U/ml [IQR: 1.598 - 7.803] and 7.105 U/ml
[IQR: 3.917 - 8.659] respectively. We unexpectedly observed that anti-EBOV NP
IgG titers were lower in children compare to adolescents (p = 0.0171, Figure 3).

Of the 91 survivor samples collected at Loreto clinic, anti-EBOV NP and an-
ti-EBOV GP IgG titration was done on 41 samples. These survivors expressed
more immunoglobulins directed against the viral glycoprotein. The median IgG
titter was 9.029 U/ml [IQR: 6.773 - 10.54] and 6.601 U/ml [IQR: 4.895 - 7.23]
respectively for anti-EBOV GP IgG and anti-EBOV NP IgG (p = 0.0010, Figure
4).

p=0.0462

Anti-EBOV NP
IgG level (U/ml)
°

Figure 2. Anti-EBOV NP IgG Antibody level related to age.
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Figure 3. Anti-EBOV NP IgG activity variation among children and adolescent survivors.
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Figure 4. Anti-EBOV IgG titter in Loreto clinic survivors.

3.3. Ebola Survivors and Family Members of the Sierra Leone
Association of Ebola Survivors Bombali Branch (SLAESB)

Samples collected with the help of Makeni Ebola survivors association were
made of 70 survivors and 38 relatives. The average age of survivors was 28 years

and the one of relatives was 22 years.

3.4. Anti-EBOV NP IgG Level in Survivors and Their Relatives

Interestingly, we observed a significantly higher anti-EBOV NP IgG antibody
level in EBOV survivors compare to those of their family members (p < 0.0001)
with median antibodies level of 4.431U/ml [IQR: 2.085 - 7.696] in survivors and
—2.711 U/ml [IQR: —4.08 to —1.918] in their relatives. As expected, the preva-
lence of anti-EBOV NP IgG was higher among Ebola survivors (63/70, 90%)
than among household contacts (8/38, 21.05%) with p < 0.0001 (Figure 5).

3.5. Anti-EBOV GP IgG Level in Survivors and Their Contacts

Anti-EBOV GP IgG detection revealed that the median antibody level was 5.176
U/ml [IQR: 2.793 - 7.783] in survivors and —0.7128 U/ml [IQR: —0.903 to
—0.04327] in their relatives. These results varied significantly (p < 0.0001, Figure
6). The proportion of asymptomatic cases (in order words seropositive cases)
with anti-EBOV GP IgG antibodies among household contacts was 13.16%
(5/38). We noticed that anti-EBOV GP IgG prevalence in survivors was 98.57%
(69/70) with only 1.43% (1/70) of survivors who did not express antibodies

against the Ebola viral glycoprotein.

3.6. Anti-EBOV NP IgG and Anti-EBOV GP IgG Level in Survivors

There was no significant difference (P = 0.1702, Figure 7) in immunoglobulin G
level directed toward the Ebola nucleoprotein (median = 4.431 U/ml, IQR: 2.085
- 7.696) or the Ebola glycoprotein (median = 5.711 U/ml, IQR: 2.793 - 7.783) in

survivors enrolled with the help of the Makeni Ebola survivors association. We
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Figure 5. Anti-EBOV NP IgG level in survivors and their contacts.
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Figure 6. Anti-EBOV GP IgG level in survivors and their contacts.
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Figure 7. Anti-EBOV IgG level in survivors of SLAESB.

observe that about 10% (7/70) of these survivors did not express antibodies
against the Ebola viral nucleoprotein and 1.43% (1/70) did no present both an-

tibodies against the nucleoprotein and the glycoprotein.

3.7. Anti-EBOV NP IgG and Anti-EBOV GP IgG Level in Relatives of
Survivors

Family members who took care of survivors from the Ebola association ex-
pressed more anti-EBOV NP IgG. We observed in Ebola seropositive asympto-
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matic cases that level of immunoglobulin G directed towards the Ebola nucleo-
protein (median = 4.04 U/ml, IQR: 0.2765 - 7.759) was higher than the level of
IgG (median = 0.7043 U/ml, IQR: 0.5686 - 3.716) directed against the Ebola gly-
coprotein (p < 0.0001, Figure 8). About 7.89% (3/38) of the asymptomatic cases
expressed both anti-EBOV NP IgG and anti-EBOV GP IgG.

3.8. Comparison of Anti-EBOV NP IgG and Anti-EBOV GP IgG Level
in the Two Sets of Survivors

When comparing the two sets of samples, we observed that anti-EBOV IgG level
against the nucleoprotein were elevated in Loreto clinic survivors (median =
6.601, IQR range: 4.894 - 7.23) compare to those of SLAESB (median = 4.431,
IQR range: 2.085 - 7.696, Figure 9) with a significant difference of p = 0.0177.
On the contrary, there was no statistical different in level of IgG directed toward
the glycoprotein between the two sets of samples (median = 5.176, IQR range:
2.793 - 7.783 and 5.139, IQR range: 4.022 - 5.695 respectively for LCS and
SLAESB survivors) (Figure 10).

p<0.0001
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Figure 8. Anti-EBOV NP IgG and Anti-EBOV GP IgG level in survivors’ contacts.

p=0.4820
E
~
2
&)
o0
o
€]
=
o
m
o
=)
=
<
-5 L} L]
& N
oF

Figure 9. Anti-EBOV NP IgG level in the two sets of survivors.
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Figure 10. Anti-EBOV GP IgG level in the two sets of survivors.

4. Discussion
4.1. Anti-EBOV-IgG Prevalence

Our findings show that anti-EBOV IgG was detected in both Ebola virus disease
survivors and their family members, although at different prevalence rates, sug-
gesting that the immunity, previously reported as persistent among survivors,
may be important for protection that allowed subclinical disease among house-
hold contacts [17]. Anti-EBOV IgG positive proportion among survivors (98.57%
for anti-EBOV GP IgG and 90% for anti-EBOV NP IgG) was higher than in
asymptomatic household contacts (13.16% for anti-EBOV GP IgG and 21.05%
for anti-EBOV NP IgG) with a significant difference of about 0.0001. It means in
order words that immunological response, which occur early in survivors, com-
pare to patients with fatal outcome lead to a more robust antibody response
since they encountered high viral load than in asymptomatic patients [11]. Our
findings are consistent with the study of Colavita et al 2019 [18] where they
demonstrated that in the late phase of infection, survivors showed high level of
pro-inflammatory mediators, which plays a role in the immune system. Thus
Anti-EBOV IgG production is strongly stimulated to control virus replication
and disease progression. The presence of anti-EBOV IgG in plasma sample of
some household contacts is indicative that they came across the virus but were
able to clear the infection. This could be due to host factors or low viral load in
their blood stream given enough time for a robust humoral immune response
and subsequent viral clearance. This low viremia could be because in some cases
virus infection resulted in the synthesis of viral proteins without the production
of progeny virus [19]. In addition, as reported by Richardson et al in 2016 [20],
Ebola infection, like many other viral infections, may present a spectrum of
clinical manifestations, including minimally symptomatic infection. Thus, a sig-

nificant portion of Ebola transmission events may have gone undetected during
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the outbreak.

4.2. How Long Ebola Virus Could Stay in the Blood Stream of
Survivors?

Many studies reported that Ebola virus could persist in body fluids including
semen and ocular fluid months after disease onset [21] [22]. We though one way
of ensuring our safety was to ascertain the fact that it is stated that plasmatic
Ebola virus is cleared two weeks to 21days after onset of symptoms in survivors
[23] [24]. We performed Ebola nucleic acid detection using real time RT-PCR
on 91 enrolled survivors of Loreto clinic although samples were collected 70 to
308 days after symptoms onset (average = 180 days). The presence of Ebola virus
nucleic acid was not detected. In a study conducted by Y. Liu et al. (2018) [25]
on serological investigation of laboratory-confirmed and suspected Ebola virus
disease patients during the late phase of the Ebola outbreak in Sierra Leone,
RNA could be detected as early as on day 1 after disease onset, and as late as day
36 post disease onset. Our results are in accordance with the findings of this
study. Nevertheless, to be sure, that participants were indeed Ebola survivors, we
decided to performed anti-EBOV NP IgG antibody screening using ELISA tech-
nique. Surprisingly, we observed that 3.30% (03/91) of these survivors did not
develope anti-EBOV NP IgG antibodies. We also found that about 10% (7/70),
survivors of the Sierra Leone Association of Ebola Survivors Bombali Branch
were not reactive to anti-EBOV NP IgG and 1.43% (1/70) of these survivors did
not express antibodies against the Ebola viral glycoprotein. These results are
perhaps suggesting the issue of false positive or the fact that some people cheated
using survivor cards of their fellow to have the provision made for them. Our
results are consistent with the findings of Halfmann ef a/ (2019) [15] who ob-
served in their study the lack of detectable antibodies level in some survivors
(2.3%). They stated that it could also reflect immune defects resulting in low
and/or short-lived antibody responses or could be due to technical errors or

miscommunication during sample collection.

4.3. Anti-EBOV IgG Antibody Activity Variation Related to Gender

We performed anti-EBOV IgG detection among survivors aiming at observing if
there could be any variation of antibody level related to gender. Our results
shown that there was no statistical difference (p = 0.3443) between Anti-EBOV
NP IgG level among female and male survivors. It has been reported that there is
currently no evidence related to biological differences in female or male sex that
increases Ebola virus transmission and vulnerability; rather, there are differences
in the level of exposure between men and women. In fact, women’s increased
exposure can be due to time spent at home and their responsibility for caring for
the sick. For men, increased vulnerability to the virus can be attributed to their
responsibility for caring for livestock and time spent away from home, as most
known sources of the index cases have been infected in the process of hunting
[26].
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4.4. Anti-EBOV IgG Antibody Activity Variation Related to Age

Although the first suspected case of the 2013-2016 outbreaks is believed to be a
2-year-old child in Guinea [27] [28], children comprise a small percentage of all
cases globally. They typically represent only a minority (approximately 10%) of
cases and are most often spared of exposure to Ebola virus disease infection
during recognized human Ebola outbreaks [29]. It is reported that either the
people who take care of ill individuals, in a healthcare setting or at home, or
those who handle the remains of individuals who have died, are those with
highest risk of contracting the infection. However, there is limited evidence on
whether children have different disease severity or prognosis compared with
adults [30].

In the western Africa outbreak, children less than 15 years of age were ap-
proximately 14% of all reported confirmed and probable Ebola virus disease
cases. Case fatality for children less than 15 years of age was 73.4%, 66.1%
among those of 15 to 44 years of age and 80.4% among those older than 45 years
[31] [29]. This data are similar to those observed during an outbreak in North-
ern Uganda, Gulu district, in the year 2000 to 2001 caused by Soudan Ebola vi-
rus (SUDV), where 9% of laboratory-confirmed cases were children less than 18
years of age.

Ebola survivors’ ages in our study ranged between 2 to 65 years old with an
average age of about 30 years old. We grouped them into three major categories:
15.38% children (2 to 12 years), 9.9% adolescents (above 12 to 19 years) and
69.23% adults (above 19 to 65 years). The fact that adults’ survivors were more
representative confirms they were the one more exposed to the virus in this out-
break. These figures correlate with the above-mentioned findings.

Our findings shown that anti-EBOV IgG level in children (median = 4.876
U/ml, IQR: 1.298 - 7.803) was lower than in adolescents (median = 8.417 U/ml,
IQR: 8.205 - 8.883) and in adults (median = 7.105 U/ml, IQR: 3.917 - 8.659) with
a significant difference of p = 0.0171 and p = 0.0462 respectively. Children im-
mune system is immature compare to teenagers and adults’ immune system and
thus most often less active when challenged by a pathogen. These results differed
from those of Mc Elory ef al, 2014 [32] where IgG levels were higher in samples
from pediatric patients than in samples from adult patients. Based on the study
of Zeger and collaborators in 1975 [33] on Serum immunoglobulins level in
healthy children and adults, Mc Elory and collaborators [32] stated that this dif-
ference is notable because children usually have slightly lower levels of total IgG
than adults do. For them, the higher IgG levels might suggest a higher degree of
immune activation, perhaps secondary to other infectious co-existing condi-
tions, which are likely to be present in children living in a rural area of Africa.
Consistent with this theory, high levels of malarial parasitemia have been asso-
ciated with higher total levels of IgG in children in The Gambia [34]. It should
be highlighted that the study of Mc Elory and collaborators [32] was carried out
in Uganda during the 2000-2001 outbreak, which was not the first Ebola virus
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disease epidemic in this country. It is possible that the immune system of these
children had already encountered Ebola virus among many other infectious
agents. Reason why IgG response against Ebola virus is more pronounced in
Uganda children than in children leaving in Sierra Leone who experienced Ebola

virus infection for the first time.

4.5. Immunoglobulin G Response to EBOV Viral Proteins

Generally, our results showed that about 34.21% (13/38) of survivors’ relatives or
household contacts enrolled with the help of Sierra Leone Association of Ebola
Survivors Bombali Branch expressed IgG towards either EBOV NP or EBOV
GP. The prevalence of anti-EBOV NP IgG and anti-EBOV GP IgG antibodies
were respectively 21.05% (8/38) and 13.16% (5/38). About 7.89% (3/38) of the
asymptomatic cases expressed both anti-EBOV NP IgG and anti-EBOV GP IgG.
Survivors’ relatives expressed more anti-EBOV NP IgG than IgG directed
against the Ebola glycoprotein (p < 0.0001). Sakabae and co-authors (2018) [35]
performed analysis of CD8+ T cell response during the 2013-2016 Ebola epi-
demic in West Africa. They demonstrated a relatively low abundance of GP-specific
CD8+ T cells, yet much higher levels of NP- and VP40-specific CD8+ T cells in
Ebola survivors. Although with a different disease course, asymptomatic subjects
could elicit a similar immune pattern as in survivors. In addition, studies have
stated that the split between development of GP-specific antibodies and devel-
opment of NP and VP40 specific CD8+ T cells may indicate that the two
branches of adaptive immunity are differentially shaped by distinct Ebola virus
proteins and may complement each other to maximize immunity [7].

Our findings are in contrast with what Hoff and collaborators (2019) [36] ob-
tained when conducting a serosurvey to determine seroprevalence against mul-
tiple Ebola virus antigens among health care workers of Boende Health Zone,
Democratic Republic of the Congo, the site of the 2014 EBOV outbreak. Their
results shown overall, 41.4% of enrolled participants were reactive to at least one
Ebola virus protein. Seroreactive participants to anti-glycoprotein immunoglo-
bulin G (IgG) were more representative (28.1%) than those seroreactive for an-
ti-nucleoprotein IgG (15.8%) and for anti-VP40 IgG (9.5%). Hoff et al [36]
stated that the high proportion of anti-EBOV GP IgG might be due to unrelated
nonspecific binding, with the high degree of glycosylation in EBOV GP lending
itself to such nonspecific recognition. They also added that alternately, it might be
that GP is more sensitive than other viral proteins to the presence of cross-reactive
antibodies directed against related viruses. Thus, anti-EBOV GP IgG alone may
not be sufficient as a marker for demonstration of previous exposure, especially
in asymptomatically infected or otherwise unrecognized EVD survivors [37].

We noticed that anti-EBOV GP IgG and anti-EBOV NP IgG seroreactive rates
in SLAESB survivors were 98.57% (69/70) and 90% (63/70) respectively. There
was no significant difference (p = 0.1702) in immunoglobulin G levels directed

toward the Ebola nucleoprotein (median = 4.431 U/ml) or the Ebola glyco-
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protein (5.7128 U/ml). On the contrary, Loreto clinic survivors expressed more
immunoglobulins directed against the viral glycoprotein. The median IgG titter
was 9.029 U/ml (IQR: 6.773 - 10.54) and 6.601 U/ml (IQR: 4.895 - 7.23) respec-
tively for anti-EBOV GP IgG and anti-EBOV NP IgG (p = 0.0010). Our data in
Ebola survivors are in contrast with those of Sakabae and collaborators (2018)
[35]. Their findings indicate instead the immunodominance of the EBOV
NP-specific T cell response while suggesting that EBOV NP inclusion in vaccine
design along with the EBOV GP would best mimic survivor responses and help
boost cell-mediated immunity during vaccination. In addition, although target-
ing only two Ebola viral proteins, our results corroborate with previous studies
that reported the development of both humoral and cellular immunity against
the different EBOV proteins in Ebola survivors [12] [32] [35]. Nevertheless,
when comparing the two sets of samples, we observed that anti-EBOV IgG level
against the nucleoprotein were elevated in Loreto clinic survivors (median =
6.601, IQR range: 4.894 - 7.23) compare to those of SLAESB (median = 4.431,
IQR range: 2.085 - 7.696) with a significant difference of p = 0.0177. There was
no statistical difference in levels of IgG directed toward the glycoprotein between
the two sets of samples (median = 5.176, IQR range: 2.793 - 7.783 and 5.139, IQR
range: 4.022 - 5.695 respectively for LCS and SLAESB survivors). May be the
slight difference in anti-NP IgG titters in the two sets of survivors could be
linked to host-virus interactions.

The absence of healthy control group constitutes a limitation to our study. It
would have been interesting if we were able to differentiate household contacts
who took care of survivors from those who only came in contact because they
were sharing the same compound with the infected person. In addition, our
study may have been enlightened if we did immunoglobulin G detection toward
all the Ebola virus proteins. These gaps are mainly because we worked in re-
sources constraint setting during emergency state where reagents and consu-

mables acquisition was a challenge.

5. Conclusion

Our work, like previous published studies [11] [13] [14], shows heterogeneity in
Ebola virus disease survivors developing humoral immunity against several
Ebola virus proteins. Understanding the roles, each viral protein that plays in
immune response could enhance the development of counter measures includ-
ing vaccines and therapeutics. Our findings show that anti-EBOV IgG levels
were higher in Ebola survivors than among household contacts. Immunity may
be important for protection that allowed subclinical disease among asympto-
matic household contacts. Nevertheless, it will be of great interest to study the
interactions that might exist between the virus and the host together with trans-
mission dynamics associated with minimally symptomatic Ebola virus (EBOV)
infection. In addition, critical work is still needed to ameliorate our knowledge

of Ebola virus disease infection in children through methodical collection of in-
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formation on disease course and predictors of survival in infants of different
ages. It could be possible that different pathophysiologic mechanisms of disease
may be at work in paediatric patients, and children may benefit from different

treatment than their adult counterparts.

Acknowledgements

We thank the Ebola virus disease survivors and the members of their family for
participating in this study, partners to Ministry of Health and Sanitation in the
delivery of healthcare (Loreto Clinic, Holy Spirit hospital) and the local com-
munities (Sierra Leone Association of Ebola Survivors Bombali Branch (SLAESB)).

We express our gratitude to the Italian Episcopal Conference (Camillian Task
Force), the Italian Cooperation (Dokita ONG) and the Italian Geographical So-
ciety (Centro Relazioni con I’Africa), University of Rome Tor Vergata for all the
resources.

We acknowledge the Chantal Biya International Reference Centre for HIV/AIDS

Prevention and Management for the technical support.

Conflicts of Interest

The authors declare that they have no conflicts of interest regarding the publica-

tion of this article.

References

[1]  Murin, C.D., Wilson, I.A. and Ward, A.B. (2019) Antibody Responses to Viral In-
fections: A Structural Perspective across Three Different Enveloped Viruses Nature
Microbiology, 4, 734-747. https://doi.org/10.1038/s41564-019-0392-y

[2] Klasse, P.J. (2014) Neutralization of Virus Infectivity by Antibodies: Old Problems
in New Perspectives. Advances in Biology, 2014, Article ID: 157895.
https://doi.org/10.1155/2014/157895

[3] Payne, S. (2017) Chapter 6: Immunity and Resistance to Viruses. In: Viruses, pub-
lisher, 61-71. https://doi.org/10.1016/B978-0-12-803109-4.00006-4

[4] Forthal, D.N. (2014) Functions of Antibodies. Microbiology Spectrum, 2, 1-17.

[5] Anand, S.P. and Finzi, A. (2019) Understudied Factors Influencing Fc-Mediated
Immune Responses against Viral Infections. Vaccines, 7, Article No. 103.
https://doi.org/10.3390/vaccines7030103

[6] Wilson, J.A., Hevey, M., Bakken, R., Guest, S., Bray, M., Schmaljohn, A.L., et al
(2000) Epitopes Involved in Antibody-Mediated Protection from Ebola Virus.
Science, 287, 1664-1666. https://doi.org/10.1126/science.287.5458.1664

(7] Gunn, B.M,, Roy, V., Karim, M.M., Hartnett, J.N., Suscovich, T.J., Goba, A., et al.
(2020) Survivors of Ebola Virus Disease Develop Polyfunctional Antibody Res-
ponses. The Journal of Infectious Diseases, 221, 156-161.
https://doi.org/10.1093/infdis/jiz364

[8] Khataby, K., Kasmi, Y., Hammou, R.A., Laasri, F.E., Boughribi, S. and Ennaj, M.M.
(2016) Ebola Virus’s Glycoproteins and Entry Mechanism. IntechOpen, London.
https://doi.org/10.5772/64032

[9] de La Vega, M.-A,, Stein, D. and Kobinger, G.P. (2015) Ebolavirus Evolution: Past

DOI: 10.4236/jbm.2021.94015

193 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.94015
https://doi.org/10.1038/s41564-019-0392-y
https://doi.org/10.1155/2014/157895
https://doi.org/10.1016/B978-0-12-803109-4.00006-4
https://doi.org/10.3390/vaccines7030103
https://doi.org/10.1126/science.287.5458.1664
https://doi.org/10.1093/infdis/jiz364
https://doi.org/10.5772/64032

N. G. Mafopa et al.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

and Present. PLoS Pathogens, 11, €1005221.
https://doi.org/10.1371/journal.ppat.1005221

Cantoni, D. and Rossman, J.S. (2018) Ebolaviruses: New Roles for Old Proteins.
PLoS Neglected Tropical Diseases, 12, €0006349.
https://doi.org/10.1371/journal.pntd.0006349

Leroy, E.M., Baize, S., Volchkov, V.E., Fisher-Hoch, S.P., Georges-Courbot, M.-C.,,
Lansoud-Soukate, J., ef a/ (2000) Human Asymptomatic Ebola Infection and Strong
Inflammatory Response. Lancet, 355, 2210-2215.
https://doi.org/10.1016/S0140-6736(00)02405-3

Baize, S, Leroy, E.M., Georges-Courbot, M.C., Capron, M., Lansoud-Soukate, J.,
Debré, P., et al (1999) Defective Humoral Responses and Extensive Intravascular
Apoptosis Are Associated with Fatal Outcome in Ebola Virus-Infected Patients.
Nature Medicine, 5, 423-426. https://doi.org/10.1038/7422

Pierre, B., Wauquier, N., Mahlakéiv, T., Nkoghe, D., Padilla, C., Souris, M., Ollomo,
B., et al (2010) High Prevalence of both Humoral and Cellular Immunity to Zaire
ebolavirus among Rural Populations in Gabon. PLoS ONE, 5, €9126.
https://doi.org/10.1016/S1473-3099(15)70152-0

Clark, D.V., Kibuuka, H., Millard, M., Wakabi, S., Lukwago, L., Taylor, A., et al
(2015) Long-Term Sequelae after Ebola Virus Disease in Bundibugyo, Uganda: A

Retrospective Cohort Study. Lancet Infectious Diseases, 15, 905-912.
https://doi.org/10.1016/S1473-3099(15)70152-0

Halfmann, P.J., Eisfeld, A.]., Watanabe, T., Maemura, T., Yamashita, M., Fukuyama,
S., et al. (2019) Serological Analysis of Ebola Virus Survivors and Close Contacts in
Sierra Leone: A Cross Sectional Study. PLoS Neglected Tropical Diseases, 13, €0007654.
https://doi.org/10.1371/journal.pntd.0007654

Mafopa, N.G., Russo, G., Wadoum, R.E.G., Iwerima, E., Batwala, V., Giovanetti, M.,
et al. (2017) Seroprevalence of Ebola Virus Infection in Bombali District, Sierra
Leone. Journal of Public Health in Africa, 8, Article No. 732.
https://doi.org/10.4081/jphia.2017.732

Ariel, S., Groseth, A., Dolnik, O., Becker, S., Lutwama, J.J., Perelman, E., et al
(2013) Profile and Persistence of the Virus-Specific Neutralizing Humoral Immune
Response in Human Survivors of Sudan Ebola Virus (Gulu). Journal of Infectious
Diseases, 208, 299-309. https://doi.org/10.1093/infdis/jit162

Colavita, F., Biava, M., Castilletti, C., Lanini, S., Miccio, R., Portella, G., et al (2019)
Inflammatory and Humoral Immune Response during Ebola Virus Infection in
Survivor and Fatal Cases Occurred in Sierra Leone during the 2014-2016 Outbreak
in West Africa. Viruses, 11, Article No. 373. https://doi.org/10.3390/v11040373

Pejawar, S.S., Parks, G.D. and Alexander-Miller, M.A. (2005) Abortive versus Pro-
ductive Viral Infection of Dendritic Cells with a Paramyxovirus Results in Differen-

tial Upregulation of Select Costimulatory Molecules. Journal of Virology, 79,
7544-7557. https://doi.org/10.1128/JV1.79.12.7544-7557.2005

Richardson, E.T., Daniel Kelly, J., Barrie, M.B., Mesman, A.W., Karku, S., Quiwae,
K., et al. (2016) Minimally Symptomatic Infection in an Ebola “Hotspot”: A Cross-
Sectional Serosurvey. PLoS Neglected Tropical Diseases, 10, €0005087.
https://doi.org/10.1371/journal.pntd.0005087

Varkey, J.B., Shantha, J.G., Crozier, I, Kraft, C.S., Lyon, G.M., Mehta, A.K., et al
(2015) Persistence of Ebola Virus in Ocular Fluid during Convalescence. New Eng-
land Journal of Medicine, 372, 2423-2427. https://doi.org/10.1056/NEJMoal500306

Sow, M.S,, Etard, J.F., Baize, S., Magassouba, N., Faye, O., Msellati, O., et al (2016)

DOI: 10.4236/jbm.2021.94015

194 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.94015
https://doi.org/10.1371/journal.ppat.1005221
https://doi.org/10.1371/journal.pntd.0006349
https://doi.org/10.1016/S0140-6736(00)02405-3
https://doi.org/10.1038/7422
https://doi.org/10.1016/S1473-3099(15)70152-0
https://doi.org/10.1016/S1473-3099(15)70152-0
https://doi.org/10.1371/journal.pntd.0007654
https://doi.org/10.4081/jphia.2017.732
https://doi.org/10.1093/infdis/jit162
https://doi.org/10.3390/v11040373
https://doi.org/10.1128/JVI.79.12.7544-7557.2005
https://doi.org/10.1371/journal.pntd.0005087
https://doi.org/10.1056/NEJMoa1500306

N. G. Mafopa et al.

(23]

(24]

[25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

New Evidence of Long-Lasting Persistence of Ebola Virus Genetic Material in Se-
men of Survivors. Journal of Infectious Diseases, 214, 1475-1476.
https://doi.org/10.1093/infdis/jiw078

Feldmann, R.V., Grard, H., Becker, S. and Leroy, E.M. (2015) Ebola and Marburg
Haemorrhagic Fever. Journal of Clinical Virology, 64, 111-119.
https://doi.org/10.1016/j.jcv.2015.01.014

Uyeki, T.M., Mehta, A.K,, Davey Jr., R.T., Liddell, A.M., Wolf, T., Vetter, P., et al
(2016) Clinical Management of Ebola Virus Disease in the United States and Eu-
rope. New England Journal of Medicine, 374, 636-646.
https://doi.org/10.1056/NEJMoal 504874

Liu, Y., Sun, Y.L, Wu, W,, Li, A.Q., Yang, X.D., Zhang, S., et al (2018) Serological
Investigation of Laboratory-Confirmed and Suspected Ebola Virus Disease Patients

during the Late Phase of the Ebola Outbreak in Sierra Leone. Virologica Sinica, 33,
323-334. https://doi.org/10.1007/s12250-018-0044-2

Nkangu, M.N., Olatunde, O.A. and Yay, S. (2017) The Perspective of Gender on the
Ebola Virus Using a Risk Management and Population Health Framework: A Scop-
ing Review. Infectious Diseases of Poverty, 6, Article No. 135.
https://doi.org/10.1186/s40249-017-0346-7

WHO Ebola Response Team (2016) After Ebola in West Africa—Unpredictable
Risks, Preventable Epidemics. New England Journal of Medicine, 375, 587-596.
https://doi.org/10.1056/NEJMsr1513109

Mari Saéz, A., Weiss, S., Nowak, K., Lapeyre, V., Zimmermann, F., Di, A., Ku, H.S.,
et al. (2015) Investigating the Zoonotic Origin of the West African Ebola epidemic.
EMBO Molecular Medicine, 7, 17-23. https://doi.org/10.15252/emmm.201404792

Kourtis, A.P., Appelgren, K., Chevalier, M.S. and McElroy, A. (2016) Ebola Virus
Disease: Focus on Children. Pediatric Infectious Diseases Journal, 34, 893-897.
https://doi.org/10.1097/INF.0000000000000707

Ebola, B.M. (2008) Marburg Hemorrhagic Fever Viruses. In: Long, S.S., Pickering,
L.K. and Prober, C.G., Eds, Principles and Practice of Pediatric Infectious Disease,
3rd Edition, Churchill Livingstone/Elsevier, Philadelphia, 1138-1139.
https://doi.org/10.1016/B978-0-7020-3468-8.50236-4

WHO Ebola Response Team (2014) Ebola Virus Disease in West Africa-The First 9
Months of the Epidemic and forward Projections. New England Journal Medicine,
371, 1485-1491. https://doi.org/10.1056/NEJMoal411100

MCcElroy Anita, K., Erickson, B.R., Flietstra, T.D., Rollin, P.E., Nichol, S.T., Towner,
J.S. and Spiropoulou, C.F. (2014) Biomarker Correlates of Survival in Pediatric Pa-
tients with Ebola Virus Disease. Emerging Infectious Diseases, 20, 1683-1690.
http://www.cdc.gov/eid

https://doi.org/10.3201/eid2010.140430

Zegers, B.J., Stoop, J.W., Reerink-Brongers, E.E., Sander, P.C., Aalberse, R.C. and
Ballieux, R.E. (1975) Serum Immunoglobulins in Healthy Children and Adults. Le-
vels of the Five Classes, Expressed in International Units Per Millilitre. Clinica
Chimica Acta, 65, 319-329. https://doi.org/10.1016/0009-8981(75)90257-0

McGregor, L.A., Rowe, D.S., Wilson, M.E. and Billewicz, W.Z. (1970) Plasma Im-
munoglobulin Concentrations in an African (Gambian) Community in Relation to
Season, Malaria and Other Infections and Pregnancy. Clinical Experimental Im-
munology, 7, 51-74.

Sakabea, S., Sullivana, B.M., Hartnett, ].N., Robles-Sikisaka, R., Gangavarapu, K.,
Cubitt, B., et al (2018) Analysis of CD8+ T Cell Response during the 2013-2016

DOI: 10.4236/jbm.2021.94015

195 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.94015
https://doi.org/10.1093/infdis/jiw078
https://doi.org/10.1016/j.jcv.2015.01.014
https://doi.org/10.1056/NEJMoa1504874
https://doi.org/10.1007/s12250-018-0044-z
https://doi.org/10.1186/s40249-017-0346-7
https://doi.org/10.1056/NEJMsr1513109
https://doi.org/10.15252/emmm.201404792
https://doi.org/10.1097/INF.0000000000000707
https://doi.org/10.1016/B978-0-7020-3468-8.50236-4
https://doi.org/10.1056/NEJMoa1411100
http://www.cdc.gov/eid
https://doi.org/10.3201/eid2010.140430
https://doi.org/10.1016/0009-8981(75)90257-0

N. G. Mafopa et al.

(36]

(37]

Ebola Epidemic in West Africa. Proceedings of the National Academy of Sciences of
the United States of America, 115, E7578-E7586.
https://doi.org/10.1073/pnas.1806200115

Hoff, N.A., Mukadi, P., Doshi, R.H, Bramble, M.S, Lu, K., Gadoth, A., ef al. (2019)
Serologic Markers for Ebolavirus among Healthcare Workers in the Democratic
Republic of the Congo. The Journal of Infectious Diseases, 219, 517-525.
https://doi.org/10.1093/infdis/jiy499

Becquart, P., Mahlakoiv, T., Nkoghe, D. and Leroy, E.M. (2014) Identification of
Continuous Human B-Cell Epitopes in the VP35, VP40, Nucleoprotein and Glyco-
protein of Ebola Virus. PLoS ONE, 9, €96360.
https://doi.org/10.1371/journal.pone.0096360

DOI: 10.4236/jbm.2021.94015

196 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.94015
https://doi.org/10.1073/pnas.1806200115
https://doi.org/10.1093/infdis/jiy499
https://doi.org/10.1371/journal.pone.0096360

	Immunoglobulin G Specific Antibody Level against Ebola Viral Glycoprotein and Nucleoprotein in Ebola Virus Disease Survivors and Their Relatives
	Abstract
	Keywords
	Author Summary
	1. Introduction
	2. Methods
	2.1. Study Area and Sample Population
	2.2. Laboratory Testing
	2.3. Statistical Analysis

	3. Results
	3.1. Ebola Survivors of Loreto Clinic
	3.2. Anti-EBOV IgG Antibody Activity Variation Related to Gender
	3.3. Ebola Survivors and Family Members of the Sierra Leone Association of Ebola Survivors Bombali Branch (SLAESB)
	3.4. Anti-EBOV NP IgG Level in Survivors and Their Relatives
	3.5. Anti-EBOV GP IgG Level in Survivors and Their Contacts
	3.6. Anti-EBOV NP IgG and Anti-EBOV GP IgG Level in Survivors 
	3.7. Anti-EBOV NP IgG and Anti-EBOV GP IgG Level in Relatives of Survivors
	3.8. Comparison of Anti-EBOV NP IgG and Anti-EBOV GP IgG Level in the Two Sets of Survivors 

	4. Discussion
	4.1. Anti-EBOV-IgG Prevalence
	4.2. How Long Ebola Virus Could Stay in the Blood Stream of Survivors?
	4.3. Anti-EBOV IgG Antibody Activity Variation Related to Gender
	4.4. Anti-EBOV IgG Antibody Activity Variation Related to Age
	4.5. Immunoglobulin G Response to EBOV Viral Proteins

	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

